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(IUustrated Subjects are Marked with an Asterisk after the Number of the Page.) 


A. 


A.l. Electric Welding Machines 
Heater, 764*, 827* 

Aberdeen-Laxapana Water-Power Scheme, 
Ceylon, 473* 

Abrams, Prof. D. A., on Waters for Mixing 
Concrete, 618 

Accelerometer, Recording, the Cambridge, 287 

Accident Compensation. See Woerkmen’s Com- 
pensation under Labour 


Accidents : 


Boiler Explosions and the New Factory 
Bill, 334. 
Civil Aviation, Causes of Accidents. 231 
Collieries, Electric Shock Fatalities, 243 
Factory Accidents, Statistical Investi- 
gation, Industrial Fatigue Research 
Board, 709. See 701, 746, 810 
— — Home Office Report, 773 
Machinery Failures, Report on, 417. 
LETTERS, 486, 548 
Power Presses, Safety Precautions, 18 
Railway Accident, Report on, 484 
Shipbuilding Work, . Prevention of 
dents, Report, 333 
Shipping Losses, Lloyd’s Statistics, 
267, 519, 820 
Accumulators, Electric. See Llectric 
— Steam, Use in Factories and Plants, 68* 
— Vehicles. See Motor Vehicles 
Acetylene-Oxygen Blowpipe. See Blowpipe 
— Welding. See Welding 
Acid Pickling, Steel, Tinplate Manufacture, 365 
— Sulphuric, Manufacture, Report, 127 
Acidity of Raw Rubber, 334 
Acoustics, Architectural, Research in, 411 
— Electrical Production of Vowel Sounds, 
828 
— Nature of Speech, 411 
Acre, Investigations of Horizontal Tacheo- 
metry, 505* 
Activated Sludge. See Sewage 
Adamson, J., & Co., Overhead Crane with 
Underslung Bridge, 164* 


and Rivet 


See 


Acci- 


166, 


Addison, H., on Water Supply, Egyptian 
Towns, 735 2 
Address, Presidential. See Presidential Address 


Aden, Electric Power Supply for, 348, 487 

Administrative Work, Engineers’ Part in, 375 

Admiralty Gun Metal, Effect of Casting 
Temperature and Mass, 436*. See 409 

— See also Warships 

Aerial Navigation. See Aeronautics 

— Propellers. See Propellers under Aeronautics 

— Ropeway. See Wire Ropeway 

— Transport. See Aeronautics 

Aerodynamics. See Aeronautics 

Aeronautical Society, Royal, Prof. L. Bairstow 
on Skin Friction, 742. See LeTvErR, 831* 


Aeronautics : 


Aerodynamics, Bjerknes’ 
Pulsating Capsules, 409 

— Influence on Naval Architecture, 722. 
See 713 

— Theory of Skin Friction, 
LETTER, 831* 

Aeronautical Research Committee, Work 
of Fatigue Panel, 245. See 284 

Aeroplanes and Coast Defence, 170 

— Design, Weight of Power Plants, 85 

— Tmperial Communications, 450 

— Lift, Theory of, Bjerknes’ Experiments, 


Experiments, 


742. See 


409 
— Light, Proposed Flying Clubs, 232. 
See 525 


— — Two-Seater, Lympne Trials, 525*. 
See 232, 549, 652 

— — Two-Seater, the Wee Bee [, 525* 

— Military, Bristol Bloodhound, 114 

— Naval, Protection from Guniire, 418 

— Single Seater Fighter Siskin II, 870* 

— United States Naval, Developments, 
490 

— See also Seaplane (below) ' 

Air Ministry, Remuneration of Wngineers, 
862 

— — Trials, Light Two-Seater Aeroplanes, 
525*. See 232, 549, 652 A 

Airship Construction, Armstrong, Whit- 
worth & Co., Ltd., 187; W. Beard- 
more & Co., Ltd., 188 

— Floating Base U.S.S. “* Patoka,”’ 490 

— Imperial Communications, 450 

— Passenger, for British Government 
(Vickers Ltd.), 651 

— United States Naval Development, 490 

—Z.R.3 %U.S. Navy, “Transatlantic 
Voyage, 548 


Aeronautics—continued. 


Ambulance Seaplane, 
Guiana,593 

Blasius Theoty of Skin Friction, 742. See 
LETTER 831* 

Circulation Theory, Aviation and the 
Flettner Rotor Ship, 710, 770. See 
LETTER 831* 

Civil Aviation, Causes of Accidents, 231 

—-—and Imperial Communications, 450 

— — Report on, 231 

— — See also Airships (above) 

Engine, Petrol, Aeroplane, Bristol Jupi- 
ter, Swedish Government Tests, 112 ; 
Service Performance, 542 

——Aeroplane, 385-h.p. Jaguar Air- 
Cooled Radial, 870* 

— — Aeroplane, Weight Considerations, 85 

Flettner Rotor Ship, Theory of, 710, 770. 
See LETTERS 831* 

Flying Clubs, Light Aeroplanes, Proposed 
232, See 525 
Guns, Anti-Aircraft, 
Weapons, 204 
Lanchester-Prandtl Theory, Aviation, and 
the Flettner Rotor Ship, 710, 770. 

See LETTER 831* 

Lympne Trials, Light Two-Seater Aero- 
planes, 525*. See 232, 549, 652 
Military Aeroplane, Bristol Bloodhound, 

114 ; 


Fairey, British 


New American 


Naval Architecture, Aeronautics in, 722. 
See 713 

* Patoka,’’ U.S.S. Airship Base, 490 

Prandtl Theory, and the Flettner Rotor 
Ship, 710,770. See LurrEr 831* 

Propellers, Aerial and Marine, Design, 723 


Seaplane, Fairey Ambulance, British 
Guiana, 593 
— United States Naval, Developments, 


490 
** Shenandoah,” U.S. Airship, Operations 
with, 489 
Ship, Flettner Rotor, Theory of, 
770. See LETTER 831* 
Skin Friction in Aeronautics, Theory of, 
742. See LETTER 831* 
See also PARAGRAPH INDEX 
Aeroplanes. See Aeronautics 
Africa, French Colonies, Railway Requirements 
674 
— Northern, Port of Tripoli, 838 
Agreements, Labour. See Labour 
Agricultural Engineering, Oxford Institute of, 
Artificial Drying of Crops, 554* 
— Hall. See Exhibition 
— Industry, South Africa, 173 
— Machinery, Anti-Balance Cable Plough, 516* 
See 382, 807 
— — British Empire Exhibition, 382, 516* 
—— Cable Ploughing Tackle, Fowler’s, 382, 
516*, 807 
— — New Zealand, British Empire Exhibition, 
289* 
—  — Sunshine Harvesting Machine, 383 
— Motors. See Engines ; Motors ; Tractors 
— Show, Smithfield, 807 
— Society, Royal, Leicester Show, 20%, 59* 
— Tractors. See Tractors 
Agriculture, Adaption to Climate, 181 
— Drying Crops by Hot Air, 554* 
— Indian, Co-operation in, 509. See 537 
— Use of Electricity in, 84, 116, 382 
— — of Machinery in, 382 
— See also Irrigation and PARAGRAPH INDEX 
Air Circulation, Influence of Water Vapour, 410 
— Compressed. See Compressed Air; Pneu- 
matic 
— Compressing Plant, British Empire Exhi- 
bition Colliery, 190* 
— Compressors (Canadian Ingersoll Rand Co.), 
138* 


710, 


— — Five-Stage, Charging Compressed Air Lo- 
comotives (Belliss & Morcom, Ltd.), 498* 

— — Flow Indicator for Cooling Systems, 548 

— — High-Pressure Marine Type (G. & J. 
Weir, Ltd.), 425* 

—— Horizontal Two-Stage (Walker Bros, 

(Wigan, Ltd.), 190* 

——and Petrol Engine, Portable, the Broo- 
master, 179* 

— — Portable, Colliery Use (Mavor & Coulson, 
Ltd.), 191*; Broom & Wade, Ltd., 766* 

—— Portable Steam-Driven (Merryweather 
é& Sons, Ltd.), 753* 

—— Vertical, Electrically Driven (Broom & 
Wade, Ltd.), 191* 

—— Vertical Two-Stage, Steam - Driven 
(Browett, Lindley & Co., Ltd.), 690* 

— Hjectors, Condensing Plant, $.S.** Drottning- 
holm,” 841* 


; Alloys. 


Air ies Measurements, Balanced Manometer, 
23* 

— — Meters (G. Kent, Ltd.), 193* 

— Humidifying Apparatus, Textile 
Andrew System, 873* 

— Humidity Measurements, National Physical 
Laboratory, 278* 

— Ministry, Remuneration of Engineers, 862 

—— Trials, Light Two-Seater Aeroplanes, 
525*. See 232, 549, 652 

— Pollution, Automatic Measurement, 410 

— Preheater, Boiler Furnaces, Rectangular 
Tube, 209* 

— Pump. See Pump 

— Screws. See Propellers under Aeronautics 

— Vent, Calcium Chloride, Transformers, 802* 

— Washers and Tilters, for Ventilation, 780 

— See also Atmosphere 

Aircraft. See Aeronautics 

Airolite Wind-Driven Electric Lighting Plants, 


Mills, 


Airships. See Aeronautics 

Aitchison, Dr. L., on Volume Changes in Steel 
during Heat Treatment, 351*; on the 
Use of Light Alloys, 455 

Ajax-Northrupp Electric Furnace, 6 

Aktiebolaget Finshyttan, Tests of Lawaczeck 
Turbines, 851* 

Aktiebolaget de Lavals Angturbin, Geared 
Turbines §.S. ‘* Drottningholm,’’ 841* 

Alcohol, Dehydration by Glycerin, 344 

— Power, Production and Uses, 77, 616 

Alkali-Chlorine Products, Canadian Manufac- 
ture, 448 

— Works, Report on, 1923, 127 

Allen, E., & Co., Ltd., Coal-Measuring Appara- 
tus, Boiler Furnaces, 242*; Drying 
Stoves, Gas and Coke TViring, 460 

Allen, W. H., Sons & Co., Ltd., 400-kw. Geared 


' Turbo-Generator, 372* 


Allowances in Machine Work. 
Gauging 

See Metallurgy ; 
and PARAGRAPH INDEX 

Alternating Current. See Electric 

— Stress. See Tests (Materials) 

Alternators. See Generators, Electric ; Turbo- 
Alternators 

Alumina-Silica Materials in Firebricks, 481 

Aluminium Alloys. See Alloys under Metallurgy 

— Corrosion by Sea Water, Protection, 335 

— Determination of Sodium in, 409 

— Purification of, 6 

— Tensile Strength, Temperature and Cold 
Work, Relationship, 408 

— Use in Electrical Engineering, 57 

— — in United States, 838 

— See also Metallurgy ; Metal-Price Diagrams 

Ambulance Seaplane, British Guiana, 593 

American Bureau of Shipping. See United States 

— Iron and Steel Institute. See Iron and Steel 

— Locomotive Company, Mallet Simple Loco- 
motive, Chesapeake and Ohio Railroad, 
795*, 860* 

—Navy. See United States under Warships 

— Society of Mechanical LEngineers. See 
Mechanical Engineers 

——of Naval Architects and Marine En- 
gineers. See Naval Architects 

— See also United States 

Ammonia Compressor, Electrically-Driven 
(Haslam Foundry and Engineering Co., 
Ltd.), 290* 

— — High-Speed, Refrigerating Plant, 561*, 


See Gauges ; 


Microphotographs ; 


594* 
— Refrigerating Plants. See also Refrigerating 
— Synthetic Manufacture, Haber Process 


Franco-German Agreement, 263. See 372 

— — Manufacture, Recent Developments, 263. 
See 372 

— — Manufacture, Report, 116 

Analysis, Chemical, Determination of Sodium in 
Aluminium, 409 

— — Oxygen Determination in Pure Iron, 366 

— Crystal Structure, X-rays, 349*, 368, 428 

— Exhaust Gases, Marine Diesel Engines, 730, 
752. See 799 

— key Oil, Marine Diesel Engine Trials, 751, 

4 2 


— Steel, Standard Specimens, 439 
Anchors and Chains, British Empire Exhibition, 
100 


sucker: Pipe Line, Stress Distribution, 
63* 


Anderson, D., & Son, Ltd., Fireproof Bitumen 
Roofing Material, 166 

Anderson, E., on Sulphur in Rubber, 566 

Anderson, Sir K., on the Shipping Industry, 265 

Anderson, R. J., on Internal Stresses in Brass 
Tubes, 378 


(An, Machine Construction Co., Ltd., Air 


Humidifying Apparatus, 873* 


Angelo, A. R., on Electric Power Transmission, 
Norway to Denmark, 114. See 78 

Annealing. See Heat Treatment under Metal- 
lurgy 

Annual Publications. See LItpRATURE INDEX 

Anti-Aircraft Guns. See Guns 

— Friction Metals. See Alloys under Metallurgy 

Antimony Alloys. See Alloys under Metallurgy 

— Prices. See Metal-Price Diagrams 

Apples, Rail and Sea Transport, 743* 

Appointments. See PARAGRAPH INDEX 

Apprentices, Dockyard, and Whitworth 
Scholarships, 741. See LETTERS, 
770, 810, 831, 861 

— Engineering, Training of, 122 

~ See also Education 

Arbitration in Labour Disputes. 
and PARAGRAPH INDEX 

Are. See Electric ; Furnace ; Welding 

Arch, Boiler Furnaces, Pluto Suspended, 113* 

— Bridge, Cast Iron, French Railway, Repairs, 
557 


746, 


See Labour 


— — Ferro-Concrete, Salmon River, 
Timber Centring for, 257* 

— Dam, Multiple, River Tirso, Sardinia, 632* 

— — Recent Swedish Designs, 76 

— Viaducts, Penang Hills Railway, 667* 

Archdale, J., & Co., Ltd., Milling Machines, 
353* ; Drilling Machines, 359* 

Architects, Naval. See Naval Architects 

Architectural Acoustics, Research in, 411 

oe Regions, Danish. Surveying Expedition, 

44 


SMe 


Arewall Coal-Cutting Machine, 225* 

Argentine, Oilfields of, 651 

— Buenos Ayres Great Southern 
Locomotive, 280* 

Argon, Svlid, Crystal Structure, 368 ‘ 

Arley Coal Seam, Fuel Research Board Investi- 
gations, 552 

Armament. See Guns ; Warships 

Armfield, J. J., & Co., Ltd., Hydraulic Turbines 
and Governor, 610* 

Armour Plates, Beardmore, 187* ; 
Ltd., 189 

— Protection, Naval Aeroplanes, 418 

— See also Warships and Naval in PARAGRAPH 
INDEX 

Armoured Ships. See Warships 

Armstrong-Siddeley Motors, Ltd., Jaguar Aero 
Engine, 870* 

Armstrong, Whitworth Aircraft, Ltd., Siskin IT 
Aeroplane, 870* 

Armstrong, Whitworth & Co., Ltd., Hydro- 
Electric Power Plant, Newfoundland, 
125*; Naval Exhibits, British Empire 
Exhibition, 185*. See Hrrata, 423 ; Loco- 
motive for Buenos Ayres Great Southern 
Railway, 280*; Vertical Turning and 
Boring Mill, 699*; Bascule Bridge, Bann 
River, Ireland, 758* 

Army Authorities and Organisation for Muni- 
tions Supply, 201 

Arrol, Sir W., & Co., Ltd., 25-Ton Electric 
Level-Luffing Crane, 104*. See 238; 
Designs for Sydney Harbour Bridge, 129*. 
See 169, 198* 

Arsenious Oxide, Effect on Colourless Glass, 786 

Arterial Roads. See Roads 

Articulated Locomotive, Mallet Simple, Chesa- 
peake and Ohio Railroad, 795*, 860* 

Artillery. See Guns and PARAGRAPH INDEX 

Arts, Royal Society of, Short-Wave Radio 
Communication, by Senator G. Marconi, 
17, 836; London County Council Evening 
Classes, 377; Mechanical Transport on 
Roads, by Col. R. E. Crompton, 681; 
Science Teaching in Technical Schools, 
by Prof. C. A. Carus- Wilson, 865 

Arundel, Coulthard & Co., Ltd., 
Frame, Cotton Yarn, 91* 

Ashdown Rotoscope, Investigation of Moving 
Machinery, 236 

Ashton, D., & Co., Ltd., Haulage Gear, 766* 

Ashworth, E., Carding Engine, 89* 

Asquith, W. (1920), Ltd., Drilling Machines, 
358* 


Railway, 


Hadfields, 


Winding 


Association, British See British Association 

— Engineering. See Institutions 

Astronomical Papers, British Association, 410 

Astronomy, Mass of Celestial Bodies, Loss by 
Radiation, 802 

— Mount Wilson Observatory, Measurements 
of Light Velocity, 738 

— Solar Spectrograph, Poulkovo Observatory, 
87* 


‘ 
— Spectra of Nebulae, 410 
— Wireless Time Signals, International Inves- 
tigations, 410 
Atherton Brothers, Ltd., Jacquard Loom, 250* 
Atkins, E. A., on Manufacture of Steel Wire, 
630 


1V 


Atlantic Liners. See Steamers 

Atmosphere, Circulation of, Influence of Water 
Vapour, 410 

— Upper, Observations on, 410 

Atmospheric Discontinuities 
Forecasting, 410 

— Nitrogen, Fixation, Haber Process, Franco- 
German Agreement, 263. See 372 

— — Fixation, Report, 116 

— Pollution, Automatic Measurement, 410 

— — Report on Alkali Works, 128 

Atom, Helium, Metastability of, 322 

—,Mercury, Orbital Transfers of Electrons, 367 

Atomic Disintegration, Ejection of Protons, 


and Weather 


368 

— Structure, Metals, and Effects of Stress, 715 

— — Metals, Removal of Flectrons by Electric 
Field 322 

Atomising Nozzles, Air-Humidifying Apparatus 
874* 

** Aurania,’’ Cunard Liner, 380 

Austin, G., Ltd., Constant-Current System, 
Ships’ Auxiliary Machinery, 734* 

Austin Motor-Car, Front-Wheel Brakes, 607* 

Australasia, Power Resources, 19, 31 

Australia, Morwell Power Scheme, Excavating 
Machine for Brown Coal, 299* 

—Sydney Harbour’ Bridge, Competitive 
Designs, 129*, 169. See LETTER, 198* 

Australian Agricultural Machinery, 383 

Austria, Electric Power Transmission and 
Distribution, 78 

— Electro-Chemical Industry, 116 

— Fuel Economy in, 41 

— Industrial Research in, 115 

— Power Resources, 32. See 19, 41 

— Railway Electrification, 117 

— Water-Power Production, 44 

Auto-Transformer Starter, Induction Motors. 
107* 


Autogenous Welding. 

Automatic Coupling, 
Type, 478 

— Machine Tools. See Machine Tools 

Self-Closing Valves for Pipe Lines, 143* 

— Signalling. See Signalling 

— Sluice Gates. Spillway, Tirso Dam, 635* 

— Stokers. See Stoters 

— Substation. See Substation 

— Telephones, Relay System, Chatham Dock- 
yard and Hospital, 373 

— — Strowger System, York, 862 

— — Systems (Review), 663 

— Temperature Control Electric Furnaces, 
451*; Gas Furnaces and Steam Heating, 
628* 

Automobile Engineers, Institution of, The 
Use of Light Alloys, by Dr. L. Aitchison, 
455; Presidential Address by Dr. W. E. 
Ormandy on Research, 551; Electric 
Road Vehicles, by D. E. Batty, 688*, 719 ; 
Maintenance of Commercial Vehicle Fleets, 
by Major E. G.. Beaumont, 712; The 
Tyre as a Part of the Suspension System, 
by A. Healey, 805 

— See Motor-Cars 

Auxiliary Machinery, Marine. See Murine 

Avery, W. and T., Ltd., Weighing Machine, 
Colliery Tubs, 338 

Aviation. See Aeronautics 


See Welding 
Willison, Central-Buffer 


Axles, Motor-Car, Drilling Machine for, 359* 
—— Car. See also Motor-Car Details 
— Railway and Tramway, British Empire 


Exhibition, 99, 438, 439 
Aylesbury, Gas Manufacture, 
em, 23 
Azores-N ew York Telegraph Cable, 461 


B, 


BACHO Adjustable Wrench, 113* 

Badische Anilin und Soda Fabrik, Synthetic 
Nitrogen Products, French Agreement, 
263. See 372 

Bailey, Dr. T. L., Report on Alkali Works, 127 

Bain, H. C., on High-Speed Steel, 347, 393 

Baird & Tatlock (London), Ltd., Exhibit at 
British Empire Exhibition, 439 

Bairstow, Prof. L., on Skin Friction, 742. 
LETTER, 831* 

Balanced Manometer, Gas-Flow Measurements, 
223* 


Travers-Clark 


See 


Balancing System, Internal-Combustion En- 
gines, Blackstone’s, 593*. See 22 

Bale-Breaking Machine for Cotton, 12* 

Ball Bearings. See Bearings 

Hardness Tests. See Hardness under Tesis 

(Materials) 

— Steel, Compression of, Formula, 101 

— — Hardness Tests, Improvements, 367 

Ballard, W. E., on Metal Spraying, 409 

Balloon Tyres for Motor-Cars, Advantages, 805 

Bamber, H. K. G., the Late, 462 

Band Conveyors. See Conveyors 

— Spectra and Molecular Structure, 322 

Bann River, Strauss Bascule Bridge, 758* 

Bar-Screwing Machine. See Machine Tools 

Barbados, Steam Tug and Water-Boat ‘‘ Lord 
Combermere,”’ 370*. See Erratwm, 415 

Barford & Perkins, Ltd., Motor Roller, 59* 

Barker, T. V., on Formation of Crystals, 738 

Barley, F. W., Comparison of Gas and_Coke- 
Fired Drying Stoves, 460 

Barnard, H. C., the Late, 686 

Barrage, Severn Tidal- Power Scheme, 294 

Barrel Washing Machine, Brewers’ Exhibition, 
649 

Barrow Hematite Steel Co., Gas-Blowing 
Engines, Working Results, 830* 

Barugh Low-Temperature Carbonisation Plant, 
Trials, 588* 

Bascule Bridge. See Bridge 

Bassler Liquid Meter, 497* 

Bassom, A. E., on London Traffic, 651 

Bastian, C. O., the Late, 654 

Bateman High-Speed Planing Machine, 

Batteries. See Hlectric 

Battery Vehicles. See Motor Vehicles 

Battleships. See Warships 

Batty, D. E., on Electric Road Vehicles, 688*, 
719 


362* 


IN D E X.—GENERAL INDEx. 


Baumann Multiple Exhaust, 
Tests, 253* 

Bauxite Industry, United States, 838 

Beams, Effect of Taper on Shear Stresses, 789* 

— Ferro-Concrete, Quick-Hardening Cement, 
Tests, 867 

— Hack Sawing Machines for, 320*, 445* 

— System, Radio Communication, 17, 836 

Beardmore, Wm., & Co., Ltd., Naval Exhibits, 
British Empire Exhibition, 187*; Light 
Two-Seater Aeroplane, 525* 

Beardmore-Tosi Marine Diesel Engine, 83; 
Trials of M.S. “ Silurian,’’ 648; Trials of 
M.S. “‘ Sycamore,” 730, 750*, 784*, 798 

Bearings, Cold-Rolling Mills, Design and 
Lubstestias, 569*, 601*, 636*. See LETTER 
769* 


— Metals. See Alloys under Metallurgy 

— Michell Radial, Cold-Rolling Mills, 769* 

— — Thrust, 8.8. “ Drottningholm,’’ 841* 

— Oil-Groove Cutting Machine, 444* 

— Pressures, Marine Diesel Engines, 28* 

— Roller, Railway Signalling Work, 9 

Beatty Brothers, Washing Machines, 140* 

Beaumont, Major E. G., on Maintenance of 
Commercial Vehicle Fleets, 712 

Beck, O. N., Centrifugal Oil Purifier, 274* 

Beck, R. & J., Ltd., Vertical Illuminator for 
Microscopes, 30* 

Beilby, Sir G., the Late, 202* 

Belgian Coal, Iron and Steel Industries, 838 

Belgium, Power Resources, 32. See 19 

Bell, Sir T., on Shipbuilding and Shipping 
Economies, 265 

Belliss & Morcom, Ltd., Air Compressor, 498* 

Belt Conveyors. See Conveyors 

— Pulleys, Lathe for Turning, 358* 

“ Benbow,” H.M.S., Model, British Empire 
Exhibition, 187 

Bending Machine. See Machine Tools 

— Tests. See Tests (Materials) 

Bengal-Nagpur Railway, 42-Ton Hopper Coal 
Wagon, 279* 

Bengough, Dr., Report on Corrosion, 378 

Bennis, E., & Co., Ltd., Automatic Coal Con- 
veyor and Mechanical Stokers, 766 

Bentall, E. H., & Co., Ltd., Coffee-Preparing 
Machinery, 541* 

Bentley, H., & Co., Ltd., Road Transport of 
Turbo-Alternator Stator. 552 

Bentley Motor Car, 579*. See Erratum, 610 

Bergen, Electric Power Supply, 85 

Berry, H., & Co., Hydraulic Press, Brass Rod 
Extrusion, 387*. See 379, 415 

Bertin, L. E., the Late, 744 


7,000-kw. Turbine 


Bevel Gears. See Gears 

Bicycles. See Cycles and Motor Cycles 

Bilge Pump, Emergency, Gwynnes_ In- 
vincible, 2* ; Drysdale & Co., Ltd.. 217* 


Binary Alloys. See Alloys under Metallurgy 

Bio-Aeration, Sewage Purification, 241. See 286 

Biplanes, See Aeronautics 

Birmingham, British Industries Mair, 524 

— Drainage Board, Sludge Pump for, 211* 

— Electric Supply, Mercury-Vapour Rectifier 
Sub-Stations, 783*, 845* 

— Gas Department, Research Laboratory, 
Industrial Kinematography, 295* 

Birmingham Small Arms Tools Ltd., Centreless 
Grinding Machine, 404* 

Bismuth Alloys. See Alloys under Metallurgy 

Bitumen Roofing Material, Fireproof, Tests, 166 

Bjerknes’ nae Pulsating Capsules, 409 

Blackstone & Co., Ltd., Cold-Starting Oil 
Engines, 60*, “638%. See 21; Synchro 
Balance Engine, 593*. See 22 

Blading, Brush-Ljungstrém Steam 
Manufacture, 699 

— Impulse, Steam Turbine, Proportioning, 47 3* 

— Nickel Steel, English Electric Co.’s Turbo 
Generator, 762* 

— Steam Turbine, Deposits on, 417 


Turbine, 


Blasius Theory of Skin Friction, 742. See 
LETTER, 831* 

Blast Furnaces. See Furnaces 

Block, Foundation, Eccentrically-Loaded, 


Stress Distribution, 763* 

— Gauges, Measuring Machine for, 129* 

— Instrument, One Wire Three Indication, 
Railway Signalling, 10* 

Blomquist, V., on Steam Generation at High 
Pressures, 432. See 41 

Blowing Engines, Blast-Furnace, Barrow 
Hematite Steel Co., Working Results, 830* 

sear Oxygen, Godfrey Cutting Machine, 


Seo es Welding ; Cutting 

Board of Trade Regulations, Safety of Life 
at Sea, 587 

See a1s0 Overseas Trade Department 

Boat, Flying. See Seaplane under Aeronautics. 

— Folding, the Collet, 843* 

— Life-Saving, Merchant Ships, New Regula- 
tions, 587 

— Motor. See Motor Boat 

— Seasled Type, Motor-Propelled, 460* 

— Submarine. See Warships 

— Winch, Williams-Janney Gear, 211* 

Boby, R., Ltd., Refrigeration Plant, Brewers’ 
Exhibition, 649 

Bodies, Motor Car, Design and Construction 
(Review), 663 

Bogie, Four-Wheeled, Double Bolster, 280* 

— — Wheeled, Railway Motor Coach, 7* 

— — Wheeled, Royal Coach, Egyptian State 
Railways, 475* 

— — Wheeled, Vestibule Carriage, London, 
Midland & Scottish Railway, 162* 

Bohr, Prof. N., Presentation of Orsted Medal to, 
733 

Boilers, Capacity Rating,56. See LnrrERs, 101 

— Blectrically- -Heated, Steam Generation, 127, 
449 

— Explosions and the New Factory Bill, 334 

— Feed Pump. See Pump 

— — Water Meter, Vee ‘Notch, Lea Closed-in 
Type, 598* 

— Firing, Coke for Fuel, 40, 82 

— — Pulverised Coal for, 39, 40, 198, 480. 
See Erratum, 91 

— Fowler’s Steam Wagon, 855* 

— Furnaces. See Furnace and Stoker 

— Heat Losses in Combustion 40* 


Boilers, Inspection, Report on, 417 

— Lancashire Type, Lea Coal-Measuring Ap- 
paratus, 598* 

— Locomotive, Chesapeake and Ohio Railroad, 
797*. See 860* 

— — See also Locomotive 

— Marine, Furnace Arrangements, Coal or 
Oil-Firing, 346* 

— — Oil Fuels for Firing, 836 

— — Treatise on (Review), 336 

— Oil-Fired, Wallsend-Howden Oil-Fuel Sys- 
tem, 345* 

— Plant, Cardiff Engineering Exhibition, 766 

Temperature Measurement and Fuel 
Economy, 40 

— —- United States, Recent Practice, 29, 42 

— — Use of Steam Accumulators, 68* 

—- Room, S.8. “‘ Orama,” 604*. See 543*, 643 

— Sentinel Type, Railway Motor Coach, 6*. 
See Errata, 133 

— Steam Generation, Extra High Pressures, 
41, 181*, 432, 588 

— Trials, Standardisation of Methods, 55, 
See LETTERS, 101. See also 818*, 835, 866* 

— Vertical, Cochran Type, Oil-fired, 501* 

— Waste Heat, with Vertical Gas Retorts, 23 

-— Water-Tube, Vertical, Merryweather Port- 
able Air-Compressing Set, 753* 

— — Yarrow Type, Londonderry Power Station, 


177* ; Brighton Corporation Power Station, 
372*. See 415; Warship Propulsion, 458* 


— See also Engines and Roilers in PARAGRAPH 
INDEX 


Bolt, Connecting Rod, Composite Material, 
Fracture of, 418 

— Screwing Machine. See Screwing Machine 
under Machine Tools 

Bombay Water-Supply, Lake Tansa Pipe Line, 
562* 

Books, New, Notes on, 238, 342, 390, 433, 509, 


559, 594, 612, 657, 672, 700, 779, 825. 
See LITERATURE INDEX 
— Received, 132, 238, 337, 372, 496, 525, 557, 


590, 620, 657, 673, 701 


Booth, J., and Brothers, Ltd., Electric Colliery 
Locomotive, 252* 

Bore Hole, Sir C. A. Parsons’ Suggested, 548 

Boring Machine. See Machine Tools 

Bottle- Washing Machines, Brewers’ Exhibition, 
649 

Boulongue, M. de, on Repairs to La Voulte 
Vi os 557 

Bouly, H. G., on Fluid Transmission Gears, 842 

Boussenot, 73° Report on Defence of French 
Coasts, 170 

Boveri, Dr. W., the Late, 622 

Bows, Ships’, Construction for Collision, 618 

Box, Nailing and Printing Machines, 544* 

Bradfield, J. J. C., Report on Sydney Harbour 
Bridge Designs, 129*, 169. See LETTER,198* 

Bragg, Sir W. H., on Analysis of Crystal 
Structure by X-Rays, 349*, 428. See 368 

Braithwaite & Co., Pipe Line, Bombay Water- 
Supply, 562* 


Brake, Motor-Car. See Motor-Car Details 


— Gear, Penang Hills Funicular Railway: 
Passenger Cars, 728*; Electric Winding 
Engine, 791*, 852* 


Brancker, Air Vice-Marshal Sir 8., on Imperial 
Communications, 450 


Brass, Corrosion of. See Corrosion 

— Foundry. See Foundry 

— Ingots and Castings, Standard Specifications, 
261 

— Products, British Empire Exhibition, 335 

— Rod, Extrusion, Inverted Process, 387*. 
See 379, 415 

— Tensile Strength, Temperature and Cold 

._ Work, Relationship, 408 

— Tubes, Measurement of Internal Stresses, 
378 

Brasses, Cold-Rolling-Mill Bearings, Design, 
569*, 601*, 636*. See LETTER, 769* 

Brassey’s Naval and Shipping Annual (Review), 
809 

Breakdowns. See Accidents 

Breathers, Calcium Chloride, Transformers, 802* 

Brett’s Patent Lifter Company, Ltd., Drop 
Stamps for Multiple- Impression Dies, 705* 

Brewers’ Exhibition, Agricultural Hall, 649 

Bricks, YVire. See Firebricks ; Refractory 
Materials 

Brickwork Culvert, Damage by Molluscs, 775 


Bridge, Admiral Sir C., the Late, 268 

— Bascule, Strauss Type, River Bann, Treland 
758* 

— Cast-Iron Arch, French Railway, 
Work, 557 

— Construction, Danish Projects, 292 

—  — Schemes in Parliament, 777 

— Erection Work, Derrick Car for, 758* 

— Ferro-Concrete Arch, Salmon River, N.Y., 
Timber Centring for, 257* 

— Indian Native, 536* K 

— Ladder, Mount Everest Expedition, McGruer 
Spar Construction, 304* 

— London, and Cross River Traffic, 641, 647 

—Sydney Harbour, Competitive Designs, 
129*, 169. See LeTrmr, 198* 

— Traffic, Intersections of London Streets, 
641, 648 

— Waterloo, Proposed Reconstruction, 102, 
807. See 641, 647, 676 

— — and Southwark, Foundation Settlements, 
641. See 102, 647, 676, 807 

— Westminster, Stress Measurements, 296 

— Wind Pressure on, Measurement, 800 

— See also Viaducts and PARAGRAPH INDEX 


Brighton Corporation, Southwick Power 


Repair 


Station, Extensions, 372*. See 415 
Brinell Tests. See Hardness under Tests 
(Materials) 


Bristol Aeroplane Co., Ltd., Bristol Juniter 
Aero Engine, Swedish Government Tests, 
112; Service Performance, 542; Bristol 
Bloodhound Military ‘Aeroplane, 114 

— Hiectricity Works, Tests of Turbo-Generator, 
253* 

— Port of, Oil Engines for Grain Elevator. 643* 

Britannia Lathe and Oil Engine Co., Ltd., 
Small Lathe, 447 
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British Association (Toronto Meeting) : 


Preliminary Remarks, 98 

Inaugural Meeting, 265 

Presidential Address, by Sir 1. 
on the Prevention of Disease, 265 

Impressions of the Meeting, 5€6. See 539 

We Excursion, General Account, 506, 
539 

Popular Lecture on Relativity, by Prof. 
A. $8. Eddington, 535 

Concluding Remarks, 480 


Bruce, 


Section G.—Engineering : 

Programme, 94 

Reports of Discussions, 266. 284 

Presidential Address, by Prof. G. W. O. 
Howe, on a Hundred Years of Elec- 
trical Engineering, 193. See 266 

Railway Transportation in Canada, by 
Sir H. Thornton, 266 

Engineering Problems and Traffic on the 


Great Lakes, by Lieut.-Col. H. 8. 
Lamb, 266 

Visit to Toronto Harbour and Filtration 
Plant, 266 


Water-Power Resources of Canada, by 
J. B. Challies, 301. See 267 

Queenston- -Chippawa Development of the 
Hydro-Electric Power Commission of 
Ontario, by F. A. Gaby, 220*, 255*. 
See 267 

Development of the St. Lawrence River 
ior Power and Navigation, by R. 8. 
Lea, 239*, 271*. 

Deicrmination of Stress by Optical 
Methods, Joint Discussion with 
section A, 284. See Luerrmrs, 462, 
704, 769 

Evidence for the Existence of an Endur- 
ance Limit in Metals and its Deter- 
mination, by H. F. Moore and T. M. 
Jasper, 580*, 658*. See 284 

Work of the Fatigue Panel of the Aero- 


See 267 


nautical Research Committee, by 
Prof. C. F. Jenkin, 245. See 284 


Efiect of High Temperature on the Range 
of Repetition Stresses on Steel, by 
Prof. F. C. Lea and H. P. Budgen, 
500, 5382*. See 284 

Calculation of Quenching Stresses in Steel 
by Using Direct Measurements, by 
Prof. T. McL. Jasper, 285, 343*. 
See LETTER, 641 

Large Deflection of Circular Plates, by 

| Prof. S. Timoschenko, 286 

Dimensional Problem and Significance of 
the Notched-Bar Impact Test, by 
Prof. H. P. Philpot, 286 

Report of the Complex Stress Committee, 
286. See 506 

Engineers and Public Health, by F. A. 
Dallyn, 286 

Bio-Aeration in Sewage Purification, by 
J.D. Watson, 241. See 286 

Cobalt Magnet Steels, by E. A. Watson, 
274*, 302*. See 286 

Some New Recording Instruments, by 
R.S. Whipple, 287 

Eeonomical Design for Arch Centres, by 
A. EB. Wynn, 257* 


Section A.—Mathematical 
Science : 

Programme, 98 

Reports of Discussions, 320, 367, 409 

Presidential Address, by Sir W. H. Bragg, 
on the Analysis of Crystal Structure 
by X-Rays, 349*, 428. See 368 

Spectra of Ionised Elements, by Prof. A. 
Fowler, 321* 

Critical Potentials and their Interpreta- 
tion, by Dr. F. L. Mohler and Dr. 
P. D. Foote, 322 

Band Spectra and the Structure of Mole- 
cules, by Prof. J. C. McLennan, 322 

Spectrum of Titanium, by Pref. H. N. 
Russell, 322 

Mechanism of Excitation, Jonisation and 
Dissociation in Statistical Theory, 
by R. H. Fowler, 322 

Pulling #lectrons from Metals by Intense 
Electric Fields, by Dr. R. J. Piersol, 
» ? 


and Physical 


Metastability of the Fundamental Coplanar 

Con of the Helium Atom, by 
A. ©. Davies, 322 

5 Theory of the Scattering of 
X-Rays, by Prof. A. H. Compton, 322 

Scattering of X and Gamma Rays and the 
Production of X-Rays by Photo- 
Flectrons, by Prof. J. A. Gray, 323 

Secondary and Tertiary Radiations, by 
Prof. W. Duane, 323 

Recent Developments in Low-Tempera- 
ture Research, by Prof. J. C. Mc- 
Lennan, 367 

Controlled Orbital Transfers of Electrons 
in Optically Excited Mercury Atoms, 
by Prof. R. W. Wood, 367 

Scattermg of Light in Relation to the 
State of Molecular Aggregation, by 
Prof. C. S. Raman, 368 

Relation between Crystal Structure and 
Refractive Index, by Prot. W. L. 
Bragg, 368 

Chemical and Physical Significance of 
X-Ray Measurements of Compounds 
containing Long Chains of Carbon 
Atoms, by Dr. G. Shearer, 368 

X-Ray Measuremerts as an Aid to Chemi- 
cal Research by 8. H. Piper, 368 

Determination of Molecular Symmetry in 
Crystals and its Possibilities as a 
Method of Deriving Structural For- 
mule, by W. T. Astbury, 368 

Crystal Surface, by Pref. ©. H. Desch, 368 

Crystal Structure of Solid Argon, by J. E. 
Jones, 368 

Atomic Distnbeu ein, by Sir E. Ruther- 
ford, 368 

Forces which Lift the Aeroplane. by Prof. 
VY. Bijerknes, 409 

Meteorological Papers, 409 
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IN DE X.—GEnNERAL INDEX 


British Association—continued. 


Section A.—Mathematics and Physical 
Setence—continued, 


Report of Committee on Local Variation 
of Earth’s Gravitational Field, 410 

Report of Committee on Seismological 
Investigations, 410 

Correlation of the Records of two Distant 
Milne-Shaw Seismographs, by E. A. 

___ Hodgson, 410 

Experiment Illustrating the Theory of the 
Green Flash, by F. J. W. Whipple, 410 

Astronomical Papers, 410 

Relation between Solar Activity and 
Terrestrial Magnetic Disturbance, by 
Rey. A. L. Cortie, 410 

ae Nebule, by Dr. H. H. Plaskett, 

Wireless Time Signals, by M. Stewart, 410 

Nature of Speech, by Sir R. Paget, 411 

Research in Architectural Acoustics, by 
Prof. P. B. Sabine, 411 


Section B—Chemistry : 


Programme, 98 

Reports of Discussions, 448, 480 

Presidential Address, by Sir R. Robertson, 
on Chemistry and the State, 448 

Activation of Nitrogen, by Prof. W. A. N. 

_ Bone, 448 

Canadian Salt Company’s Processes for the 
Manufacture of Alkali-Chlorine Pro- 
ducts, by D. A. Pritchard, 448 

Electrolytic Nickel Processes, by R. L. 
Peek, 448 

Gara vs Furnaces, by F. A. J. Fitzgerald, 


Economie Aspects of the Hydro-Metallur- 
gical Development in Relation to 
Canadian Natural Resources, by H. 
Freeman, 449 

Characteristics of Electric Steam Genera- 

_ tion, by F. A. Lidbury, 449 
Liquid and Powdered Fuels, Joint Dis- 
_ ¢ussion with Section C (Geology), 480 

Liquid Fuels in Canada, by Dr. G. §. 
Hume, 480 

Advantages of Pulverising Fuels, by H. D. 
Savage, 480 

Pulverised Coal for Metallurgical Plants, 
by Prof. G. A. Guess, 480 

Brown Coals and Lignites, by Prof. W. A. 

_ _ Bone, 480 

Colloids, Joint Discussion with Section A, 


oe a Aviator,” Motor Tanker, Trials, 236, 
36! 

British Broadcasting Co., Ltd., Chelmsford 
Transmitting Station, 494* 

— Cast-Iron Research Association, 707 

— Cold Storage and Ice Association. 
Cold Storage 

— Columbia, Dry Dock at Esquimalt, 449* 

— Corporation, Shipbuilding Rules, 738 

= aoe Plant Co., Ltd., Centrifugal Pumps, 

— Empire, Air Communications, 450 

—— Cement Manufacture, 381 


British Empire Exhibition : 
Conferences, &e. : 
gee rea and Metallurgical Congress, 


See 


Iluminating Engineering Society, 259 
Institute of Transport Congress, 450 


See also Ceramic Society ; Iron and Steel 
Institute ; World Power Conference 


Electrical Exhibits : 


Capstan, Electric (Vickers, Ltd.), 502* 

Motor Starters and Regulators (Brookhirst 
Switchgear, Ltd.), 580* 

Railodok Electric Passenger Cars, 198 

Recording Instruments (Everett, Edg- 

: cumbe «& Co., Ltd.), 207* 

Substation Equipment, Automatic (British 
Thomson-Houston Co., Ltd.), 13* ; 
(Peebles-Reyrolle), 323* 

Switchgear (Erskine, Heap & Co., Ltd.), 
106*; (Ferguson-Pailin, Ltd.), 468* 

—and Induction Regulators (Switchgear 
& Cowans, Ltd.), 180* 

Temperature Control, Automatic, Cam- 
bridge Instrument Co., Ltd., Electric 
Furnaces, 451*; Gas Furnaces and 
Steam Heating, 628* 

Transverter for High-Tension, Direct- 
Current Power Transmission, 14 


Engineering Exhibits : 


Air Compressor, Five-Stage, Charging 
Compressed-Air Locomotives (Belliss 
& Morcom, Ltd.), 498* 

— — High-Pressure Marine Type (G. & J. 
Weir, Ltd.), 425* 

—  —and Petrol Engine, Combined, Port- 
able (Broom t& Wade, Ltd.), 179* 

— — Vertical Two-Stage, Steam-Driven 
(Browett, Lindley & Co., Ltd.), 690* 

— Preheater for Boiler Furnaces (E. 
Green & Sons, Ltd.), 209* 

Boiler, Vertical, Cochran, for Oil Fuel, 
5 * 


om) 

Boring Cutter, S. R. (Vickers Ltd.), 99 

Coal-Measuring Apparatus, Boiler Fur- 
naces (E. Allen & Co., Ltd.), 242* ; 
(Lea Recorder Co., Ltd.), 598* 

Engines, Internal-Combustion, Synchro- 
Balance System (Blackstone & Co., 
Ltd.), 593*. See 22 

— Oil, 300-h.p., Horizontal, Cold-Starting 
(Blackstone & Co., Ltd.), 638* See 
21, 60* 

— — Marine, 96-h.p., Four-Cylinder, Hot- 
Bulb Type (Norris, Henty & Gardners, 
Ltd.), 595* 

— — 18-h.p., Single-Cylinder, Hot-Bulb 
Type (Norris, Henty & Gardners, 
Ltd.), 595* 

— Steam, Compound, Vertical High-Speed, 
and 100-kw. Generator (Browett, 
Lindley & Co., Ltd.), 305* 


British Empire Exhibition—continued. 
Engineering Exhibits—continued. 


Pumps, Air, Contraflo Reciprocating 
(Vickers Ltd.), 573* ; 

Refrigerating Machinery, 559*, 594* 

Lubrication Tell-Tales (Hawthorn, Leslie 

__ & Co., Ltd.), 422* 

Oil-Fuel Burning Apparatus, Wallsend- 
Howden System, 345* 

Screw Thread-Grinding Machine (Wolseley 
Motors, Ltd.), 547* 

Turbines, Hydraulic, and  Oil-Pressure 
Governor (J. J. Armfield & Co., 
Ltd.), 610* 

—Steam, 5,000-kw., Brush-Ljungstrém,71* 

Water Recorder, V-Notch (Lea Recorder 

_ Co., Ltd.), 598* 

Winches, Boat and Cargo, Williams- 
Janney Variable-Speed Gear ( Vickers, 
Ltd.), 211* 


Fire-Protection Appliances : 


Chemical Fire Extinguisher, 
Kemik, 530 

Fire Protection Service at the Exhibition, 
153*, 383*, 426*. See 530* 

— Pumps, Trailer Type (Gwynnes En- 
gineering Co., Ltd.), 147*; (Dennis 
Brothers, Ltd.), 426* ; (Merryweather 
& Sons, Ltd.), 426* ; (Martin’s Culti- 
vator Co., Ltd.), 428* 

Mopar Pike Engine (Dennis Brothers, Ltd.), 


Konus 


— — Engine, Froth Producing, Oil Fires 
(Merryweather & Sons, Ltd.), 530* 
—-—Engine, Hatfield Pump (Merry- 

weather & Sons, Ltd.), 156* 
— — Engine, Rees Roturbo Pump (Ley- 
land Motors, Ltd.), 156* 
“Lar aoa (Stanley Fire Engine Co.),* 
* 


Pumps, Centrifugal, 
Protection 
Ltd.), 153* 
— Fire and Salvage, Steam- Driven (Merry- 
weather & Sons, Ltd.), 531* 
General : 


Canadian Exhibit, 137*. See LETTER, 334 

Colliery, Equipment of, 49*, 159*, 190*, 
224*, 251*, 338*, 411*, 528*. See 622* 

Indian and Burmese Exhibits, 507*, 537*. 
See LETTER, 548 

New Zealand Exhibits, 287* 

Results of the Exhibition, 615 

South African Exhibit, 172*, 204* 

Metallurgical Exhibits : 

Chains and Anchors (Earl of Dudley’s 
Round Oak Works, Ltd.), 100 

Coke Ovens, Piette System, Shelton Iron 
Works, 510* 

Drop Forgings (Vickers Ltd.), 100 

Gear Wheel, Double Reduction, for Marine 
Geared Turbine (Vickers Ltd.), 100* 

Non-Ferrous Metals Exhibits, 335 

Pressed-Steel Work (Vickers Ltd.), 99 

Railway and Tramway Rails (Cammell 
Laird & Co., Ltd.), 438; (Dorman, 
Long & Co., Ltd.), 440 

— Tyres and Axles (Vickers, Ltd.), 99; 
(Cammell Laird & Co., Ltd.), 438 

— Wheels (Newlay Wheel Co., Ltd.), 438 

Spring Manufacture (Vickers Ltd.), 99 

Standard Specimens for Steel Analysis 
(Ridsdale & Co.), 439 

Steel Castings (Cammell Laird & Co., Ltd.), 
438 


Four-Stage, Fire 
(Worthington-Simpson, 


—-—for Gas Producer (Steel Co. of 
Scotland), 439* 

— — Rudder Frame, H.M.S. ‘ Hood,” 
189* 

— — Vikro Heat Resisting, 99 

— High Tensile, Ducol (D. Colville & Sons, 


Ltd.), 100 
— Pipes and Tubes (Vickers Ltd.), 99; 
(Stewarts & Lloyds, Ltd.), 439; 


(J. Russell & Co., Ltd.), 439 

— Plates and Sections (Steel Co. of 
Scotland, Ltd.), 439; (Dorman, Long 
& So., Ltd.), 440 

— Vibrac (Armstrong, Whitworth & Co., 


Ltd.), 187*. See Errata, 423 

Structural Steelwork (Dorman, Long & 
Co., Ltd.), 440 

Turbines, Hydraulic, Rotors for (Vickers 
Ltd.), 100* 

Wire Ropes (Wilkins Wire & Wire Ropes, 
Ltd.), 439 


Miscellaneous Exhibits : 


Agricultural Machinery Exhibits, 382, 516* 

Coffee-Preparing Machinery (E. H. Bentall 
& Co., Ltd.), 541* 

Diving Dress, Self-Contained (Siebe, 
Gorman & Co., Ltd.), 149* 

Manometer, Balanced, for Gas-Flow 
Measurements (G. Kent, Ltd.), 223* 

Palm-Oil Extraction Plant; for Nigeria 
(Manlove, Alliott & Co., Ltd.), 513* 

Plough, Four-Furrow Anti-Balance, for 
Cable Ploughing (J. Fowler & Co. 
(Leeds), Ltd.), 516* 

Respirators for Use in Noxious Gases 
(Siebe, Gorman & Co., Ltd.), 149* 
Thomas Gas Meter (Cambridge Instrument 
Co., Ltd.), 182*. See Hrrata, 262 
Wooden Box Manufacture, Nailing and 
Printing Machines (M. Wylie & Co., 

Ltd.), 544* 


Naval Exhibits : 


Armour Plates, Beardmore, 187*; Had- 
field, 189 

Boilers, Water-Tube, 
Propulsion, 458* 

Coastal Motor Boats, Thornycroft, 421* 

Docks, Floating (Swan, Hunter & Wigham 
Richardson, Ltd.), 460 

Guns, Armstrong, Whitworth, 185*; 
Beardmore, 188 * 

— Boats, Shallow-Draught, Yarrow, 459 


Yarrow, Warship 


v 


British Empire Exhibition—continued. 
Naval Ex'ibits—continued. 


Guns, Mountings, Swashplate Engine (Arm- 
strong, Whitworth & Co., Ltd.), 
187* 

Hospital Ship, Shallow-Draught Motor, the 
** Nabha,”’ 421* 

Mine-Sweeping Sloops (W. Simons & Co., 


Ltd.), 460 
releases Armour Piercing, Hadfield, 
89* 


Seasled Type Motor Boat, 460* 

Steamers, Shallow-Draught, Propulsion, 
Yarrow Flap System, 459* 

Torpedo Boats and Destroyers, Thorny- 
croft, 420; Hawthorn, Leslie & Co., 
Ltd., 421 ; Yarrow, 459; Swan, Hun- 
ter & Wigham Richardson, Ltd., 460: 
Vibrac Steel, Armstrong, Whitworth 
& Cog Ltd., 187*. See Errata, 423 

Warship Construction, Armstrong, Whit- 
worth & Co., Ltd., 187; J. Brown & 
Co., Ltd., 189; Hawthorn, Leslie & 
Co., Ltd., 421; Swan, Hunter & 
Wigham Richardson, Ltd., 460 


Pumps and Pumping Machinery : 


Pump, Air, with Ejector Augmentor, 
Paragon (G. & J. Weir, Ltd.), 217 

— Centrifugal, Boiler-Feed, Geared-Tur- 
bine Drive (British Electric Plant Co., 
Ltd.), 626* 

— — Boiler-Feed, Turbine- Driven (G. & J. 
Weir, Ltd.), 216*; (Gwynnes En- 
gineering Co., Ltd.), 218* 

—— Emergency Bilge (Gwynnes En- 
gineering Co., Ltd.), 2*; (Drysdale & 
Co., Ltd.), 217* 

—w— Extraction, for Condensing Plant 
(Mirrlees, Watson Co., Ltd.), 5*; 
(Drysdale & Co., Ltd.), 217* 

— — Four-Stage High-Lift (@wynnes En- 
gineering Co., Ltd.), 2 

— — Low-lift, for Circulating Water 
(Mirrlees, Watson & Co., Ltd.), 5* 

— — Low-Lift, Submerged, for Irrigation 
(Gwynnes Engineering Co., Ltd.), 3* 

— — and Petrol Engine, for Salvage Work 
(Drysdale & Co., Ltd.), 218* 

—— Sewage, Gwynne-Pennell 
Trap, 218* 

— — Single-Stage (British Electric Plant 
Co., Ltd.), 627* 

— — Six - Stage, Electrically - Driven, 
(British Electric Plant Co., Ltd.), 625* 

— — (Tangyes, Ltd.), 5 

— — Two-Stage, High-Lift (Mirrlees, Wat- 
son Co., Ltd.), 5* 

— Horizontal Duplex, for Cargo 
(Hayward-Tyler & Co., Ltd.), 5* 

—— Duplex, with Twells Valve Gear 
(Hayward-Tyler & Co:, Ltd.), 3* 

— Reciprocating, Two-Throw, Electrically- 
Driven (G. & J. Weir, Ltd.), 216* 

— Rotary Gear Type, for Oil Fuel (Hay- 
ward-Tyler & Co., Ltd.), 5 


Rotary 


Oil 


— Vertical Duplex (Hayward-Tyler «& 
Co., Bene 
—— Duplex, Piston Cooling, Diesel 


Engine (Hayward-Tyler & Co.,Ltd.),5* 


Railway Material : 


Bogie, Four-Wheeled, Double-Bolster 
(Leeds Forge Co., Ltd.), 280* 

Carriage, Railway, Control Trailer Car, 
Metropolitan Railway, 9* 

— — Pullman Buffet Car, 7 

— — Steam Motor, Sentinel-Cammell, 6*. 
See Errata, 133 

— Royal Saloon, Egyptian State Railways, 
475* 

— Third-Class Vestibule, London, Midland 
and Scottish Railway, 160* 

Coupling, Automatic, Willison Central- 
Buffer Type, 478 

Locomotive, 4-8-0 Type, Three-Cylinder 
Superheater, Buenos Ayres Great 
Southern Railway (Armstrong, Whit- 
worth & Co., Ltd.), 280* 

— Feed-Water Heater and Pump (Worth- 
ington-Simpson, Ltd.), 478* 

— Geared Turbine, Reid-MacLeod, 479* 
Lubricator, Mechanical, for Locomotives 
(Gresham & Craven, Ltd.), 163* 

Roller Bearings, Railway Signalling, 9 

Rubber Applications in Railway Work 
(Spencer, Moulton & Co., Ltd.,), 9* 

Signalling, Railway, Tyer One- Wire, Three- 
Indication Block Instrument, 10* 

——Tyer Key Token Instrument for 
Single-Line Working, 10* 

— — Long-Burning Oil Lamp, 9 

— — Westinghouse Double-Wire System, 
163* 

Wagon, Coal, 42-ton Hopper, 
Nagpur Railway, 279* 


Scientific Exhibits : 
National Physical Laboratory, Exhibits: 


Metrology Section, 129*; Physics 
Section, 278* 


Textile Machinery : 


Cotton-Preparing, Spinning and Weaving 
Machinery, 11*, 89*, 247* 

British Empire, Power Production, Financial 
Considerations, 35 

— — Power Resources, 18, 31 

— Engine Boiler and Electrical Insurance 
Co., Ltd., Report on Machinery 
Failures, 417. See LETTERS, 486, 548 

— Engineering Standards Association. 
Engineering Standards : 

— Guiana, Fairey Ambulance Seaplane, 593 

— Industries Fair, Birmingham, 524 

— Liquid Meter Co., Ltd., Bassler Meter, 497* 

— Navy. See H.M. under Warships 

— Railways. See Railways 

— Shipbuilding. See Shipbuilding 

— Shipping. See Shipping 

— Standard Rails and Sections, British Empire 
Exhibition, 440 


Bengal, 


See 


British Thomson-Houston Co., Ltd., Automatic 
Substation Equipment, 13*, 227* ; Alter- 
nators, Switchgear, &c., Newfoundland 
Water Power Plant, 127* ; Tests of 15,000 
kw. Turbo Generator, 704; Manufacture 
of Head-Band Telephones, 747* ; Control 
Gear, Electric Winding Engine, Penang 
Hills Railway, 852*. See 789* 

— Trade. See Trade 

— Water Works Association. See Waterworks 

Broaching Machine. See Machine Tools 

Broadcasting. See Telephony, Wireless 

Bronze, Aluminium, Properties and Uses, 
United States, 376 

— Cold Rolling-Mill Bearings, 601 

— Exhibits at British Empire Exhibition, 335 

— High Tin, Effect of Casting Temperature and 
Heat Treatment, 409, 430* : 

Brook, G. B., on Determination of Sodium in 
Aluminium, 409 

Brooke, J. W., & Co., Ltd., Marine Petrol 
Motor, 815* 

Brookhirst Switchgear, Ltd., Motor Starting 
and Control Panels, 447, 580* . 
Brooks & Doxey (1920), Ltd., Cotton Spinning - 

Machinery, 90* 

Broom «& Wade, Ltd., Air Compressors, 179*, 
191*, 766* 

Broomaster Portable Air Compressor, 179* 

Browett, Lindley & Co., Ltd., High-Speed 
Steam Engine, 305*; Air Compressors, 
690* ; Gas Engine, 847* 

Brown Coal, Morwell Power Scheme, Electric- 
ally Operated Excavator, 299* 

— — Occurrence and Use, 480 

Brown, D., & Sons (Hudd.), Ltd., Worm-Gear 
Testing Machine, 823* 

Brown, J., & Co., Ltd., Naval Construction 
Exhibits, British Empire Exhibition, 189 ; 
Launch of §.S. ** Oronsay,’’ 264 

Brown, Lieut.-Col. W., the Late, 653 

Brown & Sharpe Gear Testing Machine, 696* 

Brown-Boyeri Mercury-Vapour Rectifier Sub- 
stations, 782*. See 845* 

Bruce, Sir D., on Prevention of Disease, 265 

Brush Hlectrical Engineering Co., Ltd., Brush- 
Ljungstrém Turbo-Generator, British Em- 
pire Exhibition, 71*; Manufacture of 
Brush-Ljungstrém Turbines, 699* ; Brush- 
Ljungstrém Turbo Generators, St. Pancras 
Power Station, 642* 

Buck & Hickman, Ltd., Adjustable Wrenches 
and Spanners, 113* 

Budgen, H. P., on Repetition Stresses, 500, 
582*. See 284 

Buenos Ayres Great Southern Railway, Loco- 
motive, 280* ‘ 

Buffet Car, Pullman, British Empire Exhibi- 
tion, 7 

Buildings, Acoustic Properties, Research in, 
411 / 

— Electrical Equipment, Regulations, 202 

— Wind Pressure on, Measurement, 800 

Bulawayo, Use of Electric Power, 85 

Buoyant Apparatus, Life-Saving, New Regula-~ 
tions, 587 

Bureau of Mines. 

— of Shipping. See United States 

— of Standards. See United States 

Burford, H. G., on Road Conditions and the 
Development of Motor Vehicles, 87, 874* 

Burge, W.8., on Pass-Out Turbines, 744 

Burmah Shale Oil Distilling Plant, 538* 

Burmese Exhibits, British Empire Exhibition, 
507*, 537*. See LETTER, 548 

Burners, Oil Fuel, See Oil Fuel 

Burnt Oak Automatic Substation, 227* 

Butler Machine Tool Co., Ltd., Shaping 
Machines, 360* ; Planing Machine, 362* ; 
Slotting Machines, 363* 

Butt Welding Machine (A.1 Electric Welding 
Appliances: Co.), 827* 

Butterley Company, Ltd., Coal- Washing Plant, 
411* 


See United States 


C; 


CABLE-LAYING Steamer “‘ Edouard Suen- 
son,” 196*, 269* 

— Ploughing Tackle, Fowler’s, 382. See 516*, 
807 

— Railway, Penang, 664*, 726*, 789* 852* 

— Works, Henley’s, Laboratories, 736* 

— See also Wire Ropes and Electric 

Cadmium Light, Wave Length, Calibration of 
Standard Metre, 491* 

Caeg Electric Safety Lamps, Miners, 529 

Calcium Chloride Breathers, Transformers, 802* 

Calcutta Water Supply, 178 

Calendar, Simplified, Plea for, 410 

Calorific Value, Coal, and Boiler Trials, 55. 
See LETTERS, 101 

Cambrian Wagon Co., Ltd., 20-ton Steel Rail 
way Wagon, 766 

Cambridge Instrument Co., Ltd., Thomas Gas 
Meter, 182*. See Errata, 262; Recording 
Instruments, 287; Automatic Tempera- 
ture-Control Apparatus, 451*, 628* ; Clink 
Detector, Steel Forgings, 658* 

Camellaird-Fullagar Diesel Engine, Piston 
Withdrawal, 145* ; Trials of M.S. “‘ British 
Aviator,’ 236, 369 

Cammell Laird & Co., Ltd., Steam Railway 
Motor Coach, 6*. See Errata, 133; Rail- 
way Exhibits, British Empire Exhibition, 
279* ; Metallurgical Exhibits, British Em- 
pire Exhibition, 438 ; Willison Automatic 
Coupling, 478 

Canada, Electric Power Transmission and Dis- 
tribution, 78 

— Engineering Problems, 
Lakes, 266 

— Fuel Resources, 38, 480. See LETTER, 102 

— Manufacture of Alkali-Chlorine Products, 
448 

— Montreal Docks, Electric Locomotives, 716 

— Power Resources, 19, 31. See 78 

— Railway Transportation in, 141*, 266, 540 

— River St. Lawrence, Dredging Work, 438. 
See Erratum, 456; Development for Power 
and Navigation, 239%, 271*. See 267 


Traffic on Great 


V1 


IND E X.—GEnNERAL INDEx. 


Canada, Toronto International Mathematical 
Congress, Hon, Sir C. A. Parsons on the 
Steam Turbine, 469; Prof. Sir J. B. Hen- 
derson on Teaching Mathematics, 491 

— — Meeting, British Association. See British 
Association 

— Wood-Pulp and Paper Making Industry, 539 

Canadian Bridge Co., Designs for Sydney 
Harbour Bridge, 129*. See 169, 198* 

— Electro-Chemical Industries, 448 

— Exhibit, British Empire Exhibition, 137*. 

_See LerTnr, 334 

— Government Dry Dock, Esquimalt, 449* 

— Ingersoll Rand Company, Compressors, 138* 

— Railways, British Empire Exhibition, 141* 

— Timber Resources, 539 

— Water Power, Development of River St. 
Lawrence, 239*, 271*. See 267, 438, 486 

—-— Power and the Electro-Metallurgical 
Industries, 449 

— ae Oe International Joint Commission, 
37 


— — Power, Queenston-Chippawa Develop- 
ment, 220*, 255*. See 267 

— — Power Resources, 48, 301, 506. See 267 

Canal Construction, Queenston - Chippawa 
Hydro-Electric Development, 221* 

— Panama, Report on Working, 745 

— — Ten Years’ Operation, 491 

— Suez, Proposed Deepening, 457 

— See also PARAGRAPH INDEX 

Cantilever Bridge. See Bridge 

Capacity. See Llectric 

Capital and Labour. See Labour 

Capstan, Electric (Vickers Ltd.), 502* 

— Lathe. See Lathe under Machine Tools 

Carbon Dioxide Compressor, High-Speed, 
Refrigerating Plant, 559* * 

See Refrigerating 


— — Refrigerating Plants. 
Activation of 


— Monoxide-Air Explosions, 
Nitrogen, 448 

— — Removal from Town Gas, 23 

Cae oe eto, Seaweed, Fuel Research Board, 


Carburetted Water Gas. See Gas 


Carburettor Manufacture, Iron Casting in 
Metal Moulds, 377 

Carburisation. See Heat Treatment under 
Metallurgy 


Cardiff Engineering Exhibition, 747, 766*, 808 

Carding Machines for Cotton, 89* 

Carels Diesel Engine, Improvements in, 544* 

Cargo Oil Pump (Hayward-Tyler & Co., Ltd.), 5* 

— Steamers. See Steamers 

— Winch, Williams-Janney Gear, 211* 

Carothers, 8. D., on Earth Stresses, 1*, 156* 

Carriage, Kitchen, Electrically-Equipped, 
London & North Eastern Railway, 480* 

— Passenger, Penang Hills Railway, 728* 

— Railway, Control Trailer Car, Metropolitan 
Railway, 9* 

— — Four-Wheeled Double-Bolster Bogie, 280* 

—— Pullman Buffet Car, British Empire 
Exhibition, 7 

— — Repair, Petrol, Four-Wheel Drive, 817* 

—-— Steam Motor, Sentinel-Cammell, 6*. 
See Hrrata, 133 

— Royal Saloon, Egyptian State Railways, 475* 

— Third-Class Vestibule, London Midland 
& Scottish Railway, 160* 

Cars, Dynamometer, Electrical 
Instruments, 208* 

— Motor. See Motor Cars 

— Passenger, Accumulator, British Empire 
Exhibition, 198 

Carter, G. F., on the Duties of Municipal 
Engineers, 24 

Cartridge Cold Starter, Petter Oil Engine, 721* 

Carus-Wilson, Professor C. A., on Science 

_ Teaching in Technical Schools, 865 

Carville Power Station, Comparisons with 

North Tees, 57* 

Cascade System, Feed Heating. See Weed Water 

Casein Products, New Zealand Dairy Industry, 


Recording 


Cask py sching Machine, Brewers’ Exhibition, 
64 

Cast Iron Pots, Piston Rings, Specification, 583 

— — Production from Steel Scrap, 276 

— — Research Association, British, 707 

Castings, Brass, Standard Specifications, 261 

— Iron, Influence of Titanium, 113 

— — Production in Cast-Iron Moulds, 377 

—-—and Steel, Motor-Car Manufacture, 
Standard Specifications, 176 

— Steel, British Empire Exhibition, 99, 189*, 
438, 440 

— — Rudder Frame, H.M.S. ‘‘ Hood,’’ 189* 

— — Vikro Heat-Resisting, 99 : 

— Temperature, Admiralty Gun Metal, Effect 
on Properties, 436*. See 409 

— — Bronze, Effect on Properties, 409, 430* 

catalogues, 33, 113, 151, 183, 214, 244, 306, 
470, 502, 534, 564, 627, 660, 692, 754, 
787, 820, 877. See PARAGRAPH INDEX 

Catchment Areas, Run-off, Storage and 
Allocation, 42 

Caterpillar Tractor. 

Catheart, A. B., 
Supply, 151 

C.A.V. Small Tools, Ltd., Wade Screw-Cutting 
Lathe, 749* 

Cavitation Investigations, United States 
Warships, 717*. See LETTER, 769 

Cedars Rapids Hydro-Electric Power Plant. 
239*.. See 267, 271 

Celluloid Models, Stress Determination by. 

_ See Optical 

Cement, Ferrocrete Quick-Hardening, Tests, 867 

— High Alumina (Ciment Fondu), Use for 
Reinforced Concrete Piles, 739 

— Manufacture, British Empire, 381 

— See also Concrete and PARAGRAPH INDEX 

Cementation. See Heat Treatment under 
Metallurgy 

Census of Road Traffic, 837 

Centenary Celebrations, Franklin Institute, 745 

Central Station. See Power Station 

Centreless Grinding Machines, 404* 

Centrifugal Pumps. See Pumps 

— Separator, Oil Purification, Monarch, 274* 

— Stresses, Rotating Discs, Conical Profile, 
418. See LETTER, 486 


See Tractor 
on Underground Water 


Centring, Timber, Ferro-Concrete Arch Bridge, 
* 


Ceramic Society (Refractory Materials Sec- 
tion): Comparison of Gas and Coke- 
Fired Drying Stoves, by T. W. Barley, 
460; Properties of Clay-Sillimanite Mix- 
tures, by H. 8. Houldsworth, 461 ; ‘Influ- 
ence of Exposure on the Chemical and 
Physical Properties of Certain Fireclays, 
by W. Hugill and W. J. Rees, 481; 
Alumina-Silica Minerals in Firebricks, by 
W. J. Rees, 481; Note on the Storage 
of Silica Refractories, by W. J. Rees, 
481; Rapid Method for the Determina 
tion of True (or Powder) Specific Gravity 
by W. Hugill and W. J. Rees, 482 ; Specific 
Gravity and After Expansion of Lime- 
Bonded Silica Bricks, by W. J. Rees, 
482 


oe Ceres,” H.M.S., Model, British Empire 
Exhibition, 189 
Ceylon, Aberdeen-Laxapana Water Power 


Scheme, 473* 

— Colombo Harbour, Future Depth, 457 

Chains and Anchors, British Empire Exhibi- 
tion, 100 

— Driving, Renold Steel Hollow-Stud, 260* 

— Mortising Machine, 23* 

— Track Tractor. See Tractor 

Challies, J. B., on Water-Power Resources of 
Canada, 301. See 267 

Chamber of Shipping, Report on Port Facili- 


ties, 715 

Change-Speed Gear. See Gear; Motor-Car 
Details 

Channels, Water, Automatic Intake Control, 
432* 

Charcoal, Conductivity of, Electric Iron 


Smelting, 637 

Charging Machine, Coke Ovens, Shelton Iron 
Works, 512* 

Charing Cross 
Underground Railways, 328 

Chatham Dockyard and Hospital, Automatic 
Telephone Exchange, 373 

Chelmsford Transmitting Station, British 
Broadcasting Co., Ltd., 494* 

Chemical Analysis. See Analysis 

— Engineering Laboratory, University College, 
London, 682 

— Engineers, Institution of, Dr. W. M. Travers 
on Tests of Water Gas Plants, 682 

— Fire Extinguisher, the Konus Kemik, 530 

— Industry, Society of, Dr. A. van Rossem 
on the Chemistry and Uses of Rubber 
Latex, 776; (Chemical | Engineering 
Group), Development and Formation of 
Crystals, by T. V. Barker, 738; Mech- 


to Kennington Jxtension, 


anical Crystallisation, by H. Griffiths, 738 | 


— Salts, Crystallisation from Solutions, 738 

— Works, Report on, 127 

Chemistry, Acidity of Raw Rubber, 334 

— Activation of Nitrogen, Gaseous Explo- 
sions, 448 

— Alcohol, Dehydration by Glycerin, 344 

— Alkali-Chlorine Products, Canadian Manu- 
facture, 448 

— of Colloids, British Association Papers, 480 

— of Corrosion. See Corrosion : 

— Crystals, Natural History of (Review), 631 

—— Structure, Analysis by X-Rays, 349*, 
368, 428 

— Determination of Sodium in Aluminium, 
409 

— Nitrogen Fixation, Report, 116 

— Oxygen Determination in Pure Iron, 366 

— Physical, Formation of Igneous Rocks, 588 

— of Rare Elements (Review), 336 

— and the State, 448 

— Synthetic Ammonia Manufacture, Franco- 
German Agreement, 263. See 372 

— — Ammonia Manufacture, Recent Develop- 
ments, 263. See 372 

— Testing Volumetric Glassware, 378 

— See also PARAGRAPH INDEX 

Chesapeake and Ohio Railroad, Mallet Simple 
Locomotive, 795*, 860* 

Chester Waterworks Pumping Station, Re- 
mote Control, 671* 

Chicago Power Station, 50,000 kw. Turbo 
Generator, 66*, See 45 

China, Power Resources, 33. See 19 

Chittenden, J. P., on Pass-Out Turbines, 744 

Chlorination Plant, Water Supply, Egyptian 
Towns, 736 

Chlorine Products, Canadian Manufacture, 448 

Christiania, Electric Power Supply, 85 

Chuck. See Machine Tools 

Churchill, C., & Co., Ltd., Chucking Machine, 
400* ; Lees-Bradner Gear Grinder, 402* ; 
Cincinnati Centreless Grinder, 404; Five- 
Spindle Automatic Machine, 442* 

Churchill Machine Tool Co., Ltd., Grinding 
Machines, 405 

Ciment Fondu, Advantages for Ferro-Concrete 
Piles, 739 

Cincinnati Centreless Grinding Machine, 404 

Cinematograph. See Kinematograph 

Circuit Breaker. See Switchgear 

Circular Plates, Deflection of, 286 

— Saws. See Saws under Machine Tools 

Circulating Pumps. See Pumps 

Circulation Theory, Aviation, and the Flettner 
Rotor Ship, 710, 770. See LerrEr, 831* 

City and Guilds Engineering College, Tests 
of Quick-Hardening Cement, 867 

—and South London Railway, Tunnel 
Enlargement, 640; Re-opening, 775 

Civil Aerial Transport. See Aeronautics 

— Engineering of Water Power, 44 

— Engineers, French Society, M. de Boulongue, 
on Repairs of La Voulte Viaduct, 557 


Civil Engineers, Institution of : 


Standard Test Code for Hydraulic Power 
Plants, Discussion, 51 

James Forrest Lecture on Electrical Pro- 
gress and its Unsolved Problems, by 
Prof. E. Thomson, 56 

Committee on Heat Engine and Boiler 
Trials, General Scope and Objects of 
Work, by Capt. H. R. Sankey, 55. 
See LETTER, 101 
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Civil Engineers, Institution of—continued. 


Kelvin Centenary, 97. See 104 

Economic Position of Great Britain, 
Address by E. Crammond, 617 

Presidential Address by B. Mott, on 
Metropolitan Engineering, 640. See 
647. See LETTERS, 676 

Modern Practice in Road Making, by W. 
J. Hadfield, 692 

Water Supply to the Smaller Provincial 
Towns of Egypt, by R. H. L. Pennell 
and H. Addison, 735 

Report of Committee on Deterioration of 
Structures in Sea Water, 774 

Measurement of Wind Pressure on Struc- 
tures, by Dr, T. E. Stanton, 800 

Standards of Comparison in Connection 
with the Thermal Efficiency of 
Steam Engines, by Capt. H. R. 
Sankey, 818*. See 835, 866* 

Clarke, Engineer-Commander W. H., the Late, 


Class Warfare, Futility 681. See Lnrrmr, 746 

Claude Process, Synthetic Ammonia, Recent 
Developments, 263. See 372 

Clay, London, Properties of, 640, 641, 647. 
See LETTER, 676 

— Fire. See Firebricks ; Refractory Materials 

Clayton Electric Vehicles, 689*. See 719 

Cleaning Machines for Cotton, 12* 
— Water Mains, Victaulic Pipe Joints, 14 
Clearance Volume, Engine Cylinders, Deter- 
mination, 101* 
Cleveland Iron Prices. 
grams 

— and the Northern Counties, Notes from, 15, 
53, 95, 188, 167, 199, 229, 261, 291, 329, 
373, 415, 458, 487, 519, 549, 583, 618, 645, 
676, 707, 738, 771, 802, 833. See PARA- 
GRAPH INDRX 

Climate of Polar Regions, 863 

— See also Meteorological 

Climax Dobby, Cotton Weaving, 248* 

Climax Rock Drill and Engineering Works, 
Ltd., Rock Drill and Percussion Coal 
Cutter, 528* 

Clink Detector, Steel Ingots and Forgings, 658* 

Clinker Formation, Boiler Furnaces, 548 

Cloth Folding and Measuring Machine, 250* 

Cloud Drops, Formula for Diameters, 592 

— and Skies, Photometric Observations, 592 

Clutches, Hydraulic, Change-Speed Gear, Oil 

Engine Locomotive, 702* 

— — Fottinger, Diesel Engine Drive, M.S. 
“Vulcan,” 92*, 369* 

— Reversing, Wiberg, Geared Turbines, 120, 
144* 

— See also Motor-Car Details 

CO2. See Carbon Dioxide 

Coach, Motor, Railway, Steam, 
Cammell, 6* See Errata 133 

— Railway. See also Carriages 

Coal, British Prices and United States Exports, 
518, 521 

— Brown, Morwell Power Scheme, Electrica!ly- 
Operated Excavator, 299* 

— — Occurrence and Use, 480 

— Calorific Value, and Boiler Trials, 55 
LETTERS, 101 

— Consumption, Electric Power Stations, 377 

— — See also T'rials 

— — St. Pancras Power Station, Parsons’ Line, 
642* 


See Metal-Price Dia- 


Sentinel- 


See 


j— Conveyor, Colliery Workings, 226* 


— Co-ordination of Supplies, 82 

— Cost of, and Mining Royalties, 294 

— Cutting Machines, British Empire Exhibi- 
tion Colliery, Mavor & Coulson Disc Type, 
225; Mavor & Coulson Arewall Chain 
Type, 225* ; Mavor & Coulson Universal 
Bar Type, 225; Diamond Chain Type, 
225; Siskol Percussion Type, 225*; Cli- 
max Percussion Type, 528* 

—-— Machines, Cardiff Engineering Exhibi- 
tion, 766 

— Economy. See also Fuel Economy; Pul- 
verised Coal 

— Gas. See Gas. 

— Handling, Bennis Automatic Conveyor, 766 

— — Lakeside Power Station, Costs, 592 

— Hydrogenation of, 38, 777 

— Industry, Belgian, Statistics, 838 

— Lancashire, Arley Seam, Fuel Research 
Board Investigations, 552 

— Low-Temperature Carbonisation and Fuel 
Economy, 38, 82, 777 

—w— Temperature Carbonisation, Fuel Re- 
search Board, 232 

—-— Temperature Carbonisation, Maclaurin 
Plant, Dalmarnock Gasworks, 491, 682 


— — Temperature Carbonisation, Parker 
Plant Trials, 588* é 
—— Temperature Carbonisation, Tests of 


Arley Seam Coal, 553 

— Measuring Apparatus, Boiler Furnaces (BE. 
Allen & Co., Ltd.), 242*; Lea, Internally 
Fired Boilers, 598* 

— Mine. See Colliery 

— Miners, Health of, 294 

— Mining Industry, Hconomics, 518* 521 

— — Proposed Control, Report, 293 

— Physical and Chemical Properties, Survey, 
232. See 19, 31, 552 

— Production Costs and Output, 521. 
518* 

— Pulverised. See Pulverised Coal 

— Resources, Canadian, 137 

— — of the World, 19, 31 

— Screening Plant, British Empire Exhibition 
Colliery, 340* 

— Steamers, with Unloading Conveyors, Great 
Lakes, 723*. See Erratum, 863 

— Washing Plant, Rheolaveur, British Empire 
Exhibition Colliery, 411* 

— See also PARAGRAPH INDEX 

Coalfield, Ulster, Development, 175 

Coalite. See Coal, Low-Temperature Carboni- 
sation 

Coast Defence Measures, French, Report, 170 

Coastal Motor Boats, Thornycroft, British 
Empire Exhibition, 421* 


See 


| — Shipping, Position and Prospects, 774 


Coating, Metallic, Spraying Process, 409. 

Cobalt, Electro-Deposited, Hardness of, 599 

— Steel, Permanent Magnets, 274*, 302*. See 
2 


86 
Cochran & Co. (Annan), Ltd., Oil-Fired Boiler, 
501* 


Cockcroft, J. D. Harmonic Analyser, 651. 
See 876* f 

Coe, R. T., Harmonic Analyser, 651. See 876* 

Coffee-Preparing Machinery, British Empire 
Exhibition, 541* 

Coinage, Working of Nickel for, 378 

Coke, Conductivity of, Iron Smelting, 637 

— Conveyor, Belt, the Robins, 512* 

— Fired Drying Stoves, Comparisons with 
Gas Firing, 460 

— Fuel for Steam Raising, 40, 82 

— Ovens, Piette, Shelton Iron Works, 510* 

Coker, Prof. E. G., on Optical Determination of 
Stress, 284. See Lerrmrs, 462, 704, 769 

Coking, Low-Temperature, of Coal. See Coal 

— Stoker. See Stoker 

Colchester Lathe Co., Lathes, 356*, 401* 

Cold Rolling, Effect on Hardness of Copper, 
386*, 408 

— — Mills, Design and Lubrication of Bear- 
ings, 569*, 601*, 636*. See LETTER, 769* 

— — Mills, Michell Radial Bearings, 769* 

— Saw. See Machine Tools 

— Starter, Cartridge, Petter Oil Engine, 721* 

— Starting Oil Engine. See Engine, Oil 

— Storage, Fruit Transport, Rail and Sea, 743* 

—w—and Ice Association, British, Dr. 
Griffiths on Refrigeration Research, 742* 

— — See also Refrigeration 

— Stores, Heat Insulating Materials, Conduct- 
ivity Tests. 742* 

— Work, Effect in High-Temperature Tensile 
Tests of Wires, 408 

Coleraine, Ireland, Strauss Bascule Bridge, 758* 

Collapsible Boat, the Collet, 843* 

College. See Education 

Collet Folding Boat, 843* 

Collieries, Caeg Electric Satety Lamps, 529 

— Electric Light Fittings for, 529* 

— — Shock Fatalities, 243 

— Materials for Stone Dusting, 675. See 808 

— Portable Air Compressor for, 766* 

— Safe Use of Electricity, 243. See 808 

— Stone Dusting Machine for, 808. See 675 

— Use of Explosives, Statistics, 291 

Colliery at British Empire Exhibition, 49*, 
159*, 190*, 224*, 251*, 338%, 411*, 528*. 
See 622* 

— Haulage, Compressed-Air Locomotives, 
Compressor for Charging, 498* 

—— Gear. See Haulaye 

— Industry, Co-operation in, 293, 585 

—— Mining Royalties and Cost of Coal, 294 

—— Proposed Control, Report, 293 

— Lamp, Electric, with Turbine-Driven Gene- 
rator, 530* 

— Lighting. See Safety Lamps. 

— Plant, Coal-Cutting Machines. 
Cutting 

— — Exhibition, Cardiff, 747, 766*, 808° 

— — Pit Prop Withdrawing Appliance, 528* 

— Requisites, Standardisation, 815 y 

— Tubs, Creepers and Tipplers, Coal-Screening 
Plant, 338* 

— — Gate-End Conveyor for Loading, 227* 

— — Weighing Machine for, 338 

— Ulster, Development, 175 

— Ventilating Fan, Sirocco Type, 660* 

— Winding. See Winding ; 

— Work, Electric Battery Locomotive, 252* 

— — Gate-End Switch, 180* 

— Workers, Health of, 294 

— Workings, Belt Conveyors for, 226* 

— See also Mines and Coal 

Collinson, G. R., on Jet Dispersers for Water 
Discharge, 247* 


See Coal 


Collisions. See Accidents VA, 
Colloids, Chemistry of, British Association 


Papers, 480 

Colombia, Economie Conditions, Report, 681 

Colombo Electric Supply, Hydro-Electric 
Scheme, 473* 5 

— Harbour, Future Depth Requirements, 457 

Coloured Signals, Street Traffic Regulation, 24 

Colville, D., and Sons, Ltd., Metallurgical 
Exhibits, British Empire Exhibition, 100 

Combined Stress. See under Vests (Materials) 

Combing Machine, Cotton, Nasmith, 90* 

Combustion of Fuel, Heat Losses in, 40* 

— See also Fuel; Gaseous Explosions 

Commerce. See Trade. See also Industries 
and Commerce in PARAGRAPH INDEX 

Commercial Aviation. See Aeronautics. 

— Motor Cars. See Motor 

Commissioner System, Conduct of Public 
Services, 375 

Committee, Engineering Standards. 
Engineering and Standardisation 

— Heat Engines and Boiler Trials, Progress 
of Work, 55. See LETTERS, 101. See 
also 818*, 835, 866* 

Commonwealth. See Australia ‘ 

Commutator Insulation, Undercutting Tool 
621* 

Companies. See PARAGRAPH INDEX 

Comparator, Gear Tooth, Sykes, 822* : 

Comparison Standards, Thermal Efficiency 
of Steam Engines, 818*, 835, 866* 

Compensation, Workmen’s. See Labour — 

Complex Stresses, Report of B.A. Committee, 
286. See 506 Ne 

Compound Locomotives. See Locomotives 

— Stress. See Vests (Materials) 

Compressed Air, Colliery-Haulage Gear. 
Haulage Gear 

— — Consolidation of Concrete Piling, 414* 

—-— Flow Meters (G. Kent, Ltd.), 195* 

— — Locomotives, Charging Compressor, 498* 


See 


See 


—-— Turbine and Generator, Electric Col- 
liery Lamp, 530* 

— — See also Pneumatic 

—— Tools. See Machine Tools 

— Gas Cylinders. See Gas 

Compression of Steel Balls, Formula, 101 

Compressor, Air. See Air Compressor 

— Ammonia, Electrically-driven (Haslam 
Foundry and Engineering Co., Ltd.), 290* 
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Compressor, Ammonia, High-Spee frig 
cing Plant, 561%, Bac” ae 
— Carbon Dioxide, High- i 
Plant, 659¢ . gh-Speed Refrigerating 
Conciliation in Labour Disputes. 
and PARAGRAPH INDEX 
Concrete Construction, Gladstone Dock, Liver- 
pool, 48* 
— Construction, Swedish Arch Dams, 76 
— Effect of Salt on, 618 
— Expansion of, Work of National Physical 
_Laboratory, 101 
— Foundation Blocks, Eccentrically-loaded, 
Stress Distribution, 763* 
— Piling, Air Pressure Consolidation, 414* 
— Reinforced. See Ferro-Concrete 
— Waters, for Mixing, Investigations, 618 
— See also Ferro-Conerete and PARAGRAPH 
INDEX 
Condensate Pump, Turbine Driven, 8.8. ‘‘ Drott- 
ningholm,”’ 841* 
Condensation Pump, Mercury-Vapour, High 
Vacua, 267* 
Condensers, Air Pumps for. See Pumps, Air 
— Tube Corrosion, Research, 335 
— — Corrosion in Sea Water, 378 
— See also Electric 
Condensing Plant, Centrifugal 
Circulating Water, 5* 
— — Centrifugal Pump for Condensate, 5* 
— — Ferro-Concrete Cooling Towers, 776 
— ee Turbines, 8.8. ‘‘ Drottningholm,’’ 
— — Manchester Power Station, Tests, 668 
Conductivity, Heat-Insulating Materials, Cold 
Stores, Tests, 742* j 
— — Measurement, National Physical Labora- 
tory, 279* 
— — Spongy Rubber, 682 
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Erratum, 207 
= World Power. See World Power Conference 
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See 238 
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System, 734* 
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Transport of Large Cupolas, 592* 
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Cooke, Troughton & Simms, Ltd., Ozalid 
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metal; and Alloys under Metallurgy 
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— Conductors, Specification, 738. See 425 
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— Effect of Iron, 379 
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— Prices. See Metal-Price Diagrams 

— Products, British Empire Exhibition, 335 

— Standard Specifications, 425, 686, 738 

— See also Metallurgy 
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— — Tubes, in Sea Water, 378 
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cess, 409 

— Research, Institute of Metals, Report, 378 
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Cray Reservoir, Swansea Waterworks, Jet 
Dispersers for Water Discharge, 247* 

Creonet: Colliery Tubs, Coal-Screening Plant, 


Creeping, Steel, Tensile Tests, 793, 816*, 843* 
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641, 704, 746 
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Dennis Brothers, Ltd., Motor Fire Engine, 
383*; Trailer Fire Pump, 426* 
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— Temperature-Entropy, Carville and North 
Tees Power Stations, 58* 
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Direction Finding. See Telegraphy, Wireless 

Directories. See LITERATURE INDEX 
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D.P. Battery Company, Accumulators, Pas- 
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Dredgers, Suction, Sea-going, Hopper Type, 
Diesel-Electric Drive, 713 

—— Sea-going Hopper Type, United States 
Engineer Department, 713 
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438. See Erratum, 486 

—— Retaining Walls for Reclaimed Land, 
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Dynamometer Cars, Electrical Recording 
Instruments, 208* 
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Cables, High-Tension Power Transmission, 

80. See LETTER, 142. See Erratum, 


Plant, Electric 


Home 


and 


Characteristics 


Auto- 
Sub- 


198 
— Research, National Physical Labora- 
tory, 100 


— Telegraph, Continuous Loading, New 
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— Engineering, Unsolved Problems, 56 

—  — 100 Years’ Progress, 193. See 266 
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Electro-Metallurgical Industries and Cana- 
dian Water Power, 449 
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ances Co.), 828* 

Road Vehicles, Electric. See Motor Vehicles 

Rolling Mills, Electric Driving of. See 
Rolling Mills 

Roéntgen Rays. See Rénigen 

Rotary Converters, Automatic Starting 
and Control Gear, 13*, 227* 

Sereens, Electrically Heated, [ce Preven- 
tion, Water Power Plants, 74 

Ship Propulsion. See Marine Propulsion 


of 


Signalling Apparatus in Mines, Gas 
Ignition by, 243 
Single Phase. See Generators ; Motors ; 


Power ; Locomotives ; Railways 
Sounds, Vowel, Electric Production, 828 
Speed Recorder, LHlectrical, Magneto 

Generator for, 208* 

Standards, Electrical, International, Work 

of National Physical Laboratory, 6 
Starters, Motor. See Motors, Electric 
Steel Manufacture. See Metallurgy and 

Furnace, Electric 
Storage Battery. See Aceumulator (above) 
Street Railways. See Tramways 


Substation, See Substation 
Switchgear. See Switchgear ; Motors, 
Electrie 


Synchroniser, Rotary, Switchboard (Ers- 
kine, Heap & Co., Ltd.), 107 

Telegraphy. See Teleqraphy 

Telephony. See Telephony 

Thermometer. See 7'hermometer 

Three-Phase, See Generators ; Motors ; 
Power ; Locomotives ; Railways 

Traction. See Locomotives, Electric ; Rail- 
less ; Railways ; Tramways 

Tramways. See Tramways 

Transformers. See Transformers 

Transverter, High-Tension Direct-Current 
Power Transmission, 14, 81 

See Turbo-Generators 

Valves, Electrical Operating Gear, Dean 
System, 671* 

— Thermionic. See Valves, Thermionic ; 
EAs idee 46 E Wireless ; Telephony, Wire- 


288 

Voltage Regulation, Power Supply, 78 

Wave Form, Alternating Currents, Har- 
monic Analysers, 516, 876* 

Welding. See Welding 

Wind-Driven Generators, Use in. Agricul- 
ture, 382 


Electric—continued. 
Wind-Driven Electric Lighting Plants, 


Airolite, 60 
Winding Gear. See Winding 
Wireless Telegraphy. See 7'elegraphy 
— Telephony. See Telephony 


Wiring, Electric, of Buildings, Regulations, 
202 


X-Rays. See Rénigen Rays 
See also PARAGRAPH INDEX 

Blectrical Apparatus Co., Ltd., Motor Starting 
and Control, Panels, 447 

— Engineering, 100 Years’ Progress, 193. See 


266 
— — Unsolved Problems, 56 
Electrical Engineers, Institution of : 


Kelvin Centenary, 97.- See 104 
Regulations for the Electrical Equipment 
of Buildings, 202 
Presidential Address by W. B. Woodhouse, 
on Electricity Supply, 617 
Electric Harmonic Analyser by J. D. 
Cockcroft, J. A. Tyacke and Prof. 
M. Walker, 651. See 876* 
Automatic and Semi-Automatic Mercury- 
Vapour Rectifier Substations by 
G. Rogers, 782*, 845* 
Electrical Machinery Breakdowns, Report, 418 
-— Standards, International, Work of National 
Physical Laboratory, 6 
— Work, National Physical Laboratory, Report 
on, 6, 100 
Electricars Electric Vehicles, 689*. See 719 
Electricity Commissioners. See under Electric 
Electro-Chemical Industry, Austrian, 116; 
Canadian, 448 
— — Industries, Electric Power in, 116 
Electro-Deposited Metals, Hardness of, 599 
Electrolytic Corrosion. See Corrosion 
Tron Manufacture, 117 
— Nickel Processes, 448 
Electro-Metallurgical Industries and Canadian 
Water Power, 449 
Hlectro-Metallurgy, Italy, Sweden and United 
States, 117 
Electromobile Electric Vehicles, 689*. See 719 
Electrons, Mercury Atoms, Orbital Transfers, 
367 
— Removal from Atoms of Metals, 322 


Electro-Plating and Electro-Forming, Treatise | 


on (Review), 590 
Electrotechnical Commission, International, 121 


Electro-Therma] Industries, Electric Power, 116 


Elements, Ionised, Spectra of, 321* 

— Rare, Chemistry of (Review), 336 

Elevator for Colliery Tubs, Coal-Screening 
Plant, 338* 

-— Renold Hollow-Stud Steel Chain for, 260* 

Ellis, Sir W., on Iron and Steel Industry, 365 

Ellison, G., Colliery Switchgear, 50* 

Emergency Bilge Pump, Gwynnes 
vincible, 2* ; Drysdale’s, 217* 

Emery Wheels. See Grinding under Machine 
Tools 

Empire, British. 


In- 


See British Empire 

— Exhibition. See British Empire Exhibition 

— Mining and Metallurgical Congress, R. 
Nelson on Flectricity in Coal Mines, 243 ; 
Dr. W. Rosenhain on Light Alloys, 455 

— Motor Fuels Committee, Report, 616 

Employees. See Labowr 

Employers’ Liability. See Labour 

Employment. See Labour 

End Gauges, Comparison with Line Standard, 
128* 

— — Electrical Method of Hardening, 128* 

— — Sensitive-Level Comparator, 129* 

Endurance Tests. See Alternating Stress under 
Tests (Materials) 

Engines, Aero. See Aeronautics 

— Diesel. See Engines, Oil, Diesel: Murine 
Propulsion ; Motor Ships 

— Fire. See Fire Engines 

— Gas, 1,650-h.p. Blowing, Working Results 
(Galloways, Ltd.), 830* 


—— Development in Sweden, 83. See 105 
— — Evolution of, 83 
— — Large Power, in Germany, 105*. See 83 


——- Missing Pressure and Heat Loss, 605, 
623*, 629*, 679, 684. See LETTERS, 641, 
704, 746 

— — Modified Temperature-Entropy Diagram, 
215* 


—— 150-h.p. 4-Cylinder Vertical (Browett, 
Lindley & Co., Ltd.), 847* 

—-— and Oil, Report on Breakdowns, 418. 
See 548 

——and Oil, Thermal Efficiency, Electric 
Power Production, 377 

— — See also Gaseous Explosions ; 
and PARAGRAPH INDEX 

— Hauling, Electric, Penang Hills Railway, 
789*, 852* 

— Heat, Thermal Efficiency, 
Comparison, 818*, 835, 866* 

— Hydraulic, Swash-Plate Type, Armstrong 
Variable Speed Gear, 187* 

— Indicators. See Indicators 

— Internal-Combustion, Alcohol as Fuel, 616 

—— Combustion, Character of Fuels, 616 

— — Combustion, Determination of Clearance 
Volume, 101* 

— — Combustion, Detonation in, 616 

— — Combustion, Development in Sweden, 83, 
105 


Producer 


Standards of 


— -— Combustion, Flow Indicator for Cooling 
Systems, 548 

— — Combustion, Indicator Connections, 424 

— — Combustion, Influence of Fuels on Per- 
formance, 616 

— — Combustion, Missing Pressure and Heat 


Loss, 605, 623*, 629*, 679, 684. See 
LETTERS, 641, 704, 746 
—-— Combustion, Modified Temperature- 


Entropy Diagram, 215* 

— — Combustion, Recent Research, 551 

—-— Combustion, Synchro-Balance System, 
Blackstone’s, 593*. See 22 

—— Combustion, Standardisation of Mag- 
netos, 142 

—— Combustion, Transport Work, United 
States, 117 
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Engines, Internal Combustion. See also 
Turbines, Gas 

— Locomotive. See Locomotive 

— Motor Car. See Engines, Petrol 


— Oil, Agricultural Show, Leicester, 21*, 60* 


—— Canadian Exhibits, British Empire 
Exhibition, 140 
‘—— for Grain Elevator Drive (Vickers- 


Petters, Ltd.), 643* 

—w— and Gas, Report on Breakdowns, 418- 
See 548 

—w—and Gas, Thermal Efficiency, Electric 
Power Production, 377 

—— 300-h.p., Horizontal Cold - Starting, 
Spring-Injection System (Blackstone & 
Co., Ltd.), 60*, 638*. See 21 

— — 300-h.p., 6-Cylinder, Ingersoll Rand, 
Shunting Locomotive, 781* 

— — Diesel, Carels, Improvements in, 544* 

— — Diesel, German Developments, 110*, 
See 83 

— — Diesel, Marine Auviliary Machinery, 121 

—  — Diesel, Marine, Beardmore-Tosi, : 
Trials of M.S. “ Silurian,’ 643 ; Trials of 
M.S. “ Sycamore,’ 730, 750*, 784*, 798 

— — Diesel, Marine, Bearing Pressures, 28* 

— — Diesel, Marine, Development, 25, 119, 
120, 148. 265, 656, 668 

— — Diesel, Marine, Double-Acting, North- 
Eastern Werkspoor, 26* 

— — Diesel, Marine, Double-Acting, 
Valve for Piston Leakage, 29* 

— — Diesel, Marine, Duplex Pump for Piston 
Cooling, 5* 

— — Diesel, Marine, with Electric Transmis- 
sion, 120, 713, 714 

— — Diesel, Marine, Exhaust Temperatures 
and Composition, 730, 751*. See 799 

— — Diesel, Marine, Fuel Injection, Arschaou- 
loff System, 29* : 

— — Diesel, Marine, Fuel Oil for, 836 

— — Diesel, Marine, with Hydraulic Clutches 
and Reduction Gearing, M.S. ‘* Vulean,’” 
92*, 369* 

—  — Diesel, Marine, M-S. ‘‘ Cubore,” Trials and 
Working Results, 714 

— — Diesel, Marine, Palmer-Camellaird-Full- 
agar Type, Piston Withdrawal, 145*; 
Trials of M.S. ‘ British Aviator,” 236, 369 

— — Diesel, Marine, Report on Trials, 730, 
750*, 784*, 798 

—  — Diesel, Marine, Richardsons-Westgarth, 
Beardmore-Tosi, M.S. ‘‘ Sycamore,’’ Re- 
port on Trials, 730, 750*, 784*, 798 

— — Diesel, Marine, Torque Measurements, 
731. See 785 

— — Diesel, Marine, Treatise on (Review), 336 

— — Diesel, Marine, Two-Cycle, Double-Act- 
ing, Worthington, 482* 

—  — Diesel, Marine, Two-Stroke and YFour- 
Stroke Cycles, 120 

— — Diesel, Marine, Weights, 730, 750 

— — Diesel, Working Costs, Electric Power 
Production, 715 

— — Diesel, Running Speeds, 84 

— — Diesel, Significance of Exhaust Tempera- 
ture, 544* 

—— Diesel. See also Motor Ships; Marine 
Propulsion ; Diesel Engine Users’ Associa- 
tion 

— — Horizontal. Single-Cylinder (Fielding & 
Platt, Ltd.), 60* : 

—— Hot-Bulb and High-Compression, De- 
velopment in Sweden, 105. See 8&3 

— — Marine, 96-h.p. Four Cylinder, Hot-Bulb 
(Norris, Henty & Gardners, Ltd.), 595* 

—— Marine, 450-h p., Hot-Bulb Type (Vic- 
kers-Petters, Ltd.), 517* 

— — Marine, 150-h.p. Thornycroft, Hospital 
Ship “‘ Nabha,” 421* 

—— 18-h.p. Single Cylinder, Hot-Bulb Type 
(Norris, Henty & Gardners, Ltd.), 595* 

— — at Smithfield Show, 807 

— — Standard Specifications for Fuels, 692 

—— and Steam Combined, the Still, Advan- 
tages, 84 

—--and Steam, Marine, Comparisons, Tug 
Propulsion, 517 

—— Synchro-Palance System, Blackstone’s, 
5938*. See 22 i 

— — Three-Cylinder 80-h.p., for Shunting 
Lozomotive (Swiss Locomotive & Machine 
Works), 702* 

—— Two-Speed Governor 
Petters, Ltd.), 643* 

— — Two-Stroke, 36-42-h.p., Hot-Bulb, Cart- 
ridge Cold Starter (Petters, Ltd.). 721* 
—— Two-Stroke 5-h.p., Paraffin, Magneto 

Ignition (Petters, Ltd.), 720* 

— — Treatise on (Review), 190 

—— Vertical Cold Starting, and Dynamo 
(National Gas Engine Co., Ltd.) 21* 


Test 


Gear (Vickers- 


; —— See also Tractors and PARAGRAPH INDEX 


See Aeronautics 


— Petrol, Aeroplane. 
Portable, 


——and Air Compressor, 
Broomaster, 179* ; 

—— Canadian Exhibits, British Empire Ex- 
hibition, 140 

— — and Centrifugal Pump, for Salvage Work 
(Drysdale & Co., Ltd.), 218* 

— — Development in Sweden, 83. See 105 

—— Marine, 10-h.p., Four-Cylinder (J. W- 
Brooke & Co., Ltd.), 815* 

—— Marine, 375-h.p. Thornycroft, Coastal 
Motor Boat, 421* 

—— Motor Car, 9-18-h.p., 
Dorman, 577* : 

-—— Motor Car, 10-25-h.p., Four-Cylinder, 
Dorman, 577* 

—-— Motor Car, Character of Fuels, 616 

—w— Motor Car, 60-70-h.p., Dennis Fire 
Engine, 383* . 

— — Motor Car, Design Tendencies, 553 

—— Motor Car, Detonation in. 616 

—— Motor Car, Development in Italy, 83 


The 


Four-Cylinder, 


—— Motor Car, 15-9-h.p. Four-Cylinder, 
Bentley, 579*. See Erratum, 610. 

—— Motor Car, 8-h.p., Four-Cylinder, 
Gwynne, 577* 


—w— Motor Car, Influence of Fuels on Per- 
formance, 616 

—— Motor-Car, 20-h.p. Six-Cylinder, Rolls- 
Royce, 576* ; 
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IN DE X.—GENERAL INDEx. 


Engines, Petrol, Motor Car, Standard Piston 
Rings, 175; Specification for Cast Iron 
Pots, 583 

— — Motor Car, Use of Alcohol in, 616 

—~ — Motor Car, Use of Light Alloys, 455 

— — Motor Car, War-Office Subsidy Specifica- 
tion, 94, 136 

— — Motor Car, 11-22 h.p. Wolseley, 574* 

— — Motor Cycle, Olympia Exhibition, 653 

— — Synchro-Balance System, Blackstone’s, 
593*. See 22 

— — Transport Work, United States, 117 

—-—and Turbine Pump, Fire Appliance 
(Gwynne’s Engineering Co., Ltd.), 147* 

—-—See also Aeronautics; Carburettors ; 
Motor Cars 

—Steam, and Air Compressor, Portable 
(Merryweather & Sons, Ltd.), 753* 

— — Compound, High-Speed and Compressor 
(Browett, Lindley & Co., Ltd.), 690* 

—- Compound, Vertical High-Speed, and 
100-kw. Generator (Browett, Lindley & 
Co., Ltd.), 305* 

— — Determination of Clearance Volume, 101* 

—  — Marine, Present Position, 668 

— — Marine, Treatise on (Review), 336 

—.— Marine, Triple-Expansion, Cable Steamer 
** Edouard Suenson,” 196* 

—-— Marine. See also Marine Populsion ; 
Turbines 

— — and Oil Combined, Still, Advantages, 84 

—-—and Oil, Marine, Comparisons, Tug Pro- 
pulsion, 517 

— — Portable (Sentinel Waggon Works, Ltd.), 
21*, 807 

— — Sentinel Type, Railway Motor Coach, 6*. 
See Errata, 133 

— — Supply of Exhaust for Heating, 745 

— — Thermal Efficiency, Standards of Com- 
parison, 818*, 835, 866* See 55, 101 

— — Traction, Two-Cylinder Compound (Mar- 
shall, Sons & Co., Ltd.), 810* 

— — Traction. See also Tractors 

— Trials, Tabulating Results, Work of Com- 
mittee, 55. See LETTERS, 101. See also 
818*, 835, 866* 

— Winding. See Winding 

— See also PARAGRAPH INDEX 

Engineers’ Education. See Education ; 
prenticeship 

— Institutions. See Institutions 

— Mechanical, and Munitions Supply, 201 

— Municipal, Duties of, 24 

— and Public Health, 286 

— and Public Service, 375 

— Remuneration by Air Ministry, 862 

— and Shipbuilders in Scotland, Institution of, 
Joint Summer Meeting with Institution of 
Naval Architects. See Naval Architects ; 
Proposed Form of Bow Construction, by 
E. J. Spanner, 618 

— Society of, H. A. Rickwood on Ferro- 
Concrete Cooling Towers, 776 

Engineering, Agricultural, Oxford Institute of, 
Artificial Drying of Crops, 554* ~ 

— Apprentices. See Apprentices 


Ap- 


London, 682 

— Degrees, London University, 831 

— Education. See Education; Apprentices 

— Electrical, 100 Years’ Progress, 193. See 266 

— Exhibition, Cardiff, 747, 766*, 808 

— Industry, British, and Foreign Competition, 
298. See 695, 725, 757 

— — British and German, Hours and Wages, 
fey 4 

— — British, and German Reparations, 695, 
725, 757 

— — Reduction of Manufacturing Costs, 419 

— Irrigation, Principles of (Review), 631 

— Laboratories. See Laboratory; National 
Physical : 

— and Machine Tool Exhibition. See Machine 
Tool and Engineering Exhibition 

—~ Management (Review), 664 

— Marine, French Navy, Committee on, 524 

— — Treatise on (Review), 336 

— Problems, Traffic on Great Lakes, 266 

— Road, Treatise on (Review), 524 

— Schemes in Parliament, 776 

— Scholarships. See Education. 

— Societies See Institutions 

— Standards Association, Standardisation of 
Magnetos, 142; Standard Terms, Tele- 
graphy and Telephony, 142; Standard 
Piston Rings, Motor Car Engines, 175; 
Standard Specifications, Iron and Steel 
Castings, Motor Car Manufacture, 176; 
Standard Steels, Motor Car Construction, 


181; Specifications, Valves and Rims for | 


Pneumatic Tyres, 261; Specifications for 
Silver Solder, 261 ; Specifications for Brass 
Ingots for Castings and Brass Castings, 
261; Standard Specification for Copper, 
425; Specification, Cast-Iron Pots for 
Piston Rings, 583; Specification, Resist- 
ance Materials, 651; Specification for 
Copper Cakes, 686; Standard Specifica- 
tion, Oil-Engine Fuels, 692; Standard 
Specification, Copper Conductors, 738 ; 
Specification for Spanners, 748 ; Standard- 
isation of Colliery Requisites, 815; 
Standard Keys and Keyways, 878 

— Students, Teaching Mathematics to, 491 

— Teachers, Need for Training, 135. 
LETTER, 166 

— Work in Metropolis, 640, 647. See LETTERS, 
676 


See 


— Works. See Works 

English Electric Co., of Australia, Ltd., Sydney 
Harbour Bridge, 129*. See 169, 198* 

English Electric Co., Ltd., Geared Turbines, 
698*, 760*; Electric Locomotives for 
Montreal, 746 

Entrance Lock, Gladstone Dock, Liverpool, 47* 

Entropy Diagrams, Carville and North Tees 
Power Stations, 58* 

— — Gaseous Working Substance, 215* 

Erecting Shops, Turbine Manufacture, Brush 
Co.’s Works, 699* 

Erskine, Heap & Co., Ltd., Switchgear, British 
Empire Exhibition, 106* 

Erste-Brunner, Steam Turbine, Principles of 
Design, 69*. See 46; Efficiency of, 142 


Esquimalt, Canadian Government Dock, 449* 

Esthonia, Power Resources, 32. See 19 

— Technical and Commercial Education, 122 

Estimates and Technical Costs, 582. See 433 

European War, German Reparations and British 
Engineering Industry, 695, 725, 757 

— — See also PARAGRAPH INDEX 

Eutectic Alloys. See Alloys under Metallurgy 

Evening Classes, London County Council, 377 

Everest Expedition, Oxygen Cylinder, 187*. 
See Errata, 423; Ladder Bridge for, 304* 

Everett, Edgeumbe & Co,, Ltd., Recording 
Instruments, 207* 

Excavating Machine, Hlectrically-Operated, 
Morwell Power Scheme, 299* 

Exhaust, Diesel Engines, Temperature and 
Working Conditions, 544* 

— Gases, Marine Diesel Engines, Temperature 
and Composition, 730, 751*. See 799 

— Steam Piping, Mallet Simple Locomotive, 
860*. See 795* 

— — Reciprocal Utilisation in Industries, 75 

—-— Turbine. See Turbine, Steam 

Exhibition, Agricultural, Leicester, 20*, 59* 

— Brewers’, Royal Agricultural Hall, 649 

— British Empire. See British Empire Exhibition 

— — Industries Fair, Birmingham, 524 

— Cycle and Motor Cycle, Olympia, 652* 

— Engineering, Cardiff, 747, 766*, 808 


— Inventions, Institute of Patentees, 236. 
See 801 
— Machine Tool and Engineering. See 


Machine Tool and Engineering Exhibition 
— Motor Car, Olympia, 553, 574*, 606*. See 587 
— Smithfield Agricultural Show, 807 
— Trade, and Patent Novelty, 264 
— See also PARAGRAPH INDEX 
Expansion of Silica Bricks, 482 
Experimental Tank. See Tank ; Ship Resistance 
Explosion, Boiler. See Boiler Explosion 
— Gaseous. See Gaseous Explosions 
Explosives, Use in Coal Mines, Statistics, 291 
— See also Guns and Explosvies in PARAGRAPH 
INDEX 
Export Trade. See Trade ; 
PARAGRAPH INDEX 


and Industries in 


Extensometer, High-Temperature Tensile 
Tests, 816* 

Extraction Pump, Centrifugal, for Condensing 
Plant, 5* 


Extruded Metal, British Empire Exhibition, 335 
Extrusion, Brass Rod, Inverted Process, 387*. 
See 379, 415 


ne 


FACING Machine. See Machine Tools 
Factories, Welfare Workin. See Labour 
Factory Accidents. See Accidents 

— Bill and Boiler Explosions, 334 

— Management. See Works Management 


| — Power Plants, Utilisation of Waste Steam 
— Chemical, Laboratory at University College, | 


and Surplus Power, 75 

FahImann, H. G., on Stresses in Tubes, 378 

Fairey Ambulance Seaplane, 593 

Fairlie, D. M., on Determination of Sodium in 
Aluminium, 409 

Fan, Mine-Ventilating, Sirocco, 160* 

Fanmakers’ Company Prize, Police-Court 
Ventilation, 754 

Faraday Society, Discussion on Formation of 
Igneous Rocks, 587 

Farming. See Agriculture ; Tractors 

Fatigue, Industrial. See under Labour 

—- Tests of Metals. See Alternating Stress 
under Tests (Materials) 

Federated Malay States Railways, Penang 
Hills Railway, 664*, 726*, 789*, 852* 

Feed Pumps. See Pumps 

— Water Heater and Pump for Locomotives, 
Worthington-Simpson, 478* 

—  — Heating, Progressive, Steam Turbines, 
57*, 64*, 469, 818*, 835, 866* 


| —— Meter, Boiler, Vee-Notch, Lea Closed-in 


Type, 598* 

— — See also Water 

Fellows Gear Shaper Co., Gear-Tooth Grinder, 
402*; Thread Generator, 403* 

Fereday-Palmer Stress Recorder, Use on West- 
minster Bridge, 296 

Ferguson, Pailin, Ltd., Switchgear, 468* 

Ferranti, Ltd., Calcium-Chloride Breathers for 
Transformers, 802* 

Ferro-Concrete Arch Bridge, Timber Centring 
for, 257* 

—  -— Arched Decking, Tirso Dam, 634* 

— — Beam Tests, Quick-Hardening Ceinent, 
867 

— — Construction, Swedish Arch Dams, 76 

— — Cooling Towers, 776 

— — Design, Treatise on (Review), 618 

— — Piles, Advantages of Ciment Fondu, 739 

— — Piles, Bascule Bridge Foundations, 758* 

— — Piling, Air-Pressure Consolidation, 414* 

— — Structures, Damage in Sea Water, 775 

— — See also PARAGRAPH INDEX 

Ferrocrete Quick-Hardening Cement, Tests, 867 

Ferrous Alloys, Research Committee, Work, 366 

Ferry Steamer “ Shoho Maru,” Japanese Rail- 
ways, 735* 

Fertilisers, Artificial, See Nitrogen. 

Tield, A. B., on Large Alternators, 565 

Fielding & Platt, Ltd., Oil Engine, 60* 

File-Testing Machine, 447 

Filon, Prof. L. N. G., on Shear Stresses in 
Tapered Girders, 789* é 

Filters, Air, Ventilation Purposes, 780 

— Press for Transformer Oil, 768* 

Filtration Plant, Shifting-Sand, Toronto Water 
Supply, 266 

—  — Water Supply, Egyptian Towns, 735 

Finland, Copper and Gold Mining, 501 

— Power Resources, 32. See 19 

Finn Metal Company, Sherardising Plant, 277* 

Finshyttan, Aktiebolaget, Tests of Lawaczeck 
Turbines, 851* 

Fire Appliances, British Empire Exhibition, 
153*, 383*, 426*, 530* 

— Engines, Construction of, 672 

— -— Motor (Dennis Brothers, Ltd.), 383* 


Fire Engines, Motor, Froth Producing, for 
ne fires (Merryweather & Sons, Ltd.), 


—-— Motor, Hatfield Pump (Merryweather 
& Sons, Ltd.), 156* 

—-— Motor, Rees-Roturbo Pump (Leyland 
Motors, Ltd.), 156* 

— — Motor (Stanley Fire Engine Co.), 386* 

— Extinguisher, Chemical, Konus Kemik, 530 

— — Motor-Cycle, 653 

— Protection Service, British Empire Exhibi- 
tion, 153*, 383*, 426*. See 530* 

— Pump, Four-Wheel Trailer (Martin’s Culti- 
vator Co., Ltd.), 428* 

— — Two-Wheel Trailer Type, Gwynnes, 147*; 
Dennis, 426*; Merryweather, 426* 

— and Salvage Pumps, Greenwich Gem, 531* 

Firebrick Arch, Boiler Furnaces, Pluto Sus- 
pended, 113* 

— Powdered, Determination 
Gravity, 482 

— Silica, Properties of, 482, 708 

— See also Refractory Materials 

pees: Corrosion by Saltcake, Glass Furnace, 

6 


of Specific 


— Effect of Exposure, 481 

— — of Sillimanite on, 461 

Fireproof Bitumen Roofing Material, Tests, 166 

Firth, T., & Sons, Ltd., Tool Steel and File- 
Testing Machine, 447 

Fitting of Shafts in Holes. See Gauging 

Fitzmaurice, Sir M., The Late, 710* 

Flamm, Prof. O., Submarine Design, 837* 

Flettner Rotor Ship, Theory of, 710, 770. See 
LETTER, 831* 

Flexible Pipe Joints, Victaulic, British Empire 
Exhibition Colliery, 193* 

Flight. See Aeronautics 

Floating Dock. See Dock 

— Pipe Lines for Dredging Work, 438. 
Erratum, 486 

Flooding, River Seine, Remedial Measures, 682* 

Flow Indicators, Lubrication Systems, 422* 

—— Water-Cooling Systems, 548 

— Meters, Compressed Air (G. Kent, Ltd.), 193* 

Fluid Friction. See Friction ; Hydrodynamics ; 
Ship Resistance 

Flywheel, Igner Drive for Rolling Mills , 842* 

Flying Boat. See Seaplaneunder Aeronautics 

Fog, Electrical Precipitation, 648. See LETTER, 
67 


76 

Folding Boat, the Collet, 843* 

— Machine for Cloth, 250* 

Food Investigation Board, Research on Heat- 
Insulating Materials, 682 

Ford, Miss G. W., on the Effect of Iron on 
Copper, 379 

Ford Motor Co., Proposed Works, Dagenham, 91 

—— Wagon with Fire Pump, 386* 

Forestry, Indian and Burmese, British 
Empire Exhibition, 507*. See 539, 548 

oe apd Zealand, British Empire Exhibition, 
29 

Forging, Drop. See Drop Forging 
Hammers under Machine Tools 

— Hammer. See Hammer under Machine Tools 

— Machine, 5-Hammer, for Swaging (T. 
Ryder & Son, Ltd.), 407* 

—  — Universal (B. & 8. Massey, Ltd.), 407 

— Press. See Press under Machine Tools 

— Steel, Clink Detector for, 658* 

— and Upsetting Machine (Selson Engineering 
Co., Ltd.), 407* 

Forrest| Lecture on Electrical Progress, 56 

F6éttinger Hydraulic Clutches, Diesel-Engine 
Drive, M.S. ‘‘ Vulcan,” 92*, 369* 

Foundation Blocks, Eccentrically Loaded, 
Stress Distribution, 763* 

— Earth Stresses Due to Loaded Surface, 
1*, 156* 

— Piers, Irish Bascule Bridge, 758* 
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— Refractive Index and Crystal Structure, 368 

— Scattering of, 367 

— Standard, Proposed International, 175 

— Theory ot Diffraction, 548 

—— of, Work of Lord Kelvin, 98. See 104 

— Ultra-Violet, Fused Silica Lenses, 296 

— Velocity of, Recent Measurements, 738 

— Wave ‘Length of, Calibration of Standard 
Metre, 491* 

— See also Spectrum ; Diffraction 

Lighting, Electric, Colliery Fittings, 529* 

— Engineers and Superintendents, Institution 
of. See Public Lighting 

— Equipment of Motor-Cars, 260 

— Gas, Development of, 81 

—— and Electric, British Empire Exhibition, 
259 

— International Commission, Work of, 175 


See 


— National and International Aspects, 77. See | 


175 
— Progress with Electric Lamps, 77 
— Road, and Motor-Car Traffic, 260. See 458 
— Street, in Glasgow, 458 
— Vocabulary Of,£75 
— See also Lamps under Electric 
Lignite, Occurrence and Use, 480 
Lilla Edet, Hydro-Electric Power 
Turbine Design, 63 
Limestone Steamers, with Unloading Con- 
veyors, Great Lakes, 723*. See Erratum, 863 
Limit Gauges. See Gauges ; Gauging 
Liners, Piston-Valve, Milling Ports, 354* 
Liquefaction of Gases, Research Work, Toronto 
University, 367 
Liquid Fuel. See Oi Fuel. 


Plant, 


See also Alcohol ; 


Motor ; Paraffin ; Petrol 
— Meter, Bassler, with Temperature Compen- 
sator, 497* 


Lister, G., Filter Press, Transformer Oil, 768* 
Literature, 189, 336, 524, 555, 589, 618, 631, 
663, 714, 809. See LITERATURE INDEX 
Lithuanian Trade and Industries, Report, 268 

Litigation. See Legal ; Labour ; Patents 
Little Belt, Proposed Railway Bridge, 292 
Liverpool Engineering Society, Presidential 


Address by R. E. Gibson, on Gas Supply 


in Liverpool, 682 

— Gas Supply in, 682 

— Gladstone Docks, Construction, 47* 

— Proposed Tunnel under Mersey, 461 

Ljungstrém Steam Turbine: Comparisons with 
Erste-Brunner Turbine, 142 ; 
ture, 699* 

— Turbo-Generators, British Empire Exhibi- 
tion, 71* ; St. Pancras Power Station, 642* 

Lloyd’s Register, Annual Report, 656 

—  — Book, Merchant Shipping, 166 

— Statistics, Shipping Losses, 267, 519, 820 

— — Vessels under Construction, 52, 516 

— — World’s Merchant Shipping, 98 

Load-Line Regulations, Japanese Ships, 113 

Loading | Colliery Tubs, Gate-End Conveyor, 
227 

Local Authorities. 

Locks and Weirs, 
Works, 682* 

— Entrance, Gladstone Dock, Liverpool, 47* 

Lock-outs. See Labour 

Locomotives, Compressed Air, Compressor for 
Charging, 498* 

— Draughtsman, Salary and Status, 765 

— Electric Battery, for Colliery Work, 252* 

— — 0-4-4-0 Type, for Montreal Docks, 746 

— — and Steam, Working Costs, 456 

— Engineers, Institution of, Lieut.-Col. E. 
O’Brien on Railway Electrification, 456 

— Feed-Water Heater and Pump, Worthing- 
ton-Simpson, 478* 

— Geared Turbine, the Reid-MacLeod, 479* 

— Mechanical Lubricator for, 163* 

— Oil-Engine, Shunting (Swiss 
and Machine Works), 701* 


See Municipal : 
River Seine Regulation 


—— Engine, Shunting, with Electric Trans- | 


mission, 781* 

— Piston Valves, Milling Ports in Liners, 354* 

— 2-8-8-2 Type, Simple Mallet Articulated, 
Chesapeake and Ohio Railroad, 795*, 860* 

— 4-8-0 Type, Three-Cylinder Superheater, 
Buenos Ayres Great Southern Railway 
(Armstrong, Whitworth & Co., Ltd.), 280* 

— Road. See Motor; Road; Tractor 

— See also Railways in PARAGRAPH INDEX 

Lodge, Sir O., on Electrical Precipitation, 648. 
See LETTER, 676 

London Area, Electricity Supply, 171 

— — Road Improvements, 571* 

— Bridges and Cross-River Traffic, 641, 647 

— — Foundation Settlements, 641. See 102, 
647, 676, 807 

— Clay, Properties of, 640, 641, 647. 
LETTER, 676 

— County Council Evening Classes, 377 

— Docks, Roads Improvements, 572* 

— Midland & Scottish Railway, Third-Class 
Vestibule Carriage, 160*; Transport of 
Turbo-Alternator Stator, 370; Transport 
of Large Cupolas, 592* 

— & North Eastern Railway, Double Bolster- 
Carriage Bogie, 280*; Electrically- 
Equipped Kitchen Car, 480* 

— Port of, Report on, 554 

— eae Inclined Crossings at Junctions, 641, 


See 


— — Traffic Congestion, Causes and Remedies, 
522, 651. See 640, 647 

— Transport, Work of the Engineer, 640, 647. 
See LETTERS, 676 

— Underground Railways. See Underground 

— University College, Chemical Engineering 
Laboratory, 682 

— — Degrees in Engineering, 831 

— Waterloo Bridge, Proposed Reconstruc- 
tion, 102, 807. See 641, 647, 676 

— ee Bridge, Stress Measurements, 


mai Power Station, Yarrow Boilers, 
Longitude Determination, Time Signals, 410 


Looms, Cotton-Weaving, British Empire 
Exhibition, 247* 


Manufac- 


Locomotive | 
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Boat, Barbados, 370*. See Hrratum, 415 Pa f . 
Lorries. See Motor Wagons aby 2 ret a Bae Machine 


Low-Temperature Carbonisation Coal. See Coal 

Lowry, E. J., on Iron and Steel Scrap, 806 

Lubrication: Cold- Rolling Mill Bearings, 636*. 
See 569*, 601*, 769* 

— Ilgner Flywheel, Rolling Mill Drive, 842* 

— Oil-Groove Cutting Machine, 444* 

— Tell-Tales, Turbine Reduction Gears, 422* 

— Turbo-Generator, Turbine-Driven Oil Pump, 


762* 
-— of Wire Ropes, 858, 868 
Lubricator, Mechanical, Locomotive, 163* ; 


Gardner Oil Engine, 597* 

Lugt, G. J., on a Double-Acting Marine 
Diesel Engine, 26* 

Lumsden Machine Co., Ltd., Grinding Machines, 
318*, 443* 

Lumsden, T., the Late, 229 

Lundberg, H. A., on Swedish Steam Power 
Plants, 503 

Lupton «& Place, Ltd., 
Machinery, 248* 

Luton Corporation, Stal-Ljungstrém Turbo- 
Generator, Tests, 142 

Lympne Trials, Light Two-Seater Aeroplanes, 
525*, See 232, 549, 652 


M. 


MACARTHY Cotton Gin, 11* 

Macassey, Sir L., on London Traffic, 522 

Mac. See also Me 

Machine Shops. See Works Machine Tools 

— Testing. See Testing Machines and Tests 
(Materials) 


Machine Tool and Engineering Exhibi- 
tion: 297*, 309*, 353*, 397*, 441* 


Automatic Machines, 399*, 442* 

Boring, Drilling and Tapping Machines, 
Horizontal, 313* 

Barieg eae and Vertical Lathes, 310*, 
397% 


Cotton Weaving 


Broaching Machines, 442* 

Drilling Machines, 314*, 358*, 406*, 441* 

Gear Generating and Grinding Machines, 
401* 

Gear Planing Machines, 363* 

Grinding Machines, 318*, 401*, 443* 

Hammers and Forging Machines, 407* 

Lathes, 309*, 356*, 401*, 447 

Milling Machines, 318*, 353*, 397* 

Motor Starting and Regulating Panels, 


447 
Oil-Groove Cutting Machine, 444* 
Planing Machines, 362* 
Plano-Milling Machines, 318* 
‘Sawing Machines, 319*, 445* 
Serewing Machines, 444* 
Shaping Machines, 359* 
Slot-Drilling Machines, 405* 
Slotting Machines, 363* 
Testing Machines, 445* 
Tool Steel, 447 
Tube-Bending Machine, 445* 
Woodworking Machines, 297* 
See also Machine Tools 


Machine Tools: 


Automatic Chucking ee yl ened & 
Johnston Machine Co.), 4 

— Machine, Five-Spindle CWational Acme 
Co.), 442* 

— — and Production Costs, 420 

—— Vertical, for Chucking Work (T. 
Ryder & Sons, Ltd.), 399* 

Bar-Screwing Machine (Kendall & Gent, 
(1920), Ltd.), 444* 

Bending Machine, Tube (New Fortuna 
Machine Co., Ltd.), 445* 

— Press, Plate, Hydraulic, Overhung 
Type (Rice & Co. (Leeds), Ltd.), 787* 

— Tool, Electrical Wiring Conduit, 236 

Bolt- -Screwing Machine (Kendall & Gent 
(1920), Ltd.), 444* 

Boring Cutter 8.R. (Vickers, Ltd. ), 99 

— Drilling and Tapping Machine, Hori- 
zontal (Kendal tad Gent (1920), Ltd.), 
878* 

—— Tapping and Surfacing Machine, 
Horizontal (H. W. Kearns «& Co., 
Ltd.), 314*. See 699* 

— Milling, Drilling, Tapping and Facing 


Machine, the Pearn-Richards (G. 
Richards & Co., Ltd.), 314 
—- and Facing Machine, Horizontal 


(H. W. Kearns & Co., Ltd.), 699*. 
See 314* 

— Machine, Wood, Hollow-Chisel and 
Multiple- Spindle mae (I. Robinson 
& Sons, Ltd.), 2! 

—and Turning Mill, Oartical (Armstrong, 
Whitworth & Co., Ltd.), 699* 

—— Mill, 4-ft. Vertical (G. Richards & 
Co., Ltd.), 397* 

— — Mill, 4-ft. tits (Smith & Coven- 
try, Ltd.), 398 

—— Mill, 4-ft. Vertical, the “* Velomill ”” 
(Si. Stirk & Sons, Ltd. ), 398* 

—w—Mill, 100-in. Vertical, the ‘‘ Hilo- 
mill ” (J. Stirk & Sons, ‘Ltd. ), o13* 

—— Mill, 42-in. Vertical Double-Ram 
(Webster & Bennett, Ltd.), 312* 

Broaching Machine, Hydraulic (Js N. 
Lapointe Co.), 442* 

Capstan Lathe, 6}-in. Centres (W. H. 
Ward & Co., itd. ), 357 

Chain Mortising Machine (Wadkin & Co.), 


23 

Chucking Machine, Automatic (Potter & 
Johnston Machine Co.), 400* 

——Vertical Automatic (T. Ryder & 
Sons, Ltd.), 399* 

Cutter, Boring, S.R., (Vickers Ltd.), 99 

- Grinding Machine, Sunderland Gear 
Planer (J. Parkinson & Son), 365* 

Cutting Machine, Oxygen-Jet, Steel Plates 
(Godfrey Engineering Works), 124* 

— Properties, Tool Steel, Testing Machine 
for (E. G. Herbert, Ltd. ), 446* 


Drilling, Boring and Tapping Machine, 
Horizontal (Kendall & Gent (1920), 
Ltd.), 878* 

—— Tapping and Surfacing Machine, 
Horizontal (H. W. Kearns & Co., 
Ltd.), 314* 

— Machine, All-Geared Multiple-Spindle 
(A. A. Jones & Shipman, Ltd.), 315* 

—— 25-in. All-Geared U pg! hee 2: 
Jones & Shipman, Ltd.), 

—-— Bench, High-Speed, for quake 
(A. A. ay ones r& Shipman, Ltd.), 406* 

—— 36-in. Geared Radial (F. Pollard 
«& Co., Ltd.), 316*, 441* 

— — 12-in. High-Speed Precision (F. Pol- 
lard & Co., Ltd.), 315* 

—-— Multiple Spindle, for Motor-Car 
Axles (J. Archdale & Co., Ltd.), 359* 

—— 4-ft. 6-in. Radial (J, Archdale & 
Co., Ltd.), 359* 

cee oa 8-in. Radial (Crossley & Co.), 

—— 6-ft. Radial, Central-Thrust Type 
(W. Asquith (1920), Ltd.), 358*, 359* 

—— 6-ft. 6-in. Radial, Motor-Driven 
(A. Herbert, Ltd.), 316* 

——7-ft. Radial, with Tapping Spindle 
(W. Asquith (1920), Ltd., 358* 

-—-— Sensitive, Ball Bearing (F. Pollard 
& Co., Ltd.,), 316*, 406* 

——36-in. Sensitive’ Geared Radial 
(A. A. Jones & Shipman, Ltd.), 314* 

— — Sensitive, Multiple Spindle (Smith 
& Coventry, Ltd.), 358* 

— — 4-ft. 6-in. Sensitive Radial (J. Arch- 
dale & Co., Ltd.), 359* 

— — Slot (Smith & Coventry, Ltd.), 495* 


—-—  Three-Spindle Multiple-Unit (J. 
Archdale & Co., Ltd.), 359* 
—— 24-in. Uprig ht, the ‘“‘ Corona” 


(F. Pollard a O58 Ltd.), 316* 

— — 24-in. Vertical (W. Asquith (1920), 
Ltd.), 358* 

— Tapping, Facing, Boring and Milling 
Machine, the Pearn-Richards (G. 
Richards & Co,, Ltd.), 314 

Drills, Speedicut Steel, Tests of (T. Firth 
& Sons, Ltd.), 447 

Drop Stamps Multiple Impression Dies 
(Brett’s Patent Lifter Co., Ltd.), 705* 

Erecting Shops, Turbine Manufacture, 
Brush Co.’s Works, 699* 

Facing, Boring, , Drilling and 

Tapping Machine, the Pearn-Richards 
(G. Richards & Co., Ltd.), 314 

— Milling and Boring Machine, Hori- 
zontal (H. W. Kearns & Co., Ltd.), 699* 

File-Testing Machine (T. Firth & Sons, 
Ltd.), 447 

Fitting of Shafts and Holes, 
Tolerances, 150 


German 


Forging, Drop, Stamps for Multiple- 
Impression Dies (Brett’s Patent 
Lifter Co., Ltd.), 705* 

— Machine, 5-Hammer, for Swaging 


(T. Ryder & Son, Ltd.), 407* 

— — Universal (B. & 8. Massey, Ltd.), 407 

— and Upsetting Machine (Selson Engin- 
eering Co., Ltd.), 407* 

Gauging, Fitting of Shafts and Holes, 

_ German Tolerances, 150 

Gear-Cutting Attachment, Horizon’ 
Boring Machine (H. W. Kearns 
Co., Ltd.), 3 

— Planing Migchine, Sunderland, Double 
Helical Gears (J. Parkinson & Son), 
363*; Cutter Grinder for, 365* 

— Tooth Grinding Machines (Fellows 
Gear Shaper Co.), 402*; (Lees- 
Bradner Co.), 402* 

— Worm, Generating Mngiine for (Smith 
& Coventry, Ltd.), 

— -— Hobbing Machine tot “a . Holroyd 
& Co., Ltd.), 401* 

Generating Machine, Screw Thread (Fel- 
lows Gear-Shaper Co.), 403* 

Grinding Attachment, Horizontal Boring 
Machine (H. W. Kearns & Co. by 
Ltd.), 314* 

— Cutlery, Accidents in, 773 

— Machine. Centreless (Cincinnati Milling 
Machine Co.), 404 

— — Centreless, the Coventry (Birming- 
ham Small Arms Tools, Ltd.), 404* 

—-— Cutter, Sunderland Gear Planer 
(J. Parkinson & Son), 365* 

— — Gear-Tooth (Fellows’ Gear Shaper 
Co.), 402* ; (Lees-Bradner Co.), 402* 

— — Internal (Heald Machine Co.), 404* 

— — Internal, Plain and Splined Shafts 
(Churchill Machine Tool Co., Ltd.), 


—— +P lain and Tae (A. A. Jones 
& Shipman, Ltd.), 318 

—w— Screw Thread (Wolseley Motors, 
Ltd.), 547* 

— — Sharpening Hack-Saw _—_—_ Blades 
(E. G. Herbert, Ltd.), 405* 

— — Surface, Planetary Apes (Lumsden - 
Machine Co., Ltd.), 3 

— — Surface, RalLorigding Attachment 
for (Snow & Co., Ltd.), 403* 

—-— Surface, Segmental-Wheel Type 
(Snow & Co., Ltd.), 403* 

— — Universal Tool & Cutter (A. A. 
Jones & Shipman, Ltd.), 318 

— — Vertical Spindle (Lumsden Machine 
Co., Ltd.), 318*, 443* 

—-— Woodworking Tools (J. Holroyd 
& Co., Ltd.), 405* 

— — Worm (J. Holroyd & Co., Ltd.), 405* 

Hack-Saw Blades, Sharpening Machine for 
(E. G. Herbert, Ltd.), 405* 

— — Blades, Testing Machine for (I. G. 
Herbert, Ltd.), 445* 

— Sawing Machine 10-in. Rapidor (E. G. 
Herbert, Ltd.), 319* 

—-— Machine for Rolled-Steel Sections 
¢ che ad Thompson & Hardy), 
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Machine Tools—continued. 


Hack-Saw Machine, Swivelling for Girders 
(C. Wicksteed & Co. (1920), Ltd.), 445* 

Hammers, Drop Forging, for Multiple 
Impression Dies (Brett's Patent 
Lifter Co., Ltd.), 705* 

— Pneumatic Power, 3-ewt. Single-Blow 
(B. & S. Massey, Ltd.), 407* 

— Pneumatic Stamping, 10-cwt. (B. & S. 
Massey, Ltd.), 407* 

Hydraulic Broaching Machine (J. N, 
Lapointe Co,), 442* 

— Press. See Press (below) 

Key-Seating and Slot-Drilling Machine 
(Smith & Coventry, Ltd.), 405* 

Lathe Accidents, Statistics, 773 

— Belt-Pulley Turning (Ward, Haggas & 
Smith), 358* 

— 6}-in. Capetan (H. W. Ward & Co., 
Ltd.), 357 

— 91-in. Centres, All-Geared (Colchester 
‘Lathe Co.), 401* 

— 8}-in. Centres, All-Geared (Dean, 
Smith & Grace (1908), Ltd.), 401* 

—34-in. Centres, Back-Geared, Self- 
Acting (Drummond Bros., Ltd.), 67* 
310*. See 447 

— 9-in. Centres, rear eT - pburet 
(J. Holroyd & Co., Ltd.), 3 

—10-in. Centres, Cobain P racrot 
(H. W. Ward & Co., Ltd.), 356* 

—7}-in. Centres, Geared Headstock 
(Colchester Lathe Co.), 356* 

—8-in. Centres, Geared Headstock 
(Selson Engineering Co., Ltd.), 357* 

—13-in. Centres, General "Purpose (C, 
Redman & Sons, Ltd.), 310* 

-— 64-in. Centres, Relieving (Dean, Smith 
& Grace (1903), Ltd.), 401* 

— 4}4-in. Centres, Screw-Cutting (Britannia 
Lathe and Oil Engine Co., Ltd.), 447 

— 4}-in. and 33-in. Centres, Screw-Cutting 
(H. Milnes), 447 

— 2-in. Centres, Screw-Cutting, for Model 
Makers, the Wade (C.A.V. Small Tools, 
Ltd.), 749* 

— 6}-in. Centres, Sliding, Surfacing and 
Screw-Cutting (Colchester Lathe Co.), 
356* 


— 10}-in. Centres, Sliding, Surfacing and 
Screw-Cutting (J. Lang & Sons, Ltd.), 
309* 

—18}-in. Centres, Sliding, Surfacing and 
Screw-Cutting (Selson Engineering Co., 
Ltd.), 310* 

—4-in. Centres, Sundstrand Stub Type 
(Rockford Tool Co.), 357* 

—12-in. Centres, Surfacing and Boring 
(Dean, Smith & Grace (1908), Ltd.), 
401* 

—T7-in. Centres, Tool Room, Geared 
Headstock (Holbrook & Sons), 356* 

— 36-in. Vertical Turret (Webster & 
Bennett, Ltd.), 310* 

— See also Avitomatic (above) 

Limit Gauging. See Gauging 

Machine Shop Management. 

Management 

Turbine Manufacture, Brush Com- 

pany’s Works, 699* 

— Tools,~ Canadian Exhibits, 
Empire Exhibition, 138* 

— — Motor Starting and Control Panels, 


See Works 


British 


447 
— Work, Tolerances in. See Gauging 
Milling, Boring and Facing Machine, 


Horizontal (H. W. Kearns & Co., 
Ltd.), 699* 

— Drilling, Tapping, Facing and Boring 
Machine, the Pearn-Richards (G. 
Richards & Co., Ltd.), 314 

— Machine, Dividing Head for (J. Parkin- 
son & Son). 355* 

— — Horizontal Spindle, Plain, Geared- 
Drive (J. Archdale & Co., Ltd.), 353* ; 
(Crossley & Co,), 353* 

— — Planer Type (Kendall & Gent (1920), 
Ltd.), 318* 

— — for Small Work (Drummond Bros., 
Ltd.), 356 

— — Universal (J. Parkinson & Son), 355 

—— Universal, Plain and Vertical (A. 
Herbert, Ltd.), 356 

— — Vertical (Kendall & Gent (1920), 
Ltd.), 398* 

— — Vertical, Milling Piston-Valve Ports 
(J. Archdale & Co., Ltd.), 354* 

Mortising Machine, Chain and Hollow 
Chisel (Wadkin & Co.), 23* 

— — Hollow-Chisel and Multiple-Spindle 
Type (T. Robinson & Sons, Ltd.), 297* 

Oil-Groove ote Machine (. Holroyd 
& Co., Ltd.), 444* 

Pipe-Bending Machine (New Fortuna 
Machine Co., Ltd.), 445* 

— Serewing Machine (Kendall & Gent 
(1920), Ltd.), 444* 

Planing Machine, Bateman High-Speed 
(Ward, Haggas & Smith), 362* 

— — Drive (T. Shanks & Co., Ltd.), 363 

—— Electric Drive, Split-Field System 
(J. Stirk & Sons, Ltd.), 362* 

— — 13-ft., Four-Speed, Belt-Driven (C. 
Redman «& Sons, Ltd.), 687* 

—— Gear. See Gear (above) 

—— 100-in. Hiloplane (J. Stirk & Sons, 
Ltd.), 362* 

— — 16-ft. Bed, Lancashire Electric Drive 
(Butler Machine Tool Co., Ltd.), 362* 

— — 16-ft.,Motor-Driven, Points and Cross- 
ings (C. Redman & Sons, Ltd.), 688* 

—_— Open Sided (Ward, Haggas & Smith), 


362 

—— Portable, for re Blocks (B. & 8. 
Massey, Ltd.), 407 

— — Side, Chain-Drive for Tool Carriage 
(G. Richards & Co., Ltd.), 770* 

— — the Veloplane (J. Stirk & Sons, Ltd.), 
362 


Plano-Milling RTE (Kendall & Gent 
(1920), Ltd.), 318 

Plate-Bending Press, Hydraulic, Overhung 
Type (Rice & Co. (Leeds), Ltd.), 787* 


Machine Tools—continued. 


Pneumatic Hammers. See Hammers 
(above) 
Press, Hydraulic, Brass-Rod Extrusion, 


Inverted Process (H. Berry & Co.), 
387*. See 379, 415 

— — Plate- “Bending, ores Type (Rice 
& Co. (Leeds), Ltd.), 787* 

— Power, Accidents and Safety Pre- 
cautions, 18, 773 

Puncher Type Slotting Machine (Butler 
Machine Tool Co., Ltd.), 363* 

Relieving Lathe. See Lathe (above) 

Roll-Grinding Attachment, Surface-Grind- 
ing Machine (Snow & Co., Ltd.), 404* 

Sandpapering Machine, Disc and Vertical 
Spindle (Wadkin & Co.), 23* 

Saw Blades, Testing Machine for (HE. G. 
Herbert, Ltd.), 445* 

— Metal- -Cutting, Tooth-Sharpening Ma- 
chine (E. G. Herbert, Ltd.), 405* 

— See also Hack-Sawing "Machines (above) 

Screw-Thread Generating Machine (Fellows 
Gear-Shaper Co.), 403* 

-- a yartn Machine (Wolseley Motors, 

Screwing Machine, Pipe and Bar (Kendall 
& Gent (1920), Ltd.), 444* 

Shaping Machine, 22-in. Crank Type 
(Butler Machine Tool Co., Ltd.), 361* 

— — 26-in. Double Traversing-Head Type 
(Butler Machine Tool Co., Ltd.), 360* 

—-— 30-in. Double-Geared (Selson En- 
gineering Co., Ltd.), 359* 

Side-Planing Machine, Chain Drive for 
Tool Carriage (G. Richards & Co., 
Ltd.), 770* 

Slot-Drilling and Key-Seating Machine 
(Smith & Coventry, Ltd.), 405* 
Slotting Machine, 14-in. (Butler Machine 

Tool Co., Ltd.), 363* 

—— 10-in. Puncher Type (Butler Machine 
Tool Co,, Ltd.), 363* 

Stamping Presses, Accidents and Safety 
Precautions, 18, 773 

Stamps, Drop, Multiple-Impression Dies 
(Brett’s Patent Lifter Co., Ltd.), 705* 

Steel, Tool, Testing Machine for (B. G. 
Herbert, Ltd.), 446* 

Surfacing, Boring, Drilling and Tapping 
Machine, Horizontal (H. W. Kearns 
& Co., Ltd.), 314* 

— and Boring Lathe, 12-in. Centres (Dean, 
Smith & Grace (1908), Ltd.), 401* 

Swaging Machine, 5-Hammer (TL. Ryder 
& Son, Ltd.), 407* 

Tapping, Drilling and Boring Machine, 
Horizontal (Kendall & Gent (1920), 
Ltd.), 878* 

—w— Boring and Surfacing 
Horizontal (H. W. 
Ltd.), 314* 

— — Facing, Boring and Milling Machine, 
the Pearn-Richard (G. Richards & Co., 
Ltd.), 314 

Tenoning Machine, Sash and Door Work 
(T. Robinson & Sons, Ltd.), 298* 

Testing Machine, Files (T. Firth & Sons, 
Ltd.), 447 

—-— Hack-Saw Blades (E. G. Herbert, 
Ltd.), 445* 

— — Tool Steel (E. G. Herbert, Ltd.), 446* 
Threads, Screw, Generating Machine 
(Fellows Gear-Shaper Co.), 403* 
—-— Grinding Machine for (Wolseley 

Motors, Ltd.), 547* 

Tolerances, German, Fitting of Shafts and 
Holes, 150 

Tool-Room Lathe. See Lathe (above) 

— Steel, Testing Machine for (E. G. 
Herbert, Ltd.), 446* 

Tube-Bending Machine (New Fortuna 
Machine Co., Ltd.), 445* 

Turning and Boring Mills. 
(above) 

— Machines, Automatic. 
(above) 

Turret Lathes. See Lathes (above) 

Woodworking Machinery, Mortising Ma- 
chine, Chain and Hollow-Chisel 
(Wadkin & Co.), 23* 

— -— Mortising Machine, Hollow-Chisel 
and Multiple- peinele are (T. Robin- 
son & Sons, Ltd.), 2' 

—_—— Sandpapering Machine, Disc and 
Vertical Spindle (Wadkin & Co.), 23* 

—-— Tenoning Machine, Sash and Door 
Work (T. Robinson & Sons, Ltd.), 298* 

— Tools, Grinding Machine for (J. Holroyd 
& Co., Ltd.), 4 

Worm Gear Generator (Smith & Coventry, 
Ltd.), 401 

— Grinding Mote (J. Holroyd & Co., 
Ltd.), “405* 


Machine, 
Kearns & Co., 


See Boring 


See Automatic 


— Wheel Hobbing Machine (J. Holroyd 
& Co., Ltd.), 401* 
See also PARAGRAPH INDEX 
Machine Work. See Machine Tools 


Machinery Failures, Report on, 417. See 
LETTERS, 486, 548 
Maclaurin Low-Temperature Carbonisation 


Plant, Dalmarnock Gasworks, 491, 682 
MacMorland, Capt. E. E., on Industrial 
Organisation for Munitions Supply, 201 
MacNaughtan, D. J., on Hardness of Electro 
Deposited Metals, 599 
Macquisten, F. A., on Cheap Power, 185 
Magaldi, G., on Protection of Naval Aeroplanes, 


418 
Magnesium Alloys. 
lurgy 
Riagactlany, Terrestrial, and Solar Activity, 410 
Magneto Generator, Air-Turbine Driven, for 
Colliery Lamp, 530* 
— — Electrical Speed Recorder, 208* 
— Magnets, Cobalt Steel, 274*, 302*. See 286 
— Standardisation of, 14 
Magnets, Permanent, Cobalt Steel for, 274*, 
802*. See 286 
Mail Services, Aerial. See Aeronautics 
Main and Tail Haulage Gear. See Haulage 
Mains, Electric. See Cables under Electric 
— Water, Cleaning, Victaulic Pipe Joints, 14 


See Alloys under Metal- 


Mains, Water, Self-Closing Valves for, 143* 

Maintenance, Commercial Motor Vehicles, 712 

Malay States, Penang Hills, Railway, 664*, 
726*, 789*, 852 

Oy Malaya,” 1LM.S., Model, British 
Exhibition, 187 

Mallet Simple Locomotive, 
Ohio Railroad, 795*, 860* 

Management Enginering (Review), 664 

— Industrial, Labour’s Share in. See Labour 

—of Works. See Works Management 

Manchester Association of Hngineers, W. BE. W. 
Millington and Prof. F. C. Thompson, on 
the Inner Structure of Metals, 715 

— Steam Users’ Association, Criticism of New 
Factory Bill, 334 

— Stuart Street Power Station ,[Turbo Genera- 
tor Tests, 668 

Manganese Steel, Heat Treatment of, 411 

Manlove, Alliott & Co., Ltd., Palm-Oil Extract- 
ing Plant, 513* 

Manometer, Balanced, Gas-Flow Measurements, 
223 

Manufacturing Costs, Reduction of, 419 

— Industries, British, and Foreign Competi- 
tion, 298 

— Resources, 
Supply, 201 

— Work, Apportionment of Labour Costs, 582. 
See 433 

Manure, Artificial, See Nitrogen 

Mapping of North-West Greenland, Danish 
Expedition, 344 

Marconi, Senator G., on Short-Wave Radio 
Communication, 17, 836 

— Wireless-Beacon Station, 


Empire 


Chesapeake and 


Organisation for Munitions 


Nash Point, 582 


| Marconi’s Wireless Telegraph Co., Ltd., Manu- 


facture 
Rectifying Valves 
Valves, 492* 

Marcus Screens, British Empire Exhibition 
Colliery, 340* § Bee 

Marine Auxiliary Machinery, Air Compressor 
(G. & J. Weir, Ltd.), 425* 

—- Machinery, Electric Winches, 
Constant-Current System, 734* 

— — Machinery, Electrically-Driven, 121 

—w— Machinery Emergency Bilge Pump, 
Gwynnes, 2* ; Drysdale, 217* 

—-w— Machinery, Merryweather’s Fire and 
Salvage Pumps, 531* 

—-— Machinery, Refrigerating Plant, 562* 

—— Machinery, 8.S. ‘ Orama,” 543*, 604*. 
See 643 

— — Machinery, Treatise on (Review), 336 

— — Machinery, Vickers’ Air Pump, 573* 


of Thermionic Valves, 456; 
and Water-Cooled 


Austin 


| — Boilers. See Boilers 


— Engineering, French Navy, Committee, 524 

— — Treatise on (Review), 336 

—— Works. See Works 

— Engineers, Institute of, Sir J. Kemnal on 
Tendencies in Steam Generation, 588. 
See 41; Marine Oil Engine Trials Com- 
mittee, First Report, 750*, 784*. See 
730, 798 

——and Naval Architects, American Society 
of. See Naval Architects 

— Engines. See Engines; Turbines ; Marine 
Propulsion. 

— Propulsion, Cost of Speed, 119 

— — Development of Machinery, Hawksley 
Lecture, 669 

— — Diesel-Electric System, 120, 713, 714 

—-— Diesel Engines, Beardmore-Tosi, 88 ; 
Trials of M.S. “ Silurian,’ 643; Trials of 
M.S. ‘‘ Sycamore,’”’ 730, 750*, 784*, 798 

— — Diesel Engines, Bearing Pressures, 29* 

— — Diesel Engines, Development, Position 
and Prospects, 25, 119, 120, 148, 265, 656, 
668 

— — Diesel Engines, Double-Acting, Test 
Valve for Piston Leakage, 29* 


— — Diesel Engines, Duplex Pump for Piston 


Cooling, 5* 

—-— Diesel Engines, Exhaust Temperature 
and Composition, 730, 751*. See 799 

— — Diesel Engines, Fuel Injection, Arschaou- 
loff System, 29* 

— — Diesel Engines, Fuel Oils for, 836 

— — Diesel Engines with Hydraulic Clutches 
and Reduction Gearing, M.S. “ Vulcan,” 
92*, 369* 

—— Diesel Engines, M.S. “‘ Cubore,”’ Trials 
and Working Results, 714 

— — Diesel Engines, M.S. “ Silurian,” 
643 

— — Diesel Engine, North-Eastern Werkspoor 
Double-Acting, 26* 

—w— Diesel Engines, Palmer Camellaird- 
Fullagar Type, Piston Withdrawal, 145* ; 
Trials of M.S. “‘ British Aviator,’ 236, 369 

— — Diesel Engines, Report on Trials, 730, 
750*, 784*, 798 

—— Diesel Engines, Richardson-Westgarth 
Beardmore-Tosi, M.S. ‘‘ Sycamore,” Re- 
port on Trials, 730, 750*, 784*, 798 

— — Diesel Engines, Swedish Developments, 


Trials, 


148, See 120 
— — Diesel Engines, Torque Measurements, 
731. See 785 


— — Diesel Engine, Two- Cycle Double-Acting, 
Worthington, 482* 

— — Diesel Engines, Two-stroke and Four- 
Stroke Cycles, 120 

— — Diesel Engines, Weights of, 730, 750 

— — Electric Transmission Systems, 25, 120, 
713, 714 

— — Fuel Supply for, 119, 265 

—-— Geared Diesel Engines, with Hydraulic 
Clutches, M.S. “‘ Vulcan,’’ 92*, 369* 

—-—Geared Turbines, Double-Reduction 
Gear Wheel (Vickers, Ltd.), 100* 

——Geared Turbines, Lubrication Tell- 
Tales, 422* 

— — Geared Turbine Machinery, $.8. ‘‘ Drott- 
ningholm,”’ 841* 

— — Geared Turbines, Progress, 25, 469, 669 
—w— Geared Turbines, Single Reduction, 
8.8. “‘ Orama,” 601*. See 543*, 643 
—— Geared Turbines, United States Practice, 

120 
——Geared Turbines Wiberg 
Clutch, 120, 144* 


Reversing 


Xi 


Marine Propulsion, Hull Resistance and Power 
for Propulsion, 119 
— -— Oil Engine, 96 h.p. Two-Cycle, Gardner, 


595* 

— — Oil Engined Tugs, Egyptian Government, 
517* 

—— Oil Fuel for. See Oil Fuel 


~——— Paddle Steamers, Conversion to Stern 
Wheelers, 463* 

— — Power for Sea Transport, 118 

— — Progress and Possibilities, 25 

—-— Propellers, Cavitation Investigations, 
United States Warships, 717*. See LEr- 
TER, 769 

— — Propellers, Comparigons of Model Ex- 
periments, 713 

~— — Propelling Machinery, Merchant Ships : 
Dutch, 119; Swedish, 148. See 120 

— — Shallow-Draught Steamers, Yarrow Flap 
System, 459. See LETTER, 486 

— — Steam Engines, Present Position, 669 

— — Steam Engine, Triple-Expansion, Cable 
Steamer ‘‘ Edouard Suenson,”’ 196* 

— — Still Engine, Advantages, 84 

—_ ae ies Measuring Gear, Michell Hydrau- 
ic 

— — Treatise on (Review), 336 


—— Tugs, Comparisons of Steam and Oil 
Engines, 517 

—-— Turbines, 8.8. “ Mauretania,” Repair 
Work, 424* 


— — Turbines, Steam, Progress, 469 

—  — Use of Superheat, 669 

— — Weights of Machinery, 670 

— — Yarrow Boilers for Warships, 458* 

— — See also Hngines ; Turbines ; Propellers ; 
Ship Resistance; Torsion Meters; and 
PARAGRAPH INDEX 

— Turbines. See Turbines ; Marine Propulsion. 

— Salvage See Salvage 

— Structures, Deterioration and Preservation 
(Review), 589 

— — Deterioration of, Report, 774 

Markets. See Trade and PARAGRAPH INDEX 

Markham & Co., Ltd., Haulage Gear, 251* 

“Marksman,” H.M. Flotilla Leader, 421 

Marshall, Sons & Co., Ltd., Road Rollers, 60 ; 
Traction Engine, 810* 

Martin, H. W. S., Air Washers and Filters, 780 

Martin’s Cultivator Co., Ltd., Trailer Fire 
Pump, 428* 

Marylebone Power Station, Transport of 
Turbo-Alternator Stator, 552 

Mass, Celestial Bodies Loss by Radiation, 802 

Massey, B. & S., Ltd., Pneumatic Hammers, 
Stamps, &c., 407* 

Materials, Strength of. 
(Materials) 

Mathematical Congress, International, Toronto, 
Hon. Sir C. A. Parsons, on the Steam Tur- 
bine, 469; Prof. Sir J. B. Henderson on 
Teaching Mathematics, 491 

Mathematics, Harmonic Analysing 
ments, 651, 876* 

— Statistical Investigation, Workshop Acci- 
dents, 709. See 701, 746, 810 

— Teaching to Engineering Students, 491 

— Vector Quantities and Dimensional Nota- 
tion, 686 

— Work of Lord Kelvin, 97. See 104 

“ Mauretania,’ 8.8S., Record Atlantic Voyages, 
424; Repairs to Turbines, 424* 

Mavor & Coulson, Ltd., Portable Air Com- 
pressor, 191* ; Switchgear, British Empire 
Exhibition Colliery, 224*; Coal-Cutting 
Machines, 225*; Conveyors for Colliery 
Workings, 226* ; Gate-End Loading Con- 
veyor, 227*; Hlectric Putter, 252*; Ex- 
hibits, Cardiff Engineering Exhibition, 766 

May, R., Report on Corrosion Research, 378 

McClintic Marshall Products Co., Ltd., Sydney 
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McGregor, T., the Late, 780 

MeGruer Hollow Spar Co., Ltd., Ladder 
Bridge, Mount Fiverest Expedition, 304* 

McKay (Proprietary), Ltd., Harvester, 383 

McLean, W., the Late, 707 

Me. See also Mac 

Measuring Apparatus, Coal, Boiler Furnaces 
(E. Allen & Co., Ltd.), 242*; (Lea 
Recorder Co., Ltd.), 598* 

— Appliances, Gear Teeth, 696*, 821* 

— Instruments, Electrical, Commercial 
Indicating (Review), 337 


See Stress; Tests 
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and 


», 200* 

— Pump, Petrol, Canadian, 141* 
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for, 101* 

— Vessels, Glass, National Physical Labora- 
tory Tests, 378 

Mechanical Crystallisation, Salts and Sugar, 738 

— Engineers, American Society of, The Role 
of the Enginecr in Industrial Mobilisation 
Planning, by Capt. E. R. MacMorland, 201 


Mechanical Engineers, Institution of: 


Standard Test Code for Hydraulic Power 
Plants, Discussion, 51 

Kelvin Centenary, 97. See 104 

Annual Dinner, 867 


London Meetings, Winter Session. 


Missing Pressure in Gas Engines, by Prof. 
W. T. David, 605, 623*, 679, 684. 
See LETTERS, 641, 704, 746 

Heat Loss in Gas Engines, by Prot. Wi. ks 
David, 605, 629*, 679, 684. See 
LETTHRS, 641, 704, 746 

Thomas Hawksley Lecture on the Develop- 
ment of Marine Propelling Machinery, 
by Engineer Vice-Admiral Sir G. 
Goodwin, 669 

Marine Oil Engine Trials Committee, 
First Report, 750*, 784*. See 730, 798 

Elastic Limit in Tension and its Influence 
on the Breakdown by Fatigue, 
by J. M. Lessells, 813*. See 793 

Effect of Low and High Temperatures on 
Materials, by Prof. F. C, Lea, 816*. 
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843*. See 793 

Second Report, Wire Ropes Research 
Committee, by Dr. W. A. Scoble, 
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Mechanical Engineers, Institution of— 
continued. 
North Western Branch. 

Steam Extraction Turbines, by W. 8. Burge 
and J. P. Chittenden, 744 

Missing Pressure and Heat Loss in Gas 
Engines by Prof. W. T. David, Discus- 
sion, 684, See also London Meetings 
(above) 

Marine Oil Engine Trials 
First Report, Discussion, 798. 
also London Meetings (above) 

Mechanical Engineers, Japanese Society of, 

New Harmonic Analyser, by K. Noguchi, 


Committee 
See 


876*. See 651 
— Flight. See Aeronautics 
— Lubricator. See Lubricator 
— Stoker. See Stoker. 


— Traction on Roads. See Roads; Motor- 
Cars ; Tractors 

Medical Science and Disease Prevention, 265 

Mediterranean Sea Communications, Italian 
Naval Manoeuvres, 806 

Melbourne Electric Supply. Excavating Machine 
for Morwell Brown Coal, 299* 

Melby Dam, Sweden, Design, 76 

Melovich, Prof. A., on Draft Tubes for Water 
Turbines, 153* 

Merchant Shipbuilding. See Shipbwilding 

— Ships. See Ships ; Steamers 

Mercury Atoms, Orbital Transfers 
trons, 367 

— Prices. See Metal-Price Diayrams 

— Vapour Lamp, Kinematography, 295* 

—— Pump, High Vacua, 267* 

— — Rectifier Substations, 782*, 845* 

— — Turbine, Power Production, 42 

Merryweather & Sons, Ltd., Motor Fire Engine, 
156*; Trailer Fire Pump, 426*; Fire 
Appliances, British Empire Exhibition, 
530* ; Portable Steam-Driven Air Com- 
pressor, 753* 

Mersey Docks and Harbour 
stone Dock, 47* 

— River, Proposed Tunnel under, 461 

Merz & McLellan, North Tees Power Station, 
57* 

Metallic Crystals, Surface Phenomena, 368 

Metalliferous Ores, Formation of, 588 

Metallisation, Schoop Spraying Process, 409 

Metallographic Microscopes, High Power and 
Workshop, 514* 

Metallography, Vertical Muminator for Micro- 
scopes, 30* 

—See also Metals ; 
photoyraphs 

Metallurgical Department, National Physical 
Laboratory, Work of, 5 

— Exhibits, British Empire Exhibition, 99*, 
335, 438* 

— and Mining Congress, Empire. 

Metailurgy: 


Alloys, Aluminium-Bronze, Properties and 
Uses, United States, 376 
—-— (Duralumin), British Empire Ex- 
hibition, 334 
— — Heat Treatment of, 391* 
— —- for Motor-Car Engines, 455 
— Bearing Metals, Cold Rolling Mills, 601 
— Copper, British Empire Exhibition, 335 
—-— Tensile Strength, Temperature and 
Cold Work, Relationship, 408 
— — See also Brass ; Bronze ; Gunmetal 
— Ferrous, Research Committee, 366 
— Jron-Oxygen, Constitution of, 366 
— Nickel-Copper (Monel Metal), Proper- 
ties and Uses, United States, 376 
— — Properties and Uses, United States, 
376 
— Non-Ferrous, Use in United States, 376 
Aluminiwn, Purification of, 6 
Blast Furnaces. See Furnaces 
Brass. See Brass 
Bronze. See Bronze 
Cast-Iron. See Cast-Iron 
Coke Ovens. See Coke Ovens 
Corrosion of Metals. See Corrosion 
Electro-Metallurgical Industries and Cana- 
dian Water Power, 449 
Hlectro-Metallurgy, Italy, 
United States, 117 
Electrolytic Iron Manufacture, 117 
Extruded Metal, British Empire Exhibi- 
tion, 335 
Extrusion, Brass Rod, Inverted Process, 
387%. See 379, 415, 
Ferrous Alloys, Research Committee, 366 
Foundry. See Foundry ; Moulding 
Furnaces, Electric. See Furnaces 
— Metallurgical. See Furnaces 
Gold Mining and Uxtraction, 
Africa, 204*. See 174 
Heat Treatment, Aluminium Alloys, 391* 
—-— Bronze, Iffects of, 409, 430* 
— — Cobalt Steel for Magnets, 302 
— — Electrical Method, Hardening End 
Gauges, 128* 
— — Hardening of High Speed Steel, 394, 
See 347 
— — Hardening of Steel, Theory of, 391* 
— — Manganese Steel, 411 
— — Nickel Steel, Influence of Mass, 5 
—— Steel, Calculation of Quenching 
Stresses, 285, 343*. See LeTrmr, 641 
-—— — Steel, Volume Changes, 351* 
Tron, Electrolytic, Manufacture, 117 
— Manufacture, Harly, Osmunds, 486* 
— —- See also Furnaces, Blast 
— Ore. See Ore 
— Smelting, Electric, Resistance of Coke 
and Charcoal, 637 
— and Steel, Electric Manufacture, 117 
Metallisation, Spraying Process, 409 
Metallurgical Department, National Phy- 
sical Laboratory, Work of, 5 
— Exhibits, British Empire Exhibition, 
99*, 335, 438* 
Metallurgy and Tlectrical 
Progress, 57 
Metals. Non-Ferrous, 
hp Exhibition, 335 
— — Properties and Uses, United States, 
376 
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Metals, Non-Ferrous, Research, 335 

— Tests of. See Vests (Materials) 

Monel Metal, Properties and Uses, United 

States, 376 : 
Nickel, Electrolytic Processes, 448 
Non-Ferrous Metallurgy in America, 376 
— — Metals, British Empire Exhibition, 
5 
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— — Metals, Research, 335 

Ore Dressing, Principles and Practice (Re- 
view), 619 

Osmunds, Early Iron Manufacture, 486* 

Pulverised Coal, Use in Metallurgy. See 
Pulverised Coal 


Pyrometers. See Pyrometers 
Refractories. See Refractory Materials ; 
Firebricks 


Rolling Mills. See Rolling Mills 
Scrap, Iron and Steel, Classification of, 806 
Sherardising Process, Inception and De- 
velopment, 277* 
Slag, Blast-Furnace, Pipe Manufacture, 600 
Steel Furnaces. See Furnaces 
— Manufacture, Classification of Scrap, 806 
— — Electrical, 117 
— Standard Specimens for Analysis, 439 
Titanium, Influence on Iron Castings, 113 
Welding. See Welding 
Zine Coating, Sherardising Process, Incep- 
tion and Development, 277* 
— Smelting, Resistor Furnaces, for, 449 
See also Iron and Steel Institute ; Metals, 
Institute of ; Metallography ; Micro- 
photographs ; Foundry; and PAra- 
GRAPH INDEX 
Metals, Atomic Structure, Removal of Elect- 
rons by Electric Field, 322 
— Anti-Friction. See Alloys under Metallurgy 
— Corrosion of. See Corrosion 
— Electro-Deposited, Hardness of, 599 
— Fatigue of. See Alternating Stress under 
Tests (Materials) 
— Filament Lamps. 
tric 
— Inner Structure and Effect of Stress, 715 
Metals, Institute of: 


Exhibit of Non-Ferrous Metals, British 
Empire Exhibition, 335 
Autumn Lecture on Non-Ferrous Metal- 
lurgy in America, by W. M. Corse, 376 
Autumn Meeting, London. 
Programme, 273 
Reports of Discussions, 378, 408 
Method of Measuring Internal Stress in 
Brass Tubes, by R. J. Anderson and 
E. G. Fahlmann, 378 
Experiments on the Working of Nickel 
for Coinage, by Sir T. K. Rose and 
J. H. Watson, 378 
Seventh Report to the Corrosion Research 
Committee, by Dr. Bengough and 
R. May, 378 
Extrusion of Brass Rod by the Inverted 
Process, by R. Genders, 387*. See 
379, 415. 
Investigation of the Effects of Impurities 
on Copper ; Effect of Iron on Copper, 
by Dr. D. Hanson and Miss G. W. 
Ford, 379 
Relationship between Tensile Strength, 
Temperature and Cold Work in Some 
Pure Metals and Single Solid Solu- 
tions, by D. H. Ingall, 408 
Effect of Progressive Cold Rolling on the 
Brinell Hardness of Copper, by H. 
Moore, 386*. See 408 
Experiments on the Effect of Casting 
Temperature and Heat Treatment on 
the Properties of a High-Tin Bronze, 
by F. W. Rowe, 430*. See 409 
Metal Spraying and Sprayed Metal, by T. 
H. Turner and W. E. Ballard, 409 
Determination of Sodium in Aluminium, 
by D. M. Fairlie and G. B. Brook, 409 
Experiments on the Influence of Casting 
Temperature and Mass on the Phy- 
sical Properties of Admiralty Gun 
Metal, by I’. W. Rowe, 436*. See 409 
Metal Moulds for Iron Castings, 377 
— Non-Ferrous, British Empire Exhibition, 335 
— — Properties and Uses, United States, 376 
—— Research, 335 
— Plastic Deformation, Hffect of Surfaces, 366 
— Price Diagrams, 62*, 208*, 338*, 496*, 654*, 
780*, 872* 
— Spraying, Schoop Process, 409 
— Structure of. See Metalloyraphy ; Micro- 
photographs 
— Tensile Strength, Temperature and Cold 
Work, Relationship, 408 
— Welding. See Welding 
— See also Metallography ; Metallurgy ; Micro- 
photographs 
Meteorological Data, Wind Power Calculations, 


See Lamps under Elec- 


77 
— Papers, British Association, 409 
Meteorological Society, Royal: 


Adaptation of Variety to Climate, by R. A. 
Fisher, 181 
Comparison of Different Types of Radia- 
tion Recorder, by W. B. Haines, 181 
Brown Corona and the Diameters of Par- 
ticles, by L. F, Richardson, 592 
Photometric Observations on Clouds and 
Clear Skies, by L. F. Richardson, 592 
Notes on Haboobs, by L. J. Sutton, 592 
Problem of Mild Polar Climates, by C. E. 
P. Brooks, 863 
Meteorology, Atmospheric Discontinuities and 
Weather Forecasting, 410 
— Atmospheric Pollution, Automatic Measure- 
ment, 410 
— Cloud Drops, Formula for Diameters, 592 
— Mild Polar Climates, 863 
— Notes on Haboobs, 592 
— Photometric Observations, Clouds 
Skies, 592 
— Relation of Wind to Height, 410 
— Solar Radiation Recorders, Comparisons, 182 


and 


| — Water Vapour and Air Circnlation, 410 


Mavens. Flow, Compressed Air, (@. Kent, Ltd.), 

9: 

— Gas, Thomas Electrical, 182*, Sce Hrrata, 
262 


— Liquid, Bassler, with Temperature Com- 
pensator, 497* 

— Steam and Water, Use in Boiler Trials, 56. 
See Lerrmrs, 101 

— Water, Vee Notch, Lea Closed-in Type, 598* 

— See also Electric and Water Meters 

Metre, Standard, Interferometers for Calibrat- 
ing, Japanese Government, 491* 

— — National Physical Laboratory Investi- 
gations, 101 

Metrology Department, National Physical La- 
boratory, Work of, 101*; Exhibits, 
British Empire Exhibition, 129*; Tests 
of Volumetric Glassware, 378 

Metropolitan Carriage, Wagon & Finance Co., 
Ltd., Control Trailer Car, Metropolitan 
Railway, 9* ; Royal Saloon Coach, Egyp- 
tian State Railways, 475* 

Metropolitan Railway, Control Trailer Car, 9* 

Metropolitan-Vickers Electrical Co., Ltd., 
Switchgear and Transformers, British 
Empire Exhibition Colliery, 49*; Tests 
of 7,000-kw. Turbine, Bristol Corporation, 
253*; Turbo-Generator, Brighton Power 
Station, 372* 

Metropolitan. See also London 

Meyer, P. R., on Large Power Gas Engines, 
105*. See 83 

Mica, Dielectric Properties, 828 

Michell Radial Bearings, Rolling Mills, 769* 

— Thrust Bearing, 8.8. ‘‘ Drottningholm,” 841* 

—-— Measuring Gear, Marine Diesel Engine 
Trials, 785* 

Michelson, Prof. A. A., Measurements of Velo- 
city of Light, 738 

Microphotographs, Aluminium-Zine 
Effect of Heat Treatment, 392* 

— Bronze, Effect of Casting Temperature, 
431*. See 409 

—-— and Steel, Workshop Apparatus, 515* 

— Iron and Steel, High Magnification, 515* 

— Steel, Alternating-Stress Tests, 534* 

Microscopes, Metallographic, High Power and 
Workshop, 514* 

— Vertical Tluminator for, 30* 

Microscopical Examination, Arley Coal, 553 

Microstructure of Metals. See Metallography ; 
Microphotographs 

Middle-Third Theory, Stress Distribution, Ex- 
tension of, 763* 

Midland Railway Carriage, & Wagon Co., Ltd., 
Pullman Buffet Car, 7; Hopper Wagon, 
Bengal-Nagpur Railway, 279* 

Midlands, West, Electricity District, 745 

Military Authorities and Organisation for 
Munitions Supply, 201 

—-Light Lorries, War Office Subsidy Specifica- 
tion, 94, 136 

Milking, Mechanical, New Zealand Dairy In- 
dustry, 289* 

Milling Machines and Cutters. See Machine 


Tools 

Millington, W. E. W., on the Plastic Deforma- 
tion of Metals, 866; on the Inner Struc- 
ture of Metals, 715 

Mills, J., & Co., Colliery Haulage Gear, 766* 

Mills, Textile, Air-Humidifying Apparatus, 
Andrew System, 873* 

— Rolling. See Rolling Mills 

Milne-Shaw Seismograph, Correlation of Re- 
cords, 410 

Milnes, H., Small Lathes, 447 

Mines, Coal. See Collieries. 

— Haulage Gear. See Haulage 

— Sweeping Sloops (Wm. Simons & Co., Ltd.), 
460 


Alloys, 


— Tubs, Creepers and Tipplers, Coal Screen- 
ing Plant, 338* 

— — Gate-End Conveyor for Loading 

— — Weighing Machines for, 338 

— United States, Bureau of. See United States 

— Ventilating Fan, Sirocco, 160* 

— Winding. See Winding 

— See also Coal; Collieries ; Mining ; Ores ; 
Winding ; and PARAGRAPH INDEX 

Miners, Coal, Health of, 294 

— Lamp, Electric, with Turbine-Driven Gene- 
rator, 530* 

—— Caeg Electric, 529 

— Wages and Cost of Coal, 521. See 518* 

Minerals, Canadian, British Empire Exhibition, 
137*. See LETTER, 334 

— Indian and Burmese, British Empire Px- 
hibition, 509, 537 

— Oils. See Oils 

— See also Coal; Mining; Ores; and PARa- 
GRAPH INDEX 

Mining, Coal, Proposed Control, Report, 293 

Mining Engineering Co., Ltd., Belt Conveyor 
for Colliery Workings, 226 

— Engineers, Institution of, E. Williams, on 
Economics of Coal Mining Industry, 518*, 
521; Presidential Address by Dr. J. §. 
Haldane, on the Industrial Machine, 585 

— Gold, Robeson-Davidson Slime Pump, 174 

— Industry, Canadian, 137* 

— — Coal, Economics, 518*, 521 

— — Labour Situation, Need for Co-operation, 
585 

— — South Africa, 204*, See 174* 

— Machinery, Exhibition, Cardiff, 747, 766*, 


» 227% 


808 

—and Metallurgical Congress, Empire. See 
Empire 

— Ore-Dressing, Principles and Practice (Re- 
view), 619 

— Royalties and Cost of Coal, 294 

— See also PARAGRAPH INDEX 

Ministry of Transport. See Transport 

Mirrlees, Watson & Co., Ltd., Centrifugal 
Pumps, British Empire Exhibition, 5* 

Mixed Pressure Turbines. See 7'urbines 

M.L. Magneto Syndicate, Ltd.,  Turbine- 
Driven Electric Lamp, 530* 

M.O. Valve Co., Ltd., Manufacture of Ther- 
mionic Valves, 456: Rectifying Valves 
and Water-Cooled Valves, 492* ; 

Model Makers’ Screw-Cutting Lathe, Wade, 749* 

— for Stress Determination. See Optical 


Model Experiments, Cavitation in United 
States Warships, 717*. See Lurrer, 769 

— — Propellers, Comparisons, 713 

—— See also Ship Resistance 

Molecular Structure and Band Spectra, 322 

Molybdenum Steel, Vibrac. 187*; Oxygen 
Cylinder, 187*. See Errata, 423 

Monarch Centrifugal Separator Oil, 274* 

Monel Metal, Properties and Uses, 376 

Monitor Flow Indicator, Water-Cooling 
Systems, 548 

Monk Bridge Iron and Steel Co., Ltd., Exhibit 
at British Empire Exhibition, 439, 

Monoplane. See Aeronautics 

Montreal Docks, Electric Locomotives for, 


746 

** Montrose,’? H.M. Flotilla Leader, 421 

Moore, Dr. H., on Hardness of Copper, 386*. 
See 408 

Moore, H. F., on Evidence for Fatigue Limits, 
580*, 658*. See 284 

Morrison, J. 8., the Late, 706 

Mortising Machines. See Machine Tools 

Morwell Power Scheme, Excavating Machine 
for Brown Coal, 299* 

Motor Boats, Coastal, Thornycroft, British 
Empire Wxhibition, 421* 

— — Indian Timber (J. I. Thornycroft & Co., 
Ltd.), 508* 

— — ‘‘ Invermira’”’ for Venezuela, 800* 

—— Seasled Type, 460* 

— Car, 12 h.p. Austin, Front-Wheel Brakes, 
607* 

— — Axles, Drilling Machine for, 359* 

—-— Axles. See also Wotor-Car Details 

—— Bentley, 3-litre Sporting Model, 579*, 
See Erratum, 610 

—-— Bodywork, Design 
(Review), 663 

— — Canadian, British Empire Exhibition, 141* 

—— Construction, Standard Steels for, 181 

—— Design, Present Tendencies, 553 


Motor Car Details: 


Back Axle, 8 h.p. Gwynne Car, 579* 

——40h.p. Lanchester Car, 607* 

Brakes, Front and Back Axle, Lanchester 
Car, 607* 

— Front Wheel, 12 h.p. Austin Car, 607* 

— Four- Wheel, Importance of, 553 

Clutch, Multi-Plate Type, 11-22 
Wolseley Car, 574* 

—Single Plate, 40 h.p. Lanchester Car, 
607* 

Engines. See Hngines, Petrol, Motor Car 

Front Axle, Fowler Steam Wagon, 856* 

—-—and Front Wheel Brakes, 20 h.p. 
Lanchester Car, 607* 

——8h.p. Gwynne Car, 579* 

Gear Box, Dennis Fire Engine, 385* 

meer ee 40 h.p. Lanchester Car, 
607* 


and Construction 


hp. 


—-— Four-Speed (Dorman & Co., Ltd.), 
577* 


——8h.p. Gwynne Car, 579* 
Magneto Drive, Wolseley Car, 574* 
Oil-Pump Drive, Wolseley Car, 574* 
Universal Joints, Fibre-Disc Type, Dennis 
Motor Fire Engine, 385* 

Motor Cars, Effects of Taxation, 553 

-—-— Engines. See Engines, Petrol 

—— Engineers. See Automobile Engineers 

— — Exhibition, Olympia, 553, 574*, 606*. 
See 587 

— — Frames, Pressed Steel (Vickers, Ltd.), 99 

——Fuels. See Motor Fuels 

—— 10-20 h.p. Galloway, Improvements, 574 

—— Gear Boxes. See Motor-Car Details 

—-— 8h.p. Gwynne, 577* 

—-— Industry, British, Position, 553, 587 

—— Industry, Use of Light Alloys, 455 

— — Lamda-Lancia, Girder Side Frames, 575* 

—— 20 h.p. and 40 h.p. Lanchester, 606* 

—-—10 h.p. Lea-Francis, 610* 

— — Light Three-Wheeled, the D’Yrsan, 653 

— — Lighting Equipment, 260 

—-— Manufacture, Iron and Steel Castings, 
Standard Specifications, 176 

—— 20 h.p. Rolls-Royce, 575* 

— — 14-40 h.p. Sunbeam, 609* 

—— Traflic, Road Illumination, 260. 

—-— Turkish Market, 681 

— — Tyres, Standard Valves and Rims, 261 

— — Use of Low-Pressure Tyres, 805 

—— 11-22 h.p. Wolseley, 574* 

—-— Works, Proposed, at Dagenham, Ford 
Motor Co., 91 

—-See also Motor Cycles and PARAGRAPH 
INDEX 

— Carriages, Railway. See Carriages 

— Conyerter Substation, Automatic, Peebles- 
Reyrolle System, 323* 

— Cycle British Export Trade, 652 

— — Fire Extinguisher, 653 

—-— Frame, Francis & Barnett Triangulated, 
653* 

—— 2} h.p. Humber, 653* 

—-— Show, Olympia, 652* 

—— 350 c.c. Rover, 652* 

— — Standard Rims for Tyres, 261 

—— Trend of Design, 652 

—— Engines. See Engines, Petrol, Motor-Cycle 

— Electric, Alternating Current, Ironclad 
Starting Panel (Brookhirst), 580* 

—— Alternating Current, Recent Develop- 
ments, 79 

—— Austin Constant-Current System, Ships’ 
Winches, 734* 

—-— Breakdowns, Report, 418 

——and Centrifugal Pumps, Remote Control, 

671 


See 458 


— — Direct-Current, Automatie Starter and 
Regulator (Brookhirst), 580* 

—-— Fractional Horse-Power (Wilson-Wolf 
Engineering Co., Ltd.), 700 

Induction, Auto-Transformer Starter 
(Erskine, Heap & Co., Ltd.), 107* 

— — Induction, and Turbine Pump, 625* 

—— Principles and Control (Review), 556 

ears Road Traction, Characteristics, 688*, 

90 

—-— Starting and Control Gear, Automatic 

Sub-Station Equipment, 13* i 
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Motor Electric, Starting and Control Gear, Col- 
liery Work, (G, Ellison), 51*; (Mavor & 
Coulson, Ltd.), 224* 

—-— Starting and Control 
Engine, 852*. See 789* 


Gear, Winding 


—-— Starting and Control Panels, Machine 


Tools, 447 


—-— 2,600 h.p. Synchronous, Newfoundland | 


Water Power Plant, 127* 

— -— Synchronous, Use as Condensers, 109 

—— Undercutter for Commutator Insula- 
tion, 621* 

— — Welding Machine for Windings, 764* 

— Fire Engines. See Fire Engines 

— Fuels Committee, Empire, Report, 616 

— Hydraulic, Swash-Plate Type, Armstrong 
Variable-Speed Gear, 187* 

— Internal-Combustion. See 
Engines; Motor Cars; 
Tractors 

— Launches. See Motor Boats 


Aeronautics ; 
Motor Bouts ; 


— Life Boats, British and Foreign, 16. See 
Erratum, 207 

— Lorries. See Motor Wagons 

— Manufacturers and Traders, Society of, 
Dinner, 587 

— Marine. See Engines ; Marine Propulsion ; 
Motor Ships 

— Omnibuses and London Traffic Problem, 522. 
See 640, 647 

—— Petrol, Comparisons with Electric 


Vehicles, 719. See 688* 

— — Schemes in Parliament, 777 

— Paraffin. See Engines, Owl 

— Petrol. See Aeronautics ; Engines, Petrol ; 
Motor Boats ; Motor Cars; Tractors 

— Rail Car, Petrol, Four-Wheel Drive, 817* 

— Road Rollers. See Road Rollers 

—Ship ‘“Cubore,” Trials and Working 
Results, 714 

—-— Development and Present 
52, 99, 119, 120, 148 

— — Diesel Engines, Two-Stroke and Four- 
Stroke Cycles, 120 

— — Dutch, Propelling Machinery, 119 

_ ip rt hea Donaldson Line, Launch, 

— — “ Nabha,” 
Service, 421* 

—— “ Silurian,” Trials, 643 

—— “ Seekonk,’’ Conversion from Steam, 714 

—-— “Sycamore,” Trials of Diesel Engines, 
730, 750*, 784*, 798 

— — “Swanley,” Maiden Voyage, 229 

— — Swedish Developments, 148. See 120. 

—— See also Marine Propulsion 

= i <M panels Diesel-Hydraulic Drive, 92*, 


— Spirit. See Motor Fuel 

— Tanker “ British Aviator,” Trials, 236, 369 

— Tractors. See Tractors 

— Transport Development, 85 

— — Early History, 681 

— -— Maintenance of Commercial 
712 

—-— and Road Construction, 24 

— — Road, Treatise on (Review), 809 

— Tugs, Comparison with Steam, 517 

— — Diesel-Electric System, New York, 714 

Egyptian Government, 517* 

— Vehicles, Commercial, Design from Main- 
tenance Standpoint, 712 

—w— Development of, Influence of Road 
Conditions, 87, 874* 

— — Electric Battery Passenger Cars, British 

Empire Exhibition, 198 

—— Electric Battery, Petrol-Electric, 
Railless Trolley Types, 688*, 719 

— — Petrol and Electric Battery, Cost Com- 
parisons, 720 

— — Traffic on Roads, Census of, 837 

— Wagon, Ford, with Fire Pump, 386* 

—— Light, War Office Subsidy, 94, 136 

— ie Petrol (Karrier Motor Co., Ltd.), 
37 

—— Steam, Early Use in India, 681 

——Tipping Frame, Refuse Collection, 
Pagefield System, 655* 

Mott, B., on Metropolitan Engineering, 640. 
See 647, 676 

Moulds, Foundry, Drying 
Coke Firing, 460 

— Metal, for Iron Castings, 377 

Moullin Torsionmeter, Marine Diesel-Engine 
Trials, 731. See 785 

Mount Everest Expedition, Oxygen Cylinder, 
187*. See Hrraia, 423 ; Ladder Bridge, 304* 

— Wilson Observatory, Measurements of 
Velocity of Light, 738 

Mountain Railway, Penang Hills, 664*, 726*, 
789*, 852* 

“* Moveria,’’ M.S., Donaldson Line, Launch, 548 

Moylan, W. M., the Late, 327 

Mule, Cotton-Spinning, 91* 

Multitubular Boilers. See Boilers 

Municipal Affairs, Engineers’ Part in, 375 

—and County Engineers, Institution of, 
Annual Meeting, 24 

— Engineers, Duties of, 24 ‘ 

— Tramways. See Tramways 

_ wee Refuse Collection, Pagefield System, 

oO 

Munitions Supply, Engineers and Industrial 
Organisation, 201 

Mushet Tool Steel, 447 


Position, 


Shallow-Draught, Hospital 


Vehicles, 


and 


Stoves, Gas and 


iN: 


“NABHA,”  Shallow-Draught 
Hospital Service, 421* 
Nagel, Dr. A., on Diesel Engines, 110*. See 83 
Nailing Machine, Box Manufacture, 544* 
Nash, + on Fuel-Oil Resources 

Somerset Oil Shales, 777 

Nash Point, Wireless Beacon Station, 582 

Nasmith Combing Machine for Cotton, 90* 

National Acme Co., Automatic Machine, 442* 

National Gas Engine Co., Ltd., Oil Engines, 
Leicester Agricultural Show, 21* 

— Life-Boat Institution, Centenary, 16. See 
Erratum, 207 


Motor-Ship, 


and 


National Physical Laboratory, Report on Work, 
5, 100*, 334; Metrology Section, British 
Empire Exhibition, 129*; Metrology 
Section, Tests on Volumetric Glassware, 
378; Physics Section, British Empire 
Exhibition, 278"; Froude Tank, Report 


on Work, 334 ; Refrigerat on Research, 742* « 


Natural Gas, Measurement, Compression and 
Transmission (Review), 620 

— — Supply, Edmonton, Canada, 539 

— History of Crystals (Review), 631 

— Steam, Power Production from, 78 

Naval Aeronautics. See Aeronautics 


Naval Architects, Institution of : 


Marine Oil Engine Trials Committee, First 
Report, 750*, 784*. See 730, 798 
Joint Summer Meeting with Institution of 
Fingineers and Shipbuilders in Scotland 
and North-East Coast Institution of 
Engineers and Shipbuilders : 
Banquet, Social Functions, &c., 25, 26 
Progress in Marine Propulsion during the 
last Ten Years and Some of its Possi- 
bilities, by Sir A. C. Ross, 25 
New Type of Double-Acting Diesel Engine 
for Marine Purposes, by G. J. Lugt 
and H. Hunter, 26* 
Displacement-Draught Formule, by 
W. H. Riddlesworth, 26 


Naval Architects and Marine Engineers, 
American Society of : 


Aeronautics in Naval Architecture, by 
Commander J. ©. Hunsaker, 722. 
See 713 

Hydraulic Sea-going Hopper Dredgers, by 
Capt. W. D. Styer, 713 

Self-Unloading Bulk-Cargo Vessels of the 
Great Lakes, by H. Penton and Prof, 
H. C. Sadler, 723*. See Erratwm, 863 

Comparison of Model-Propeller Experi- 
ments in Three Nations, by Rear- 
Admiral D. W. Taylor, 713 

Extent of Cavitation in U.S. Scouts and 
Destroyers, by Capt. E. F. Eggert, 
717*. See LETTER, 769 

Design and Construction of Refrigerator 
Ships, by L. Williams, 713 

Application of Fuel Conservation and 
Engineering Performance Standards 
to Shipping Board Vessels, by C. J. 
Jefferson, 714 

Scrapping Warships, 
H. E. Rossell, 714 

Trials and Operation of the M.S. ‘‘ Cu- 
bore,” by A. B. Homer, 714 

Conversion of the Hog Island Steamer 
“Seekonk” to a Motor Ship, by 
J. ©. Shaw, 714 

New York Harbour Tug, Diesel-Flectric 
Drive, by F. L. Du Bosque, 714 

Bawah architecture, Aeronautics in, 722. See 
‘ 


by Commander 


— — See also Warships 

— Armaments, Washington Treaty and Gun 
Power of United States Battleships, 331 

— Construction Programme, Soviet, 651 

— — See also Warships 

— Exhibits, British Empire Exhibition, 185*, 


a? 458*. See LETTER, 486. See Hrrata, 
4 
— Guns. See Guns 


— aad upping Annual, Brassey’s (Review), 
80 


—Wartare. See Warships 

— See also Warships 

Navigation, Aerial. See Aeronautics 

— Inland, River Seine Regulation Works, 682* 

— — River St. Lawrence, Development, 239*, 
271*. See 267 

—-—and Water-Power Development, 43 

— Wireless Telegraphy in. Sec Telegraphy, 
Wireless 

Navy, British. See H.1/. under Warships 

— French, Committee on Marine Engineering, 
524 

—  — Estimated Expenditure, 780 

— — New Construction, 453, 572, 582, 871 

—-—Recruitment of Officers from Ecole 
Polytechnique, 554 

— — Reorganisation of High Command, 839 

— — Scientific Research, 854 

— — Submarines for Convoy Duty, 587 

—German. See German under Warships 

— Italian, Autumn Manceuvres, 806 

— — New Destroyers, 582 

— United States. See inited States under 
Warships 

— See also Naval ; Warships ; and PARAGRAPH 
INDEX 

Navvy, Steam. See Hacavating Machine 

Nebulz, Spectra of, 410 

Needham, E. §S., on Irish Bascule Bridge, 

Nelson Dobby, Cotton Weaving, 249* 

Nelson, R., on Electricity in Coal Mines. 

Netherlands. See Dutch; Helland 

Neuhaus, Dr. F., on Standardisation in 
many, 149. See 120 

New Fortuna Machine Co., Ltd., Tube-Bending 
Machine, 445* 

— York-Azores Telegraph Cable, 461 

— — Harbour, Dredging Approaches, 713 

— — Harbour Tug, Diesel-Electric, 714 

— Zealand Exhibits, British Empire Exhibi- 
tion, 287* 

— — Power Resources, 19, 31 

Newcastle-on-Tyne Electric Supply Company, 
North Tees Power Station, 57* 

Newfoundland Hydro-Electric Power Plant, 
Paper Manufacture, 125* 

Newlay Wheel Company, Ltd., 
Wheels, 438 

Niagara Falls, Queenston-Chippawa Power 
Development, 220*, 255*. See 267 

Nickel, Electro-Deposited, Hardness of, 599 

— Electrolytic Processes, 448 

—TIron Accumulators, Road Traction, 719 

—and Nickel Alloys, Properties and Uses, 
United States, 376 

— — Alloys, Tensile Strength, Temperature 
and Cold Work, Relationship, 408 

— Steel Blading, English Blectric Co.’s Turbo- 
Generator, 762* 


758* 
243 


Ger- 


Railway 


Nickel Steel, Influence of Mass on Heat Treat- 
ment, 5 

— Working for Coinage, 378 

Nigerian Products, Ltd., Palm-Oil Extracting 

Plant, 513* 

Tourist Steamers, Converted Hospital 

Ships, 463* e 

Nitrogen, Activation, Gascous Explosions, 448 

— Atmospheric, Fixation, Report, 116 

— Products, Synthetic Manufacture, Franco- 
German Agreement, 263. See 372 

Noguchi, K., on a New Harmonic Analyser, 
876*. See 651 

Non-Conducting Coverings. See Heat Insulation 

Non-Ferrous Metals. See Metals ; Metallurgy 

Nordberg, Dr. B. V., the Late, 706 

Nordstrém, V., on Steam Turbines for Extra 
High Pressures, 178. See 45 

Norris, Henty & Gardners, Ltd., Gardner Oil 
Engine, 595* 

North-British Locomotive Co., Ltd., Geared- 
Turbine Locomotive, 479* 

—East Coast Institution of Engineers and 
Shipbuilders, Joint Summer Meeting with 
Institution of Naval Architects. See 
Naval Architects ; Presidential Address by 
T. Westgarth, on the Industrial Machine, 
585; Oil Fuel for Marine Internal-Com- 
bustion Engines, by 8. B. Freeman, 836 

— Eastern Werkspoor Double-Acting Diesel 
Engine, 26* 

— Notes from, 15, 53, 95, 138, 167, 199, 229, 
261, 291, 329, 373, 415, 453, 487, 518, 549, 
583, 613, 645, 677, 707, 739, 771, 803 833, 
863. See PARAGRAH INDEX 

— Tees Power Station, Thermodynamic Design, 
57* 

Norton & Gregory Scholarships, 685 

Norway, Domestic Uses of Electric Power, 84 

— Electric Power Supply, Bergen and Krist- 
iania, 85 

— Export of Electrical Power, 78, 114, 213 

— Power Development, Financing Loans, 36 

—— Resources, 32. See 19 

— Railway Electrification, 118 

Norwegian Railways, Petrol-Driven Repair 
Car, 817* 

— Water Power Plants, Ice Troubles, 73. 
45, 463 

Notched-Bar Tests. See Tests (Materials) 

Notes, Labour. See under Labour 

— on New Books. See Books and LITERATURE 
INDEX 

— See Cleveland ; North; South West ; South- 
Yorkshire; and PARAGRAPH INDEX 

Nozzles, Atomising, Air-Humidifying Appa- 


See 


ratus, 874* 

-~ Steam Turbine, Proportioning, 473* 

Nuts, Palm, Oil Extracting and Kernel Sepa- 
rating Plant, 513* 


O ° 
Obituary: 


Bamber, H. K. G., 462 
Barnard, H. C., 686 
Bastian, C. O., 654 
Beilby, Sir G., 202* 
Bertin, L. E., 744 
Boveri, Dr. W., 622 
Bridge, Admiral Sir C., 268 
Brown, Lieut.-Col. W., 653 
Clarke, Engineer-Commander, W. H., 622 
Crighton, R., 327 
Dunean, R., 800 
Dunlap, J. H., 229 
Fitzmaurice, Sir M., 710* 
Inglis, G., 133 
Gilkes, G., 268 
Glover, A. W., 518 
Gobey, F. E., 518 
Grantham, F. F., 486 
Gray, Sir W C., 654 
Hall, M. L., 832 
Herdman, Sir W. A., 141 
Hood, D. W., 650* 
Hughes, J., 15 
Lamme, B. G., 94 
Langdon-Davies, W., 862 
Lumsden, T., 229 
McGregor, T., 780 
McLean, W., 707 
Morrison, J. 8., 706 
Moylan, W. M., 327 
Nordberg, Dr. B. V., 706 
Platt, F. J., 839 
Pollok, R., 811 
Robertson, F., 653 
Rowe, G., 462 
Smithers, Sir A. W., 291 
Stuart, J., 706 
Tempest, Sir P., 649 
Terry, S. H., 832 
Thomson, C., 549. 
Obreen, J. E., Steel Tubular Construction, 674*. 
See 716 
O’Brien, Lieut.-Col. E., on Railway Electri- | 
fication, 456 | 
Observatory, Mount Wilson, Measurements of 
Velocity of Light, 738 . 
— Poulkovo, Solar Spectrograph, 87* 
Odontometer, Gear-Tooth Measurement, 822* 
O’Grady, 8. C., Automatic Intake Control, 432* 
Oil Consumption, Diesel Engines, Report, 715 
— Cracking, Recent Developments, 523 
— Engines. See Engines, Oil; Motor Cars ; 
Motor Boats ; Tractors 
— ia Suds Fire Engine for Extinguishing, 
BO* 
— Fuel, Canadian Resources, 38, 480. g See 
Lurrer, 102 
— — Bassler Meter for, 497* 
— — Burner, Gardner Oil Engine, 598* 
—— Burner, Wallsend-Howden Low 
Pressure, 347* 
—— Burning Apparatus, Wallsend-Howden 
System, 345* 
— — Consumption, Marine Oil Engines, Re- 
port, 730, 750*, 784*, 798 
— — Duplex and Rotary Pumps for, 856* 


‘Air 


— — Future Resources, 777. See 31, 119, 265, 
765, 836 


Oil Fuel Injection, Spring-Phinger 
Blackstone Oil Engine, 60*, 639* 

— — Jnstallation, Cochran Boiler, 501* 

— — Installation, Korting System, 
Steamer ‘‘ Edouard Suenson,’’ 197* 

— — Internal-Combustion Engines, Standard 
Specifications, 692 

Marine Diesel Engines and Boilers, 836 

—- — Pipe Lines, Design, 792, 823*, 853* 

— — Physical and Chemical Properties, Marine 
Diesel Engine Trials, 751, 784 

— — Supply, Marine Propulsion, 119, 265, 765 

— — Supplies, United States Navy, 765 

— — Use in Municipal Undertakings, 24 

Insulating, De Laval-Watson Testing 

Apparatus, 877* 

Groove Cutting Machine, 444* 

Lamp, Long-Burning, Railway Signals, 9 

— Motors. See Engines, Oil; Motor Bouts ; 
Motor Cars ; Tractors 

— Palm, Extracting and Kernel Separating 
Plant, 513* 

— Petroleum, United States Production and 
Consumption, 765 

— Pressure Governor, Hydraulic Turbines, 610* 

— Production, Swedish Oil Shales, 39 5 

— — British Empire, Needs and Resources, 31 

— Pump, Mechanical Lubricator for Loco- 
motives, 163* 

— — Turbine-Driven, Turbo Generator, 762* 

— Purification, Monarch Centrifugal Sepa- 
rator, 274* 

— Shale, Distilling Plant, Crozier System, 538* 

— — Somerset and Welsh, Properties and Uses, 


System 


Cable 


777 
— Switches. See Switchgear 
— Tractors. See Tractors J 
— Transformer, De Laval-Watson Testing 


Apparatus, 877* 

— — Filter Press for, 768* 

— See also Lubrication ; Petrolewm 

Oilfields of Argentina, 651 

Oldham & Son, Ltd., Stone Dusting Machine 
for Collieries, 808 

Olsen Fatigue Testing Machine, 813* 

Olympia. See Exhibition 

Omnibus, Motor. See Motor Omnibus 

Ontario, Queenston-Chippawa Hydro-Blectrice 
Development, 220*, 255*. See 267 

Open-Hearth Furnace. See Furnace 

Opening Bridges. See Bridges 

— Machines for Cotton, 12* 

Optical Apparatus, Calibration of Standard 
Metre, Japanese Government, 491* 

— Diffraction, Theory of, 548 

— Methods, Stress Determination, Discussion 
on, 284. See LETTERS, 462, 704, 769 

— Society : Problems in the Theory of Optical 
Diffraction, by E. T. Hanson, 548; An- 
nealing and Re-annealing of Glass, by 
W. M. Hampton, 548 

Optics, Fused Silica Lenses, 296 

— Interference Method, Testing Gauge Sur- 
faces, 129* 

— Vertical Mluminator for Microscopes, 30* 

— Work of National Physical Laboratory, 6 

“ Orama,”’ 8.8. Orient Liner, 543*, 601*, 643 

Ordnance. See Guns; Warships 

Ore, Copper, Outokumper Deposits, Finland, 501 

— Dressing, Principles and Practice (Review), 
619 

— Iron, Electric Smelting, Resistance of Coke 
and Charcoal, 637 

— Metalliferous, Formation of Deposits, 588 

Organic Chemistry. See Chemistry 

Orient Liner ‘“‘ Orama,”’ 543*, 601*, 643 

— — “ Oronsay,’’ Launch, 265 

Orifices, Measurement of Gas Flow, Balanced 
Manometer, 223* 

Ormandy, Dr. W. R., on Research, 551 

* Oronsay,’’ Orient Liner, Launch, 265 

Orsted Medal, Presentation to Prof. Bohr, 733 

Orwell Electric Vehicles, 689*. See 719 

Osborn, S., & Co., Ltd., Tool Steel, 447 

Oscillations, Electric. See Valves, Thermionie ; 
Telegraphy, Wireless ; Telephony, Wireless 

Osmunds, Early Iron Manufacture, 486* 

Outokumper Copper Deposits, Finland, 501 

Ovens, Coke. See Coke Ovens 

Overhead Cranes. See Cranes 

Overseas Trade Department, Report on 
German Iron and Steel Trade, 228 ; Report 
on Economic Conditions of France, 332 ; 
British Industries Fair, 524; Report 
on Egyptian Industries, 586; Reports 
on Economic Conditions, Turkey and 
Colombia, 680; Report on Trade of 
Dutch East Indies, 832 

Owen, Capt. B. J., Drying Crops, 554* 

Oxford Institute of Agricultural Engineering, 
Artificial Drying of Crops, 554* 

Oxy-Acetylene Blowpipe. See Blowpipe 

—— Welding. See Welding 

Oxygen Cylinder, Vibrac Steel, 187*. 
Errata, 423 

— Determination in Pure Iron, 366 

— Iron Alloys, Constitution of, 366 

— Jet Cutting Machine, Godfrey, 124* 

Ozalid Dry Photo-Printing. Process, 660 


See 


Py 


PADDLE Steamers, 
Wheelers, 463* 
Paddy Eliminating Machine, Rice Preparation, 


Conversion to Stern 


537* 

Pagefield System of Refuse Collection, 655* 

Palestine, Tacheometry in, Use of Horizontal 
Staff, 505* 

Palm-Oil Extraction Plant for Nigeria, 513* 

Palmers Shipbuilding and Iron Company, Ltd., 
Palmer-Camellaird-Fullagar Diesel En- 
gine, Piston Withdrawal, 145*; Trials of 
M.S. ‘ British Aviator,” 236, 369 

Panama Canal, Report on Working, 745 

—-— Ten Years’ Operation, 491 

Pape & Bennison, Commutator Insulation 
Undercutter, 621 ) 

Paper Making Industry, Canada, 138, 302, 539 

— Manufacture, Newfoundland, Hydro-Elec- 
tric Power Plant, 125* 

— — United States, Application of Power, 85 
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Paper Manufacture, Use of Rubber Latex, 776 

— Supply, United States, 692 

Paraffin Engines. See Engines, Oil 

— Tractors. See Tractors 

Paragon Air Pump, 217 

Paris Floods, Seine Regulation Works, 682* 

Parker Low-Temperature Carbonisation Plant, 
Trials, 588* 

Parkinson, J., & Son, Milling Machines and 
Dividing Head, 355*; Sunderland Gear 
Planer, 363* ; Gear Testing Machine, 696* 

Parliament, Engineering Schemes in, 776 

Parsons Line, Coal Consumption, St. Pancras 
Power Station, 642* 

Parsons, C. A., & Co., Ltd., Clink Detector, 
Steel Forgings, 658* 

Parsons, Sir C. A., on Steam Turbines, 63*, 


469. See 45; Barth Boring Scheme, 548 
— Turbines. See Turbines, Steam; Marine 
Propulsion 


Passenger Cars, Accumulator, British Empire 
Exhibition, 198 

Steamers. See Steamers 

Patent Applications, Examiners’ Searches, 462 

— Laws, Soviet Government, 554 

— Novelty and Pricr Publication, 264 

— Record, 34*, 152*, 184*, 246*, 307", 395*, 
471*, 504*, 567*, 661*, 693*, 755*, 788*, 
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Pearn, F., & Co., Ltd., Three-Throw Pump, 159* 
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Towns, 735 
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tric Development, 223* 

Penton, H., on Self-Unloading Cargo Vessels, 
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Permanent Magnets. See Magnets 
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726* 

Pervac Extraction Pump, 217* 

Petrol Carburettors. See Carburettors 

— Electric Vehicles, Characteristics and Uses, 
688*, 719 

— Fires. Suds Fire Engine for Extinguishing, 
530* 

— Manufacture, Cracking Processes, 523 

— Measuring Pump, Canadian, 141* 

— Motors. See Aeronautics ; Engines, Petrol ; 
Motor Cars; Motor Boats; Tractors 

— Tractors. See Tractors 

Petroleum Cracking Processes, 52¢ 

— Fields of Argentina, 651 

— Pipe Lines for, Design, 792, 823*, 853* 

— Production, British Empire, Needs and 
Resources, 31 

— Technologists, Institution of, Dr. A. HE. 
Dunstan and R. Pilkethley on Develop- 
ments in Oil Cracking, 523; Oilfields of 
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Resources of the Future, by H.G. Shatwell 
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— Vocabulary of, 175 
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Pitting. See Corrosion 
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—— Prices. See Metal-Price Diayrams 
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Pollution, Atmospheric, Automatic Measure- 
ment, 410 

— —- Report on Alkali Works, 128 
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St. Lawrence, 239*. See 267, 271 

— — Hydro-Electric, Design of Turbines, 63 

— — Hydro - Electric, Electrically - Heated 
Screens, Ice Prevention, 74 

— — Hydro-Electric, in France, 42 

— — Hydro-Electric, Ice Troubles, 45, 73, 
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sor ydro-Electric, Turbine Draught Tubes, 
153* 
—— Steam, Auxiliary, Water-Power Plants, 
42, 503 
— State versus Private Management, 209 
— Steam, Swedish Practice, 503 
— Use of Steam Accumulators, 68* 
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—— Catchment Areas, Run-off, Storage and 
Allocation, 42 

—w— Ceylon, Aberdeen-Laxapana Scheme, 
473* 


Trans- 


— — Civil Engineering, 44 

— -— Control of Energy, 45 

—  — Dam Construction in Italy, 44 

— — Design of Turbines, 63 : 
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Rotor Ship, 710, 770. See LETTER 831* 
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Resistance 
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(G. & J. Weir, Ltd.), 217 

— — See also Air Compressors 

— Centrifugal, Boiler-Feed, Geared-Turbine 
aire (British Electric Plant Co., Ltd.), 
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—— S$ix-Stage, Electrically-Driven (British 
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— — Steam-Driven, Salvage Work, 531 

— — (Tangyes, Ltd.), 5 
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— Measuring, for Petrol, Canadian, 141* 
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— Modern Theory and Practice (Review), 557 
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IN DE X.—GENERAL INDEx. 
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Pye, D. R., on Fuels for Internal-Combustion 
Engines, 616 
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QUANTUM Theory and Scattering of X-Rays, 
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Queenston-Chippawa Hydro-Electric Develop- 
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Radiation, Critical Potentials in, 322 
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— Secondary and Tertiary, X-Rays, 323 
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—— Prices. See Metal-Price Diagrams 
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Railodok Electric Passenger Cars, British 
Empire Exhibition, 198 

Railroad, Chesapeake and Ohio, Mallet Simple 
Locomotive, 795*, 860* 

— See also Railways 

Railway Accidents. See Accidents 

— Buenos Ayres Great Southern, Locomotive, 


280* 
— Bengal-Nagpur, Hopper Coal Wagon, 279* 
— Bridge. See Bridge 


— British, Labour Statistics, 524 

— — Report on Accidents, 484 

— Canadian, British Empire Exhibition, 141*. 
See 266, 540 

— Carriage. See Carriage 

— City and South London, Tunnel Enlarge- 
ment, 640; Reopening, 775 

— Companies, Blectric Power Supply by, 185 

— Competition with Coastal Shipping, 774 

— Coupling, Automatic, Willison Central- 
Buffer Type, 478 

— Egyptian State, Royal Saloon Coach, 475* 

— Electric, Recording Instruments for Dyna- 
mometer Cars, 208* 

— Electrification, Austria, 117 

— — British Main Lines, 118, 456 

—— Dutch East Indies, 118 

— — Financial Aspects, 117 

— — Germany, 118 

— -— Hungary, Three-Phase Variable-Voltage 
System, 118 

— — Norway and Sweden, 118 

— Federated Malay States, Penang Hills 
Railway, 664*, 726*, 789*, 852* 

— French African Colonies, Need for Develop- 
ment, 674 

— Funicular, Penang Hills, 664*, 726*, 789*, 
852* 

— Hendon-Hdgware Extension, Automatic 
Substation, 227* ; Opening, 260 

— Indian, British Empire Exhibition, 508 


— Japanese, Train-Ferry Steamer ‘‘ Shoho 
Maru,” 735* : 

— Jersey, Steam Motor Coach, 6*. See 
Errata, 133 

— Locomotive. See Locomotive 


— London Midland «& Scottish, Third-Class 
Vestibule Carriage, 160*; Transport of 
Turbo-Alternator Stator, 370; Transport 
of Large Cupolas, 592* 

— London & North Eastern, Electrically 
Equipped Kitchen Car, 480; Double 

Bolster Carriage Bogie, 280* 

Material, British Empire Exhibition, 6*, 

160*, 279*, 475 


| —— Turkish Market, 680 


— Metropolitan, Control Trailer Car, 9* 

— Motor Carriage. See Carriage 

— Norwegian, Petrol-Driven Repair Car, 817* 

— Points and Crossings, Planing Machine, 688* 

— Rolling Stock. See Carriages; Locomo- 
tives ; Wagons 

— Schemes in Parliament, 776 

— Signalling See Signalling 

— South African, Development, 450; Refrige- 
rator Cars, Fruit Transport, 743* 

— Street. See Tramways 

— Transport in Canada, 266, 540. See 141* 

— — Large Cupolas, 592* 

— — Turbo-Alternator Stator, 370 

— Tube. See Underground 

— Underground. See Underground 

— Wagons. See Wagons 

— Wheel, Rubber-Supported Steel Tyre, 9* 

— — Tyres and Axles, British Empire Exhibi- 
tion, 99, 438, 439 

— Work, Rubber Applications in, 9* 

— See also Railroads and PARAGRAPH INDEX 
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Rainham Creek, Sewage Disposal Works, 518 

Ramsay Chemical Engineering Laboratory, 
University College, 682 

Ransomes, Sims & Jefferies, Ltd., Cultivating 
Machine for Grass, 807 

Rapidor Hack-Sawing Machine, 319*; 
Saw-Blade Sharpening Machine, 405* 

Rare Elements, Chemistry of (Review), 336 

Rays, Electric. See Gamma Rays ; Réntgen Rays 

Reactions, Chemical. See Chemistry 

Read, Sir A., on Coastal Shipping, 774 

Reaping and Threshing Machine, Combined, 
the Sunshine, 383 

Recorder, Water, Vee Notch, Lea Closed-in 
Type, 598* 

Recording Dynamometer. See Dynamometer 

— Instruments, Cambridge, British Association 
Meeting, 287 

me sa Railway Dynamometer Cars, 
208* 

— — Planimeter for Averaging Charts, 207* 

— Power-Factor Meter, 207* 

Records Bureau, Co-ordination of Industrial 
Research, 586 

Rectifier, Alternating Current, the Transverter, 

4, 

— Mercury-Vapour, Automatic and 
Automatic Substations, 782*, 845* 

Rectifying Valves, High-Tension Currents, 492* 

Redman, C., & Sons, Ltd., General Purpose 
Lathe, 310* ; Planing Machines, 687* 

Reduction Gears. See Gears; Marine Propul- 
sion ; Motor-Car Details 

Rees, Lf B., on Transportation in South Africa, 
45 


Semi- 


Rees, W. J., on the Effect of Exposure on 
Fireclay, 481: on Alumina-Silica Materials 
in Firebricks, 481; on the Storage of 
Silica Refractories, 481 ; on the Determin- 
ation of Specific Gravity of Firebricks, 482 ; 
on the Specific Gravity and After Expan- 
sion of Lime-Bonded Silica Bricks, 482 

Rees-Roturbo Pump, Motor Fire Engines, 156, 
386 

Refractive Index and Crystal 
Relationship, 368 

Refractory Materials, Gas Works, 23 

— — Firebrick, Determination of Specific 
Gravity, 482 

— — Firebricks, Alumina-Silica Materials, 481 

— — Fireclay, Effect of Exposure, 481 

— — Fireclay, Effect of Sillimanite, 461 

— — Section, Ceramic Society. See Ceramic 

—- — Silica Bricks, 708 

— — Silica Bricks, Specific Gravity and After 
Expansion, 482 

— — Silica, Storage of, 481 

—— See also Firebricks ; Fireclays 

Refrigerating Machinery, Brewers’ Exhibition, 
649 


— — British Empire Exhibition, 559*, 594* 

— — New Zealand Pavilion, British Hmpire 
Exhibition, 290*. See 561* 

— — Smithfield Show, 807 

— Plants, Ammonia and Carbon Dioxide, 
Marine Service, 562*, 594* 

_—— Jremculs Compressors, High Speed, 561*, 
5 

—-— Ammonia, Small Capacity, for Butchers, 
&¢e., 561* 

— “sy Seen British Empire Exhibition, 

38% 


Structure, 


— — Carbon-Dioxide Compressor, High-Speed, 
559* 

—— Carbon Dioxide, with Liquid Precooler, 
559* 

— — South African, 173* 

Refrigeration, Cold Stores, Conductivity Tests 
of Insulating Materials, 742* 

— Fruit Transport, Rail and Sea, 743* 


— Heat-Insulating Materials, Research on 
Spongy Rubber, 682 

— Research, Recent Developments, 742* 

— See also Cold Storage 

Refrigerator Cars, Fruit Transport, South 


African Railways, 743* 

— Ships, Design and Construction, 713 

Refuse Collection, Pagefield System, 655* 

Regenerative Feed Heating. See Feed Water 

— Furnace. See Furnace 

— System, Gas Manufacture, 23 

Regulations, Accident Prevention, Shipbuilding 
Work, 333 

— Electrical Equipment of Buildings, 202 

— Electric Power Supply, 37 

— Home Office, Lead Poisoning, Accumulator 
Factories, 753 

— Life Saving Appliances, Shipping, 587 

— Whitworth Scholarships, 233 

Regulators, Induction (Switchgear & Cowans, 
Ltd.), 181* 

Reheating Furnace. See Furnace 

— Steam. See Turbines, Steam 

Reid-MacLeod Geared Turbine Locomotive, 
479* 


Rein-Drive Agricultural Tractor, 20, 59* 
Reinforced Concrete. See Ferro-Concrete 
Relativity, Einstein’s Theory, 535 
— in Wages, 489 
Relay System, Automatic Telephone Exchanges, 
Chatham Dockyard and Hospital, 373 
Relig van Lathe. See Lathe under Machine 
‘ools 
Remote Control, Pumping Station, Chester 
Waterworks, 671* 
Remuneration of Labour. See Labour 
Rendel, Palmer & Tritton, Stress Measure- 
ments, Westminster Bridge, 296 
Renee. H., Ltd., Hollow-Stud Driving Chain, 
60* 


Rensselaer Polytechnic Institute, Centenary,618 

Repair Car, Railway, Petrol, Four-Wheel 
Drive, 817* 

— Work, Commercial Motor Vehicles, 712 

— — French Cast-Iron Arch Bridge, 557 

— — $hips, Prevention of Accidents, 333 

— — Turbines of §.8. ‘‘ Mauretania,” 424* 

Reparations, German, Dawes Plan, and British 
Engineering Industry, 695, 725, 757 

Repeated-Bending Tests, Wires and Wire 
Ropes, 856*, 867 

— Stresses. See Alternating Stress 
Tests (Materials) 

Report, Accidents on British Railways, 484 

— — Prevention, Shipbuilding Work, 333 


under 


Report, Alkali Works, 1923, 127 

— Civil Aviation, 231 

— Coal and Power, 293 

— Complex-Stress Committee, British Associa- 
tion, 286. See 506 

— Corrosion Research, Institute of Metals, 378 

— Deterioration of Structures in Sea Water, 
774 

— Diesel Engines, Working Costs, 715 

_ Hoon Conditions, Turkey and Colombia, 


— Egyptian Economic and Financial Situa- 
tion, 586 

— Empire Motor-Fuels Committee, 616 

— Food-Investigation Board, Heat-Insulating 
Materials, 682 

— French Coast-Defence Measures, 170 

— French Economie Conditions, 332 

— Fuel Research Board, Parker Carbonisation 
Plant, 588* 

— Home Office, Factory and Workshop Acci- 
dents, 773 

— Indian Institute of Science, 674 

— Lloyd’s Register of Shipping, 656 : 

— Machinery Failures, 417. See L®TTERs, 
486, 548 

— Marine Oil Engine Trials Committee, 730, 
750*, 784*, 798 

— National Physical Laboratory, Work of, 5, 
100*. See 334 

— Panama Canal, 49], 745 

— Port of London, 554 

— Power Generation, Electricity Commission- 
ers, 377 

— Properties of Manganese Steel, 411 

— Railway Employees, Ministry of Transport, 
524 

— Research Work, Marine Piling, United 
States (Review), 589 

— Safety Precautions, Power Presses, 18 

— Scientific and Industrial Research, 522, 586 

— Sydney Harbour Bridge Designs, 129*, 
169. See LETTER, 198* 

— Trade of Dutch East Indies, 832 

— Trade of Lithuania, 268 

— Wire Ropes Research, 856*, 867 

— Wireless Direction Finding, 866 

— Work of Froude National Tank, 334 

— See also Board of Trade 

“ Repulse,”’ H.M.S., Model, British Empire 
Exhibition, 189 

Research, Architectural Acoustics, +11 

— Association, Cast Iron, British, 707 

— Board, Fuel, Work of, 523; Coal Survey 
and Low-Temperature Carbonisation, 232. 
See 19, 31, 552 ; Carbonisation of Seaweed, 
233: Investigation of Arley Coal Seam, 
552; Trials of Parker Low-Temperature 
Carbonisation Plant, 588* 

— — Industrial Fatigue, Statistical Investiga- 
tion of Factory Accidents, 709. See 701, 
746, 810 

— — Radio, Report on Direction Finding, 866 

— Committee, Aeronautical, Work of Fatigue 
Panel, 245. See 284 

— — Ferrous Alloys, Work of, 366 

— Corrosion, Institute of Metals, Report, 378 

— Department, Woolwich, Mercury-Vapour 
Pump, 267*; “Extrusion of Brass Rod 
by Inverted Process, 387*. See 379, 415 ; 
Effect of Cold Rolling on Hardness of 
Copper, 386*. See 408; Report on Man- 
ganese Steel, 411. 

— Food Investigation Board, Heat-Insulating 
Materials, 682. 

— Indian Institute of Science, Report, 674 

— Industrial, British and Foreign, 115 

— — Fatigue, Application of Results, 202 

— Laboratory, Birmingham Gas Department, 
Industrial Kinematography, 295* 

— — Henley’s Cable Works, 736* 

— Low-Temperature, Toronto University, 367 

— Non-Ferrous Metals, 335 

— Refrigeration, Recent Developments, 742* 

— Scientific, French Navy, 854 

—— and Industrial, Department of, Investi- 
gation of Severn Power Scheme, 294 

—-— and Industrial, Character and Value, 551 

—-— and Industrial, Co-ordination, Records 
Bureau, 586 

— — and Industrial, Report on, 522, 586 

— Wire Ropes, Report, 856*, 867 

— Work, Electric Cables, 81. See 736* 

— — Marine Piling, United States (Review), 
589 

—-— Rubber Plantations, 848 

—— in Water Power, 45 

— See also National Physical Laboratory 

Reservoir, Cray, Swansea Water Works, Jet 
Dispersers for Water Discharge, 247* 

— Waldeck, Temperature Fluctuations 
Dam, 425 

Resistance, Electric. See Electric 

— of Ships. See Ship Resistance 

— Welding. See Welding 

Respirators, Puretha, Noxious Gases, 149* 

Restaurant Cars, Electrically-Equipped Kitchen 
Car, L. & N. E. Railway, 480* 

Retaining Walls for Reclaimed Land, 488. See 
Erratum, 486 

Retorts, Vertical, Gas Manufacture, with Waste- 
Heat Boilers, 23 

Reversing Clutch, Wiberg, Geared Turbines, 
120, 144* 

Reviews. See LITERATURE INDEX 

Reyrolle, A., & Co., Ltd., Automatic Sub- 
station Equipment, 323* 

Rheolaveur Coal-Washing Plant, Britis Hm- 
pire Exhibition Colliery, 411* 

Rhodesia, Use of Electric Power, 85 

Ricardo, H., on Fuels for Internal-Combustion 
Engines, 616 A 

Rice Mill Machinery, British Empire Exhibi- 
tion, 537* 

Richards, G., & Co., Ltd., Facing, Boring, 
Milling, Drilling and Tapping Machine, 
Pearn-Richards, 314; Vertical Boring and 
Turning Mill, 397*; Side Planing Machine, 
770* 

Richardson, Tuer & Co., Ltd., Cotton Weaving 
Machinery, 248* 

Richardsons, Westgarth & Co., Ltd., Steam 
Turbine, Manchester Power Station, Tests, 
668 ; Diesel Engines, M.S. “ Syeamore,” 
Report on Trials, 730, 750*, 784*, 798 
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Ricks, Hay and Corn, Drying by Hot Air, 554* 

Rickwood, H. A., on Ferro-Concrete Cooling 
Towers, 776 

Riddlesworth, W. H., on a Displacement- 
Draught Formula, 26 

Ridsdale & Co., Standard Specimens, Steel 
Analysis, 439. 

Rigid Airships. See Airships under Aeronautics 

Rims, Pneumatic Tyres, Standard Specifica- 
tions, 261 

Ring Doubling Frame for Cotton, 91* 

— Piston, See Pision Rings 

— Valves, High-Speed Ammonia Compressors, 
561*, 594* 

River Bann, Ireland, Bascule Bridge, 758* 

— Danube, Water Leakage from, 580 

— Hospital Steamers, Conversion for Tourist 
Service, 463* 

— Mersey. Proposed Tunnel under, 461 

— Navigable, and Water-Power Develop- 
ment, 43 

— St. Lawrence, Development for Power and 
Navigation, 239*, 271*. See 267; Dredg- 
ing Work, 438. See Erratum, 486 

— Seine Regulation Works, 682* 

— Severn Tidal Power Scheme, Preliminary 
Enguiry, 294 

— Spanish, Flow of, 43 

— Tirso Hydro-Electric Scheme, Sardinia, 422* 

Rivet Heater, Electric (A.1. Electric Welding 
Appliances Co.), 828* 

Road Conditions, Influence on Motor Vehicle 
Development, 87, 874* 

— Construction, Schemes in Parliament, 777 

— — Modern Practice, 692 

— — and Motor Transport, 24 

— Engineering, Treatise on (Review), 524 

— Illumination and Motor-Car Traffic, 260. 


See 458 
— Improvements, Greater London, 571* 
— Locomotives. See Motor; Tractor 


— Reconstruction in Durham, 24 

— Roller, Motor, 12-ton Water Ballast (Bar- 
ford and Perkins, Ltd.), 59* 

—— Steam, Marshall’s, 60 

— Traffic, Census of, 837 

— — Congestion, London, Causes and Reme- 
dies, 651. See 522, 640, 647 

— Traction, Railless Electric. See Railless 

— Transport, Early History, 681 

— -— and London Traffic Problem, 522. See 
640, 647 

— — Maintenance of Commercial Vehicles, 712 

— — Mechanical, Development, 85 

— — Mechanical, Treatise on (Review), 809 

— — Turbo-Alternator Stator, 370, 552 

— Vehicles, Electric. See Motor Vehicles 

Roadless Tractor. See Tractor 

Robertson, F., the Late, 653 

Robertson, Sir R., on Chemistry and the State, 
448 

Robeson-Davidson Slime Pump, 174 

Robey & Co., Ltd., Electric Haulage Engine, 
Penang Hills Railway, 789*. See 852* 

Robins Belt Conveyor for Coke, 512* 

Robinson, T., & Sons, Ltd., Mortising and 
Tenoning Machines, 297* 

Rock Drill, Climax Percussion Type, 528* 

— —- (Delfos, Ltd.), 174* 

— Igneous, Formation of, 588 

Rockford Tool Company, Sundstrand Stub 
Lathe, 357* 

Rod, Brass, Extrusion, Inverted Process, 387*. 
See 379, 415 

Rogers, Dr. F., Microscopes for Metallography, 
5§14* 

Rogers, G., on Mereury-Vapour Substations, 
782*, 845* 

Roll-Grinding Attachment, Surface Grinding 
Machine, 404* 

Rolled Steel Plates and Sections, British Em- 
pire Exhibition, 439, 440 

— — Sections, Hack Sawing Machines for, 
320*, 445* 

Roller Bearings. See Bearings 

— Road. See Road Roller 

Rolling Mills, Cold, Design of Bearings, 569*, 
601*, 636*. See LnrrER, 769* 

— — Cold, Michel! Radial Bearings, 769* 

— — Sheet, Ilgner Electric Drive, 842* 

— Stock. See Carriages ; Locomotives ; Wagons 

Rolls-Royce, Ltd., 20-h.p. Motor Car, 575* 

Romford Sewage Disposal Works, Rainham 
Creek, 518 

Réntgen Rays, Analysis of Crystal Structure, 
349*, 368, 428 

— — National Physical Laboratory Work, 6 

— — Production by Photo-Electrons, 323 

— — Scattering of, 322 

— — Secondary and Tertiary Radiations, 323 

Roof Trusses, Use of Tubular Members, 674*. 
See 716 

Roofing Material, Fireproof Bitumen, Tests, 166 

Rooney, T. E., on Estimation of Oxygen in 
Tron, 366 

Ropes, Wire. See Wire Ropes 

Rose, Sir T. K., on Nickel for Coinage, 378 

Rosenhain, Dr. W., on Hardening of Steel, 
391* ; on Light Alloys, 455 

Ross, Sir A. C., on Marine Propulsion, 25 

Rossell, Commander H. E., on Scrapping War- 
ships, 714 

Rotary Converter, Automatic Starting and 
Control Gear, 13*, 227* 

— Engine. See Engine; Aeronautics 

— Pump. See Pump 

— Synchroniser, Switchboard, 107 

— Trap, Gwynne-Pennell, Centrifugal Sewage 
Pumps, 218* 

Rotating Discs, Conical Profile, Stresses in, 
418. See LETTER, 486 

Rotor, Hydraulic Turbines (Vickers, Ltd.), 100* 

— Shafts, Turbo-Generator, Failures of, 418 

— Ship, Flettner, Theory of, 710, 770. See 
LETTER, 831* 

Rotoscope, Investigation of Moving Machinery. 
236 


Roturbo Pump, Motor Fire Engines, 156, 386 

Rover Motor Cycle, 652* 

Rowe, F. W., on the Effect of Casting Tem- 
perature and Heat Treatment on Proper- 
ties of Bronze, 430*. See 409; on Influ- 
ence of Casting Temperature and Mass on 
Properties of Gun Metal, 486*. See 409 


Rowe, G., the Late, 462 

Royal Aeronautical Society. See Aeronautical 

— Agricultural Hall. See Exhibition 

— Agricultural Society. See Agricultural 

—— Danish Dockyard, Copenhagen, , Cable 
Steamer ‘‘ Edouard Suenson,’’ 196*, 269* 

— Meteorological Society. See Meteorological 

—— National Life-Boat Institution, Centenary, 
16. See Erratum, 207 

— Saloon, Egyptian State Railways, 475* 


— Society, Kelvin Centenary Celebrations, 
97. See 104 
——of Arts. See Arts 


Royalties, Mining, and Cost of Coal, 294 

Rubber Applications in Railway Work, 9* 

—Industry, Institution of, Prof. G. 5. 
Whitby on Acidity of Raw Rubber, 334 ; 
E. Anderson on Sulphur, 566; ©. W. H. 
Howson on Gutta Percha, 676; Dr. A. 
van Rossem on the Chemistry and Uses 
of Rubber Latex, 776; Major B. J. 
Eaton on Research Work on Rubber 
Plantations, 848 

— Latex, Industrial Applications, 776 

— Manufacture, Experimental Laboratory, 
Henley’s Cable Works, 738* 

— Plantations, Research Work on, 848 

— Raw, Acidity of, 334 

—Spongy, Heat-Insulating Material, Re- 
search, 682 

— Sulphur in ,566 

— Tyres, Road Vehicles, Early Use, 681 

Rudder Frame, H.M.S. “* Hood,’’ Steel Casting, 

Accident Prevention, Shipbuilding 
Work, 333 

— Electrical Equipment of Buildings, 202 

— Home Office, Lead Poisoning, Accumulator 
Factories, 753 

— Life-Saving Appliances, Merchant Ships, 587 

— Shipbuilding, British Corporation, 738 

— Testing Water Power Plants, 51, 145 

Rung, W., on Electric Power Transmission, 
Norway to Denmark, 114. See 78 

Russell, J., & Co., Exhibits at British Empire 
Exhibition, 439 

Russia, Fuel and Power Resources, 32, 82. See 
19 


— Poulkoyo Observatory, Solar Spectrograph, 
87* 

— Soviet Government Patent Laws, 554 

—  — Naval Construction Programme, 651 

Rusting. See Corrosion 

Ruston & Hornsby, Ltd., Electrically-Operated 
Excavating Machine, 299* 

Ruths, A., on Ice Troubles, Norwegian Water 
Power Plants, 73 

Ruths, Dr. J., on Steam Accumulators, 68* 

Ryder, T., & Son, Ltd., Automatic Machine for 
Chucking Work, 399* ; Swaging Machine, 
407* 


Ss. 


SADLER, Prof. H. C., on Self-Unloading 
Cargo Vessels, 723*. See Erratum, 863 

* Safaja,”’ Motor Tug for Egypt, 517* ; 

Safety Lamps, Caeg Electric, for Miners, 529 

— — Electric, Turbine-Driven Generator, 530* 

— of Life at Sea. See Life-Saving 

— Precautions, Power Presses, 18 

Saint. See St. 

Salmon River, Ferro-Concrete Arch Bridge 
Timber Centring for, 257* 

Saloon Coach, Royal, Egyptian State Railways, 
475* 

Salt, Effect on Concrete, 618 

Salts, Crystallisation from Solutions, 73 

Saltcake. Corrosion of Fireclay by 
Furnaces, 786 

Salvage Operations, Use of Submarine-Testing 
Dock for, 233*. See 373 

— German Fleet, Scapa Flow, 233*. See 373 

— Pump, Petrol-Driven, Drysdale, 218* 

— Work, Merryweather’s Pumps for, 531* 

Samsioe, A. ., on Ice Troubles, Swedish 
Water-Power Plants, 45, 463 

Sandpapering Machine (Wadkin & Co.), 23* 

Sandstorms, Sudanese Haboobs, 592 

Sanitation, Engineers and Public Health, 286 

— Refuse Collection, Pagefield System, 655* 

Sankey, Capt. H. R., on the Engine and 
Boiler Trials Committee, 55. See LETTERS, 
101; on Standards of Comparison, 
Efficiency of Steam Engines, 818*. See 
835, 866* 

Santa Chiara di Ula Dam, Sardinia, 632* 

Sardinia, Tirso Hydro-Hlectric Scheme, 632* 

Saurer Gear-Testing Machine, 821* 

Sawmills, Drying Towers for Wood Waste, 


Glas 


Saws. See Machine Tools 

Scapa Flow, Salvage of German Fleet, 233%. 
See 373 

Scholarships. See Hducation 

Scholes, Prof. G. E., on a Modified Tempera- 
ture-Entropy Diagram, 215* 

Schoop Process, Metal-Spraying, 409 

Science, Indian Institute, Report, 674 

— Medical, and the Prevention of Disease, 265 

— Teaching in Technical Schools, 865 

Scientific Instruments, British Empire Exhibi- 
tion, 129*, 278* 

—+- Management. See Works Management 

— Methods and Industrial Economics, 865 

— Research. See Research 

— Societies. See Institutions 

Scoble, Dr. W. A., Report on Wire Ropes 
Research Committee, 856*. See 867 

Scotland, Institution of Engineers and Ship- 
builders in. See Engineers 

Scott & Hodgson, Ltd., Heavy Rolling-Mill 
Drives, 842* : 

Scrap, Iron and Steel, Classification of, 806 

Screening Plant, Coal, British Empire Exhibi- 
tion Colliery, 340* 

Sereens, Electrically-Heated, Ice Prevention 
Water Power Plants, 74 

Screw-Cutting Lathe. See Lathe under Machine 
Tools 

— Propellers. 


See Propellers; Aeronautics 


Screw Thread Grinding Machine, 547* 

Screwing Machine. See Machine Tools 

Seutcher and Lap Machine for Cotton, 13* 

Sea Transport, Power for, 118 

— Water, Corrosion of Iron and Steel in, 775 

— — Corrosion of Condenser Tubes, 378 

— —- Deterioration and Preservation of Struc- 
tures in (Review), 589; Report on, 774 

Seam-Welding Machine (A.1. Electric Welding 
Appliances Co.), 827* 

Seaplanes. See Aeronautics 

Seasled Type Motor Boat, 460* 

Seaweed, Carbonisation of, 
Board, 233 

Sechi, G., on Submarine Design, 232 

Secondary Battery. See Acewmulator under 
Electric ; also Motor Vehicles 

— Schools and Education. See Education 

Sections, Structural Steel, Hack-Sawing 
Machines for, 320*, 445* 

* Seekonk,” 8.8., Conversion to Motor Ship, 714 

Seine, River, Regulation Works, 682* 

Seismographs, Milne-Shaw, Correlation of 
Records, 410 

Seismological Investigations, Report on, 410 

Selenium Colourless Glass, Effect of Arsenious 
Oxide, 786 

Selson Engineering Co., Ltd., Lathes, 310*, 
357* ; Shaping Machine, 359*; Forging 
and Upsetting Machine, 407* 

Semenza, Dr. G., on Continuity of Operation, 
Electric Systems, 112 

Semet-Solvay and Piette Coke Oven Co., Ltd., 
Coke Ovens, 510* 

Semi-Portable Engine. See Engine 

Sensitive Drill. See Drill under Machine Tools 

Sentinel Waggon Works, Ltd., Portable Steam 
Engine and Agricultural Tractor, 21*. 
See 807; Steam Railway Motor Coach, 6*. 
See Hrrata, 133; Roadless Tractor, 717* 

Separating Plant, Palm Kernels, 513* 

Separator, Centrifugal, for Oil, Monarch, 274* 

Settlements, Foundation, London Bridges, 
641. See 102, 647, 676, 807 

Severn Tidal Power Scheme, 
Enquiry, 294 

Sewage Disposal Works, Rainham Creek, for 
Romford, 518 

— — Works, Sheffield, 24 

— Pumps, Centrifugal, Gwynne-Pennell Rotary 
Trap, 218* 

— Purification, Bio-Aeration in, 241. See 286 

— Sludge, Horizontal Three-throw Pump, 211* 

— See also PARAGRAPH INDEX 

Shaft Coupling. See Coupling 

— Crank. See Crankshaft 

— Deep, Sir C. A. Parsons’ Suggested, 548 

— and Holes, Fitting of. See Gauging 

— Rotor, Turbo-Generators, Failures of, 4138 

Shaker Conveyors for Colliery Workings, 226* 

Shale Oil Distilling Plant, Crozier System, 538* 

—-— Somerset and Welsh, Properties and 
Uses, 777 

— Swedish, Oil Production Plant, 39 

Shallow - Draught Motor Ship ‘ Nabha,” 
Hospital Service, 421* 

— — Gunboats, Yarrow, 459. See LurTrer, 486 

—— Steamers, Propulsion, Yarrow Flap 
System, 459. See LETTHR, 486 

Shamva Gold Mine, South Africa, Method of 
Working, 204* 

eparrr T., & Co., Ltd., Planing-Machine Drive, 


Fuel-Research 


Preliminary 


Shaping Machine. See Machine Tools 


’ Shatwell, H. G., on Fuel Oil Resources and 


Somerset Oil Shales, 777 

Shaw, J. C., Conversion of Steamer to Motor 
Ship; 714 

Shear Stresses in Tapered Girders, 789* 

Sheet Piling, Dam, Gladstone Dock Construc- 
tion, 48* 

— Rolling Mills, Iigner Electric Drive, 842* 

Sheets, Galvanised Iron, Testing, 825* 

Sheffield, Cutlers’ Feast, J. H. Thomas on 
Class Warfare, 681. See LETTER 746 

— Sewage Disposal Works, 24 

Shells. See Projectiles 

Shelton Iron Works, Coke Oven Plant, 510* 

“* Shenandoah,”’ U.S. Airship, Operations, 489 

Sherardising Process, Inception and Develop- 
ment, 277* 

Ship Canal. See Canal ; Navigation, Inland 

a nee Construction, Lloyd’s Statistics, 52, 
516 

— Cost of Speed, 119 

= ter Influence of Aeronautics, 722. See 
(Ale 


— — Bow Construction for Collision, 618 

— — Co-operation between Shipowners and 
Shipbuilders, 119 

— Diesel-Engined. See Motor Ships ; Marine 
Propulsion 

— Displacement and Draught, Formula Con- 
necting, 26 

— Dutch, Propelling Machinery, 119 

— Electric Propulsion. See Marine Propulsion 

— Flettner Rotor, Theory of, 710, 770. See 
LETTER 831* 

— Hospital, Conversion for 
Service, 463* 

— Japanese, Load Line Regulations, 113 

— Laid-up Tonnage, 660 

— Merchant, Life-Saving Appliances, 
Regulations, 587 

— — Lloyd’s Register Book, 166 

— — Losses of, Lloyd’s Statistics, 166, 267, 
519, 820 

— — of the World, Tonnage Owned, 98 

— Model Experiments. See Ship Resistance 


Nile Tourist 


New 


— Motor. See Motor Ships; Marine Pro- 
pulsion 
— Propellers. See Propellers 


— Propulsion. See Marine Propulsion ; 
Engines ; Turbines ; Propellers 

— Refrigerator, Design and Construction, 713 

— — Fruit Transport, 743* 

— Resistance, Model Experiments, Work of 
Froude Tank, 334 

—-and Power for Propulsion, 119 

— Salvage of. See Salvage 

— Swedish, Propelling Machinery, 148. See 120 

— Winches, Electric, Austin Constant-Current 
System, 734* 


Ship. Seealso Marine ; Motor Ships ; Shipping ; 
Steamers; Warships and PARAGRAPH 
INDEX 

Shipbreaking Methods, U.S Warships. 714 

Shipbuilders and Engineers, North-Hast Coast 
Institution of. See North-East Coast 

—-— jin Scotland, Institution of. See En7i- 
neers 

— and Shipowners, Co-operation between, 119 

Shipbuilding, Bow Construction for Collision, 
618 


— Industry, Wages in, 265 

— Naval. See Warships 

— Report of Lloyd’s Register, 656 

— Rules and Tables, British Corporation, 738 

— Vessels under Construction, Lloyd’s Statis- 
tics, 52, 516 

— Work Prevention of Accidents, Report, 333 

— See also Steamers; Naval ; Warships ; and 
PARAGRAPH INDEX 

Shipowners, Co-operation with Shipbuilders, 

9 


1 

Shipping Annual, Brassey’s (Review). 809 

— Board, United States, Steamers, Fuel Con- 
servation and Performance Standards, 714 

— Coastal, Position and Prospects, 774 

— Committee, Imperial, Depth of Colombo 
Harbour, +57 

— under Construction, Lloyd's Statistics, 52, 
516 

— Draught of, Deepening of Colombo Harbour, 


457 

— Industry, Present Position, 265 

— Laid-up Tonnage, 660 

— Losses, Lloyd’s Statistics, 166, 267, 519, 820 

— Merchant, Life-Saving Appliances, New 
Regulations, 587 

— — Lloyd’s Register Book, 166 

— — in Naval|Warfare, Italian Manceuvres, 806 

— — Position and Prospects, Report of Lloyd’s 
Register, 656 

— — of the World, Tonnage Owned, 98 

— Navigation Improvements, River St. Law- 
rence, 239*, 271*. See 267 

— Panama Canal, Report, 745. See 491 

— Port Facilities, Great Britain, Report, 715 

—-—of London, Statistics, 554 

— Traffic on Great Lakes, 266 

Shipyards, Prevention of Accidents, Report, 
333 


Shock Tests. 
(Materials) 

co Spoke Maru,” Japanese Train-Ferry Steamer, 
735 

Shop Management. See Works Management 

Shovel, Steam. See Hacavating Machine 

Show. See Exhibition 

Shunting Locomotive. See Locomotive 

Siberia, Power Resources, 33. See 19 

Side Planing Machine. See Machine Tools 

Siebe, Gorman & Co., Ltd., Respirators and 
Self-contained Diving Dress, 149* 

Siemens-Martin Furnaces. See /urnaces 

Sieve, Rotary, Grading Coffee Berries, 542* 

Signalling Apparatus, Electrical, in Mines, Gas 
Ignition by, 243 \ 

— — Penang Hills Funicular Railway, 853* 

— Railway Long-Burning Oil Lamp, 9 

— — Roller Bearings, Ground Connections. 9 

—-—Tyer Key-Token Instrument for Single 
Line Working, 10* 

—-—Tyer One Wire, Three Indication Block 
Instrument 10* 

— — Westinghouse _Double-Wire 
System, 163* 

Signals, Coloured, Street-Traffic Regulation, 24 

Silica Bricks. See Firebricks 

— Electric Furnace for Fusing, 848 

— Fused, Mercury-Vapour Lamp, 
matography, 295* 

— Lenses, Ultra-Violet Light, 296 

— Refractories, Storage of, 481 

Sillimanite, Effect on Vireclay, 461 

* Silurian,’ M.S., Trials, 643 

Silver Solder, Standard Specifications, 261 

— Tensile Strength, Temperature and Cold 
Work, Relationship, 408 

Simon, H., Ltd., Paddy Eliminator, 537* 

Simons, Wm. & Co., Ltd., Naval Exhibits, 
British Empire Exhibition, 460 

Single-Phase. See Generator ; Motor ; Loco- 
motive ; Power; Railway 

Sirius Turbine Pump, 159* 

Sirocco Mine Ventilating Fan, 160* 

Siskin Aeroplane, 870* 

Siskol Coal-Cutting Machine, 225* 

Skies and Clouds, Photometric Observations, 
592 


See Impact Tests under Tests 


Operating 


Kine- 


Skin Friction in Aeronautics, Theory of, 742. 
See LETTER 831* 

Slag Wool, Thermal Conductivity, Effect of 
Packing, 743* 

— See Metallurgy 

Slime Pump, Robeson-Davidson, 174 

Slot-Drilling Machine. See Machine Tools 

Slotting Machines. See Machine Tools 

Sloops. See Warships 

Sludge. See Sewage 

Sluice, Automatic Control of Opening, 432* 

— Gates, Automatic. Spillway, Tirso Dam, 635* 

— Valves, Queenston-Chippawa Hydro-Elec- 
tric Development, 223* 

Smelting Furnaces. See Furnaces 

Smith, P. H., on Exhaust Temperatures, 
Diesel Engines, 544* 

Smith & Coventry, Ltd., Multiple Sensitive 
Drilling Machine, 358* ; Boring Mill, 398* ; 
Worm-Gear Generator, 401* ; Slot-Drilling 
and Key-Seating Machine, 405* 

Smithers, Sir A. W., the Late, 291 

Smithfield Agricultural Show, 807 

Smoke, Electrical Precipitation, 648. See 
LETTER, 676 

Smokeless Fuel. 
Carbonisation 

Snow & Co., Ltd., Grinding Machines, 403* 

Soap, Chemistry of, British Association 
Papers, 480 

— Manufacture, Treatise on (Review), 189 

Social Aspect, Power Production, 36, 37 

— Reactions of Cheap Power, 185 

Socialism and Class Warfare, 681. See 
LETTER, 746 


See Coal, Low-Temperature 
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Societa Ansaldo San Giorgio, Submarines, 171 

Societies, Technical and Scientific. See IJn- 
stitutions 

Society of Motor Manufacturers and Traders. 
See Motor 

— Trade. See Labour 

Sodium, Determination in Aluminium, 409 

Solar Activity and Terrestrial Magnetism, 410 

— Radiation Recorders, Comparisons, 182 

— Spectrograph, Poulkovo Observatory, 87* 

— See also Sun 

Solder, Silver, Standard Specifications, 261 

Solutions, Chemical Salts, Crystallisation 
from, 738 

Somerset Oil Shales, Properties and Uses, 777 

Sound, Electrical Production of Vowel, 828 

— Nature of Speech, 411 

— Research in Architectural Acoustics, 411 

— Work of National Physical Laboratory, 6 

South Africa, Durban, Electric Crane for 
Congella Dock, 104*. See 238 

— — Irrigation Engineering (Review), 631 

—— Power Production and Distribution, 35. 
See 19, 31, 85 

— — Power Resources, 31. See 19, 35, 85 

-— — Rhodesia, Use of Electric Power, 85 

— African Exhibit, British Empire Exhibi- 
tion, 172*, 204* 

— — Railways, Development, 450 

— — Railways, Refrigerator Cars, 
Transport, 743* 

— Metropolitan Gas Company, Removal of 
Carbon Monoxide from Gas, 23 

— Wales Institute of. Engineers, Cardiff 
Engineering Exhibition, 747, 766*, 808 

— West, Notes from, 15, 53, 95, 133, 167, 199, 
229, 261, 291, 329, 372, 415, 453, 487, 519, 
549, 583, 613, 645, 677, 707, 739, 772, 803, 
833, 863. See PARAGRAPH INDEX 

— Yorkshire, Notes from, 14, 53, 95, 133,,167, 
199, 229, 261, 291, 329, 373, 414, 453, 487, 
518. 548, 582, 613, 644, 676, 706, 738, 771, 
802, 832, 863. See PARAGRAPH INDEX 

Southwark Bridge, Foundation Settlements, 
641. See 102, 647, 676, 807 

Southwick Power Station, Brighton, Exten- 
sions, 372*. See 415 

Soviet Government Patent Laws, 554; Naval 
Construction Programme, 651 

Sowden, D., & Sons, Circular Box Loom, 249* 

Spain, Power Resources, 32. See 19, 43, 44 

— Water Power Development, 43, 44 

Spanish Rivers, Flow of, 43 4 

Spanner, B. J., Bow Construction Ships, 618 

Spanners, Adjustable (Buck & Hickman, Ltd.), 
113* 


Fruit 


— British Standard Specification, 748 

Spars, Timber, Hollow, McGruer System, 304* 

Specific Gravity and After Expansion, Silica 

Bricks, Relationship, 482 

—  — Determination, Powdered Firebrick, 482 

Specifications, Standard. See Standard ; 
Standardisation 

— War Office Subsidy Light Lorries, 94, 136 

Spectra, Band, and Molecular Structure, 322 

— Gases at Low Temperatures, 367 

— of Ionised Elements, 321* 

— of Nebule, 410 

Spectrograph, Solar, Poulkovo Observatory, 87* 

Spectrum of Titanium, 322 

Speech, Nature of, 411 

Speed-Changing Gears. 
Marine Propulsion ; 

— Recorder, Electrical, 
for, 208* 

— Reduction Gears. See Gears; Gearing; 
Marine Propulsion ; Motor-Car Details 

— Regulation. See Governing 

— Trials. See Trials 

Speedicut Tool Steel, 447 

Spelter Prices. See Metal-Price Diagrams 

Spence-Wild Reduction Gear, 251*. See 622* 

Spencer, M., & Sons, Pit-Prop Withdrawing 

Appliances, 528* 

Spencer, Moulton & Co., Ltd., Applications of 
Rubber in Railway Work, 9* 

Spinning Machinery for Cotton, 90* 

— Mills, Air-Humidifying Apparatus, Andrew 
System, 873* . 

Spirit, Motor. See Motor Fuels 

Spongy Rubber, Heat-Insulating Material, 
Research, 682 

Spot Welding Machine (A.1. Electric Welding 
Appliances Co.), 765* 


See Gears; Gearing; 
Motor-Car Detaiis 
Magneto Generator 


Spraying Apparatus, Water, Air Humidi- 
fication, Textile Mills, 873* 

— Metal, Schoop Process, 409 

Spring-Injection System, Blackstone Oil 


Engine, 60*, 639* 

— Manufacture (Vickers, Ltd.), 99 

Sprinkling Stoker. See Stoker 

Spur Gearing. See Gears; Gearing; Marine 
Propulsion 

8.R. Boring Cutter (Vickers, Ltd.), 99 

St. Lawrence River, Development for Power 
and Navigation, 239*, 271. See 267; 
Dredging Work, 438. See Erratum, 486 

St. Pancras Power Station, Extensions and 
Efficiency, 642* 

Stal-Ljungstr6m Turbo-Generator, Luton Cor- 
poration, Tests, 142 

Stamping Hammers and Presses. 
Tools 

— Steel (Vickers, Ltd.), 99 

Stamps, Drop. See Machine Tocls. 

Standards Association. See 
Standards 

— Comparison, Thermal Efficiency of Steam 
Engines, 818*, 835, 866* 

— Electrical, International, Work of National 
Physical Laboratory, 6 

— Keys and Keyways, 878 

— Light, Proposed International, 175 

— Metre, Interferometers for Calibrating, 
Japanese Government 491* 

— — National Physical Laboratory Inyesti- 
gations, 101 

= ia Rings, Motor Car Engine, 175. 
583 

— Radiation, Furnace as, 101 

— Rails and Sections, British Empire Exhi- 
bition, 440 

—— cael Brass Ingots and Castings, 


See Machine 


Engineering 


See 


Standard Specifications, Cast-Iron Pots for 
Piston Rings, 583 

— — for Copper, 425, 686, 738 

— — Electric Resistance Materials, 651 

— — Iron and Steel Castings, Motor-Car Manu- 
facture, 176 

— — Oil-Engine Fuels, 692 

— — Silver Solder, 261 

— — for Spanners, 748 

— — Valves and Rims, Pneumatic Tyres, 261 

— Specimens, Steel Analysis, 439 

— Steels, Motor-Car Construction, 181 

— Tests Code, Hydraulic Power Plants, 51, 145 

— Terms, Telegraphy and Telephony, 142 

— United States, Bureau of. See United States 

— Yard, Design of, 129* 

Standardisation, Colliery Requisites, 815 

— Engine and Boiler Trials, Work of Com- 
mittee, 55. See Lurrers, 101. See also 
818*, 835, 866* 

— Industrial, in Germany, 120, 149 

— International, in Power Measurement, 121 

— of Magnetos, 142 

— National and International Aspects, 121 

eenkey vive Engine Co., Motor-Fire Engine, 


Stanton, Dr. T. E., on the Measurement of 
Wind Pressure on Structures, 800 

Stars, Loss of Mass by Radiation, 802 

Bere EP EYP, Petter Oil Engine, 


— Motor. See Motors, Electric 

State Assistance, Egyptian Industries, 586 

— Chemical Activities, Historical, 448 

— Control, Colliery Industry, Report, 293 

— Management of Power Plants, 209 

— Railways. Se> Railways ‘ 

Stations, Power. See Power Stations 

Statistical Investigations, Factory Accidents, 
Industrial Fatigue Research Board, 709. 
See 701, 746, 810 

Statistics, Trade. See Trade 

come Windings, Electric Welding Machine, 

4 

Steam Accumulators, Use in Factories and 
Power Plants, 68* 

— Boats. See Steamers 

— Boilers. See Boilers 

— Condensation. See Condensation 

— Consumption, 15,000 kw. British-Thomson 
Houston Turbo-Generator, 704 

2 a pm ee trOr: Tests over Three Years, 

— — See also Trials 

— Engines. See Engines 

— Exhaust, Reciprocal Utilisation 
dustries, 75 

— Generation, 
127, 449 

—_ rae High Pressures, 432, 588. See 41, 

1 
— — United States, Recent Practice, 42 
— Heating, Automatic Temperature Control, 


in In- 


Electrically-Heated Boilers, 


628* 

—-— Extraction from Turbines, 41, 744. 
See 503 

—Lorries. See Motor Wagons ; Tractors 

— Meters, Use in Boiler Trials, 56. See 


LETTERS, 101 
— Natural, Power Production from, 78 
—Navvy. See Lzcavating Machine 
— Piping, Mailet Simple Locomotive, 8607 
See 795* 


— Power Production, United States; Current 


Practice, 39 

— Raising, Coke as Fuel, 40, 82 

— Reheating. See Turbines, Steam 

— Roller. See Road Roller 

— Shovel. See Lxcavating Machine 

—Superheater. See Superheater ; 
heating 

— Tractors. See Tractors 

—Trials. See Trials 

— Tug and Water-Boat “‘ Lord Combermere,” 
for Barbados, 370*. See Erratum, 415 

— Turbines. See Turbines 

— Users’ Association. See Manchester 

— Wagons. See Motor Wagons ; Tractors 

Steamer ‘‘ Aurania,” Cunard Line, 380 

— Bow Construction for Collision, 618 

— Cable-Laying, “Edouard Suenson,” 196%, 
269 

— Cargo, with Unloading Conveyors, Great 
Lakes, 723*. See Erratum, 863 

—under Construction, Lloyd’s Statistics, 52, 


Super- 


516 

— Cost of Speed, 119 

— Displacement and Draught, Formula Con- 
necting, 26 

— Draught of, Deepening of Colombo Har- 


bour, 457 
— “ Drottningholm,” Geared-Turbine Machin- 
ery, 841* 


— Dutch, Propelling Machinery, 119 

— Electric Propulsion. See Marine Propulsion 

— Geared Turbines. See Marine Propulsion 

— Hospital, Conversion for Tourist Service, 
463* 

= mie Resistance and Power for Propulsion, 

1 

— Japanese, Load-Line Regulations, 113 

— Laid-up Tonnage, 660 

— Launching of. See Launching 

— Lost, Lloyd’s Statistics, 166, 267, 519, 820 

— ‘* Mauretania,’ Cunard Line, Record Voy- 
ages, 424; Repairs to Turbines, 424* 

— Merchant, Life-Saving Appliances, 
Regulations, 587 

— — Lloyd’s Register Book, 166 

— — of the World, Tonnage Owned, 98 

— ‘“ Orama,” Orient Line, 543*, 601*, 643 

— * Oronsay,” Orient Line, Launch, 265 

— Paddle, Conversion to Stern-Wheelers, 463* 

— Propulsion of. See Marine Propulsion ; 
Engines ; Turbines ; Propellers 

— Refrigerator, Design and Construction, 713 

— — Fruit Transport, 743* 

— Resistance of. See Ship Resistance 

— Salvage of. See Salvage 

— “ Seekonk,’’ Conversion to Motor Ship, 714 

— Shallow-Draught, Propulsion, Yarrow Flap 
System, 459. See LETTER, 486 

— res Propelling Machinery, 148. See 


New 


Steamer, Train Ferry, Japanese, ‘‘ Shoho Maru,” 
735 


— United States Shipping Board, Fuel Con- 
servation and Performance Standards, 714 

— “ Virginian,” Propelling Machinery See 

_ ** Drottningholm ”’ j 

— See also Engines ; Marine Propulsion ; Ship- 
building; Shipping; Ships; Turbines ; 

___ Warships ; PARAGRAPH INDEX 

Steamships, See Ships ; Steamers ; Warships 

bsg Hee Pickling of, Tinplate Manufacture, 


— Balls, Compression of, Formula, 101 

—— Hardness Tests, Improvements, 367 

— Castings, British Empire Exhibition, 189*, 
438, 440 

— — Motor-Car Manufacture, Standard Speci- 
fications, 176 

— — Rudder Frame, H.M.S. ‘‘ Hood,” 189* 

— — Vikro Heat-Resisting, 99 

Steel Co. of Scotland, Ltd., Exhibit at British 
Empire Exhibition, 439* 

— Cobalt, for Permanent Magnets, 274*, 302*. 
See 286 

— Corrosion. See Corrosion 

— Ducol High Tensile, 100 

— Fatigue of. See Alternating Stress under 
Tests (Materials) 

— Furnaces. See Furnaces 

— Heat Treatment of. See Heat Treatment 
under Metallurgy 

— Hopper Coal Wagon, 
Nagpur Railway, 279* 

— Hydrogen Diffusion in, 365 

— Industry, Belgian, Statistics, 838 

— — German, Present Position, 228 

— — Indian, 509, 537 

— — Position of, 365 

— — South Africa, 205* 

—-— United States, Power Production and 
Use, 84 

— Ingots and Forgings, Clink Detector, 658* 

— Inner Structure and Effect of Stress, 715 

— Manganese, Heat Treatment of, 411 

— Manufacture. See Metallurgy 

— Microstructure of. See Microphotographs ; 
Metallography 

— Nickel, Blading of English Electric Co.’s 
Turbo-Generator, 762* 

— — Influence of Mass on Heat Treatment, 5 

— Pipes and Tubes, British Empire Exhibition, 


42-ton, Bengal- 


— Plates, Oxygen-Jet Cutting Machine, God- 
frey, 124* 

— — Prices. See Metal-Piice Diagrams 

— Products, British Empire Exhibition, 99*, 
438 


— Quenching Stresses, Calculation, 285, 343* 

— Rails. See Rails ; Metal-Price Diagrams 

— Railway Wagon, 20-Ton (Cambrian Wagon 
Co., Ltd.), 766; 42-ton, Bengal-Nagpur 
Railway, 279* 

— Range of Repetition Stresses, 
High Temperature, 500, 532*. 

-— Rolling Mills. See Rolling Millis 

— Ropes. See Wire Ropes 

— Serap, Classification of, 806 

— Sections, Hack-Sawing Machines, 320*, 445* 

— Sheet Piling Dam, Gladstone Dock Con- 
struction, 48* 

— Standard, Motor-Car Construction, 181 

— — Specimens for Analysis, 439 

—— Stress Distribution in. See Stress ; 
(Materials) 

— Tests of. See Tests (Materials) 

— Tool, High-Speed, Nature of, 347, 393 

— — Machine Tool Exhibition, 447 

— — Testing Machine for, 446* 


Effect of 
See 284 


Tests 


— Tubes, Use for Structural Work, 674*. 
See 716 
— Vibrac Molybdenum, 187*; Oxygen 


Cylinder, 187*. See Hrrata, 423 

— Volume Changes in Heat Treatment, 351* 

— Wire, Manufacture of, 630 

Steelwork, Structural (Dorman, Long & Co., 
Ltd.), 440 

— — Use of Tubular Members, 
716 

— Works. See Works 

Sterne, L., & Co., Ltd., High-Speed Ammonia 
Compressor, 594* 

Stern-Wheel Steamers, 


674*. See 


Converted Hospital 


Ships, 463* 
Stevens Petrol-Electric Road Vehicles, 689 
Stewarts & Lloyds, Ltd., Exhibit, British 


Empire Exhibition, 439 

Still Marine Oil Engine, Advantages, 84 

Stirk, J., & Sons, Ltd., Hilomill Vertical 
Boring and Turning Mill, 313*; Planing 
Machines, 362*; Split-Field_ Electric 
Drive for Planing Machines, 362*; Velo- 
mill Boring Mill, 398* 

Stockton & Bunn, Ltd., Lapointe Broaching 
Machine, 442* 

Stoker, Chain-Grate, for Peat, 41* 

— Mechanical, Cardiff Engineering Exhibition, 
766 


‘ 
— — Internally-Fired Boilers, Lea Coal-Mea- 
suring Apparatus, 598* 
Stone, J., & Co., Ltd., Electrical Equipment, 
Kitchen Car, L. & N. E. Railway, 480* 
Stone Dusting, Collieries, Materials for, 675; 
Machine for, 808 

Stoney, Dr. G., on Proportioning Impulse 
Blades and Nozzles, 473* 

Stop Valves. See Valves 

Storage Battery. See Accumulator 
Electric ; Motor Vehicles 

— Steam, Dr. Ruth’s System, 68* 

Storek-Kaplan Hydraulic Turbine, 153*. See 63 

Stork, C. F., on Steam Turbines for High 
Pressures, 69*. See 45 

Stoves, Drying, Foundry Work, Gas and Coke 
Firing, 470 

Straits Settlements, Penang Hills Railway, 
664*, 726*, 789*, 852* 

Strauss Bascule Bridge, River Bann, Ireland, 
758* 

Street Lighting Engineers and Superintendents, 
Institution of, Conference, 457 

— — in Glasgow, 458 

— London, Inclined Crossings at Junctions, 641, 
648 

— Railway. See Tramways 


under 


XIX 
Street Traffic Congestion, London, 561. See 
522, 640, 647 
— — Regulation, Coloured Signals, 24 
— See also Roads 
Strength of Materials, See Stress and Tests 
(Materials) 
Stresses, Alternating and Combined. See 


Tests (Materials) aera 

— Complex, Report of British Association 
Committee, 286. See 506 

— in Crankshafts, Estimation of, 418 

— Distribution, Eccentrically-Loaded Founda- 
tion Blocks, 763* 

— arth, Due to Loaded Surface, 1*, 156* 

— Effects on Metals, Influence of Inner Struc- 
ture, 715 

— in Hooks, United States Investigations, 491 

— Internal, in Brass Tubes, Measurement, 378 

— Measurements, Westminster Bridge, 296 

— Optical Determination of. See Optical 

— Quenching, in Steel, Calculation, 285, 343*. 
See LETTER, 641 

— Recorder, the Cambridge, 287 

— Repetitions, See <Alternating Stress under - 
Tests (Materials) 

— in Rotating Discs, Conical Profile, 418. 
LETTER, 486 

— Shear, in Tapered Girders, 789* 

Stretcher-Bar Mine-Haulage Gear, 733* 

Strikes. See Labour : 

Stroboscope, Ashdown, Investigation of Moving 
Machinery, 236 

Stromeyer, C. E., Criticism of New Factory 
Bill, 334 

Strowger Automatic Telephones, York, 862 _ 

Structural Steel Sections, Hack Sawing 
Machines for, 320*, 445* 

— Steelwork. See Steelwork 

Structures, Ferro-Concrete. 

— Marine, Deterioration of, 
(Review), 589 

— Wind Pressure on, Measurement, 800 

“* Stuart,”” H.M. Flotilla Leader, 421 

Stuart, J., the Late, 706 

Stuart-Street Power Station, 
Turbo Generator Tests, 668 

Stub Lathe, Sundstrand, 357* 

Styer, Capt. W. D., on Hydraulic Sea-Going 
Hopper Dredgers, 713 

Styrian Water Power Developments, 78 

Submarine Boats. See Warships 

— Telegraphs. See Z'elegraphs F 

Subsidy, War Office, Light Lorries, Specifica- 
tion, 94, 136 

Sub-Stations, Automatic Equipment, British 
Thomson-Houston Co., Ltd., 13*, 227*; 
Peebles-Reyrolle System, 323* 

—-—- Hendon-Edgware Extension 
227% 

— — Mercury-Vapour Rectifiers, 782*, 845* 

Suction Dredger. See Dredger 

— Gas Engine. See Engine, Gas 

—— Producer. See Producer 

Sudan Sandstorms, Haboobs, Notes on, 592 

Suds Fire Engine for Oil Fires, 530* 

Suez Canal, Proposed Deepening, 457 

Sugar, Mechanical Crystallisation, 738 

Sulphur in Rubber Industry, 566 

Sulphuric Acid Manufacture, Report, 127 

Sulzer Brothers, Refrigeration Plant, Brewers’ 
Exhibition, 649;  Saurer Gear-Testing 
Machine, 821* 

Sun, Loss of Mass by Radiation, 802 

— Setting, Experimental Demonstration of 
Green Flash, 410 

— See also Solar 

Sunbeam Motor Car, 609* 

Sundby, Prof. G., on Rules for Testing Water 
Power Plants, 145 

Sunderland Gear Planer, Double Helical Gears, 
363* ; Cutter Grinder for, 365* 

Sundstrand Stub Lathe, 357* 

Sunshine Harvesting Machine, 383 

Suorva Dam, Sweden, Design, 76 

Super Microscope for Metallography, 514* 

Superheaters, Cardiff Engineering Exhibition, 
768 _ 

— Locomotive. See Locomotive 

Superheating in Marine Practice, 669 

Surface Condensers. See Condensers 

— Grinding Machine. See Grinding 
Machine Tools 

Survey of North-West 
Expedition, 344 

— Physical and Chemical, of Coal, 232. 
19,31, 552 

Surveying, Photographic, Gordon System, 142 

— Tacheometry, Use of Horizontal Staff, 505* 

Swaging Machine, 5-Hammer (LT. Ryder & Son, 
Ltd.), 407* 

Swan, Hunter & Wigham Richardson, Ltd., 
§.S. * Aurania,’ 380; Naval Construction 
Work, 460; Motor Seasled, 460* 

“ Swanley,” Motor Ship, Maiden Voyage, 229 

Swansea Waterworks, Jet Dispersers, Water 
Discharge from Reservoir, 247* 

Swash-Plate Engine, Armstrong, Gun Mount- 
ings, 187* 

Sweden, Electric Power in Agriculture, 116 

— — Power Distribution, 79 

— Electro-Metallurgy in, 117 

— Engineering Education, 122 

— Fuel and Power Resources, 32, 38, 43 

— Hydraulic Turbine Design, 63 

— Industrial Research in, 115 

— — Standardisation, 121 

— Oil-Engiue Developments, 105. 

— Power Policy, 35 

— Railway Electrification, 118 

— Water Power in, 43 

Swedish Arch-Dam Design, 76 

— Oil Shales, Oil Production Plant, 39 

— Practice, Steam Power Plants, 503 

— Ships, Propelling Machinery, 148. See 120 

— Tramways, Electric Power Supply, 118 

— Water-Power Plants, Ice Troubles, 45, 463. 
See 73 

Swiss Locomotive and Machine Works, Oil- 
Engine Driven Shunting Locomotive, 701* 

Switch, Gate-End (Switchgear & Cowans, Ltd.), 
180* 


See 


See Ferro Concrete 
Report, 774; 


Manchester, 


Railway, 


under 
Greenland, Danish 


See 


See 83 


— Motor Starting. See Motors, Electric 
Switchboard, Flame Proof, Colliery Work 
(Mavor & Coulson, Ltd.), 224* 
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Switchboard, Tronclad Pedestal Type (Erskine, 
Heap & Co., Ltd.), 107* 

Switchgear, Air-Break Circuit Breaker (G. 
Ellison), 51* 

— Automatic Substation Equipment, British 
Thomson-Houston, 13*, 227*; Peebles- 
Reyrolle System, 323* ; Hendon-Edgware 
Extension Railway, 227* 

— Circuit Breaker, British Thomson-Houston 
High-Speed Automatic, 14* 

— — Breaker, 66,000 Volt Three Phaze, New- 
foundland Water Power Plant, 127* 

—-— Breaker, High and Low Speed, Rey- 
rolle, 326* 

Switchgear & Cowans, Ltd., Switchgear and 
Induction Regulators, 180* 

Switchgear, Draw-Out Truck Type (Erskine, 
Heap & Co., Ltd.), 106* ; (Switchgear & 
Cowans. Ltd.), 180*: (Ferguson, Pailin, 
Ltd.), 468* 

— Flectric Winding 
Railway, 852*. See 789* 

— Gate-End Box, Colliery Work (Mavor & 
Coulson, Ltd.), 224* 

— High-Tension, Colliery (Metropoelitan- 
Vickers Electrical Co., Ltd.’, 49* 

— Tronclad, Oil Immersed (Switchgear 
Cowans, Ltd.), 180* 

— Low-Tension, Colliery (G. Ellison), 50* 

— Recent Swedish Designs, 80 

— United States Power Stations, 110 

Switzerland, Electric Iron Smelting, Resist- 
ance of Coke and Charcoal, 637 

— Power Resources, 32. See 19 

““Sycamore,’’ M.S., Trials of Diesel Engines, 
730, 750*, 784*, 798 

Sydney Harbour Bridge, Competitive Designs, 
129*, 169. See Lerrpr, 198* 

Sykes Gear-Tooth Comparator, 822* 

Synchro-Palance System, Internal-Combustion 
Engines, 593*. See 22 

Synchroniser, Rotary, Switchboard (Wrskine, 
Heap & Co., Ltd.), 107 

Synchronous Motors, Use as Condensers, 109 

Synthetic Ammonia Manufacture, Haber 
Process, Franco-German Agreement, 263. 
See 372 

— — Manufacture, 
263, See 372 

— — Production, Report, 116 

— Cast Iron, Production from Steel Scrap, 276 

Systems, Shop. See Works Management 


Engine, Penang Hills 


& 


Recent Developments, 


the 


eee Shipbuilding, British Corporation, 

‘ 

Tacheometry, Use of Horizontal Staff, 505* 

Tangyes, Ltd., Centrifugal Pumps, 5; Vertical 
Ram Pump, 22* 

Tank, Experimental, Froude National, Report 
on Work, 334 

— Experiments, Cavitation, United 
Warships, 717*. See LETTER, 769 

— — Propeller Models, Comparisons, 713 

— — See also Ship Resistance 

— Locomotives. See Locomotives 

— Ships, Motor. See Motor 

Tapered Girders, Shear Stresses in, 789* 

Tar Distillation, Report on Alkali Works, 128 
Tasmania, Great Lake Hydro-Electric Scheme, 
Self-Closing Valve for Pipe Line, 143* 

Tatham, W., Ltd., Carding Engine, 89* 

Taxation, Effect on British Industries, 618 

— Effects on Motor Cars, 553 

Taylor, H. B., on Hydraulic Reaction Turbines, 
71. See 45 

Taylor, Rear-Admiral D. W., Comparisons of 
Model Propeller Experiments, 713 


States 


Teaching. See Education 

Technical College and Education. See Hduca- 
tion 

— Costs and Estimates, 582. See 453 

— Societies, See Institutions and PARAGRAPH 
INDEX 


Teeth, Gear. See Gear 

Telegraph Cable, Continuous Loading, New 
York-Azores, 461 

—— Laying Steamer 
196*, 269* 

Telegraphy, 100 Years’ Progress, 194. 

— Standard Terms, 142 

— Wireless, Amateur Transmitters and the 
Post Office, 457 

— — Direction Finding, Report, 866 

— — Electrical Production, Vowel Sounds, 828 

— — Manufacture of Thermionic Valves, 456, 
See 492* 

— — Marconi Beacon Station, Nash Point, 582 

— — Marconi Beam System, 17, 836 

— — Possible Developments, 56 


“ Edouard Suenson,”’ 


See 266 


— — Rectifying and Transmitting Valves, 
492* 

—-— Time Signals, International Investiga- 
tions, 410 


— — Use of Short Wave Lengths, 17, 836 

— — Work of National Physical Laboratory, 6 

—— See also Valves, Thermionic 

— See also Electricity in PARAGRAPH INDEX 

Telephones, Automatic, Strowger System, 
York, 862 

— — Systems (Review), 663 

— Exchanges, Automatic, Relay System, 
Chatham Dockyard and Hospital, 373 

— Head-Band, Manufacture, British Thomson- 
Houston Co., Ltd., 747* 

Telephony, Progress with, 195. 

— Standard Terms, 142 

Wireless, Amateur Transmitters and Post 

Office, 457 

— Broadeasting, Educational Value, 122 

— Chelmsford Transmitting Station, 494* 

— Manufacture of Head Telephones, 747* 

— Manufacture of Thermionic Valves, 456, 

See 492* 

— — Marconi Beam System, 17, 836 

— Possible Developments, 56 

-_ Rectifying and Transmitting Valves, 
492* 

—  — Use of Short Wave Lengths, 17, 836 

— — See also Valves, Thermionic 

See also Electricity in PARAGRAPH INDEX 


See 266 


Telescopes, Measuring, J'ractional Reading 
Graticule for, 101* 

Telford, Grier & Mackay, Ltd., Wind-Driven 
Electric Lighting Plants, 60 

Tell-Tales, Lubrication (Hawthorn,' Leslic & 
Co., Ltd.). 122* 

Temperature Control, Automatic, Electric Fur- 
naces, 451*; Gas Furnaces and Steam 
Heating, 628* 

— Entropy Diagrams, Carville and North 
Tees Power Stations, 58* 

—— Diagram, Gaseous Working Substance, 
215* 

— Fluctuations, Waldeck Reservoir Dam, 425 

— Gas, Measurement by Thermo-Couples, 686 

— Gradients, Gases, at Various Pressures, 686 

— Measurement and Fuel Economy, 40 

— — See also Pyromet?r ; Thermometer 

Tempering. See Heat Treatment under Metal- 
urgy 

Tempest, Sir P., the Late, 649 

Tenders, Locomotive. See Locomotive 

Tenoning Machine, Sash and Door Work, 298* 

Tensile Tests. See Vests (Materials) 

Teredo, Resistance of Burmese Timber to, 508, 
543 

— Timber Destruction in Sea Water, 775 

Ternary Alloys. See Alloys under Metallurgy 

Terrestrial Magnetism. See Magnetism 

Terry, 8. H., the Late, 832 

Terry Motion for Towelling Looms, 249* 

Testing Apparatus, Insulating Oils, De Laval- 
Watson, 877* 

-— Appliances, Gear Teeth, 696*, 821* 

— Galvanised Iron Sheets, 825* 

— Machine, Alternating Stress, the Olsen, 813* 

— — Alternating Stress, University of [linois, 
582*. See 284, 658* 

— — for Files, 447 

— — Hack-Saw Blades, 445* 

— — Hardness, for Dynamic Tests, 844* 

—  —for Tool Steel, 446* 

— — See also Tests (Materials) 

— Water Power Plants, Uniform Rules, 51, 145 

— See also Tests (Materials): Trials 

Tests, Conductivity, Insulating Materials for 
Cold Stores, 742* 

— Engine and Boiler, Tabulating Results, 
Work of Committee, 55. See LETTERS, 
101. See also 818*, 835, 866* 

— Ferrocrete Quick-Hardening Cement, 867 

— Hydraulic Turbines, Lawaczeck Type, 851* 

— Magnetic. See Magnetic 


Tests (Materials) :— 


Alternating Stress Testing Machine, Olsen, 
813* 


—— Testing Machine, University oi 
Illinois, 582*. Sce 284, 658* 

—-— Tests, Effect of Initial Stresses, 
3438*. See 285 


— — Tests, Evidence for Fatigue Limits, 
580*, 658*. See 284 

—— Tests, Influence of Elastic Limit 
on Breakdown, 793, 813* 

—- — Tests, Steel, Effect of High Tempera- 
ture on Repetition Range, 500, 532*. 
See 284 

— — Tests, Steel at High Temperatures, 
793, 844 

—-— Tests, Work 
Aeronautical 
245. See 284 

Creeping of Steel in Tensile Tests, 793, 
816*, 843* 

Elastic Limit, Tensile, Influence 
Fatigue Breakdown, 793, 813* 

Extensometer, High-Temperature Tensile 
Tests, 816* 

Hardness Testing Machine for Dynamic 
Tests, 844* 

— Tests, Brinell, of Copper, Effect of 
Cold Rolling, 386*, 408 

— — Brinell, Improvements in Balls, 367 

— — Brinell, Rapid Evaluation of Num- 
bers, 486 

—-— bronze, Effect of Casting Tempera- 
ture and Heat Treatment, 430. See 


of Fatigue Panel, 
Research Committee, 


on 


409 
— -— Electro-Deposited Metals, 599 
—— Gun Metal, [Effect of Casting 
Temperature and Mass, 436*. See 409 


— — Static and Dynamic, Steel at High 
Temperatures, 844*. See 793 

Impact Tests, Bronze, Effect of Casting 
Temperature and Heat Treatment, 
430*. See 409 

—— Gun Metal, Effect of Casting Tem- 
perature and Mass, 486*. See 409 

— — Notched Bar, Dimensional Problem, 


286 
Magnetic Tests. See Magnetic 
Metals, Plastic Deformation, Effect of 


Free Surfaces, 366 

Notched-Bar Impact Tests. 
Tests (above) 

Repeated-Rending Tests, Wires and Wire 
Ropes, 856*, 867 

Stress Determination, Optical. See Optical 

Stresses in Materials and Structures. See 
Stress 

Tensile Tests, Bronze, Effect of Casting 
Temperature and Heat Treatment, 
430*. See 409 

— — Creeping of Steel in, 793, 816*, 843* 

— — Elastic Limit, Influence on Fatigue 
Breakdown, 793, 813* 

—— Gun Metal, Effect of Casting Tem- 


See Impact 


perature and Mass, 436*. See 409 
—-— High Temperature, Hxtensometer 
for, 816* 


— — Steel, High and Low Temperatures, 
793, 816*, 843* 

—— Wires, Effect of Temperature and 
Cold Work, 408 

Testing Machine, Alternating Stress, the 
Olsen, 813* 

—— Alternating Stress, University of 
Tilinois, 582*. See 284, 658* 

— — Hardness, for Dynamic Tests, 844* 

Wires and Wire Ropes, Repeated Bending 
Tests, 856*, 867 

Tests, Repeated Bending, Wires and Wire 
Ropes, 856*, 867 


* Text Books. 


Tests, Stal-Ljungstr6m Turbo Generator, Luton 
Corporation, 142 

— Steam Turbine with Multiple Exhaust, 
Bristol, 253* 

— Turbo Generator and Condensing Plant, 
Manchester Power Station, 668 

— 15,000 kw. Turbo Generator, Grove Road 
Power Station, 704 

— Volumetric Glassware, National Physical 
Laboratory, 378 

— Water-Tube Boilers, High Pressures, 181*. 
See 41 

— — Gas Plants, Analysis of Results, 682 

See LITERATURE INDEX 

Textile Industry, Use of Hlectric Power, 85 

— Machinery, Cotton Preparing, Spinning and 
Weaving, British Empire Exhibition, 11*, 
89*, 247* 

— Mills, Air-Humidifying Apparatus, Andrew 
System, 873* 

Thames Bridges, London, 
Traffic, 641, 647 

Thermal Conductivity, Insulating Materials, 
Cold Stores, Tests, 742* 

— — Measurement, National Physical Labora- 
tory, 279* 

— — Spongy Rubber, 682 

— Effigiency, Steam Turbines, 469 

— — Electric Power Stations, 377 

—-— Marine Oil Engines, Report, 730, 750*, 
784*, 798 

—— Steam Engines, Comparison Standards, 
818*, 835, 866* 

—-— Steam Turbines, Improvement of, 63*. 
See 45 

— — 15,000 kw., Turbo Generator, 704 

Thermal Syndicate, Ltd., Silica Mercury- 

‘Vapour Lamp and Lenses, 295* 

— Treatment, Metals. See Heat Treatment 
under Metallurgy 

Thermionic Valves. See Valves ; 
Wireless ; Telephony, Wireless 

Thermo-Couples, Measurement of Gas Tem- 
peratures, 686 

—— See also Pyrometer 

Thermodynamics, Efficiency of Steam Tur- 
bines, 469 

— Gas Engines, Missing Pressure and Heat 
Loss, 605, 623*, 629*, 679, 684. See 
LETTERS, 641, 704, 746 

— Mercury-Vapour Turbine, 42 

— Power Station Design, North Tees and Car- 
ville, 57* 

— Steam Generation, Extra-High Pressures, 41, 
181*, 432. See 588 

— — Turbine, Improving Thermal Efficiency, 
63*. See 45 

— — Turbines, Advantages of High Pressures, 
69*, 178, 470. See 45, 65, 588 

—-— Turbines, Regenerative Feed Heating, 
57*, 64*, 469, 818*, 835, 866* 

— -— Turbines, Reheating of Steam, 57*, 65*, 
470. See 818* 

— Temperature-Entropy Diagrams, Carville 
and North Tees Power Stations, 58* 

—-— Entropy Diagram, Gaseous Working 
Substance, 215* 

— Thermal Efficiency, Steam Engines, Com- 
parison Standards, 818*, 835, 866* 

— Work of Lord Kelvin, 97. See 104 

Thermometer Testing, National 
Laboratory, 6 

ao Ret and Dry Bulb, Humidity Measurements, 
278 


and Cross River 


Telegraphy, 


Physical 


— See also Pyrometer 

Thomas Gas Meter, 182*. See Hrrata, 262 

Thomas, J. H., on Class Warfare, 681. 
LETTER, 746 

Thomas Transmission, Road Vehicles, 689* 

Thompson, Dr. F. C., on the Plastic Deforma- 
tion of Metals, 366; on the Inner Struc- 
ture of Metals, 715 

Thomson, C., the Late, 549 

Thomson, Prof. Elihu, on Unsolved Problems 
in Electrical Engineering, 56; Award 
of Kelvin Medal to, 97. See 104; on 
the Franklin Institute, 745 

Thomson, Sir J. J., Kelvin Oration, 97. See104 

Thomson, R. W., Pioneer Work, Mechanical 
Transport, 681 

Thornton, Sir H., on Railway Transportation 
in Canada, 266 

Thornton, Prof. W. M., Work on Electricity 
in Mines, 243 

Thornycroft, J. I., & Co., Ltd., Naval Exhibits, 
British Empire Exhibition, 420* ; Motor 
Launch of Indian Timber, 508* 

Threads, Screw. See Screw 

Three-Phase. See Generator ; Motor ; Loco- 
motive ; Power ; Railway 

Threshing and Reaping Machine Combined, 
the Sunshine, 383 

Throttle Valve. See Valve 3 

Thrust Bearing. See Bearing 

— Measuring Gear, Michell Hydraulic, \!arine 
Diesel Engine Trials, 785* 

Tidal Power, River Severn Scheme, 
liminary Enquiry, 294 

Tigris Hospital Steamers, 
Nile Tourist Service, 463* 

Timber, Canadian Resources, 138*, 539 

— Centring, Ferro-Concrete Arch Bridge, 257* 

— Clearing, Trewhella Jacks and Winches, 383 

— Drying, Experimental Investigations, 775 

— Foundations, London Bridges, Settlement, 
641. See 102, 647, 676, 807 

—Indian and Burmese, British 
Exhibition, 507*. See 539, 548 

— New Zealand, British Empire Exhibition, 290 

— Piles, Deterioration and Preservation 
(Review), 589. See 775 

— Spars, Hollow, McGruer System, 304* 


See 


Pre- 


Conversion for 


Empire 


— Structures, Deterioration in Sea Water, 
Report, 775. See 589 
Time Signals, Wireless, International In- 


vestigations, 410 

Timoschenko, Prof. S., on the Deflection of 
Circular Plates, 286 

Tin Alloys. See Alloys under Metallurgy 

— Box Manufacture, Safety Precautions with 
Power Presses, 18 

—and Tinplate Prices. Metal-Price 
Diagrams 

Tinplate Manufacture, Pickling of Steel, 365 


See 


Tipping Wagons, Motor. See Motor Wagons 

Tipplers for Colliery Tubs, British Empire 
Exhibition Colliery, 339* 

Tirso River Hydro-Electric Scheme, Sardinia, 


Titanium, Influence on Iron Castings, 113 

— Spectrum of, 322 

Tizard, H. T., on Fuels for Internal-Combustion 
Engines, 616 

Tolerances in Machine Work. See Gauging 

Tool Grinder. See Grinding under Machine Tools 

— Machine. See Machine Tools 

— Pneumatic. See Machine Tools 

— Room Lathe. See Lathe under Machine 


Tools 

— Steel. See Steel 

Toothed Gears, See Gear; Gearing ; Marine 
Propulsion 

Toronto Harbour and Water Supply, 266 

— International Mathematical Congress. Hon. 
Sir C. A. Parsons on the Steam Turbine, 
469; Prof. Sir J. B. Henderson on 
Teaching Mathematics, 491 

— Meeting, British Association. See British 
Association 

Torpedo Boats and Destroyers. See Warships 

Torque Measurements, Marine Diesel Engine 
Trials, 731. See 785 

Torsion Tests. See Tests (Materials) 

Torsionmeter, Moullin, Marine Diesel Engine 
Trials, 731. See 785 

Tosi Marine Diesel Engine, 83; Trials of 
M.S. ‘‘ Silurian,” 643; Trials of M.S. 
ree Report, 730, 750*, 784*, 


Tourist Steamers, River Nile, Converted 
Hospital Ships, 463* 

Town Gas. See Gas 

Trackless Trolley System, Road Traction. See 
Railless 


Traction Dynamometer. See Dynamometer 

— Electric. See Railways ; Railless ; Tramways 

— Engine, Steam, Compound (Marshall, Sons 
& Co., Ltd.), 810* 

Tractor, Agricultural, Rein-Drive (J. Fowler & 
Co. (Leeds), Ltd.), 20, 59* 

— — Steam Sentinel, 21*. See 717* 

— — Uses of, 382 

— Steam, Chain-Track Type, Sentinel, 717*. 
See 21* 

Trade, British, Eftect of Taxation, 618 

— British Engineering, and German Repara- 
tions, 695, 725, 757 

Export, Development, 68C 

—-— Motor Cycle Exports, 652 

— — Need for Overseas Investments, 617 

= ee rere. and International Competition, 

8 


— — Present Position, 617 
= 7% eh Turkey and Colombia, Development, 
0 

— Coal, British Prices and United States 
Exports, 518*, 521 

— Disputes. See Labour 

— of Dutch East Indies, Report, 832 

— Egyptian, Report on, 586 

— Exhibition. See Lxhibition 

— French, Present Position, 332 — 

—- German Iron and Steel, Present Position, 228 

_ Shee Import and Export, Statistics, 276, 

6 

— Tron and Steel, Position of, 365 

— Lithuanian, Report, 268 

— Unions. See Labour ; Industrial Notes 

Traffic, Road, Census of, 837 

— Street, Regulation, Coloured Signals, 24 

Trailer Fire Pumps. See Fire Pumps 

Fine Hey Steamer, Japanese, “‘ Shoho Maru,” 

— See also Railway 

Training. See Education ; Apprentices 

Tramways, Birmingham Area, Mercury- Vapour 
Sub-stations, 783*, 845* 

— Comparisons with Railless-Hlectrie and 
Petrol Vehicles, 719, See 688 

— Construction, Schemes in Parliament, 777 

—and London Traffic Problem, 522. See 
640, 647 

— Swedish, Electric Powet Supply, 118 F 

— Wheels, Tyres and Axles, British Empire 
Exhibition, 438, 439 

— See also PARAGRAPH INDEX 

Transformers, Calcium-Chloride Breathers, 802* 

— Colliery Work, Metropolitan-Vickers, 49* 

— Pottinger Hydraulic, Diesel-Hngine Drive, 
M.S. “ Vulcan,” 92*, 369* 

— High-Tension Cable 
Works, 737* 

— Induction Regulators (Switchgear & Cowans, 
Itd.), 181* 

— Oil, De Laval-Watson Testing Apparatus, 
877* 

-- — Filter Press for, 768* 
— United States Power Stations, 109 
—Weirs, Utilisation of Low-Head Water 
Power, 435* : 
Transmission, Hlectric, Ship Propulsion. 
Marine Propulsion i 
— Gear. See Gear; Gearing ; Marine Propul- 
sion ; Motor-Car Details 

—of Power. See Marine Propulsion ; Power 
Transmission 

Transport, Aerial. See Aeronautics ‘ 

— Coastal Shipping and Railway Competition, 
774 

— and the Development of South Africa, 450 

— Facilities, French African Colonies, 674 

—Jnstitute of, Congress at British Empire 
Exhibition, 450 ; Presidential Address by 
Sir L. Macassey, on the London Traffic 
Problem, 522; A. E. Bassom on London 
Traffic, 651; Sir A. Read, on Coastal . 
Shipping, 774 

— London, Work of the Engineer, 640, 647. 
See LurrErs, 676 é 

— Ministry of, Report on Railway Accidents, 
484; Report on Railway Employees, 524 ; 
Road Improvements, London Area, 571* ; 
Census of Road Traffic, 837 

— Motor. See Road; Motor 

— Railway. See Railway 


Testing, Henley’s 


See 


— Road. See Road; Motor; Railless 
— Sea, Power for, 118 : 
— — and Rail, Fruit, Cold Storage, 743* 
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‘Transport Work, United States, Internal-Com- 
bustion Engines for, 117 

Transverter, High-Tension Direct-Current 
Power Transmission, 14, 81 

Trap, Rotary, Centrifugal Sewage Pumps, 218* 

Travelling Crane. See Crane 

‘Travers, Dr. W. M., on Tests of Water Gas 
Plants, 682 

Travers-Clark System, Gas Manufacture, 23 

‘Trewhella Jacks and Winches, Timber Clearing, 
383 

Trials, Engine and Boilers, Tabulating Results, 
Work of Committee 55. SeeLETTERS, 101. 
See also 818*, 835, 866* 

_ — Light Two-Seater reat aeaee at Lympne, 
525*. See 232, 549, 652 

— Marne Oil Engines, Report, 780, 750*, 784*, 
798 


— Motor Ship ‘‘ Silurian,” 643 

— — Tanker “ British Aviator,’ 236, 369 

— Parker Low-Temperature Carbonisation 
Plant, 588* 

— Stal-Ljungstr6m Turbo Generator, Luton 
Corporation, 142 

—Steam Turbine, with Multiple Exhaust, 
Bristol, 253* 

— Steamer “ Orama,” 643. See 543*, 601* 

— 15,000-k.w. Turbo Generator, Grove Road 
Power Station, 704 

— Turbo Generator and Condensing Plant, 
Manchester Power Station, 668 

— Water-Tube Boiler$, High Pressures, 181*. 
See 41 

_— Yarrow Boiler, Londonderry Power Station, 
177 

— See also Tests 

Triple-Expansion Engines. See Engines, Steam 

Tripoli, Port of, Position and Possibilities, 838 

Tritton, F. S., on Iron and Oxygen, 366 

Trolley, Trackless, Road Traction. See Railless 

Trough Conveyor for Colliery Workings, 227* 

Trucks, Railway. See Wagons 

— See also Bogie 

Tubes, Bending Machines for. 
Tools 

—_ me and Copper, British Empire Exhibition, 
33) 


See Machine 


— —- Measurement of Internal Stresses, 378 

— Condenser, Corrosion of, 335, 378 

— Manufacture (Vickers, Ltd.), 99 

— Railways. See Underground Railways 

— Steel, British Empire Exhibition, 439 

— — Use for Structural Work, 674*. 
716 

— See also Pipes . 

Tubs, Colliery, Creepers and Tipplers, Coal- 
Screening Plant, 338* 

— — Gate-End Conveyor for Loading, 227* 

— — Weighing Machine for, 338 

Tug, Motor, Diesel-Electric System, New York 
Harbour, 714 

— Oil-Engine Driven, Egyptian Government, 
61 7* 

— Steam, ‘‘ Lord Combermere,”’ for Barbados, 


See 


370*. See Hrratum, 415 

— — and Oijl-Engine Propulsion, Comparisons, 
517 

Tungsten Filaments, Thermionic Valves, 


Manufacture, 456 

— Lamps. See Lamps under Electric 

Tunnel Enlargement, City and South London 
Railway, 640, 775 

— Penang Hills Railway, 668* 

— River Mersey, Proposed, 461 

Tunnelling Work, London Tube Railway 
Construction, 640. See 647, 676, 775 

Turbine, Compressed Air, and Generator, 
Flectrie Colliery Lamp, 530* 

— Gas, Present Position and Possibilities, 83 

— Hydraulic, American Practice, 71. See 45 

— — Automatic Intake Control, Water Chan- 
nels, 432* 

—-w-—and Centrifugal Pumps, Transformer 
Weirs, Utilisation of Low Heads, 435* 

— — Design of, 63 

— — Design of Draft Tubes, 153* 

— — Design of Large Alternators, 565 

— — 14,000-h.p. Francis, Deer Lake Power 
Station, Newfoundland, 126* 

— — Impulse and Reaction Types, 44 

— — Italian, Recent Developments, 44 

— — Kaplan Type, 63, 183* 

— —- Lawaczeck Type, Low Heads, 63, 434* ; 
Tests, 851* 

— Low Power (J. J. Armfield & Co., Ltd.), 
612 


— — Oil-Pressure Governor for, 610* 

— — Queenston-Chippawa Hydro-Electric De- 
velopment, 256*. See 220*, 267 

— -~ Rotors for (Vickers, Ltd.), 100* 

—  — Uniform Rules for Testing, 51, 145 

— — See also Power Plant, Hydro-Electric 

— Mercury-Vapour, Power Production, 42 

— Pumps. See Pumps, Centrifugal 

— Steam, Accidents to, Report, 417 

—— 15,000-kw. Grove Road Power Station, 
Tests, 704 

—— Back Pressure, 
See 503, 744 

—-— Blading for. See Blading 

— —5,000-kw. Brush-Ljungstrém, 
Empire Exhibition, 71* 

— — Brush-Ljungstrém, Manufacture, 699* 

—-—and Centrifugal Boiler-Feed Pump 


German Practice, 41. 


British 


(G. & J. Weir, Ltd.), 216*; (Gwynnes 
Engineering Co., Ltd.), 218* 

——and Centrifugal Oil Pump, Turbo- 
Generator Lubrication, 762* 

—w—and Centrifugal Pump, Condensate, 
8.5. “ Drottningholm,” 841* 

— — 50,000-kw., for Chicago, 66*. See 45 

— — Deposits on Blading, 417 

— — Design of Exhaust End, 65*. See 45 


—— Erste-Brunner and Ljungstrém, Com- 
parisons, 142 


— w— Erste-Brunner, Principles of Design, 


69*. See 46 

— — Extra-High Pressures, 69*, 178,470. See 
45, 65, 588 

—--Geared, and Centrifugal Boiler-Feed 
Pump, 626* | : 

—-— Geared (English Electric Co., Ltd.), 
698*, 760* 


—_— Geared, Reid-MacLeod Loeomotive, 479* 
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Turbine, Steam Impulse, Proportioning Blades 
and Nozzles, 473* 

— — Manchester Power Station, Tests over 
Three Years, 668 

— — Marine, de Laval Type, S.S. “ Drottning- 
holm,’’ 841* 

— — Marine, Geared. See Marine Propulsion 

— — Marine, 8.8. “ Mauretania,’’ Repairs, 424* 

_ reas, 5.8. “‘ Orama,” 601*. See 543*, 

— — Marine, Treatise on (Review), 336 

— — 7,000-kw. Metropolitan-Vickers, Multiple 
Exhaust, Bristol Corporation, Tests, 253* 

— — Pass-Out or Extraction Type, 41, 744. 
See 503 

— — Principles and Progress, 469 

-— — Regenerative Feed Heating, 57*, 64*. 
469, 818*, 885, 866* 

—— Reheating Steam during 
657*, 65*, 470. See 818* 

— — Speed and Output, Relationship, 698* 

— — Stresses in Discs, Conical Profile, 418. 
See LErrer, 486 

— — Thermal Efficiencies, 63*, 469. See 45 

—-— Thermal Efficiency, Standards of Com- 
parison, 818*, 835*, 866* 

—— See also Turbo-Generators ; Turbos Alter- 
nators 

— Steamers. See Steamers ; Warships 

Turbo-Alternators, High-Speed, Hungarian 
Practice, 80, 206* 

— ~— Stator, Road and Rail Transport, 370, 


Expansion, 


552 

Turbo-Electric System, Ship Propulsion. See 
Marine Propulsion 

Turbo-Generators, Accidents to, Report, 418 


——15,000-kw. British Thomson-Houston, 
Grove Road Power Station, Tests, 704 
—— 6,000-kw., Brighton Power Station 

Caetropolitansy ickers Electrical Co., Ltd.), 
fae Ae 5,000-kw. LBrush-Ljungstrém, British 


Empire Exhibition, 71* 

— — Brush-Ljungstrém, Manufacture, 699* 

— — Brush-Ljungstré6m, St. Pancras Power 
Station, 642* 

— — Brush System of Stator Windings, 71* 

— — 50,000-kw., for Chicago, 66*. See 45 

— — Electrical Design, Large Units, 565 

— — 400-kw., Geared (W. H. Allen, 
& Co., Ltd.), 372* 

— — 1,000-kw., Geared (English Electric Co., 
Ltd.), 698*, 760* 

—-—- Manchester Power Station, Tests over 
Three Years, 668 

—-— Regenerative Feed Heating, 57*, 64*, 
469, 818*, 835, 866* 

— — Reheating Steam during Expansion, 57*, 
65*, 470. See 818* 

— — Rotor Shaft Failures, 418 

— — Speed and Output, Relationship, 698* 

—-— Stal-Ljungstr6m, Luton Corporation, 
Tests, 142 

— — United States Power Stations, 108 

Turkey, Economic and Commercial Conditions, 
Report, 680 

Turner, Prof. W. E. &., on the United States 
Glass Industry, 592 

Turner, T. H., on Metal Spraying, 409 

Turning and Boring Mills. See Machine Tools 

— See Machine Tools 

Turret Lathes. See Lathes under Machine Tools 

Twells Valve Gear for Duplex Pumps, 3* 

Tyacke, J. A., Electric Harmonic Analyser, 
651. See 876* 

Tyer & Co., Ltd., Railway Signalling Appa- 
ratus, British Empire Exhibition, 9 ; 
Signalling Appliances, Penang Hills Funi- 
cular Railway, 853* 

Tyres, Pneumatic, Low-Pressure, Motor-Car, 
Advantages, 805 

— Pneumatic, Valves and Rims, 
Specifications, 261 

— Railway and Tramway, British Empire 
Exhibition, 100, 438, 439 

— Rubber and Pneumatic, 
Early Use, 681 

“ Tyrian,” H.M. Destroyer, Yarrow Boiler, 459* 


U. 


ULSTER Coalfield, Development, 175 

Ultra-Violet Light, Fused-Silica Lenses, 296 

Underfeed Stoker Co., Ltd., Travelling-Grate 
Stoker, 767 

Underground Railway, City and South London, 
Tunnel Enlargement, 640; Reopening of 
Line, 775 

—-— London, History of Construction, 640. 
See 647, 676 

—w— London, Charing Cross to Kennington 
Extension, 328 

—w— London, Hendon-Edgware Extension, 
Automatic Substation, 227*; Opening, 260 

— Water Supplies, Pollution of, 151 

Unemployment. See Labour 

Unions, Trade. See Labour 

United States, Anti-Aircraft Guns, 204 

—  — Battleships, Gun Alterations and Wash- 
ington Treaty, 331 

— — Bauxite and Aluminium in, 838 

—— Bureau of Mines, Investigations on 
Synthetic Cast Iron, 276; Use of Ex- 
plosives in Mines, 291; Clinker Formation 
in Boiler Furnaces, 548; Stone Dusting 
in Coal Mines, 675 

—— Bureau of Standards, Tests of Girder 
Hooks, 491 

—— Coal Exports, Effect of British Prices, 
518*, 521 

— — Coast-Defence System, 170 

— — Dam Construction in, 466 

— — Electro-Metallurgy in, 117 

-—— Engineer Department, Sea-Going Dred- 
gers, 713 

—  — Glass Industry, Present Position, 592 

— —- Hydraulic Turbine Practice, 71. See 45 

— —Industrial Organisation, Munitions Sup- 
ply, 201 

— — Industrial Research in, 115 

— — Internal-Combustion Engines for Trans- 
port, 117 : 


Sons 


Standard 


Invention and 


United States Iron and Steel Industry, Power 
Production and Use, 84 

— — Marine Propulsion, Practice, 120 

—— Naval Airship ZR.3, Transatlantic 
Voyage, 548 

—— Navy. See United States under Warships 

——  Non-Ferrous Metallurgy in, 376 

-—_— Paper Manufacture, Application ‘of 
Power, 85; Paper Supply, 692 


— — Pertoleum Production and Consumption, 


765 
—— — Power Production, Social Aspect, 36, 37 
— — Power Resources, 18, 31 
—_— weer Stations, Electrical Equipment, 
108 


— — Public Services, Regulation, 37 

—— Railways. See Railways ; Railroads 

—-— Research Work, Marine Piling (Review), 
589 

— — Scout Cruisers and Destroyers, Cavitation 
Investigations, 717*. See LETTER, 769 

—-—-Shipping Board Steamers, Fuel Con- 
servation and Performance Standards, 714 

— — Steam Power Production, Practice, 39, 42 


—-—- Synthetic Nitrogen, 264. See 372 
— — See also America 
Universal Grinding Machine. See Grinding 


Machine under Machine Tools 

University of Illinois, Fatigue Tests of Metals, 
580*, 652*. See 284 

— of Leeds, Jubilee Celebration, 839 

— College, London, Chemical Engineering 
Laboratory, 682 

—of London Degrees in [ngineering, 831 

—— See also Education 

Upper Atmosphere. See Atmosphere 

Uraga Dock Co., Train-Ferry Steamer “ Shoho 
Maru,’’ 735* 


Ae 


VACUUM Pump. See Pump 

— Tube. See Réntgen Rays : Telegraphy,Wire- 
less ; Telephony, Wireless; Valves, Ther- 
mionic 

Valiant Portable Air Compressor, 753* 

Valves, Annular, Plate, Walker Air Compressor, 
192* 

— —- High-Speed Ammonia Compressors, 561*, 
594* 


— Automatic Control, Air-Humidifying Ap- 
paratus, 873* 

— Plectrical Operation, Dean System, 671* 

— Gas and Steam, Automatic Temperature 
Control, 628* 

— Gear, Fuel-Injection, Blackstone Oil Engine, 
60*, 639%. See 21 

— —- Twells, for Duplex Pumps, 3* 

—— Walschaert, Locomotive for Buenos 
Ayres Great Southern Railway, 282* 

— Johnson, Queenston-Chippawa Hydro-Elec- 
tric Development, 256* 

— Oil-Fuel Pipe Lines, 793 

— Piston, Milling Ports of Liners, 354* 

— Pneumatic Tyres, Standard Specifications, 


261 
— Ring, High-Speed Ammonia Compressors, 
561*, 594* 


— — Plate, Walker Air Compressor, 192* 

— Self-Closing, for Pipe Lines, 143* 

— Stop, Geared Turbo Generator, 761* 

— Thermionic, Manufacture, 456. See 492* 

— — Rectification of High-Tension Currents, 
492* 

— — Water-Cooled, for High Powers, 493* 

— — See also Telegraphy, Wireless; Telephony, 
Wireless 

— and Valve Gear. See also Engines 

Van Rossem, Dr. A., on Rubber Latex, 776 

Variable Speed Gear. See Gear; Motor-Car 
Details 

Vector Quantities Dimensional Notation, 686 

Vee-Notch Water Recorder, Lea Closed-in Type, 
598* 

Velocity ot Light, Recent Measurements, 738 

Velomill Boring Mill, 398* 

Veloplane Planing Machine, 362 

Venezuela, Motor Launch “* Invermira,’’? 800* 

Ventilating Fan, Mine, Sirocco Type, 160* 

Ventilation, Air Washers and Filters, 780 

— Police Court, Fanmakers’ Company Prize, 
754 

Vereeniging Estates Exhibit, British Empire 
Exhibition, 205* 

Vertical Illuminator for Microscopes, 30* 

— Retorts, Gas Manufacture, with Waste-Heat 
Boilers, 23 

Viaducts, Arched, Penang Hills Railway, 667* 

— Cast-Iron Arch, French Railway, Repair 
Work, 557 

— See also Bridges 

Vibrac Molybdenum Steel, 187*; 
Cylinder, 187*. See Errata, 423 

Vibration Recorder, the Cambridge, 287 

Vickers, Ltd., Metallurgical Exhibits, British 
Empire Exhibition, 99*, 335; Duralumin 
Exhibits, British Empire Exhibition, 335* ; 
Variable-Speed Winches, 211*; Electric 
Capstan, 502*; Orient Liner ‘‘ Orama,” 
543", 601*, 643; Launch of MS. 
“ Moveria,’”’ Donaldson Line, 548; Con- 
traflo Air Pumps, 573*; Tirso Hydro- 
Electric Scheme, 632* ; Airship for British 
Government, 651 

Vickers-Petters, Ltd., Oil Engine for Motor 
Tug, 517*: Two-Speed Oil Engine, Grain 
Elevator Drive, 643* 

Victaulic Pipe Joints, Cleaning Water Mains, 
14; British Empire Exhibition Colliery, 
193* 

Vikro Heat-Resisting Steel Castings, 99 

* Virginian,”’ $.S., Propelling Machinery. 
“ Drottningholm ” 

Vivian, A. C., on an Extension of the Middle- 
Third Theory, 763* 

Voltage Regulation, Electric Power Supply, 78 

Volume Changes, Steel, during Heat Treat- 
ment, 351* 

Volumetric Glassware, National 
Laboratory, Tests, 378 

“Vuilean,”’ M.S., Diesel-Hydraulic Drive, 92*, 
369* 


Oxygen 


See 


Physical 
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W. 


WADE Screw-Cutting Lathe, 749* 

Wadkin & Co., Sandpapering and Mortising 
Machines, 23* 

Wages. See Labour 

Wagon, Coal, 42-ton Hopper, Bengal-Nagpur 
Railway, 279* 

— Motor. See Motor Wagons 

— Railway Repair, Petrol-Driven, 
Wheel Drive, 817* 

— 20-ton Steel Construction (Cambrian Wagon 
Co., Ltd.), 766 

Waldeck Reservoir Dam, Temperature Fluctu- 


Four- 


ations, 425 
Walker Brothers (Wigan), Ltd., Air Compressor 
190* ; Refuse Collection, Pagefield 


System, 655* 

Walker Electric Vehicles, 689*. See 719 

Walker, Prof. M., Wlectric Harmonic Analyser, 
651. See 876* 

Wallsend Slipway and Engineering Co., Ltd., 
Oil-Fuel Apparatus, 345*; Repairs to 
Turbines, 8.8. ‘‘ Mauretania,’’? 424* 

Walls, Retaining, for Reclaimed Land, 438. 
See Erratum, 486 

Walschaert Valve Gear, Locomotive for 
piones Ayres Great Southern Railway, 

82* 

War, European. See Huropean War 

_ ahi ae Supply, Industrial Organisation, 
1 


— Cae Pubeigy Light Lorries, Specification, 
94, 13 

Ward, Haggas & Smith, Pulley-Turning Lathe, 
358*; Planing Machines, 362* 

Ward, H. W., & Co., Ltd., Turret and Capstan 
Lathes, 356* 

Warfare, Naval. 


Warships: 


Aviation, Naval. See Aeronautics 

Coastal Motor Boats, Thornycroft, British 
Empire Exhibition, 421* 

French Coast-Defence Measures, 170 

— Naval Officers, Recruitment from Ecole 
Polytechnique, 554 

— Navy, Committee on Marine Engineer- 
ing, 524 

— — Estimated Expenditure, 780 

— — New Construction, 453, 572, 582, 871 

Sadao wate jana of High Command, 

39 

— — Scientific Research, 854 

— — Submarines for Convoy Duty, 587 

German Fleet, Sunken, at Scapa Flow, 
Salvage Work, 233*. See 373 

Guns, Naval. See Guns 

Gunboats, Shallow-Draught, Yarrow, 459. 

See LETTER, 486 

H.M. Destroyer “ Tyrian,’’ Yarrow Boiler 
for, 459* 
H.M. Flotilla Leaders, ‘* Montrose,” 
* Stuart ” and “‘ Marksman,’ 421 
H.M. Navy, Development of Propelling 
Machinery, 669 

H.M.S§. “ Benbow,” Model, British Empire 
Exhibition, 187 

H.M.S. “ Ceres,’’ Model, British Empire 
Exhibition, 189 

H.M.S. “‘ Hood,” Steel Casting for Rudder 
Frame, 189* 

H.M.S. “ Malaya,’ Model, British Empire 
Exhibition, 187 

H.M.S. “ Repulse,’ Model, British Empire 
Exhibition, 189 

Ttalian Navy, Autumn Manmuvres, 806 

— — New Destroyers, 582 

— Submarines, Design and YTunctions, 
LWA PRY 

Mine Bu ceping Sloops (Wm. Simons «& Co., 

-), 46' 


See Warships 


Naval Aeronautics. See Aeronautics 
— Exhibits, British Empire Exhibition, 
185*, 420*, 458*. See Lurrur, 486. 
See Errata, 423 
— Warfare, French Coast-Defence Mea- 
sures, 170 
—-— Merchant Shipping in, 
Manceuvres, 806 
Russia, Soviet Naval-Construction Pro- 
gramme, 651 
Sloops, Mine Sweeping (Wm. Simons & Co., 
Ltd.), 460 
Submarines for Convoy 
Navy, 587 
— Design and Functions, Italian Views, 232 
— Italian Class “‘ O ”’ Type, 171 
— Large, Prof. 0. Flamm’s Design, 837* 
— Testing Dock, Use for Salvage Opera- 
tions, 233*. See 373 
Torpedo Boats and Destroyers, Thorny- 
croft, 420; Hawthorn, Leslie & Co., 
Ltd., 421; Yarrow, 459; Swan, 
yeaa & Wigham Richardson, Ltd., 
46 
— — Destroyers, German, Salvage at 
Scapa Flow, 233*. See 373 
United States Battleships, Gun Alterations 
and Washington Treaty, 331 
— — Coast-Defence System, 170 
— — Naval Airship Z.R.3, Transatlantic 
Voyage, 548 
— — Navy, Aircraft Developments, 490 
— — Navy, Breaking up Warships, 714 
— — Navy, Oil Fuel Supplies, 765 
—— Scout Cruisers and Destroyers, 
Cavitation Investigations, 717*. See 
LETTER, 769 
Warship Design, Influence of Acronautics, 
722. See 713 
Washington Treaty, Breaking up United 
States Warships, 714 
—-—and Gun Power of United States 
Battleships, 331 
See also Naval in PARAGRAPH INDEX 
Washers, Air, Ventilation Purposes, 780 
Washing Machines, Casks and Bottles, Brewers’ 
Exhibition, 649 
— — for Coffee Berries, 542* 
—  — Laundry Work, Canadian, 140* 
— Plant, Diamonds, De Beers Mines, 205* 


Italian 


Duty, French 
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Washing Plant, Rheolaveur, for Coal, British 
Empire Exhibition Colliery, 411* 

Washington Treaty, Breaking up United States 
Warships, 714 

—— and Gun Power of United States Battle- 
ships, 331 

Waste- iat Boilers. Vertical Gas Retorts, 23 

— — Reciprocal Utilisation in Industries, 75 

— Liquors, Gas Manufacture, Treatment, 128 

Water-Boat, ‘‘ Lord Combermere.”’ for Bar- 
bados, 370*. See Erratum, 415 

— Channels, Automatic Intake Control, 432* 

— Concrete Mixing, Investigations, 618 

— Consumption of Engines. See Steam Con- 

sumption ; Trials 

— Cooling, Cold-Rolling Mill Bearings, 636* 

— — Diesel Engine Pistons, Duplex Pump, 5* 

— — Systems, Monitor Flow Indicator, 548 

— Cooled Valves, Wireless Transmitting 
Apparatus, 493* 

— Discharge, Jet Dispersers for, 247* 


— Filters. See Filters 

— Friction. See Hydrodynamics ; Shin Resist- | 
ance , 

— Gas. See Gas 

— Heaters. See leed-Water Heaters 


— Mains, Cleaning. Victaulic Pipe Joints, 14 

— — Self-Closing Valves for, 143* 

— Meters, Use in Boiler Trials, 45. 
LETTERS, 10] 

— — Recording V-Notch, Lea Closed-in Type, 
598* 

— Power. See 


See 


See also 
Turbine, 


Power, Water. 
Hydraulic ; Power Plant; 
Hydraulic ; Tidal Power 

— Spraying Apparatus, Air 
Textile Mills, 873* 

— Supplies, Underground, Pollution of, 151 

— Supply, Bombay, Lake Tansa Pipe Line, 
562* 

— — Calcutta, 178 

— — Edmonton, Canada, 

— — Egyptian Towns, | 
Chlorination Plant, 

— — Schemes in Paes: 777 

— — Toronto, Shifting-Sand Filtration Plant, 
266 

— — Sec also Irrigation 

— Tube Boiler. See Boiler 

— Turbines. See Turbines, Hydraulic ; 
Plant ; Power, Water 

— Vapour and Circulation of the Air, 410 

— Wheels. See Turbines, Hydraulic; Power 
Plant ; Power, Water 

Waterloo Bridge, Foundation Settlements and 
Proposed Reconstruction, 102, 641, 807. 
See 647, 676 

Waterways. See Rivers ; Navigation, 
Inland 

Waterworks Association, British, A. B. Cath- 
cart on Underground Water Supply, 151 

— Chester, Pumping Station, Remote Control, 
671* 

— Swansea, Jet Dispersers, 
from Reservoir, 247* 

— See also Water Supnly and PARAGRAPH 
INDEX 

Watkins, W. G., on Oil-Fuel Pipe Lines, 
823*, 853* 

Watson, BF. A., on Cobalt Magnet Steels, 274*, 
302*. See 286 

Watson, J. D., on Bio-Aeration in 
Purification, 241. See 286 

Watson, J. H., on Nickel for Coinage, 378 

Watts, R. E., Balanced Internal-Combustion 
Engine, 593*. See 22 

Wave Form, Alternating Currents, Harmonic 
Analysing rites avert 651, 876* 

— Length of Light, Calibration of Standard 
Metre, 491* 

— Making Resistance of 
Resistance 

Waves, Electromagnetic. 


Humidification, 


530 


ee and 


Power 


Canals ; 


Water Discharge 


792, 


Sewage 


Ships. See Ship 


See Teleyraphy, Wire- 


less; Telephony, Wireless 
Wealth, Distribution of, 681. .See Lurrnr, 746 
Weather. See Meteorology 
Weaving Machinery, Cotton Fabrics, British 


Empire Exhibition, 247* 

— Sheds, Air-Humidifying Apparatus, Andrew 
System, 873* 

Webster & Bennett, Ltd., Vertical Turret 
Lathe and Boring and Turning Mill, 310* 

“ Wee Bee ” Light Aeroplane, 525* 

Weighing Machine for Colliery Tubs, 338 

Weights, Marine Propelling Machinery, 670, 
730, 75 

Weir, Automatic, Spillway of Tirso Dam, 635* 

— River Seine Regulation Works, 682* 

— Transformer, Utilisation of low-Head 
Water Power, 435* 


Weir, G. & J., Ltd., Pumping Machinery, 
British Empire Exhibition, 216*; Air 
Compressor, 425* 

Welding, Arc, Repairs to French Railway 
Bridge, 557 

— Engineers, Institution of, E. A. Atkins on 


Manufacture of Steel Wire, 630 

— Machines (A.1 Electric Welding Appliances 
Co.), 764*, 827* 

Welfare Work. See Labour 

Welsh Oil Shales, Properties and Uses, 777 

Wembley Park Exhibition. See British Empire 
Exhibition 


Werkspoor Double-Acting Diesel Engine, 26* 

West, Dr. G., Mercury- Vapour Pump, 267* 

West, H. J., & Co., Ltd., Refrigerating Plant, 
i73* 


West Africa, French, Railway Needs, 674 

— Midlands Electricity District, 745 

Western Union Telegraph Co., New 
Azores Cable, 461 

Westgarth, T., on the Industrial Machine, 585 

Westinghouse Brake and Saxby Signal Co., 
Ltd., Double-Wire Railway Signalling 
System, 163* 

Westminster Bridge, Stress Measurements, 296 


York- 


Wheels, Gear. See Gears; Gearing; Marine 
Propulsion 

— Grinding. See Grinding under Machine 
Tools 


— Railway, Kubber-Supported Steel Tyre, 9* 

——and Tramway, Pritish Empire Exhibi- 
tion, 438, 439 

Whipple, R. 8., on Recording Instruments, 287 


| White, J. S., 


Prof. G. S., on Acidity of Raw Rubber, 


3 

White, W. B., & Sons, 
Goods, 249* 

& Co., Ltd., Steam Tug and 
Water-Boat, Barbados, 370". See Erratum, 
415; Oil-Engined Tugs, Egypt, 517* 

White Metal. See Alloys under Metallurgy 

Whitworth Scholarships and Dockyard Ap- 
prentices, 741. See Lerrers, 746, 770, 
810, 831, 861 

— — Regulations, 233 

Wiberg, O. A., on Reversing Clutch Marine 
Turbine, 144*. See 120; on High-Pressure 
Water-Tube -Boilers, 181*. See 41 

Wicksteed, C., & Co. (1920), Ltd., Hack-Sawing 
Machines, 445* 

Wilezek, E., on Turbo-Alternator Design, 206*. 


See 80 

Wild, M. B., & Co., Ltd., Haulage Gear, 251*, 
622* ; Coke-Oven Charging Machine, 512* 

Wilkins Wire and Wire Ropes, Ltd., Exhibit, 
British Empire Exhibition, 429 

Williams, E., on Economics of Coal Mining, 
518*, 621 

Williams, L., on Refrigerator Ships, 713 

Williams-Japney Variable-Speed Winches, 211* 

Willison Automatic Railway Coupling, 478 

Wilson-Wolf Engineering Co., Ltd., Fractional 
Horse-Power Electric Motors, 700 

Winches, Boat and Cargo, Williams-Janney 
Gear, 211* 

— Cable-Handling, Cable Ship 
Suenson,”’ 269*. See 196* 

— Electric, for Ships, Austin Constant-Current 
System, 734* 

— Trewhella, for Timber Clearing, 383 

Wind-Driven Electric Generators, 
Agriculture, 382 

— — Lighting Plants, Airolite, 60 

— — Power Stations, 77 

— Power Calculations 
Data, 77 

— Pressure on Structures, Measurement, 800 

— Relation to Height, 410 

Windings, Electrical Machines, 
chine for, 764* 

— Engine, Electric, 
789*, 852* 

—_——_— Steam or soeiaeed Air (Holman Bro- 
thers, Ltd.), 732 

— Frame, Cotton Yarn, 91* 

Window Sashes, Tenoning Machine for, 298* 

Wire Ropes, British Empire Exhibition, 439 

— — Lubrication of, Effect, 858, 868 


Whitby, 
334 
Ltd., Loom for Cotton 


“ Edouard 


Use in 


and Meteorological 
Welding Ma- 


Penang Hills Railway, 


—— Railway, Penang Hills, 664*, 726*, 
789*, 852* 
— — Research, Report on, 856*, 867 


— Steel, Manufacture of, 630 

Wires, High-Temperature Tensile Tests, 408 
—and Wire Ropes, Repeated Bending Tests, 

856*, 867 

Wireless Telegraphy. 
— Telephony. 
— Society. 
Wiring, 


See Telegraphy 

See Telephony 

See Radio Society of Great Britain 
Electric, of Buildings, Regulations, 


Wohler’s Tests. See Alternating Stress under 
Tests (Materials) 

Wolseley Motors, Ltd., Thread-Grinding Ma- 
chine, 547* ; 11-22 h.p. Motor Car, 574* 

Wolverhampton Corrugated Iron Co., Ltd., 
Electric Crane for, 164* 

Wood Printing Machine, Box Manufacture, 544* 

— Pulp Industry, Canada, 539 


| — Waste, Drying Towers for, 39, 503 


— — Gas Producers Using, 39, 503 

Wooden Box Manufacture, Nailing and Print- 
ing Machines, 544* 

Woodhouse, W. B., on Electricity Supply, 617 

Woodvine, G. R., on Volume Changes in Steel 
during Heat Treatment, 351* 

Woodworking Machinery, See Machine Tools 

Woolwich Research Department, Mercury- 
Vapour Pump, 267; Extrusion of Brass 
Rod by Inverted Process, 387*. See 
379, 415; Effect of Cold Rolling on Hard- 
ness of Copper, 386*. See 408. Report 
on Manganese Steel, 411 

Workmen’s Compensation, 


Works :— 


See Labour 


Accumulator Fectories, Lead Poisoning, 
Home Office Regulations, 753 
Alkali Works, Report on, 1923, 127 
Brush Electrical Engineering Co., 
Turbine Manufacture, 699* 
Factory Accidents. See Accidents 
Ford Motor Company, Proposed Works 
at Dagenham, 91 
Henley’s Cable Works, Research Labora- 
tories, 736* 
Shelton Iron Works, Coke-Oven Plant, 510* 
Welfare Movement in Works. See Labour 
Works Management, Experience with Welfare 
Schemes, 237 
—— Reduction of Manufacturing Costs, 419 
—w— Technica! Costs and Estimates, 582. 
See 433 
— — Treatises on (Reviews), 619, 664 
Workshop Accidents. See Accidents 
— Training. See Apprentices ; Education 
— See also Works ; Machine Tools 
World Power Conference:— 


Opening Proceedings and Dinner, 18 
Concluding General Meeting and Resolu- 
tions, 123 


Ltd., 


Section A.—Power Resources.— 
Power Resources, British Empire and 
United States, 18, 31 
Power Resources, European, Asiatic and 
South American Countries, 19, 32 


Section B—Water Power Production. — 

Problems Relating to Run-off, Storage and 
the Allocation of Catchment Areas 
in Great Britain and Ireland, by 
W. J. E. Binnie, 42 

Factors of Efficiency in Hydro-Electric 
Development by Lieut.-Col. C. M. 
Norrie, 42 

Hydro- Electric Power in France, by MM. 
Arbelot and Dupin, 42 


World Power Conference—continued. 


Section B.—Water Power Production—ennt. 

Hydro-Electric Power in France, by M. 
Maroger, 42 

Supplementary Steam Generating Stations, 
Water Power Plants, by G. Motta, 42 

Recent Practice in Lake Storage.and what 
the Storage Means to Water Power 
Utilisation in Sweden, by G. Berg, 43 

Recent Practice in Swedish Water Power 
Engineering, by A. Westerlind, 43 

Production of Water Power in Sweden, by 
A. Ekwall, 43 

Reliability of Operation of Hydro-Electric 
Plants, by K. E. Nylander, 43 

Some Features of Modern Hydro-Electric 
Developments, by D. Mayoral, 43 

Regime of Flow of Some Spanish Rivers, 
by C. Mendoza, 43 

Generation of Hydro-Electric Power in 
Canada, by H. G. Acres, 43 

Power Development on Navigable Rivers, 
by C. Keller, 43 

Recent Practice in Civil Engineering with 
Reference to Water Power Production, 
by Dr. Ing. K. Innerebner, 44 

Civil Engineering Features of Water 
Power Development in the Dutch 
East Indies, by W. Blaser, 44 

Recent Development in Dam Construction 
in Italy, by L. Mangiagalli, 44 

Recent Developments in Italian Water 
Turbines, by G. Ucelli, 44 

Report on Progress in Mechanic :1 Engi- 
neering with Reference to Power 
Production, 44 

Mountain-Side Canals, by EH. Azarola, 44 

Impulse Water Wheels, by W. M. White, 
44 


Hydraulic Reaction Turbine, 
Taylor, 71. See 45 
Experimental Research in Water Power, 
by Prof. D. Thoma, 45 

Measures taken in Sweden against Ice 
Trouble at Water-Power Plants, by 
A. F. Samsioe, 463. See 45 

Evolution of Opinion on the Control of 
Hydro-Electric Energy, by M. M. 
Aerbelot and Dupin, 45 

Modern Tendencies in Water-Wheel 
Design, by H. O. Dahl, 63 

Ice Troubles in Norwegian Water Power 
Plants, by A. Ruths, 73 

Recent Swedish Arch Dam Design, by 
B. Hellstrém, 76 

Historical Note on the Kaplan Turbine, 
by Dr. J. Kneidl, 183* 

Large Low-Head Water-Power Develop- 
ments, by Dr. F. Lawaezeck, 434* 
Construction of Dams, by A. P. Davis, 466 

Section C—Prep uration of Fuels. 

Complete Gasification of Coal, by Prof. H. 
Strache, 37 

Liquid By-Products of Coal Carbonisation 
as a Source of Power, by G. Adam, 38 

Power Resources of Sweden, by A. F. 
Enstrém, 38 

Gas Producers, Applications and Econemic 
Features, by A. H. Lymn, 39. See 83 

Report on the Distribution of Peat, by 
Prof. P. F. Purcell, 39 

Oil Refining, by C. J. M. Milo, 39 

System of Oil Production from Swedish 
Oil Shales, by 8. V. Bergh, 39. 

Saw Mill Waste in Sweden, by O. Norde 
str6m, 39 

Power from Wood Waste of Swedish 
Forests, by Dr. H. von Eckermann, 39 

Illumination by Gas, by Dr. J. 8S. G. 
Thomas and D. Chandler, 81 

Use of Town Gas in Industry, by Sir A. 
Duckham, 82 

Coke as Fuel for Steam Raising, by E. W. 
L. Nicol, 82 

Fuel Conservation and Smoke Abatement, 
by F. W. Goodenough, 82 


by H. B. 


Co-Ordination of Fuel Supplies, by Dr. 
E. W. Smith, 82 

Low-Temperature Carbonisation, by Dr. 
Lander, 82 

Fuel Resources of Russia, by Prof. 
Ramsin, 82 

Eyolution of the Gas Engine, by Prof. ¥.W. 
Burstall, 83 


Section D1.—Steam Power Production, 
Steam Power Production: General Re- 
view of Current Practice, by P. 
Junkersfeld and G. A. Orrock, 39 
Pulverised Fuel for Boilers, by W. M. 
Selvey, 40 
National Economic Power of Solid Fuel 
in Relation to its Scientific Utilisa- 
tion, by L. C. Harvey, 40. See 
Erratum, 91 
Fuel Economy and the Measurement of 
igh Temperatures, by Sir R. Had- 
field. 40 
Coke as a Fuel for Steam Raising, by E. W. 
Nichol, 40 
Complete and Incomplete Combustion, 
with Reference to Combustion 
Economy, by O. Rodhe, 40* 
Combined Furnace and Chain-Grate 
Stoker for Burning Peat, by Prot. T. 
Makariew, 41* 
Heat Economy in Austria, by Dr. J. 
Tomaides, 41 
German Practice in Exhaust Steam Engi- 
neering, by H. Treitel, 41 
Steam Generation, by Sir J. Kemnal, 41. 
See 588 
pig coe at Extra-High pee 
V. Blomquist, 432. See 4 
High- bras Water-Tube Soller, by 
O. A. Wiberg, 181*. See 41 
Use of Steam at High Pressures and 
Temperatures in Central Stations, by 
W.S. Munroe 41 
Recent Practice in aaa, Generation in 
United States, by D. 8. Jacobus, 42 
Influence of High Pressure ‘Steam on the 
Design and Economy of Large Steam 
Boiler Plant, by Dr. Miinzinger, 42 
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Section D1.—Steam Power Production—cont. 

Power from Mercury Vapour, by W. L. R. 
Emmet, 42 

Steam Accumulation, by Dr. J. Ruths, 68* 

State versus Private Management of 
Power Plants, by Dr. A. 'T. Hadley, 209 

Outstanding Features of Swedish Prestige 
in Steam Power Production, by H. A 
Lundberg, 503 


Section D2.—Steam Utilisation. 

Steam Turbines, by Sir C. Parsons, 63*. 
See 45 

Steam Turbines for High Pressures, by 
C.F. Stork, 69*. See 45 

Extra-High Pressure Steam Turbine, by 
V. Nordstrém, 178. See 45 

Steam Turbines and Condensing Equip- 
ment, by F. Hodgkinson, 45 

Reciprocal Utilisation of Waste Energy, 
by B. M. Gerbee, 75 


Section E.—Internal-Combustion Engines. 
Development of the Diesel Engine, by 
Dr. Ing. A. Nigel, 110*. See 83 
Tnternal-Combusion Engines for Motor 
Transport and Aviation, by G. 
Agnelli, 83, 85 

Large Internal-Combustion Engines, by 
G. F. Tosi, 83 : 

Development of the Tnternal-Combustion 
Engine in Sweden, by Prof. 
Hubendick and others, 83, 105 

Large Gas Engines in German Power 


Economy, by P. R. Meyer, 105*. 
See 83 
Section F.—Auziliary Power Sources — 
Alcohol as a Source of Power, by Sir 


C. H. Bedford, 77 

Calculations Regarding Wind Power 
Based on Meteorological Data, by 
Prof. E. Schou, 77 

Modern Plants for Wind-Electric Power 
Stations, by R. J. Jensen, 77 

Natural Steam Power Plant, by Prince P. 
Conti, 78 


Section G.—Power Transmission and Distri- 
ution. 

Modern Practice in Power Transmission 
and Distribution in Austria, by L. 
Kallir, 78 

Electrification in Holland, by Bega Ss; 
Kleine, 78 

Transmission and Distribution of Electric 
Power in Canada, by Dr, J. C. Smith 
and Prof. C. V. Christie, 78 

Transmission of Electric Power from Nor- 
way to Denmark, by W. Rung and 
A. R. Angelo, 114. See 78 

Export of Power from Norway, by §. 
Kloumann, 213. See 78 

Influence of Voltage Regulation on 
Electricity as a Product of Quality, 
by Prof. F. Jacobsen, 78 

Styrian Water Power and Electricity 
Co., Development, 78 

French MHigh-Tension Electric Power- 
Transmission Lines, by M. J. T. 
Laspiére, 78 

Transmission and Distribution of Wlectri- 
cal Energy, by C. H. Merz, 79 

Super-Power, by W. 8. Murray, 79 

Economic and Technical Organisation of 
Large-Scale Power Distribution in 
Sweden, by W. Borgquist, 79 

Recent Developments in A.C. Generators 
and Motor Designs, by R. Liljeblad, 79 

Modern A.C. Switchgears in Sweden, by 
K. E. Eriksson, 80 

Characteristics of High-Tension Lines in 
France, by M. C. Duval, 80 

Hungarian Practice in High-Speed Turbo- 
Alternator Design, by E. Wilezek.. 
206*. See 80 

Recent Electrical Developments in Over- 
head Flectric Transmission in Italy, 
by U. D. Buono, 80 

Development of and Limits in Parallel 
Operation and Interconnection of 
Large Electrical Systems, by R. 
Norsa, 80 

High-Tension Cables, by Ll. B. Atkinson, 
80. See LETTER, 142. See Erratum, 198. 

Electric Cables for Extra-High Tensions, 
by L. Emanueli, 80 

Loading Limits for Electric Power Cables,. 
by E. Fawssett, 5. W. Melsom, C, 
Vernier and E. B. Wedmore, 81 

High-Tension Direet-Current Generation 
and Distribution of Electrical Energy, 
by J. S. and W. Ei. Highfield, 81. 

American Power-Station Electrical Equip- 
ment, by B. G. Lamme, 108 

Continuity and Regularity of Operation of 
Large Electric Systems, by Dr. G. 
Semenza, 112 

Large Alternators, by A. B. Field, 565 

Development of the Use of Power in 
Southern Rhodesia, by C, H. Basker-: 
ville, 85 


Section H.—Domestic and Industrial Uses of 


Power. 

Use of Electricity for Heating Purposes 
in General, and especially for Domestic 
Purposes, by Dr. W. Lulois, 84 

Electric Power in Norwegian Households,. 
by J. Sandberg, 84 

Technical Development and Financial 
Organisation, Including Co-operative: 
Schemes for Electricity Supply in 
Agriculture in Denmark, by F. H. 
Krebs, 84 

Power in the Iron and Steel Industry in 
America, by EK. R. Shover, 84 

Application of Electric Power in German 
Industry, by Dr. C. Kéttgen, 85 

Electric Power Plant in the Textile 
Industry, by L. Kuhl, 85 

Application of Power to Paper Making in 
United States, by A. H, White, 85 . 

Electricity Supply i in Bergen, by A. Bjerke 
and KE. Monsen, 85 
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Section H.—Domestic and Industrial Uses of 
Power—c tinued, 
Electrical Undertakings in 
N. Shibusawa,. 85 
Electricity Supply in 
R. Steen, 85 
Utilisation of the Power Resources of 
Austria, with Special Reference to the 
Consumption of Hlectric Power, by 
E. Karel, 85 
Notes on the Future of Flectric Supply and 
Demand, by Sir A. B. W. Kennedy, 85 
Utilisation ot Electric Power in Bulawayo 
and District, by B. K. Ward, 85 
Power for Textile Mills in United States, by 
C. T. Main, 85 
Utilisation of Power in Canada, by P. T. 
Davies, 85 


Japan, by 


Kristiania, by 


Blectro-Farming Economies, by R. PB. 
Matthews, 116 
Blectricity in Agriculture, by Dr. H. 


Wallem, 116 
Electricity in Sweden, by N. Ekwall, 116 


Section J.—Electro-Chemistry and Eleciro- 
Metallurgy. 
Report on the Austrian Electro-Chemical 
Industry, by Dr. H. Paweck, 116 
Report en Nitrogen Fixation, by Dr. B. F. 
Halvorsen, 116 
Power in Electro-Chemical and Hlectro- 
Thermal Industries, by F. A. J. 
Fitzgerald, 116 
Resistance Furnace with 
Zone, by T. Holmgren, 116 
Small Water Powers and Electro-Thérmal 
and Electro-Chemical Loads, by G. 
Boex, 116 
Electrolytic Tron, by T. W. 8. Hutchins, 


New Reaction 


pleotro )-Metallurgy in Italy, by F. Giolitti, 


E tae Chemical Industry of Sweden, by 
Prof. W. Palmgren, 117 

Electrical Engineering as Leading Factor 
in Development of Modern Steelworks, 
by W. Geyer, 117 

Power in Wlectro-Metallurgy in United 
States, by E. P. Mathewson, 117 


Section K1.—Power for Rail Transport. 

Financial Aspects of Main-Line Electri- 
fication, by Sir P. Dawson, 117 

Electrification of Australian Federal 
Railways, by Dr. A. Hruschka, 117 

Internal-Combustion Engines for Trans- 
portation, by C. E. Lucke, 117 

New System for Main-Line Electrification, 
by L. de Verebély, 118 

Power Questions Relating to Swedish 
Tramways, by A. Hultquist, 118 

Main-Line Electrification on German State 
Railways, by Dr. W. Wechman, 118 

Development of Railway and Tramway 
Traction, by Prof. I. Franco, 118 

Application of Power to Rail Transport : 
Electric Railways in Great Britain, 
by R. T. Smith, 118 

Electrification of the Dutch Hast Indies, 
by Dr. G. de Gelder, 118 
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Section Ki.—Power for Rail Transport— 
continued. 
Electrification of Railways 
by H. J. Schreiner, 118 
Power Problems of Swedish 
by I. Ofverholm, 118 


Section K2.—Power for Water Transport. 
Opening Address by Sir W. 8. Abell, 118 
Shipowners and Shipbuilders, by Lord 
Incheape, 119 

Sea Speeds and their Costs, by A. Gray, 119 

Hull Resistance and Power for Propulsion, 
by G. 8. Baker, 119 

Fuels and their Supply for Sea Transport, 
by F. J. Leathers, 119 

General Data on the Propulsion of Ocean- 
Going Ships in Holland, by W. J. 
Muller, 119 

Development and Present Position of the 
Motor Ship, by A, P. Chalkley, 119 

Four-Stroke Type of Diesel Engine for 
Motor Ships, 120 

Two-Cycle Diesel Engines, by R. Traill, 120 

Present Practice in the Application of 
Power for Marine Purposes in America, 
by W. T. Donnelly, 120 

Electric Transmission of Power for Propel- 
ling Machinery, by W. J. Belsey, 120 

Power for Ship Propulsion, by H. G. 
Hammar, 148. See 120 

Reversing-Clutch Marine Turbine, by A. O. 
Wiberg, 144*. See 120 

Diesel Auxiliary Machinery in Connection 
with Marine Propulsion, by R. W 
Allen, 121 


K 3.—Power for Transport (Road 

Transport and Aviation). 

Power Applied to Road Transport, by 
Col. R. E. Crompton, 85 

Application of Power to Air Transport, 
by A. Ogilvie, 85 

Variable Transmission Gears, 
H. 5. Hele-Shaw, 86 

Influence of Road Conditions on the 

Development of the Modern Motor 

Vehicle, by H. G. Burford, 87, 874* 


Section L.— Illumination. 

International Co-ordination ee ia 
tion, by J. W. T. Walsh, 

National ona International oe of 
Illuminating Engineering, by L. 
Gaster, 77 

Progress in Electrical Illumination, by 
C. W. Sully, 77 


Section M.—Economie Aspects 
Resources. 

Power Policy of Sweden, by C. Kleman, 35 

Economics of World Power, by Sir P. A. M. 
Nash, 35 

Effect of Depreciation Currencies and 
International Financial Conditions on 
Power Development within the 
British Empire, by Sir E. Harvey, 35 

Social Aspect of World Power Develop- 
ments, by F. R. Low, 36 

Financing of Loans for Power Develop- 
ment, by B. Stuevold-Hansen, 36 


in Norway, 


Railways, 


Section 


by Dr. 
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Section M.—Economic Aspects of Power 
Resources—continued. 
Power Development in Relation to Human 
Progress, by J. H. Barnes, 36 
International Joint Cominission and the 
International Water Powers of Canada, 
by L. J. Burpee, 37 
Power Station Legislation in France, by 
MM. Domergue and Lecat, 37 
Electricity Supply in Netherlands, by J. G. 
B. Spruyt and Dr. E. A. Shoon, 37 
Relation of Power Development to 
Industrial and Economic Progress, 
by General G. E. Tripp, 37 
Private versus Public Ownership and 
Operation, by Dr. A. T. Hadley, 37 
Public Utility Regulation in the United 
States, by C. D. Jackson, 37 
Legislation, Llectricity Supply in New Coun- 
tries, by Prof. J. N. van der Ley, 37 
tovernment Policies in Relation to Power 
Development and Distribution, by 
Dr. H. Hoover, 37 


Section N1.— Research. 
Organisation of Research Work in Sweden, 
by Dr. A. F. Enstrém, 115 
Report by the Austrian Laboratories for 
Technical Research and _ Testing 
Materials, 115 


Section N2,.— Standardisation. 

Standardisation, National and Interna- 
tional, by C. le Maistre, 121 

International Standardisation in the Field 
of Power, by A. E. Kennelly, 121 

Proposal for Uniform Rules for Testing 
A A Plants,by G. Sundby, 

45 

Standardisation in 
Tomaides, 121 

Industrial Standardisation in Sweden, by 
A. Kruse, 121 

Standardisation in Germany, by Dr. F. 
Neuhaus, 149. See 121 

International Technical Co-operation, by 
Dr. G. Exner, 121 

Electrical Standardisation in the Dutch 
East Indies, by C. D. Volker, 121 

Standardisation and Control of Electrical 
Accessories and Household Appliances, 
by H. Grosch, 121 

Considerations as to the most Economical 
Ratio of Increase in a Series of 
Standardised Main Dimensions, by 
Dr. J. Goudriaan, 121 


Section N3.—Technical 
Education. 
Training of the Apprentice, by Dr. A. P. 
Laurie and Prof. F. G. Bailey, 122 
Training of the Engineer of the Future, by 
A. P. M. Fleming, 122 
Influence of Broadcasting, by J. C. W. 
Reith, 122 
Education of the Engineer in the Nether- 
lands and their Colonies, by Prof. A. 
Van Royen, 122 
Elementary Engineering Education, by 
N. Fredriksson, 122 


Austria, by Dr. J. 


and Commercial 
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Section N38,—Technical 
Education—continued. 
Swedish Technical and Commercial Edu- 
cation Institutes, by Dr. H. M. 
Pleijel, 122 
Co-operation of Industry with Technical 
Schools, by Prof. C. Matschoss, 122 
Technical and Commercial Education in 
Esthonia, 122 
World Power, Economics of, 35 
Worm Gearing. See Gear; Gearing 
Worshipful Company of Fanmakers, Police- 
Court Ventilation Prize, 754 
Worthington Pump and Machinery Corporation, 
Diesel Engine, 482* 
Worthington-Simpson, Ltd., Turbine Pumps, 
Fire Protection, 153* ; Feed- Water Heater 
and Pump for ‘Locomotiy es, £78* ; Verti- 
eal Duplex Pump for Oil Fuel, 856* 
Wreck Raising. See Salvage 
— See Accidents 
ee Adjustable (Buck & Hickman, Ltd.), 
1 3* . 


ant Commercial 


Wrought Iron. See Iron 

Wylie, M., & Co., Ltd., Box Nailing and Wood- 
Printing Machines, 544* 

Wynne, A. &., on Design of Arch Centres, 257* 


X. 


X-RAYS. See Réntgen Rays 
Xylonite Models, Stress Determination. 
Optical 


See 


Ye 


YARD, Standard, Design of, 128* 

Yarrow & Co, (1922), Ltd., Boilers, London- 
derry Power Station, 177*; Boilers, 
Warship Propulsion, 458* : Naval Exhibits, 
British Empire Exhibition, 458*. See 
LETTER, 486 ; Flap System, Propulsion of 
Shallow-Draught Steamers, 459. See 
~ LETTER, 486 

Yarrow Type Boilers, Brighton Corporation 
Power Station, 372*. See 415 

Year Books. See LITERATURE INDEX 

York, Automatic Telephones, Strowger System, 


862 
Yule, G. U., on Statistical Method of Scientific 
Tnvestigation, 709. See 701. 746, 810 


Z. 


Z.R.3, U.S. Airship, Transatlantie Voyage, 548 

Zine Alloys. See Alloys under Metallurgy 

— Coating, Galvanised Tron, Methods of 
Testing, 825* 

— — Schoop Spraying Process, 409 

— —  Sherardising Process, Inception 
Development, 277* 

— Smelting, Resistor Furnaces, for 

— Prices. See Metal-Price Diagrams 


and 


449 


[ENGINEERING, JANUARY 23, 1925.] 


PLATE. 
LXI. Motor-Car Exhibition, Olympia: Motor- 
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Pwells Valve Gear; Vertical Piston-Cooling 
Pump; Vertical Duplex Steam Pump 
(Hayward-Tyler & Co., Ltd.) (facing page 4) 


Il. British Empire Pxhibition, Pumps and | 
Pumping Machinery : 3-in. Opposed Impeller 
Extraction Pump; 10-in. Low-Lift Circu- 
lating Pump; Multi-Stage High-Lift Pump 
(Mirrlees, Watson Co., Ltd.) (facing page 5) 


Ill. British Empire Exhibition, Sentinel- | 
Cammell Steam Rail Motor: General View | 
of Coach and Views of Interior (Cammell | 
Laird & Co., Ltd.) (facing page 8) 


IV. British Empire Exhibition, Control Trailer | 
Car for Metropolitan Railway: Side and 
End Elevations; Plan and Cross Section, 
and Plans of Bogie and Underframe (Metro- 
politan Carriage, Wagon: and Tinance Co., 
Ltd.) (between pages 8 and 9) 


V. British Empire Exhibition, Control Trailer » 
Car for Metropolitan Railway: Exterior 
View and Views otf Compartments (Metro- 
politan Carriage, Wagon and Finance Co., 
Ltd.) (facing page 9) 


VI. British Empire Exhibition, Textile Machi- 
nery: Views of Hand-Power Roller Gin; 
Single-Action and Douhle-Action Macarthy 
Gins; Hand and Power Saw Gins; Hopper | 
Bale Breaker; Hopper Opener; Hopper | 
Feeding Machine; and Crighton Opener | 
(Platt Brothers & Co,, Ltd.) (facing page | 
12) 

VII. British Empire Exhibition, 
Sub-Station Gear: Views of High and Low | 
Tension Gear for Rotary Converter and of | 
Gear Controlling Rotary Converters on Trac- | 
tion Service (British Thomson-Houston Co., 
Ltd.) (facing page 13) 


VIIT. Docks, New Gladstone, Liverpool; Views | 
of Branch No. 1 during Wxcavation; Sheet 
Pile Dam; Inner Face of ‘Three-Storey | 
Shed; Shed during Erection, showing 
Concrete Towers; and Lock Gates during 
Erection (between pages 48 and 49) 


Automatic | 


IX. British Empire Exhibition, Textile Machi- 
nery: Carding Engines (fH. Ashworth and 
Wm. Tatham, Ltd.) (facing page 90) 


X. British Empire Exhibition, Textile Machi- 
nery: Views of Slubbing, Intermediate and | 
Roving Frame (Brooks & Doxey (1920), 
Ltd.) and of Flyer Frame (Asa Lees & Co., 
Ltd.) (between pages 90 and 91) 


XI. British Empire Exhibition, Textile Machi- 
nervy: Views of Ring Doubling I'rame | 
(Brooks & Doxey (1920), Ltd.) and of 
Winding Frame (Arundel, Coulthard & Co., 
Ltd.) (between pages 90 and 91) 


XIl. British Empire Exhibition, Textile 
Machinery : Views of Sliver Lap and Ribbon 


Lap Machines and Nasmith Comber (J. 
Hetherington & Sons, Ltd.) (facing page | 
91) 


XI. Humber River Development Scheme. 
Newfoundland: 14,000-h.p. Hydraulic Tur- | 
bines for Deer Lake Power Station ; Views of | 
Discharge Bend and Governor and of Guide- | 
Vane Control Gear (Sir W. G. Armstrong, | 
Whitworth & Co., Ltd.) (facing page 126) | 


XIV. Humber River Development Scheme, 
Newfoundland: Map and View of Corner 
Brook (Sir W. G. Armstrong, Whitworth & 
Co., Ltd.) (between pages 126 and 127) 


XV. Humber River Development Scheme, 
Newfoundland: Views showing Down- 
Stream End of Eastern Section of Canal, 
Large Fill at Glide Brook Depression, and 
Dam in Course of Construction (Sir W. G. 
Armstrong, Whitworth & Co., Ltd.) (between 
pages 126 and 127) ; 


XVI. Humber River Development Scheme, 
Newfoundland, Electrical Gear: Views oi 
10,250-kv.-a. Alternator with Exciter; 
2,600-h.p. Synchronous Motor; Stator and 
Rotor of 10,250-kv.-a. Alternator, and 
66,000-volt Oil Cireuit Breaker (British 
Thomson-Houston Co., Ltd.) (facing page 
127) 


XVII. British Empire Exhibition:  Third- | 
Class Vestibule Carriage, L. M. & 8. Railway ; 
Elevations and Plans of Body and Under- 
frame (between pages 162 and 163) 


XVIII. Cable-Laying Steamer ‘ Edouard 
Suenson,’’ Great Northern Telegraph Co. of 
Denmark: Elevation and Deck Plans and 
Sections of Main Engine; Valve-Setting | 
Diagram (Royal Danish Dockyard) (between 
pages 196 and 197) 


XIX. Queenston-Chippawa Water-Power De- | 
velopment: Views of Canal in Rock Sec- | 
tion; of Canal showing Bridges; and of 
Whirlpool Section (facing page 220) 


XX. Queenston-Chippawa Water Power De- 
velopment: Views of Power House and 
Transformer Station from U.S. Bank; of 
Forebay and Power House, and of Control 
Gate (facing page 221) 


| XXIV. British 


| XXVI. Bridge, 


Proof, Three-Phase Switchboard; 40-h.p., 
Oil-Immersed, Lever-Operated Controller ; 
120-h.p., Oil-Tmmersed, Wheel-Operated 
Controller; Pillar-Type Control Gear ; Three- 
Phase, Flame-Proof Rotor Starter; Switch 
and Resistances for Rotor Starter; and 
Three-Phase Gate-End Box (Mavor & Coul- 
son, Ltd.) (facing page 224) 

XXII. British Empire dxhibition, Coal 
Cutters and Conveyors: Views of Com- 
pressed-Air, Chain-Type Coal Cutter and of 
Compressed-Air Jigging Conveyor (Diamond 
Coal Cutter Co., Ltd.); Views of Arewall 
Blectric Chain-Type Coal Cutter, _Direct- 
Coupled Shaker Conveyor, and Diagram- 
matic Plan of Longwall Conveyor Working 
(Mavor & Coulson, Ltd.); View of Siskol 
Coal Cutter (International Channelling 
Machines, Ltd.) (facing page 225) 

XXIII. British Empire Exhibition, Textile 
Machinery: Views of Nelson No. 3 Dobby 
(J. Hill & Sons (Keighley), Ltd.), and of 
Loom for Fancy Dress Goods (W. B. White 
& Sons, Ltd.) (facing page 248) 

Empire Exhibition, Textile 
Machinery: Views of Cloth Folding and 
Measuring Machine (Hacking & Co., Ltd.) ; 
of Circular Box Loom (D. Sowden & Sons, 
Ltd.); and of Jacquard Machine (Richard- 
son, Tuer & Co., Ltd.) (facing page 249) 

XXV. Queenston-Chippawa Water Power De- 
velopment: Views of Interior of Generating 
Room; of No. 2 Generator; and of Passage- 
Way to Turbine Glands (facing page 256) 

Reinforced Concrete, over 
Salmon River, Pulaski, N.Y.: General Views 
of Bridge and Centring (facing page 257) 

XXVII. British Empire Exhibition: 42-Ton 
Hopper Wagon for Bengal-Nagpur Railway ; 
Elevations, Plan and Details of Construction 
(Midland Railway Carriage and Wagon Co., 
Ltd.) (between pages 280 and 281) 

XXVIII. Machine Tool and _ Engineering 
Exhibition : Views of 184-in. Centre Sliding, 


Surfacing and Serew-Cutting Lathe (Selson, 


Engineering Co., Ltd.) ; 13-in. Centre General- 
Purpose Lathe (C. Redman & Sons, Ltd.) ; 
34-in. Centre Long-Bed Lathe (Drummond 
Bros., Ltd.) (facing page 310) 

XXIX. Machine Tool and Engineering Exhibi- 
tion: Views of 36-in. Vertical Turret Lathe 
and 42-in. Double-Ram Vertical Boring Mill 
(Webster & Bennett, Ltd.) (facing page 311) 


XXX. Machine Tool and Engineering Exhibi- 
tion: Views of Horizontal Surfacing, Boring, 
Drilling and Tapping Machine; Boring 
Machine arranged for Gear Cutting; Gear 
Hobbing Attachment: Grinding Attach- 
ment; and of Controls (H. W. Kearns 
& Co., Ltd.) (facing page 314) 

XXXI. Machine Tool and Engineering Exhi- 
bition: Views and Elevations of 36-in. 
Sensitive Geared Radial Drilling Machine ; 
of 25-in. All-Geared Upright Drilling 
Machine; and of Multiple-Spindle All- 
Geared Drilling Machine (A. A. Jones & 
Shipman, Ltd.) (between pages 314 and 315) 


XXXII. Machine Tool and Engineering Exhi- 
bition: 12-in. High-Speed Precision Drills ; 
Elevations of Four-Spindle Type, View of 
Bench Type, and Details of Construction 
(F. Pollard & Co., Ltd.) (facing page 315) 


XXXIII. Machine Tool and Engineering Exhi- 
bition: Views of Vertical and Horizontal 
Spindle Plano-Milling Machines (Kendal & 
Gent (1920), Ltd.) (facing page 318) 

XXXIV. Machine Tool and Engineering Exhi- 
bition: Surface-Grinding Machines; Views 
of General Purpose and Limited Purpose 
Vertical Spindle Grinders, and of Planetary 
Head, Horizontal Grinder (Lumsden Machine 
Co., Ltd.) (facing page 319) ' 


| XXXV. Machine Tool and Engineering Exhi- 


bition: Views of 74-in. Centre Geared-Head 
Lathe (Colchester Lathe Co.); 7-in. Tool- 
Room Lathe (Holbrook & Sons); 10-in. 
Combination Turret Lathe (H. W. Ward 
& Co., Ltd.); and 84-in. Centre Lathe 
(Selson Engineering Co,, Ltd.) (facing page 
356) 


| XXXVI. Machine Tool and Engineering Exhi- 


bition: Views of 9-in. Combination Turret 
Lathe (J. Holroyd & Co,, Ltd.), and Sund- 
strand Stub Lathe (Rockford Tool Co.) 
(facing page 357) 

XXXVII. Machine Tool and Engineering Ex- 
hibition: Views of Pulley Lathe (Ward, 
Haggas & Smith); Maultiple-Spindle Sensi- 
tive Drill (Smith & Coventry, Ltd.); and 
7-it. Radial Drill with Tapping Spindle 
(W. Asquith (1920), Ltd.) (facing page 358) 


XXXVIII. Machine Tool and Engineering Ex- 
hibition: Views of 6-ft. Central Thrust, 
Radial Drill; Vertical Drilling Machine and 
Girder Radial Drill (W. Asquith (1920), Ltd.) ; 
Views of 4-ft. 6-in. Radial Drill, Sensitive 
Radial Drill, Gang Drill for Motor-Car Axles 
and Heavy Duty Multiple Drill (J. Archdale 
& Co., Ltd.) ; View of 5-ft. 3-in. Radial Drill 
Nien & Co.) (between pages 358 and 
Eats) 


General View and Details (Selson Engineer- 
ing Co., Ltd.) (facing page 359) 

XL. Machine Tooland Engineering Exhibition 
Views of Bateman High-Speed Planing 
Machine (Ward, Haggas & Smith), and 
16-ft. Planing Machine (Butler Machine Tool 
Co., Ltd.) (facing page 362) 

XLI. Machine Tool and Ungineering Hxhibi- 
tion: Views of 100-in. Width Hiloplane 
(J. Stirk & Sons, Ltd.); 14-in. Slotting 
Machine and 10-in. Puncher Slotter (Butler 
Machine Tool Co., Ltd.) (facing page 363) 


XLII. Machine Tool and Engineering Hxhibi- 
tion: Views of 4-ft. Boring Mill (Smith & 
Coventry, Ltd.); and Vertical Milling 
Machine (Kendall & Gent (1920), Ltd.) 
(facing page 398) 

XLII. Machine Tool and Engineering Exhibi- 
tion: Vertical Automatic Machine; Side 
and End Elevations and Details (T. Ryder & 
Son, Ltd.) (facing page 399) 

XLIV. Machine Tool and Engineering Exhibi- 
tion: Views of 9}-in. Centre All-Geared 
Lathe (Colchester Lathe Co.); 84-in. Centre 
All-Geared Lathe, 12-in. Centre Surfacing 
Lathe, and 6}-in. Centre Relieving Lathe 
(Dean, Smith & Grace (1908), Ltd.) (facing 
page 400) 

XLV. Machine Tool and Engineering Exhibi- 
tion: Views of 12-in. Worm Gear Generator 
(Smith & Coventry, Ltd.); and 4-ft. Worm 
Wheel Hobbing Machine (J. Holroyd & Co., 
itd.) ; General View and View of Working 
Head of Double Gear-Tooth Grinder (Fellows 
Gear Shaper Co.) (facing page 401) 

XLVI. Machine Tool and Engineering Exhibi- 
tion: Views of Internal Grinder (Heald 
Machine Co.); and of Coventry Centreless 
Grinder ; (Birmingham Small Arms Co., Ltd.) 
(facing page 404) 

XLVII. Machine Tool and Engineering Exhibi- 
tion: Views of Worm Grinding Machine and 
Woodworkers’ Cutter Grinder (J. Holroyd 
& Co., Ltd.); and of Rapidor Saw-Blade 
Sharpening Machine (H. G. Herbert, Ltd.) 
(facing page 405) 

XLVIII. Machine Tool and Engineering Exhi- 
bition: 14-in. Ball-Bearing Sensitive Drilling 
Machine; General View, Elevations, and 
Sections of Gear-Box (F. Pollard & Co., 
Ltd.) (facing page 406) 

XLIX. Machine Tool and Engineering Exhibi- 
tion: Views of 3-cwt. Single-Blow Pnenu- 
matic Hammer and 10-cwt. Pneumatic 
Stamp (B. & 8. Massey, Ltd.); Views of 
forging Machine (Selson Engineering Co., 
Ltd.) (facing page 407) 

L. Dock, Dry, Canadian Government, at 
Esquimalt, British Columbia: General and 
Contour Plans; Plan and Cross-Sections of 
Dock and Details (between pages 448 and 449) 


LI. British Empire Exhibition: Royal Saloon 
Coach for H.M. the King of Egypt; Eleva- 
tions, Plans and Sections of Coach and 
Underframe (Metropolitan Carriage, Wagon 
«& Finance Co., Ltd.) (between pages 476 
and 477) 

LIT. Coke Ovens, Piette, at Shelton Iron- 
works: Views of Ovens, Coke Hearth, and 
Robins Conveyor (Semet-Solvay & Piette 
Coke Oven Co., Ltd.) (facing page 512) 


LIM. Coke Ovens, Piette, at Shelton Tron- 
works: Views of Charging Machine (M. B. 
Wild & Co., Ltd.), and Oven Face on Ram 
Side (Semet-Solvay & Piette Coke Oven 
Co., Ltd.) (facing page 513) 

LIV. British Empire Exhibition: Palm Oil- 
Extracting and Kernel-Separating Plant for 
Nigeria: Views of Complete Plant; of 
Digester and Centrifugal Separator ; and of 
Rotary Drier (Manlove, Alliott & Co., Ltd.) 
(facing page 514) 

LV. British Empire Exhibition: Palm Oil- 
Extracting and Kernel-Separating Plant for 
Nigeria ; Views of Kernel-Separating Plant, 
and of Nut-Cracking Machines and Kernel- 
Separating Tank (Manlove, Alliott & Co., 
Ltd.) (facing page 515) 


LVI. Steamer ‘‘ Orama,’’ Twin-Screw Geared 
Turbine, Orient Line: Profile and Deck 
Plans (Vickers, Ltd.) (between pages 542 
and 543) 


LVII. Steamer ‘‘ Orama,” Twin-Screw Geared 
Turbine, Orient Line: Deck and Hold Plans 
(Vickers, Ltd.) (between pages 542 and 543) 

LVIII. Motor-Car Exhibition, Olympia: 20- 
h.p. Six-Cylinder Rolls-Royce Motor Car ; 
Views of Gear Box and Controls ; Rear End 
of Chassis and Engine (Rolls-Royce, Ltd.) 
(facing page 576) 

LIX. Motor-Car Exhibition, Olympia: 10-25- 
h.p. Four-Cylinder Motor-Car Engine ; 
Longitudinal and Transverse Sections and 
End Elevation (Dorman & Co., Ltd.) (be- 
tween pages 576 and 577) 

LX. Motor-Car Exhibition, Olympia: 9-18- 
h.p. Four-Cylinder Motor-Car Engine ; 
Longitudinal and Transverse Sections and 
End Elevation (Dorman & Co., Ltd.) 
(between pages 576 and 577) 


Car Chassis with 8-20-h.p. Overhead Valve 
Engine; General View, Elevation and Plan 
(Gwynnes Engineering Co., Ltd.) (facing 
page 577) 

LXII. Steamer ‘‘ Orama,’’ Twin-Screw, Geared 
Turbine, Orient Line, Machinery: View of 
Gearing and Turbine with Covers Removed ; 
Side View of Turbine Set with Condenser in 
Position (Vickers, Ltd.) (facing page 600) 

LXIII, Steamer “‘ Orama,’’ Twin-Serew Geared 
Turbine, Orient Line, Machinery: Longi- 
tudinal Section, Plan and Transverse Sections 
of Turbine Room ; Longitudinal Section and 
Plan of Boiler Room (Vickers, Ltd.) (between 
pages 600 and 601) 

LXIV. Steamer ‘‘ Orama,’’ Twin-Screw, Geared 
Turbine, Orient Line, Machinery: Views of 
Turbine Set from Gear Box and Forward 
End (Vickers Ltd.) (facing page 601) 


LXV. Dam, Santa Chiara di Ula, Tirso River, 
Sardinia: Views showing Mutiple Arch 
Decking and Downstream Face of But- 
tresses during Construction (facing page 634) 

LXVI. Dam, Santa Chiara di Ula, Tirso River, 
Sardinia: Views during Construction (be- 
tween pages 634 and 635) 

LXVII. Dam, Santa Chiara di Ula, Tirso River, 
Sardinia: Views of Completed Dam (be- 
tween pages 634 and 635) 

LXVIII. Dam, Santa Chiara di Ula, Tirso 
River, Sardinia: Views Looking down on 
High Level Road and of Downstream Face 
(facing page 635) 

LXIX. Penang Hills Railway: Views of 
Cutting on Lower and Upper Sections ; 
Viaduct on Upper Section, and 40-ft. Arch 
on Lower Section (Federated Malay States 
Railways) (facing page 666) 

LXX. Penang Hills Railway: Views of Piers 
for Viaduct, Centring for 40-ft. Arch, and 
Viaduct under Construction (Wederated 
Malay States Railways) (between pages 666 
and 667) 

LXXI. Penang Hills Railway : Views of 40-ft. 
Arch and Viaducts (Federated Malay States 
Railways) (between pages 666 and 667) 

LXXII. Penang Hills Railway: Views of 
Tunnel Faces and from Inside of Tunnel 
(Federated Malay States Railways) (facing 
page 667) 

LXXIII. Turbine, Steam, Geared, 1,000-kw., 
and Continuous-Current Dynamo: Views 
of Set from Commutator End and from 


Steam End (English Electric Co., Ltd.) 
(facing page 698) : 
LXXIV. Turbine Shops, Brush Electrical 


Engineering Co., Ltd.: Views of Shop from 
Heavy-Machine End and from Erecting End 
(facing page 699) 

LXXV. Turbine Shops, Brush Hlectrical 
Engineering Co., Ltd.; Views of Boring 
Machine Boring Turbine Casing and Facing 
Condenser Flange (H. W. Kearns, Ltd.) 
(facing page 700) 

LXXVI. Turbine Shops, Brush  Wlectrical 
Engineering Co., Ltd. : Views of Work Plate 
in Machine Shop, and of Brush-Ljungstr6m 
Turbines on Test Bed (facing page 701) 

LXXVII. Steamer ‘‘Shoho Maru,’ Japanese 
Train Ferry: Profile and Deck Plans; 
Views of Vessel and of Wagon Deck (Uraga 
Dock Co.) (between pages 734 and 735) 

LXXVIII. Bridge, Strauss Bascule, Bann River 
Coleraine, Ireland: Views showing Bridge 
from Londonderry Side and from Coleraine 
Side (Sir W. G. Armstrong, Whitworth & Co., 
Ltd.) (facing page 758) 

LXXIX. Bridge, Strauss Bascule, Bann River, 
Coleraine, Ireland: General Elevation and 
Plan; Elevation Plan and Section of 
Bascule Span; Details of Piers and Ferro- 
Concrete Piles; Details of Operating 
Machinery (Sir W. G. Armstrong, Whitworth 
& Co., Ltd.) (between pages 758 and 759) 

LXXX. Bridge, Strauss Bascule, Bann River, 
Coleraine, Ireland: Views of Derrick Car 
and of Structure during Erection; View of 
Bascule Span (Sir W. G. Armstrong, Whit- 
worth & Co., Ltd.) (facing page 759) 

LXXXI. Locomotive, 2-8-8-2 Type, Simple 
Articulated, Chesapeake and Ohio Railroad : 
General View and Hlevation of Engine ; 
Longitudinal Section and Details of Boiler 
(American Locomotive Co.) (between pages 
794 and 795) 


LXXXII. Turbines, Steam, Geared, for 8.8. 
**Drottningholm,”’ formerly * Virginian ’’ : 
End Elevation and Longitudinal Section of 
High-Pressure Turbine; Longitudinal Sec- 
tion of Low-Pressure Turbine; Details of 
Gearing; Transverse Section and Plan of 
Machinery Room (Aktiebolaget de Lavals 
Angturbin) (between pages 840 and 841) 

LXXXIII. Aero-Engine, 3885-h.p. Jaguar, 
Static Radial Air-Cooled: Front and Rear 
Views of Engine; Transverse and Longi- 
tudinal Sections; Details of Pistons and 
Connecting Rods; Details of Timing Gear ; 
Section and Plan of Cylinder Head showing 
Valves (Armstrong-Siddeley Motors, Ltd.) 
(between pages 870 and 871) 


IN DE X—LETTERS To THE EpiITor. 
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LETTERS TO THE EDITOR. 
(Illustrated Subjects are Marked with an Asterisk after the Number of the Page.) 
ACCIDENTS, Industrial, Statistical Investi- | Electrical Precipitation, Smoke and Fumes. | London Clay, Properties of. Prof. E. R. Steam Turbines. See Turbins 
gation, Industrial Fatigue Research Board. O. Lodge, 676 Matthews, 676 Steamers, Shallow- Draught, Yarrow. “ An 


R. E. Roper,.746; A. Jude, 810 

Aerodynamics, Flettner Rotor Ship, Principle 
of. A. R. Low, 831* 

Aerodynamics, Skin Friction, 
B. G. v.d. Hegge Zynen, 831* 

Aeronautical Engineers, Remuneration of. 
R. Hazleton, 862 

Aeronautics, Theory of Skin Friction. B. G. 
v.d. Hegge Zynen, 831* 

Air Compressors, Flow Indicator for Cooling 
Systems. C. L. Stokoe, 548 

Air Ministry, Remuneration of Engineers. R. 
Hazleton, 

Alternating- acd Rectifier, the Transverter. 
Major A. M. Taylor, 14 

Apprentices, Dockyard, and the Whitworth 
Scholarships. See Whitworth 

Australia, Sydney Harbour Bridge, Design of. 
J. A. Saner, 198 


BEARINGS, Michell, 
H. T. Newhbigin, 769* 


Boiler Firing, Advantages of Pulverised Fuel. 
L. Harvey, 198 


Theory of. 


Cold-Rolling Mills. 


Boiler Trials, Standardisation of Testing 
—o “ Thermal,’ 101; D. Brownlie, 


Bridges, London, Timber Foundations, Decay 
of. J. V. Shaw, 676 

Bridge, Sydney Harbour, Design of. J. A. 
Saner, 198 

Bridge, Waterloo, Proposed Reconstruction. 

. H. Thorpe, 102 

Bridge, Waterloo, Timber Foundations, Decay 
of. J. V. Shaw, 676 

Brinell Hardness Tests, Rapid Evaluation of 
Numbers. R. C. Gale, 486 


Burmese Tron Wood, 
A. L. Howard, 548 


Resistance to Teredo. 


CABLES, Electric, Maximum Potential Gra- 
dients. Major A. M. Taylor, 142. See 
Erratum, 198 

Canada, Fuel Resources. B. F. Haanel, 102 

Canada, Supply of Silica Sand. G. G. Om- 
manney, 334 

Cavitation in United States Warships. W. 
Sisson, 769 

Celluloid Models, Optical 
Stresses. See Optical 

Class Warfare, Futility of. R. E.Crompton, 746 

Clay, London, Properties of. Prof. E. R. 
Matthews, 676 

Cleaning Water Mains, Advantages of Vic- 
taulic Joints. F. M. Wright, for the Vic- 
taulic Co., Ltd., 14 

Clearance Volume, Engine Cylinders, Deter- 
mination of. P. H. Schweitzer, 101* 

Coal, Pulverised. See Pulverised Fuel 

Cold-Rolling Mills, Michell Bearings for. 
SOR Newbigin, for Michell Bearings, Ltd., 
(0% 

Colleges, Technical, Training of Teachers. W. 
Booth, 166 

Cooling Systems. 
cator. 


Determination of 


Water, Monitor Flow Indi- 

C. L. Stokoe, 548 

Costs, Technical and Estimates. <A. 
582. See 433 

Cylinders, Engine, Determination of Clearance 
Volume. P. H. Schweitzer, 101* 


Miller, 


DEGREES, Engineering, London University. 
** Practice and Theory,’’ 831 

Dises, Rotating, Conical Profile, Stresses in. 
E. ‘Honegger. 486 

Dissociation in Gaseous Explosions. See En- 
gines, Gas, Missing Pressure and Heat Losses 

Dockyard Apprentices and the Whitworth 
Scholarships. See Whitworth 

Draughtsman, Locomotive, Salary and Status. 
Experto Crede, 769 

Dust, Electrical Precipitation. 


EDUCATION, 
Nngineering. 
831 


O. Lodge, 676 


London University Degrees in 
“Practice and Theory,” 


Education, Training of Engineering Teachers. 
W. Booth, 166 

Education, Whitworth Scholarships. 
Whitworth 

Hilectric Cables, Maximum Potential Gradients. 
Major A. M. Taylor, 142. See Erratum, 198 

Electric Transverter for High-Tension, Direct- 
Current Power Transmission. Major A. M. 
Taylor, 14 


See 


Engine and Boiler Trials, Standardisation. 
‘© Thermal,’’ 101; D. Brownlie, 102 


Engines, Gas, Missing Pressure and Heat 
Losses. W. T. David, 641, 746; D. R 
Pye, 704 


Engines, Internal-Combustion, Determination 
of Clearance Volume. P. H. Schweitzer, 
101* 


Engines, Internal-Combustion, Flow Indicator 
for Cooling Systems. C. L. Stokoe, 548 
Engines, Internal-Combustion, Indicator Con- 


nections. J. Okill, 424 
Engines, Steam, Determination of Clearance 
Volume. P. H. Schweitzer, 101* 


Engineering Degrees, London 
** Practice and Theery,” 831 
Engineering Education and the Whitworth 
Scholarships. See Whitworth 
Engineering Teachers, Training of. 

166 


University. 


W. Booth, 


Engineers, Remuneration of. 
769; R. Hazleton, 862 
Erste-Brunner Steam Turbine, Efficiency of. 

O. Wiberg, 142 


Experto Crede, 


Estimates and Technical Costs. <A. Miller, 
582. See 433 
Explosions, Gaseous, Missing Pressure and 


Heat Losses in. See Engines, Gas 

FACTORY Accidents. See Accidents 

Fatigue, Industrial, Research Board, Statistical 
Investigation of Industrial Accidents. See 
Accidents 

Flettner Rotor Ship. A. R. Low. 831* 

Flow Indicator, Water-Cooling Systems. 
Stokoe, 548 

Foundations, Timber, London Bridges, Decay 
(i ieleo ie Shaw, 676 

Friction, Skin, in Aeronautics, 
B. G. v.d. Hegge Zynen, 831* 

Fuel, Pulverised. See Pulverised Fuel 

Fuel Resources of Canada. B. F. Haanel, 102 

Fumes, Electrical Precipitation. O. Lodge, 676 

Furnaces. Industrial, Advantages of Pul- 
verised Fuel. L. Harvey, 198 


GAS ENGINES. See Kagines, Gas 

Gaseous Explosions, Missing Pressure and Heat 
Losses in. See Engines, Gas 

Government-Trained Students and the Whit- 
worth Scholarships. See Whitworth 

Grove Road Power Station, Tests of Turbo 


C.L. 


Theory of. 


Generator. F. Samuelson, for the British 
Thomson-Houston Co., Ltd., 704 
Gunboats, Shallow-Draught, Yarrow. ‘ An 


Old Mud Larker,” 486 


HARDNESS TESTS, Brinell, Rapid Evalua- 
tion of Numbers. R. C. Gale, 486 

Heat Engines. See Engines 

Heat Losses in Gas Engines. See Engines, Gas 

Heat Treatment, Steel, Calculation of Quench- 
ing Stresses. T. Mcl. Jasper, 641 


INDICATOR Connections, Internal-Combus- 
tion Engines. J. Okill, 424 

Indicator Diagrams, Determination of Clear- 
ance Volume from. P. H. Schweitzer, 
101* 

Industrial Accidents. See Accidents 

Industrial Fatigue Research Board, Statistical 
Investigation of Industrial Accidents. See 
Accidents 

Internal-Combustion Engines. 

Tron Manufacture, Early, 
Littlehales, 486* 

Iron Wood, Burmese, Resistance to Teredo. 
A. L. Howard, 548 


See Engines 
Osmunds. H. 


LABOUR, Class Warfare, Futility of. R. E. 
Crompton, 746 

Labour Costs, Manufacturing Work, Apportion- 
ment. A. Miller, 582. See 433 

Labour, Industrial "Accidents. See Accidents 

Labour, Industrial Fatigue Research Board, 
Statistical Investigation of Industrial Acci- 
dents. See Accidents 

Light, Polarised, Stress Determination by. See 
Optical 

Ljungstrém Steam Turbine, Comparisons with 
Erste-Brunner Turbine. O. Wiberg, 142 

Locomotive Draughtsman, Salary and Status. 
Experto Crede, 769 

London Bridges, Timber Foundations, Decay 
of. J. V. Shaw, 676 


London University Degrees in Engineering. 
* Practice and Theory,’ 831 

Luton Corporation, Stal-Ljungstrém 
Generator, Tests. O. Wiberg, 142 


MAINS, Water, Cleaning of, Advantages of 
Victualic Pipe Joints. F. M. Wright, for 
the Victaulic Co., Ltd., 14 

Manufacturing Work, Apportionment of Labour 
Costs. A. Miller, 582. See 433 

Marine Propellers, United States Warships, 
Cavitation with. W. Sisson, 769 

Materials, Stresses in, Optical Determination. 
See Optical 

Metallurgy, Osmunds, Early Iron Manufacture. 
H. Littlehales, 486* 

Metallurgy, Onesie Stresses, Calculation of. 
T. McL. Jasper, 641 

Michell Bearings, Cold-Rolling Mills. H. T. 
Newhbigin, 769* 

Monitor Flow 
Systems. C. L. 


Turbo 


Tndicator, 
Stokoe, 548 


Water-Cooling 
NAVY, United States, Scouts and Destroyers, 
Extent of Cavitation. W. Sisson, 769 


Hoe. 
T. McL. Jasper, 704 


OPTICAL Determination of Stresses. 
Coker, 462, 769; 


Osmunds, Early Iron Manufacture. H. Little- 
hales, 486* 
PEE cotions. Examiners’ Searches. 


PATE a 
Le 


Pipe ‘sotnta, Vietaulic, and Cleaning of Water 
Mains. F. M. Wright, for the Victaulic 
Co., Ltd., 14 

Polarised Light, 
See Optical 

Power Station, Electric, Grove-road, London, 
Tests of Turbo Generator. F. Samuelson, 
for British Thomson-Houston Co., Ltd., 704 

Power Station, Luton Corporation, Tests of 
Stal-Ljungstr6m Turbo  Gencrator. O. 
Wiberg, 142 


Stress Determination by. 


Power Transmission, High-Tension, Direct- 
Current, Transverter for. Major A. M. 
Taylor, 14 


Precipitation, Electrical, Smoke and Fumes. 
O. Lodge, 676 

Propellers, Marine, United States Warships, 
Cavitation with. W. Sisson, 769 

Pulverised Fuel Progress and Advantages. 
L. Harvey, 198 


QUENCHING Stresses, Steel, Calculation of. 
T. McL. Jasper, 641. 


RADIATION Losses, 
Engines, Gas. 


Gas Engines. See 


Rectifier, Alternating Current, the Trans- 
verter. Major A. M. Taylor, 14 

Remuneration of Technical Men. Experto 
Crede, 769; R. Hazleton, 862 

Research Board, Industrial Fatigue, Statis- 


tical Investigation of Industrial Accidents. 
See Accidents 

River Vessels, Shallow-Draught, Taw 
Old Mud Larker,” 486 

Rolling Mills, Cold, Michell Bearings for. H. T. 
Newbigin, for Michell Bearings, Ltd., 769* 

Rotating Discs, Conical Profile, Stresses in. 
E. Honegger, 486 


An 


Rotor Ship, Flettner, Principle of. A. R. 
Low, 831* 
SAND, Silica, Canadian Supply. G. G. 


Ommanney, 334 
Scholarships, Whitworth. See Whitworth 
Shallow-Draught River Vessels, Yarrow. ‘ An 
Old Mud Larker,’’ 486 


Ship, Rotor, Flettner, Principle of. A. R. Low, 
831* 


Silica Sand, Canadian Supply. G. @. Om- 
manney, 334 

Skin Friction, Aeronautics, Theory of. B. G, 
v.d. Hegge Zynen, 831* 

Smoke, Blectrical Precipitation. O. Lodge, 
676 

Socialism and Class Warfare Talk. R. E. 


Crompton, 746 
Stal-Ljungstr6m Turbo-Generator, Luton Cor- 
poration, Trials. ©. Wiberg, 142 
Standardisation of Boiler Testing, ‘* Thermal,” 
101; D. Brownlie, 102 


Steam Engines. See Engines 


Old Mud Larker,”’ 486 

Steel, Quenching Stresses, Calculation of. T, 
MeL. Jasper, 641 

Stresses, Optical Determination. 

Stresses, Quenching, 
T. McL. Jasper. 641 

Stresses, Rotating Discs, Conical Profile. 4. 
Honnegger, 486 

Sydney Harbour Bridge, Aids 
Saner, 198* 


See Optical 
in Steel, Calculation of. 


Design of. 


TEACHERS, Engineering, Training of. W. 


Booth, 166 

Technical Colleges, Training of Teachers. W. 
Booth, 166 

Technical Costs and Estimates. A. Miller, 582 
See 433 


Technical Men, Remuneration of. 
Crede, 769 ; R. Hazleton, 862 

Teredo, Resistance of Burmese Iron Wood. 
TN, Howard, 548 

Tests, Boiler, Standardisation of, 
101; D. Brownlie, 102 

Tests, Hardness, Brinell, Rapid Evaluation of 
Numbers. R. C. Gale, 486 

Tests, Stal-Ljungstrém Turbo-Generator, Luton 
Corporation. O. Wiberg, 142 

Tests, 15,000 kw. Turbo-Generator, Grove 
Road Power Station. F. Samuelson, for 
the British Thomson-Houston Co., Ltd., 704 

Thermodynamics, Gas Engines, Missing Pres- 
sure and Heat Losses. See Hngines, Gas 

Timber, Burmese, Resistance to Teredo. A. L. 
Howard, 548 

Timber Foundations, London Bridges, Decay 
of. J. V. Shaw, 676 

Transverter, High-Tension Direct-Current 
Power Transmission. Major A. M. Taylor, 14 


Experto 


“* Thermal,’” 


Trials, Boiler, Standardisation of Testing 
Methods. *‘ Thermal,’’ 101 ; D. Brownlie, 102 
Trials, Stal-Ljungstr6m Turbo-Generator, 


Luton Corporation, O. Wiberg, 142 

Trials, 15,000 kw. Turbo-Generator, Grove 
Road Power Station. F. Samuelson, for 
the British Thomson-Houston Co., Ltd., 704 


Turbine, Steam, 15,000 kw., B.T.H., Grove 
Road Power Station, Tests. F. Samuelson, 
for British Thomson-Houston Co., Ltd., 704 


Turbines, Steam, UWrste-Brunner and Ljung- 
stré6m, Comparisons. O. Wiberg, 142 
Turbines, Steam, Rotating Discs, Conical 
Profile, Stresses in. E. Honegger, 486 
Turbo-Generator, 15,000 kw. B.T.H., Grove 
Road Power Station, Tests. F. Samuelson, 
for British Thomson-Houston Co., Ltd., 704 
Turbo-Generator,  Stal-Ljungstrém, Luton 
Corporation, Tests. O. Wiberg, 142 


UNITED STATES Warships, Cavitation with. 
W. Sisson, 769 

University of London, Degrees in Engineering. 
“ Practice and Theory,’ 831 


VICTAULIC Pipe Joints and Cleaning of 
Water Mains. F. M. Wright, for the Vic- 
tanlic Co., Ltd., 14 


WARSHIPS, United States, 
W. Sisson, 769 

Water-Cooling Systems, Monitor Flow Indi- 
cator. C. L. Stokoe, 548 

Water Mains, Cleaning, Advantages of Vie- 
taulic Joints. F. M. Wright, for the Vic- 
taulic Co., Ltd., 14 | 

Waterloo Brides, Proposed Reconstruction. 
W. H. Thorpe, 102 

Waterloo Bridge, Timber Foundations, 
Oh” J. Ve Shaw, 676 
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594 


Unemployment, Is it Inevitable ? 


An Analysis 
and a Forecast, 555 


BeA eA G RAs Boa: 


Bridges—continued. 


Netherlands Bridge Plan Competition, 198 
Railway Bridge, Rapid Construction, 228 
Reinforced Concrete Bridge (Catalogue), 660 
Thames Bridges, New, 677 

Tyne Bridge, New, 372, 801 


Buildings and Building Construction : 


Architectural Education, International Con- 
gress, 167 

Brick-Making Machinery (Catalogue), 754 

Building Industry Committee (Housing), 558 

China Architects’ and Builders’ Compendium, 
372 

Girder, Large Building, 306 

Standardisation of House Building, Proposed, 
176 


Steel Houses, Advocacy, 812 
Catalogues : 


33, 113, 151, 183, 214, 244, 306, 470, 502, 
534, 564, 627, 660, 692, 754, 787, 820, 877 

A.C.E.C. Company, 244 

Aersedcon, Ltd., 692 

Amsler, Alfred J., & Co., 534 

Anderson-Grice Co., Ltd., 151 

Armstrong, Sir W. G., Whitworth & Co., 
Ltd., 214 

Atlas Diesel Engine Co., Ltd., 754 

Attwood, J., 692 

Automatic and Electric Furnaces, Ltd., 534, 
692 

B.S.A. Tools, Ltd., 627 

Babcock & Wilcox, Ltd., 820, 877 

Barimar, Ltd., 692 

Beardmore, Wm., & Co., Ltd., 183 

Beecroft & Partners, Ltd., 820 

Bell’s United ‘Asbestos Co., Ltd., 33, 787 

Bennis, Ed., & Co., Ltd., 787 

Berry, ‘Henry, & Co., Ltd., 504 

Blakeborough, J., & Sons, Ltd., 214, 534, 754 

Bowran, Robt., & Co., Ltd., 214 

British Aluminium Co., Ltd., 306 

British Commercial Gas Association, 470 

British Electric Transformer Co., Ltd., 470 

British Insulated & Helsby Cables, Ltd., 627, 
660. 820 

British Steel Piling Co., Ltd., 151 

British Thomson-Houston Co., Ltd., 470, 502, 
534, 564, 627, 660, 754 


Catalogues—continued. 


Brittain’s Electric Motor Co., Ltd., 151 

Broadbent, Thomas, & Sons, Ltd., 151, 214 

Brooke,.J. W., & Co., Ltd., 692, 787 

Brookhirst Switchgear, Ltd., 692 

Brotherhood, Peter, Ltd., 244 

Brown, Boveri & Co., Ltd., 183 

Brown, David, & Sons (Hudd.), Ltd., 183 

Brown Hoisting Machinery Co., 470 

Brown & Ward, Ltd., 113 

Brush Electrical Engineering Co., Ltd., 151 

Butler Machine Tool Co., Ltd., 660 

Cambrian Wagon Co., Ltd., 113 

Cambridge Instrument Co., Ltd., 151, 244 

Campbell & Isherwood, Ltd., 151 

Capac Co., Ltd., 470 

Cargo Fleet Iron Co., Ltd., 214 

Carlaw, David, & Sons, Ltd., 692 

Churton, T. Harding & Co., Ltd., 

Clayton, Goodfellow & Co., Ltd., 

Cleworth, A. B., & Co., Ltd., 692 

Cochrane & Co., Ltd., 214, 660 

Codd, E. J., Co., 627 

Cole, Marchent & Morley, Ltd., 33 

Coles, Henry J., Ltd., 151 

Consolidated Pneumatic Tool Co., Ltd., 627 

Coventry Chain Co., Ltd., 534, 787 

Cox & Danks, Ltd., "692 

Crofts (Engineers), Ltd., 660 

Crompton & Co., Ltd., 306 

Daniell, 8. A., Ltd., 151 

De Walt Manufacturing Co., 151 

Dederich, W., Ltd., 660 

Denison, Samuel, & Sons, Ltd.. 33 

Dobbie, McInnes é Clyde, Ltd., 820 

Donovan & Co., 

Dorman, Long & Con Ltd., 214 

Doulton’ & Co., Ltd., 502 

Edison Swan Electric Co., Ltd., 692 

Electric Construction oe Ltd., 820 

Electric Control, Ltd., 

Ellison, George, 534 

Engineering & Lighting Equipment Co., Ltd., 

87 

English Electric Co., Ltd., 33, 183, 470, 502, 
534, 692, 754, 787, 820, 877 

Evershed & Vignoles, Ltd., 692 

Ewart & Son, Ltd., 787 

Fahy, I. P., 692 

Ferranti, Ltd., 692 


214 
754 


struction Industries, 657 
United States, Research Work, Marine Piling, 
by W. G. Atwood and A. A. Johnson, 589 
United States Submarines, Birth and Develop- 
ment, by F. T. Cable, 433 , 
Universal Directory of Railway Officials, 452 
Universe, Depths of, by Prof. B. G. Hale, 342 


VIBRATION in Engineering, by J. Frith and 
F. Buckingham, 594 

Vortrige aus dem Gebiet der Hydro- und 
Aerodynamik, 342 


WARFARE, Naval Side of British History, 
by G. Callender, 612 , 
Warships, American Submarines, Birth 
Development of, by F. T. Cable, 433 
Warships, British, Particulars, 69 ‘ 

Water-Power Plants, Level Fluctuations in 
Forebays, by Dr. L. Mihlhofer, 657 

Water, Subsoil, Lowering Level, by Dr. Ing. J. 
Schutze, 673 

Welding, Arc, Handbook, by C. J. Holslag, 700 _ 

Welding, Arc, by 8. Frimaudeau, 673 

Welding, Oxy-Acetylene, Handbook, 33 

Welfare, Industrial, Principles, by J. Lee, 342 

pie Africa, Coast and Bush Life, by ‘‘ Coaster,’ 

657 


and 


Wire Drawing, General Principles, by G. 
Soliman, 673 

Wood Distillation, by Prof. G. Dupont, & 826 

Woodworking Machinery, Cosgrove’s Hand- 
book, 700 : 

Woodworking Machinery, Saw Mills, by M. P. 
Bale, 559 

Woodworking, Pattern Making, by J. McC. 
Wilson, 657 

Works Management, by R. H. Lansburgh, 619 

Works Management, by P. F. Walker, 664 

Works Management, Factory Costing, 
H. H. Emsley, 673 

Works Management, The Modern Foreman, by 
R. Grimshaw, 390 

Works Management, Technical Costs and 
Estimates, by A. Miller, 433. See LETTER, 582 

Workshop Gauges and Measuring Appliances, 
by L. Burn, 826 


by 


YEAR BOOK, Electrical Contractor’s, 863 

ZEICHNRISCHE Bestimmung der Spiegel- 
bewegungen in Wasserschléssern von Wasser- 
kraftanlagen mit unter Drick durch- 
flossenem JZulaufgerinne, by Dr. 5 
Mihlhofer, 657 


Catalogues—continued. 


Firth, Thomas, & Sons, Ltd., 660 

Fluxite, Ltd., 214 

Foster Engineering Co., 692, 820 

Foster, Joseph, & Sons, 660 

Fowler, John, & Co. (Leeds), Ltd., 754 

Fraser & Chalmers Engineering Works, 754 

Fraser, W. J., & Co., Ltd., 151 

Gear Grinding Co., Ltd., 183 

General Electric Co., Ltd., 33, 470, 502, 
564, 660, 877 

Gibson, J. Hamilton 183 

Gilman, F. (B. 8. T.), Ltd., 183 

Graz Railway Carriage, Wagon & Engine 
Works, 660 

Green, E., & Son, Ltd., 502 

Hall, B. J., & Co., Ltd., 470 

Hattersley (Ormskirk), Ltd., 183 

Heap, Joshua, & Co., Ltd., 660 

Herbert, Alfred, Ltd., 564 

Hoffmann Manufacturing Co., Ltd., 112 

Hollings & Guest, ues 692 

Holman Brothers, 877 

Hopkinson, J., & oo Ltd., 244 

Hotchkiss Hydraulic Propeller Co., Ltd., 151 

Howard, James & Frederick, Ltd., 754 

Hyatt, Ltd., 33, 244, 534, 627, 692 

Johnson & Phillips, Ltd., 33, 113 

Jones, A. A., & Shipman, Ltd., 502 

Keith, James, & pcos: Ltd., 183, 214 
534, 627, 787, 820 

Lambert Engineering Co., 113 

Leeds & Bradford Boiler ton "td. 151 

M.O. Valve Co., Ltd., 692 

Macnab Stratified Coal, Ltd., 33 

Main Ropeways, Ltd., 151 

Manlove, Alliott & Co., Ltd., 244, 692, 754 

Marshall, Sons & Co., Ltd., 113, 151, 564, 


692 

Mather & Platt, Ltd., 33, 660, 787. 820 

Matthews & Yates, Ltd., 660, 692 

Mavor & Coulson, Ltd., 534, 660 

Meldrums, Ltd., 470 

Melen, F. & H., Ltd., 214 

Metropolitan-Vickers Electrical Co., Ltd., 
113, 151, 183, 214, 244, 502, 534, 564, 692, 
754, 787, 820, 877 

Micafil, Ltd., 113 

Midgley & Sutcliffe, 787 

Mirrlees, Watson & Co., Ltd., 306, 754, 787 
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Colleges. See Education 
Companies : 


Catalogues—continued. Electricity—continued. 


Nash Point Wireless Beacon Station, 582 


Flying Machines : 
Gas: 


See Aeronautics 


Mitchell Conveyor & Transporter Co., Ltd., 
564 


Morris, Herbert, Ltd., 151 

Mumford, A. G., Ltd., 33 

National Gas Engine Co., 534, 787 

New Switchgear Construction Co., Ltd., 470 

Newton, Chambers & Co., Ltd., 306 

Niles-Bement-Pond Co., 214 

North Eastern Marine Engineering Co., Ltd., 
564 

Oerlikon, Ateliers de Construction, 660 

Oerlikon, Ltd., 183 

Oldham & Son, Ltd., 660, 754 

Orb Engineering Works, Ltd., 470 

Parkinson, F. & A., Ltd., 754 

Parsons Motor Co., Ltd., 754 

Peebles, Bruce, & Co., Ltd., 214 

Pels, Henry, 113, 244 

Perkin & Co., Ltd., 113 

Petters, Ltd., 502 

Philip, George, & Son, Ltd., 33 

Pooley, Henry, & Son, 33 

Power Plant Co., Ltd., 33 

Pratt, F., & Co., Ltd., 214 

Price, E. L., Ltd., 660 

Purit Specialities, Ltd., 787 

Ragosine & Co., 787 

Ransome Machinery Co., Ltd., 

Ransomes & Rapier, Ltd., 660 

Renold, Hans, Ltd., 183, 214 

Reyrolle, A., & Co., Ltd., 820 

Rheostatic Co., Ltd., 33 

Robey & Co., Ltd., 787, 820, 877 

Ruston & Hornsby, Ltd., 306, 534, 564, 660 

S.R.O. Ball Bearing Co., 244 

Sankey, Joseph, & Sons, Ltd., 151 

Searr, James, 692 

Scott, Ernest, & Co., Ltd., 7 

Seagers, Ltd., 787 

Sheepbridge Stokes Centrifugal Castings Co., 

d., 214 

Shipley, G. B., 877 

Siemens Brothers & Co., Ltd., 151, 306, 502 

Simon, Henry, Ltd., 692 

Smith, Thomas, & Sons (Rodley), Ltd., 502 

South Durham Steel & Tron Co., Ltd., 214 

Staveley Coal & Iron Co., Ltd., 470 

Steam Fittings Co., Ltd., 151, 244, 820 

Steel Nut & Joseph Hampton, Ltd., 113 

Sterns, Ltd., 754 

Stokoe, C. L., 33 

Straits Trading Co., Ltd., 214 

Sulzer Brothers, 33, 470, 627, 820 

Super-Centrifugal Engineers, Ltd., 692 

Swedish General Electric Co., Ltd., 151 

Swift, Geo., & Sons, Ltd., 787 

Switchgear & Electrical Productions, Ltd., 
151 


Tangyes, Ltd., 244 

Tecalemit, Ltd., 113 

Telephone Manufacturing Co., Ltd., 502 

Thermit, Ltd., 151, 244 

Thornycroft, John I., & Co., Ltd., 787 

Trollope & Colls, Ltd., 534, 660 

Underfeed Stoker Co., Ltd., 33, 877 

Van den Haute, P., 877 

Veritys, Ltd., 244, 660, 692 

Verzocchi, G., 660 

Vickers & International Combustion Engi- 
neering, Ltd., 15 

Visco Engineering Co., 692 

Walker, William, & Sons, Ltd., 820 

Watson & Sons, Ltd., 502 

Wells, Henry, Oil Co., 627 

Western Electric Co., Ltd., 564 

Westinghouse Brake & Saxby 
Ltd., 754 

Westinghouse Electric International Co., 33 

Westinghouse Electrical and Manufacturing 
Co., 692, 877 

White Patent Oil Burning Co., Ltd., 692 

Wicksteed, Charles, & Co., Ltd., 244 

Wiggin, Henry, & Co., Ltd., 660 

WwW son. Thomas, Son & Co., Ltd., 564 

Worthington-Simpson, Ltd., 692 

Wright, John & Edwin, Ltd., V5i 

Yorkshire Copper Works, Ltd., 754 

Young, H. G. L., Ltd., 113 


Signal Co., 


Cement and Concrete: 


British Empire Cement Manufacture, 381 
Piles, Freshly Moulded, Driving of, 739 


Chemistry. See Physics and Chemistry 


Coal: 


Anthracite Combine, 199 

Ash-Softening Temperatures of Coal, 548 

Atritor Pulverisers for Melbourne, 598 

Carbonisation, Low Temperature, 334 

Cardiff, 15, 53, 95, 138, 167, 199, 229, 261, 
291, 329, 372, 415, 453, 487, 519, 549, 583 
613, 645, 677, 707, 739, 772, 803, 833, 863 

Colliery Requisites, Standard, 815 

Cutting Machines (Catalogue), 534, 660 

Distribution Costs and Profits, 176 

Explosion Hazards, Unwatering of Mines, 839 

Explosives, British, Permitted, 583 

Explosives in Mining Operations, 291. 

Firelighters, Coal Slack, 299 

Hull Trade, 95, 414, 548 

Lamps, Miners’ (Catalogue), 660 

Middlesbrough Coke, 15, 53, 95, 133, 167, 199, 

229, 261, 291, 329, 373, 415, 453, 487, 519, 

549, 583, 613, 645, 676, 707, 738, 771, 802, 
833 

Milwaukee Power 
Handling, 592 

Powdered Fuel, 613 

Pulverised Coal, Babcock & Wilcox Investi- 
gations, 733 

Pulverised Fuel, Erratum, 91 

Pulveriser (Catalogues), 151, 820 

Rock Dusting Materials for Mines, 675 

Sheffield, 14, 53, 95, 133, 167, 199, 229, 261, 
291, 329, 373, 414, 453, 487, 518, 548, 582, 
613, 644, 676, 706, 738, 771, 802, 832, 863 

South Wales, Board of Trade Return, 95 

Spitzbergen Mine Production, 290 

Stone Dusting Machine (Catalogue), 754 

Stratified Coal Fuel (Catalogue), 33 

Welsh Exports and Imports, 833 


Station, Cost of Coal 


General Electric Co., Ltd., 15 
Jessop, William, & Sons, Ltd., 291 
Spear & Jackson (B.C.), Ltd., 237 


Concrete. See Cement and Concrete - 
Cranes, Conveyors, &c.: 


Conveyors, Belt (Catalogue), 470 

Conveyors, Newspaper Handling 
logue), 692 

Cranes (Catalogues), sue (2) 

Cranes, Tenders, 2 

Level-Luffing ee ke ton Electric, Adden- 
dum, 238 

Lifting Machinery and Appliances (Cata- 
logues), 151, 660 


(Cata- 


Mechanical Handling Plant (Catalogue), 
564 
Ropeways, Aerial (Catalogues), 151, 660 


Toplis Patents and Messrs. Stothert & 


Pitt, 59 
Docks. See Harbours, &e. 
Education: 


New Zealand, Water Turbines for, 451 
Ni ee Midlands Electricity District, 
3 

Oil, Transformer, 
scopic, 352 

Ontario, Use of Electricity in, 549 

Post Office Tube Railway Contract, 479 

Power Plant (Catalogue), 660 

Relays, Electrical (Catalogue), 151 

Resistance Materials, Standard, 651 

Resistances, Electric (Catalogue), 33 

Resistances, Low Measurement (Catalogue), 


6 


Shell-Mex Non-Hygro- 


Sub-stations, Automatic, 677, 878 

Supplies, General (Catalogue), 660 

Switchboards (Catalogue), 113, 470 

Switches (Catalogue), 820, 

Switchgear (Catalogues), 470 (2), 627, 692, 
787, 820 

Telegraphs and Telephones, 
Terms, &c., 142 

Telegraphy, Submarine, High-Speed, 461 

Telephone Apparatus (Catalogues), 534, 564 

Telephones, Automatic (Catalogue), 306 


Standard 


Accountancy, School of, 372 

Aeronautics, Busk Studentship, 229 

Bradford Technical College, 291 

Bristol University Faculty of Engineering, 
228 

British Electrical and Allied Manufacturers’ 
Scholarships, 716 

Cass, Sir John, Technical Institute, 348 

Chelsea Polytechnic, Metallurgical Courses, 

5 


41 
City and Guilds of London Institute, 261, 
515, 840 


City of London College Lectures, 167 

Crystal Palace School of Engineering, 167 

Foundry Workers, Board of Education’s 
Report, 237 

Glasgow Technical College, Appeal, 453 

Glasgow Technical College, Associate Pro- 
fessorship, 70 

Glasgow Technical College, Report, 787 

Goldsmid Engineering Scholarships, 265 

London University College Centenary, 94 

London University College Lectures, 548 

London University College Scholarships, 754 

London University College Syllabus, 348, 
414 

Loughborough College Calendar, 451 

Morison, D. B., Scholarship, 549 

Naval Architects’ Scholarships, 592 

Northampton Polytechnic Institute, 373 

Norton and Gregory Engineering Scholar- 
ships, 685 

Paper-making Technology, 
498 


Ramsay 
498 


Edueation in, 


Laboratory, University College, 

Regent St. Polytechnic, Works Management 
Lectures, 415 

Science Scholarship Examinations, 15 

South Wales, &c., School of Mines, 381 

Swansea University College, 542 

Workers’ Education Conference, 
national, 270 

Yorkshire College of Science Jubilee, 780 


Inter- 


Electricity: 


Aden Electric Supply, 487 

Barton Power Station Auxiliaries (Cata- 
logue), 33 

Blackbarrow Hydro-Electric Power Scheme, 
583 

Brakes, Tramway (Catalogue), 754 

Cables, Electric (Catalogue), 564 

Cable, New York-Azores, High Speed, 461 

Cable Steamer Faraday, 863 

Chatham Telephone Exchange Contract, 373 

Circuit Breakers (Catalogue), 534 


Conductors, Copper, British Engineering 
Standard, 738 
Control Apparatus, Camshaft, for Motor 


Coaches (Catalogue), 33 

Control Gear (Catalogue), 564 

Controllers, Automatic, for Pumps (Cata- 
logue), 33 

Electrical Contractor’s Year Book, 863 

Electro-Medical Apparatus (Catalogue), 502 

Electrode Reaction and Equilibria, 197 

Equipment, Electrical (Catalogue), 877 

Fans, Electric (Catalogue), 244 

Filaments, Very Fine Metallic, 33 

Fittings, Electric (Catalogues), 692, 787, 820 

Fittings, Light (Catalogues), 660, 787, 820 

Furnaces (Catalogue), 534 

Fuses, &ce (Catalogue), 151 

German Industry, Amalgamations in, 304 

Gradients, Maximum Potential, Cable, 
Erratum, 198 

High-Frequency Measurements, 548 

High-Tension Electric Distribution Confer- 
ence, 236 

Hydro-Hlectrie Plant for Mendoza, Tender, 
19 


9 
Hydro-Electric Plant, Wairere, 
ders, 236 
peprer ae Plant for Insulation (Cata- 
logue), 
ieee 
151 


N.Z., Ten- 


Electrical (Catalogue), 33, 

Insulating Materials (Catalogue), 113 

Italian Telephones, Proposed Sale to Private 
Firms, 453 

Lamps, Electric (Catalogue), 877 

Leek Electricity Supply, 549 

Lighting, Decorative (Catalogue), 33 

Locomotives, Electric (Catalogue), 33 

Machinery, Electric General (Catalogues), 
151 (2), 183 (3), 306, 502, 660, 820, 877 

Mangahao Power Scheme, N.Z., 103 

Marine Electrical Machinery (Catalogue), 


113 
Meters, Electric (Catalogue), 692 
Motors, Electric, General (Catalogue), 151, 
244 (2), 534, 754, 877 
Motors, Rolling Mill (Catalogue), 183 
Motor, Small Electric (Catalogues), 244 
Motor Starters and Controllers (Catalogues), 
502, 660, 692, 754 


Telephone, Marine (Catalogue), 502 
Telephone Service, Development, 871 
Telephones and Telegraphs, Standard Terms, 
&e., 142 
Thermionic Valves (Catalogue), 692 
Transformers (Catalogues), 479, 692, 820 
terry eer | Tananaki, N. 7. ., Tenders, 
Turbo-Alternator for N.S.W., Tender, 199 
Turbo-Generators (Catalogue), 534 
Voltmeter, Thermionic (Catalogue), 151 
Waikato (N.Z.), Power Scheme, 199 
Welding, Mectkie (Catalogue), 113 
Wind-Driven Plant for Lighting (Cata- 
logue), 113 
Wiles Beacon Station, Nash Point, 
Wireless Exhibition, All-British, 183 
Wireless Signals and Atmospheri ic Ionisa- 
tion, 676 
Wireless Tests, Ship’s Lifeboat, 566 
Wiring (Catalogue), 627 
X-Ray Equipment, Portable, 244 


Electric Tramways. See Tramways 
Engines and Boilers: 


Boiler Firing (Catalogue), 877 

Boiler Mountings (Catalogue), 244 

Boilers, Oil Firing (Catalogue), 777 

Boiler Plant, Bath, Rapid Installation, 
878 

Boilers, Waste Heat (Catalogue), 660 

Brass Work (Catalogue), 183 

Burners, Oil, for Steam Boilers (Catalogue), 

~ 9 692 

Clinkers 
548 


in Boiler Furnaces, Formation, 


Coal Dust Firing for Boilers (Catalogue), 
33 


Condensing Plant (Catalogues), 306, 692, 
754, 787 

Crankshafts, Built-up (Catalogue), 183 

Economisers, Fuel (Catalogue), 502 

Hjector, Air, Steam-Driven (Catalogue), 


151 

Engines, Portable (Catalogue), 564, 877 

Engines, Steam, Stationary (Catalogue), 
692 

Feed Water System, Closed (Catalogue), 
754 


Fittings, Steam (Catalogues), 151, 820 
~ Furnaces, Boiler (Catalogue), 470 

Gauges, Pressure (Catalogue), 151 

Indicators, Engine (Catalogue), 820 

Locomobile Engines (Catalogue), 113 

Refuse Destructors, Cascade Grates, 660 

Regulators, Automatic (Catalogue), 244 

Road Rollers, Steam (Catalogue), 151 

Roller, Superheater Steam, 268 

Sealing Tool (Catalogue), 183 

Steam Plant (Catalogue), 33 

Stokers, Mechanical (Catalogue), 787 

Stokers, Mechanical, Riley, 462 

Superheaters, Locomotive (Catalogue), 564 

Testing Instrument, Magnetic (Catalogue), 

692 

Towers, Water (Catalogue), 534 

Turbine for Canada, Tender, 207 

Turbines, Marine Geared (Catalogue), 502 

Turbines, Steam (Catalogue), 564 

Uniflow Engines (Catalogue), 877 

Valves (Catalogue), 820 


Errata and Addenda : 


Aeroplanes, Light Two-Seater, 
Trials, 549 

Brass Rod, Extrusion of, 415 

Crane, Level-Luffing, 25-ton Electric, 238 

Dredging and Land Reclamation, 486 

Gradients, Maximum Potential, 198 

‘““Lord Combermere’’ and its Oil Fuel 
System, 415 

Motor, Steam Rail, Sentinel-Cammell, 133 

Pulverised Fuel, 91 

Salvage of German Ships, Scapa Flow, 373 

Self-Unloading Bulk Cargo Vessels, 863 

Thomas Gas Meter, 262 

Tubular Members, Steel Construction, 716 

Vibrac Steel, 423 


Exhibitions : 


British Industries Fair, Birmingham, 716, 808 

Cardiff Exhibit, British Empire Exhibition, 
76 

Foundry Trades, International, 383 

Hydraulic Power, International Exhibition, 
864 


Lympne 


Lausanne, Colonial and Foreign Products, 799 
Lyons Fair, 863 

Physical Society, 800 

Wireless, All-British, 183 


Explosions : See Accidents 

Explosives : See Guns 

Ferro-Concrete : See Cement and Concrete 
Fire Prevention : See Miscellaneous 


Heating ;: 
Hydraulics : 


Institutions : 


Power Gas, Gas Association Conference, 519 
Suction Gas Plant (Catalogue), 787 

Textile Industries, Use of Gas, 470 

Thomas Gas Meter, Errata, 262 

Valves and Fittings (Catalogue), 534 


Gas and Oil Engines : 


Diesel Engine Album, Harland & Wolff, 148 

Diesel Engines, Double-Acting, 801 

Gas Engines, Thermal Efficiency, 707 

Machinery, Internal-Combustion Engine- 
Driven (Catalogue), 754 

Marine Oil Engine Trials Committee, 557 

Oil Engine Industry, 452 

Oil Engines (Catalogues), 33, 244, 306, 470, 
502, 534(2), 564, 627, 660, 754(2), 877 

Oil Engines’ Reliability, 863 

Petters’ Cold-Starting Oil Engine, 8 Type, 
230 


Piston Rings, 


Narrow-Type 
Standard, 715 


Concentric, 


Guns and Explosives : 


Explosives in Mines, Permitted, 583 
Guns (Catalogue), 183 


Harbours, Docks, &c.: 


Cavalla Harbour Tender Adjudication, 199 

Cherbourg as an American Terminus, 770 

Danube, Water Leakage, 582 

Dredging and Land Reclamation, Erratum, 
486 

Garvel Graving Dock, Greenock, 132 

Holyhead Lairage Improvement, 832 

Hull Port, History, &c., 6 

Waldeck Reservoir Dam, 
Fluctuations, 425 


See Miscellaneous 


Temperature 


Air Valve, Water Turbines (Catalogue), 692 

Governor, Water-Turbine (Catalogue), 502 

Pump, Turbo-Centrifugal, for §. Africa, 
Tender, 237 

Pumps, Centrifugal (Catalogue), 787 

Pumps. H.P. Turbine (Catalogue), 787 

Pumping Plant, Electrically-Driven, Tender, 
244 


Gea Set, Portable (Catalogue), 787 
Water Valves (Catalogue), 754 


Industries and Commerce : 


Australian Trade Statistics, 142, 290 

Belgian Customs Tariff, 677 

Board of Trade Committee, Industry and 
Commerce, 176 

British Export Trade Figures, 176 

Canada and Industrial Research, 94 

Canadian Goods and Straw Packing, 738 

Canadian Mineral Wealth, 306 

China, Export Trade with, 519 

Coal Distribution Costs, 176 

Engineers, Kelly’s Directory of, 582 

France, Export Trade with, 520 

French Merchandise Marks Regulations, 754 

French Tariff, Proposed, on Imported Steel, 
237 


German Electrical Industry, Amalgamations, 
304 


Germany and Industrial Capital, 141 

Gold Standard, Stability Question, 132 

Gutta Percha, Preparation, 676 

Hull Council and Foreign Contracts, 237, 328, 
452, 558, 621, 685 

Indian Trade Stat tistics, 276 

Industrial Output and Trade Union Regula- 
tions, 677 

Industrial Welfare Society, 133 

Industry and Trade, Committee, 716, 778 

Tron Trade Prospects, British, 300, 748 

Labour Cost, British and Foreign Ports, 195 

Locomotives, Egyptian Market for, 270 

Manchester Steel Rail Contract for Ameriza, 
381 

Merchants, Manufacturers and Shippers, 
Kelly’s Directory, 95 

Nitrogen Products, Synthetic, 372 

Oil Engine Industry, 452 

Paper Makers’ Directory, 16 

Petrol Import Growth, 394 

Scandinavia, Taxation of Traders, 862 

Scandinavian Business Report, 132 

Scotch Trade, General, 133 

Sells’ Buff Book, 579 

Sells’ Telegraphic Addresses, 451 

Sisal Hemp, British Empire Production, 74 

Steel Imports in France, Proposed Tariff, 237 

Tenders, 168, 176, 179, 199, 236, 237, 244, 
262, 291, 373, 415, 542, 622 

Textile Industries, Use of Gas in, 470 

United States, Exports to, 814 

United States Paper Supply, 692 

Welfare Society, Industrial Lecture-Con- 
ference, 423 

Welsh Dock Trade, 833 

Works Organisation and Management, 415 


See Technicul Societies 


Iron and Steel : 


Armco Ingots, British Production Arrange- 
ments, 451 

Automobile Castings, Standard, 176 

Automobile Steels, Standard, 181 

Bolton Works, Closure of, 200 

British Production, 91, 260, 747, 832 

Cast-Iron Research Association, 123, 166, 
415, 500, 707 

Cleveland, 15, 53, 95, 133, 167, 199, 229, 261, 
291, 373, 415, 453, 487, 519, 549, 583, 
613, 645, 676, 707, 738, 771, 802, 832 

Cleveland Blast Furnaces, 329 

Corrosion, Report on, 76 

Cyfartha Tron Works, Dismantling, 624 

East Coast Hematite, 15, 53, 95, 133, 167, 
199, 229, 261, 291, 329, 373, 415, 453 
487, 519, 549, 583, 613, 645, 676, 707 
738, 771, 802, 833 

Egypt, Steel Reservoir, Tender, 738 

Foundry Iron, Melting, 276 
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Iron and Steel—continued. 


French Tariffs on Imported Steel, Proposed, 
237 

Furnace, Siemens Open-Hearth, Vickers, 166 

Heat Treatment (Catalogue), 692 

Iron and Steel Institute, Proceedings, 518 

Tron Trade Prospects, 300, 748 

Tronstone Industry, Conference of Masters 
and Men, 415 

Lectures, City of London College, 167 

London Exchange Reports, 415, 516, 878 

Middlesbrough Foreign Ore, 15, 53, 95, 133, 
167, 199, 229, 261, 291, 329, 373, 415, 453, 
487, 519, 549, 583, 613, 645, 676, 707, 
738, 802, 833 

Osborn’s Weatherproof Iron, 14 

Piling, Steel (Catalogue), 151 

Pipes, Cast-Iron (Catalogue), 470 

Pipes, Steel, for South Africa, Tender, 70 

Plant, Iron Industry, Need for Better Trade, 


62] 

Pressed Steel (Catalogue), 151 

Prices, Jron and Steel, 1924-25, 863 

Products, Iron and Steel (Catalogue), 306 

Scotch Shipments, 53, 95, 167, 199, 229, 
261, 291, 329, 373, 415, 487, 518, 549, 
583, 613, 645, 677, 707, 739, 771, 803, 833 

Scotch Trade, 14, 53, 95, 133, 167, 199, 229, 
261, 291, 329, 373, 415, 453, 487, 518, 549, 
583, 613, 645, 677, 707, 739, 771, 803, 833, 
863 

Sheffield, 14, 53, 95, 133, 167, 199, 229, 261, 
291, 329, 373, 414, 453, 487, 518, 548, 582, 
613, 644, 676, 706, 738. 771, 802, 832, 863 

Sheffield, June Output of Steel, 229 . 

Steel Making, Special Steels (Catalogue), 660 

Steel Plate Vessels, &c. (Catalogue), 151 

Steelwork (Catalogue), 754 

Synthetic Iron Studies, 30 

Tees, Imports, 53, 329, 519, 645, 771 

Tees Shipments, 15, 199, 329, 519, 645, 771 

Titanium, Influence on Iron Castings, 113 

Tubes, Wrought-Iron, Chile Market for, 236 

Tubular Members, Steel Construction, 716 

United States Production, 62 

Vibrac Steel, Errata, 423 

Weatherproof Iron, Osborn’s, 14 

Welding, Rail (Catalogue), 151 

Welsh Trade, 15, 53, 167, 291, 329, 372, 487, 
519, 549, 613, 677, 707, 739, 772, 803, 833 

Wire, Steel, Drawing of, 630 
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Miscellaneous—continued. 


Compressors, Air (Catalogue), 820 

Contracts, 15, 95, 132, 198, 228, 260, 290, 
373, 414, 496, 583, 654, 686, 707, 747, 780, 
799, 840, 862 

Cowls (Catalogue), 787 

Drawing Instruments (Catalogue), 470 

Drying Plant, Laundry (Catalogue), 627 

Earth-Boring Equipment (Catalogue), 564 

Barth: Bering Scheme, Sir Charles Parsons’, 

Electro-Medical Apparatus (Catalogue), 502 

Empire Resources, Study of, Shipping 
Companies’ Grant, 650 

propre Works and Treasury Contributions, 


Enamel, Liquid, for Application Cold, 826 

“Engineering News Record,” 34 

Engineering Standards, British, 142, 175, 
176, 181, 261, 425, 583, 651, 686, 738, 748, 
771, 815, 878 

Engineers, Kelly’s Directory of, 582 

Engects and Questions of Public Interest, 


Fans (Catalogues), 534, 692, 787, 820 

Fire Engine Construction, 672 

Fire Warnings, 291 

Gauge Testing, National Physical Labora- 
tory, 842 

Geographical 
Spelling, 168 

Glass Technology Handbook, 327 

Glass Technology Society’s Proceedings, 518 

Granaries (Catalogue), 692 

Heating, Hot-Water (Catalogue), 692 

Holman Brothers’ Works (Catalogue), 877 

Indicators, General Engine (Catalogue), 820 

Kelvin Centenary Celebrations, 104 

Keys and Keyways, Standard, 878 

Lantern Slides, Loan for Lectures, 686 

Laundry Machinery (Catalogue), 692, 754 

League of Nations Hall, Acoustics, 630 

Lighting, Decorative (Catalogue), 33 

Lubrication (Catalogues), 113, 754, 787 

Machinery Noises, Investigation of (Cata- 
logue), 470 

Maps (Cdalogue), 33 

Mathematical Congress, International, 53 

Mersey Tunnel Scheme, 461 

Metrological Apparatus for Japan, 461 

Noises in Machinery, Investigation of 
(Catalogue), 470 


Names, Standardisation of 


Labour Questions. See Trade Societies, &e. 


Noises, Street, Minimising, 519 


Lighting. See Electricity and Gas Oils (Catalogues), 627, 754, 787 
Paper Makers, Directory of, 16 
Literature. See LITERATURE INDEX Paper Making Technology, Education in, 498 
E R Personal, 14, 104, 148, 167, 198, 261, 328 
Locomotives. See Railways 


337, 373, 415, 496, 520, 613, 676, 747, 772 
802, 863 
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Machine and other Tools : 


Lathes (Catalogue), 787 

Machine Tools, General (Catalogues), 113, 502, 
627, 660 

Milling Machine, Universal (Catalogue). 787 

Pneumatic Tools (Catalogue), 627 

Sawing Machines (Catalogue), 244 

Screwing Machines (Catalogue), 660 

Shears (Catalogue), 113, 244 

Small Tools (Catalogue), 564 

Spanner, Standard, 748 

Tools, Hand, &e. (Catalogue), 113, 692 

Woodworking Machines (Catalogues), 113, 
161 


Marine Engineering. See 


Boilers, Ships 


Engines and 


Markets : 


Cleveland, 15, 53, 95, 133, 167, 199, 229, 261, 
291, 329, 373, 415, 453, 487, 519, 549, 583, 
613, 645, 676, 707, 738, 771, 802, 833 


Mining and Metallurgy : 


Alloys, &c. (Catalogue), 660 

Aluminium, Properties and Working (Cata- 
logue), 306 

Anti-Friction Metal, Eel Brand (Catalogue), 
244 

Anuario de Mineria, 235 

Brass Castings, Special, Standard, 261 

Brass Ingots for Castings, Standard, 261 

Brass Rod, Extrusion of, Addendum, 415 

Canadian Cobalt Silver Production, 677 

Canadian Mineral Resources, 306, 381 

Cobalt, Uses of, 826 

Copper, British Standard Specifications, 425, 
686 


Copper Ores, Leaching, 781 

Corrosion, Atmospheric, of Metals, 197 

Firebricks (Catalogue), 660 

Flexes and Slags, 622 

Foundry Supplies (Catalogue), 820 

Foundry Works, Board of Education Report, 
237 

Furnaces, Electric (Catalogue), 534 

Heat Treatment (Catalogue), 692 

Metals, Institute of, Journal, 278 

Mining Educator, 694 

Oil-Drilling Bits, Steel, Investigation of, 501 

Pyrometers (Catalogue), 502 

Silica Bricks, Transformation under Burning, 
708 

Silica, Fusing, in Electric Furnace, 848 

Silver Solder, Standards A. & B., 261 

South Wales, &c., School of Mines, 381 

Swansea Metal Exchange Report, 878 

Wild-Barfield Furnaces, 396 


r) 


Miscellaneous : 


Air Filters (Catalogue), 692 (2) 

Air Washers and Filters, 780 

Alcohol, Power, from Sugar Beet, 803 

Anti-Vibration Material (Catalogue), 877 

Asbestos Goods and Engineers’ Supplies 
(Catalogue), 33 

Asbestos Industry (Catalogue), 787 

Beet Sugar Factory, Contract, 803 

Berlin Street Traffic, 862 

Blow Pipes (Catalogue), 183 

Bookbinding Machines (Catalogue), 183 

Brass Work (Catalogue), 183 

Chain Screen, Furnace (Catalogue), 627 

Circulating Systems, Safety Devices for 
(Catalogue), 33 


Pipes from Blast Furnace Slag, 600 
ae Copper, Heating, &c. (Catalogue), 
54 


Pottery (Catalogue), 502 

Printing Machine (Catalogue), 660 
Professional Classes Aid Council, 230 
Pulverisers (Catalogue), 151 

Pumps, Miscellaneous (Catalogue), 33 
Reflectors for Artificial Lighting, 878 
Refrigerating Machinery (Catalogues), 244, 


470, 787 
Refuse Destructors, Cascade Grates for, 
660 


Road Construction, Bituminous, 862 

Road Rollers, Steam (Catalogue), 151 

Road Roller, Superheated Steam, 268 

Rubber Plantations, Research Work on, 848 

Seaweed, Carbonisation of, 172 

Sell's Telegraphic Addresses, 451 

Separators, Centrifugal (Catalogue), 692 

Separators, Oil (Catalogue), 692 

Sisal Hemp Decorticating Machinery (Cata- 
logue), 787 

Southport, New Arterial Road, 229 

Street Noises, Minimising, 519 

Sun’s Mass, Diminution of, 802 

Tenders, 168, 176, 179, 199, 236, 237, 244, 
262, 291, 373, 415, 542, 622 

Testing Machines, &c. (Catalogue) 

Textile Machinery (Catalogues), 660, 820 

Thermometers (Catalogue), 244 

Timber, Impregnation of, 834 

Trade Facilities and Treasury Contributions, 
394 


Traffic Advisory Committee, 863 

Ventilation Scheme, Fanmakers’ Prize, 754 

Waste Paper Press (Catalogue), 692 

Watt's Workshop, Presentation of Contents, 
808 


Weighbridges (Catalogue), 33 

Weighing Machines (Catalogue), 33 
Welders’, Oxy-Acetylene, Handbook, 33 
Welding, Barimar Process (Catalogue), 692 
welt Plant, Oxy-Acetylene (Catalogue), 
Wire Ropes (Catalogue), 151 

Wire-Working Machinery (Catalogue), 470 
Wiredrawing, Fine Metallic Filaments, 33 
Wood Preservation (Catalogue), 877 

Works Organisation and Management, 415 
Workshop Notes and Data, 802 


Motor Cars, &c.: 


Castings, Automobile, Standard, 176 

Chains, Motor Cycle (Catalogue), 534 

Chains, Roller (Catalogue), 787 

Hotel-Location Map, 299 

“ How to Drive a Car,”’ 592 

Karrier Lorry, 372 

Lubrication (Catalogue), 113 

Petrol Import Growth, 394 

Piston Rings, Narrow-Type 
Standard, 175 

Piston Ring Pots, Cast Iron, Standard, 583 

Pneumatic Tyre Rims, Standard, 261 

Rating, Horse-Power, 802 

Sahara Motor Service, 864 

Shock-Absorber Competition, 592 

Steels, Automobile, Standard, 181 

Taxation Report, Road Vehicles, 268 

Thornycrofts in Canada, 74 

Transport Vehicles, Subsidised, 229 

Valves for Pneumatic Tyres, Standard, 261 

Wheels, Aluminium, for Omnibuses, 168 


Concentric, 


Naval : 


Australian Submarines, 612 

British Warship Particulars, 70 

Chatham Telephone Exchange Contract, 373 

Danish Naval Disarmament, 645 

Dutch Cruiser, “‘ Java,’’ 516 

French Cruisers, New, 453 

French Destroyers, 582, 871 

French Flotilla Leaders, 572 

French Submarine Construction, 268 

Italian Destroyers, 582 

Jugo-Slavian Navy, 518 

Russian Programme, 462 

Salvage of German Ships, 
Addendum, 373 

Spanish Construction, New, 381, 650 

United States Submarine, New, 261 


Obituary. See GHNERAL INDEX. 
Physics and Chemistry : 


Air, Rectification of, 843 

Alcohol, Dehydration by Glycerin, 344 

Chemical Apparatus (Catalogue), 151 

Chemical Engineers, Institution Proceedings, 
512 

Coal, Ash-Softening Temperatures, 548 

Coal, Low-Temperature Carbonisation, 334 

Cosmic Energy, 834 

Gutta Percha, Properties and Preparaticn, 


Scapa Flow, 


676 
Helium, Compounds of, 832 
Tonisation, Atmospheric, and Wireless 


Signals, 676 

Light, Velocity of, 738 

Nitrogen Products, Synthetic, 372 

Rocks, Igneous, Physical Chemistry, 453 

Seaweed, Carbonisation of, 172 

Silica for Optical Purposes, Fusing Furnace, 
848 

Sulphur, Action upon Rubber, 566 

Sulphuric Acid Plant, 833 

Works, Chemical, Machinery for (Catalogue), 
244 


Power Plants. See Electricity 
Power Transmission : 


Bearings, Anti-Friction Meta! for 
logue), 244 

Bearings, Ball and Roller (Catalogues), 33, 
113, 627, 692 

Bearings, Toothed Gear (Catalogue), 244 

Belting (Catalogue), 820 

Chains, Driving (Catalogue), 183 

Clutches (Catalogue), 151 

Gears, Fluid Transmission, 842 

Gear Measurement, N.P.L., 223 

Gears, Reduction (Catalogue), 660 

Gear-Tooth Calipers (Catalogue), 183 

Gear-Tooth Grinding (Catalogue), 183 

Gears, Toothed (Catalogue), 33 


Railways and Locomotives : 


Australian Transcontinental Railway, 677 

Axle-Boxes (Catalogue), 534 

Burmah Railway Traffic Returns, 214 

Chilian Locomotive Tenders, Result, 237 

Cranes, Breakdown (Catalogue), 502 

Door Locks, Railway Carriage, Kaye’s, 167 

Girders, Long, Rail Transport of, 451 

Indian Railways, Visit of Sir 8. B. Tritton, 
564 


(Cata- 


Kennington, Tube Extension, 328 

Locomotives, Diesel-Engined (Catalogue), 
660 

Locomotives for Egypt, 799 

Locomotives for New Zealand, 707 

Locomotives, Portuguese Market for, 235 

London, M. and 8. Railway, New Rolling 
Stock, 833 

Malayan, New Section, 415 

Motor, Steam Rail, Sentinel-Cammell. Errata, 
133 

Officials, Railway, Universal Directory, 452 

Points, Railway (Catalogue), 754 

Rail Welding (Catalogue), 151 

Sub-station, Automatic, London 
ground Railways, 878 

Superheaters, Locomotive (Catalogue), 564 

Swiss Locomotive Construction, Winterthur, 


261 
Wagon, Coal, All-Steel, 299 
Wagons, Hopper, 12-Ton, Coke Traffic, 662 
Wagons, Railway (Catalogue), 113 
Workshop Equipment, Railway (Catalogues), 
564, 692 
Schools. See Lducation 
Sewage and Drainage : 


Filtration of Sewage (Catalogue), 692 
leicester Sewage Pumping Station, 871 
Romford Riverside Sewage Scheme, 518 


Ships and Shipbuilding : 


** Antinous,”’ S.S., Trials, 862 

British Corporation Rules, &c., 738 

Cherbourg as an American Terminus, 770 

Clyde Activities, 15, 199, 261, 329, 373, 
487, 583, 613, 645, 677, 707, 739, 771, 803 

Contracts, 167 

an Decades of Progress, Cunard Souvenir, 

See Machinery, Marine (Catalogue), 
1 


Under- 


“ Faraday,” Cable Steamer, 862 

Flettner Rotor Ship, 770 

Harland and Wolff’s Output, 833 

Idle Tonnage, Reduction in, 660 

Japanese Ships, Loadlines, 113 

Life-Boat Conference, International, 207 

Lifeboat Wireless Tests, 566 

Lloyd’s Register, 1924-25, 166 

“Lord Combermere’”’ and_ its 
System, Erratum, 415 

Merchant Shipping Losses, Lloyd’s, 166, 
519, 820 

Motor Boat, Thornycroft, 
America Liner, 676 

Motors, Marine (Catalogue), 692 

“* Moveria,’”’ Motor-Vessel, 548 

Oil Engine, Marine, Trials Committee, 557 

Oil Tanker Contract, Dutch and British 
Tenders, 422 


Oi Fuel 


for Holland- 
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Ships and Shipbuilding— continued. 


Propeller, Hydraulic (Catalogue), 151 

Propellers, Small Craft (Catalogue), 787 

Rotor Ship, Flettner, 770 

Sea Trading, A Century of , 500 

Scotch Shipbuilding, 15, 199, 261 329, 373, 
487, 583, 613, 645, 677, 707, 739, 771, 803 

Self-Unloading Bulk Cargo Vessels, 863 

“ Skegness,” S.S., Trials, 833 

Sperry Gyro Compass, Applications, 273 

““Swanley,’’ M.S., Double-Acting Diesel- 
engined, 229 


Societies. See Technical, &e.; Trade, &e. 
Strikes. See Trade Societies, de. 
Technical Societies : 

Acetylene and Welding Association, British, 


Aeronautical Engineers, Institution of, 230, 
423, 672, 707 

Aeronautical Society, Royal, 15, 270, 746 

Architects, British, Royal Institute, 423 

Architectural Education, International Con- ~ 
gress, 167 

Arts, Royal Society of, 61 

Association Technique Maritime et Aéro- 
nautique, 803 

Automobile Engineers, Institution of, 579, 


754, 812 
Birmingham Engineers’ Club, Proposed, 548 
Ceramic Society, Refractory Materials 


Section, 373 

Chemical Engineers, Institution of, 512 

Chemical Industry, Society of, 527 

Civil Engineers, Institution of, 519 

Civil Engineers, Institution of, Ireland, 738 

Cost and Works Accountants, Institute of, 
103, 168 

Electrical Engineers, Institution of, 207, 676 

Engineering Inspection, Institution of, 747 

Engineers, Australia, Institution of, 112, 204 

Engineers (India), Institution of, 112 

Engineers and Shipbuilders in Scotland, 
Institution of, 549, 840 

Faraday House Old Students Society, 558 

Faraday Society, 133, 197 

Ferrantians, Old, 592, 812 

Franklin Institute, 53, 738 

Gas Association, British Commercial, 519 

Gas Engineers, Institution of, 95, 235, 622 

Geological Society, 453 

Heating and Ventilating Engineers, 780, 863 

High-Tension Electric Distribution, Inter- 
national Conference on, 236 

Illuminating Engineering Conference, 166 

Industrial Welfare Society, 133 

Tnternational Life-Boat Conference, 207 

Tron and Steel Institute, 133 

Junior Institution of Nngineers, 613, 672, 
706, 754, 842, 860 

Liverpool Engineering Society, 833 

Manchester Association of Engineers, 133 

Marine Engineers, Institution of, 583 

Mathematical Congress, International, 53 

Mechanical Engineers, Institution of, 487, 
716 

Metals, Institute of, 273 

Meteorological Society, Royal, 676 

Mining Engineers, Institution of, 415 

Mining and Mechanical Engineers, North of 
England Institute, 207 

Motor Manufacturers and Traders, Ltd., 
Society of, 103 

Motor Users’ Association, Commercial, 651 

Municipal and County Engineers, Institution 
of, 373, 383, 428, 746 

Naval Architects, Institution of, 373, 592, 
738 


Patentees, Institute of, 801, 878 

Petroleum Technologist, Institution of, 745 

Photographic Society, Royal, 423 

Physical Society, 676 

Power Alcohol Association, British, 803 

Production Engineers, Institution of, 415 

Public Lighting Engineers and Superinten- 
dents, Institution of 235, 823 

Railway Engineers’ Convention, 344 

Royal Institution, 651, 724, 814 

Rubber, Institute of, 676, 848 

Rugby Engineering Society, 542 

Sanitary Institute, Royal, 15, 372, 739, 802 

Ship Constructors and Shipwrights’ Associa- 
tion, 176 4 

Shipbuilding Industry and Wages, 176 

Society of Engineers (Inc.), 833, 848 

Staffordshire Iron and Steel Institute, 291 

Surveyors’ Institution, 878 

Sweden, Royal Institute of Scientific Indus- 
trial Research, 637 

Transport, Institute of, 396, 746 

University College Engineering Society, &7§ 

Welding Engineers, Institution of, 630 

West Yorkshire Metallurgical Society, 262 


Telegraphy. See Electricity 


Telephony. See Electricity 


Tools. ‘See Machine und other Tools 


Trade Societies, &c. : 
Accident Prevention, Physiological Aspects, 


495 

Admiralty Dockyard Workers, Wage In- 
crease, 644 

Admiralty Workers, Wrabness and Crombie, 
Award, 300 

Apprentices, 
Control, 527 

Army Ordnance Discharges, Placement ot 
Men, 328 

Australian Requisition for Skilled Workers, 
Cancellation, 328 

Baldwin’s Workers’ Strike, 778 

Barking Power Station Dispute, 715, 748 

Barrow-in-Furness Plumbers’ Wages Claim, 


Metal Worker, and Union 


779 : 
Belfast Shipworkers’ Wages Question, 300, 
527 


Belgian Industrial Committee and _ the 
Hight-Hour Day, 423, 588 _ 

Belgium, Proposed Engineering Lock-Out, 
832 
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Trade Societies, &c.—continued. Trade Societies, &c.—continued. Trade Societies, &c.—continued. Trade Societies, &c.—continucd. 


Bevin, E., on Mutual Understanding in 
Industry, 495 

Blacksmiths and Tronworkers, Associated, 
Unemployed Members, 869 

Blastfurnacemen’s Wages, 53 

Boilermakers’ Claim for Charge Hands and 
Examiners, 195 

Boilermakers’ Society, Contribution Chan- 
ges, 270 

Boilermakers’ Society, Reports, 270, 423, 
558, 840 

Boilermakers’ Society, Unemployed Members, 
716, 840 

Boilermakers’ Wage Claim, 812, 839 

Bricklayers, Mr. Hicks’ Vindication, 748 

Bristol Channel A.E.U. Ship Repairers’ 
Strike, 300, 591 

Bristol Colliery Owners’ Benefit Case, 452 

Building Dispute, Weather J,osses Question, 
176 

Building Industries Committee. Composition, 
558 

Building Industries Committee’s Proposals, 
685 

Building Trade Dispute, Court of Inquiry, 
24, 61, 106, 176, 195, 237, 300 

Building Trade, Liverpool Strike, 24, 61, 106, 
195, 237, 300 

Building Trade Operatives’ Dispute, 24, 61, 
106, 176, 195, 237, 300 

Building Trade Operatives and Steel Houses, 
869 

Building Trade, Scottish Wages Committee 
and Working Hours, 452 

Building Trades and Summer Working Hours, 
423, 452 

Suilding Trade Wages and Conditions Coun- 
cil, 495 

Janadian Metal Working Industry, Un- 
employment, 558 

‘apitalism, A.E.U, Member’s Views, 621 

‘hina, Working Hours in, 300 

Shinese Soldiers, Teaching Industrial Pur- 
suits, 869 

ass War, Depreciation by A.B.U. Member, 
621 

‘leveland Miners’ Wages, 549 

Jommunism and the Trade Unions, 527, 685 

Jommunist, British, on Strike Methods, 
748 

‘o-operative Society Employees, Compulsory 
Membership of Unions, 557 

‘oopers, Society of, and Use of White Lead, 
300 

‘ost of Living and Extravagant Wages, 685 

‘otton Spinners, Working Hours, 495, 591 

‘ourt of Reference, Suggested, 495 

‘ovent Garden Porters’ Strike, 300, 422 

‘umberland Colliery Stoppages, 495 

Darlington Railwaymen and Clocking off 
Question, 270 

}isputes, Conference on Avoidance Scheme, 
Suggested, 527 

Dole and Unemployment, 327 

Dutch Labour Conditions and Rates of 
Pay, 452 

Druce & Co., Trading and Wages Award, 380 

Eight-Hour Day and Belgian Industrial! 
Committee, 423, 588 

Kight-Hour Day and German Factory 
Workers, 558 

Eight-Hour Day, Internaticnal, Conference 
on, 381, 558 

Kight-Hour Day and International Metal- 
workers, 270 

Fight-Hour Day and International Textile 
Workers, 328 

Eight-Hour Day and Overtime, 176 


Nlectric Power Industry, Incidence of Wage 


Increases, 591 

Dlectrical Tr 
299, 381, 423, 591, 716 

Blectrical Trades Dispute, Proceedings of 
Special Tribunal, 423, 591, 716 

Electrical Trades Special Tribunal, Report, 
591 

Electrical Trade Unions and the Barking 
Dispute, 715, 748 

Electrical Workers’ Dispute, Kensington 
and Brompton, 869 

Emigration of British Skilled Mechanics, 141 

Popeyes: Contederation of, and Mr. Pollitt, 


Employers and Employed, Suggested Con- 
ference on Truce, 527 

Employment Exchange Statistics, 591 

Engineering Industry, Disputes, Procedure 
for Avoiding, 527 

Engineering Journeymen, Wages Agreement, 
558 

Engineering Trades, Wages Demand, 61, 
103, 141, 237, 270, 558, 779, 840 

Engineering Trade Wages, Work of Sub- 
Committee, 558 

Engineering Union, Amalgamated, Consoli- 
dation Question, 270 

Engineering Union, Amalgamated, and Ex- 
Members, 423 

Engineering Union, Amalgamated, Kirk- 
caldy Wages Error Case, 591 

Engineering Union, Amalgamated, and 
Labour Colleges, 591 

Engineering Union, Amalgamated, Member- 
ship, 716, 846 

Engineering Union, Amalgamated, and the 
Minority Movement, 748 


les Dispute, 141, 195, 237, 270, | 


Engineering Union, Amalgamated, Reports, 
270, 381, 558 

Factory Bill and Welfare Work, 423 

Factory Committees, ‘“‘ Red’’ Scheme, 591 

Factories and Workshops Report, 103 

Foreign Rates of Pay, &ec., and British 
Labour, 452 

Foremen and Membership of Unions, C.W.S., 
558 

Foundry Workers, Board of Education 
Report, 237 

French Seamen’s Eight-Hour Day, 644 

General Federation and Industrial Courts 
Act, 237 

General Federation of Trade Unions, 61, 300, 
748 

General and Municipal Workers, National 
Union, 381 

German Factory Workers’ Union and Fight 
Hours’ Day, 558 

German Miners and Seven-Hour Day, 685, 
779 

Germany and the Eight-Hour Day Ratifica- 
‘tion, 839 

Glasgow Corporation and U.S, Track Work 
Tender, 715 

Gompers, Samuel, the Late, 840 

Holland, Rates of Pay and Conditions, 452 

Hours of Labour, Continental Conditions, 
495 

Housing Committee, Composition, 558 

Housing Committee, Materials and Methods, 
380 

Housing Committee’s Report, 327 

Huli Labour Council and a German Tender, 
237, 328, 452, 558, 621, 685 

Industrial Courts Act and General Federa- 
tion, 237 

Industrial Notes, 24, 61, 103, 141, 176, 195, 
237, 270, 299, 327, 380, 422, 452, 485, 527, 
557, 591, 621, 643, 685, 715, 748, 778, 811, 
839, 869 

Industrial Situation, Reports, 195, 300, 423, 
591, 716, 840 

Industrial Truce, Suggested Conference on, 
527 

Industrial Truce, Suggested Court of Refer- 
ence, 495 

Industrial Welfare Society’s Annual Meeting, 


685 

Industrial Workers’ Charter and Trade 
Union Congress, 328, 380 

Industry and Trade Committee, Evidence, 
716, 778 

Invernairn, Lord, on Industrial Welfare, 685 

Tron Trade Plant and Production per Man, 
621 

Tron Trade Workers, Low-Paid, Special 
Bonus, 270 

Ironstone Industry, Conference of Masters 
and Men, 415 

Tronworkers’ Wages, 167, 270, 739 

Tronworks Strikers, Claim for Dole, 261 

Journeymen, Engineering Wages Agreement, 
558 


Kent Miners’ Dispute, Award, 527 

Kirkcaldy, Wages Error Case, 591 

Labour, British, Influence of Foreign Rates 
of Pay, &c., 452 

Labour Colleges and the A.E.U., 591 

Labour Cost at British and Foreign Ports, 
195 


Labour Exchanges, Russian, 748 

Labour Ministry Reports, 195, 300, 381, 
423, 452, 495, 527, 558, 591, 621, 644, 
685, 716, 748, 778, 812, 840 

Labour Notes. SeeJIndustrial Notes (above) 

Lambourne’s Employees, Travelling Ex- 
penses Case, 381 

Light Castings Ironfounders, Wages Demand, 
24, 685 

Living, Cost-of, Reports, 195, 591, 716 

Locomotive Drivers, Non-Qualified and the 
N.U.R., 328 

Locomotive Engineers, &c., and Mileage 
Payment, 715, 778, 869 

Locomotive Engineers, &c., Women’s Society, 
Proposed, 328 

London County Council Employees, Wages 
Award, 527 

Machinists, International Association, Strike 
Benefits, 621 

Managers and Membership of Unions, C.W.S., 
558 

Manchester Tramways Committee and Rail 
Contract, 381 

Mechanics, British Skilled, Emigration of, 

4 


141 

Metal Industries, Russian, Development 
Question, 748 

Metal Workers, &c., Emigration of, 328 

Metalworkers’ Federation and the Hight- 
Hour Day, 270 

Metalworkers’ Federation, International Con- 
tribution Scheme, 270 

Metalworkers’ Federation and the Russians, 
270, 812 

Metal Workers’ Programme, 495, 527 

Metal-Working Industry, Canada and U.S., 
Unemployment, 558 

Metropolitan Water Board, Charge Hands’ 
Wages, 495 

Miners’ Congress, International, and War, 
237 

Miners’ Federation Conference, Policy, 61, 
103 


Miners’ Federation and Holidays, Wages, 
&e., 103 

Miners’ Federation, Position, 685 

Miners’ Federation and the Workmen’s 
Compensation Act, 103 

Miners’ International 
posals, 685 

Miners’ Political Influence, 176 

Miners’ Wages, Eastern Area, 24 

Mines, Nationalisation of, 103 

apne Conference, National, Demands, 

Moscow Labour Exchange Register, 527 

Moscow Textile Workers and Unskilled 
Union Members, 644 

Moscow Trade Union Developments, 716 

Municipal Wages, High, Effect on Unshel- 
tered Trades, 452 

National Minority Conference and Trades 
Union Congress, 299, 328 

ae ts Minority Movement, 591, 621, 644, 


New York State, Industrial Accidents, 778 

New York State Labour Department Con- 
ference, 748 

Non-Unionists, Coercion by Unions, 422 

N eengham, Celebration of Unions’ Fusion, 


Committee’s Pro- 


Patternmakers’ Association, United, and 
Industry and Trade Committee, 716 

Patternmakers’ Association, United, Reports, 
237, 558, 869 

Patternmakers’ Association, United, Unem- 
ployed Members, 716, 869 

aoe H., and Confederation of Employers, 


Port Employers and Transport Workers, 
Alleged Breach of Agreement, 328 

Preston, Engineering Workers’ Dispute, 748 

Production Sub-Committees, Russian Trade 
Unions, 644 

Peyebolesist: Industrial, and Welfare Work, 


Railways, Nationalisation of, 103 

Railway Shopmen’s Demand and the Com- 
panies, 237 

Railway Wages Board, 495 

Railwaymen’s Conference and _ Sectional 
Union Question, 61 

Railwaymen and the 44~Hour Week, 380 

Railwaymen, Mr. Marchbanks on New 
Movement, 452 

Railwaymen, National Union of, 61, 103 

Railwaymen’s New Programme, Details, 812 

Railwaymen’s Wages, Proposed New Pro- 
gramme, 108, 527, 812, 840 

Railwaymen and the Washington Hours 
Convention, 103 

“Red’’ Russo-British Organisation, Pro- 
posed, 778, 812 

Road Transport Workers’ Demands, 24, 423 

Rotherham Strikers and Unemployment 
Benefit, 300 

Serer) Miners and 8-Hour Day Agreement, 
77 

Russian Building Trade Wages, 558 

Russian Labour Exchanges, 748 

Russian Labour Situation, 300 

Russian Metal Industries, 
Question, 748 

Russian Metalworkers, Affiliation Question, 
270 


Russian Productivity and Wages, 621, 685, 
869 


Development 


Russian State Industry and Wages, 621, 685 

Russian State-owned Undertakings, Pro- 
duction Sub-Committee, 643 

Russian Textile Workers’ Congress, Report, 
811 

Russian Trade Disputes and Arbitration, 
73 


77 

Russian Trade Unions’ Central Council, 
Income, 527 

Russian Trade Unions Congress, 778 

Russian Unemployed, Investigation, 527 

Russian Union Labour Commissariat and the 
Indigent, 381 

Russian Workers, Piece-work Scheme, 685 

Russian Working Days, 495 

Seamen’s 8-Hour Day, French Decree, 644 

Seamen’s Working Day, International Con- 
ference, 381 

Sheffield District Benefit Case, Finding, 452 

Sheffield Steelworkers’ Strike, 270, 558 

Shipbuilding Employers’ Federation and 
Boilermakers’ Demand, 839 

Shipbuilding Employers’ Federation, Central 
Board Appointments, 558 

Shipbuilding Trade, Conference on Working 
Conditions, 380 

Shipbuilding and Vexatious Regulations of 
Unions, 141 

Shipping Trade and Union Regulations, 
Handicapping of Tenders, 422 

Shop Committees, Russian, and Production 
Sub-Committees, 643 

South Wales Miners’ Federation and Alliance 
with Productive Workers, 24 

South Wales Miners’ Secretary, Defeat of 
Censure, 24 

Soviet Organisation of Labour for Produc- 
tion, 644 

Steel, Peech & Tozer’s Employees, Wages 
Dispute, 237 

Strike Benefits, International Association of 
Machinists, 621 


Strikes, Methodical, a Communist’s Views, 
748 


Strikes, Right of Unions, 495 
Strikes, Sectional, in Steel Trade, Effect of, 


452 

Strike Statistics, Reports, 195, 840 

Swales, A. B., Achievement, 495 

Sympathetic Strikes and Industrial Agree- 
ments, 422 

Textile Workers, International, and the 
8-Hour Day, 328 

Textile Workers, International, and the 
Russians, 328 

Textile Workers’ Wages Question, 328 

Toronto Unemployment Conference and 
Doles, 381 

Trade Disputes and Powers of Trades Union 
Council, 299, 380 

Trades Union Congress, 299, 327 

Trades Union Congress and National Minority 
Conference, 299, 328 

Trades Union Congress, Visit to Russia, 644, 
869 


Trades Union General Council and Policy 
Scheme, 811, 840 

Trade Union Regulations and Industrial 
Output, 677 

Trade Union Statistics, 644 

Trading Results and Wages Case, Award, 
380 

Tramway Workers’ Wages Question, 195, 495, 
644, 716 

Transport and Cartage Workers, Wages, 
Hours, &e., 24, 423 

Travelling Expenses, Lambourne and Co.’s 
Employees, 381 

Tyneside Engineers on Diesel Engines, Rates 
of Pay, &c., 423 

Unemployed, Russian, Investigation, 527 

Unemployment and the Dole, 327 

Unemployment Insurance Benefit Cases 
Findings, 452 

Unemployment, Labour Ministry Reports, 
195, 300, 381, 423, 452, 495, 527, 558, 
591, 621, 644, 685, 716, 748, 778, 812, 840 

Unemployment Pay, ‘trikers’ Claim, 261 

Unionism and the Communists, 685 

Unions, Coercion of Non-Unionists by, 422 

Unions, Trade, Friendly Society Statistics, 
644, 779 

United States Bill, Wages and Production, 
621 


United States Metal Working Industry, 
Unemployment, 558 

Vienna Metalworkers’ Strike, 423 

Wages, Extravagant, and Cost of Living, 
685 


Wages, Fluctuation of, Reports, 195 

Wages and the Minority Conference, 299 

Wages Policy and the General Council of 
Congress, 300 

Wages and Production, United States Bill, 
621 

Wages Reference, L.C.C. Employees’ Award, 
527 


Welfare Society, Industrial; Lecture Con- 
ference, 422 f 

Welfare Work and the Factory Bill, 423 

Welfare Workers, Industrial, Conference, 495 

Welfare Workers and Shorter Working 
Day, 495 

Woodworkers, Amalgamated Society of, 869 

Woolwich Arsenal, Semi-skilled Employees 
and Wages, 24 

Workers’ Education 
national, 270 

** Worker,’ National Minority Movement 
Propaganda, 778 . 

Workers’ Union Men’s Strike at Baldwin’s, 
778 

Working Days, Russian, 495 

Working Hours in China, 300 

Working Hours and the Minority Conference, 
299 

Working Week and Foreign Competition, 
452 

Working Week and Ratification of Wash- 
ington Convention, 812 

York, Duke of, on Industrial Welfare, 685 


Conference, Inter- 


Trade. See Coal; Iron and Steel; Ships 


and Shipbuilding; Electricity; and 


Industries 


Tramways : 


Brakes (Catalogue), 754 

Glasgow Corporation, 167 

Glasgow Corporation and U.S. Trackwork 
Tender, 716 

Liverpool Corporation, 53 

Traffic Receipts, U.K., 245 

Tramway Undertaking Receipts, Reduced, 
207 


Turbines. See Engines and Boilers 
Universities. See Education 
Vehicles. See Motor Cars; Railways 
Warships. See Naval 

Waterworks, &c.: 


Filters, Vaal River Scheme, Tenders, 264 
Leicester Waterworks, 871 

Well Sinking (Catalogue), 820 

West Dean Supply Scheme, 542 
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PATENT RECORD. 


The Patent Index is classified under the following sub-titles:—AmRoNaAuUTICS; AGRICULTURAL APPLIANCES; ELEcTRIcAL Apparatus; Gas 
Eneines, Propucrers, Hoitpers, &c.; Guns anp Expnostves; Hypravuitic Macuinery; Lirring AND HAULING APPLIANCES ; MacHINE 


AnD OTHER Toots, SHarrine, &c.; Mixtnc, Meratturcy anp Merat Workinc; MiIsceLLaNgous; Moror Roap VEHICLES; PRINTING 


AND ALLIED MACHINERY ; 


Pumes; Ratbways AND Tramways; Sutps anp Navurican AppLiances; Steam ENcrines, BOoIvers, 


Evaporators, &¢.; AND TEXTILE MACHINERY. 


SUBJECT MATTER. 


Aeronautics : 


307, 661 

Metallic Aireraft Construction. Armstrong. 
Siddeley Motors, Ltd., and H. N. Wylie, 
807 

Rudders of Aeroplanes. The Fairey Avia- 
tion Co., Ltd., and F. R. Fairey, 661 

Shock-Absorbers. The Fairey Aviation Co., 
Ltd., and C. R. Fairey, 307 


Agricultural Appliances : 


879 
Dise Cultivators or Harrows. H. McLaren, 
879 


Electrical Apparatus : 


34, 395, 504, 567, 661, 693, 755, 879 

Commutators. J. E. Calverley and W. E. 
Highfield. 504 

Dynamo Electric Machines. The British 
Electric Plant Co., Ltd., and A. W. 
Maudling, 879 

Insulators. R.J. P. Briggs, H. S. Newman 
and Bullers, Ltd., 395 

Meters, Electricity, Ww. M. Mordey and the 
Electrical Apparatus Co., Ltd., 693 

Motors, Electric. H. V. Higgitt and the 
Eastern Telegraph Co., Ltd., 879 

Motors and Pumps, Combined Electric. 
T. L. R. Cooper, 661 

Motor Starters and Controllers, Automati- 
cally-Operated Electric. Brookhirst 
Switchgear, Ltd., and A. C. Livesey, 34 

Protective Arrangements for Electric Dis- 
tribution Systems : Switchgear & Cowans, 
Ltd., and G. H. Neep, 755 

Switches, Electric. The Cable Accessories 
Co., Ltd., and A. Crawford, 879 

Switches, Electric. A. C. Smith, 567 

Transformers. A. H. S. MacCallum, 504 

Welding Apparatus, Electric, C. A. Hadley 
and the Rose Street Foundry and Engineer- 
ing Company, Ltd., 755 


Gas Engines, Producers, Holders, &c.: 


152, 184, 307, 395, 471, 661, 693, 755, 
788, 849, 879 

Air Brake Dynamometer Engine Power- 
Testing Mechanism. Armstrong-Siddeley 
Motors, Ltd., F. R. Smith and B. W. 
Shilson, 755 

Bearings, Lubrication of. D. Napier & 
Sons, Ltd., and G. 8. Wilkinson, 755 

Burners, Oil Fuel. Sir W. G. Armstrong, 
Whitworth & Co., Ltd., and B. Irving, 
693 

Carburetting Apparatus. J. Thomas and 
W. Harding, 849 

Carburettors. Brown and Barlow, Ltd., and 
C. Brown, 395 

Coal Gas, Apparatus for Manufacturing. 
J. T. Ashley and Aldridge & Ranken, 
Ltd., 693 

Cylinders. Swan, Hunter & Wigham 
Richardson, Ltd., F. Rowntree and P. 
Belyanin, 307 

Cylinders, Internal-Combustion Engine. 8. 
Smith and A. C, Cars, Ltd., 693 

Cylinders, Internal-Combustion Engine. 
Wallsend Slipway «& Engineering Co., Ltd., 
and J. §. Simm, 471 

Internal-Combustion Engines. William 
Beardmore, Lord Invernairn and A. KE. L. 
Chorlton, 788, 879 

Internal-Combustion Engines. J. Davidson, 
184 


Internal-Combustion Engines. A. H. Moss, 
849 

Internal-Combustion Engines. Palmers 
Shipbuilding and Iron Co., Ltd., and D. 
Kemp, 755 

Internal-Combustion Engines, Sleeve-Valve. 
W. Newbery, 395 

Lubricating Systems. Force Feed. S. H. 
Attwood and Ruston & Hornsby, Ltd., 395 

Pistons. Swan, Hunter & Wigham Richard- 
son, Ltd., and P. Belyanin, 395 

Pistons and Piston Rods. Wallsend Slipway 
and os Co., Ltd., and J. S. 
Simm, 6 

‘serra Genteoilers, Shutter. C. A. Brown, 

52 

Retorts, Apparatus for Removing Coke from, 
Ride & Bell, Ltd., and G. Bell, 849 

Sparking Plugs. FF. Reynolds and the 
Thermal Syndicate, Ltd., 395 
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Guns and Explosives : 


34, 246 

Bomb Release Mechanism. H. W. Holland 
and W. Mansfield, 34 

Sighting Devices for Director Firing. Sir 
W. G. Armstrong, Whitworth and Co., 
Ltd., and R. Morrison, 246 


Hydraulic Machinery: ° 


395, 471, 693, 788 

Flow of Liquids through Pipes, Indicating 
Apparatus. Pulsometer Engineering Co., 
Ltd., and J. Bjérnstad, 693 

Pipe Joints, Loose-Flange. ©. Williams, 
W. G. Bellamy and the British Mannes- 
mann Tube Co., Ltd., 471 

Sluice Gates. Ransomes and Rapier, Ltd., 
and P. D. Tonides, 788 

Water Meters. W.G. Kent. 395 


Lifting and Hauling Appliances : 


34, 246, 567, 755, 788, 849. 879 

Brakes, Friction. M. B. Wild & Co., Ltd., 
and M. B. Wild, 755 

Chains and Belts. Camp «& Co., Ltd., 
A. H.F. Perl and R. H. Carter, 34 

Conveyors, Reciprocating, Operating. Nor- 
ton’s (Tividale), Ltd., and H. Aughtie, 567 

Cranes, Jib. E. Graham and W. Chipper- 
field, 880 

Cranes, Jib. Thomas Smith & Sons (Rod- 
ley), Ltd., and F, Fawcitt, 849 

Cranes, Jib. Stothert & Pitt, Ltd., C. M. 
Toplis and W. W. Padfield, 567 b> 

a Jib. H.G. Taylor and A. P. Smith, 

88 : 


Conveyors, Gravity Bucket, H. J. Toogood 
and Robert Dempster & Sons, Ltd., 246 
Excavators Drag Line. Lobnitz & Co., Ltd., 
and H. O. Bedgood, 879 

Hoisting Devices. J. Hughes and D. L. 
Thomas, 849 

Lifting Hooks. H. Morris and J. A. Butter- 
worth, 788 


Machine and other Tools, Shafting, &c.: 


152, 246, 307, 396, 471, 755, 788, 880 

Boring and Turning Mills. C. D. Andrew 
and Sir W.G. Armstrong, Whitworth & Co., 
Ltd., 246 

Clutches, Centrifugal Friction. Thos. Broad- 
bent & Sons, Ltd., and A. H. Weir, 755 

Gear-Cutting Machines. David Brown & 
Sons (Huddersfield), Ltd., A Sykes and 
H. E. Kitchen, 880 

Gears, Speed Reducing. L. Burn, 788 

Lathes. H.R. and J. W. Milnes, 396 

Percussion Tools. G. H. Thompson, 152 

Presses, Notching and Punching. A. E. 
Cooper and C. Jones, 152 

Presses, Power Screw. Daniel Smith, Ltd.; 
and D. Smith, 788 

Tube-Expanding Tools. J. A. Metcalf and 
A. Lennox, 471 

Turning-Lathes. F. R. Wade and C. A. V. 
Small Tools, Ltd., 307 

Vertical Heading or Forging Machines. 
Guest, Keen & Nettlefolds, Ltd., and E. 
Crosse, 396 


Mining, Metallurgy and Metal Working : 


246, 504, 567, 661, 693, 755, 788, 849 

Coal-Cutters. Sir W. G. Armstrong, Whit- 
worth & Co., Ltd., R. W. Wilson and 
R. F. H. Hedley, 567 

Coal-Cutting Machines. Cannock Chase Col- 
liery Co., Ltd., and J. H. Poynton, 788 

Coal-Cutting Machines. J. Lithgoe and 
J. Linneker, 849 

Coal-Cutting Machines. W. A. Logan, 504 

Coal, Screening and Washing. Head, 
Wrightson & Co., Ltd., R. S. Benson and 
H. Clark, 693 

Cutting Metal. M. McC. Bidder, 849 

Drying Cylinders, Rotary. Fisher, Hum- 
pe Co., Ltd., and H. M. Hutchinson, 


roeiey Moulding Machine. J. Cash, 661 

Furnaces. Travers & Clark, Ltd., M. W. 
Travers and F. W. Clark, 504 

Furnaces, Oil Fuel. W.M. and M. M. Burdon, 
and Burdons, Ltd., 693 

Hammers, Fluid Pressure. Davy Brothers, 
Ltd., and T. W. Hand, 756 

J ons: Welded. J.S. and W. E. Highfield, 
661 


Lock Forming Sheet Metal, Apparatus fo-. 
J.A. Duxbury and W. P. Butterfleld, Ltd, 
755 


Mining, &c.—continued. 


Moulds, Ingot, G. W. and J. ¥'. Naylor, 693 

Sheets, Flattening, Stretching and Straighten- 
ing. Ww. Jones, 246 

Vapours, Hydro- -Carbon Oil, Treatment of. 
F, Lamplough, 661 


Miscellaneous : 


34, 152, 308, 396, 662, 694 

Bolts, Securing of. H.G. Hawker Engineer- 
ing Co., Ltd., and B. Thomson, 34 

Chambers, Heat-Insulated. R. L. Owens, 308 

Road Scarifiers. John Fowler & Co. (Leeds), 
Ltd., and D. Wood, 662 

Road Surfaces, Spraying Apparatus for 
Treating. W. Glossop, 152 

Spraying Devices. Babcock & Wilcox, Ltd., 

and 8. F. Weston, 396 

Taps and Cocks. N. W. Bancroft, 694 

Temperature Control Apparatus, Automatic. 
James Keith & Blackman Co., Ltd., and 
G. Keith, 396 


Motor Road Vehicles : 
34, 152, 184, 307, 396, 504, 694, 756, 


6 

Brakes. Bentley Motors, Ltd., and F. T. 
Burgess, 184 

Brakes. Sunbeam Motor Car Co., Ltd., and 
L, Coatalen, 34 

Endless Track Vehicles. Roadless Traction, 
Ltd., and O. 8. Penn, 184 

Engine Crankshaft and Differential Driving 
Gearing, Combined. S. HE. Alley and 
G. Woodvine, 504 

Furnace, Oil-Fuel, Motor Wagon. Deigh- 
ton’s Patent Flue and Tube Co., Ltd., 
C. A. Millington and W, J. Lewin, 184 

Gear-Operating Mechanism, Change-Speed. 
8. L. Bailey, 307 

Motor-Wagon Gulley Emptying and Re- 
charging Apparatus. W. J. Lewin and 
Deightons Patent Flue and Tube Co., Ltd., 
756 

Road Rollers. A. Wallis, 396 

Springing of Vehicles. G. Barker, 396 

Steering and Controlling Road _ Vehicles, 
Associated Equipment Co., Ltd., and 
H. K. Thomas, 504 

Tractors. Armstrong Siddeley Motors, Ltd., 
and H. M. Bonhaud, 694 

Tyres, India Rubber, Making. J. Kearns and 
W. Y. Duncan, Jur., 756 

Vehicles Having Self-Laying Tracks. Arm- 
strong Siddeley Motors, Ltd., and H. M. 
Bonhaud, 756 

Vehicles, Motor Road. Walker Brothers 
(Wigan), Ltd., and W. D. Williamson, 307. 

Vehicles, Six-Wheel Road. E. R. Foden & 
Fodens, Ltd., 850 

Vehicles, Transport, C. K. Edwards and The 
Associated Equipment Co., Ltd., 152 

Windows, Sliding. KR. E. Tompkins, 850 


Printing and Allied Machinery : 


567, 661 
Folding Mechanism. H. G. Rogers, 661 
Printing Machinery. H. G. Rogers, 567 


Pumps; 


184, 307, 567, 850 

Fire Engine Pumps, John Morris & Sons, 
Ltd., and J. and F’. Morris, 850 

Pumps. L. Ward, 307 

Raising of Liquids. K, A. B. Gilfillan, 184 

Straining or Filtering Apparatus. fF. 
Fulcher, 567 

Valves, Automatic. Swan, Hunter & Wig- 
ham Richardson, Ltd., F. Rowntree and 
P. Belyanin, 850 ‘ 


Railways and Tramways: 


34, 568, 661, 850 

Brake Gear. Cammell Laird & Co., Ltd., 
and A. 8. Bailey, 568 

age hes Automatic. H. W. 8. Husbands, 
5 


Door Locking Apparatus. F. 8. Roberts 
and W, H. Evans, 661 

Rails, Securing in their Chairs. R. J. M. 
Inglis, 34 

Railways, Electric. Sir P. Dawson and 
F, W. Fawdry, 568 

Staircases for Passenger Vehicles. E. G. 
Walker and the Metropolitan Electric 
Tramways, Ltd., 662 

Vehicles, Meta! Railway. Cammell Laird 
& Co., Ltd., and A. S. Bailey, 34 


Railways and Tramways—continued. 


Vehicles for Use on Rail Traction Systems 
English Electric Company, Ltd., and 
C. E. Fairburn, 850 

Wheels and Axles. Cammell Laird & Co., 
Ltd., and A. 8S. Bailey, 568 


Ships and Nautical Appliances: 


152, 184, 308 

Barges. Flannery, Baggallay & Johnson, 
Ltd., A. Harker and the Hon. A. McDon- 
nell, 184 

Bulkhead Doors, Operating. tee A. Blake- 
borough and G, H. Reed, 

Screw-propelled Navigable Vases John I. 
Thornycroft & Co., Ltd., and Sir J. L. 
Thornycroft, 308 


Steam Engines, Boilers, &c.: 


246, 308, 471, 504, 568, 662, 694, 756, 
850, 880 

Bearings, Thrust, for Marine Engines. 
W. Whelan, 471 

Boiler Feed Water Supply Plants, H. Fother- 
gill, 662 

Boilers, Steam. Aveling and Porter, Ltd., 
and T. L. Aveling, 756 

Boilers, Steam. N, E. McClelland, 880 

Boilers, Steam. E. Watson, 756 

Boilers, Steam, Gas-Fired. R. L. Roxburgh, 
662 

Boilers, Vertical Steam. S. EH. Alley and 
A. C. Hutt, 472 

Boilers, Water Tube. W. Y. Lewis and 
A. A. Cawkwell, 308 

Boilers, Water Tube. Stirling Boiler Co., 
Ltd., and E. E. Noble, 472, 5 

Burners, Liquid Fuel. Henry Wilson & Co., 
Ltd., and H. Foden, 850 

Condensers, Steam. G. & J. Weir, Ltd., 
and J. G. Weir, 504, 694 

Condenser, Surface, Installation. Mirrlees 
Watson Co., Ltd., and W. A. Dexter, 
472 

Engines, Steam. H. B. Watson and T. C. 
Billetop, 471 

Fire-Bars, Furnace. A. T. Patterson, 568 

Fuel Feed Devices, Mechanical. J. Fallon, 
308 

Furnaces. J. S. Atkinson and Stein & 
Atkinson, Ltd., 694 

Furnaces. London Electric Supply Cor- 
poration, Ltd., and A. G. Fox, 471 

Gauges, Pressure. C. W. Bryant and Peter 
Brotherhood, Ltd., 694 

Generators, Steam. London Electric Supply 
Corporation, Ltd., and A. G. Fox, 568 

Generators, Steam. Stirling Boiler Co., 
Ltd., and H. J. S. Mackay, 472 

Generators, Water-Tube Steam. A, Elliott, 

2, 694 


Grates, Furnace. A. W. Bennis, 880 

Packing. Sir A. S. Haslam, 471 

Power Plants, Steam. H. Fothergill, 308 

Re-heaters, Steam. H. E. Yarrow, 246 

Valve, Mixing. C. M. Hadwen and Fer- 
guson Superheaters, Ltd., 880 


Textile Machinery: 


308, 472 
Combing Machines. John Hetherington & 
Sons, Ltd., and C. W. Cooper, 472 
Spinning Frame Mechanism. David Keay 
& Leslie, Ltd., and J. Ness, 308 
Thread-Testing Machines. British Cotton 
Industry Research Association and A, E, 
Oxley, 472. 


NAMES OF PATENTEES. 


A.C, Cars, Ltd., and another. Internal-Com- 
bustion Engine Cylinders, 693 

Aldridge & Ranken, Ltd., and another. 
Apparatus for the Manufacture of Coal Gas, 
693 


Alley, S. E., and another. Combined Engine 
Crankshaft and Differential Driving Gear, 
504 

Alley, S. E., and another. Vertical Steam 
Boilers, 472 

Andrew, C. D., and others. Boring and 
Turning Mills, 246 

Armstrong, Sir W. G., Whitworth & Co., 

and another. Boring and Turning 
Mills, 246 

Armstrong, Sir W. G., Whitworth & Co., Ltd., 

and others. Coal Cutters, 567 
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Armstrong, Sir W. G., and another. Oil Fuel 
Burners, 693 

Armstrong, Sir W. G., Whitworth & Co., Ltd., 
and another. Sighting Devices for Director 
Firing, 246 

Armstrong-Siddeley Motors, Ltd., and others. 
Air-Brake Dynamometer Engine Power 
Testing Mechanism, 755 

Armstrong-Siddeley Motors, Ltd., and another. 
Metallic Aircraft Construction, 307 

Armstrong-Siddeley Motors, Ltd., and another. 
Tractors, 694 

Armstrong-Siddeley Motors, Ltd., and another. 
Vehicles having Self-laying Tracks, 756 

Ashley, T. J., and others. Apparatus for the 
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STRESSES DUE TO A LOADED SURFACE 
WHEN EARTH IS TREATED AS AN 
ELASTIC SOLID. 


By S. D. Carorumrs, A.M. Inst.C.E., A.R.C.Sce.(I). 


Duvrine recent years the question of treating 
earth as an elastic solid has been brought forward 
in various quarters as a means of obtaining the 
stresses in an earth foundation. As usually treated 
earth problems admit of a variety of solutions, 
according to the ability and personal opinions of 
the particular writer dealing with the question. 
The great advantage of treating earth as an elastic 
solid lies in the fact that an adequate theory, as 
applied to elastic solids, is ready to hand which for 
any given problem, furnishes one, and only one, 
solution. This does not mean that if earth is treated 
as an elastic solid the pressure on, say, a retaining 
wall, would have a fixed value for all varieties of 
earth. The solution, if obtainable in any given 
‘case, would usually involve elastic constants which 
have different numerical values for each particular 
earth, and thus the stresses would generally vary in 
consequence. Up to the present, little or nothing 
has been done in determining the elastic constants 
of earth. 

When it is considered that over this country 
there must be hundreds, or perhaps thousands, of 
daily tests carried out on materials such as steel, 
the properties of which are exceedingly well known 
and the manufacture of which is reduced to ordinary 
routine, it seems curious that the number of recorded 
tests carried out in a year on earth, the properties 
-of which are practically unknown, should be all but 
negligible; but such seems to be the case. If the 
phenomena attending the failure of an admittedly 
elastic substance, such as steel under tension, are 
considered, it is found that within certain limits 
the steel is elastic. Outside the limits referred to, 
recovery from the effect of stress is incomplete, 
while at the point just below rupture the steel acts 
as a plastic substance, at least near the point of 
failure. 

If similar tests are applied to earth in compression, 
there is every reason to believe that, for many kinds 
-of earth, the same rules would apply, provided earth 
is subjected to compression only. If the limits 
between which the various kinds of earth acted as 
elastic solids were known and the points at which 
plasticity set in were found, considerable progress 
‘would have been made. If the values of the elastic 
‘constants are not known, the solution of most 


elastic problems can only be reduced to arithmetic 
by taking these at assumed values. 

There is, however, a whole class of problems which 
forms an exception to the above, where the stresses | 
are independent of the elastic constants, and under 
certain circumstances, which will be referred to 
later, the results obtained for this class should have 
a very wide application and might be held to 
apply to earth foundations without in the least 
offending common sense. It is not to be assumed 
that the results should apply equally to all kinds 
of earth, and this is where common sense and 
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engineering experience should aid in determining 
the limits to which one might go. 

The class of problem referred to above falls 
under the heading of plane strain. Such a state of 
strain would be produced in a semi-infinite solid 
having a plane upper boundary by the uniform 
loading of a long narrow strip having parallel edges. 
A similar state of strain would be produced by 
pressure varying in any manner across the strip, 
provided the pressure on any line parallel to the 
edges of the strip was the same at all points. The 
stresses produced in such cases by surface loading 
are independent of the elastic constants. 

Examination of the conditions of failure of a 
retaining wall some time ago revealed the great 
practical importance of this question. In the case 
referred to, the ground was loaded with wood pulp 
to a considerable height along a rectangular strip 
about 600 ft. long and 50 ft. wide, and the wall, | 


which was parallel to the long edge of the strip, 
failed by sliding on its base and, in places, leaning 


back at the top at a considerable angle. The ground 
on which the wall was founded was clay, but that 
on which the wood pulp rested was locally known 
as Thames “‘bungum,” and the surface of the 
ground was considerably below the top of the wall. 

The conditions were approximately as shown in 
Fig. 1. At the time of inspection of the failure of 
the wall, it was seen that the ground under the 
loaded area had gone down and the surface outside 
the loaded area had risen a few inches, but the 
movements were not great. In this case, if the 
earth is considered as an elastic solid, the failure 
of the wall can be completely accounted for, and, 
on the other hand, if the earth is not considered 
as an elastic solid, there is no adequate theory either 
to calculate the stresses or otherwise estimate their 
magnitude and direction. With this in mind, it 
has been considered that a short paper giving the 
stresses in ground treated as an elastic solid would 
be of interest and use. The notation used will 
be that of Love, “ Elasticity,’ second or third 
edition. 

The paper is divided into two parts as follows :— 

Part 1. An extended summary giving most of 
the results in as short a form as possible. 

Part 2. An appendix where the proofs will be 
found, but this appendix is intended to be as free 
from mathematics as it is possible to have it. 


Parr J.—SumMMarRyY. 


In the case of a semi-infinite solid having a plane 
upper boundary carrying a load uniformly spread 
on a long strip, with parallel edges, there are two 
distinct sets of stresses which require to be treated. 
These sets of stresses must be dealt with separately 
and apart; they are :— 

(A) The stresses existing in the foundation due to 
the weight of the earth itself and apart from any 
load on the surface. 

(B) The stresses in the earth solely due to the load 
on the surface. 

It will obviously be an advantage to select axes 
of reference equally convenient in respect to either 
set of stresses. 


Take the axis of z as the central line of the loaded 
strip, the axis of « horizontal and in the surface, 
and the axis of y vertically downwards through 
the z axis. 

(a) Stresses in foundation due to weight of the 
earth.—In this case, the solution would depend on 
the past history of the earth foundation. For 
example, if it is assumed that the foundation was 
formed by gradual accretion in horizontal layers, it 
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will be shown that the stresses in the earth at any 
depth y are as follows :— 


x2a=—rAwyl(X\ +2) ) 
aes a) 
z2=—hwy/(\+2H) | ees 

2 y = zero j 


za is the pressure normal to the plane 
a@ = constant, 


where 


yy is the pressure normal to the plane 
y = constant, 


z zis the pressure normal to the plane 
z = constant, 


ay is the shear on either the horizontal 
or vertical plane at any point, 

and \ and pz are the elastic constants of the earth. 

(B) Stresses due to the loaded strip of width AB = 
2a.—In Fig. 2 axes are selected as shown 
OA=OB=a 
Angle AQB=a 
Angle QA B= ay 
Angle Q BN = a2 
If QC is the bisector of a and is inclined to the 
horizontal and vertical planes at angles 6 and ¢ 
respectively, and AB carries a uniform load of P 
units of pressure per unit surface throughout the 
length of the strip, it will be shown that :— : 

(a) The stress at any point Q can be expressed in 
terms of a and y, &c. The stresses are, in fact :— 


and 


ea —P (a ty Se\/m \ 

A aed 
yy = —P (a — 9 Sn \ (2) 
aa -0( -¥it\m 


(b) The stresses at Q can also be expressed in a 
variety of ways in terms of the angles a, aj, a,, &c. 
Perhaps the simplest and most symmetrical form 
is :— 


oa = — P (2a2 — 2a, + sin 2ay — sin enlery 
yy = — P (2a2 — 20; — sin 2ag + sin 2a)/27 - (3) 
zy == P( — cos 2ag + cos 2a1)/27 
Other forms are :— 
aos — P (a — sina cos 2 6)/7r \ 
yy = — P(o + sina cos 2@)/r (3a) 
2y= —P( —sina sin26)/r 
and 
sa= —P (a + sina cos 2 $)/7 
yy = — P(a — sina cos 2 oi } - (8b) 
“y= —P( —singsin 2 9)/r 


(c) The principal stresses at any point can be 
expressed in terms of a only ; they are :— 
p= —Ei(a+ sin a)/m \ 4 

p2 = — P(a —sina)/7! (4) 

(d) The directions of p, and p, at any point Q 
are respectively along and at right angles to the 
bisector of the angle A Q B at the point. 

(e) In each of the formule 2 to 4 the pressure on 
the plane z = constant is omitted. The value of 
this stress is :— 

22 = —Na/(d +m)! 
but this is of no importance. 

The stresses given by the equations 2, 3, 3a, 3b 
and 4 are easily shown to be equivalent. 

By an extraordinarily simple application of the 
well-known method of images combined with 
equation (2) it will be shown that :— 

(f) If a smooth vertical wall is placed at QN 


(Fig. 2) the stresses xx and yy at any point of 
QW are precisely twice those given by equations 
(2) or (3), while the shear at QN vanishes. 

The stresses at QN are thus :— 


(5) 


cere — P (2 a2—2 a, + sin 2 a2 — sin2a) | 


yy = — P(2a.—2a; —sin 2a2 + sin2a,)/m + (6) 
zy = Zero. 

This case would approximate to the stresses on a 
retaining wall having a vertical back placed at QN, 
and incidentally emphasizes the great importance 
of avoiding vertical continuous planes at the back 
of retaining walls. 


(g) If ON = a (x being greater than a), the normal 


pressure ax on the back of the wall is zero at the top, 
increases to a maximum at the point 


y2 = [22 (22 —a2)? — (a2 — a2 )2]/ (32 +02). (7) 
and then diminishes as y is further increased. 
(h) At the point of contact of the circle through 


A and B tangential to QN, a is a maximum for the 
vertical plane QN, and the pressure at this point is 


(8) 
(i) If the back of the wall is placed in the plane of 


the edge of the loaded strip the normal pressure x x 
on the back of the wall is a maximum at the top. 
The value of this maximum pressure is 


— 
dea Pee  c 5 


eo 


Cee ag i Bes | 


(9) 


and xz diminishes as y is increased. At a depth 
equal to the width of the loaded strip 


zu = —P(4r—2)/27. (10) 


This case brings to notice the great overturning 
effect of a heavily-loaded surface near the back of a 
retaining wall, while (/) affords a ready explanation 
for the wall shown on Fig. 1 sliding on its base. 

(k) If a second smooth rigid vertical retaining 
wall is placed on the opposite side of the loaded 
strip the normal pressure on either wall will be 
again further increased and simple expressions for 
the value of this pressure at any point will be 
given. 

This case would approximate to that of a pier 
formed of two retaining walls with the intervening 
space filled with earth, the latter carrying a load 
on its surface; a very common case applicable 
in many harbours. : 

(1) If the two walls are moved up to the edges of 
the loaded strip, then it will be shown that the 
stresses within the region between the walls become 
simply :— 


ces. 
ze=—P 
(aa 

Y Uae 


a 
xy = zero 


everywhere in this region. 

(m) A point of special interest dealt with in the 
Appendix is that in the case of a uniformly loaded 
strip there is shear on the vertical planesx = + a 
below the edges of intensity P/m at y = 0 although 
there is no shear on the plane y = 0 at any point. 
This constitutes a very interesting exception to the 
rule that the shears at any point on any two planes 
at right angles are always equal. ’ 

(2) A little consideration of equations (4) 
shows that for small values of a, (a — sin a) 
is quite insignificant, and the principal stress 
Po = — P (a — sin a) / 7 all but vanishes. 

For example, if a = 18 deg. 


Pie 0 


; 
pos — Peles a 


It will thus be seen that for the region well away 
from A B, or for any point near the surface (x 
being outside the limits of + a), the stress system 
due to a uniform load on A B can be very 
accurately represented by one principal stress 
directed along the bisector of the angle a at the 
point. 

Equations 3 and 4 above are not new, as this 
subject has been treated by Professor J. H. Michell, 
vide Love “ Elasticity,’ 2nd edn., page 208, but 
the method of obtaining the stresses used in this 
paper is believed to be novel. 

The method of images has been used by Professor 
Michell in the Proc. of the London Mathematical 
Society, vol. xxxi, page 183, to determine the 
stresses due to volume force and for obtaining 
potential solutions in certain cases. 

The basic equations 4 of the Appendix, however, 
were established by the present writer in the 
Proceedings of the Royal Society, Series A, vol. 
xevil, 1920, page 110, and these equations enable 
the stresses, in certain cases, to be written out 
directly by the method of images with surprising 
ease, and the results obtained by this method are 
believed to be new. In any case, it is hoped that the 
article will be of interest and service to civil en- 
gineers in the design of jetties, retaining walls, &c. 


(To be continued.) 


BRITISH EMPIRE EXHIBITION: PUMPS 
AND PUMPING MACHINERY.—II. 


Messrs. Gwynnes Engineering Company, Limited, 
Hammersmith, have a number of attractive exhibits, 
some of which, owing to limitations of space, we 
must deal with on a future occasion. We now 
propose to notice only their high-lift turbine pumps, 
emergency bilge pump and low-lift turbine pump 
for submerged working. The high-lift pump shown 
is a 6-in. four-stage type “G” machine of the 
multicellular built-up type, with end units and 
the number of sections necessary to generate the 
required head. The end units consist of the 
suction cover, and the discharge cover and balance 
chamber. The whole is held together by long bolts, 
protected from water, passing through the section 
castings themselves and not merely from flange 
to flange of the covers. The suction cover is 
furnished with stuffing-box, neck bush and gland 
with water seal. The middle sections are of simple 
cylindrical form. All sections are provided with 
feet. The discharge end embodies a volute, and the 
water passing the last ring of guide vanes is dis- 
charged into the whole of this, the remaining 
velocity energy being converted into pressure head 
before reaching the discharge pipe. The guide 
vanes are separate rings designed to ensure delivery 
at low velocity and maximum pressure. The 
impellers are locked on the shaft between sleeves 
secured by external nuts, and are driven by a 
feather key. The internal passages are finished by 
sand blasting. Renewable impeller eye rings are 
fitted. Out of balance is provided for by a throttling 
hydraulic piston in the discharge cover and by 
Michell thrust blocks in the outer bearing at the 
discharge end. The latter is capable of con- 
tinuously carrying the out-of-balance load, and the 
mechanical combination with the thrust piston 
makes an arrangement which is less liable to failure 
under wear than pure hydraulic balancing gives. 
With the throttling piston arrangement only low- 
pressure water has to be retained by the gland and 
the friction losses due to tightening up the latter to 
hold back high-pressure water are thus reduced. 
The bearings are carried by pedestals independent 
of the casing. The driving end bearing is split to 
facilitate the removal of the bushes. The tail 
bearing is solid in order to provide a rigid seating 
for the Michell thrust housing. It can be readily 
drawn off the machine without dismantling any 
other part. The thrust bearing is provided with a 
continuous circulation of oil, the other bearings 
having oiling rings. The pump exhibited has a 
capacity of 440 gallons per minute against a head 
of 376 ft. at a speed of 1,450 r.p.m. The design 
covers sizes ranging from 4 in: to 12 in., with heads- 
up to 1,000 ft., according to the number of stages. 
A slightly different pattern is made in sizes from 
1} in. to 6 in. for lower heads. 

Messrs. Gwynnes “ Invincible ” emergency bilge 
pumps is illustrated in Figs. 18 to 21, page 3. 
This is of the vertical spindle type, the example 
shown being driven by an electric motor enclosed in 
a bell-shaped cover. The pump may be totally sub- 
merged without the water entering the motor casing. 
Risk of damage to the windings is thus avoided. 
The set is designed to conform to the Board of 
Trade Regulations requiring in certain classes of 
ships the installation of reliable submersible pumps 
driven from a source of power above the bulkhead 
deck. In Messrs. Gwynnes’ pump claims as to 
reliability are based largely on the small number 
of the parts involved. These pumps have to be 
self-priming and this is accomplished without the- 
aid of any reciprocating mechanism, by means of 
an auxiliary impeller which operates an ejector, 
circulating water through the latter at sufficient 
pressure to produce a vacuum. It will overcome 
any air leakage that may occur in the pipe system. 
The sectional drawing, Fig. 18, will help to make 
the arrangement clear. The main pump impeller 
is marked A in Fig. 18, the auxiliary impeller B 
being on the same shaft, and submerged in a tank 
in the pump base. The ejector, which is shown at ©, 
Figs. 19 and 20, and also will be seen in the view, 
Fig. 21, consists of a simple water jet, air suction 
and delivery connections and a combining nozzle. 
When the pump is started the auxiliary impeller 
B forces water up from the tank through the pipe- 
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Fies. 18 to 21. 


D, and entrained air from the main pump casing 
is drawn in through the pipe E. The air from the 
enclosed space above the main pump is thus ex- 
hausted and water is drawn in from the bilges 
through the main inlet. The single main impeller 
suction is on the upper side so that the thrust on 
the footstep bearing is partly relieved. Service 
water is always kept in the tank of the priming 
_ impeller. The impellers are of the open vane self- 
_ clearing type. The auxiliary impeller works con- 
tinuously, and the ejector will therefore remove any 
air coming over with the main suction while the 
main pump is working. The ejector, will deal with 
waste and small solids without obstruction, but an 
emergency nozzle is fitted which can be quickly 
removed for cleaning without further dismantling. 

The pump is fitted with a totally enclosed shunt 
wound D.C. motor of a voltage to suit the ship’s 
emergency lighting set. The spindle gland is 
water sealed and as will be gathered from what 
has been said above, works under vacuum so that 
there is no risk of water passing to the motor 
compartment above, making extreme tightening of 
the gland unnecessary. These pumps are made in 
three sizes with output ranging from 100 to 200 
tons of water per hour, fitted with motors from 
103 h.p. to 20 h.p. 

The large drainage and irrigation pump exhibited 
by Messrs. Gwynnes is of a type which has been 
adopted for the Renala irrigation scheme near 
Amritsar, in the Punjab. This plant consists of two 
sets of pumps, one of six units and the other of two 
units. The pumps of the first set are designed to 
deliver 22,500 gallons per minute against a head of 
8-5 ft., while the other units have a capacity of 
18,750 gallons per minute at a similar head. The 
pumps are totally submerged and are driven through 


| an efficiency of about 74 per cent. 


gearing by a vertical-spindle motor above. Figs. 22 


PUMPING MACHINERY AT THE BRITISH 


PLAN OF CHARGING ARRANGEMENT 


and 23 show the general arrangement and give 
sections of the pump itself. This will be seen to be 
of the double inlet type, the pump drawing from both 
above and below, while the discharge is in the middle. 
The impeller is thus completely balanced so far as 
hydraulic thrust is concerned, and the bearings 
have only to carry the weight, part of which is, as 
a matter of fact, balanced by the proportioning of 
the two suctions. It will be clear from the sectional 
drawing that water reaches the eye for the bottom 
impeller direct through the central bellmouth. It 
is led to the upper side of the impeller through 
vertical passages as shown on the left-hand side of 
the section in Fig. 22. There are nine such passages 
and they are triangular in section, being arranged 
between the same number of discharge passages, 
and acting as guide vanes for the latter as shown 
in Fig. 23. The vertical suction passages are 
quite independent of the bell-mouth, and draw 
from another part of the suction well, so that the 
supplies to the two impellers do not interfere 
with each other. Above the pump is a cylindrical 
casing of tank plating carried up to above dis- 
charge water level, and within which is a pipe 
enclosing the pump spindle. The pump needs 
no piping either for suction or delivery, being 
placed directly in the well. The Renala pumps are 
driven through gearing by electric motors rated at 
107 b.h.p. for the larger units and 85 b.h.p. for the 
small size. The large pumps run at 225 r.p.m., 
the motors working at 950r.p.m. The small pumps 
are run at 212 r.p.m., the motor speed being the 
same as for the large pumps. The makers state that 
one of the larger pumps working at 10°25 ft. head at 
225 r.p.m. delivers 19,500 gallons per minute, giving 
With the pump 
submerged, no priming is, of course, necessary. 
The simplicity of the design makes the pump cheap, 


jimpossible to deal with in detail. 
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EMERGENCY BincrE Pump; Mzrssrs. GwyNNES ENGINEERING CoMPANY, LIMITED. 


easily erected and easily maintained. Other 
appliances shown by Messrs. Gwynnes Engineering 
Company we must defer for the present. 

The exhibit of Messrs. Hayward-Tyler and Co., 
Limited, of 99, Queen Victoria-street, E.C.4., whose 
works are at Luton, Bedfordshire, comprises a 
number of pumps all of which it is unfortunately 
Of greatest 
interest, perhaps, are two pumps employing a 
new type of valve gear. These are duplex pumps, 
one of them being of the vertical type and the 
other of the horizontal pattern. The horizontal 
pump is a 5in. by 3 in. by’ 8 in. machine for 
delivering oil fuel to the burners of oil fuel 
installations of the pressure type. The pumps 
are fitted with Twells valve motion for which the 
makers claim a number of advantages. Among 
these is the fact that the gear is positive in action. 
It will start in any position when steam is turned 
on, giving an absolutely full stroke under all pos- 
sible conditions. Steam economy results from 
smaller clearance volumes due to the use of one port 
only at each end of the steam cylinders, instead of 
the two employed in the ordinary duplex pump. 
In this type of pump the body is specially designed 
for dealing with viscous oils and large passages 
and valves of unrestricted area are provided. An 
adjustable relief valve is also fitted by which the 
full quantity of the oil pumped can be by-passed 
without appreciable increase in the delivery pres- 
sure. The makers claim that this type of pump is 
superior both to the single cylinder pump often used 
and the ordinary duplex so commonly used abroad, 
as it can be run at quite low speeds and with heavy 
viscous fluids and against a vacuum without risk 
of making short-strokes. This pump may be seen 
in operation at the Exhibition, run on compressed 
air, and the regularity of the pressure maintained 


ENGINEERING. 


[Jury 4, 1924. 


PUMPS AND 


: 


SSSA 


Se 
EL, 


‘i 


EMPIRE EXHIBITION. 


ASE 


Wl OOLLA PLOT ALE: ca 
FR ‘neem 2 


9 ea 8G" 
SS 6 


” 


-5 70- 


(8559. ¢) 


Frias. 22 anp 23. 


is well worthy of notice. The pump itself is shown 
in the reproduction from a photograph given in 
Fig, 27, annexed, while with the aid of the accom- 
panying drawings, Figs. 24 to 26, and Figs. 28 
‘and 29, on Plate I, the action of the Twells valve 
motion may be followed. 


Low Lirt SuBMERGED IRRIGATION PUMP ; 
Messrs. GwyNNES ENGINEERING Company, Limrrep. 
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In the Twells gear the greater 
part of the movement of each valve 
is derived from its own piston rod, 
instead of, as is usual with the 
duplex gear, from the opposite side 
of the pump. A short supplemen- 
tary movement from the second 
side is, however, combined with 
this in the manner we shall proceed 
to describe. Each cross-head of 
the pump works two forked rocking 
levers, as will be clear from Fig. 25, 
which gives a cross section of the 
motion. Dealing with the left-hand 
side of this figure the outside lever 
will be seen to transmit a rocking 
motion to a short arm inside. The 
latter is coupled to the valve spindle in the usual 
manner. The fulcrum of this lever is not fixed in the 
ordinary way, but is formed in the end of the short 
arm of a rockingjlever carried, as will be seen, through 
to the other side of the pump and driven off the 
second cross-head. This side of the pump is shown 


Fie. 27. 


DurLtex Pump wira TweELys Viawal GEAR; — 
Messrs, Haywarp-TyLER AND Co., LimitTep. 


in Fig. 27, and the two drawings (Figs. 24 and 28) 
will make it clear that the forked arm on this side, 
instead of being fixed to the horizontal spindle of 
the rocker, works freely on the latter, and transmits 
motion to it only by means of a pin on the lever 
working in a slotted quadrant on the spindle. The 
slot allows the lever to move for about three-quarters 
of its stroke without affecting the quadrant, but for 
the last quarter carries the quadrant, and conse- 
quently the fulcrum lever of the first (left) side with 
it. The motion is duplicated for the second side, 
but the parts are necessarily somewhat modified in 
order to secure compactness of design. 
Considering the motion of one side only for the 
moment, if the piston is as shown in Fig. 28, at the 
end of its stroke, and the port uncovered, on steam 
being admitted the piston will move forward. This 
movement will work the valve through the valve 
rocking lever, the fulcrum being, for this phase, 
supported by a fixed, adjustable stop on the pump 
frame. The motion continues until the valve is 
closed, at which point the fulcrum is swung over by 
the movement of the slotted quadrant as a result 
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of the action of the other side of the pump. This 
pushes the valve still further in the direction of its 
criginal movement, the valve rocking lever fulcrum 
being temporarily the cross-head block in the fork. 
This last move of the valve uncovers the exhaust, 
and admits steam to the other end of the cylinder. 
Thus, the opening of the valve is controlled by the 
opposite unit, but the movement of each piston rod 
effects the closing of its own valve. 

Although this description may sound somewhat 
complicated, the gear is simple and very effec- 
tive, giving extremely steady pumping pressure, 
due to the interaction of the two units. If one 
unit tends for a moment to move faster than the 
other, the gear introduces a compensating effect 
and its ports are not fully opened. Full piston 
strokes are, however, assured under all conditions. 

Perhaps the most conspicuous item on Messrs. 
Hayward-Tyler’s stand is a 74 in. by 8-in. vertical 
duplex piston cooling pump, one of two sets for the 
motor mail boat Indrapoera now building in Holland 
for the Rotterdamsche Lloyd. This pump is 
illustrated in Fig. 30. It is driven by means of 
worm gear from an electric motor. . The set delivers 
70 tons per hour against a pressure of 56 lb. per 
square inch. It is of exceptionally rigid construc- 
tion and the worm drive ensure silent working. 
The motor is of 22 brake horse-power capacity, 
working with 220 volt d.c. supply and running at 
from 700 to 1,000 r.p.m. It is fitted with a special 
marine type barrel starter. The worm gear reduc- 
tion gives the pump crank a maximum speed of 
57 r.p.m. The pump body is of the usual marine 
type, having hard gun-metal removable liners and 
easily accessible valves of the disc type, spring 
controlled. 

Fig. 31 shows a new and simple pattern of duplex 
steam pump just brought out by Messrs. Hayward- 
Tyler. The size shown is a 7}-in. by 5-in. by 10-in. 
vertical pattern, capable of delivering 6,000 gallons 
of water per hour against a pressure of 180 lb. per 
square inch. The design is very straightforward, 
two steel tension bars in combination with a central 
cast iron column ensuring correct alignment, and 
rigidity, while from our illustration it will be evident 
that accessibility has been kept prominently to the 
fore in the design. The pump body is fitted with 
brass liners and gun-metal valves, spring controlled. 
The valve motion is simple, strongly constructed 
and provided with large surfaces. These new 
pattern pumps are all made with a foot, this type 
now being more generally favoured than the bulk- 
head design. 

Another pump shown by Messrs. Hayward-Tyler, 
is a rotary pump of the gear type of a capacity of 
15 tons of oil fuel per hour against a head of 30 ft. 
This pump is also one built for the motor ship 
Indrapoera, referred to above. The set includes a 
3 b.h.p. d.c. motor running at 800 r.p.m. on 220-volt 
supply, and a separate reduction gear running in an 
oil bath. One rotor spindle is driven direct from 
the reduction gears, the second being driven by 
gearing from the first, allowing the rotors them- 
selves to be designed to the most effective profile. 
The rotor speed is 160 r.p.m. This type of pump 
has been tested under severe conditions on oil-fields 
with oil heavily laden with sand, and the firm has 
such confidence in the design that they manufacture 
the type in sizes up to 200 tons per hour. 

We can only briefly refer to some of the remaining 
exhibits at this stand. A 22 in. by 14 in. by 18 in. 
horizontal duplex cargo oil pump is shown of the 
firm’s standard pattern, of which over 150 of this 
size alone have been supplied to tankers, while the 
firm has furnished duplex oil cargo pumps altogether 
to more than 300 tank ships. Other pumps are 
representative of waterworks practice, two treble 
barrel pumps for high heads being shown. A pump 
of unusual character is the 7 in. by 1 in. by 7 in. 
single-cylinder hydraulic-pressure pump which was 
first used in 1897 in connection with tunnelling 
shields employed in the construction of the London 
Tube railways. We dealt fully with this interesting 
pump as long ago as 1898,* in a series of articles 
describing the construction of the Central London 
Railway, when this pump was applied to shield 
working for the first time. We need only add 
that since that time Messrs. Hayward-Tyler and 


* See ENGINEERING, Vol. Ixv, page 329, 


Co., Limited, have made no less than 120 of this 
size of pump alone in connection with later 
developments and the pump is still in good demand 
for tunnelling work. Messrs. Hayward-Tyler’s 
exhibit is completed by steam, boiler and _ fire 
fittings, valves for pumping machinery, &c. 

One of the other firms showing a considerable 
range of pumps is Messrs. Tangyes, Limited, Bir- 
mingham. These include duplex pumps and ram 
pumps, as well as examples of centrifugals. Of 
the latter a 2-in. pump for heads up to 36 ft. 
is shown. The volute of this pump is bolted to 
a circular vertical face of the bed plate, and is made 
with similar flanges on both sides, the suction cover 
being similar to the bedplate face. The volute is 
thus made reversible and serves for both right-hand 
and left-hand pumps of this type, while standardisa- 
tion of the flanges makes it possible to turn the body 
of the volute about the centre to any of a number 
of positions to get an inclined or other position for 
the discharge. The type of pump now under notice 
admits of five variations of the kind, giving vertical 
or horizontal discharge or the choice of three at 
45 deg. up or down, or 135 deg. up. Another 
pump for heads up to 75 ft. is shown in the 6-in. 
size, its main feature being the vertically split 
casing, the pump being designed specially for 
transport by pack animals, &c., for which the 
parts must be small and capable of making balanced 
loads. A third pump is a single-stage pump for 
heads up to 120 ft. with divided suction to both 
sides of the impeller. In this again the volute 
body is made reversible and standardised, the 
latter giving a choice of various combinations of the 
position of suction and discharge. Normally the 
suction is vertically below the pump, but can be 
arranged in eight different radial positions, while 
the discharge also has eight positions. It will be 
evident, however, that on account of the fouling 
of the two connections certain combinations are 
impossible, but with these eliminated the design 
still gives a very wide choice of arrangement. 

The exhibit of The Mirrlees Watson Company, 
Limited, of Glasgow, is largely devoted to condensing 
plant, and two of the pumps exhibited by the firm 
are for use in connection with condensing arrange- 
ments. One of these is a new opposed impeller 
centrifugal extraction pump for condensate. This 
is a 3-in. pump with a capacity of 200 gallons per 
minute from vacuum of 29 in., with barometer at 
30 in., and against a total head of 50 ft., when 
running at 1,440 r.p.m. A cross section of this pump 
is shown in Fig. 33, Plate II, whilethe reproduction in 
Fig. 32 shows the pump with cover removed, as it is 
to be seen at the exhibition. The chief feature of 
this design is that the impellers, which are double 
shrouded, are placed sufficiently far apart for the 
inlet to be arranged between them, the two spirals 
being branched to a single outlet. In this way the 
space A in the interior only is under suction con- 
ditions, while the spindle stuffing boxes and glands 
are under the discharge pressure existing in the 
spirals. This is the reverse of the usual practice 
and completely eliminates what is undoubtedly 
one of the principal sources of air leakage into 
closed feed systems, viz., gland leakage at the pump 
spindle. We understand that this pump has been 
extensively copied in countries in which the design 
has not been patented, a tribute to the value of the 
principle on which it is designed. In mechanical 
construction the pump will be found to be excellent. 
The impellers are of polished gunmetal, carefully 
balanced. Renewable rubbing rings are fitted to 
the central eyes of the casing. The nickel-steel 
shaft has bronze sleeves, and the bearings are of the 
ring oiler type suitable for continuous working 
over long periods. 

Another pump for condensing purposes shown by 
the firm is a 10-in. low lift centrifugal intended 
primarily for circulating coolmg water through 
surface condensers, but suitable, of course, for other 
service involving considerable quantities of water 
at small heads. This pump is shown in the draw- 
ing, Fig. 34, and opened up in the illustration, 
Fig. 35. This machine has a single balanced 
impeller drawing from both sides the suction being 
divided and brought up on either side of the central 
spiral. The casing is split on the horizontal. 
The suction and discharge are in a horizontal line 


below the pump. The shaft is fitted with renew- 
able sleeves, and the casing eyes with renewable 
rubbing rings. The glands have each two sets of 
packing, the space between them being kept under 
pressure by means of connections with the spiral. 
The bearings are of the ring oiler type, the shaft 
being fitted with oil throwers. The pump shown has 
a capacity of 2,600 gallons per minute against 
a head of 59-5 ft. at 960 r.p.m.; and shows an 
efficiency of 84 per cent. The efficiency curve for 
this pump indicates an efficiency of over 80 per 
cent. at all deliveries between 2,000 and 3,000 
gallons per minute. 

Two other pumps which we now wish to refer to 
are the high lift centrifugals shown by the Mirrlees 
Watson Company. Both these are two-stage 
pumps, one being shown dismantled, and the other’ 
running under throttled conditions. These pumps 
are of the ring type, and can be built up to meet any 
required head by bolting together a suitable number 
of interchangeable sections. They are of robust 
design, and are intended specially for mine and 
other heavy duties. A section of a two-stage 
pump of this type is shown in Fig. 37, Fig. 36 
showing a photograph of one of the sizes on exhibi- 
tion. The hydraulic balance is attained by means 
of a double face differential balance disc arranged 
so that if, due to gritty water, wear cannot be 
avoided, the impellers will retain their correct 
position. The impellers and diffuser rings are of 
special high-tension bronze and the walls of the 
water passages are highly finished. The outer 
bronze guide ring is finished to an easy curve to 
the point where the water passes over into the suction 
passage of the next impeller. Bronze renewable 
rings are fitted wherever wear is likely to occur. 
The shaft of nickel steel has bronze renewable 
sleeves and the stuffing boxes are water sealed. The 
end bearings are split horizontally, ring lubricated, 
and have cast-iron bushes lined with white metal. 
Oil throwers and oil catchers are fitted, oil gauges 
also being provided. The ends nearest the stuffing 
boxes are arranged to prevent any risk of flooding 
with water. Water cooling for the bearings may 
easily be arranged. One of the pumps of this 
type shown is a 5-in. pump for a duty of 570 gallons 
per minute, against a head of 200 ft. at 1,440 r.p.m. 
The other, at work, is a 3-in. pump, and, running 
at the same speed, will deliver 150 gallons per minute 
against 150 ft. head. Curves for the former show 
an efficiency of 72 per cent. at the delivery named, 
and over 70 per cent. between about 370 and 670 
gallons per minute. 


THE NATIONAL PHYSICAL 
LABORATORY. 


(Continued from page 824 of last volume.) 


Metallurgy.—A glance at Dr. Rosenhain’s report 
on the Department of Metallurgy and Metallurgical 
Chemistry may suggest to the reader that chemists 
have some justification for regarding their science 
as the parent science. The department has its 
share in most of the work done in the Laboratory 
because composition, purity, corrodibility, heat- 
treatment, and physical structure will generally 
come in question. Thus in the research on the 
influence of mass on the properties of heat-treated 
nickel steels, the Engineering Department has 
been associated with the Metallurgy Department. 
Bars of nickel steel, from 2 in. to 10 in. in 
diameter, oil-hardened at 840 deg. C., were not 
found to conserve true hardness when more than 
3 in. in diameter, and subsequent tempering at 
different temperatures did not really give uniform 
specimens, so that more drastic methods of quench- 
ing or nickel steels further containing chromium 
may have to be adopted. The mild steel of gas 
cylinders, chains, and hooks fails rather by shock 
than by fatigue, and low-temperature annealing 
promoting a coarse crystalline structure may, so ° 
far from being advantageous, be positively injurious, 
The subsequent heat-treatment of correctly nor- 
malised chains and hooks would then appear to be 
unnecessary ; but normalising of wrought-iron would 
require temperatures above 1,000 deg. C., reali- 
sable only in special furnaces, and would introduce 
risk of distortion. 

In the study of ferrous metals, to which as much 
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attention is now paid as to light alloys, use is made 


of the high-frequency Ajax-Northrupp furnaces 
which are evacuated by means of an American high- 
Vac Cenco pump, an oil pump of the rotary type. 


The crucible, generally a double clay cylinder with 


an intermediate packing of aluminium grog, is so 
mounted in the outer alundum cylinder, by means 
of blocks of carbon, zirconia, &c., that it occupies 
the middle third of the furnace. In spite of this 
the top layer of the metal may still be solid when 
the main mass of the metal is already superheated, 
so that the crucibles, apt to crack owing to the 


rapid expansion of the rapidly fusing metal, may 


also be burned through. Molten iron and oxide 
attack most materials ; even alumina absorbs the 
oxide and shrunk magnesia is not satisfactory. 
But it was demonstrated how magnesia crucibles 
can be pressed and glazed internally by means 
of the radiated heat of an electric are playing 
between two carbon electrodes. 

With the aid of electrolysis and these furnaces 
which avoid contamination by carbon gases, inevi- 
table in the otherwise convenient carbon-ring fur- 
naces, pure iron, chromium, &c., are being prepared, 
Chromium is deposited from aqueous chromic- 
acid solutions by means of lead anodes; the 


final dendritic chromium has a pure steel-grey 


colour and is not oxidised by exposure. Traces of 
oxygen are very difficult to suppress, as well 
as to determine, in these metals and also in alumi- 
nium. The latter metal, it is curious, has not been 
obtained yet in a purity exceeding 99-83 per cent. ; 
in Germany purification is effected by granulating 
the metal and treating the granules with chemical 
reagents which will remove most of the iron, but 
not of the silicon. 
researches on the solubility of gases in metals, which 
is determined by measuring the gas adsorbed by 
the metal. Reports on the researches on die casting 
and on cutting tools are in preparation. 

Physics—With its four divisions of general 
physics and heat, radiology, sound and optics, the 
Physics Department is taking part in the varied 
researches on international critical constants, the 
centigrade-thermodynamic temperature scale, hete- 
rochromatic photometry and thermal conductivity. 
The heat insulation and cold-storage work of Dr. E. 
Griffiths at the Laboratory has been interrupted by 
his journey last year to Australia, by request of the 
Food Investigation Board, for the special purpose 
of improving the oversea apple transports and the 
control apparatus needed for this object; four 
ships were equipped with apparatus before any 
decision was taken as to the most satisfactory type 
of instruments. With respect to clinical thermo- 
meters it is satisfactory to note that the numbers 
submitted still remain very high, although the legal 
enforcement of the tests has been abandoned. 
The makers agreed this year that the tubes should 
be made of lead glass; that this regulation is not 
always observed is proved by a simple X-ray 
photography test; the rays show at once which 
tubes of a bundle are quite pervious to the rays and, 
therefore, of ‘ordinary glass. This work is done 
in the Radiology Division, which is also in charge 
of the inspection of X-ray rooms. Thanks to the 
rules of the X-Ray and Radium Protection Com- 
mittee, which are recognised in other countries, 
the state of affairs has become better. The lead 
equivalents of various materials, 7.e., the relative 
thicknesses of lead of the same X-ray protective 
powers, are rather curious. The steel value is 0-15 
(lead = 1), brass 0-25, bricks and concrete about 
0-01, various woods down to 0-001 and less; 
plasters consisting of baryta and some cement are 
of the order of 0-3, and that value is not improved 
by mixing iron turnings, which cause trouble by 
rusting, with the plaster. 

The Sound Division is being equipped in its new 
quarters in the basement of Bushy House, where 
two sound-proof chambers, isolated with layers of 
felting and by 6 in. air space between the double- 
walls, have been constructed, they are approached 
by triple doors. The equipment comprises valve 
oscillators, Rayleigh double resonators, and portable 
cabins easily dismantled for observation. 

The Optics Division has completed the constant 
temperature room which is indispensable for precise 
optical measurements. Most of the photographic 


We can only mention the 


lenses submitted for test in increasing numbers 
are still of foreign origin; but Jena glass, as dis- 
tinct from the.old silicate flints and crowns, is not 
essential for many lens combinations. In this and 
other work the new camera lens interferometer of 
Messrs. A. Hilger is an instrument of unique value, 
because the bands indicate the presence of aber- 
rations where they arise, at the lens itself and not 


at the image where the effects due to different 


parts of the lens are very difficult to disentangle. 
Important research are also proceeding on colour 
standardisation anda laboratory standard of white 
light, and, further, on coloured glass for railway 
signals and aircraft, particularly also on the best 
third colour least likely to be confounded with 
green and red. 

Electricity Department—tElectrical Standards and 
Measurements——The question has been raised 
whether a density specification should be included 
in the definition of the international ohm in view 
of the fact that the isotopes of mercury differ by 
one or two parts in 100,000 as to density. ‘The 
division does not consider this necessary, because 
recent re-examinations of the old mercury standards 
again indicate the possibility of various greater 
errors. The report draws attention to the importance 
of Mr. D. W. Dye’s work on inductance standards and. 
the need of defining their connections, on the multi- 
vibration wave meter, on a transformer method for 
producing small radio-frequency currents suitable 
for measuring the strength of signals and on the 
use of the cathode tube for absolute measurements 
for radio-frequency. 

Wireless Division.—The radio-transmitting station 
of the laboratory is now sending out, between the 
hours 15 and 16 on alternating Tuesday afternoons, 
standard radio frequency signals, corresponding in 
wave lengths to the range 750 to 5,000 metres, for 
the Admiralty and the general public. The obser- 
vations on radio-direction finding and its vagaries 
with day and night, the weather, local features, 
&c., are still proceeding ; we have repeatedly touched 
upon these troublesome problems, which laborious 
examination of the data collected may help to clear 
up. When the direction of the electric and the 
magnetic waves are separately determined, the wave 
form and its tilt can be deduced. The manifold 
demonstrations of last Tuesday exemplified such 
measurements, as well as the determination of signal 
strength and amplification ratios. 

Electrotechnics—Alternating Current—We stated 
in our introduction that no additions had been made 
to the buildings. In reality a high-tension labora- 
tory, a two-storey building, is in course of construc- 
tion. Plants for 250 kilovolts exist in England, 
elsewhere 1,000 kilovolt plant has been constructed, 
and the Laboratory is no doubt wise in having 
decided to equip the new spacious laboratory with 
transformers capable of giving 1,000,000 effective 
volts. In the old building the instalment of two 
motor-generator sets, each of 30 kv.a., for currents 
of 1, 2 or 3 phases, at frequencies from 20 to 75 
cycles has been completed. The machines have 
been supplied by Messrs. J. H. Holmes and Co., of 
Newcastle. The motor is fed from a battery and, 
to ensure further steadiness of the currents wanted 
for measurements, two of the slip rings are 
running in mercury troughs. Among the appa- 
ratus demonstrated was a high-voltage air condenser, 
a big horizontal copper tube provided with bell- 
shaped ends for diminishing the potential gradient 
at the end, which is used for measurements on 
insulation materials, and an apparatus exempli- 
fying the rotation of dielectrics in a three-phase 
field. Excited by such a field three metal balls 
turned at the rate of 50 r.p.s. A cylinder of 
celluloid placed in that field, absorbing some of 
the alternating energy was dragged round by the 
field and began to spin about its axis, at a slow 
speed which was the greater, the poorer the insulating 
material, but never reached the field speed. 


(T'o be continued.) 


Tue Port or Huty.—A special British Empire Exhi- 
bition supplement has been issued by the Hull Daily 
Mail, giving interesting illustrated articles on the history 
of Hull, particulars concerning the port, the dock and 
transit facilities which it offers, with information on 
the commerce and industry of the city and neighbour- 
ing district. 


BRITISH EMPIRE EXHIBITION ; 
RAILWAY MATERIAL.—IV. 


A vERY interesting exhibit at the stand of 
Messrs. Cammell Laird and Co., Limited, is a 
“*Sentinel-Cammell”’ steam rail coach. This vehicle 
has been built at the company’s Nottingham works, 
in collaboration with the “Sentinel”? Waggon 
Works (1920), Limited, of Shrewsbury. The former 
are the builders of the vehicle itself, the latter being 
responsible for the power unit. The vehicle has been 
designed with the object of reducing expenses on 
branch lines and for dealing with periods of light 
traffic, while it is equally suitable for the develop- 
ment of traffic where small passenger loads are 
available at frequent intervals, thus competing 
with the omnibus type of service. The principle 
of rail motor-coaches has, of course, been developed 
by.the railway companies to a considerable extent 
in past years, but the Sentinel-Cammell coach 
represents quite a distinct type of construction. 

The car is illustrated in Figs. 60 to 72 on pages 
7 and 8, and on Plate III. A general elevation 
is given in Fig. 60, and outside view in Fig. 68, 
Plate III. One of the main compartments in- 
the interior is shown in Fig. 69. Fig. 70 shows 
the driver’s and luggage compartment; Fig. 71 
is a view of the engine compartment, while 
Fig. 72 shows a passenger section partitioned off 
from the main interior. This small compartment 
seats 12 passengers and the main saloon 44, 
making for the coach shown a capacity of 56. 
A plan, slightly varying from the vehicle at the 
exhibition, is given in Fig. 61, page 7. Figs. 62 
to 64 relate to the trailing bogie, while the power 
unit is illustrated in Figs. 66 and 67. Fig. 65, 
representing a section of the driving wheels, is 
referred to below. The main feature of the 
construction is that the body of the coach is 
carried by a steel underframe, supported at the 
trailing end in the ordinary way by the bogie shown 
in Figs. 62 to 64, while at the front end it is pivoted 
to the power unit frame, at a point behind the rear 
axle of the latter, as shown in Fig. 67, the weight 
of the coach on this unit being counter-balanced by 
the position given to the boiler. The coach body 
and the bodywork covering in the power unit are 
connected by means of flexible collapsible fabric 
jointing, so that relative movement on curves is 
provided for. The driving wheel-base is 7 ft. and 
the trailing bogie wheel-base 5 ft. 6 in., the distance 
between bogie centres being 42 ft. 10 in. With the 
great flexibility permitted by this arrangement of 
units, curves of 3 chains radius can be negotiated 
with ease and safety, thus making the vehicle 
eminently suitable for the development of light 
branches, &c. The overall length of the coach 
shown, which is for 4 ft. 8} in. gauge, is 56 ft. 5 in., 
with a width of 8 ft. and height of 11 ft. 

The power unit consists practically of a standard 
‘“* Sentinel’? boiler and set of engines of the type 
so well known at home and abroad. The drive 
to the two axles is by roller chain and sprockets 
through an intermediate shaft, as will be clear from 
Fig. 66. The boiler is of the vertical type with 
30 cross tubes, and having a total heating surface of 
58-5 sq. ft. The tubes are straight and inclined 
upwards across the fire box, the whole of the 
latter can be unbolted and dropped out for exami- 
nation at any time. The fire grate is 3-97 sq. ft. 
in area. A superheater is added providing 14-5 sq. 
ft. of surface, the steam having a temperature of 
460 deg. F (230 deg. of superheat) and a pressure of 
275 lb. per sy. in. Feed heating is arranged for a 
feed temperature of 200 deg. F. in normal working. 
The engines consist of 2 double-acting cylinders, 
6-75 in. in diam. with a stroke of 9in. The maxi- 
mum revolutions are between 600 and 650 p.m. 
The diameter of the driving wheels is 30 inches and 
the reduction between the crankshaft and the 
the wheels is 39:25. The annexed table gives 
further particulars of the unit at various speeds :— 


Speed m.p.h. 10 20 30 35 
Engine ... revs.permin. 175 350 425 602 
B.H.P. at 334 p.c.cut-oft 54 60 58 47 


Tractive effort ... «- Ib. 2,025 1,125 725 503 

For short periods at starting and during accelera- 
tion with a cut-off of 80 per cent. a tractive effort 
of between 4,000 and 5,000 lb. can be exerted. 

The steam consumption per brake horse-power 
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SENTINEL-CAMMELL STEAM RAIL MOTOR AT THE BRITISH EMPIRE EXHIBITION. 
Fig. 60. 


Fig. 61 
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ranges between 20 and 25 lb., under normal con- | 
ditions, about 1,500 Ib. of water being evaporated 
per hour. With coal of a calorific value of 14,500 
B.Th.U., the fuel consumption is about 3 lb. per 
brake horse-power hour. With average conditions 
of curves and gradients about 4 gallons of water are 
needed per train mile, and the coaches have water 
tanks of 200 to 300 gallons capacity. In Fig. 66 
the water tank is shown in the engine compartment. 
In some cases it is placed below the body under- 
frame. With 200 gallons of water and otherwise in 
working order the weights are 10 tons 15 cwt. at the 
power unit bogie, and 6 tons 8 cwt. at the trailing 
bogie, making a total of 17 tons 3cwt. Fully loaded 
these are increased respectively to 11 tons 15 cwt., 
8 tons 18 cwt. and 20 tons 13 ewt. 

Normally the coach travels engine first and the 
driver has all levers, &c., naturally close at hand. 
When running trailing end first the driver is in the 
then leading compartment, where, as shown in 
Fig. 66, page 8, he is provided with all necessary 
controls with mechanical connection to the power 
unit. The power unit is carried on laminated 
springs over the axle boxes, the latter being without 
guides but provided with adjustable radius rods. 
The trailing bogie, Figs. 62 to 64, has one large 
inverted laminated spring in the bolster only. 


Braking is by expanding brakes working inside 
drums fixed to the wheel centres on the outside, 
one pair of wheels being braked per bogie. Both 
hand and power braking are arranged for, while the 
engine can also be used as a compression brake. 
Little need be said by way of description of the 
body which, however, is neatly made and finished, 
of steel construction to provide maximum strength 
with minimum of weight. 

The type of coach can be built for any gauge and 
climate, and at present vehicles are under order 
for Australia, South Africa, India, European and other 
countries. The first was put into service sometime 
ago in Jersey where road competition has been 
successfully met by the new facilities thus made 
possible. In the first ten months over 250,000 
passengers were carried by this vehicle on a con- 
sumption well under 5 lb. per ton-mile and over-all 
cost including fuel, oil, water, staff, depreciation, &c., 
of less than 6d. per ton mile. A second coach has 


now been in operation on the Jersey Railways and ! 


Tramways for some time. We may mention that 
the service on the Jersey line involves a run of 
3-75 miles with an average of 6 stops on a booked 
timing, start to stop, of 15 to 17 minutes, thus 
requiring very rapid acceleration. These conditions 
are well met by these coaches. 
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The most conspicuous exhibit at the stand of 
Messrs. Cammell Laird and Co., Limited, is 
probably the Pullman car built by the Midland 
Railway Carriage and Wagon Company, Limited, 
of Birmingham. It is an excellent example of the 
quality of work for which these makers are so well 
noted, though, owing to the presence of other 
similar cars it may not win attention in the same 
manner as the more uncommon examples of rolling- 
stock to be seen alongside it, and of which we 
have already mentioned one example. Another ex- 
hibit, a Bengal-Nagpur 40-ton hopper wagon, we 
shall refer to later. The Pullman vehicle, to which 
we now devote ourselves is a first-class buffet car 
having a length over buffers of 65 ft. 10 in., over 
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vestibules of 63 ft. 10 in., and over end pillars 
57 ft. 12 in. The length of the underframe over 
headstocks is 62 ft. 4 in. The height from rail to 
top of roof is 12 ft. 5 in., and the width over cornice 
8 ft. 7 in. The inside width in the compartments 
is 7 ft. 9} in. The car is mounted on two four-wheel 
bogies of 10 ft. wheel base, centred 43 ft. 4 in. 
apart, the wheels being 3 ft. 6 in. in diameter on 
the tread, and the journals by 10 in. by 5in. The 
underframe is of steel and is provided with truss 
rods. 

The car has a seating capacity of 22 passengers 
disposed as follows: ten passengers in a large 
saloon, eight in a small saloon and four in a private 
compartment. The length of the large saloon is 
17 ft. 9 in., and of the small one 13 ft. 6 in. The 
interior finish of the saloons and private compart- 
ment is in finely figured mahogany in Highteenth 


| in blue buffalo hide. 


Century style, with shaped mirror panels and carved | partment is laid with decolite. 


and guilt ornaments. The clocks at the ends have 
gilt sun-ray surrounds. The floor is covered with a 
blue trellis carpet, and the upholstery of the chairs is 
Parcel racks, table lamps, &c., 
are finished in lacquer gilt. The tables are remov- 
able. They have tops of polished mahogany, to 
match the interior panelling, &c., and are pro- 
tected by plate glass. The ceilings of the saloons 
and private compartment are domed with coved 
sides and panel centres. Ventilation is provided 
for by torpedo ventilators and ceiling fans. Alu- 
minium framed sliding lights are fitted above 
the windows. The vestibules and corridors are 
also finished in polished mahogany, the floor of 
these parts being laid with interlocking rubber 
tiling. The lavatory compartment is finished 
with polished mahogany. The floor of this com- 


A pedestal wash 
basin is provided in the lavatory, fitted for hot 
and cold supplies. Large mirrors are fixed to the 
cross partition. 

The kitchen and pantry, occupying one end of the 
car, are equipped with the necessary sinks, hot and 
cold water supplies, glass cupboards, gas-heated 
stoves, &c. The floors are laid with decolite. 
Water is carried in a large roof tank above the 
kitchen. Galvanised bins are arranged beneath 
the kitchen and pantry floors, and ice chests are 
fitted in the corridors. The kitchen and pantry are 
both painted throughout in white enamel, giving a 
very clean effect to the whole. 

The exterior of the car is painted in the standard 
Pullman colours of umber and cream, with gold 
lining and the company’s coat-of-arms. The car is 
dual fitted and has the standard heating apparatus, 
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CONTROL TRAILER CAR:FOR THE AEBTROPOLI 


CONSTRUCTED BY THE METROPOLITAN CARRIAGE, W:! 
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electric light installation, &c. The buffing and 
draw gear enable the car to be worked with other 
central buffer stock or with vehicles fitted with 
serew link couplings. 

On a large stand, neighbouring that of Messrs. 
Cammell Laird and Co., the many uses of rubber 
for railway work are well exhibited by Messrs. 
George Spencer, Moulton & Co., Limited, Central 
Buildings, Westminster. The most conspicuous 
examples shown consist of buffing and draw gear 
fitted in sections of typical underframes. These 
show four different combinations. One example is 
of a double-acting buffer set; another pattern is 
the Railway Clearing House type, in which the draw- 
bar rubber springs are arranged in two groups 
in line in a cradle. Another is the standard Indian 
pattern in which the draw-bar springs are double, 
being placed side by side. A fourth is an arrange- 
ment for the South African Railways, which 
employ the central buffer coupler, and in which 
therefore the bufting and draw-bar springing is 
combined on the draw-bar rigging. The firm’s 
vacuum hose is also conspicuous at the stand. 
A novelty is shown in the form of a railway wheel 
with rubber-supported steel tyre. This we have 
briefly referred to above, a section of the arrange- 
ment being given in connection with our descrip- 
tion of the Sentinel-Cammell coach to which it is 
fitted. Fig. 65, page 7, shows a driving wheel. 
The trailers are similar as regards the wheel centre, 
but are without the sprocket drum bolted on. In 
this wheel the centre is finished with a project- 
ing flange on the inner side, drilled with a 
number of bolt holes. The centre is turned a 
good deal smaller than the bore of the tyre, 
and between the two are inserted a number of 
rubber blocks. A retaining ring is fitted to the 
outside and fastened to the centre by bolts passing 
through the rubber blocks and inner flange of the 
centre. The inner flange overlaps the tyre, which is 
recessed. The process of tightening up the bolts 
compresses the rubber and causes it to be pressed 
out in radial and circumferential directions so as 
completely to fill the space between the centre and 
the tyre. The wheels themselves are made by 
Messrs. Cammell Laird, the rubber blocks being of 
Messrs. Spencer, Moulton’s manufacture. 

In our issue of April 25 (page 535 of our last 
volume), we referred to the first-class control 
trailer being shown at the Exhibition by the Metro- 
politan Railway. The coach has been constructed 
for the railway by the Metropolitan Carriage, 
Wagon and Finance Company, Limited, and is 
representative of the latest type of coaching stock 
in use on that line. 
company and of the builders, we are able in Plates 
IV and V to reproduce in Figs. 73 to 81 draw- 
ings and photographs of this suburban stock. 
Of our illustrations Figs. 73 and 75, Plate IV, 
give side and end elevations of the coach, Fig. 74 
an interior plan, and Fig. 76 a cross-section through 
the non-smoking compartment; Fig. 78 is a plan 
of the underframe and Fig. 77 one of the bogie. 
A general outside view of the coach is given in 
Fig. 79, Plate V, while Figs. 80 and 81 are interior 
views respectively of the smoking and non-smoking 
compartments. 

The coach seats 45 passengers in the two com- 
partments, while at one end is the driver’s compart- 
ment containing the controls. Normally, the latter 
are enclosed in a collapsible casing, and the vestibule 
then serves as an additional exit for passengers. 
Three large double doors are provided on each 
side of the car for the passenger compartments. 
The car is 50 ft. 10 in. over headstocks, 51 ft. 6 in., 
over body pillars, and 52 ft. 6 in. over all (coupled). 
The wheels are 3 ft. in dia. on tread. The bogie 
wheel base is 7 ft., the bogies being centred 35 ft. 
apart. The width of the body is 8 ft. 9 in., and the 
height from rail to top of roof 12 ft. 

The underframe is of steel channel, the sole bars, 
headstocks, longitudinals and main cross bearers 
being 9 in. by 24 in. section. A 1}-in. truss rod 
is provided under each sole bar, extending over the 
main cross bearers out to the headstocks. The 
upper side of the frame is plated all over with 
6-lb. steel plate, riveted to all members, thus 
safeguarding against deformation, and furnishing 
a good foundation for the cement flooring. The 
bogie bolsters are double 9-in, by 3-in, channels 


By the courtesy of the railway. 


carried at each end on two helical springs, and are 


fitted with strong centre castings and with side 
bearings. The bogie side frames, transoms and 
headstocks are of pressed steel 3-in. plate. Renew- 
able cast-iron horn blocks are fitted to cast-steel 
horn plates. The bolster is built up of two 9-in. by 
3-in. channels, plated with }-in. plate at the top 
and bottom. The spring plank is a 12-in. channel. 
It is supported by knife-edged bearings hung from 
swing links of the adjustable eye-bolt type, swung 
from the transoms. Excessive movement. side- 
ways is checked by 1#-in. rubber blocks on the 
side frames, allowing free movement of #-in. to 
either side. The side springs are laminated and 
semi-elliptical, 4 ft. 3 in. between centres. The 
spring hangers have auxiliary rubber cushions. 
The wheels are of Messrs. Taylor Brothers, Limited, 
rolled steel disc type, with tyres shrunk on and 
held by a retaining ring. The tyres are of 50-55 ton 
tensile steel and the discs of 28-35 ton steel. 

In the bodywork lightness and strength have 
been combined in light pillars well supported by 
horizontal members, stiffening being obtained by 
means of outside panels of No. 17 8.W.G., below 
the waist rail. The framing is entirely of teak. 
The continuous cant rail is 4 in. by 3 in., and the 
pillars are framed together by four horizontals 
above the waist and two below the waist, in addition 
to the usual fence and belt rails and plinth. The 
latter consists of a steel plate screwed down on 
two light rails inside the body. Above the waist 
the panels are of teak. Pillars are tenoned into the 
cant rail and bottom side. rails. The latter are 
stopped at the doorways. The pillars are streng- 
thened by steel knees at the top and bottom. A 
2-in. by 3-in. steel bracing passes over the centre 
doorway of each side, and extends diagonally down 
to a pressed-steel bracket fixed to the bottom side-rail 
below the adjacent windows. An _ additional 
diagonal brace is taken up from this bracket to the 
waist at the next quarter. The rear end is square, 
with five pillars, arch rail and intermediate cross 
rails. This end of the body is entirely plated 
outside with No. 17 8.W.G. steel panel sheeting. 
The driving end of the coach tapers forward as 
shown in the plan Fig. 74. The bottom rail is a 
single teak member 10} in. wide. This end is also 
steel panelled except as regards the window openings. 
The roof is constructed of light ash hoopsticks 
screwed to steel carlines of 2-in. by l-in. by 4-in. 
channels, the flanges of which are turned back to 
form a foot on the cant rail. The outer and inner 
roof sheeting is of 3? in. and 3 in. thickness respec- 
tively, of yellow pine, tongued and grooved. 

The windows are framed in teak. The side 
windows are fixed and surmounted by two movable 
glass frames, hinged at the lower edges. The 
front lights are arranged to drop. The side and 
vestibule doors are of teak, the partition doors 
being of the same wood. The door at one side of 
the vestibule has a drop light, so that the driver 
may take the guard’s signal without opening the 
door. The side sliding doors act together, being 
coupled by chain and sprockets. They are hung 
on ball bearing runner bars, and slide back into 
pockets of steel sheeting. The partition and 
draught screens are also of teak, and the whole 
interior finish is in the same material. The usual 
advertisement spaces are replaced by polished 
teak panels; the quarter panels between the 
windows are finished with inlaid ebony and satin 
wood. 

The seats are grouped so as to allow of large, 
unobstructed standing spaces. The smoking com- 
partment seats are upholstered in dark green, 
embossed buffalo hide, the non-smoking compart- 
ment being treated with blue and grey moquette 
of floral design. Fixed arm rests are provided 
between the longitudinal seats. The ceiling is 
t-in. asbestos millboard laid on the inner roof 
sheeting. It is finished with flat white enamel. 
The lamp fittings are of oxidised gunmetal, this 
material being used for all interior fittings, hand 
grips, &c. Strap hangers are not used. The 
floor is laid with Docker’s induroleum, }-in. thick, 
this composition being used on all the company’s 
stock. 

The coach is fitted with the Westinghouse 
quick-acting brake, using a 10-in. short-stroke 
cylinder fitted with automatic slack adjuster. A 


33-in. triple valve, dust catcher, emergency and 
isolating valve, with usual reservoir and connections, 
are arranged as on the company’s usual stock. 
In addition, at the driving end are a driver’s brake 
valve, whistle, duplex gauge, isolating cocks, 
&ec. The handwheel for hand brake is also in this 
compartment, as shown in the plan, Fig. 74, the 
underframe plan, Fig. 78, indicating the position 
of the bevels through which the power is applied 
to the brake rigging. The hand and power brakes 
act independently on all wheels, with two blocks 
for each wheel. The buffing and draw gear consists 
of a combination of buffing fender and central 
automatic coupler. The fender is a steel pressing 
3 ft. wide, supported by two plungers working in 
cast-steel guides. It acts against two Spencer- - 
Moulton rubber springs having a maximum range 
of 54 in., of which 24 in. are taken by initial com- 
pression, and a further 14 in. when the cars are 
coupled. The coupler is a small type of the M.C.B. 
pattern. When buffing, it compresses two sets of 
rubber springs in parallel with {-in. initial com- 
pression and 2%-in stroke. When pulling, the 
strain comes on a steel helical spring in compression, 
with an effective stroke of 1} in. The tight-coupling 
now adopted has resulted in much-improved riding 
qualities. The short overhang brings the coaches 
close up to one another, the space between them 
being only 10 in. 

The lamps consist of two in the vestibule and 24 
in the compartments, all of 16 c.p., four additional 
lamps being placed down the centre of the car. 
Eighteen Simplex electric heaters are placed beneath 
the seats, the latter being protected by asbestos 
sheet. The heaters consist of non-oxidising ni- 
chrome wire coiled on a porcelain bobbin. The 
winding is for 100 volts, and six heaters are wired 
in series on a 600-volt circuit, with a safety margin 
for 10 per cent. excess voltage. The consumption 
per heater is 3-6 amps., the loading under full 
voltage being therefore 360 watts. The switch- 
boards are fitted on the rear screen. The power 
equipment in the driving compartment merely 
consists of the master controller and switches, fuses, 
connection-boxes, &c. The Metropolitan-Vickers 
Electrical Company, Limited, was responsible for 
all the electrical equipment. 

At the stand of Messrs. Tyer and Company, Limi- 
ted, of Dalston, engineers will find a large selection 
of this firm’s well-known patterns of signalling instru- 
ments and other apparatus.. The whole exhibit 
is characterised by the excellent workmanship 
and finish which has always been a feature of Messrs. 
Tyer’s products; their long experience has con- 
vinced them that well-finished apparatus inspires 
increased care on the part of the user. 

One exhibit of interest shows the application 
of roller bearings to ground connections, such as 
cranks, compensators, &c. Messrs. Tyer, after 
experimenting extensively in the use of ball bearings 
for these fittings, have: decided on standardising 
roller cage bearings, these being found to have a 
number of advantages. The rollers are carried in 
a cage which ensures correct spacing, at the same 
time allowing a slight amount of play at the com- 
mencement of a movement. With the cage the 
rollers are all kept together and none need be lost. 
The cage is placed over the pin after all fitting 
work has been completed on the ground, and as 
this is the final operation cleanliness may be easily 
assured. A brass washer prevents dirt working 
upwards. from below, while a mushroom shaped 
cover protects the grease cup and the whole bearing 
against both dirt and wet. The application of 
such bearings increases the cost of lay-out of a 
large yard by only a small percentage (14 to 3 per 
cent.), but the maintenance costs are greatly re- 
duced and the parts benefit to the extent of a longer 
life. At the same time the effort needed on the 
part of the operator is much reduced, while points 
and locking bars can be satisfactorily worked from 
much greater distances than with the ordinary 
plain bearing. 

A short reference may also be made to Messrs. 
Tyer’s “Signalite”’ long burning oil signal lamp. 
This has been known for some time as also has the 
simple adjustable bracket on which it is fitted. 
The lamp will burn for 200 hours, and, for cases 
where the post is situated out of sight of the 
operator, is fitted with a thermostat repeating device, 
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which warns the signalman in case of failure by 
means of a repeating lamp, placed in the signal 
cabin. The thermostat consists of a disc, slotted 
radially, placed over the flame. Above the disc is 
arranged a T-piece, the two arms of which are 
pivotted in cups, while the tail is raised and lowered 
by the expansion and contraction of the centre of 
the disc under the influence of the flame. This 
movement of the tail causes contacts to be made or 
broken, thus controlling the repeating indicator or 
lamp in the cabin. 

In connection with this firm’s exhibit we would 
draw attention particularly to two new instruments, 
one being a one-wire three-indication block instru- 


Fig. 82. 


Figs. 82 anp 83. 


ment, and the other a key-token instrument for 
single line working. We do not propose to enter 
upon a discussion of the safety of the one-wire 
system for block signalling. The system has been 
in use sufficiently long and on a scale to warrant 
confidence as complete as can be placed in any 
appliance devised for this work. Giving service as 
good as the three-wire system, the one-wire method 
certainly introduces a considerable degree of eco- 
nomy in capital outlay and upkeep, and therefore 
presents attractions of a very material character. 
The new one-wire three-indication instrument of 
Messrs. Tyer is illustrated in Figs. 82 and 83 
above, and émbodies important changes from 
former models, the mechanism being considerably 
simplified. In the new instrument the “ Line 
blocked ” position is placed centrally with ‘“ Train 
on line ”’ to the left and “ Line clear ” to the right— 
thus conforming to general practice, instead of as 
formerly having the indications running (from left 
to right) in the order “ Line blocked,” ‘‘ Train on 
line,” and “ Line clear.” Another noticeable change 


is the elimination of the small side plunger which 
was formerly on the left of the commutator handle 
and was worked by the left hand, the commutator 
being worked by the right. In the present design the 
plunger is incorporated in the commutator handle 
itself. In Fig. 83, which shows the front casing 
removed and the bottom door swung back, the com- 
mutator will be seen on the door and the mechanical 
commutator lock will be noticed below. The commu- 
tator is provided with three notches in its rim, 
and cannot be moved from any one position to 
another until the plunger has been pressed and the 
signal recorded, when the commutator is freed. 
The commutator movement is extremely simple, and 
it can be used purely for block working, 
with the commutator free to turn in either 
direction (instead of formerly only in one), 
so that it can be moved from any one 
position to any other—or the movement 
can readily be converted into a sequence 
movement for “lock and block” working. 
In Fig. 83 above the commutator an elec- 
tric lock is shown which is connected with 
a track circuit controlling the commutator 
when in the “ Train on line” and “ Line 
blocked” positions. With this control the 
commutator cannot be moved from “ Train 
on line’”’ to “ Line blocked,” or from “‘ Line 
blocked”’ to “‘ Line clear,”’ unless the track 
is clear, but for blocking back purposes it 
can be moved from “Line blocked” to 
“Train on line.” The arrangement can be 
modified to suit all conditions of “lock 
and block” working. With previous in- 
struments, blocking back has not been 
possible. 

The needles are operated by means of 
twin armatures, the needle movement 
being of a new design. It is self-contained 
and in each case can be entirely removed 
by taking out four screws, which hold it 
to the steel cores of the electro-magnetising 
combination. The dial can be entirely re- 


moved without affecting the adjustment of the 
needles, and inspection can therefore be much more 
easily carried out than in previous patterns. Only 
one battery is used with this system and currents 
flow only when the instrument is worked. Full 
strong currents are sent to the line for “‘ Train on 
line”’ and “‘ Line clear,” and weak currents for “* Line 
blocked.” Switching out is provided for by winding 
the coils to a resistance which will permit the instru- 
ments to work satisfactorily through a Jine resistance 
up to 200 ohms, thus rendering the introduction of 
balancing unnecessary. 

The Key Token instrument recently introduced 
by Messrs. Tyer is shown in Figs. 84 and 85 on 
page 11, the latter, illustrating the instrument with 
casing removed, shows the chief portion of the me- 
chanism which is a commutator operated by the 
key token. The key is inserted into and removed 
from an aperture in the centre of the upper part of 
the instrument. From this aperture a four-slot 
magazine is branched for the storage of the tokens 
in use on the section, Only one token can be out 


of the instrument at a time. The signalling bell 
plunger is on the right of the face ; the bell itself is 
generally fixed apart from the instrument, but can 
be fixed inside the casing where considered desir- 
able. On the left of the face is a train indicating 
handle worked by the signalman during the opera- 
tion of signalling, but electrical indications can be 
arranged to replace this part if so required. The 
only moving part is the commutator and the makers 
claim this instrument as the simplest, and as con- 
taining the minimum of parts, for efficient working. 
The commutator is controlled by an electric lock. 
In the latest pattern this consists of a polarised 
lock which dispenses with the need for the relay 
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formerly employed, thus tending still further to 
simplification. No permanent currents are re- 
quired, and the battery power needed is small. A 
magneto may be used instead of the usual batteries, 
in which case the signalling plungers for the two 
instruments in a box would for convenience be 
fitted to the magneto, placed between the two 
instruments. A token can be restored to the instru- 
ment from which it has been withdrawn in the 
event of a train being cancelled, or after having 
been used for shunting purposes. For permissive 
working, where allowed, a certain number of tokens 
can be made in three parts to enable this form of 
operating to be adopted. The instrument shown is 
identical with the pattern used on the Great 
Western Railway for single line working. Siding 
point locks worked by key tokens are also made, 
while the instruments can also be arranged for 
operation by the guard or driver of a train. The 
instrument, in the latter system, can be used for 
sections with three or more stations. Two line 
wires are then necessary, with electrical indication. 
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THE MACHINERY OF THE COTTON 
MILL AT THE BRITISH EMPIRE 
EXHIBITION. 


THE most representative display of modern textile 
machinery that ever has been shown at any exhibi- 
tion is provided inthe Cotton Mill in the Palace of 
Industry of the British Empire Exhibition. The 
exhibit is a co-operative one which was organised 
by the Cotton Textile Industry Committee, and 
thus each firm, though they may make textile 
machinery for every process used in the industry, is 
represented by some few items only. It must not 
therefore be taken that the types of machines 
exhibited are the only ones for which the individual 
firm exhibiting them, has earned a good reputation, 
or that any particular type of machine is only 
made by the firm whose machine is shown. As 
the machines are shown in actual work, this exhibit 
affords an opportunity of describing the nature of 
the processes and their importance in the industry, 
as well as the modern machinery methods by which 
they are performed. 

_ All the textile industries of our country depend 
largely, if not entirely, on imported raw materials. 
Most of the raw cotton used in Britian comes from 
the Southern States of America. The next largest 
supplier is Egypt, from which country quantities 
of fine cotton are obtained. Growth is possible, 
however, in many other lands, and some success 
has already been attained within the British 
Empire. The Northern Territory of Australia, 
Queensland, British Guiana, the West Indies, 
Sierra Leone, the Gold Coast, Nigeria, parts of 
the Union of South Africa, and the African Colonies, 
India and Burma are all within the equatorial 
belt within which cotton could be grown to com- 
mercial advantage on suitable land. Already large 
quantities are produced in India. Great achieve- 
ments are anticipated from Gezira, a tract of land 
of 3,000,000 acres in the Sudan between the Blue 
Nile and the White Nile. The scheme for irrigating 
this land is being actively pressed forward at:present. 
Cotton growing is making steady progress in 
Uganda, Nigeria and the Tanganyika Territory, 
while a certain amount of success has been already 
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obtained in Australia, South Africa, Nyasaland, the 
West Indies, Mesopotamia, Kenya and Rhodesia. 
The provision of great irrigation schemes and 
improved transport facilities will do much to make 
economical production and distribution possible, 
and thus will naturally lead to increased areas 
being put under cultivation. 

The first operations on cotton take place at the 
place of growth. After the plant has flowered, 
the seed case bursts and the cotton appears. This 
is plucked away and is taken to the ginning factory, 
where the cotton fibres are separated from the 
seed. In this process the success is to be measured 
by the freedom from injury to the fibres. Some 
fibres break up before they can be separated from 
connection with the seed, while others carry with 
them a portion of their husk. Examples of plant 
used for the purpose are shown in Figs. 1 to 5 on 
Plate VI. The first machine is an example of 
a hand power machine in which the features of 
what is known as the Macarthy roller are embodied. 
The cotton is fed on to the top table and falls into 
a hopper, where it is brought into contact with a 
roller by the action of a reciprocating feeder bar. 
A doctor knife is pressed against the roller by 
means of springs. The fibres adhere to the roller, 
and the seeds remain at the point of contact between 
the doctor knife and the roller, being separated 
from the fibre. The shaft at the foot of the machine 
is provided with a small crank which operates a 
connecting rod to which is attached a beater blade 
beside the roller. Rapid reciprocation is therefore 
given to the beater blade, and the sharp blows 
detach the seed from the fibres. The seeds fall 
upon a grid and are taken away. The beater blade 
is guided in its path by connection with the bars 
shown below the projecting part of the table of 
the machine. By means of these rods, which are 
screwed and provided with adjusting nuts, regulation 
of the distance of the blade from the roller to suit 
the size of seed is possible. From the roller the 
fibres are removed by a stripping board, and they 
fall to the floor. 

A single action, single roller mechanically-driven 
Macarthy cotton gin is shown in Fig. 2. In this 
machine an automatic feeder is fitted and makes 
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possible the supervision of a number of machines by 
asingle operator. A spiked lattice lifts the material 
from the hopper and distributes it uniformly across 
the whole length of the ginning roller. Any sur- 
plus seed cotton is returned back into the hopper 
without the infliction of damage to the seeds. This 
machine is eminently suitable for all the long 
stapled varieties of cotton, such as Egyptian, Sea 
Islands, and many of the American types. 

Almost every description of wooly seed cotton 
can be treated in the machine illustrated in Fig. 3, 
which is a double action, single roller type of Mac- 
arthy gin. In it the double beat of the knives for 
each revolution of the driving shaft assists materi- 
ally the separation of the fibre from the seed with- 
out injury to either. Each knife is balanced 
against the other and consequently an easy and 
steady motion is obtained throughout the period 
that the machine is in use. The automatic feeding 
device referred to in connection with the single 
action type may also be applied to this gin. 

Another process used in ginning cotton is what 
is known as “‘sawing.” A hand machine of this 
type is shown in Fig. 4, while a power type is illus- 
trated in Fig. 5. In these machines the seed 
cotton is fed upon a moving lattice, from which it is 
removed by a spiked roller and is thereby loosened. 
It is then thrown so that it falls into a hopper, 
where it comes into contact with a series of rapidly 
revolving saws. In the hand-working machine 
(Fig. 4) there are 16 of these, while in the power 
machine (Fig. 5) there are no less than 40. As the 
saws revolve the fibres get caught in the teeth while 
the seeds cannot follow them in their movement be- 
cause they are restrained from doing so by a series 
of bars beside the saws. A revolving brush re- 
moves the fibres from the saws, and they are carried 
away in an air current. The hand gin shown gives 
a production of 22 to 24 pounds of cotton per hour, 
while the power machine has an output of cleaned 
cotton which varies with the type of cotton used 
up to a maximum of about 200 lb. per hour. All 
the gins illustrated in Figs. 1 to 5 are the pro- 
ducts of Messrs. Platt Brothers and Company, 
Limited, of Hartford Works, Oldham. 

The cleaned cotton is next taken to hydraulic 
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presses, where it is compressed to very small bulk | 


and is then shipped for use in the mills. The 
development of the production of cotton cloth 
from this raw material has reached its highest 
state in Lancashire, but it must not be forgotten 
that the industry has now spread over almost the 
entire world. The industry has been subject to 
an evolutionary growth in which the development 
from primitive beginnings to its present state is 


a subject of interesting and fascinating study. It is 
not, however, our intention to embark on any 


treatment of it or to apportion praise to individual 
inventors for their contributions to the great 
development, but rather to review the present- 
day practice in the production of cotton textiles 
as shown by the exceptional display of plant in 
the Cotton Mill of the Palace of Industry. The 
importance of the industry to Great Britain must 
not, however, be lost sight of, because the produc- 
tion is about four times as much as the home con- 
sumption. Large exportation takes place, and 
thus important contributions are made by the 
industry towards the maintenance of our inter- 
national trade balance. In 1923, a year of depres- 
sion, the exportation of cotton yarns amounted to 
over 21,000,000/. in value and of cotton cloth to 
over 138,000,000/. The industry also is important 
in that it provides employment for a large propor- 
tion of the workpeople in the densely populated 
district surrounding Manchester, within a radius 
of 50 miles of which, the area embracing the cotton 
mill region, more than one-sixth of the total popula- 
tion of Great Britain is concentrated. 

When the cotton bales are received in this country 
they must first be broken. Fig. 6 shows a machine 
made.by Messrs. Platt Brothers and Co., Limited, 
for this purpose. The action of this machine is such 
that when the cotton taken from the bales in large 
pieces is placed into the hopper, a horizontal lattice 
carries it forward and presses it against the spikes 
of an inclined elevating lattice, where it is subjected 
to a combing action. It is then carried upwards to 
a spiked roller, which gives it a further combing and 
throws back into the hopper any large or unopened 
pieces., The spiked roller is stripped and kept 
clean by a stripping roller, the surplus again falling 
back into the hopper. A beater removes the cotton 
from the inclined lattice, while it falls upon a grid 
which conveys it to the opening plant. This is 
used.to remove from the cotton a large proportion 
of the residue of the foreign matter it contains and 
to open out the cotton in the process to assist its 
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delicate one, whether the cotton is treated so as 
to allow the undesirable material simply to fall, 
or to be thrown away from the fibres by the use of 
centrifugal force. Trusting to the attention of a 
worker is associated with heavy costs and rather 
indifferent work, and has led to the development 
of machine operations by which the cotton is fed 
in and acted upon in such a way as reduce the 


possibility of damage to the fibres to a minimum. 


AND Lap MACHINE. 


The opening plant takes many forms, each suitable 
for the treatment of particular grades of material, 
and examples are to be seen in the machines illus- 
trated in Figs. 6 to 9 on Plate VI, and in Figs. 10 
to 12 above, while Fig. 13 shows what is termed 
a scutcher, in which the cleaning operations are 
further continued by a process of beating or 
whipping. 
A hopper opener of the Platt and Wilkinson type - 
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is shown in Fig. 7. This was specially designed for 
the opening of cotton from hard-pressed bales by 
means of the combined action of very strong spiked 
and evener lattices. Its essential feature is to 
control automatically the delivery of cotton from 
the bale-breaker to the hopper-feeder. This hopper 
opener, Fig. 7, has two weighted and balanced 
spring doors. These automatically regulate the 
delivery of cotton by their opening through a 
connecting rod which is worked from the _belt- 
shifting arrangement of fast-and-loose pulley on 
the bale breaker, with which it is associated. The 
value of the combing action by the use of spiked 
lattices is in the opening of matted fibres of cotton 
without damage and without curling the fibres. 
In this open condition sand, seeds, husks, and other 
matter are free to drop through several grids over 
which the cotton passes on its way to the exhaust 
opener. An automatic hopper-feeding machine is 
shown in Fig. 8. In this the height and density of 
‘the cotton in the hopper is most effectively controlled 
by an automatic filling apparatus, and the opening 
action upon the cotton is obtained by the action of 
fine pins on the lifting and evener lattice. 


A machine known as the Crighton opener is 
shown in Fig. 9. This machine has been for long 
established as one of great value in the cleaning of 
most classes of cotton. It is commonly worked in 
connection with a hopper feeder, but in some cases 
is worked with the bale opener for treating low grade 
cotton before mixing. The opening action is 
obtained by the use of a number of steel discs 
of small diameter at the foot and of increasing size 
towards the top. They are all mounted on the 
same vertical shaft, which is supported on a ball- 
bearing footstep. On the discs are riveted a 
number of knife blades. The cotton is passed in 
at the foot of the revolving system, and as it is 
loosened by contact with the blades the opened 
cotton is carried upwards by an air current towards 
the next larger disc. Here again further opening 
actions result, and the process is continued right 
through the machine, when the resulting cotton is 
free from the foreign matter it originally contained. 
The grids surrounding the revolving system contain 
a great number of holes, which are shaped so that 
the dirt thrown through them falls outside and is 
not liable to be drawn again into the machine. A 
guide pulley system ensures that the rope drive is 
éffective in causing the revolution of the vertical 
spindle without any tendency to leave the main 
pulley. 

The lattice feeding machine shown in Fig. 10, on 
page 12, is of the Platt and Wilkinson type, and is 
used in connection with the various opening and 
cleaning machines. In this machine the feed 
rollers and delivery trunk are both on one side of 
the machine. The example shown has a cylinder 
of 24-in. diameter provided with strong combing 
blades. An improvement is to be noted in the 
grid construction of the machine, as the old arrange- 
ment of having them extended to about one- 
quarter of the circumference of the cylinder has 
been replaced by a new type which covers about 
three-quarters of the cylinder. Spacing blocks and 
grid bar circles are also introduced to allow easy 
setting of the grids. When used witha bale breaker 
and Crighton opener this lattice feeding machine is 
used for cleaning purposes only, but when fitted 
in association with an exhaust opener lap machine, 
of which a description will be given later on in this 
article, it is fitted with a regulator which ensures 
the passage from it of an even sheet of lap 
cotton. 

Great economies may be effected in mill working 
if all soft waste can be treated to put it in open 
fleecy condition to permit it being mixed with 
raw cotton and with it be converted into yarn. A 
machine such as makes possible the opening of 
waste is shown in Fig. 11, which actually illustrates 
a roving waste opening machine made by Messrs. 
Platt Brothers and Co., Limited. This machine 
has a 24-in. diameter spiked lag cylinder on roller 
bearings. The waste is placed on a lattice and is 
carried forward to the feed roller and is then sub- 
jected to the treating action given by the spiked 
cylinder, and, after beating, is finally passed out of 
the machine. In a general combination of machines 
it may be connected to an exhaust opener by means 


of a pipe, so that an even amount of opened waste 
may be passed out regularly blended with the opened 
cotton. 

Fig. 12 shows an exhaust opener lap machine 
with Platt and Wilkinson’s inlet to exhaust cylinder. 
The exhaust cylinder of this machine is used to 
furnish the suction for the cotton through a lattice 
feeder machine, a Crighton cylinder and dust trunk. 
The exhaust cylinder in conjunction with the cage 
fan delivers the cotton in a level fleece on the cages. 
From here it passes through between feed rollers, 
from which it is acted upon by a bladed beater or 
combed by a striker cylinder to take out the re- 
maining impurities, after which it is passed between 
the lap end cages to the calendar rolls, where it is 
formed into a firm level lap roll. When first set 
to work the lap sheet may be found to be thicker 
at the one side than at the other. To correct the 
working, adjustment is possible, as the inlet to 
the exhaust cylinder can be moved to any extent up 
to 24 in. out of centre, to either side of the machine, 
for the purpose. The capacity of the machine shown 
is between 500 lb. to 700 lb. per hour, according to 
the type of cotton in use. 

The scutcher is a machine in which generally 
four laps from the opener are placed upon the feed 
part, and are formed into regular even laps for 
carding. As the production of this type of machine 
is only about one-half of that of the opener, and 
sometimes less, the regulating roller is always 
worked at a very slow speed, which permits any 
irregularity of the four laps passing under it to be 
easily compensated for by the regulating motion 
moving a pair of coned drums on which the belt 
runs. Each lap taken from the finishing scutcher 
is weighed, and only a small variation is permitted. 
In place of a bladed type of beater the machine 
shown in Fig. 13 has a striker cylinder of 18 in. 
diameter arranged on roller bearings. 


(To bz continued.) 


B.T.H. AUTOMATIC SUB-STATION EQUIP- 
MENT AT THE BRITISH - EMPIRE 
EXHIBITION. 


From the point of view of the number of firms which 
display it, switchgear may he looked upon as one of the 
most important types of exhibit in the electrical class 
at the British Empire Exhibition. Much progress has 
been made in its design in recent years, and a very 
important new field has been entered by the develop- 
ment of gear for the automatic control of sub-stations. 
The Exhibition forms, we think, the first occasion on 
which an extensive display of such gear by various 
makers has been brought together in this country. 
Among the important gears of this class, which have 
been applied to a very considerable extent in practice, 
that manufactured by the British Thomson-Houston 
Company, Limited, of Rugby, takes a high place. A 
sub-station fitted with this gear may be left quite 
unattended, no matter what the operating conditions, 
the gear automatically controlling the starting up and 
shutting down of the rotary plant. Full protection is 
afforded, and the control is not only equal to, but is 
better than, that afforded by skilled attendance. 

Experience up to the present is that there are no 
operating conditions which cannot satisfactorily be dealt, 
with by automatic gear, and arrangements may, for 
instance, be made so that the machines in an automatic 
sub-station are started up when the load demand 
reaches a pre-determined value, or when a manually- 
operated master control switch is closed in some distant 
control room, The machines may alse be started up 
by a time-switch or by the closing of a high-tension 
feeder switch at the power station, or some other point. 
When there are two automatic units in one station, the 
first may be started up by any of these methods and 
the second then brought into service when the load 
becomes too great for the first, while the gear can be 
arranged so that the inspector on his periodic visits to 
the station can change over the order in which the 
machines start up, so that the total running time is 
fairly distributed between the units. Triple unit 
installations may be arranged on similar lines. 

The advantages of automatic sub-stations are many. 
As there is no continuous attendance, a simple type of 
building is all that is necessary, and not only are labour 
charges eliminated, but also various incidental ex- 
penses, as, for instance, those for lighting and fuel. It 


is, however, probably in connection with direct-current 


distribution costs that the greatest savings lie. In- 
expensive sub-stations requiring no attendance can 
be placed at various load centres in such a way that 
very important savings in low-tension feeders may be 


made, and it will usually be found that the copper 
saving considerably outweighs the cost of the automatic 
gear. This application of automatic sub-stations will 
frequently allow of over-loaded distribution networks 
being relieved and made capable of carrying increased 
loads, without any further expenditure on distribution 
cables, by placing automatic sub-stations at new 
feeding points. 

The type of control which is arranged for with 
automatic sub-station gear varies with the type of 
service which is being given, and, for instance, on 
traction service, when it is not generally required to 
keep the direct-current voltage within such close limits 
as are necessary for lighting systems, it is usual to 
arrange, with rotary converters, for manual setting 
of the field rheostat. This is arranged to give normal 
voltage on to machine and is left permanently in the 
position in which it has been set by hand. The rotary, 
being conipound wound, keeps up the voltage when 
the load comes on, and is under load control only. 
With motor generators on traction service load control 
only is also usually sufficient, but when desirable, as is 
sometimes the case on high voltage direct-current 
installations, voltage control may also be employed. 
For general lighting and power service the addition 
of voltage contro] is usually essential, and a motor- 
operated field rheostat is incorporated in the equip- 
ment. 

The automatic control schemes necessarily involve 
a number of relays, contactors, &c., and dealing with 
the whole question in a broad way it is not necessary 
nor desirable to give a complete enumeration and 
description of all the items of equipment involved. 
A general idea of the working of the systems may be 
given and understood without any recourse to diagrams 
of connections or minute descriptions of relays. Load 
control only, which is generally all that is necessary 
for traction stations, is the simplest arrangement and 
may be dealt with first. We may consider a compound- 
wound rotary converter station as a characteristic 
example. The necessary gear in the station, in 
addition to the machine itself, consists of a transformer 
and high and low tension switchgear, the high-tension 
gear comprising an oil circuit-breaker and control 
transformer for supplying alternating current for the 
control circuits, and the low-tension gear covering 
an alternating current starting and running panel, 
a relay panel and a direct-current control panel. 
Sequence of operations is controlled by a motor-driven 
master controller which is a robust mechanical device 
and eliminates any necessity for numerous interlocking 
contacts on the contactors. 

The automatically controlled rotary is started up 
as soon as the demand for power reaches a predeter- 
mined value, which is indicated by the fall in the direct- 
current line voltage. This voltage operates a master 
starting element which closes its contact and energises 
a master control contactor through a time-element 
relay. The purpose of this relay is to prevent the 
equipment starting-up due to momentary fluctuations 
of line voltage. The closing of the master control 
contactor causes the motor-operated controller to 
rotate, thereby closing the high-tension oil circuit- 
breaker and energising the main power transformer. 
Further rotation of the controller closes the starting 
contactor, and at the same time connects an auxiliary 
field winding on the rotary converter to an auxiliary 
generator which is driven from the rotary converter 
shaft. The starting contactor then energises the 
starting motor and the machine starts. At this point 
the controller stops and waits for the machine to 
synchronise. 

As the rotary converter accelerates the auxiliary 
generator builds up its voltage, thus energising the 
auxiliary field winding and fixing the polarity of the 
machine. When the voltage of the generator attains 
approximately 80 per cent. of normal it causes a syn- 
chronising field contactor to close and adjust the 
resistance in the main field of the rotary converter 
to the correct value for synchronising. When 
synchronism is reached a synchronous-speed in- 
dicating relay operates and re-starts the master 
controller, thus closing the running contactor and 
connecting the machine direct to the transformer, 
while the field strength of the rotary converter is 
adjusted to the correct value for paralleling by the 
closing of the full field contactor. This is followed 
by the opening of the starting contactor. This 
latter it will be noticed does not break circuit with 
current flowing. It is only called upon to make circuit 
under these conditions. At the same time as the start- 
ing contactor opens, the auxiliary field winding is dis- 
connected from the auxiliary generator and the machine 
is ready for connecting to the direct current busbar. 
The master controller continuing its travel then 
closes the machine high-speed circuit breaker and then 
the line contactor, thus connecting the rotary con- 
verter to.the busbar. The master controller then 
comes to rest in the running position in which it remains 
until the machine is shut down. The rotary converter 
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then continues to run and supplies power until it is 
shut down by an underload or by the operation of one 
of the protective devices. 

When the load on the machine falls to a predeter- 
mined value an underload relay operates and energises 
a time-delay stop relay. The time-delay feature is 
incorporated to prevent a shut-down due to momen- 
tary fluctuations of load. When the time delay of the 
relay has expired the relay operates and interrupts 
the coil circuit of the master control contactor, thus 
causing it to open. This in turn causes the immediate 
disconnection of the machine from the direct current 
busbars by interrupting the coil circuit of the high- 
speed circuit breaker and line contactor. A normally 
closed contact on the master control contactor pro- 
vides a circuit to ensure that the master controller is 
immediately rotated to the off position. As this 
controller rotates to the off position it interrupts the 
coil circuit of the running contactor, thus disconnecting 
the machine from the power transformer, it also com- 
pletes the trip coil circuit of the high-tension oil cireuit- 
breaker, which trips, thereby disconnecting the power 
transformer from the main supply. The master con- 
troller finally comes to rest in the off position, and the 
equipment is then ready to re-start when required. 
Although these operations of starting up and closing 
down sound complicated in detail description they are 
actually quite straightforward and occupy but a very 
short time. The equipment will start up and put a 
rotary converter on load in a period varying from 30 
to 45 seconds depending on the characteristics of the 
machine. 

Some characteristic examples of this automatic 
substation gear are illustrated on Plate VII and page 
16, Fig. 1 on Plate VII showing a simple rotary converter 
with the starting and running panel fixed in front of 
the oil-cooled power transformer. The high-tension 
oil switch cubicle can be seen on the far side of the 
transformer. The starting motor for the machine and 
the auxiliary generator, driven from the rotary shaft, 
which energises the auxiliary field winding can clearly 
be seen in the figure. The second example, illustrated 
in Fig. 2, shows the automatic gear for a railway 
sub-station containing two 1,200 kw. 600-630 volt 
self-synchronising rotary converters. The relay con- 
trol panels can be seen in the foreground and beyond 
them a panel for controlling four feeders. 

This automatic gear is fully provided with control 
and protective devices. Of these one of the most 
important is the high-speed circuit breaker two views 
of which are given in Figs. 3 and4on page 16. Fig. 3 
shows the breaker in normal operating position, but 
with one of the are shields removed to expose the horn 
break. Fig. 4 shows the way in which theiarc shields may 
be lifted for inspection of the contents. This breaker 
has already been referred to in connection with the 
normal operation of starting-up or shutting down. 
When excessive overload occurs this high-speed breaker 
opens and inserts a limiting resistance in the machine 
circuit, while by means of an electrical interlock on 
the breaker the live contactor is opened and dis- 
connects the machine from the busbars. After a 
short time interval the breaker re-closes, and if the 
trouble has disappeared remains closed. If, however, 
the overload persists the breaker again trips, reclosing 
as before after a time interval. The breaker is con- 
trolled by a repeat action relay which can be set for 
any number of * notches” from one to six. The relay 
takes a notch for each time the breaker opens and is 
provided with a timing device. Should the breaker 
remain closed for a period equal to the time setting 
the notches are reclaimed, but if the breaker continues 
to open without notches being reclaimed the relay, 
on taking its last notch, operates its contacts and locks 
the breaker open until the trouble has been investigated 
and the relay re-set byhand. These breakers with their 
attendant relays are used for the protection of feeders 
as well as for machines, and such an application is 
illustrated in Fig. 5, which shows a board of four auto- 
matic 2,000-amp. 600-630-volt feeder panels in a 
railway sub-station. These high-speed breakers are 
usually mounted on a gallery well away from the 
other gear, as in this example. When feeders are 
fitted with this gear it is usual to set the relays for 
three notches and the corresponding relay on the 
machine panel for four notches, so that, after three 
attempts to close, a faulty feeder is permanently 
locked out and the machine can continue to supply 
the remaining sound feeders. 

It will not be necessary to attempt to describe in 
any detail the remaining protective devices which are 
incorporated in the gear, but brief reference should be 
made tothem. Overspeed of the rotary is looked after 
by an overspeed device which shuts it down and locks 
it out of commission until it is inspected. A low- 
voltage relay prevents the machine starting if the 
A.C. voltage is too low, and the same relay shuts it 
down should the voltage fail during running. The 
relay, however, re-sets itself and allows the machine 
to start when the voltage is restored. The machine is 
also prevented from starting unless all three phases 


of the high-tension supply are energised, this protection 
being obtained by a single-phase starting protective 
relay. In the event of stalling by the automatic 
control failing to connect the machine to the D.C. 
bars in a predetermined time, the rotary is shut down 
and locked out pending investigation. A temperature 
relay,with the same heating and cooling characteristics, 
as the machine, shuts down when the temperature of 
the machine has, owing to a sustained overload, risen 
toa predetermined value. The relay allows the machine 
to start when the latter is sufficiently cooled. Further 
temperature relays shut down the machine in the 
event of the bearings becoming overheated. Loss of 
supply for the D.C. control circuits and D.C. earth 
leakage are also protected against, as also are over- 
heating of the starting motor, the flow of reverse power 
and overload or earth-leakage on the A.C. side. The 
machine cannot run with wrong polarity since it is 
provided with an auxiliary field winding which is 
separately excited from the auxiliary generator 
during starting. This winding is entirely disconnected 
from the auxiliary generator before the rotary is 
connected to the D.C. bars, and there is therefore no 
danger of the polarity of the generator being reversed 
by heavy fault reacting through the auxiliary field 
to the auxiliary generator. 

The arrangements we have so far been dealing with 
concern rotary converters under load control only. 
Muchthe same arrangements apply to motor-generators, 
and it is not necessary to deal with them specifically. 
Similarly, when machines are under both load control 
and voltage control, the load control] gear is much 
as described above. Extra gear is, however, required 
for the voltage control. This consists essentially of 
a motor-operated field rheostat with appropriate relays. 
During the process of starting the rheostat moves 
to the ‘“‘all-in”’ position, and as the controller, the action 
of which was described earlier, reaches the running 
position, a voltage equalising relay causes the field 
rheostat arm to rotate from the “ all-resistance-in ”’ 
position until the voltage of the machine is equal 
to, or slightly greater than, that of the line. The relay 
then operates and closes an auxiliary contactor, 
which permits the tine contactors to close. When the 
machine is connected to the line, a voltage regulating 
relay controls the voltage. 


LETTERS TO THE EDITOR. 


«THE TRANSVERTER.” 
To THE EpIToR OF ENGINEERING. 

Srr,—In the interests of A.C. Transmission, I really 
think I cannot let Mr. Highfield’s first statement in his 
last letter to your paper pass unchallenged. No doubt 
every engineer will agree that, in the transmission 
line itself, particularly in the matter of underground 
cables, D.C. has distinct advantages over A.C., but 
when it comes to speaking of transmission in 
general terms the term is to he understood to include 
not only the line hut the means for getting the required 
high-potential direct current for passing through that 
line; and until something equivalent to the static 
transformer, both in high efficiency, in low capital 
cost, and absence of demand for continuous attention in 
operation, has been found, and whose efficiency shall 
be within, say, 1 per cent. of the static transformer 
(this being about the difference in line losses between 
D.C. and A.C.) I feel justified in stating positively that 
it cannot be said that D.C. for transmission is better 
than A.C. 

Mr. Highfield quotes the ‘overwhelming opinion 
of all engineers in favour of D.C. transmission,”’ but 
he perhaps is not aware that within the next few days 
at least one engineer of considerable eminence will be 
found stating publicly what I have just said above, 
and I have no doubt, had I been on the lookout for 
Same, a number of authorities could be mustered 
in favour of A.C. transmission equalling those 
supporting D.C. 

The Transverter with its 5 per cent. higher losses 
(T include both “‘ up” and “‘ down”’) than the static 
transformer cannot possibly at present compete with 
same where transmission of current is concerned for 
utilisation as A.C. current at the receiving end. 

Tam, Sir, yours faithfully, 
A. M. Tayuor, Major 8.0.2. 
* Slade Lodge,” Erdington, Birmingham, July 1, 1924. 


CLEANING WATER MAINS. 
To THE EDITOR OF ENGINEERING. 

S1r,—In an article which appeared in a recent issue 
of ENGINEERING (page 587 of your issue of May 2) 
describing apparatus for cleaning mains, it was said 
that the mains must either be cut or some other 
provision be made for getting the cleaning apparatus 
into and out of the mains. As it is an expensive job 
cutting pipes and making good again, it is often the 


custom, the article continued, to place hatch-boxes 
along the mains so that access may be had to the 
interior of the pipe. 

This, of course, is correct so far as it applies to 
pipelines in general, but cutting and making good the 
pipes or the fitting of expensive hatch boxes is unneces- 
sary on pipe lines fitted with Victaulic joints, as any 
one length of pipe may be removed and replaced quite 
easily without disturbing the rest of the line. 

Even on a 36 in. main, a Victaulic joint takes less 
than 20 minutes to fit, and the removal of two joints, 
each with 4 nuts, means only 8 nuts to be removed as 
compared with the great number used for the cover of a 
hatch box, with the added advantage that the whole 
pipe-end is open for inspection. With lines not fitted 
with Victaulic joints throughout, these advantages 
may be gained by the use of an occasional length 
fitted with Victauliec joints. 

In cases where it is not convenient to remove an 
ordinary length for cleaning or inspection, short 
lengths can be fitted. 

Yours truly, 
THE VicrauLic Company, LIMITED. 
Frank M. Wricut, 
Manager C. I. Pipe Department. 
28, Victoria-street, Westminster, June 25, 1924. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—So far as the engineering and heavy 
steel trades are concerned the new half-year has opened 
very quietly, and considerable improvement must be 
recorded if trading concerns are to unload the financial 
burden which they have assumed during the recent period 
of depression and emerge on a satisfactory basis. Rail- 
way and electrical enquiries hold out promise of big 
business if schemes under consideration in this and 
foreign countries mature, but at present the orders being 
booked are subject to the keenest possible prices, and 
though they provide a steadily expanding volume of work, 
the ratio of profit was rarely, if ever, lower. Makers of 
heavy machinery for steel works are carrying on steadily 
from month to month, though steelmakers and en- 
gineering concerns are unable to buy new plant as freely 
as they would wish, owing to the restricted resources 
at their command. Production in basic steel is on the 
down grade. Competition for new business becomes 
more intense, and the latest quotations, despite the 
benefit afforded by recent cuts in fuel costs, barely pay 
for the upkeep of gieatly extended plants. Orders from 
the shipbuilding yards for heavy forgings and castings 
are coming through in slightly better volume, though the 
general restriction of shipbuilding construction and 
particularly naval ship work as compared with pre-war 
requirements, makes progress exceedingly difficult in 
the face of exceptionally heavy rates and taxes. Pro- 
vincial and Colonial tramways are taking a slightly 
increased tonnage of manganese trackwork. Outputs of 
colliery equipment, castings and fittings for the building 
trade, railway furnishings, quarry and timber-working 
tools tend to grow. File works are moderately employed. 
Instances are to be found of saw manufacturers whose 
output is mortgaged for three to four months ahead. 


South Yorkshire Coal Trade.—Easier conditions char- 
acterise every section of the local market. An all round 
shrinkage in the demand is reflected in rising stocks at 
collieries. Exports of best steams are much below the 
average tonnage of three months ago, while deliveries 
on inland account are only moderate. There is a certain 
amount of forced selling without, however, any further 
reduction in official rates. Cobbles and nuts are difficult 
to market, but slacks are deriving benefit from restricted 
production. House coal quotations are maintained in 
face of an excess output. Quotations :—Best branch 
handpicked, 34s. to 35s.; Barnsley best Silkstone, 28s. 
to 29s.; Derbyshire best brights, 28s. to 30s. ; Derby- 
shire best house, 25s. to 27s.; Derbyshire best large 
nuts, 24s. to 25s.; Derbyshire best small nuts, 18s. 6d. 
to 20s. 6d.; Yorkshire hards, 23s. to 24s. ; Derbyshire 
hards, 21s. 6d. to 23s. 6d.; Rough slacks, 12s. 6d. to 
l5s. 6d. ; Nutty slacks, 12s. to 14s. ; Smalls, 8s. to 10s. 


Prrsonat.—Messrs. the Hoffman Manufacturing Co., 
Limited, Chelmsford, state that their Glasgow office 
has been removed from 62, Robertson-street to 192, 
West George-street, Glasgow, C.2. Their telephone 
number is ‘‘ Douglas 3869”; telegraphic address, 
remains ‘‘ Hoffmann, Glasgow.” 


OsBorRN’s WEATHERPROOF TRoN.—Messrs. Samuel 
Osborn and Company, Limited, Sheffield, inform us that 
they are now supplying another form of rustless material 
which they call ‘* Osborn’s Weatherproof Iron.’” Hitherto, 
the art of polishing has been against the use of rustless 
material. Such articles as bolts and nuts, and other 
fittings, where appearance is a secondary consideration, 
but where resistance to the weather is necessary, can be 
made in their weatherproof iron, the material being 
weather resisting in the condition in which they supply 
it. Their weatherproof iron is being used in large 
quantities for steam valve spindles; it resists super- 
heated steam better than any material they have 
previously made. It is also particularly suitable for the 
manufacture of castings. It is not quite so tough as 
their rustless plastic steel, but gives very good tensile 
results. 


Juy 4, 1924.] 


ENGINEERING. 


15 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrippuEesBrovuan, Wednesday. 


The Cleveland Iron Trade.—Businoss in Cleveland pig 


iron continues on a very limited scale, and values are 
still on the downward curve. 


market. 


endeavour to fix the price a little higher. 
is 87s. and No. 4 forge 86s. 


Hematite.—East Coast hematite is slow of sale, and 
Nos. 1, 2 and 3 are offered rather freely, 
but one or two producers quote above the normal figure, 


easy in price. 


Foreign Ore.—Absolute stagnation is reported so far 
Sellers still base market 


as foreign ore is concerned. 
rates on best rubio at 23s. c.i.f. Tees. 


Blast Purnace Coke.—Durham blast furnace coke is 
Good medium 
qualities are in the neighbourhood of 27s. delivered to 


fairly plentiful and demand is quiet. 


consumers here. 


Manufactured Iron and Steel—Unsatisfactory and dis- 
couraging accounts are given of most branches of the 
The outstanding 
Pro- 
ducers of these articles are fully booked for some months 
The export 
price of galvanised corrugated sheets (24 gauge, in 
For other descriptions of 
manufactured iron and steel, export figures are matters of 
negotiation, but producers adhere to the following agreed 
Common iron bars, 121. 10s. ; 
packing 
steel billets 
(medium), 10/.; steel billets (hard), 101. 5s. ; steel boiler 


manufactured iron and stee! industries. 
exception is the galvanised sheets department. 


ahead and they report demand unabated. 
bundles) is quite 187. 5s. 
rates to home customers : 
iron rivets, 141. 5s.; packing (parallel), 91. ; 
(tapered), 12/.; steel billets (soft), 91. ; 
plates, 13/7. 10s.; steel ship, bridge, and tank plates, 


107. 5s.; steel angles, 10/.: steel joists, 101. ; 
steel rails, 9/.; and fish plates, 131. 


Shipments of Iron and Steel.—Shipments of iron and 


steel from the Tees Ports last month totalled 85,777 tons, 
37,795 tons being pig iron, 2,153 tons manufactured iron, 
and 45,829 tons steel. 


the manufactured iron loaded, 1,049 tons went abroad 
and 1,104 tons went coastwise; and of the steel cleared, 
37,073 tons went abroad and 8,756 tons went coastwise. 


Scotland was the largest customer for pig iron, taking 


6,951 tons ; whilst Belgium received 6,353 tons ; Italy, 
5,180 tons: France, 4,419 tons; Germany, 4,215 tons ; 
and Wales 3,250 tons. 
buyer of steel, importing 12,371 tons. Other principal 
receivers of steel were: Argentine, 5,000 tons; Japan, 
2.838 tons; Natal, 2,326 tons; Victoria, 1,641 tons; 
and British East Africa, 1,409 tons. 


NOTES FROM THE SOUTH-WEST. . 
Carpirr, WEDNESDAY. 


The Coal Trade.—Rather more business has been 
transacted in the Welsh steam coal trade of late. With 
tonnage arriving more freely and freights on a cheaper 
basis in most trades, foreign buyers have come forward 
for supplies rather more freely. Coal prices, except as 
regards the very best qualities, which are scarce, have 
also shown an easy tendency, which has encouraged more 
buying. Moreover, foreign consumers are no ‘longer 
able to fall back on stocks accumulated when a national 
coal strike threatened. The possibility of German 
reparation supplies being cut off, or much curtailed, is also 
a factor which buyers of coal abroad cannot afford to 
ignore. Colliery owners generally expect a further 
recovery in exports, and, while several more small pits 
are being closed down as unremunerative, certain 
collieries recently stopped have been re-started. Ship- 
ments of coal as cargo last week totalled 528,598 tons, as 
compared with 418,468 tons in the previous week. Of 
the total, 179,599 tons were despatched to France, 
compared with 181,398 tons; 80,035 tons to Italy, 
against 33,452 tons; 59,423 tons to South America, 
against 63,408 tons ; 67,575 tons to Spain, against 28,436 
tons; 14,040 tons to Portugal, against 15,035 tons; 
21,599 tons to Greece, against 4,514 tons; 45,537 tons 
to British coaling depots, against 37,821 tons; and 
60,790 tons to unclassified countries, against 54,004 tons. 
Exports from Cardiff totalled 282,244 tons, against 
235,915 tons; Newport 125,701 tons, against 86,587 
tons ; Swansea 43,047 tons, against 63,769 tons; Port 
Talbot 74,583 tons, against 24,591 tons; and Llanelly 
3,023 tons, against 7,606 tons. Prices generally show 
irregularity. Owing to the comparative shortage of 
best Admiralty qualities, these are firm between 28s. 
and 29s. per ton f.o.b., but other qualities are relatively 
plentiful, and seconds range between 26s. 6d. and 28s. 
Monmouthshires are between 23s. 6d. and 26s. 6d., 
while smalls are usually weaker between 14s. and 18s. 
per ton f.o.b., according to quality. 


Iron and Steel——Exports of iron and steel products 


from South Wales, last week, totalled 19,809 tons, 


compared with 20,321 tons in the previous week. Ship- 
ments of tinplates were 8,100 tons against 10,222 tons ; 
blackplates 3,314 tons, against 6,933 tons; galvanised 
sheets 4,873 tons, against 1,937 tons; and other products 
3,522 tons, against 1,230 tons. 


With output in excess of 
needs, stocks are steadily accumulating, and there is 
keen competition for the few orders that come on the 
Merchants who have not fully disposed of their 
holdings, acquired on the rising market of three months 
ago, are cutting their losses and underselling makers. A 
few cheap parcels have been sold to Scotland, but there 
is now rather less pressure to dispose of holdings. No. 3 
g.m.b. is obtainable at 88s., and that may be given as the 
general market quotation, though there are makers who 
Foundry 4 


heavy 


Of the pigiron cleared, 25,452 
tons went abroad and 12,343 tons went coastwise; of 


India was once more the heaviest 


_ NOTES FROM THE NORTH. 

r = Guascow, Wednesday. 
Scottish Steel T’rade.—There have been no signs of any 
improvement in the Scottish steel trade this week, and 
little is now expected before the holidays. The latter 
commence this week in the Greenock and Port-Glasgow 
districts, and, shortly after work is resumed there, six 
works in the Glasgow district, including Motherwell, &c., 
close down. The demand for steel during the month of 
July is generally poor, but this year it is likely to be 
much less than usual. The past week has not brought 
out many specifications and only actual requirements are 
being asked for by consumers, although one of the home 
railway companies has been inquiring for a fair quantity of 
steel rails and fish plates this week. Otherinquiries do not 
amount to very much. Black sheet makers are fairly 
well employed on the lighter gauges, but the heavier 
sorts are not in much request. Galvanised sheets are 
the subject of good business at the moment. Prices are 
unchanged and are quoted as under :—Boiler plates, 
131. 10s. per ton ; ship plates, 101. 5s. per ton ; sections, 
107. per ton ; and sheets, 7 to }in., 12. 10s. per ton, all 
deadweight Glasgow stations. 


Malleable Iron Trade.—A quiet tone still prevails in 
the West of Scotland malleable-iron trade and plant 
can only be kept running on the day-to-day demand. 
Little forward business is being booked and the outlook 
for the future, is far from reassuring. Prices keep steady 
with ‘‘ Crown” bars quoted at 12/. 10s. per ton dead- 
weight Glasgow stations. A little improvement falls to 
be noted in the re-rolled steel branch. 


Scottish Pig-Iron Trade—There is practically no 
change to report in connection with the Scottish pig-iron 
trade this week. The demand is poor as both home and 
export buyers are placing few orders, and these are 
mostly of a limited nature. Unless business increases 
to a considerable extent before long it is anticipated that 
when the furnaces are put off for the holidays they will 
not be re-lighted until there is an accumulation of orders. 
Prices are again a turn easier and mark a slight reduc- 
tion over the week. They are as follow :—Hematite, 
51. per ton deadweight at the steel works ; foundry iron 
No. 1, 5l. 1s. 3d. per ton, and No. 3, 4/. 16s. 3d. per ton, 
both on trucks at makers’ yards. 

Scottish Shipbuilding.—The shipbuilding industry in 
Scotland has been doing rather better recently, and there 
has been considerably more activity in the yards. This 
is clearly shown by the returns of vessels launched during 
the past month or two, but owing to the higher costs of 
production now prevailing the price required for new 
tonnage has had of necessity to be raised, with the result 
that fresh contracts are rather scarcer. About a dozen 
new orders were officially reported for the past month, 
but it is highly probable that one or two others were also 
secured although not yet intimated. The following are 
the figures of vessels launched during the month of June, 
and the totals for the year to date :— 


June. Six Months. 
, Vessels. Tons. Vessels. Tons. 

The Clyde ... We 21 70,071 118 254,367 
The Forth ... was 2 4,615 10 18,308 
The Tay ... eo — 2 3,000 
The Dee and Moray 

Firth ae aa 3 2,785 By! 10,785 

Totals 26 77,471 141 286,460 


The figures for the Clyde for the month, which are 
well over the average for the month of June, were con- 
siderably helped by the 20,000 tons of the screw motor 
liner Aorangi, and only on three other occasions during 
the past decade has the June output been over the 
70,000 ton mark. The total for the year to date is very 
satisfactory, and shows that quite a fair amount of 
activity has been going on at the Clyde yards. It com- 
pares favourably with other years, excepting, of course, 
the record year of 1913, when the total for the corre- 
sponding period was 348,476 tons, representing 127 vessels 
launched. 


Conrracrs.—Messrs. Sir W. G. Armstrong, Whit- 
worth and Co., Limited, have secured an order for 
37 heavy main line locomotives for the Bengal-Nagpur 
Railway. These locomotives are intended for goods 
traffic; they are of the 2-8-0 superheater type, with 
six-wheeled tenders for a gauge of 5 ft. 6 in., and will 
weigh, in working order, about 113 tons. The contract 
has been secured in the face of very keen foreign com- 
petition. The engines will be built at the firm’s Scots- 
wood works, Newcastle-on-Tyne, and it is anticipated 
that some of them will be shipped in running order in 
accordance with the firm’s usual practice. 


Tue tATE Mr. JonN HvuGuHeEs.—A mining engineer 
who was associated with some of the important 
colliery developments in the South Staffordshire coal- 
field, Mr. John Hughes, died in his 89th year on Saturday 
last. He was the last survivor of the pioneers who 
founded, in 1867, the South Staffordshire and East 
Worcestershire Mining Engineers’ Association, and was 
a member of the Institution of Mining Engineers for 
nearly 60 years. Mr. Hughes was chief mining engineer 
to the Earl of Dudley, in which capacity his deductions 
from an unusual type of fault in one of the Dudley pits 
indicated to him the existence of a thick coal seam 
outside the limits of the then existing coalfield. This 
discovery in 1894 led to the important colliery develop- 
ments at Baggeridge. For over half a century Mr. 
Hughes took a large part in public affairs and was for 
three years Mayor of Dudley. 


NOTICES OF MEETINGS. 


THe Instirurion or MeEcHANICAL ENGINEERS.— 
Saturday, July 5, at 11.30 a.m., at Storey’s-gate, 8.W.1. 
Extra General Meeting. Joint meeting with the Institu- 
tion of Civil Engineers. ‘‘ Draft Standard Test Code for 
Hydraulic Power Plents.’’ Drawn up by a joint com- 
mittee of the Institutions of Civil and Mechanical 
Engineers. 


THE Wuitworrta Socirry.—Tuesday, July 8. 
Summer meeting. At 6.30 for 7 p.m. Dinner at the 
Holborn Restaurant, London. 


THE Insrirution or Crvin ENGInrERs.—Tuesday, 
July 8, at 8.30 p.m., at Great Georgo-street, S.W.1. 
The 30th, James Forrest Lecture, entitled ‘* Electrical 
Progress and its Unsolved Problems,” by Professor 
Elihu Thomson, M.Inst.C.—. Wednesday, July 9, 
from $8 to 11.30 p.m. Conversazione. Thursday, 
July 10, at 4.30 p.m. Presentation of the Kelvin Medal, 
1923, to Professor Elihu Thomson. 


THE Ravio Soctrry or Great Brirain.—Wednesday, 
July 9, at 6 p.m., at the Institution of Electrical 
Engineers, Victoria-embankment, W.C.2. Informal meet- 
ing. Mr. P. R. Coursey will give a talk on the “‘ Manu- 
facture of Condensers.” 


Tur Institution of Santrary Enarngers.—-Monday, 
July 7, to Thursday, July 10. International Conference 
on Sanitary Engineering at the Royal United Service 
Institution, Whitehall, S.W.1. Monday, July 7, at 
10 am. Opening of conference by the Minister of 
Health. Three papers dealing with Public Health 
Administration. At 2 p.m., three papers on Preven- 
tion of Malaria, &e.; at 4 p.m., ‘ Electrically-driven 
Centrifugal Pumps for Water Supply and Sewage Dis: 
posal,” by John Bergstrom. Tuesday. July 8, at 10 
a.m., ten papers dealing with Activated Sludge. Wednes- 
day, July 9, at 10 a.m. Five papers on Sewerage. At 
2 p.m. Seven papers on Disposal of Sewage and 
Trade Wastes. Thursday, July 10, at 10 a.m. Five 
papers dealing with Plumbing and House Drainage. At 
2p.m. Three papers on Refuse Disposal. At 3.30 p.m, 
Four papers on Water Supply. 


THE Royat AERONAUTICAL Society.—At a meeting of 
the Council of the society held on June 17 last, Lieut.-Col. 
H. T. Tizard was elected Chairman for the ensuing 
session and will assume office on October 1. 


THe Roya Sanirary Instrrure.—The thirty-fifth 
congress of this Institute is to be held in Liverpool from 
the 14th to the 19th inst., under the presidency of the 
Marquess of Salisbury. The subjects covered by the 
papers to be read and discussed cover hygiene, sanitation, 
housing, ship sanitation, &c. A health exhibition is to 
be held in connection with the Congress. 


THE GrNERAL ELEcTRIC Company, Limitep.—The 
annual report of the General Electric Company, Limited, 
for the year ending March 31, 1924, indicates satisfac- 
tory progress. The company made a trading profit of 
835,561/., which, after paying interest upon debentures 
and preference shares, permits 5 per cent. to be paid to 
the ordinary shareholders and 212,0001., subject to 
corporation profits tax, to be carried forward. The 
capital of the company is 6,000,000/. and its employees 
now exceed 17,000, better business conditions having 
permitted an increase of over 2,000 during the past 
year. 


Tue Royat Air Force Apriat Paaguant.—Aerial 
races, exhibitions of trick flying and formation flying, 
and demonstrations of the methods employed in aerial 
warfare constituted the principal events of the Royal Air 
Force Aerial Pageant, held at Hendon Aerodrome on 
Saturday, June 28. A number of new and experimental 
types of service machines were shown on the ground and 
in the air, but perhaps the most attractive item, from the 
point of view of the general public, was the very passable 
representation of the destruction, by means of torpedoes 
dropped from Dart torpedo-carrying machines, of an 
armed enemy merchant cruiser while in the act of holding 
up a cargo steamer. The Pageant is held each year in 
connection with the Royal Air Force annual training 
and the proceeds are devoted to the Air Force Memorial 
Fund. 


Science SCHOLARSHIP EXAMINATIONS FOR 1925.—The 
Board of Education have now issued the syllabus for the 
science scholarship examinations to be held in 1925. 
The syllabus can be obtained from any branch of H.M. 
Stationery Office, or through any bookseller, price 6d. 
Scholarships will be awarded in five groups of subjects, 
viz., Engineering, Physics, Chemistry, Biology and 
Geology, and will be tenable at the Imperial College of 
Science, South Kensington. In this new syllabus the 
Board retain the provision by which inhabitants of 
villages and the smaller towns are definitely considered 
ineligible for these scholarships, since only those who 
have taken laboratory courses at a technical school 
will be accepted as candidates. This regulation gave 
rise to strong criticism when first promulgated and has 
not yet been the subject of a reasoned defence, either 
official or unofficial. It is obvious that a candidate 
who by private study could secure one of these scholar- 
ships would have to be of somewhat exceptional 
ability, but this consideration seems to weigh less with 
the Board of Education than the interests of teachers. 
It is evident that neither a Faraday nor an Oliver 
Heaviside would receive any encouragement from the 
Board of Education as at present constituted. 
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AUTOMATIC ‘SUB-STATION GEAR; BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY THE BRITISH THOMSON-HOUSTON COMPANY, LIMITED, ENGINEERS, RUGBY. 


(For Description, see Page 13.) 


Fie. 3. Higu-Sprep OCrrcurt-BREAKER IN 


THE INTERNATIONAL LIFE-BOAT 
CONFERENCE. 


Unpber the auspices of the Royal National Life-Boat 
Institution, which celebrates its centenary this year, 
a Conference was held in the Westminster City Hall 
from June 30 to July 3, of representatives from 
the various Kuropean life-boat services. Technical 
and financial aspects of the question of life-saving at 
sea’ came up for discussion between the different 
authorities concerned. The proceedings included an 
inspection by Admiral of the Fleet Sir Doveton Sturdee, 
of typical boats from the British, Dutch, Danish, 
Swedish, French and Norwegian fleets, which were 
assembled in the Thames, off the Temple steps. 

A very favourable impression was created by the 
William and Kate Johnston, of New Brighton (on the 
Mersey), the new British Barnett twin-screw motor 
life-boat. Fitted with two 90-h.p. engines she can 
maintain a speed of 10 knots. Her equipment includes 
a searchlight, jumping net, and oil-wave subduer, the 
latter permitting of an oil layer 2 ft. broad being 
squirted around the vessel on the water surface. A 
B.S.A. line-throwing shoulder gun is fitted, having a 
range of 80 yards. A technical description of this boat 
appeared in our issue of April 21, 1922. The other 
British representative, the J. W. Archer, of Teesmouth, 
is a Watson (cabin) motor boat of 45 ft. length, and is 
fitted with a single 90-h.p. motor. Of the European 
units, the Dutch Brandaris attracted much attention, 
and received the commendation of the Admiral. She 
is a twin-screw motor boat of 60 ft..length, fitted with 
a semi-Diesel opposed twin-cylindered de Booy engine 
of 90 h.p. The vessel is one year old and is one of 
eleven motor boats possessed by the Dutch. The 
other vessels on view were the Dutch low-draft steam- 
boat Prins der Nederlanden, of 55 ft. length, the 
Danish 36 ft. motor boat Anholt Hayn, the Swedish 
Justus A. Waller, 62 ft. in length, with an auxiliary 
motor, the French Calais Station, a 36 ft. twin-motor 
boat, and the Norwegian Christian Boers, the last a 
sturdy 50 ft. sailing vessel used for long range cruising 
in the fisheries. 


OPERATING POSITION. Fia. 4. 


HicH-Sprep Crrcuit-BREAKER witH ARC SHIELD LIFTED. 


Fie. 5. 


Boarp ContTAtntinGg Four 2,000-Amp. Auromatic FrrppR PANELS. 


Directory or Paper Makers, 1924.—This directory | giving the classes of paper manufactured, the plant of the 
for the current year, the 48th annual edition, published | works, the output, &c. ; similar information is given con- 
at the price of 5s. net, 5s. 6d. post free in the United | cerning paper enamellers, surfacers, &c. ; other sections 
Kingdom, by Messrs. Marchant Singer and Co., 47, | cover paper mills, lists of makes, trade designations, &c. 
St. Mary Axe, E.C. 3, contains an alphabetical list of |The paper trade customs, the sizes of papers, &c., form 
paper makers in England, Wales, Scotland and Ireland, | the subjects of separate chapters. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, 
W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRKESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC | ‘* ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 

TELEPHONE NuMBERS—3663 and 8598 GERRARD. 

SUBSCRIPTIONS, HOME AND FOREIGN. 

“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 


For the United Kingdom  .................... £3 5 0 
For Canada— 
Thin paper copies ............:cecceee £2 18 6 
Thick paper copies.................::1++ £3 3 0 
For all other places abroad— : 
Thin paper copies...................-c.- £3 3 0 
Thick paper copies.................0+ £3, Ale G 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 

When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 

The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shilings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
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SHORT-WAVE RADIO COMMUNICATION. 


In view of the fact that the earliest experiments 
on the propagation and reception of electric waves 
were carried out by Hertz with waves only a 
metre or so in length, it is perhaps rather remarkable 
that the subsequent utilisation of these waves as 
a practical means of communication over long 
distances has been almost entirely confined to 
waves of several hundreds, or even thousands, of 
metres in length. Hertz himself showed that 
electric waves could be reflected, and it is obvious 
that a more or less parallel beam of waves produced 
by reflection would have considerable advantages 
over waves radiated equally in all directions, 
particularly in reducing the power required to cover 
a given distance, reducing interference between 
different stations, and reducing the possibility of 
messages being picked up by unauthorised persons. 
For reflection to be possible, however, short waves 
are essential, since the aperture of the reflector 
must be equal to at least three or four wave-lengths. 
It would thus be impracticable to construct a 
reflector to deal with the waves varying from 1,000 
metres to 25,000 metres in length at present used 
in long-distance radiotelegraphy. 

The beam system, employing short waves and 
reflectors, was employed by Senator G. Marconi in 
some of his first experiments in this country over 
28 years ago, and the advantages of the system 
were further referred to by him in a paper before 
the Institution of Electrical Engineers in March, 
1899. Since that time, until comparatively recently, 
however, but little research work on the applica- 
tion of short waves to radio communication has 
been carried out. This apparent neglect was largely 
due to the difficulty of producing short waves of 
sufficient power, and also to the supposed high at- 
tenuation of the waves when transmitted over any 


considerable distance of land or sea. The diffi- 
culties of producing and receiving these waves 
have now been practically overcome by modern 
valve apparatus, and that many of the objections 
raised to their use were more apparent than real 
has been amply demonstrated by the recent experi- 
mental work of Senator Marconi and Mr. C, 5S. 
Frankin. Some particulars of this work were given 
in an interesting and important paper read by the 
former before the Royal Socjety of Arts on 
Wednesday last. 

The most important of the experiments described 
were carried out between Poldhu in Cornwall and 
the s.y. Elettra in various localities, the wave- 
length used being of the order of 100 metres. These 
experiments, in Senator Marconi’s opinion, prove 
that the general impression prevailing amongst 
experts as to the behaviour of short waves is 
erroneous in several important respects. For the 
wave-length mentioned, the observations indicate 
that the day ranges are reliable and considerable, 
and that the night ranges are much greater than 
had been anticipated. It was also demonstrated 
that intervening land did not present any serious 
obstacle to the propagation of the waves. Another 
important fact has transpired with respect to day 
ranges ; it has been established that the strength 
of signals received during the hours of daylight 
varies definitely and regularly in inverse proportion 
to the mean altitude of the sun above the horizon 
in the region intervening between the transmitting 
and receiving stations. 

In one series of tests referred to in the paper, 
the transmitting apparatus at Poldhu consisted of 
eight standard M.T.2 valves worked in parallel, 
the input to the valves amounting to 12 kw. The 
radiation obtained was about 9 kw. at 97 metres 
wave length. With a parabolic reflector directed 
towards Cape Verde, the measured signal strength 
in that direction proved to be equal to that which 
would have been received from an aerial radiating 
120 kw. without a reflector. After preliminary 
tests carried out on the Elettra in Falmouth 
Harbour, the vessel proceeded to Cape Finisterre, 
and a series of tests was carried out with the re- 
flector at Poldhu dismantled. After rounding 
Cape Finisterre, it was anticipated that the inter- 
vening land would have cut off signals during 
the day-time and greatly weakened them at night, 
but this was found not to be the case. Signals 
however, were weakened during the day according 
to the distance and to the altitude of the sun, but 
were clearly received off Seville, which is 780 miles 
from Poldhu, after having traversed practically the 
whole of Spain consisting of over 300 miles of high 
and mountainous country. Night signals were 
always particularly powerful. Good signals were 
afterwards secured in daylight at Gibraltar, 
Tangiers and Casablanca, the latter situated 970 
miles from Poldhu. 

For the subsequent tests, the reflector at Poldhu 
was brought into use, and the yacht proceeded to 
St. Vincent, Cape Verde Islands, where it was 
found that reception was still possible in daylight 
for a few hours after sunrise and for some time 
before sunset, although the anchorage was _par- 
tially screened by mountains ; the distance covered 
was about 2,230 nautical miles. Night signals 
could always be received at St. Vincent even with 
the receiving aerial disconnected. The strength of 
these night signals was estimated at 80 to 100 
microvolts per metre length of the aerial, and 
with this signal strength no trouble was ex- 
perienced from atmospheric disturbances. | The 
power of the Poldhu transmitting station was then 
gradually reduced from 12 kw. to 1 kw., and even 
with the latter power, Senator Marconi stated, the 
signals received at St. Vincent were stronger than 
would be necessary for commercial communication. 
The signals with 1 kw. were, in fact, considerably 
stronger than those received from Carnarvon or 
from any other high-power European or American 
station. As a result of these tests, Senator Marconi 
is satisfied that reliable commercial services for a 
considerable portion of the 24 hours of a day could 
be carried on over distances of at least 2,300 
nautical miles using only 1 kw. of energy at the 
transmitting station. 

On the conclusion of these experiments, which 
were carried out in April and May of last year, the 
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transmitting apparatus at Poldhu was improved and 
the power increased to about 20 kw. Further 
experiments have been carried on since February 
of this year, at first with a short-wave receiver 
installed on the ss. Cedric and employed on a 
journey to New York and back. No reflectors of 
any kind were used for the experiments which were 
carried out on a wave length of 92 metres with an 
input-power of 21 kw. giving a radiation of about 
17 kw. The results showed that signals could be 
received in daylight up to a distance of 1,400 nautical 
miles. Signals of great intensity were received at 
Long Island during periods of darkness extending 
over the whole distance between the transmitting 
and receiving stations, and of less intensity when the 
sun was above the horizon at either end. The 
variation of the intensity of the received signals 
inversely as the mean altitude of the sun above the 
horizon, was amply confirmed. In connection with 
these tests it is particularly interesting to note that 
the signals transmitted from Poldhu were received 
quite clearly in Sydney, N.S.W., every day from 
5 p.m. to 9 p.m. G.M.T., and also between 6.30 
a.m. and 8.30 a.m. At Montreal, good reception was 
found to be possible for 16 hours out of the 24. 

In consequence of the rather unexpected reception 
of those signals in Australia, it was decided to attempt 
to communicate with that country by wireless 
telephony. For this purpose, the power was further 
increased to a total of 28 kw. of which 18 kw. was 
supplied to the main oscillating valves, 8 kw. to 
the modulating valves, and 2 kw. to the drive 
valves, the object of which is to keep the wave length 
steady. The wave length used was again 92 m., 
and no reflectors were employed. In spite of the 
fact that the apparatus used was of a rather ex- 
perimental character, ordinary speech transmitted 
from Poldhu was successfully received on May 30 
last, the date of the first attempt. This is certainly 
a very remarkable achievement in view of the 
low power employed; and is one which marks a 
most important stage in the development of radio 
communication. 

The various problems connected with the produc- 
tion of short-wave commercial transmitters capable 
of dealing with powers up to about 50 kw., Senator 
Marconi stated, had now been solved, so that the 
construction of the necessary apparatus presented no 
difficulty. He added that while no reflectors had 
been employed in the long-distance experiments 
above referred to, their use would enormously in- 
crease the effective strength of the signals. In this 
connection he mentioned some experiments carried 
out a few weeks ago between Poldhu and Buenos 
Aires, a distance of 5,820 nautical miles. With a 
21 kw. input and using the same wave length of 
92 m. in conjunction with a parabolic reflector 
directed towards South America, very strong 
signals were received in Buenos Aires over 10 hours 
of each day. The radiation in the direction of 
South America was found to be equal to that 
from an ordinary aerial radiating about 300 kw. 

In conclusion, Senator Marconi expressed the 
opinion that with comparatively small stations of the 
type referred to above, a far greater number of 
words per 24 hours could be transmitted between 
England and her distant Dominions than would. be 
possible by means of the high-powered stations now 
contemplated. He further pointed out that the 
low capital and operating costs of such stations, 
together with their capacity for working at very 
high speeds, would render possible substantial 
reductions in telegraphic rates—a matter obviously 
of considerable importance to the development of 
the Empire. 


SAFETY PRECAUTIONS FOR POWER 
PRESSES. 


Sooner or later, without recognising what they 
are doing, many press operators will take a chance 
on the quickness of their hand anticipating that of 
the tool, and in a certain number of such trials the 
tool will win once, leaving the operator, as a rule, 
with a permanently mutilated hand. The experi- 
ence is as well known in press shops as is the similar 
trouble with saws and spindles in joineries, and 
the general prevalence of risk-taking and careless- 
ness is shown by the number of accidents reported 


to the Home Office year after year. It seems to be 
clear that a shopful of press workers cannot be 
trusted to look after themselves unfailingly, and that 
the presses must take their part in avoiding acci- 
dents that are deplorable to all parties. 

This is the considered view of the Home Office, 
confirming that of the Prevention of Accidents 
Committee of the Tin Box Trade Board, and a 
“Safety Pamphlet ’ that the Home Office has just 
published,* describes in simple language the several 
dangers attendant on the use of power presses, and 
illustrates a considerable number of devices and 
circumstances of work by which these dangers can 
be reduced and “ serious accidents to press-operators 
can all be prevented.” Over 60 such devices are 
illustrated and described, and the subject is further 
elucidated by a discussion under separate heads of 
the several causes of accidents and the ways in 
which they may be respectively avoided. For the 
designs reference must be made to the illustrations 
in the original, which form a useful compendium of 
what has been done up to date. 

Accidents are grouped as due to the press 
mechanism, such as inefficient fencing of gears, 
fly-wheels, &c., failure of clutches, inefficient trip 
gear, absence of stops to prevent overrunning, im- 
perfect press control, inefficient brakes, worn slides, 
clogged press mechanism ; methods of work-feed- 
ing, holding, and removing work ; inefficient guards 
and other safety devices—unsuitable or ill-kept 
guards, hand work required in the danger zone, 
press unlocked during setting, repairs, &c., and 
unsuitable working conditions—temperature, light- 
ing, seating, instruction and discipline. For some 
years past a special form of report on accidents 
caused by power presses has been in use in one part 
of the country, describing in detail the leading 
mechanical particulars of the press concerned, the 
cause of accident, and other circumstances. The 
present report would have been more enlightening 
as to the relative importance of the several groups 
of causes if it had given a summary of the experience 
derived from these returns. As it is, the reader is 
left to regard every possible cause as important, and 
while this is not as impressive a caution, it may 
be safer. 

Broadly, the means of safety seem to lie in pre- 
venting the operator from getting his hands between 
the moving parts when they are in motion, or in 
tripping, stopping, clutching, or otherwise locking 
the press so long as he has them there. The safety 
mechanism is said to suffer both from wear and from 
clogging when it is not properly looked after, and 
a form of periodical report on the examination of 
each press is strongly recommended, in which the 
condition of each detail is described, together with 
details of any repairs that had to be done. Safety 
devices, however, ingenious, are said to be insuffi- 
cient as a precaution without auxiliary guards for 
tools and dies, and closed tools should be used 
wherever possible. 

The general working conditions, as indicated 
under that head in the grouping of causes, are held 
to be of considerable importance, and in particular 
it is agreed that operators should be forbidden to 
talk or be talked to while in charge of a press, or 
be subject to any other distraction from the constant 
attention that is the condition of safety. 

The report discloses the old story of safety devices 
being frustrated by the intentional act of the opera- 
tor, who from conservatism or some other reason 
prefers not to use them. On the other hand it is 
found that, once they are introduced, operators get 
to prefer working with them; and proof has been 
received that on certain presses as much as 25 per 
cent. increase in output has been obtained because 
of the greater confidence with which the operators 
work. 


PROCEEDINGS OF THE FIRST WORLD 
POWER CONFERENCE. 


H.R.H. Tue Prince or Wauzs extended a 
welcome to the delegates from all parts of the globe 
to the First World Power Conference, when he 
opened the proceedings in the Conference Hall of 
the British Empire Exhibition on Monday, June 30. 


*« Fencing and Other Safety Precautions for Power 
Presses,’ H.M. Stationery Office, 1s. 6d. net. 


This conference was organised by the British 
Electrical and Allied Manufacturers’ Association 
in co-operation with many of the leading technical 
and scientific institutions at home and abroad. The 
intention of the promoters was to gather together 
the authorities of every country to discuss questions 
relating to the further development, conservation 
and economic use of the available power resources 
of the world. The problems. for discussion were 
placed before the authorities in the ‘different 
countries and papers to the number of over 300 
were submitted for consideration. These are to be 
discussed at the meetings, which will continue until 
July 12. 
OPENING PROCEEDINGS. 


At the meeting on Monday the Earl of Derby, 
K.G., presided, and very briefly asked the Prince of 
Wales to open the conference. In doing so, His 
Royal Highness said that we had become accus- 
tomed to the idea of an international clearing house 
for many things, and in the League of Nations had 
seen international co-operation at work on political. 
and labour questions and matters relating to law. 
The deeper questions connected with industrial 
progress and equipment, with natural resources, 
with the conservation of energy and of fuel and 
with standardisation of design and manufacture, 
had hitherto been examined by each country in 
isolation. The effort to create for industry what 
it was intended the League of Nations would do for 
politics, was the true purpose of the World Power 
Conference. It was difficult to conceive of any 
industry in which power did not play a part. 
The social structure was in a sense bound up with 
the effective use of power for industrial purposes, 
and there were many reasons to support the view 
that the weakness of the social structure in an indus- 
trial state was due to inefficient or inadequate 
utilisation of power. Finance, science and research 
were universal, but the effective utilisation of the 
results derived from the three activities was not 
universal, and in this disparity was found one of the 
greatest obstacles to progress. International co- | 
operation might emerge from the realms of ideals to 
practical realisation as a result of the labours of the 
World Power Conference. 

Acknowledgment of the welcome given to them 
by the Prince of Wales was made by Sir Joseph 
Cook on behalf of the Dominions, by Mr. Guido 
Semenza for the European countries, by Dr. M. 
Kamo for Japan and by Mr. O. C. Merrill as repre- 
senting the United States and the South American 
countries. 

On Monday evening the dinner of the conference 
was held in the Queen’s Hall, Langham Place, 
London, when the Right Hon. the Earl of Derby, 
K.G., presided over a company numbering 750. 

When proposing the toast of ‘The First World 
Power Conference,” Lord Derby said that the work 
of organising the conference had been an immense 
task and reflected the greatest credit on Mr. D. N. 
Dunlop and the committee. From their delibera- 
tions a fund of knowledge would be made available 
which would be useful to the whole electrical world. 
No great industry could afford to regard their 
decisions with indifference. The railways would have 
to consider whether they could not reduce their 
charges for freight, and manufacturers had to devise 
methods of reducing costs of production. It might 
as the results of their labours be possible to establish 
principles capable of international application and 
further development in the future. Replies were 
made by M. Arbelot, Vice-Chairman of the French 
Committee of the Conference ; by Mr. F. V, Hansen, 
the Chairman of the Swedish Committee ; and by 
Mr. Samuel Insull, Vice-Chairman of the United 
States Committee. Mr. 8. Z. de Ferranti proposed 
the toast of ‘‘ The Guests,” to which response was 
made by Mr. Frank Hodges, M.P., Civil Lord of the 
Admiralty, by Mr. J. G. Bellaar Spruijt, of the 
Netherlands, and by the Hon. Sir James Allen, 
K.C.B., High Commissioner for New Zealand. 


THE Power ReEsoURCES OF THE BRITISH EMPIRE 
AND THE UNITED STATES OF AMERICA. 

At the first session for the consideration of papers 
held on Tuesday morning in the Conference Hall 
of the British Empire Exhibition, Sir John Snell, 
Chairman of the Electricity Commissioners, presided, 
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and in his opening remarks referred to the unique ; 


character of the gathering. It was, he said, the 
first occasion on which the principal authorities 
on power production had been brought together to 
discuss questions of national and international 
importance. The interchange of ideas would make 
for progress in the conservation and proper utilisa- 
tion of the resources of the world. They had a 
duty to do as acting for the generations yet to 
come. They should not be content with a partial 
development of water power nor should they 
accept a consumption of 3 Ib. of coal per kilowatt 
hour when it was possible to obtain a figure of some- 
thing slightly more than half of that. The multi- 
plication of periodicities used in supply systems in 
Britain had acted as obstacles to the fulfilment of 
unified and economical systems of working. They 
welcomed the great authorities of the world to the 
conference because they believed it would have an 
educative effect upon the people. Possibly the 
adoption of a more satisfactory way of working, 
one worthy of the times, would be accelerated by the 
work they did in conference. 

Sir Richard Redmayne, K.C.B.,- presented his 
paper on the Coal Resources of the World, a short 
abstract of which is reprinted in this issue, page 31. 
One thing that was wanted, he said, was a chemical 
survey of the coal resources, which as far as Britain 
was concerned, was now being undertaken by the 
Fuel Research Board. He concluded with the 
statement that in his opinion coal held the field as 
the general source of energy, and would continue 
to do so for many centuries. It should be consumed 
so as to utilise the whole of its potential energy. 
All else was waste. The means were available, 
and if the theoretical problems involved could be 
translated at once into commercial facts the whole 
aspect of the fuel question would undergo an 
amazing transformation. 

Mr. Russel Sinclair then submitted the report 
on the Power Resources of the Commonwealth of 
Australia and the Mandated Territory of New Guinea, 
an abstract of which is given on page 31. Mr. W. H. 
Taylor followed and supplemented the remarks of 
Mr. Sinclair by references to Western Australia. 
They had, he said, a great amount of fuel refuse 
from the forests, but had not yet found the means 
to utilise it on a large scale. They were in the 
fortunate position of starting with new territory 
and could place their generating stations wherever 
they wished and could take advantage of the ex- 
periences gained in the Mother Country. 

Professor A. H. Gibson followed with a review 
of the water power problems of Great Britain and 
Ireland, which is referred to in our abstracts of 
the papers on page 31. There were great troubles 
with small schemes as private Bills were necessary 
to get powers to proceed. The first sign of interest 
was shown when the Conjoint Board of Scientific 
Societies formed a water power committee in 
1917. This was followed in 1918 by the formation 
of a Board of Trade Committee under Sir John 
Snell. A lively interest was now taken by the 
Government in tidal power and it was probable 
an enquiry would be held into the resources of the 
Severn. 

Mr. O. C. Merrill, U.S.A., presented a “‘ National 
Review of Power Resources,”’ compiled by Messrs. 
N. C. Grover, M. R. Campbell and himself. In 
this it was stated that the dependence on coal and 
the geographical location of the coal mines fixed 
the positions of the main industrial activities of the 
United States within the north-eastern section and 
over 50 per cent of the bituminous coal production 
was used in the five States of New York, Pennsyl- 
vania, Ohio, Indiana and Illinois. Over three- 
quarters of the prime mover capacity of the United 
States employed in manufactures, central stations 
and electric railways was found east of the Missis- 
sippi River. There were in America 3,200 water 
power plants of 75 kilowatts and more, having a 
total capacity of 6,778,871 kilowatts, an increase 
of 15 per cent. over the total in 1921. Of this, 
81 per cent. was used in public utility plants and the 
remainder in manufacturing concerns. The poten- 
tial resources amounted to 25,975,000 kilowatts 
available 90 per cent. of the time and 41,052,000 
available for half the year. The estimated coal 
reserves amounted to 1,560,000,000,000 tons of which 
17} per cent. was lignite, 29 per cent. sub-bituminous 


semi-bituminous coal. Oil reserves amounting to 
10,045 million barrels were also available. 

Mr. Fred A. Gaby spoke on the water power 
resources of Canada, which was treated as a section 
of the voluminous report presented by Canada, 
some particulars from which are given on page 31. 

Mr. John W. Lieb, U.S.A., epitomised the report 
he submitted on the North-Eastern States and also 
that of Mr. Samuel Jasull on the Central States. 
In the former it was stated that the kilowatt hours 
generated per head of population was 624 as com- 
pared with 509 for the whole of the United States. 
But the kilowatt hours produced, per square mile 
were 96,620 as compared with 18,800 for the entire 
country. 

In 1922 the total kilowatt hours supplied by 
central stations in the North-Eastern States was 
about 15,876,000,000 and the installed plant was 
of 5,838,000 kilowatt capacity. The annual rate 
of growth was between 10 to 15 per cent. With 
the growth of the power market there was shown a 
steady movement to increase sizes of plants and to 
make interconnection between otherwise indepen- 
dent systems. A large part of the water power in 
the district was located on the Niagara and the St. 
Lawrence River at the international boundary. It 
was estimated that six million horse-power could 
be developed at Niagara and there were also possi- 
bilities of no less than five million horse-power on 
the St. Lawrence. Much of the other water power 
resources required large reservoirs to overcome the 
wide variations in stream flow. 

The Central States furnished over 45 per cent. 
of the total output of bituminous coal, 51 per cent. 
of the crude petroleum and over 45 per cent. of 
the timber produced in the country. Nearly all 
of the water powers of the Mississippi were of such a 
character as to require for constant service in 
supplying energy a reserve steam plant of nearly 
equal rating. In some instances the magnitude of 
the capital necessary for water power development 
made economic working impossible. 

Mr. E. Parry referred to the New Zealand paper 
prepared by Mr. Lawrence Birks, which is abstracted 
on page 31, and Mr. Haanel dealt with the fuel 
resources of Canada, which is also epitomised on 
the same page of this issue. Mr. J. Willoughby 
Meares (India) followed, and suggested that as 
Canada had now adopted a definite basis for water 
power on ordinary minimum flow as well as for 
maximum development, they now had an example 
which might well be followed. The conference would 
do valuable work if it settled a basis for general use. 
Conditions of rainfall varied widely in the different 
countries, but he thought it might be possible to 
devise a standardised method. He also called 
attention to the dissimilar use of the word billion 
by various speakers. Colonel Batty, of the Punjaub, 
called attention to the possibility of creating great 
natural lakes by using rock-filled dams in canyons, 
The transmission system was the vital consideration 
in a power scheme. When it could be afforded, it 
was advisable to put down the biggest transmission 
system possible. 

Mr. Robert Sibley, of California, then spoke on 
the ‘‘ Review of the Power Resources, Distribution 
and Utilisation in the Pacific Coast States of 
America.”’ Within the states of Washington, Oregon 
and California he said, was located 43 per cent. of the 
total potential water power of the United States, 
amounting to 16,000,000 horse-power. The schemes 
in operation had a capacity of 1,390,000 kilowatt, and 
further extensions, amounting to 410,000 kilowatt, 
were in course of construction. The total steam 
power produced was 566,700 kilowatt, which will 
shortly be extended to 694,200 kilowatt. The 
interconnection of the systems on the Pacific coast 
was accomplished many years ago. This permitted 
the more complete use of the hydraulic resources 
and reduced to a minimum the quantity of steam 
generated and kept down the magnitude of reserve 
plant. ‘here are 30 interconnected stations in 
California generating at 66,000 volts, the largest 
of which has a capacity of 25,000 kilowatt. 

Dr. George Otis Smith (U.S.A.) said that much of 
the coal and oil of the United States was found in 
the sparsely populated parts of the country. This 
real handicap might in the future be overcome. 
They had still to look upon coal as the greatest 


| source of power. In many parts of the world the 


growth of utilisation of water power was not keeping 
pace with coal because of the need of great capital 
resources for its development. 

* Mr. David B. Rushmore (U.S.A.) spoke about the 
benefits to mankind that might accrue if engineers 
who had shown much ability in dealing with 
physical forces would devote some of their time to 
political affairs. The estimate of the usefulness of 
the organisation of the World Power Conference 
by Mr. D. N. Dunlop was well nigh impossible, and 
it should be maintained for the frequent discussion 
of their affairs in common. . Mr. Armfield referred 
to the cheapness of water power installations of 
small capacity, and Mr. W. 8. Murray (U.S.A.) 
said the most important thing in regard to power 
was its existence and the cost was of secondary 
importance. Power only cost 4 to 5 per cent. of the 
total for any manufactured product. Sir John 
Snell then closed the morning session and the 
meeting was adjourned. 


THE Power RESOURCES OF EUROPEAN, ASIATIC AND 
SoutH AMERICAN COUNTRIES. 


On Tuesday afternoon the meetings were resumed 
under the chairmanship of Dr. George Otis Smith, 
Director of the United States Geological Survey. 
In his opening remarks the chairman referred to the 
great value of pooling information on their experi- 
ences, in promoting the common welfare. He then 
called upon the speakers in the alphabetical order 
of the names of their countries. 

Mr. Oskar Taussig of Austria referred to the 
limited resources of coal possessed by his country. 
It was estimated that these would be exhausted 
within a century. They had to concentrate on 
water power and appreciated the help given by 
Britain and America in developing the resources. 
The capital cost for each horse-power of water 
power was 50]. in Austria. Mr. Emile Uytborck, 
in presenting the Belgian report, said that the 
prosperity of the country largely depended on the 
presence of a comparatively large coalfield. From 
this 22,000,000 tons were raised per annum. A 
new coalfield was in process of development, from 
which it was anticipated 8 to 10 million tons of gas 
coal would be raised every year. Windmills, which 
were largely used in Belgium in former days, were 
entirely replaced by electric motors. 

Dr. Ivan Zmave specified 1,750,000 h.p. as the 
magnitude of the water power resources of Czecho- 
slovakia, of which 150,000 h.p. was in use. The 
economic development of their power resources 
implied complete electrification of the country. Mr. 
O. V. Morch said Denmark had presented a paper to 
show what had been done in a very flat country. 
The work was undertaken to find useful employment 
during the recent testing times. Professor F. K. 
van Iterson then presented his report on Holland, 
of which an abstract is given on page 32, and was 
followed by Mr. Wouter Cool, who spoke about 
conditions in the Dutch East Indies, to which 
reference is made on page 33 of this issue. 

For France M. Arbelot and M. Guillaume spoke, 
and from their remarks it was apparent that railway 
electrification had been pushed on because of the 
high price of fuel, the use of which was being super- 
seded by water power. The Paris—Orleans line 
used the power of the Massif Central, while the 
P.L.M. was working on supplies from the Alps, and 
the Midi was exploiting the resources of the northern 
slopes of the Pyrenees. The actual water power 
available in France was about 6 million kilowatts, 
one-sixth of which was already in use. They had 
much inferior coal in France and, although it 
contained 35 to 40 per cent. of ash, it was burned in 
the pulverised state in central stations with success. 

After the Hungarian position, referred to on page 
32, had been dealt with, Mr. Norsa said Italy had 
very limited coalfields and the product was poor. 
They had in consequence to rely on water power 
obtainable from the Alps and Appenines. Horse- 
power to the extent of 2,000,000 was obtained which 
represented about one-quarter of what could be 
developed. New developments to extend the use of 
water power were in process of construction. Mr. 
Inouye then presented the Japanese report, Mr. 8. 
Kloumann that of Norway and Mr. W. Borgqvist 
spoke for Sweden. Abstracts from these reports 
appear on pages 32 and 33. The conditions in 
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Poland were then referred to by Mr. K. Straszewski, 
and those of Spain by Mr. G. Quijano, after which 
Dr. E. Tissot presented his report on Switzerland 
(see page 32). It was stated by Mr. Prikril that the 
development of the power resources of Yugo-Slavia 
was impossible without the assistance of foreign 
capital. The meeting was then adjourned. 

The further proceedings will be dealt with in 
succeeding issues of ENGINEERING, 


THE ROYAL AGRICULTURAL SHOW 
AT LEICESTER. 


THe eighty-third annual show of the Royal 
Agricultural Society of England was opened last 
Tuesday at Leicester. This is the third time that 
Leicester has been chosen as the scene of this 
important exhibition, the previous occasions being 
in 1868 and 1896, an interval of 28 years again 
elapsing before the present visit. 'The show-ground, 
which is 140 acres in extent, is only a mile from the 
centre of the City, so that access is easy and every- 
thing promises, at the time of writing, the success 
which the Society so well deserves on account of 
its services to British agriculture. The livestock 
entries amount in the aggregate to 3,975, a number 
which has only twice been exceeded, namely at 
Cambridge in 1922, when the number was 4,200, 
and at Windsor in 1889, when the total was just one 
more than on the present occasion. It should, 
however, be mentioned, that a considerable number 
of entrants have not put in an appearance owing 
to restrictions on transport due to foot and mouth 
disease. The exhibits of machinery and implements, 
with which alone we are concerned, are not quite 
sO many as in previous years, the 11,697 sq. ft. of 
shedding, exclusive of open ground space provided 
at Leicester, marking a continued annual decline from 
the record area of 14,494 sq. ft. at Darlington in 
1920. This we fear reflects the adversity which has 
befallen not only the agricultural machinery industry 
but engineering in general during the past few years. 
The simultaneous exhibition at Wembley has also 
had its effect in curtailing the exhibits at Leicester, 
but in spite of all unfavourable influences, to 
the ordinary observer, the show this year appears 
to present the same variety and interest as ever, 
any shrinkage in exhibits being noted more by 
the absence here and there of a familiar name, 
than by any sense of incompleteness. 

Regarding the Show as an index of the mechanical- 
isation of agriculture, it cannot be said to point to 
any particularly new development. Possibly there 
is little scope for such. There is now hardly an 
operation of any kind on a farm or an estate for 
which some kind of machinery is not available, and 
the task of the manufacturer is now either to improve 
and cheapen his products until they are indispens- 
able for commercially economical work or to con- 
vince the farmer that they are already so. This is 
particularly applicable to the agricultural tractor 
of which so great a sphere of usefulness was prophe- 
sied. Plenty of tractors are to be seen at Leicester, 
but they arouse less interest than might be wished 
and it appears unlikely that there are as many sold 
annually or in actual use as there were a few years 
ago. The greatest novelty in the tractor line to be 
seen at Leicester is undoubtedly the new Rein-drive 
tractor, exhibited in action by Messrs. John Fowler 
and Company (Leeds) Limited of Leeds. This, 
machine, which is of Australian origin, is a sort of 
mechanical horse. It has two road-wheels only 
and is coupled rigidly to the plough, reaping machine, 
or what-not that it has to pull. The driver sits 
back on the pulled machine, away from the noise and 
smell of the tractor, which he drives by a pair of 
leather reins only. With the reins held in the left 
hand as a rider holds them, the tractor can be 
started, stopped, backed or steered in either direction 
by the manipulation of the reins alone. Steering is 
effected by power, and the turning of the tractor is 
independent of whether it is going forward, or 
backward or is stationary. A slight turn of the 
wrist in either direction tightens the corresponding 
rein and brings a friction pulley into contact with 
the rim of the flywheel, and so operates the steering 
mechanism. <A slight jerk on the reins puts the 
tractor into forward gear. A steady pull on the 
reins stops the tractor and puts on the brake, A 


EXHIBITS AT THE ROYAL SHOW AT LEICESTER. 


CONSTRUCTED BY THE SENTINEL WAGGON WORKS, LIMITED, SHREWSBURY. 


Fia. 1. Portrasie StrEam ENGINE. 


Fig. 2. Sream-Driven TRAcTOR. 


The Rein-drive tractor is fitted with a 30 brake 
horse-power V type paraffin engine, having two 
cylinders 5}-in. bore by 7$-in. stroke. The driving 
wheels are of cast steel 40-in. diameter and 11-in. 
face, fitted with easily removable rocking pads to 


further pull introduces the reverse gear. The reins 
are never loosened in the hand during the manipu- 
lation of the machine, and the right hand, being 
neither required nor used, is free to attend to 
other duties. 
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_ASHTON-UNDER-LYNE. 


relieve the ground-pressure. Each tractor has a 
trailing truck to which it is coupled when not in 
use for other purposes. The truck has 30-in. 
wheels, 6 in. wide and will carry a load of 2 tons. 
The tractor will pull a three-furrow plough, or any 
equivalent load. It is a highly ingenious machine 
which can, be manipulated with extraordinary ease, 
and the unrivalled experience of its makers in the 
requirements of agricultural machinery gives 
assurance that it is unlikely to fail on account of any 
mechanical deficiencies. 

For some years the practically complete absence 
of the portable steam engine, which was once the 
main source of power for thrashing, chaff-cutting, &c. 
on a farm, has been noticeable at the Royal Show. 
The portable engine seemed to have been sup- 
planted by the tractor or the oil engine, and at one 
of the recent shows we believe that only one port- 
able steam engine was to be seen. This year three 
makers are showing the once familiar type, but a 
more enterprising bid on behalf of steam is to be seen 
in the new portable engine exhibited by the Sentinel 
Waggon Works, Limited, of Shrewsbury. It em- 
bodies radical changes in every respect, from the 
locomotive type boiler on wheels surmounted by an 
open type engine which was characteristic of the 
old portable. The Sentinel Company have taken 
the vertical boiler and the horizontal totally enclosed 
poppet valve engine which have both proved so 
successful in the severe duties of the Sentinel steam 
wagon, and have mounted them on a wheeled 
framing of steelwork. Both are absolutely standard, 
the only difference from steam-wagon practice 
being that the boiler has a large firebox into which 
any desired solid fuel can be fired from the side, 
and the engine has a pair of flywheels and no 
differential. The steam pressure is 200 Ib. per 
square inch. The portable engine is illustrated in 
Fig. 1 on page .20. There is no reason to doubt 
the claim that it is decidedly more economical in 
fuel than the usual portable engine, and as both 
the boiler.and engine are of well- -proved design, the 
satisfactory operation of the engine may be taken 
for granted. The engine will develop 55 brake horse- 
power, and is said to require only 20 lb. of steam and 
3 |b. per coal per b.h.p. hour. The weight of lige 
vehicle in running order is 85 cwt. : 


Besides their portable engine, the Sentinel Com- 
pany are showing the tractor illustrated in Fig. 2. 
This again embodies the standard engine and 
boiler of the makers, mounted on a very short 
chassis, and the tractor is claimed to do every- 
thing that the ordinary agricultural tractor will 
do, with the added advantages of the smooth- 
ness of operation and the economy of fuel 
associated with the use of steam. The two pro- 
ductions of the company which we have illustrated 
are noticeable as well-considered efforts to bring 
back steam to the position it once ‘held, and to 
provide users with engines the operation of which 
is not dependent upon the use of imported ‘fuel. 
From this point of view alone the enterprise of the 
makers is to be commended. 

One of the interesting questions upon which the 
successive Royal Shows throw light, is the displace- 
ment of steam by petrol, paraffin or crude oil for 
agricultural purposes. The stationary steam engine 
seems to have vanished entirely, its place being 
taken very largely by crude-oil engines either of the 
hot-bulb two-cycle type or the more recent four- 
cycle cold-starting type. The rivalry between these 
engines is keen, and though the latter kind is of 
more advanced design and more economical of fuel, 
the lower compression and greater simplicity of the 
former give it a very strong position. Messrs. 
Fielding and Platt, Limited, of Gloucester, have, we 
believe, abandoned the high-compression cold- 
starting type in favour of a four-cycle hot-bulb 
engine with which they have been most successful, 
but on the other hand, Messrs. Ruston-Hornsby, 
Limited, of Lincoln, The National Gas Engine 
Company, Limited, of Ashton-under-Lyne, Messrs. 
Crossley Brothers, Limited, of Openshaw, Man- 
chester, Messrs. Tangyes, Limited, of Birmingham, 
and other firms are actively engaged on the develop- 
ment of the cold-starting engine. So far as one 
can see, the hot-bulb engine is likely to hold its 
own for a long time to come for small and medium 
powers, the high-compression cold-starting type 
being preferred for larger powers, where reasonable 
attention is available and where fuel of the cheapest 
grade has to be used. 

The engine illustrated in Fig. 3 represents a 
design manufactured by the National Gas Engine 


Fia. 4. VuerticaAn Ram Pump; Messrs. TANGYEs, 
Limitep, BirMiInGHAM. 


Company, which with suitable modification will 
burn any fuel whether town or producer gas, petrol, 
alcohol or paraffin. The engine is built in two sizes, 
the smaller developing 4 brake horse-power at 
600 r.p.m., and the larger 7 brake horse-power at 
530 r.p.m., both ratings being with petrol as fuel. 
A throttling governor and a high-tension magneto 
are fitted. The frame is of “A” pattern, generally 
similar to that adopted for small steam engines, and 
the main bearings are ring lubricate. The crank- 
shaft is machined all over, the crank-pin being 
lubricated by a “banjo.” The cylinder-head 
carries the inlet and exhaust valves in cages, and 
is well water-jacketted. The cylinder itself is pro- 
vided with an easily renewable liner of hard cast 
iron. The water-jacket of the cylinder is formed 
by the upper part of the cast-iron frame. In addi- 
tion to this engine the National Company are show- 
ing an example of their horizontal engines with a 
chain-driven’ dynamo, for country-house lighting. 
These are built to give from 1 kw. to 7 kw., and are 
supplied complete with batteries and switchboards 
These engines can also be supplied to run on gas 
petrol or paraffin oil, and the dynamos and batteries 
are suitable for 25, 50 or 100-volt installations. The 
single-cylinder cold-starting crude-oil engines of the 
National Company are built in sizes from 18 to 
83 brake horse-power. ‘The example on the stand 
is rated to develop 30 brake horse-power at 250 r-p.m. 
These engines are of the horizontal open type, and 
by duplicating the cylinders in each case an engine 
of double the power is obtained. 

Messrs. Blackstone and Co., Limited, of Stamford, 
are exhibiting a caterpillar tractor and an oil-driven 
locomotive, in addition to a large range of oil 
engines, but the greatest novelties on their stand are 
a cold-starting heavy oil engine, a 12 brake horse- 
power “ synchro-balance ” engine, and an oil-driven 
cable ploughing engine. Tlie principal feature of 
the Blackstone cold-starting engine is the method of 
injecting the fuel oil. The fuel is injected by means 
of a spring plunger, composed of two members with 
|a spiral spring between them. ‘To one end of this 
plunger fuel is delivered by a governed pump. This 
fuel moves the whole of the plunger with its spring, 
bodily outwards, so that the pump does not have to 
work against pressure. The spring of the plunger 
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is then compressed by a lever acting upon the outer | 


plunger member, the inner member being held by 
abutting on the fuel which is retained by the spraying 
valve. At the inner end of its travel the lever 
relieves the closing spring of the spraying valve, 
allowing the pressure of the fuel to open this valve, 
when it is injected into the cylinder by the plunger 
spring. The advantage of the arrangement is that 
the fuel is injected at the same pressure and speed 
whether the engine is running at its normal speed 
or is just starting. The engine works with a com- 
pression of only 350 lb. per square inch, and the 


! inch. 


initial pressure at full load is 550 lb. per square 
Starting is effected direct from the cold 
condition with the fuel on which the engine is to 


|run, no preliminary injection of petroleum being 


ever needed. Single-cylinder horizontal engines of 
the type referred to are built in sizes from 4 brake 
horse-power to 150 brake horse-power, and multi- 
cylinder engines up to 900 brake horse-power. We 
need not give further particulars of these engines 
at present as we hope to illustrate them shortly. 
The same remark applies to the extraordinary 
“synchro-balance ” engine of Messrs. Blackstone, 
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an example of which rated at 12 b.h.p. is shown 
on the stand. In this engine the crankshaft is 
well to one side of the vertical centre-plane, and 
the crank pins are at an angle of nearly 40 deg. 
to the axis of the crankshaft, so that they have 
a kind of conical motion. It would be quite 


.| impossible to describe the mechanism of the engine 


intelligibly without the aid of the drawings which 
we hope to publish in due course, and the matter 
must stand over till then. It must suffice now to 
say that the “synchro-balance” engine is much 
smaller and lighter than the conventional type of 
petrol-engine, the angularity of the connecting rods 
and the consequent side-thrust is practically 
negligible, and the weight of the reciprocating parts 
is much reduced. 

The pumps to be seen at the Show are as usual 
extraordinarily numerous. Centrifugal, rotary, 
reciprocating and diaphragm pumps are represented 
in a wide variety of sizes and types. Messrs. Drum- 
mond Brothers, Limited, of Guildford, show a very 
neat little geared ram-pump, and other ram pumps 
with and without gearing are plentiful. The pump 
illustrated is Fig. 4, is shown by Messrs. Tangyes, 
Limited, of Birmingham. It is made in three 
sizes, which will deliver 460, 1,050 and 2,100 gallons 
per hour respectively, against heads up to 150 ft. 
when driven at 90 r.p.m. The rams are of cast 
iron, and the valves are of india-rubber with brass 
guards and seats, and spindles of Muntz metal. The 
connecting rods are of steel, with brasses at each 
end. As will be seen in the illustration large air 
vessels are provided both for suction and delivery. 
Another water-raising device which deserves mention 
is that of Messrs. Boulton and Paul, Limited, of 
Norwich, in which an endless belt of special con- 
struction picks up the water and raises it con- 
tinuously to any required height, when it is dis- 
charged by centrifugal force as the belt passes round 
the upper pulley. The device is remarkably 


efficient and the absence of any valves, and the free- 
dom from possible damage by gritty water, &c., 
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make it very serviceable. Many examples are 
shown on the makers stand, the water-lifter being 
often arranged to discharge into a high-lift centri- 
fugal pump which delivers the water against 
pressure. 

At all the shows of the Royal Agricultural Society, 
certain manufacturers take the opportunity of 
exhibiting machinery which has no appreciable 
connection. with agriculture. -This year Messrs. 
Wadkin and Co., of Green Lane Works, Leicester, 
have taken the advantage of the presence of the 
show in their own city to exhibit a large range of 
wood-working machinery. The machine we illus- 
trate in Figs. 5 and 6, on page 22 is a disc 
and vertical bobbin sander of the firms latest 
design for the requirements of the pattern-shop. 
At one side is a 30-in. sanding dise running on a 
horizontal spindle, and at the other side is a bobbin 
34 in. diameter and 92 in. high on a vertical axis. 
Two operators can use the machine at the same time, 
and by its aid wood may be reduced to almost any 
conceivable shape. The disc work-table is arranged 
to cant to 45 deg. below and 15 deg. above the 
horizontal, and can be locked where desired. A 
scale gives the principal angles and’a plunger stop 
registers the horizontal position. The table is 
grooved to receive a universal swivel fence, and 
it has also a horizontal adjustment, by means 
of a handwheel, to and from the disc. Holes are 
provided in the table to receive a centre-pin, by the 
aid of which circular work can be sanded. These 
holes, in combination with the horizontal adjustment 
of the table, enable extremely accurate work to be 
done. The vertical sanding bobbin is carried in a 
sliding frame which is arranged to reciprocate 
vertically, thus giving a smooth finish to the work. 
The bobbin spindle runs in ball bearings. 

The bobbin table can be canted up to 30 deg. 
below and 15 deg. above the horizontal, and may be 
locked in any position, the horizontal being registered 
by a plunger stop. The table is arranged with 
adjustable plates to enable various sizes of bobbin 
to be used. The bobbin reciprocating motion is 
obtained from a crank and connecting rod arrange- 
ment driven by totally-enclosed reduction gearing 
from the main shaft, which is arranged in the base 
of the machine. A motor drive by means of belt 
or enclosed chain can be provided if desired, and a 
self-contained dust-removing arrangement, as shown 
in Fig. 5, is also available. The dust is collected 
from the dise by a bottom hood and from the bobbin 
by another hood, so shaped that the bobbin table 
may be canted without interference with the efficient 
action of the apparatus. The machine will accom- 
modate bobbins from 2 in. to 5} in. diameter. The 
disc table is 34 in. by 17 in. and has a lateral adjust- 
ment of 3in. The table is 35} in. above the floor 
level. The bobbin table is 26 in. by 253 in. and is 
374 in. high. The whole machine occupies a floor 
space 5 ft. 4in. by 2 ft. 10 in. and weighs 16 cwt. net. 
It requires 6 h.p. to drive it to its full capacity. 

Messrs. Wadkin and Co. are also exhibiting the 
chain mortising machine with square hollow chisel 
attachment, illustrated in Fig. 7. The machine is 
entirely self-contained, with its countershaft in the 
base. It will take timber up to 12 in. by 8 in., and 
will cut a mortice, using the chain, of 1} in. by 3 in. 
by 6 in. deep. The maximum size of chisel that can 
be used is 3 in. broad. Ball bearings are fitted to 
both chain and chisel spindles. An efficient guard, 
made to conform to the Home Office regulations 
rests on the timber during the cutting operation, 
and being hinged, it affords easy access to the chain 
when desired. An adjustable chip-breaker prevents 
any tendency for the top edge of the mortice to be 
injured. A chain cutter grinder is included with 
the machine. The chain is mounted on a sleeve, 
which is arranged to suit various sizes of chains, 
and slides on a bar backwards and forwards past 
the grinding wheel. Automatic stops are fitted to 
facilitate rapid and accurate work. The size of 
the table is 24 in. long by 8 in. wide, and it is 27 in. 
above the floor level. It has a longitudinal motion 
of 22 in. and a transverse motion of 44 in. The 
net weight of the machine is 8 cwt., and it requires 
3 b.h.p. to drive it. When a belt drive is used, 
the speed of the driving shaft is 1,000 revs. 
per minute. 

(To be continued.) 


INSTITUTION OF GAS ENGINEERS. 


Many of the reports and papers submitted to the 
meeting of the Institution of Gas Engineers held 
last week, which we dealt with in our last issue, 
on page 834, were followed by interesting discussions. 
Particulars of some of these are given below. 


Mr. E. V. Evans gave a summary of a communica- 


tion from the South Metropolitan Gas Company, 


explaining the company’s laboratory enquiry into 
the catalytic synthesis of methane from carbon 
monoxide and hydrogen, with the object of removing 
carbon monoxide from water gas and coal gas, In 
fact, the research up to date showed that the 
velocity of the reaction can be increased seventeen - 
fold by using activated nickel-thoria as the catalyst, 
but although a technical process had been worked 
out, the cost, not only of maintaining the proper 
proportion of carbon monoxide and hydrogen for 
the hydrogenation reaction, but also of removing 
sulphur compounds with the completeness necessary 
to avoid poisoning the catalyst, would make the 


process too expensive for use in the gas industry. 


The removal of the sulphur compounds from coal 


gas, moreover, would involve partial elimination 


of valuable unsaturated hydro-carbons and also 
the conversion of part of the carbon monoxide to 
carbon dioxide—a gas useless for combustion— 
besides an appreciable further loss through the 


exothermic nature of the hydrogenation reaction. 


The method used for at once increasing the con- 
centration of hydrogen and removing sulphur com- 


pounds, to which the above objections applied, 
was to pass gas, in the presence of steam, over an 


iron-chromium oxide catalyst at 550 deg. C. The 


removal of sulphur was carried to a figure below 
one part per 1,000,000 parts of gas, which was 


considerably higher than is necessary for ordinary 
purposes, but was indispensable in the use of the 


catalyst. 


Professor J. W. Cobb submitted a report of the 


Research, Sub-Committee of the Gas Investigation 
Committee on waste heat boilers and vertical retort 
installations. The experiments were conducted on 


plant placed at the disposal of the Committee by 


the Birmingham Gas Department. The waste heat 
boilers which were connected to an installation of 
vertical retorts operating under the usual conditions 
of works practice, evaporated about 40 lb. of water 


for 100 Ib. of coal carbonised, or 3 lb. of water per 


lb. of coke to the producers. Dr. Parker, the 
Research Chemist in charge of the investigations, 
gave a summary of the report. Mr. J. 8. Thorman 
laid stress on the importance of keeping the hardness 
of the feed water as low as possible ; in the Birming- 
ham experiments it was only 5 deg., but for a high 
evaporation from a limited surface he preferred 
zero hardness. He also preferred fire-tube to 
water-tube boilers, of which he had had no personal 
experience, not only for their efficiency but also 
because of the convenience of cleaning them while 
the boiler is at work. In the plant in his own works 
he had occasion to note the great importance of the 
velocity with which the gases passed through the 
tubes. 

With all the tubes at work he had, for ex- 
ample, an evaporation of 3-85 lb. per square foot 
per hour, whereas with one-third of the tubes 
stopped, the evaporation increased to 5-07 Ib. 
With zero hardness of water, without cleaning, 
observation or attention, his plant ran night and 
day for seven months with a loss of efficiency of 
only 6 per cent. He saw no reason why the use 
of waste heat boilers should be restricted to water gas 
plants or vertical retorts and not extended to 
horizontal plant. The report confirmed his belief 
that the use of waste heat boilers could provide 
more than enough steam for all the purposes of 
a gas works. 

Mr. J. P. Leather confirmed the view that by 
using waste heat boilers a gasworks could obtain 
all the steam and power it required and have steam 
to spare to sell to someone else. Mr. G. C. Pearson 
said that the waste heat boiler installation at the 
works at which Dr. Parker’s investigations had been 
carried out was not according to the best modern 
practice, and better results would have been obtained 
at the Corporation’s new Nechells works. Even 
with water of the moderate hardness of the Birming- 


ham supply,{water}tube boilers are found to give 
so much less trouble than fire tube boilers that, 
although the latter are more efficient, they cannot 
be used in practice without putting down a soften- 
ing plant. 

Even at Windsor Street works, where the ex- 
periments were made, there was more than 
enough steam for all purposes—running the works, 
steaming all the verticals, and running two water- 
gas plants—and a boiler could be shut down when 
desirable without serious consequences. 

Mr. A. G. Lane’s paper describing results obtained 
from a Travers-Clark regenerative coal gasification 
plant at Aylesbury, was accompanied. by communi- 
cations from Dr. Travers and Mr. Clark, indicating 
how and to what advantage the system works. Dr. 
R. Lessing, repeating what he had said some years 
ago in another connection, believed that the richness ~ 
of the gas in hydrogen would tend to control the 
splitting up of hydrocarbons and to preserve their 
thermal value. The circulation process was closely 
analogous to one that had been used successfully 
in America on oil, and its results were encouraging 
to the prospects of the Travers-Clark system. Mr. 
R. G. Shadbolt, while welcoming the paper and the 
communications of Dr. Travers and Mr. Clark as 
likely to lead to progress both in practice and theory, 
quoted a plant of which he had had experience for 
four and a-half years, which gave complete gasifica- 
tion at much the same rate as the process described 
in the papers, and urged enquiry into the question 
of whether the added complication of regenerative 
action gave any corresponding gain. Mr. H. Robin- 
son gave particulars of an alternative complete 
gasification plant, from which results similar to 
those of the author were obtained from horizontal 
retorts worked on an entirely different system, and 
apparently at a less expense for labour. He urged 
that the economy and convenience of avoiding the 
need for quenching coke, and of controlling the 
quality of the gaseous product merely by shutting off 
steam when required, was an established advantage 
of complete gasification. Mr. W. M. Carr, while 
quoting another installation in which efficient heat 
transference was obtained by making the fuel 
travel mechanically through a retort, expressed 
the opinion that the Aylesbury plant was a distinct 
advance, and carried further than before the prin- 
ciple of transferring heat directly instead of by 
conduction through the walls of a retort. Mr. 
Lane, Dr. Travers and Mr. Clark replied, the latter 
pointing out that the several operations necessary 
in the process were performed by a valve on the 
cold gas, without the use of any hot valve at all. 

Mr. W. Emery gave a summary of his paper on 
refractories for gas retorts with special reference 
to silica, and Mr. Leather introduced the report of 
the Refractory Materials Joint Research Committee, 
a joint discussion being held on the paper and the 
report. 

Among the several’ subjects included in the 
communications from the British Refractories 
Research Association, on which the Committee’s 
report was based, was one by Mr. A. J. Dale, giving 
the first. part of an investigation into the relation 
between chemical and physical combustion and 
ordinary and under-load refractoriness. 

While on the whole fire clay bricks continue to be 
the most important refractory, increasing attention 
is being given to silica bricks. This term is used 
rather loosely, and, according to the Institution’s 
classification, includes all materials containing over 
92 per cent. of silica; those of which the silica 
lies between 80 and 92 are classed as siliceous. 
Messrs. Hugill and Rees gave the first part of a 
study of the effect of repeated burning of lime- 
bonded silica bricks, made, in fact, from Sheffield 
ganister, the result being to show considerable 
increase of strength following on prolonged burning. 
A paper was read on the first part of the investigation 
by Dr. J. W. Mellor on causes of variation in the 
sizes of bricks, from which it appears that the best 
maturing temperature for a firebrick varies with the 
fire clay, and is that at which a further rise of tem- 
perature produces insignificant changes of volume 
when the fire brick is heated to the highest tempera- 
ture at which it is likely to be used. When the con- 
traction-temperature curve shows no such point, 
the sizes of bricks will be liable to vary. 
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THE INSTITUTION OF MUNICIPAL AND 
COUNTY ENGINEERS. 


Tur Institution of Municipal and County Engi- 
neers held its fifty-first annual meeting in London 
last week, its proceedings having commenced on 
Wednesday, the 25th ult., with the annual general 
meeting held at Croydon. At this meeting, Mr. 
G. F. Carter, Borough Engineer for Croydon, was 
installed as president for the ensuing year, and 
delivered his address. Various visits were paid 
in the afternoon and on Thursday, while on 
Friday, the whole of the morning and after- 
noon was devoted to the discussion of papers. 
On Saturday last there was a visit to the 
British Empire Exhibition and a meeting, when 
a discussion took place on the concrete construc- 
tion adopted at the Exhibition. The visits on 
Wednesday were to the South Norwood sewage 
works and farm and the Croydon Aerodrome, and 
to Beddington sewage works and farm and Russell 
Hill Service Reservoir. On the Thursday visits 
were paid to the Metropolitan Water Board’s 
Littleton Reservoir, and to the Great West Road 
and Kingston By-Pass Road. 

In his address Mr. G. F. Carter said that the 
municipal engineers’ duties were increasing in im- 
portance. What would have been a large contract in 
the past was now an ordinary event in their careers. 
The younger members should pay attention to 
proficiency in business matters, as their education 
could not be completed by examinations and office 
work without administrative and practical ability. 
The ‘ business manager ” should not be given the 
work of running departments which should be 
controlled by the engineer and surveyor. When 
emergency work had to be done value should be 
obtained for it, and no depreciation of standards 
should be permitted, as had occurred in housing 
schemes carried out by local authorities. Mr. 
Carter thought that if the State could see its 
way to interfere less in economic matters industry 
would’ be more likely to return to normal 
conditions. Their work as municipal engineers 
involved them in the clearance of insanitary 
slums, town planning, housing, baths, &c. Roads 
and sewage disposal claimed their attention. In 
connection with the former, a good road surface 
was now possible if a good foundation were con- 
structed. Accommodation for services should be 
arranged under wide footpaths. Many carriage 
ways were being made of an excessive width and 
promised to be a burden on those who would have 
to maintain them. In sewage work decomposition, 
which was formerly avoided, was now encouraged 
as Nature’s intended method of treatment. As 
regards water supplies, he thought a Government 
body should assist in securing and in fairly apportion- 
ing supplies between conflicting interests. Mr. 
Carter referred to run-off and percolation experi- 
ments conducted at Croydon on test gauges, one 
representing chalk on the Downs, and the other a 
gravel soil. With an average of 30 in. of rain 
over the area, the gauges showed 134 in. passing 
through, while the gauging of the flow of the river, 
subsoil water and pumping corresponded to 11} in. 
Tests had also been carried out to trace the flow of 
underground water in the district. 

At the meeting last Friday, held at the Institution 
of Electrical Engineers, Sir H. P. Maybury delivered 
an address stating that new licences for motor 
vehicles continued to increase in number. The 
motor-car licences issued at the end of February 
last year numbered 274,151. The figure for the 
same date this year was 345,959. The total for 
motor vehicles had increased by 18 per cent. and for 
horse vehicles had decreased by 14 per cent. AlI- 
though a great deal of progress had been made with 
regard to roads and bridges, Sir Henry thought it 
had scarcely been commensurate with this develop- 
ment of traffic, especially in districts contiguous to 
centres of population. The Road Fund revenue for 
this year would amount to about 15,000,000/. He 
was not in favour altogether of giving larger grants 
than at present, but thought it would be better to 
increase the number of grants instead. A penny 
saved in maintenance per square yard of all the 
classified roads in Great Britain would mean 
economy to the extent of 1,800,000/. per annum. 


Four papers followed, the first to be taken being 
one by Mr. W. R. Manning, Borough Surveyor of 
Chelsea. The subject was “Street Traffic Regula- 
tion by Means of Coloured Signals,” the author 
suggesting yellow or orange, green and red, with 
yellow to indicate caution without priority ; green 
caution with priority, and red danger. ‘These 
signals would be permanently displayed at road 
crossings showing which traffic should be given 
precedence. 

Another paper was one by Mr. J. W. Green of 
Durham, who described the development of streets 
in that city from very early days and quoted a 
number of old authorities to bring out interesting 
points. Of more practical value perhaps was his 
description of the methods adopted of reconstructing 
many of the old and narrow streets, by continuous 
night and day work, provision being made for the 
passage of traffic in the meanwhile. Some of the 
streets taken in hand could not be closed owing to 
the absence of alternative routes. For much of this 
work Ciment Fondu was used with most satisfactory 
results, the paving being completed and the road 
opened to traffic within 24 hours of laying the last 
batch of concrete. The problem of bringing up 
supplies for rush work of this kind in narrow streets 
required very careful organisation. 

The subject of “‘ Oil Fuel and its Possibilities for 
Municipal Undertakings ” was considered in a paper 
by Mr. R. H. Bicknell. This paper dealt with all 
the well-known systems of oil-fuel burning, the 
subject being sectionalised under three headings, 


viz.: the air jet system, steam jet system, and 
pressure jet system. Burners of various types were 
described. 


The last paper was by Mr. John Howarth, who 
described the new works being constructed for the 
disposal of sewage at Sheffield. For some years 
Mr. Howarth has been conducting interesting ex- 
periments in connection with bio-aeration, employing 
mechanical agitation and aeration. The new plant 
being laid down provides ultimately for. 14 aeration 
tanks of an approximate capacity of 900,000 gallons 
each. Two of these are completed and six others are 
in various stages of construction. The tanks are 
divided into 20 or 22 channels, each 6 ft. wide, in 
series, in which the sewage is circulated by means of 
paddles mounted on shafts driven by electric motors. 
The length of continuous channel in each section is 
about 5,540 ft. The wheels are 10 ft. in diameter 
and revolve at 15-16 r.p.m., the motors being of 
45 h.p. and each shaft driving 21 paddles. Two 
shafts are mounted over each tank, revolving in 
opposite directions in order to provide for the 
reverse flow between contiguous channels. 


INDUSTRIAL NOTES. 


A JOINT MEETING of the executive committees of 
societies affiliated to the National Federation of Build- 
ing Trades Operatives decided last week to instruct 
all building trade operatives to allow the employers’ 
lock-out decision to take its course, as from to-morrow. 
Meanwhile, agreements were to be entered into with 
all available employers who were willing to agree, as a 
minimum, to the wages nationally negotiated on June 
16. The National Allied Building Trades Employers, 
for their part, stated that in view of the request of the 
Minister of Labour, they were willing to receive from 
the operatives proposals designed to terminate the 
admitted breaches of the National Agreement in various 
parts of the country. The employers also alluded to the 
most unfavourable state of matters in Liverpool and 
other regions, adding that the only alternative open to 
them was to protect the interests of their members by 
withdrawing the suggested terms for settlement and 
passing resolutions to cease work. They further em- 
phasised that their actions throughout had been 
governed by one essential factor, namely, the honouring 
of national agreements, to which all parties had given 
their signatures; it remained for the Operatives’ 
Federation to see that their members carried out the 
obligations entered into on their behalf and so bring 
about an end to the dispute. 

Both sides have had several interviews with Mr. T. 
Shaw, the Minister of Labour, but without any satis- 
factory result so far. There have, as yet, been no 
joint meetings of employers and operatives, the latter 
making it a preliminary condition that the lock-out 
threat shall first be abandoned, whilst the employers 
require that the Liverpool strike and other breaches of 
the National Agreement shall first be terminated. The 
Liverpool workers have hitherto declined to have their 


case decided by arbitration, or by a Court of Inquiry. 

At the time of going to press an announcement is 
made to the effect that the employers have decided to 
postpone the posting of lockout notices until the 
12th inst., following a statement by Mr. T. Shaw that 
he intends to appoint a Court of Inquiry and to use 
his influence to ensure that the findings of the court be 
published in eight days. 


A meeting of all grades of commercial road-transport 
workers was held in London last Sunday, with a view 
to consider a new programme of wages and working 
conditions. The men demand a 10s. per week advance 
in wages. The meeting instructed the delegates to 
give one month’s notice to the employers of the decision — 
to have the present agreement revised. 


The South Wales Miners’ Federation at their con- 
ference held last week in Cardiff, have been consider- 
ing the establishment of a trade union alliance of all 
workers engaged in productive industries. The pro- 
spect of unity with transport, railway and distributive 
workers generally was considered to be remote ; on the 
other hand, it was recommended that the building, 
iron, steel, textile and other trades embodying pro- 
ductive workers should be invited to enter into alliance 
for placing simultaneously before employers new 
demands, minimum in character, and such as would. 
not allow for compromise unless special sanction were 
obtained from the workers. It was recommended that 
the matter be considered by the Miners’ Federation of 
Great Britain and by other bodies during a period of 
three months ; if the response were favourable, a joint 
conference would be convened. 

A resolution proposing that Mr. Thomas Richards 
secretary of the South Wales Miners’ Federation, be 
censured for having recommended the miners to vote 
in favour of the owners’ terms in the recent ballot, was 
defeated by an overwhelming majority, and Mr. 
Richards was loudly cheered on entering the conference 
hall. On the other hand, Mr. A. J. Cook, secretary 
of the Miners’ Federation of Great Britain, speaking 
last Sunday at Royston, near Barnsley, stated that the 
present’ mining industry agreement was a negation 
of nationalisation for which the Federation was working. 
They must work, he added, for the nationalisation of 
all industries connected with coal, iron and steel. He 
urged the remodelling of the Miners’ Federation and 
the formation of one union for the whole mining 
industry. 

The latest ascertainment in the coal mining industry 
for the Eastern Area, which includes Yorkshire, Derby- 
shire, Notts, Leicester, Warwick, and Cannock Chase, 
show that the percentage addition on the 1914 basis 
is 79°83 for July, as against 77°44 for June. This 
provides an increase in wages per shift which ranges 
from 1d. to 3d. varying with the classes of workers. 


Representatives of the twelve unions covering the 
light castings industry in England and Scotland have 
held several meetings with representatives of the 
National Light Castings Ironfounders’ Federation, with 
a view to consider the men’s claim for an advance of 
15s. per week in wages, and a proportional advance for 
youths and lads. The claims formed the subject of 
lengthy discussions. It is reported that the em- 
ployers do not see their way to grant any advance 
in wages. The unions concerned are further consider- 
ing the matter, which will come up afresh in about a 
fortnight. 


A demonstration was held in Nottingham on Sunday 
to celebrate the fusion of the National Union of General 
Workers, the Municipal Employees Association and the 
National Amalgamated Union of Labour. It was 
stated that the new body started with a combined 
membership of 500,000, the branches numbering 
1,800, there being 13 members of Parliament directly 
representing the concern. , \ 


The semi-skilled and unskilled men employed at 
Woolwich Arsenal are dissatisfied with a recent resolu- 
tion of the War Office. The latter decided that the 
semi-skilled and unskilled men who did not receive a 
full 3s. per week increase in wages in February last 
shall receive, as from the first pay-day in May, such an 
increase, as will give them the 3s. The men claim 
that they are entitled to a 6s. per week increase, the 
same as was recently granted by an Arbitration Court 
to the skilled workers in the arsenal. The men in- 
volved are said to number about 7,000. 


BrookuHirst SwItTCHGEAR Company, LimirEep.—The 
Brookhirst Switchgear Company, Limited, Northgate 
Works, Chester, has just issued three refill cards of their 
calendar for July, August and September, illustrating 
three of their switchgear installations, 
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On the Wednesday afternoon, June 25, a reception 
was held at Syon House, Brentford, by the Duke 
and Duchess of Northumberland, and in the evening 
the Institution Banquet was held at the Connaught 
Rooms, Great Queen-street, when the President 
proposed the toast of “Our Guests from Abroad,” 
which was replied to by M. Doyere, Director of 
Naval Construction, France; by Mr. J. A. Lam- 
brechtsen, President of the Marine Engineering 
Section of the Royal Society of Engineers in Hol- 
land; and by Rear Admiral A. P. Niblack, of 
the United States Navy. The toast of the Institu- 
tion of Naval Architects was proposed by M. le 
Marquis de Chasseloup-Labaut, the Treasurer of 
the Institution of Civil Engineers of France, to 
which the Right Hon. Lord Weir, P.C., LL.D., 
Vice-President, replied. 

Thursday morning was devoted to a visit to the 
British Empire Exhibition, and the Duke of Devon- 
shire and Sir Travers Clarke returned with the 
party to lunch at the Great Central Hotel, Mary- 
lebone. In the evening a reception was given by 
His Majesty’s Government at Lancaster House. 

At the meeting on Friday morning in the Lecture 
Hall of the Institution of Civil Engineers, the 
Duke of Northumberland presided and after formal 
business had been transacted, three papers were 
read and discussed. 


PROGRESS IN MARINE PROPULSION. 


The first contribution was submitted by Sir 
Archibald C. Ross, K.B.E., President of the North- 
East Coast Institution of Engineers and Ship- 
builders, who took as his subject, ‘‘ The Progress 
in Marine Propulsion during the last Ten Years 
and some of its Possibilities.” In his opening 
remarks Sir Archibald referred to the fact that 
he gave a paper on ‘“‘ The Progress of the Marine 
Steam Engine on the North-East Coast during 
the last Fifteen Years,” at the last joint meeting 
of the Institution at Newcastle in 1914. The early 
review gave them an indication of the conditions 
during that period, and the new paper was written 
to provide a further extension of the times dealt 
with, but owing to the wonderful work done in 
engineering, especially in regard to internal-com- 
bustion engines, it was necessary to change the 
title. It was doubtful whether sufficient credit 
and honour could even be paid to the many large 
and small firms who had spared neither care nor 
money in striving for further economies on fuel 
consumption, by applying their efforts to this 
important subject. Not only should the work done 
in development be mentioned, but also the adoption 
of the engines in very large numbers by the mer- 
cantile marine at home and abroad. Had it been 
prophesied in 1914 that a 9,000-ton deadweight 
vessel would be run at 11 knots on 94 tons of crude 
oil fuel for 24 hours, it would have provoked 
incredibility, but such vessels were in service to-day. 
It would likewise have been incorrect, though 
inconceivable, to predict that the rivalry between 
the four-stroke and the two-stroke engines would 
have been nearer solution. To-day no single type 
of engine could be given pre-eminence, but signs 
were not lacking that the goal aimed at was a 
double-acting engine, which for space, weight, 
reliability and economy would eventually become 
the favourite. Their problem was the extraction 
of the maximum power from the minimum 
amount of fuel. Continuing, Sir Archibald said 
that in a paper on ‘‘ The Problem of the World’s 
Supply of Energy,” read before the Franklin 
Institute in 1920, Dr. Arrhenius estimated the 
durability of the supplies of coal and oil. He 
gave the former as 1,500 years and the latter as 
only 90 years. Were the 65,000,000 gross tons 
of available shipping of the world in commission, 
and all fitted for the use of oil fuel either in burners 
under boilers or in the cylinders of internal-com- 
bustion engines, the amount of oil consumed 
in a year’s running of 200 days, excluding naval 
requirements, would amount to 45,000,000 tons. 
The crying need for economy was therefore apparent. 
After referring to the individual firms who took 


i part in the development of the internal-combustion 


engine, the author stated that the horse-power of 
these engines had increased to amounts considered 
quite impracticable 10 years ago, and the stage 
was now reached when we could build twin screw 
vessels fitted with engines of 13,000 and 16,500 
brake horse-power and, what was more remarkable, 
with piston speeds of over 1,200 feet per minute. 
The marine steam engine was far from dead. 
The Admiralty had made great advances in the 
use of superheated steam and the retaining of 
superheat at low rates of combustion. While this 
feature was only applicable to vessels which were 
required to steam for long periods at powers of 
about one-tenth of the maximum it was of great 
interest as marking a distinct development. The 
people of Great Britain, having great natural 
resources of coal, should gain in full measure the 
honour of reducing the loss of energy between the 
fuel and the propeller. During the European 
War there was an almost complete absence of 
engine trouble in the Navy, a phase also familiar 
to airmen, motorists and even the internal com- 
bustion marine engineer. Vessels of great horse- 
power, completed in haste, were put straight into 
action or sent to a far destination, and did everything 
that was expected of them and even more. This 
great accomplishment was due to the turbine, to 
gearing and to oil fuel. In mercantile practice 
some troubles had been experienced with gearing, 


-but as long as coal lasted and steam was used there 


was a need for gearing. Too much must not be 
expected from the steel used in making the gear 
wheels any more than cylinder liners and covers 
would be expected to withstand very high tem- 
peratures. It should not be impossible to improve 
the designs, to permit greater flexibility on double 
reduction gearing. Mechanical gearing had the 
great merit of losing only 2 to 3 per cent. mechanical 
efficiency. Other methods of reducing the speed of 
a turbine had received attention and hydraulic 
transmission, though it did not compete in efficiency 
with gearing, gave conditions which made for 
economy in running such as the use of high super- 
heat in turbines revolving in one direction only, 
the safer adoption of end tightening of blading, the 
elimination of astern units and a probable reduc- 
tion in cost of manufacture. 

With the practical adoption of higher pressures, 
superheat water-tube boilers, mechanical stokers, 
the highest possible vacuum and feed heating, 
further economies might be looked for, and on the 
basis of fuel consumption per brake horse-hower 
would come within measurable distance of the 
internal combustion engine. It was surely a sign 
of conservatism that there had not been a more 
general adoption of the water-tube boiler in the 
mercantile marine. The arguments against its use 
were the effects due to salt water, pitting of ‘tubes, 
unfamiliarity with the method of construction and 
repair. These must be overcome in time and 
advantage taken of the great saving in space and 
weight. Although at the present time a defect on 
a single condenser tube might necessitate the 
closing down of an engine. it Surely was not beyond 
the powers of the metallurgist and the engineer to 
find methods to overcome this. The metallurgists 
and the manufacturers of materials had done much 
to make improvement possible in the performance 
of a marine engine. High temperatures of superheat 
necessitated the careful choice of materials and 
reliance must be placed on the metallurgist to 
produce them. 

Mr. Harold E. Yarrow in opening the discussion, 
said he had had little experience of marine interna] 
combustion engines as they were not suitable for 
high-speed craft, or other cases where weight was 
a vital consideration. The competition of internal 
combustion engines, however, had made necessary 
such developments in steam practice as would 
ensure the attainment of the highest efficiency. 
The use of high-pressure steam, high degrees of 
superheat, and preheating the air for the boilers 
would produce distinct improvements. He asked 
the author for the figures for the comparison of the 
consumption of fuel oil on steam-driven vessels 
and those propelled by internal combustion engines. 
Information was wanted on the possible use of 
Diesel engines of high powers, associated with 


reasonable weights, which were necessary in cross- 
channel ships and Atlantic liners. 

Mr. Endert asked the opinion of the author of the 
paper for his views on the question of oil engines 
in the future. Engineers waited for a long time 
before they started to build Diesel engines of large 
size and in quantity. They had good and suitable 
plants for the manufacture of steam machinery, 
but for long were not convinced that putting down 
large plant for manufacturing Diesel engines would 
prove profitable. The last few years had witnessed 
a great change of outlook. Although the engineers 
on the continent were the pioneers they had now 
to make every effort to keep abreast of the improve- 
ments made in this country. Specialisation was 
necessary if internal combustion engines were to 
be made at small cost. On the probable position in 
the future must be based the decision as to putting 
down works to concentrate on the manufacture of 
oil engines. 

Professor Goss, of California, referred to the 
statement made in Sir Archibald’s paper that 
electric propulsion could not be said to have made 
much headway during the last ten years. He called 
attention to the fact that all the capital ships of 
the United States Navy were fitted with electrie 
transmission equipment and said he would submit 
exact figures in writing regarding tests made on 
American ferry boats with Diesel electric and 
turbine-electric drives. The engines used consumed 
about a half-pound of oil per horse-power hour. 
The result was not so good as it might be, but 
what they aimed at was flexibility of running 
rather than economy simply, and they had had to 
make a sacrifice. The boats were fitted with pilot- 
house control. The turbine-electric consumptions 
were about 1 lb. of oil per shaft horse-power per 
hour. The United States Shipping Board had 
shown consumptions for vessels with the electric 
drive of 1-2 lb. to 1:3 lb. per shaft horse-power 
hour. 

Sir Archibald Denny paid tribute to the late 
Lord Pirrie, for the part he had played in the 
development of the marine Diesel engine. Techni- 
cally and mechanically the internal combustion 
engine was perfectly successful. There was, how- 
ever, room for improvement in the reduction of the 
relationship of weight to power. It was most 
unlikely that the great inventor of the steam 
turbine would sit down to opposition. The 
troubles with geared turbines were mainly due to 
double reduction gears. The estimated period of 
years in which the coal supplies would be exhausted 
seemed to grow continuously as the years went 
on. He was glad that the author called attention 
to the necessity for careful design of auxiliaries. 
Unless every care and attention was given to the 
many problems connected with them, the result 
might be a considerable waste of power. 

Mr. Summers Hunter thought that the time was 
opportune for a complete review of marine pro- 
pulsion progress such as Sir Archibald Ross had 
given them. They had to give the closest possible 
attention to questions relating to the provision of 
materials that would withstand high pressures and 
temperatures. Such work was done by individual 
firms in their laboratories, and though it might be 
better in some respects if the work was carried out 
by the industry, the important thing was that the 
information made available should be passed on 
for the information of all. The growth of the ex- 
pected life of the coal supplies was undoubtedly 
due to the extension of their knowledge of the 
Empire resources. One factor of great importance 
in connection with the use of new types of machinery 
was the training of engineers. There were young 
men available who had had excellent training, and 
if the firms gave them opportunities it was likely 
that great economies could he effected. 

Mr. Howden Hume suggested that among many 
ways in which economies could be effected the 
use of air preheating was not the least. In the 
preheater invented by Ljungstrém the flue gases 
gave their heat to the same metallic surfaces, from 
which it was taken by the air. Higher steam 
pressures were a possible sources of effecting 
economies. There was some aversion to the use of 
water-tube boilers on ships, but he could give the 
hint that marine engineers would hear shortly of 
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a cylindrical boiler design suitable for high 
pressures. 

Mr. Ainsley said that while they all seemed to 
be in agreement that in gearing flexibility must be 
striven for, it was possible to provide too much. 
With too great flexibility vibration took place. In 
a merchantman the ship itself was flexible, and 
rigidity was then required in the gear. 

Sir Archibald Ross, in reply, said his paper was 
merely to be regarded as a milestone. It told the 
story of ten years’ development. He was glad 
that Mr. Endert had testified to the good work 
done in Britain, the complimentary remarks he 
made were much appreciated. Holland had con- 
tributed so much to the improvement of naval 
architecture and marine engineering that Mr. 
Endert’s remarks were all the more to be appre- 
ciated. He would be glad to have full infor- 
mation on the results attained by electric trans- 
mission in ferry boats through the results of tests 
promised by Prof. Goss. In referring to the 
electric drive he was dealing solely with the pro- 
gress made in Europe. A committee was engaged 
on questions relating to condenser tubes, and it 
was hoped a solution would be found. He did 
not want to be misunderstood about double reduc- 
tion gearing. In the Navy, however, where the 
gear used was of the single-reduction type, failures 
were practically unknown. Some of the questions 
asked, involving figures, were such that a detailed 
answer would only be possible when dealing with 
the written discussion. 

The President, in proposing a vote of thanks to 
the author, said that the paper was an interesting 
summary of the results already obtained in marine 
propulsion, and gave very valuable suggestions for 
the future. 


THE Nortu-MASTERN WERKSPOOR DOUBLE- 
Actina DresEL ENGINE. 


Mr. G. J. Lugt then read the paper contributed 
jointly by himself and Mr. Harry Hunter, B.Sc., on 
“A New Type of Double-acting Diesel Engine 
for Marine Purposes.”’ This paper is reprinted on 
this and the three succeeding pages. 

M. Doyére opened the discussion and stated that 
unfortunately in France the use of Diesel engines 
in merchant ships was not extensive. They were, 
however, much interested in the use of light engines 
for submarines. The ingenuity shown in getting 
over the troubles experienced with Diesel engines 
for ship propulsion was quite remarkable. Weights 
and fuel consumptions had been greatly reduced. 
The advantages shown in this way were so great 
that if it were possible to attain the same results in 
light types of engines it would cause quite a revolu- 
tion in submarine construction. 

Mr. Lambrechtsen followed and said he believed 
that the Werkspoor firm were the first to equip 
a ship with Diesel engines, and congratulated the 
firm and the North-Eastern Marine Engineering 
Company on their latest enterprise. He noted 
how many difficulties such as that of subjecting 
stuffing boxes to high pressures had been avoided 
in the design by Mr. Lugt. It was very difficult 
for the shipowner to decide between the merits of 
the different engines. The oil engine development 
was encouraging work on the improvement of the 
steam engine. They could not encourage ship- 
owners to install Diesel engines when they were 
entirely in the hands of the powerful oil companies. 

Sir Robert Dixon said that the Navy was particu- 
larly interested in the progress made with Diesel 
engines, but the new engine, like all the other marine 
types, was not of much value to them because of its 
weight and the space it occupied. He thought 
that the engine of the future must be of the double- 
acting, two-cycle type—at any rate, for the Navy— 
and suggested that the difficulties had been exagge- 
rated. The Germans had produced a double-acting, 
two-stroke engine. He supposed that the valves 
for the lower combustion space were operated by 
long push rods, in which case it would be interesting 
to hear how expansion allowances were made. The 
authors emphasised the importance of accessibilty 
in a marine oil engine, a matter in which he agreed 
with them. The tendency should be to make the 
engine as simple as possible. 

Sir James Henderson spoke of experiments 


conducted by Professor Hopkinson fifteen years ago 
from which the importance of the losses due to 
radiation was evident. 

Mr. Harry Hunter replied to the discussion, and 
stated in answer to M. Doyére that the engine was 
expressly designed for use in merchant ships. The 
variation in the turning moment was not of much 
importance. In the German engine referred to 
by Sir Robert Dixon he believed that there were 
lower pressures in the bottom end. Push rods were 
used for the valves, and expansion troubles had 
been overcome with the gear fitted. 

The Duke of Northumberland expressed the 
thanks of the members to the authors for their 
paper, which described an engine of great ingenuity 
in the development of which much enterprise had 
been shown. 


Aw APPROXIMATE FORMULA FOR THE RELATIONSHIP 
OF DISPLACEMENT AND DRAUGHT. 


Mr. W. H. Riddlesworth, M.Sc., then presented 
his paper on “ Displacement Draught Formule,” 
in which he showed the derivation of an approximate 
method of arriving quickly at the relationship 
between displacement and draught when the more 
accurate formal methods could not be used, even if 
time permitted, because the necessary complete 
information was not then available.’ After first 
showing that the alteration of block coefficient for a 
change in draught was equal to the difference 
between the water-plane area and the displacement 
coefficients all divided by the draught in feet, the 
author deduced that the displacement was propor- 
tional to the draught raised to a power equal to 
the coefficient of the water-plane area divided by 
the coefficient of displacement. When these two 
coefficients were plotted for a large number of ships 
each for a wide range of draught, it was found that 
a straight line represented fairly well the relation- 
ship between them. Using the equation to this 


line and substituting it in the general equation for , 


displacement, an expression was obtained which 
gave the displacement in terms of the draught and 
displacement coefficient at any known position. 
Accepting the simple equation that the coefficient 
of water-plane area = 4+ % of the coefficient of 
displacement expressed average practice with suffi- 
cient accuracy for everyday use, a final expression 
was obtained for the displacement which took the 
form of the product of length on load-water line, 
breadth, draught, and block coefficient divided by 
35. A slide rule with circular scales for displace- 
ment, draught, and block coefficient was shown 
which was constructed for use in rapidly dealing 
with these ship calculations. 

Professor Percy Hillhouse said the method of 
making preliminary calculations described by the 
author was one of the createst practical use and was 
surprisingly reliable. The curious thing was that 
the method, though simple, could be used for any 
type of ship and was accurate within a few tons in 
displacement. 

Professor Welch felt chary about accepting 
approximate formulz in general, unless the scientific 
basis on which they were built up was known. In 
the method proposed they had the guarantee that 
this had been considered. He had checked some 
examples by the method and found that they were 
reasonably accurate. The vital expression was 
that connecting the coefficients of water plane area 
and displacement, but there seemed, however, to be 
no scientific reason why the relationship suggested 
should exist. 

Mr. Riddlesworth, in reply, said that in every 
case moulded breadth was used. It was mainly 
because the displacement curve of a ship was 
not fair that the approximate formula failed to 
give accurate results but a correcting factor could 
be introduced. 

The Duke of Northumberland, after expressing 
the indebtedness of the Institution to Mr. Riddles- 
worth and calling for a vote of thanks, stated that 
the papers read at the meetings had proved to be as 
interesting a series as they had ever had submitted 
to them. 

The meeting was then terminated, after a vote of 
thanks was accorded the Duke of Northumberland, 
on the motion of Mr. W. H. Whiting, seconded by 
Professor Welch, for the work he had done for the 


Institution as President and for the manner in 
which he had conducted the proceedings. 

Lloyds Register of Shipping entertained a party, 
comprising leading members of the three Institutions 
and the guests from other countries, at their offices 
71, Fenchurch Street, at which Mr. J. Herbert 
Secutton, the Chairman of Lloyds, presided. In 
the afternoon an enjoyable excursion was made by 
the steamer Golden Eagle on the lower Thames, and 
in the evening a concert, supper and dance was held 
at the Hotel Cecil. 

Saturday morning was devoted to a visit to the 
William Froude National Tank at the National — 
Physical Laboratory, Teddington, when the party 
were received by Sir Joseph Petavel, Director of 
the Laboratory, and Mr. G. 8. Baker, Superintendent 
of the Tank. In the afternoon the members visited 
Windsor Castle. 

After travelling to Glasgow on Sunday, the party 
spent Monday on an excursion down the River 
Clyde on the steamer Duchess of Argyll, and were 
entertained at Brodick Castle by the Most Hon. 
the Marquis and Marchioness of Graham. In the 
evening a banquet was held in the Grosvenor 
Restaurant, Glasgow. Excursions to the works of - 
Messrs. G. and J. Weir, Limited, and the Fairfield 
Shipbuilding and Engineering Company, Limited, 
and to Loch Lomond were made on Tuesday, after 
which the party entrained for Newcastle-on-Tyne. 

On Wednesday visits were paid to many of the 
great shipbuilding yards on the Tyne, and a banquet 
was given in the evening by the North-East Coast 
Institution of Engineers and Shipbuilders in the 
Grand Assembly Rooms, Newcastle-on-Tyne. This 
was the conclusion of the summer meetings, and 
the JLondon members and Continental friends 
returned to London on Thursday. Great credit must 
be given to the President and to the Councils of the 
three Institutions, and in particular to Mr. R. W. 
Dana, the Secretary of the Institution of Naval 
Architects, for the excellent arrangements made by 
them for these memorable meetings. 


A NEW TYPE OF DOUBLE-ACTING DIESEL 
ENGINE FOR MARINE PURPOSES.* ; 
By G. J. Luer and Harry Hunter, B.Sc. 

Tue success of the Diesel engine for marine work has 
created a demand for larger powers than can be 
achieved with the four-cycle single-acting engine, there 
being a practical limit to the number of cylinders of 
an engine and to their size. Hence the necessity has 
arisen of increasing the output per cylinder, to which 
end three systems are available :—(a) Four-cycle 
double-acting ; (b) two-cycle single-acting ; (c) Two- 
cycle double-acting. If the output of a single-acting 
four-cycle engine is taken as 1, the powers developed 
by the engines mentioned under (a), (b) and (c) are, 
roughly speaking: 2,2, and 4. Leaving out the third 
solution, (c), which, although giving the maximum 
power for a certain size of cylinder, undoubtedly pre- 
sents the most difficult constructional problems to 
solve, a choice must be made between (a) and (bd). 
Naturally, a builder of four-cycle engines prefers 
solution (a), because it gives him the opportunity of 
making use of the experience gained. But even a 
firm without a history in the production of Diesel 
engines could find several reasons for preferring solu- 
tion (a) to solution (5). Enumerating them would 
mean starting a discussion on the merits of the.four- as 
against the two-cycle systems, a question which would 
appear to have been discussed almost to a surfeit, and 
we shall therefore refrain from saying why we have 
made the four-cycle double-acting engine, and restrict 
ourselves to describing how we made it. , 

The difficulties which confront the designer when 
starting the construction of a double-acting engine — 
are numerous. Putting them as simply as possible, 
they are principally :—(1) The injection of the fuel 
in the bottom cylinder ; (2) The position of the valves ; 
(3) The safeguarding of the piston-rod; (4) The valve- 
actuation; (5) The stuffing-box. Even in a single- 
acting four-cycle engine it is difficult to find room for 
all the valves in the cylinder head, and it is clear that 
on the bottom the difficulty is further increased by the 
presence of the stuffing-box, which, when one piston- 
rod is used, is placed where one would like to put 
the fuel valve. The inlet and exhaust valves must be 
placed at an angle or in pockets, and in either case 


* Paper read at the Joint Summer Meeting of the 
Institution of Naval Architects, the Institution of En- 
gineers and Shipbuilders in Scotland, and the North 
East Coast Institution of Engineers and Shipbuilders 
in London, on Friday, June 27, 1924. ; 
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they will very likely be more or less inaccessible, and | 
consequently complicated means of actuating the valve 
will probably have to be adopted. The piston-rod is 
in the centre of the combustion chamber, and must be 
cooled and of suitable material to withstand the heat 
strains, and it has to be safeguarded from bending as 
a result of one-sided heating. Every way out of these 
difficulties seems more or less of a compromise if we 
try to tackle them one by one, but they all disappear 
tn corpora if we do two things: work with a lower 
compression on the bottom side, and put the com- 
pression space not underneath the piston but entirely 
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outside the circumference of the cylinder (see Fig. 1, 
annexed). This, then, is the simple solution we 
adopted, and it has proved a panacea for the troubles 
mentioned. This compression space serves as a combus- 
tion-chamber, and is only connected with the cylinder 
itself by a passage. All the valves are located in the 
combustion-chamber ; the inlet and exhaust valves are 
placed vertically, are easily dismountable, and can 
be worked very simply by cams on the existing cam- 
shaft. The combustion-chamber can be shaped to the 
best advantage, perfectly ovoidal, and the fuel injec- 
tion is placed in the axis of the combustion-chamber. 
Moreover, the bottom cylinder cover acquires a very 
simple cylindrical shape, only pierced in one place by 
the passage leading to the combustion-chamber. 

The clearance between the bottom cover and the 
piston at its botton dead centre must be made a mini- 
mum, in order to get as much air as possible in the 
combustion-chamber. This is, of course, imperative, 
as the air enclosed in this clearance takes no part in 
the combustion, which virtually means a reduction 
of the volumetric efficiency and a necessary reduction 
of the mean pressure at the bottom. This is, indeed, 
a loss as far as the power developed is concerned, but 
it means, on the other hand, a big advantage because 
of the lower temperatures which exist in the cylinder 
itself during the process of combustion. It means that 


the stuffing-box and the piston-rod are well protected 
against the influence of the combustion, and that the 
entire bottom cylinder remains much cooler, Allowing 
that there is a small loss in power, there is a very 
appreciable gain in reliability. Now full advantage can 
only be got out of this simple construction if the com- 
bustion-chamber is made sufficiently large. This, how- 
ever, means a low compression, and evidently the 
compression pressure cannot be reduced arbitrarily, 
because we must be certain that self-ignition will take 
place. To obtain self-ignition, however, it is by no 
means necessary to have a compression of 450-500 Ib., 


obtained with a much lower compression. For various 
reasons, to be referred to later on, the compression on 
the bottom side was made so low that self-ignition 
does not take place without preheating the combustion- 
chamber. This seems a complication, but the fact 
that the engine is running, that the top cylinders can 
be immediately fully loaded, and the exhaust gases 
leave them with a high temperature—say 700 deg. F. 
to 800 deg. F.—procures a very simple means of effect- 
ing this pre-heating. When the engine is put on fuel 
(top side only), and during the time the engine is 
loaded, the exhaust valves of the bcttom cylinders are 
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as is usual in Diesel engines with air injection. A 
Diesel engine has to be started from cold, and it has 
been shown that the end temperature of the compression 
during the starting period is very much lower than 
could be expected theoretically. For this reason a 
high compression is necessary in a cylinder which is 
used for starting ; but high compression is not essential 
in the bottom side of a double-acting engine, the top 
side of which is used for starting. Once the engine is 
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kept open; the inlet valves, however, are put out of 
action and remain shut. Consequently, hot exhaust 
gases instead of cold air pass into the bottom cylinder 
during each upward stroke. In the combustion- 
chamber is an uncooled liner, which is heated by the 
exhaust gases for some time before the fuel injection 
begins. ‘The actual operations take less time than it 
takes to describe them ; with a compression of 250 lb. 
it takes less than four minutes to preheat the bottom 
cylinder sufficiently to get smokeless combustion 
immediately the fuel is put on. The first intention 
was to keep the compression still lower than that 
which we are using now, and self-ignition was obtained 
on the small experimental engine when the compression 
was only about 125 lb. It was thought at the time 
that the main difficulties in the double-acting engine 
would be the stuffing-box and the piston-rod, and the 
object was to realise a cycle in the bottom cylinder with 
mean pressures and mean temperatures not surpassing 
those encountered in the H.P. cylinder of a super- 
heated steam engine, for which the problem of a suit- 
able stuffing-box can. be regarded as satisfactorily 
solved. However, the experiments carried out on the 
small experimental engine have shown that the stuffing- 
box does not give any trouble at all, and this encouraged 
us to adopt in the large engine higher maximum and 


running, self-ignition on the bottom side can be 


mean pressures. The trials of the large engine have 
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fully justified this procedure. The experiments, pre- 
liminary to the building of the large unit which is now 
at work on the test-bed at Wallsend, have served the 
purpose of ascertaining which form the combustion- 
chamber should have and what shape of diagram 
should be aimed at in order to get best efficiency, low 
temperatures in the cylinder, together with low 
mechanical strains on the working parts. The dia- 
grams (Fig. 4) bear a great resemblance to a gas- 
engine diagram ; the combustion is at constant volume, 
which means that it takes place almost entirely during 
the time the piston is traversing the lower dead centre. 
Consequently, the flame never enters the cylinder and 
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friction is an important factor in the total friction, 
it is instructive to compare the bearing pressures of 
different systems of engines. These pressures have 
been plotted out in Fig. 5 for two revolutions of a six- 
cylinder engine, taking into consideration the weight 
and inertia of the moving parts, and the mean of their 
absolute magnitude has been calculated in each case. 
This shows that the total pressures on the eight bearings 
are (taking the single-acting four-cycle to be 100), 
(1) Single-acting four-cycle, 100 with four reversals ; 
(2) Double-acting four-cycle, 104-5 with six reversals ; 
(3) Single-acting two-cycle, 126 with no reversals ; 
(4) Double-acting two-cycle, 86 with eight reversals. 


never touches the piston-rod, which, not being exposed | A reversal means that the pressure on the bearings is 
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to the direct radiation, remains remarkably cool. The 
temperature of the piston-rod can always be ascer- 
tained by touching it outside the stuffing-box, and it 
never rises above about 140 deg. F. The temperature 
of the piston-rod flange was found, approximately, 
by inserting small bars of metal of low melting-point, 
which showed it to be between 160 deg. F. and 200 deg. 
F. These eminently satisfactory results can only be 
obtained when a diagram of this particular character 
is realised, showing a low compression and a com- 
bustion at constant volume, but without after-burning. 

One reason has now been given why the low com- 
pression is beneficial in this case, but there are other 
reasons. In a cylinder of the size of that in the large 
experimental unit the yolume of the compression space 
on the bottom is about 3 cub. ft. About 0-7 cub. ft. 
of air can be considered as not taking part in the com- 
bustion, consequently only about 77 per cent. of the 
air charge can be utilised. If, however, the com- 
pression was 450 lb. the compression space would 
hold only about 2 cub. ft., the volume of lost air 
remaining the same; thus only about 65 per cent. 
would be available for combustion. Taking a normal 
mean pressure of 90 lb. at the top, the bottom will 
give 77 per cent., or 69 lb. with low compression and 
only 58 lb. with high compression. It is true that 
the thermal efficiency is somewhat lower than with 
a high compression, but the difference is not very 
great; and considering that the overall mechanical 
efficiency of the double-acting engine is considerably 
higher than that of the single-acting engine, the total 
consumption per brake horse-power of the former is 
lower than that of the latter. The friction losses, 
taking them as a percentage of the total indicated 
horse-power, are much lower; the absolute figure of 
the friction horse-power is only slightly higher than 
that found on a single-acting engine. As the bearing 


‘small experimental engine. 


shifted from bottcm brass to top brass and vice versa, 
and the number of reversals plays, no doubt, a part 
in the lubrication of the journal, although the import- 
ance of a reversal is certainly far greater in a non- 
rotating bearing such as the crosshead. This diagram 
shows that the difference of the bearing pressures of 
a single-acting and a double-acting engine is only 
about 4-5 per cent., and as the friction is directly 
proportional to the pressure the same difference in 
friction losses can be expected. This, again, means 
that the indicated power of the bottom cylinder is 
almost entirely turned into effective power on the 
crankshaft. 

Finally, an advantage of the low compression and 
the low mean pressure in the bottom is the lower 
maximum pressure (about 400 Ib.), which is the 
determining factor for dimensions of the moving parts, 
and a reduction of the piston-rod diameter means an 
increase in useful piston area. As mentioned earlier, 
the practicability of the cycle was first shown in the 
[This was our Fig. 4 in 
ENGINEERING, Plate LXXI, May 30, 1924, when the 
engine was described.—Hd.H.] It was then decided 
to build a large single-cylinder engine of 314-in. bore 
and 55-in. stroke, which carried out a non-stop run 
at full power for twenty days in the month of May. 
Of this single-cylinder engine a section and a front eleva- 
tion are shown in Figs. 1 and 2. [A general view of this 
engine was reproduced in ENGINEERING on Plate LXX, 
May 30, 1924.—Ed.E.] The top part of the engine differs 
but little from the Werkspoor type of single-acting 
four-cycle engine. The bottom part, which takes the 
place of the cylinder extension peculiar to that type 
of engine, consists of a cooled cylinder and a cylindrical 
cover with stuffing-box. Between the liners of the top 
and bottom cylinder a small distance is left, enough 
to give the liners freedom to extend downwards and 


upwards. This heat extension was found to be only a 
fraction of a millimetre, and there is no objection 
whatever to running the piston-rings over the gap, 
which practically closes when the engine gets hot— 
no more objection than there is to having a groove 
for the lubricating oil cut in the cylinder liner. Many 
years’ experience with a liner in two parts with the 
rings passing over a small gap, has proved it to be an 
entirely satisfactory practice. With reference to the 
experimental engine, it must be remarked that the 
reversing system is only made for the top cylinder. 
In general, it will be sufficient to have the top alone 
working when running astern; it is, however, quite 
possible to make both sides of the cylinder reversible, 
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using the Werkspoor system of reversing with the 
valve levers mounted on eccentrics which are keyed 
on the reversing shaft at an angle. This system 
has been described several times in the engineering 
papers to which reference can be made. 

The combustion-chamber is bolted on to the cam- 
shaft side of the bottom cover. Inside is an uncooled 
liner, the interior of which is shaped to the best advan- 
tage for the combustion. This liner extends through 
the throat and ends about flush with the bottom 
cylinder cover. In Fig. 1 the combustion chamber 
is shown, in which the top valve is the exhaust 
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one, the;bottom one controls the inlet and the side one 
is the fuel valve. In Fig. 2 the common exhaust pipe 
is shown connecting the top and bottom ends. A 
starting valve is only necessary on 3- and 4-cylinder 
engines. The accessibility and straightforwardness of 
the construction can be appreciated from these draw- 
ings of the engine, 

Some misgivings existed before we started the experi- 
ments on the influence on the combustion of the throat 
between the combustion-chamber and cylinder. It was 
found, however, that no appreciable difference in mean 
pressure could be detected in indicator cards taken 
on the former and on the latter. Only when the throat 


was reduced in area to about half its size by introducing 


Fig.9. 


flange. In both parts a number of piston-rings are 
placed, leaving an open part in the middle between 
the upper and the lower group of rings. If the rings 
are leaking (in general this can only be expected from 
the top rings) the pressure in this open part rises. 
In the cylinder liner is a small opening connected to 
a valve, which is opened up by a cam on the camshaft 
every time the piston passes it after a combustion on 
the top. From the valve a pipe leads to a gauge, 
which indicates the pressure. This pressure should 
be constant, and a rise surely indicates that something 
is wrong with the rings. A cock in this pipe allows 
samples of the lubricating oil to be obtained. This 
device has shown its usefulness during the non-stop 
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Ftg. 10. ARRANGEMENTOF E/GH rC YLINDER SINGLE-ACTING ENGINE 2200 B.11.P 
AND OF SIX-CYLINDER DOUBLE-ACTING ENGINE OF EQUAL POWER. 
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thicker liners could any difference be noticed. Also, 
the weak spring diagrams show that the loss caused 
by the throat is very small. One of the objections 
usually made against double-acting engines is the 
impossibility of watching the piston, as the cylinder is 
closed on both sides. In a four-cycle single-acting 
engine one can see immediately when the piston rings 
get gummed up, because the piston starts to leak, 
which can be heard and seen. One can then take 
Measures against it, and if necessary shift the rings at 
the first opportunity. In a double-acting engine, 
however, a leak can neither be seen nor heard. A very 
simple means of detecting a leak of the piston has been 
adopted which is so sensitive that even the tendency 
to leak can be detected, and at the same time the 
condition of the cylinder lubricating oil can be ascer- 
tained by this means. The piston consists of two parts, 
see Fig. 7, which are fixed by bolts on the piston-rod 
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run ; seeing the gauge at its normal pressure assures the 
attending engineer that everything inside the cylinder 
is all right. Still, an occasional examination of the 
piston-rings is necessary, and it is therefore important 
to make the piston easily accessible without necessi- 
tating the dismantling of numerous and heavy parts. 
Especially in a double-acting engine, one should be 
able to inspect the piston without having either to 
remove the piston from the piston-rod or to disconnect 
the rod from the crosshead. 

The method of opening up the cylinder and dis- 
mounting the piston is diagrammatically illustrated in 
Fig. 8, and the procedure is as follows :—(1) Cast- 
iron plate (in two halves) on crank-case top plate 
removed. (2) A tube (in two halves) is placed 
round the piston-rod, its lower end resting on the 
crosshead. (3) The engine is then turned till the 
vop end of this tube butts up against the bottom 


cover. (4) The bolts connecting the top and bottom 
portions of the cylinder are removed. (5) The engine 
is turned down, the bottom portion of cylinder coming 
down with it until the bottom cover rests on the 
crank case top plate. (6) The top part of the 
piston is now exactly in the opening between the 
two portions of the cylinder ; for examining the lower 
rings the tube is removed and the engine two portions 
of the cylinder; for examining the lower rings the 
tube is removed and the engine turned up until the 
bottom part of the piston is in the opening. The 
cooling of the piston is effected by water, the cooling 
water being led to and from the piston through tele- 
scopic pipes, which are anchored to the astern shoes, 
a heavy gauge pipe connecting them to the hollow 
piston-rod. The glands are arranged in a very accessible 
position above the crank case top plate; a leakage 
can be easily observed, and no water can reach the 
crank-case. The glands are of the floating type ; 
even if the telescopic pipes should be seriously out of 
alignment there can be no strains on them, causing 
them to break at their base. 

The power developed by this type of engine is about 
80 per cent. more than that given by a single-acting 
engine of the same size. Taking into consideration 
that the piston speed can be made 15 per cent. or 
20 per cent. more than that usual in two-cycle engines, 
and that no power is needed for scavenging purposes, 
this engine actually develops about the same power 
as a single-acting two-cycle engine of equal size, 
with less heat stress on covers and liners. The lubri- 
cating oil consumption is not greater than for a single- 
acting four-cycle engine of the same bore, and power 
for power it will be roughly one-half. The experi- 
mental engine is fitted with air injection both top and 
bottom, Although the low compression at the bottom 
would allow a lower injection-air pressure to be used, 
it was preferred for simplicity’s sake to work both 
top and bottom with the same pressure. It may be 
remarked here that the size of the air compressor only 
needs to be very little increased for furnishing the 
injection air for the bottom. The size of the air 
compressor of a marine Diesel engine is in the first 
instance determined by the needs for slow running. 
A double-acting engine, however, will when running 
slowly, only be made to fire on the top. This means 
that no injection air is used on the bottom, and the 
engine has practically become a single-acting engine. 
Thus the size of compressor can be determined as if 
the engine were single-acting, and the excess air at 
normal revolutions can be used for the bottom. The 
compressor is therefore always working at about 
normal capacity, and under better conditions than 
when throttled down, as is usual in single-acting 
engines. It may be added that we have also arranged 
for the use of solid injection in both top and bottem 
cylinders. In particular, the bottom cylinder presents 
perfect conditions for using solid injection, the shape 
of the combustion-chamber and the shape of the dia- 
gram which it is desired to obtain lending themselves 
eminently well for its adoption. 

The system of solid injection which we are using is 
that put forward by Professor Arschaouloff, and 
although not directly connected to the subject—it 
being very little known in England—we should like 
to give a brief description of it. The high pressure fuel 
pump (Fig 9) is driven by a small impulse piston below, 
the impulse cylinder being in open communication 
with the main working cylinder. The ratio between the 
areas of the impulse piston and the fuel pump plunger 
determines the pressure of the fuel in the pump. If 
the compression is 370 lb. and this ratio 1 ; 13, the fuel 
pressure would be 4,800 lb. A spring-loaded spindle 
valve of the differential type is opened automatically 
when the compression in the fuel pump has risen to a 
certain figure, and the fuel enters the cylinder. The 
pressure rises when the injected fuel burns, and causes 
new fuel to enter with increased pressure. The dia- 
gram shown in Fig. 9 has been made on the small 
experimental engine. This diagram shows a normal 
card, a displaced card, and a card taken simultaneously 
of the travel of the impulse piston. This impulse 
piston starts to come down at the point (a) when the 
differential valve is opened. The rise in pressure in 
the cylinder does not take place immediately ; on the 
contrary, a drop in pressure can be noticed, partly due 
to the compression space being increased in volume 
because of the impulse piston coming down, and partly 
to the cooling effect of the entering fuel being vaporized. 
At point (6) the fuel suddenly flashes off. The time- 
lag can be determined on the crank circle, and the figures 
found fit in exactly with the experimental results pub- 
lished by Commander Hawkes in his paper on “‘ Some 
Experiments in Connection with the Injection and 
Combustion of Fuel-oil in Diesel Engines,’ read before 
the North-East Coast Institution. of Engineers and 
Shipbuilders. In point (c) all the fuel has been injected 
into the cylinder and the spindle valve closes. This 
diagram gives a remarkable insight into the process of 
combustion. The amount of fuel injected can be 
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VERTICAL ILLUMINATOR FOR MICROSCOPES. 


CONSTRUCTED BY MESSRS. R. AND J. BECK, LIMITED, LONDON. 


Fig. 1. 


easily computed at any moment, and the corresponding 
rise of pressure seen on the diagram. It is interesting 
to note that about 42 per cent. of the fuel is introduced 
before the dead centre. 

In conclusion, Fig. 10 shows the advantages to be 
gained by the installation of a double-acting engine 
instead of a single-acting engine. This is not a hypo- 
thetical case, but it compares an eight-cylinder engine 
actually being built with what would now be proposed 
for a sister ship. The proposed six-cylinder double- 
acting engine is about 20 per cent. lighter ; the engine- 
room would be 12 ft. shorter ; the fuel consumption will 
be lower, and the lubricating oi! consumption con- 
siderably less. In the case of a twin-screw vessel 
fitted with single acting engines, their substitution by 
a single-screw double-acting engine shows a very 
marked simplification in every direction. We quite 
realize that from a theoretical point of view the solution 
can be considered doubtful, if not wrong. It seems, 
indeed, going the wrong way deliberately to abandon 
part of the air present in the cylinder and not to use it 
in burning fuel, to accept a low compression when 
obviously the thermal efficiency is better with a high 
compression. This, however, is the academic side of the 
question, but the practical side is that we want to have 
a reliable, simple, and accessible engine, even if we 
have to deny ourselves the satisfaction of getting the 
highest possible mean pressure and the lowest attain- 
able fuel consumption per indicated horse-power. We 
think this is a point which every engineer with sea 
experience will appreciate, and the shipowner should 
not worry much about thermal efficiency if he can 
keep the repair bills down and if the ship has no undue 
delays. 


VERTICAL ILLUMINATOR FOR 
MICROSCOPES. 


WHEN using a high-powered objective for the 
visual examination under the microscope, or the 
photomicrography, of opaque bodies, such as the 
specimens used in metallographical work, it is necessary 
to illuminate the object on the stage by means of a 
beam of light passed downwards through the lens of the 
microscope, For this purpose it is usual to employ 
a fitting inserted between the tube of the microscope 
and the objective, and containing either a thin disc 
of plane glass or a small right-angled prism to reflect 
a horizontal beam of light, admitted through an open- 
ing in the side of the fitting, vertically downwards 
through the objective. The only adjustment pro- 
vided is to enable the reflecting glass or prism to be 
partially rotated about a horizontal axis, and, owing 
to this limitation, considerable difficulty is experienced 


in practice in eliminating. the glare which results from 
reflections of light from the surfaces of the lenses, 
without reducing the resolving power of the micros- 
cope. 

To obviate the difficulty referred to, Messrs. R. & J. 

Beck, Limited, 68, Cornhill, E.C.3, have recently intro- 
duced a form of vertical illuminator in which the 
reflector can be moved along two lines at right angles 
and can also be tilted about both these axes. It is thus 
possible to adjust the position and the angle of the 
reflector as required. Since provision is also made for 
the use of several different forms of reflector, the 
illuminating system can be arranged to give the best 
possible results in all conditions of working. Fig. 1, on 
this page, shows a microscope to which the illuminator 
has been fitted, while Fig. 2 is a view showing the 
illuminator separately and to a larger scale. Fig. 3 
illustrates some of the various forms of reflectors 
employed, which, as will be seen, include semi-circular, 
circular and rectangular mirrors of silvered glass, a 
small right-angled prism, and a thin disc of transparent 
glass. A set of concave reflectors, similar in outline 
to the silvered-glass mirrors illustrated in Fig. 3, is 
also made for use in the illuminator, and these have 
important advantages in some cases. The actual form 
of mirror it is best to employ in any given circum- 
stances, however, is largely dependent upon the par- 
ticular conditions to be complied with, the user being 
guided in the selection mainly by experience. 
’ The fitting shown on the left of Fig. 2, which is the 
illuminator proper, consists of a short tubular body 
screwed at the upper end to fit into the main tube of 
the microscope and at the lower end to take the ob- 
jective. From the tubular body, another tube projects 
at right angles, and sliding on this tube is a sleeve 
carrying a bracket, which can be rotated about the axis 
of the tube. Pivoted to the bracket is a boss with a 
square hole formed in its axis, and in this hole are 
placed the square rods on which the reflectors are 
mounted, the rods being passed through holes in the 
sides of the tubular body, as will be understood on 
reference to Fig. 2. The rods of the reflectors are 
clamped in the boss by means of a milled-headed 
screw, which enables the position of the reflector to be 
adjusted in the direction of the length of the rod. The 
boss, and consequently the reflector, can also be tilted 
about the axis of the rod by means of a lever provided 
with a knob and clearly shown in both Figs. 1 and 2. 
The lever can be clamped by a screw working in a seg- 
mental slot, and its angular position is indicated by a 
scale engraved on the bracket. The two other adjust- 
ments of the position of the reflector are obtained by 
sliding the bracket along the projecting tube or ro- 
tating it about the axis of the latter. 


Fia. 2. 


Fic. 3. 


The complete illuminator can be rotated about the 
optical axis of the microscope, so that light from any 
convenient source can be directed into the laterally pro- 
jecting tube. Into the latter a fitting containing an iris 
diaphragm and a collimating lens can be slipped if 
required, and this fitting, which is illustrated on the 
right of Fig. 2, enables a parallel beam of the most 
suitable diameter to be directed on to the reflector. 
The latter directs the light down through the objective 
on to the specimen which reflects it up again through 
the objective to form a magnified image in the focal 
plane of the eyepiece or on the photographic plate in 
a camera. For reducing the effect of glare in vertical 
illuminators without appreciably affecting the resolu- 
tion, Messrs. Beck recommend the use of a small 
circular opayue spot in the centre of a transparent 
glass reflector, or of opaque reflectors suitably located 
with respect to the aperture of the objective. The 
resolving power, of course, depends not only upon the 
size of the aperture of the objective, but also upon its 
shape, and since both these factors are under the 
control of the operator in the form of illuminator, 
described above, it would appear to have considerable 
advantages for metallographical work, where the 
highest degree of resolution is frequently necessary 
to bring out the details of the structure of complex 
alloys. For the purely optical study of the phenomena 
involved in critical illumination, the makers suggest 
the examination under the microscope of a minute 
globule of mercury, which produces an extremely 
small point of light. If a high-powered eyepiece is 
employed for the purpose, the diffraction pattern can 
be seen and the effects of altering the shape and size 
of the objective aperture, by inserting different forms 
of reflectors, can be studied. Finally, we may mention 
that the illuminator described can be used on any form 
or make of microscope. . 


SyntueTic Iron StuprEes.—A co-operative agreement 
has been arranged between the British Columbia Bureau 
of Mines and the Department of the Interior whereby 
the North-west Experiment Station of the United States 
Bureau of Mines at Seattle, Washington, will assist the 
first-named organisation in establishing the best condi- 
tions for converting steel scrap, tin-plate scrap, and 
sponge-iron concentrates into foundry iron and steel, 
through the medium of the electric furnace. The expense 
of this investigation will be borne by the British Columbia 
Bureau of Mines. This work is a continuation of the 
laboratory work on synthetic iron previously done at 
Seattle by the Bureau of Mines. It is expected that the 
results will be applicable to the production of grey iron 
from sponge iron. The electric furnace to be used in 
the tests is of the Greene (Heroult) type three-phase, 
acid-lined, and of 3,000-lb. capacity. } 
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WORLD POWER CONFERENCE. 


We give below abstracts of most of the papers read 
on Tuesday last. The proceedings at the meetings and 
the discussions we deal with elsewhere in th's issue. 


SECTION A—Powerr REsouRCcEs. 


World Resources of Coal.—A paper by Sir Richard 
Redmayne accepts the figure of 7,397,552 million 
metric tons as the probable coal reserves of the world. 
Coal mining has been carried on at a depth of 4,000 ft. 
in Belgium, but it was probable that coal could not 
be produced economically from a greater depth than 
5,000 ft., though much of the reserve included in the 
figure given is at a greater depth than this. Qn the 
present basis of production the resources of the United 
States might last for 2,000 years. The coal reserves for 
Great Britain would probably suffice only for 600 
years or 450, if coal below 4,000 ft. were excluded. 
Germany, before the Silesian fields were ceded, had 
reserves for 1,000 years. Belgium has probably 500 
years supply. France would soon have to live entirely 
on imported coal, and Switzerland would exhaust 
her supplies in a few years. 

As regards anthracite, Asia is easily first in available 
resources, the province of Shansi containing 75 per cent. 
of the anthracite of that continent. Of the world’s 
resources over half are of bituminous coal. Seven- 
eighths of the American supplies are bituminous coal. 
The principal resources of lignite were in Germany, 
Canada and Australia. The Latrobe valley, Victoria, 
contains 31,144,319,000 tons of lignite. If electrical 
transmission of power were adopted a saving of many 
million tons of coal could be effected in this country. 
Oil would not help the situation, the supplies would be 
exhausted in from 80 to 100 years. Peat supplies 
would probably be exhausted before coal. It is esti- 
mated that water power could be utilised to supply 
60 per cent. of the power now generated with coal. 


BritisH Emprre AND UNITED STATES RESOURCES. 


Great Britain.—The Physical and Chemical Survey 
of the National Coal Resources of Great Britain was 
dealt with by Dr. C. H. Lander in three sections. The 
first considered the distribution of coal and its relation 
to other rocks and minerals; the second the physical 
and chemical characteristics of different seams; and 
the third the purpose for which different classes of coal 
were best suited. The author first reviewed the work 
done in different investigations of coal supplies of the 
country, subsequently summarising the recent work on 
the origin and characteristics of coal, of Dr. Stopes, 
Mr. C. A. Seyler and the Lomax Palxobotanical 
Laboratories. The institution in 1922 of the Lanca- 
shire and Cheshire Coalfield Research Committee had 
been followed by the establishment of one for the 
Yorkshire coalfield. The work embarked upon in 
connection with the general survey had already yielded 
important results. 

Prefessor A. H. Gibson, dealing with water power in 
Great Britain and Ireland, stated that the State had no 
ownership of water rights in these countries. Develop- 
ment of resources had been hindered by the multiplicity 
of the interests and parties affected. The most pro- 
mising areas were in Scotland, Ireland and North 
Wales. Of the whole water resources of this country 
Professor Gibson considered 74 per cent. should be 
allotted to the needs of general industry ; 14 per cent. 
for electro-chemical industries ; 9 per cent. for public 
services, and 3 per cent. for agriculture. Some 20 
per cent. of the power requirements of Great Britain 
and Ireland could be supplied from water sources. 

A paper contributed by Sir G. Beilby, was on the 
subject of “‘ Oil Production and its Relation to the 
Resources and Needs of the British Empire.” Here 
the author laid stress upon the fact that the United 
States were likely to continue to be the centre of the 
world’s production of oil, 70 to 80 per cent. of the total 
production being controlled by that country. In the 
mercantile marine less than 69 per cent. of the gross 
tonnage was now dependent upon coal. All oil re- 
sources should be conserved to the utmost extent 
possible. Great importance attached to the use of 
the best installations for distilling and refining shale 
oils. After having decided to what extent a vein of 
shale was workable, only the best type of plant to suit 
the particular shale should be adopted. Whereas the 
production of petrol was to some extent a speculation, 
and attracted energy and capital for this reason, shale 
oil production only promised hard work and a slow 
return for effort. In this country the future source 
of heavy oils would be coal treated by low-temperature 
processes. The latter had received attention from the 
H.M. Fuel Research Station since its organisation in 
1917, as being a matter of prime importance. 

A matter cognate to the general subject was dis- 
cussed in a paper by Prof. H. Louis under the title 
“* Resources of the British Empire in Metals employed 
in Power Machinery.’ This paper reviewed the ex, 


port machinery business of Great Britain which was 
lacking in raw materials, while other countries with 
raw mineral resources were largely importers. The 
author then went into the question of the resources 
of the Empire as regards iron ore, copper, lead, zinc, 
tin, nickel, cobalt, tungsten, chromium and aluminium, 
and ‘concluded, that, with the solitary exception of 
copper, the Empire could look forward to the future 
with confidence, owing to the existence of ample 
supplies within its own limits. 

Canada.—A most comprehensive and elaborate con- 
tribution was a large and profusely-illustrated volume 
on over 350 pages dealing with the power resources of 
Canada. Only part of this, however, was concerned 
with Section A, with which we are now dealing. A first 
section was devoted to a review of the national re- 
sources of water power with which Canada is liberally 
endowed, contributed by Mr. J. B. Challies. This is 
available on an abundant scale in the Central Provinces, 
while other provinces have almost limitless resources 
of coal of a useful nature. Water power development 
has been steady and rapid. Over 3} million h.p. have 
been developed with a further } million of plant 
being installed. In ten years it is estimated that the 
capital invested will reach 1,000 million dollars. 
Government co-operation was constructive and posi- 
tive. No less than 97-7 per cent. of the energy pro- 
duced by central stations was from hydraulic power. 
For the paper pulp, the mining and other industries 
hydraulic power was of prime importance. Water 
power was well distributed, except for certain parts 
of the Prairie Provinces. Recent investigations had 
shown that more than 40,000,000-h.p. were available 
at the minimum flow. The rights of most of the un- 
developed resources belonged to the State, while most 
of those developed are under State regulation and 
control. The sources of power belonging to the State 
are administered by the Government of Canada, which 
is the administrative authority for all water resources 
on public lands, as in the provinces of Alberta, Saskatch- 
ewan, Manitoba, and Yukon. The legislative assemblies 
of British Columbia, Quebec, Ontario, &c., control the 
resources within these territories. The whole subject 
receives a great amount of attention in the country. 

A second section of the Canadian report was by 
Mr. F. Haanel, who dealt mainly with fuel resources. 
This should prove a most interesting review to many 
engineers who on account of the publicity given to 
water power in the Dominion are apt to overlook 
the fact that the country has vast resources in the 
way of coal, lignites, peat and oil shales. The paper 
discusses at considerable length such practical points 
as the preparation of these fuels for industrial and other 
uses, their value for steam raising, gas retort and 
producer gas work, giving the characteristics of modern 
installations designed for their use. A part of the 
report is further devoted to the research side as regards 
the development of the best methods of carburisation 
of the different fuels, and the scope of the different 
processes. Mr. Haanel concludes that Canada has 
enormous reserves of fuel of all kinds except crude 
oil. The requirements for steam raising and steam 
power are increasing. While hydro-electric power has 
to a large extent displaced steam in Ontario and 
Quebec, an increasing demand in Central Canada 
must from now on be met by steam-generated power. 
Power-plant designs are modern and provided with 
combustion apparatus for burning the different grades 
of coal to the best advantage. Powdered fuel systems 
are being largely adopted. The field did not at present 
exist for carbonising and briquetting lignite coals. 
The domestic fuel problem in the “ Acute Fuel Region ” 
would best be met with the by-product recovery coke 
oven. The solution of both the domestic and industrial 
power problem in Central and Southern Ontario 
would be found in the large-scale use of the by-product 
recovery coke oven, to produce motor spirit, oils, 
ammonia and to generate gas. The first attempt to 
carbonise coal at low temperature for the production 
first of a suitable char for use as powdered fuel for 
steam generation, and secondly, of the maximum 
recovery of by-products, is being made at the Ford 
Motor Works, Walkerville, Ontario. At present 
Western Canada produced more coal than she could use, 
so that lignites were not likely to be developed for 
some time. Canada might be regarded as the world’s 
storehouse for future supplies of coal, and possibly 
also of oils derived from coal. 

India.—The power situation for India was reviewed 
by Mr. J. W. Meares, who drew attention to the 
importance in tropical countries of impounding avail- 
able supplies. As India was an agricultural country, 
the demand for water for that industry was in conflict 
with that for power production. There were, however, 
drops on the canals and impounding reservoirs which 
could be developed without prejudice to irrigation. 
It was difficult tc co-ordinate the rights of the various 
Presidencies, States and Provinces. India has large 
possible sources of power which could be developed 
if some use for the supply could be assured. At 


present this power was not within reach of any existing 
industries except agriculture, which wanted water 


rather than water power. 


Australasia.—The report for Australasia was com- 
piled by the Institution of Engineers, Australia, and 
contains a vast amount of statistical and descriptive 
material, evidently most carefully vot together and 
selected. The contribution was divided into two parts, 
the first dealing with resources and the second with 
existing power supplies. The first part is sub-divided 
into water, coal and liquid fuels. The country pos- 
sesses ample reserves of coal, the exact amount of 
which it is as yet difficult to estimate, while supplies 
of brown coal are enormous. Over 10 millions horse- 
power are available on the rivers on the continent, and 
additional power in Papua and the Mandated territory 
of New Guinea. It would appear that with such 
reserves a long while must elapse before Australia 
is at all inconvenienced in her industrial development. 
The poasibility of discovering oils in economic quantity 
is also reported upon favourably by geologists. 
Handicapped by distance it has been impossible at 
this conference for Australia to present more than a 
yeneral review of the situation. With a better know- 
ledge of the nature of the congress it will be possible 
on future occasions to go into greater details. Al- 
though the investigations are not complete, many of the 
States have accumulated a great deal of valuable 
information, and preliminary measures are now under 
SS Ban by the Federal and States Governments 
with regard to the regulation of national resources. 

New Zealand.—New Zealand is largely a country of 
mountains, with a considerable rainfall. The available 
water resources, counting only possible installations 
of 1,000 h.p. and over, amounts to about 770,000 h.p. 
in the North Island and 4,100,000 h.p. in the South 
Island. The development of this power was, Mr. 
Lawrence Birks says in his report, in private hands, 
but in 1903 a law was passed reserving to the State the 
rights of development of all water power. Allowing 
+ h.p. per head the requirements for the North Island 
have been estimated at about 160,000 h.p., and for the 
South at 110,000 h.p. In the North Island there will 
ultimately be three interconnected stations with 
110,000 volt transmission lines of a total length of 
1,112 miles and 309 miles of main branch lines. The 
cost of the complete scheme was estimated in 1918 at 
7,303,0421. For the South Island the final choice of 
a comprehensive scheme has not yet been made. 
Including large and small stations there were in 1923, 
31 hydro-electric plants in New Zealand, with a total 
output of 29,386 kw., representing about 51:1 per 
cent. of the power used in the Dominion. 

South Africa.—Three reports were submitted with 
regard to South Africa. One was of a comprehensive 
nature, while the other two dealt respectively with the 
coal and water resources of Southern Rhodesia. 
Mr. C. LL. Robertson’s report on the last-named subject 
referred to an area about 154,000 sq. miles, traversed 
by a narrow central plateau of 4,000 ft. to 5,000 ft. 
This area is divided into six basins. Suitable im- 
pounding sites are rare, and the cost of reservoirs is 
estimated to work out at about 2001. per million 
cub. ft. impounded. In development work, therefore, 
it is anticipated that large storage schemes would not 
be included. The author puts the total average horse- 
power available, excluding the Zambesi, at 135,200 
h.p., or including that river at 435,200 h.p. The 
resources generally are as yet intact, the only large 
installation being at present that for the Rezende 
Mine at Pauhalonga. : 

Mr. H. B. Maufe dealt with the fuel resources of 
Southern Rhodesia, which comprise coal, wood and 
charcoal. Neither lignite, peat, oil nor gas has been 
found in the area. The reserves of coal are con- 
servatively estimated at 6,184 million tons, of which 
more than 80 per cent. is in the Wankie basin. This 
coal burns with a short flame and is among the best 
found in Africa, producing also a good coke for 
metallurgical purposes. The resources are amply 
sufficient for all possible developments within sight, 

The United States.—Thereports for the United States 
were incomplete, excepting that dealing with the 
Pacific Coast, but in our report of the proceedings in 
an earlier part of this issue we deal with all the 
important papers. Messrs. A. H. Markwait and 
H. A. Barre stated that the resources of the three 
Pacific States amount to 43 per cent. of the total for 
the whole country, totalling about an average of 
16 million h.p. Less than 10 per cent. is now developed. 
California ranks first in the whole country as regards 
hydro-electric possibilities. The first Pacific installa- 
tion was on the Willamette River, in Oregon, in 1889. 
The Pacific Gas and Electric Company owns the most 
important system in the west, with 3,492 miles of 
transmission line and a capacity of 474,550 kw., with 
31,1615 customers, and covering a territory of 54,000 
sq. miles. The Southern California Edison Company 
occupies second place, with a total installed capacity 
still greater, viz., 497,800 kw. Interconnection between 


32 


ENGINEERING. 


[JuLy 4, 1924. 


the systems of the Pacific Coast has been an accom- 
plished fact for several years, thus reducing the need 
for steam auxiliary plant. When all the systems are 
linked up the total will represent 1,867,485 kw. For 
the moment, the exchange of power between States is 
not of importance, but this would be augmented when 
the Colorado river projects materialised in the develop- 
ment of 3,500,000 h.p. International exchange with 
Mexico and Canada as yet was unimportant. Of the 
4,400,000 h.p. of the California-Oregon interconnected 
system 36 per cent. was used for heating, lighting and 
cooking, 25 per cent. for industrial purposes, 15 per cent 
for agriculture, 8 per cent. for railways and 16 per cent. 
for other uses. The systems have monopolies of 
territory under state regulation. 


EvROPEAN AND OTHER COUNTRIES. 


Belgium.—Water power in Belgium is of small 
importance. The report for this country, by M. A. 
Fontaine, pointed out that the country possessed no 
mountains, had a flat and sandy coast line, unsuited to 
the development of tidal power, and of the moderate 
rainfall about one-half only ran off into the rivers. 
There are possibilities of a minor character on the Meuse 
if a dam were built at Lixhe, where a fall of 9-5 m. 
could be secured. Other developments could be made 
above Liege to produce in all about 180 million kw.-hr. 
With the co-operation of Holland, further works might 
be built between Lixhe and Maasbracht, while the 
Lixhe-Antwerp canal could also be utilised to Some 
extent. 

Holland.—Professor F. K. van Iterson’s report on 
Holland is in many senses pessimistic, but optimistic 
in others. The author points out that Dutch engineers 
have for centuries given a great deal of thought to the 
use of wind power and of peat fuel, and more recently 
of tidal energy, but their experience in these directions 
should act as a warning to enthusiasts elsewhere, if 


they have any regard for their money. The eight hour 


day gave the final blow to the employment of windmills, 
and even the introduction of modern mills of the 
American type has not saved the situation. 
has no water power as it isa flat country. The genera- 


tion of electricity by the burning of peat was never 
The drying season was short and all 


profitable. 


artificial processes had failed. It dves not pay to 


transport this fuel and as an industrial fuel it was 
If anyone sank money in the winning of peat 
on a large scale only his grandchildren would benefit 


useless. 


when they came into the possession of valuable land. 
Lignite deposits again in Holland were close to coal, 
and the latter was naturally worked by preference. 
The output of coal in Holland is expected ultimately to 


reach 10 million tons per annum, but with the fields of 
England, Belgium and Germany close at hand there 


is no anxiety in the country as to the future. 
France.—The French report on Water-power was 
extremely brief. It was compiled by M. de la Brosse, 
Inspecteur-Général des Ponts et Chaussées. 
years stream-gauging has been practised and search 
made for suitable sites for reservoirs. The gauging of 
flows had been carried out with water-wheels, floats, 
Pitot tubes, weirs, &c. Two hydraulic laboratories 
are maintained, one at Grenoble and one at Toulouse, 
for the rating of gauges. Complete investigations had 
been made with regard to barrages and reservoirs on 
the Rhone (Génissat), the Durance (Serre-Poncon), the 
Verdon, the Romanche, the Creuse, the Dordogne, &c. 
Some such works are now in hand, as, for instance, the 
_ dam at Eguzon, on the Creuse, and that at La Celette 
on the Chavanon. The former dam will be 61-11 m. 
in height, and the latter 87 m. The most important 
future developments are expected on the Rhine, the 
Rhone, Isére, Durance, and Dordogue. 
Switzerland.—As is well known, Switzerland is greatly 
favoured from the point of view of water power, and 
already has developed these resources to such an extent 
that in 1922 the possible production was placed at 
4,870,000,000 kw.-hour. The actual production was 
2,880,000,000 kw.-hours, or 59 per cent. of the total 
possible. The report on Switzerland was a composite 
production by Messrs. Buchi, Eggenberger, Harry, 
Strickler and Zangger, each of whom have appended 
their names to sections. The water-power still avail- 
able can be reckoned at 8,000,000 of installed horse- 
power. In 1922 53 per cent. of the energy was used 
for lighting, motive power and heating, 23 per cent. for 
electro-chemical and metallurgical processes, 16 per cent 
was exported to foreign countries, and 8 per cent. was 
used for railways. It is estimated that 95 per cent. of 
all localities was connected to electric distribution 
systems, and 90 per cent. of the houses were fitted 
with electric light; 95 per cent. to 98 per cent. of the 
motors were electrical machines and from 40 per cent. 
to 45 per cent. of the railways were electrified. The 
price per unit was relatively high on account of the 
cost of transmission. The rivers had a small flow in 
winter and large in summer, and water was stored in 
lakes, &c., for equalisation. The rivers are mostly 
public property; concessions are usually granted by 
the Cantons, subject to compliance with Federal laws. 


Holland 


For many 


Spain.—Originally in Spain regulations regarding 


water were concerned only with the requirements for 
irrigation. 
to power development, 
4,413,980 h.p. have been granted, large concessions 
being made in 1916 to 1920. Of the total only 
1,261,118 h.p. are in operation and 2,160,610 under 
construction. The totalavailable power is estimated at 
6,000,000 h.p. Dams will be increasingly necessary 
for these resources to be utilised, for the regulation of 
the flow of the rivers, as already has been the case 
on the Tagus and the Noguera-Pallaresa. 
development has been in the Pyrenean zone, and the 
supplies are absorbed by Barcelona and the industries 
in its neighbourhood. 


Latterly attention has been paid also 
and concessions totailing 


The greatest 


Austria.—In the Austrian Republic water-powers up 


to about 3-7 millions h.p. exist, based on low water 
discharges. 
had been developed and 65,000 h.p. were in hand, the 
present installations having plants of a maximum 
capacity of 582,000 h.p. The linking up of installations 
would result in more of the available production being 
utilised. High-tension transmission lines aggregate 
about 8,000 km., mostly for three-phase, 50-cycle 
Projected schemes aggregate about 2,285,000 
h.p. Large outputs would be obtainable from the 


At the end of 1923 about 220,000 h.p. 


current. 


Danube where long side canals could be constructed. 


Barrages are not viewed favourably. The cost of 
work on this river would be high. Austria imports a 
certain quantity of coal, and by the development of 
The coal 
resources of the country are placed at 400,000,000 tons. 
Of these 96 per cent. are lignites and brown coals, 
The production is 
about 3-3 million tons per annum, most of which 
For bituminous coal the country 


water power it is hoped to reduce this. 


4 per cent. being bituminous. 


is brown coal. 
will continue to be dependent upon foreign sources. 


Hungary—The dismemberment of Hungary greatly 
reduced that country’s power resources, and it now 
The natural gas and 
Coal 
and peat constitute the chief resources, the reserves of 
the former amounting to 119 million tons of bituminous 
coal, 430 million tons of brown coal and 500 million 
Peat lands extend to about 200,000 


possesses little water power. 
naptha region were lost under the Peace Treaty. 


tons of lignite. 
acres. 


Czechoslovakia.—This country possesses reserves of 
coal to the estimated extent of 8,787 million tons, and 
y In 1921 the output was 
9,361,220 tons of black coal and 18,753,585 tons of 
Oil has to be imported to meet the country’s 
Since the war the development of 
water power has been seriously undertaken and the 


of lignite 12,434 million tons. 


lignite. 
requirements. 


State is investigating the resources in this direction. 
The total available is now estimated at 1,722,000 horse- 
power, but of this only 155,000 horse-power are utilised. 
The development can only advance as industry extends. 
The sources of energy are distributed conveniently, 
localities lacking in coal having abundant water 
power. For this reason numbers of small private 
generating systems exist, with, however, the dis- 
advantages of lack of uniformity as regards current, 
&c. Centralisation is aimed at, with stations at the 
coal fields, for parts of the country where steam genera- 
tion is necessary. 

Denmark.—Denmark is unfavourably placed as 
regards water-power, but the subject became of impor- 
tance during the Great War, and plans were drawn up 
for several hydro-electric stations, some of which are 
now working while others are under construction. 
The requirements of Jutland are now met by existing 
hydro-electric and steam stations so that the ultimate 
utilisation of all the water power is at present doubtful. 

Norway.—Norway is one of the countries specially 
favoured as regards water power. The majority of 
the rivers include large and small lakes which can be 
made use of for regulation. Precipitation is mostly in 
the form of snow and there are regular annual periods 
of low and high flow. Low flow extends over a long 
period making regularisation essential. Four reports 
were submitted for this country, one dealing with the 
hydrography of the country, a second with the water 
power resources, a third with the effect of the latter on 
the country and on international affairs, and the 
fourth on the coalfields of Spitsbergen. The report on 
water power resources was by Mr. I. Kristensen who 
places the total resources at 12-2 million horse-power, 
of which only 1-2 millions are at present utilised. The 
peculiar features of Norwegain water power embrace 
the facility of regularisation by the lakes, above referred 
to; the concentration of large powers at comparatively 
few sites; the prevalence of solid rock, and the fact 
that more than half the resources are available in the 
immediate vicinity of the sea-bord, and navigable 
waters. Twenty-nine stations, each developing more 
than 30,000 horse-power produce a total of 950,000 
horse-power. One station develops no less than 
235,000 horse-power. The possibilities of further 
development depends first on electric heating of houses, 
the electrification of railways and small industries ; 
secondly, on the establishment and development of 


large industries requiring cheap transport and a cheap 
supply of electricity; and thirdly, on the export of 
power. 
tant international factor in Northern Europe. 
report by Mr. S. Kloumann is a development of this 
point. 
exception the country of cheap hydro-electric power, 


The latter may quite likely become an impor- 
The 


The author poirts out that Norway is without 


which, unlike coal or oil resources, is inexhaustible. 
The western coast is richest in possibilities and is: 
especially adapted to electro-chemical processes, while 
the east and southern sections are convenient for 
public distribution and for exportation. However, it 
would be possible to transmit supplies to some extent 
from the western to the other districts. 

The report on the coal resources of Spitzbergen 
and Bear Island by Mr. Adolf Hoel puts the total 
resources of Spitzbergen at little short of 13,000 million 
tons of qualities ranging 11,470 B.Th.U. up to about 
14,461 B.Th.U. The resources of Bear Island are 
placed at 200 million tons of rather lower average, 7.¢., 
between 11,426 B.Th.U. and 13,732, most of the samples 
being on the lower side. Mining is easy on account 
of the small dip of the seams, and the frozen ground, 
and the absence of gas and water, so that:the production 
per man employed is high. 

Sweden.—Sweden possesses no coal fields. and water 
power is one of its chief assets. Of 1,950,000 turbine 
h.p. developed in 1923 1,400,000 were developed by 
means of hydraulic turbines. The total water re- 


sources are placed at 11,600,000 h.p., although at pre- ~ 


sent the amount capable of practical and economical 
development appears to be in the neighbourhood of 
8-8 millions h.p. 30 per cent. of the hydraulic re- 
sources of the country and 28 per cent. of the power 
produced now in hydro-electric stations belongs to the 
State. The State has no monopoly in this matter 
and co-operates with private concerns in a perfectly 
loyal manner. Schemes for districts are investigated 
by a State Commission. The country possesses 
immense forests, practically unexploited as a source of 
fuel except for domestic purposes and for the manu- 
facture of charcoal for metallurgical purposes. There 
are bituminous schistes from which it has been shown 
to be possible to extract a useful oil, while peat deposits 


were utilised during the war for fuel for ordinary fur- - 


naces, and in powdered form for locomotives. In 
time of peace, however, this cannot compete with 
imported coal. 

Finland.—The resources of Finland consist of 
waterfalls, wood and peat. None of these has been 
developed to any large extent, though water power 
amounting to 189,700 h.p. is utilised in 148 plants. 


Of the power developments in hand the State scheme ~ 


at Imatra for some 168,000 h.p, is the most important. 
Surveys and gaugings being incomplete, an estimate 
for the whole country’s water resources is impossible. 
Information is available pointing to definite possi- 
bilities amounting to 8,582,000 h.p. at periods of 
maximum flow, but only 1,314,000 available for nine 
months of the year, pointing to the need for regulation 
or supplementary steam stations. The rivers abound 
in lakes, between which are rapids or falls of low 
head. The fuel of Finland consists of wood only. 
The annual growth of timber is estimated at 44 
million cubic metres and the consumption at 40 
million cubic metres, of which 48 per cent. is used as 
fuel. The deposits of peat are estimated at 2,000 
million tons of air-dried peat. 

Hsthonia.—Water power resources to the extent of 
about 170,000 h.p. are recorded for Esthonia in a short 
report by the Ministry of Trade and Industry of that 
country, of which about 16,953 h.p: are utilised, while 
90,000 are embraced in a Government scheme on the 
Narowa River at two sites heads of 21 and 5 metres 
respectively. The country possesses valuable oil 
shales to an amount of probably 5,000 million tons. 


The oil shale deposits are worked both by the Govern- _ 


ment and by private companies. The shales are used 
as fuel and for the production of gas and oils. It is 
used as fuel in cement works, under boilers and on 
locomotives, for heating houses and for copper smelting. 
Tt is also exported to Finland and Latvia. The oil 
distilling industry is new. An experimental plant 
having proved successful, an installation capable of 
dealing with 200 tons daily is being put down and will 
be ready by 1924. 

Russia.—Three reports submitted for Russia deal 
respectively with the country’s resources in coal, oil 
shale and oil, the supplies of peat, and the programme 
of electrification. The report on coals, &c., places 
the resources at about 428,715 million tons, of which 
88-36 per cent. is brown coal and only 8-79 per cent. 
anthracitic. The report discusses the deposits by 
districts, according to 21 sections, and the figures 
relate to visible supplies, probable supplies and possible 
supplies ; the first two classes in the aggregate repre- 
sent only a small fraction of the figure given above. 
The question of shales and of oil fields are discussed 
inasimilarmanner. Peat to the extent of 319,839,000 
millions of cubic metres is supposed to exist in the 
country, the consumption amounting to about 23 
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million tons per annum. It is expected that peat will 
play an important part in the development of electric 
power in Russia, as a result of recent work on the 
combustion of peat in large boilers. The water-power 
resources are large, the total horse-power available at 
sites giving over 10,000, amounting to 38,740,000, and 
for installations less than 10,000-h.p. about 23,640,000- 
h.p. of all of which only about 800,000-h.p. are at 
present utilised. The drawhack to development lies 
in the fact that the largest resources are in districts 
unable to utilise them and their distances from centres 
requiring energy makes economical transmission im- 
possible. A ‘‘ State Commission of the Electrification 
of Russia ’’ was formed in 1920 and recommended that 
electric power stations should be erected where hydraulic 
power could be used advantageously, or fuel used at the 
site instead of being transported long distances, where 
sufficient consumers were available. The plants were 
to be available later for the electrification of railways 
of agriculture and of municipal services. Thirty plants 
are proposed, the programme of construction extending 
over 10-15 years. At the present time seven plants 
are being erected, having a total capacity of 200,000 kw. 

Siberia.—The author of the Siberian report on water 
power, remarks upon the complete lack.of data avail- 
able on the subject. As a result of calculations, how- 
ever, Mr. 8. Balakshin arrives at available power of not 
less than 51,138,000 h.p., of which only 0-178 per 
cent. is at present utilised.. The Yenisei, ‘it is esti- 
mated, could be utilised to the extent of probably over 
27 million h.p., and the Amur for over 25 million. 
These figures are on a nine-months’ basis. The author 
believes his report to be the first attempt at a general 
survey of the subject for this country. 

China.—Data for China are very incomplete, but 
recent researches have made it possible to arrive at 
more exact knowledge on the country’s resources. 
The attempted survey in the report presented by 
Messrs. T. Shing and W. H. Wong, emphasises the 
need for more thorough investigation. The anthracite 
fields in North Honan have reserves of about 800 
million tons, and those of Shansi about 2,370 million 
tons. Bituminous coal is widely distributed; lignite 
is in use from one mine at present; peat has not been 
exploited though it exists in several provinces. The 
reserves of coal are put at no less than 23,435 
million tons. Petroleum is known to occur in large 
fields, but at present is undeveloped. Water power 
is available in the upper reaches of rivers, but surveys 
have not yet been made in this connection. 

Japan.—The authorities in Japan took up the 
question of water power surveys in 1910, since which 
date a great deal of information has been collected. 
Some 2,822 suitable sites still remain to he developed, 
capable of giving at low flow about 6,415,000 h.p. 
At present 615 sites have been developed, yielding 
1,694,493 h.p., while at 182 further points 1,357,600 h.p. 
of plant is in course of construction. 

Dutch East Indies.—The two reports are presented 
for the Dutch East Indies, one on water power and one 
on fuel. The former gives the available water. power 
based on nine months minimum at 8,800,000, Sumatra 
and Dutch Borneo each contributing about, 3,000,000 
and the balance is divided almost equally between 
Java and the Celebes. The sites definitely investigated 
represent 1,560,000 h.p., in addition to 80,500 h.p. 
at sites already developed. The annual production of 
crude oils amounts to over 2 million tons. The State 
has a departmental “Service of Water Power and 
Electricity,” forming part of the Department of 
Industries, and this has charge of surveys, registration 
and control of water power, electrical transmission, 
state projects and constructions, and the study of 
water reservations, &c. The fuels used consist of coal, 
bagasse, wood, liquid fuels of various characters, and 
natural and producer gas. The Dutch Hast Indies 
possess both bituminous and anthracite coals, but 
most of the coals are very friable with a high percentage 
of moisture, highly gaseous and non-coking, requiring 
special furnace construction. It is probable that the 
use of powdered fuel will develop in consequence. 
‘The report on fuels contains results obtained in the 
islands with fuels of various local kinds, including 
coal, wood, bagasse, oil, benzine, and gas. 


HanpsBook For Oxy-ACETYLENE WELDERS.—A copy 
of a practical handbook on the welding and cutting of 
metals by means of the oxy-acetylene blowpipe, has been 
prepared by Mr. Leonard M. Fox, general manager of 
Messrs. Allen-Liversidge, Limited, Victoria Station 
House, Westminster, 8.W.1, and is obtainable from 
that firm at the price of ls. 6d. A particularly useful 
feature of the book is the inclusion of a coloured plate 
showing the appearance of the flame with correct and 
incorrect proportions of oxygen and acetylene, and also 
with the gases correctly proportioned for heating and 
cutting work. Air-acetylene flames for brazing, solder- 
ing, lead burning, paint burning, &c., are also illustrated 
in the same way. The explanatory matter is clear and 
concise and is written in language which an ordinary 
welder will have no difficulty in understanding. 


CATALOGUES. 


Maps.—A 24-page catalogue of specimen parts of 
maps, with some notes on the various processes involved 
in map-making, is to hand from Messrs. George Philip 
and Son, Limited, 32, Fleet-street, London, E.C. 


Roller Bearings.—Messrs. Hyatt, Limited, 56, Victoria- 
street, London, 8.W.1, have sent us a folder describing 
the application of their roller bearings to light and heavy 
rolling stock, hoisting machinery, trucks, trollies and 
conveyors. 


Coal-Dust Firing.—The Underfeed Stoker Company, 
Limited, Aldwych House, Aldwych, London, W.C., have 
issued a catalogue of the Lopulco plant for pulverising, 
conveying and feeding coal dust fuel for boiler firing. 
The whole subject is very exhaustively discussed. 


Electrical Machinery—A particularly interesting 
pamphlet describing and illustrating the auxiliary 
electrical machinery and pumping plant supplied. for 
the new Barton power station of the City of Manchester 
by Messrs Mather and Platt, Limited, Manchester 
has been received from that firm. 


Automatic Controllers for Pumps.—A catalogue describ- 
ing their automatic controllers for pumps is to hand 
from Messrs. Electric Control, Limited, Bridgeton, 
Glasgow. An example dealt with is an installation for 
four multi-stage, high-pressure turbine pumps for supply- 
ing accumulators for hydraulic power service at docks. 


Electric Controls—The English Electrie Company, 
Limited, Queen’s House, Kingsway, London, W.C., 
have sent us a catalogue of their camshaft control 
apparatus for motor coach trains, explaining the construc- 
tion and operation of the system with illustrations of 
details and of complete applications to railway coaches. 


Weighing Machines.—Messrs. Samuel Denison and 
Sons, Limited, Hunslet, Leeds, have sent us a copy of 
their periodical “‘ The Denison Weigh,” which contains 
some interesting historical matter on the subject of 
weighing customs and legislation, as well as a general 
description of the firm’s weighbridges and works. 


Electrical Instruments.—Messrs. Johnson and Phillips, 
Limited, Charlton, London, 8.E.7, have issued a new 
catalogue of electrical instruments made by them and 
including ammeters and voltmeters of the moving-iron. 
hot-wire, and moving-coil types and also long-scale 
induction instruments and shuntless hot-strip ammeters. 


Safety Devices—Mr. C. L. Stokoe, Laburnham- 
avenue, Wallsend-on-Tyne, has sent us a series of cards 
illustrating the safety devices for circulating systems 
described on page 584 of our 115th volume. An oil- 
pressure alarm for the forced-lubrication systems of 
high-speed engines, air compressors, &c., is also dealt 
with. 

Electric Resistances.—The Rheostatic Company, Limited, 
Slough, Bucks, have issued a catalogue describing the 
method (Satchwell’s Patent) of forming resistance grids 
so as to obtain rigidity-in the assembled units and illus- 
trating some of the resistances supplied by the firm for 
cranes, furnace chargers, welding plants, tramway cars 
and electric locomotives. 


Stratified Coal Fuel—A press and other plant for 
making small coal into blocks is to hand from Messrs. 
Macnab Stratified Coal, Limited, 119, Victoria-street, 
London, 8.W.1. ‘The process is a patented one, in 
which an oscillating motion is applied under slight 
pressure and has the effect of closely consolidating the 
material and arranging it in strata. Considerable 
advantages in manufacture and use are claimed for the 
process. 


Oil Engines.—Messrs. Sulzer Brothers, 31, Bedford- 
square, London, W.C.1, have sent us a copy of a new 
catalogue of oil engines of from 20 to 200 brake horse- 
power. The engines are of the two-cycle type with 
positive fuel injection and employ a compression pres- 
sure of over 450 lbs. per square inch. They are built 
in three types for stationary work, auxiliary marine 
service, and marine propulsion, the last mentioned type 
being fitted with reversing gear. 


Steam Plant.—A series of leaf catalogues specially 
prepared for the British Empire Exhibition has reached 
us from Messrs. Cole, Marchent and Morley Limited, 
Wakefield-road, Bradford. These catalogues deal with 
central-exhaust engines, compound engines specially 
designed for the economicai extraction of heating steam, 
surface and jet condensing plant, as well as with accessory 
machinery, oil engines, and various new products of the 
firm, including vacuum drying plants, gilled air filter- 
coolers, closed circuit air coolers, and refrigerating plant. 


Decorative Lighting.—The use of coloured lamps and 
of white-light projectors for decorative illumination is 
dealt with in a special catalogue received from the 
General Electric Company, Limited, Kingsway, London, 
W.C. 2. The brackets and projector lamps for lighting 
the external surfaces of buildings and the internal 
ceilings and walls are fully described. Colour effects are 
obtained with lamps coated with a thin hard layer of 
coloured china, which is durable and washable, and can 
be supplied in white, red, orange, yellow, green, blue and 
flame colours. 


Weighbridges—Messrs. Henry Pooley and _ Son, 
Limited, John Bright-street, Birmingham, have issued 
a new edition of their catalogue of weighbridges. The 
forms suitable for weighing vehicles, other than carts 
and lorries for which the machines were originated, 
continues to increase, and in addition to those for weighing 
cattle and ordinary railway wagons, there are now types 
suitable for aeroplanes, motor cars, tramway cars, and 
railway wagons of great length. A considerable part 


of the space}in the catalogue is devoted to locomotive 
weighing machines indicating the weight on each wheel. 


Electric Locomotives.—Much information on the sub- 
ject of the development of the electric locomotive 
is given in a publication issued by the Baldwin & West- 
inghouse firms of the United States. A section by 
Mr. Paul T. Warner gives particulars of electric-locomo- 
tives supplied for service on the trunk lines of the 
United States, with descriptions of the conditions of 
work for which they were designed, while Mr. Howard 
R. Barnes gives similar information on those supplied 
for South America and Japan. The publication has 
reached us from the Westinghouse Electric International 
Company, 2, Norfolk-street, Strand, London, W.C. 


Pumps.—The new edition of their catalogue of pumps 
issued by Messrs. A. G. Mumford, Limited, Colchester, 
will be found of considerable interest to engineers. 
These pumps are made in a large variety of forms 
specially suitable for specific conditions of working 
and arranged for steam, electric motor and belt drives. 
The list includes boiler feed, auxiliary feed, air and 
circulating condenser pumps; oil fuel transfer and cargo 
oil pumps; bilge, ballast and fire pumps; heavy ram 
pumps for high pressures; a condenser with combined 
air and circulating pumps; a portable vertical boiler 
with pumping set; special pumps for sugar factories ; 
and a three-throw hand pump for lighting up the first 
of a group of oil-fired boilers. 


Toothed Gears.—A catalogue containing a large number 
of illustrations of toothed gears has come to hand from 
the Power Plant Company, Limited, West Drayton, 
Middlesex. The illustrations include tramway gears ; 
single, double and triple helical bevel sets; staggered 
and continuous double helical reduction gears; a large 
number of gears with housings for marine propulsion, 
mining, pumping and industrial machinery, including 
colliery winding and rolling mill drives; change-speed 
gear-boxes for machine tool drives ; and turbo-generator 
gears. Some illustrations of the ships on which the 
firm’s reduction gears have been installed, including 
H.M.SS. Queen Elizabeth and Malaya and the R.M.S. 
Aramis, are also given in the catalogue. 


Asbestos Goods and Engineers’ Swpplies—An excep- 
tionally comprehensive catalogue of asbestos goods and 
engineers’ supplies has recently been issued by Bell’s 
United Asbestos Company, Limited, Southwark-street, 
8.E.1, in the form of a well-printed and strongly bound 
volume containing upwards of 450 pages, which are 
very fully illustrated. Reference to the various sec- 
tions, numbering 12 in all, is facilitated by the provision 
of thumb tabs, and the first section gives full particulars 
of asbestos goods such as millboard, paper, fabrics and 
yarns, packings for all purposes, jointing materials, 
non-conducting coverings for boilers, steam pipes, cold 
stores, &c,; lubricating oils and greases are also dealt 
with in this section. In the next section, particulars are 
given of various brake-lining materials, one of which is 
known as Raybestos and is made in the form of rolls of 
different widths and thicknesses. This material con- 
sists of an impregnated and compressed asbestos fabric 
in which fine brass wires are interwoven. The same 
section deals with rubber goods; flexible metallic tubing ; 
balata, leather, and rubber belting; belt fasteners, &c.. 
while later sections cover most of the ordinary engineer’s 
requirements for power-transmission accessories, such 
as pulleys, shafting, plummer blocks; &c., lubricators; 
fittings for steam, water and gas; sundries; machine and 
small tools; pumps; steam engines and boilers; lifting 
appliances, &c. Among the steam fittings we noticed 
a stop valve sold under the trade name “ Victor,” 
and specially designed for use with high-pressure and 
superheated steam. The valve and seating are made of 
a chrome alloy and the seating is reversible. An ex- 
ternal screw is employed to operate the valve, and a 
novel method of raising the gland fer the purpose of 
re-packing the stuffing box is provided. These valves 
are suitable for steam pressures up to 300 lb. per square 
inch. The remainder of the catalogue is devoted to 
building materials containing asbestos, such as “‘ Poilite ”’ 
and “‘ Everite”’ tiles, flat and corrugated sheeting for 
roofing, and ‘‘ Decolite”’ composition for floors, and, 
in conclusion, a number of useful tables of data and a 
complete general index to the contents are given. The 
fact that prices are mentioned in all cases adds con- 
siderably to the utility of the catalogue, which is in 
every respect a highly creditable production. 


Very Fint Metatiic Frnaments.—A method of draw- 
ing very fine wires, somewhat similar to Wollaston’s 
for preparing very thin platinum wires, is described by 
G. F. Taylor, of the Bureau of Plant Industry, Washington, 
in the May issue of the Physical Review. Taylor drops 
a piece of the metal into a glass or quartz tube about 
2 mm. in diameter, closed below, melts the metal, 
squeezes off the oxide film on the surface of the metal 
and draws out the portion containing the metal in a 
furnace almost to any desired length. He thus obtains 
very fine glass capillaries containing a minute metal 
filament. Taylor has been able to prepare filaments of 
lead, antimony, bismuth, gold, silver, copper, iron, tin, 
cadmium, &c. The glass or quartz can be dissolved off 
subsequently by means of hydrofluoric acid which does 
not attack the metals mentioned. The wires are said to 
be bright metallic, of high mechanical strength and of 
a constant temperature coefficient of electric resistance. 
For some uses, the glass sheath is quite convenient, as 
when the filaments are to be used for the suspension of 
moving coils, or as rheostats or as hair lines in telescopes. 
The thin filaments of bismuth and antimony are found 
to be of high tensile strength and quite pliable, and are 
thus very suitable for making thermocouples, 
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“ ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
SBLEOTED ABSTRACTS OF REGENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, é&c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed”’ is appended, 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


211,690. Brookhirst Switchgear, Limited, Chester, and 
A. C. Livesey, Chester. Automatically-Operated Electric 
Motor Starters and Controllers. (3 Figs.) February 13, 
1923.—The invention relates to automatically-operated motor 
starters and controllers of that type in which the resistance is 
cut out by movement between a bar and a series of yielding 
contacts so arranged that movement imparted to the bar by 
electro-magnetic means brings the surface of the bar into pressure 
contact with the yielding contacts in succession, the bar in its 
final ‘‘ on *”’ position making pressure contact with all the yielding 
contacts. According to the invention, the contact bar is mounted 
on equal and parallel radius links and the contact blocks are 
arranged so that their contact faces are parallel with the contact 
bar and are in stepped relationship, so that the bar comes into 
contact with them in succession. <A is the contact bar mounted 
in the forked ends of the radius links Bl and B2 pivotally mounted 
on the insulating base-plate R. The link Blis connected by the 


(21,690) 


link D to the operating lever E pivoted to a base bracket F; 
The lever Ii is linked to the core of the solenoid G. When the 
solenoid is energised, say by completing its circuit by closing a 
press button, the bar A is moved at a controllable speed from 
its position shown in full lines into the position shown in dotted 
lines, the contact surface being maintained throughout the 
movement parallel to a fixed plane. The contacts with which 
the bar co-acts are a series of carbon blocks C1—C8 carried in 
spring boxes Cl fixed to the base R, the movement of the blocks 
in the boxes being in a direction normal to the plane of the 
contact face of the bar A, the contact faces of the several blocks 
being parallel with the contact face, and the springs tending to 
move the blocks towards the contact bar; the movement of 
each block in. this direction is, however, limited by a stop, and 
the limit stops are so disposed that the contact faces of the blocks, 
when they are clear of the bar, take up a stepped position as 
shown. (Accepted March 5, 1924.) 


GUNS AND EXPLOSIVES. 


212,036. H. W. Holland, London, and W. Mansfield, 
London. Bomb Release Mechanism. (2 Figs.) January 17, 
1923.—The invention relates to mechanism for dropping bombs 
from aircraft. According to the invention, a bomb is supported 
by two jaws which are pivoted on horizontal axes and are so 
constructed that when one is turned about its pivot, it compels 
the other to turn about its pivot in the opposite direction, means 
being provided for locking the jaws in the positions in which they 
retain the bomb and for freeing them so that the weight of the 
bomb causes them to open. The bomb shackle A is held in two 
semi-circular recesses in jaws B, Bl pivoted on fixed horizontal 
pins b, 61; on the jaw B is tooth B2, which engages a tooth B3 


formed on the jaw Blin such a way that when the jaw B is 
moved in either direction about its pivot b it forces the jaw B1 to 
move in the opposite direction about its pivot bl. When the 
shackle has been introduced between the jaws they are brought 
into the’ positions shown in Fig. 2 and locked in those positions 
by a lever © mounted on a stud c.: One arm Cl of this lever 
engages the jaw B; the other arm C2 lies between the two arms 
of a cocking piece D carried on a pivot d and provided with a 
handle di, When this cocking piece is turned into the position 
shown in Fig. 2, a tail D1 upon it compresses a spring E and its 
nose D2 comes beneath a spring trigger F. As it is turned into 
this position the cocking piece acting upon the arm C2 turns the 
lever C into the position shown in Fig. 2. The jaws B, Bl are 


thus locked and the bomb is securely held. To release the bomb 
the trigger F is turned about its pivot fin the direction shown by 
the arrow (Fig. 2) so that it passes out of contact with the nose 
D2 of the piece D, whereupon the spring E turns the piece D 


' clockwise, and the lower arm of the cocking piece therefore gives 


a violent blow to the atm C2, so that the lever C is turned sharply 
out of engagement with jaw B, whereupon the weight of the bomb 
causes the jaws to open and thus the bombis released. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


211,957. Camp and Co., Limited, London, A. H. F. Perl, 
London, and R. H. Carter, London. Chains and Belts. 
(12 Figs.) November 29, 1922.—The invention relates to links 
for use in the manufacture of chains and belts, the links being 
of the one-piece type having one end of T-shaped form and a slot 
in the body of the link. Each link 1, of which the chain is 
composed, is formed in one piece. One end 2 is provided with 
a T-shaped projection 3 by means of which one link can be engaged 
with an adjacent link. In order to prevent the links from 
becoming automatically or accidentally disengaged from each 


other, opposite ends of the links are curved to one side of the 
link, as shown at 4, 5 so that after the T-shaped projection has 
been engaged with an adjacent link the curvature of the ends of 
the link may prevent the links associated therewith becoming 
detached or disengaged. Each link 1 is provided with a tongue 6 
and slot 7, the tongue 6 offering, when closed, a positive resistance 
to prevent the co-operating link from becoming disengaged. 
Each link may be stamped from a separate blank or from a strip 
es Men material or from a sheet of metal of any desired size. 
Sealed. 


MOTOR ROAD VEHICLES. 


211,629. Sunbeam Motor Car Company, Limited, 
Wolverhampton, and L. Coatalen, Wolverhampton. Brakes. 
(1 Fig.) December 14, 1922.—The invention relates to vehicle 


brake mechanism of the kind in which there is employed a revolving | the top edges of such window openings. 


drum engaged by a pair of shoes or blocks. According to the 


surfaces /, 7. In use, the key is inserted between the rail and the 
jaw b so that the narrow end of the wedge member f enters the’ 
space formed between the two bearing surfaces 7,7. The key is 
then driven home and is expanded by the wedge member to bear 
tightly against the rail and secure it in position. (Sealed.) | 


210,889. Cammell, Laird and Co., Limited, Sheffield, 
and A. S. Bailey, Sheffield. Metal Railway Vehicles. 
(7 Figs.) November 11, 1922.—The invention is to effect certain 
improvements in the manufacture of vehicles of metal, and 
particularly railway and tramway cars, so that certain parts, 
such as the sides or edges of windows and doorways, may have 
the appearance of having been produced in one piece by pressing, 
although actually jointed. The invention consists in the employ- 
ment of panels, each having at least one inturned edge and 
severally shaped so that when assembled a projecting jointing 
portion fits a complementary jointing region, thereby enabling 
tlush surfaces to be obtained if so desired. The joints thus 
formed may be completed, as by soldering, brazing or welding. 
In the construction shown, outside waist panels a are flanged 
or curved inwardly along their upper edges al to form the lower 
edges of window openings, and the cant-rail panels b are similarly 


flanged or turned inwards along their lower edges 61 to form 
One window opening ¢ 
is separated from an adjacent window opening @ by a quarter- 


invention, the connection between the two shoes is through | panel e, the vertical edges el of which are each flanged inwards 


multiplying lever mechanism. In one method of carrying out 
the invention for an expanding brake as illustrated in side 
elevation, the shoe A forming the main brake is suspended from 
one end A2, and at the other end is acted upon by a cam B which 
is pivoted to an anchor-plate C, and is provided with a short arm D 
to effect its angular movements. The servo-brake is a single 
shoe E arranged inside the drum F opposite to the main brake 


shoe A, and is at one end supported by a radius rod G, angularly 
movable about the axis F2 ot the brake drum. ‘The end of the 
servo-brake shoe thus supported, is, by the agency of a link H, 
operatively connected to the arm D of the cam B, the disposition 
of the parts being such that when the servo-brake shoe E is 
applied to the drum F its circumferential movement due to the 
movement of the drum acts to apply the main brake A through 
the parts H and D. The servo-brake shoe E is acted upon by a 
cam J at the end remote from its suspension means, so as to bring 
it into engagement with the brake drum, and this cam may be 
actuated from the usual brake pedal. The two shoes may be 
connected to one another as usual by pull-off springs K, so that 
their arrangement in this respect broadly resembles that of an 
ordinary expanding brake. (Sealed.) 


RAILWAYS AND TRAMWAYS, 


210,941. R. J. M. Inglis, Peebles. Securing Rails in 
their Chairs. (11 Figs.) December 27, 1922.—The invention 
has reference to means for securing railway rails in their chairs. 
According to the invention, railway rails are retained in position 
by securing them in chairs having an inclined or curved plane or 
wedge member secured thereto or formed integral therewith and 
arranged to co-act with a metal key of such shape that by the 
action of the fixed inclined or curved plane or wedge member it 


Lz 


is expanded when driven home so as to secure firmly the rail in 
the chair. One of the jaws b has cast thereon a wedge member f 
formed of two oppositely tapered projections h and hl. The key 
d which co-operates with the wedge member f is shown in 
perspective in Fig. 3 and consists of a strip of steel shaped to form 
a slightly concave portion 7, which bears against or lies adjacent 
to the web of the rail, then bent over as at 7 to conform approxi- 
mately with the fishing angles of the rail and then bent over as 


iat k, the edges thereof being rounded off to form the two bearing 


to correspond with the upper and lower edges a1 and 61 of the 
window openings. The parts may, as shown, be united b 
blanking out the waist panel @ and cant-rail 6 as shown a 
f, fl, respectively, and shaping the extremities e2, e3 of the 
quarter-panel e to agree therewith. The blanking out referred 
to may consist in the complete removal or mere displacement 
of the metal. The joint may be backed by means of knees g, gl 
fitting snugly under the adjacent flanged or inturned portions 
al, bl and el of the panels a, b, e and riveted thereto, the joint 
proper h, or some part thereof, such as the edges exposed to 
view, being then soldered, brazed or welded. The remainder 
of the joint may, as shown, be masked by the customary 
mouldings i and k. (Sealed.) 


MISCELLANEOUS. 


209,.808. The H. G. Hawker Engineering Company, 
Limited, Kingston-on-Thames, and B. Thomson, Kingston- 
on-Thames. Securing Bolts. (3 Figs.) October 14, 1922.—. 
The invention relates to the securing of bolts through tubes of . 
which the interior is inaccessible, or through plates of which one 
side only is accessible, and in general in any situation in which the 
bolt is to be positioned or associated with a distance piece of a 
length equal to the distance between the parts against which the , 
bolt head and nut are to abut when the bolt is secured in position 
but which cannot conveniently be held during the operation of 
bolting up. In carrying the invention into effect in its application . 
in a situation where it is required to pass a bolt transversely 


through a tube and to prevent distortion of the tube to any 
appreciable extent by means of a distance piece surrounding the 
bolt, one of the apertures (such as a) in the tube 6 through which. 
the bolt c is to be passed is made sufficiently large to permit 
of a tubular distance piece d@ to be passed therethrough also, 
such distance piece being meanwhile located by reason of its 
surrounding the bolt. The latter is secured in position by the 
usual nut e, and during the operation of screwing up the nut the 
latter forces a coned washer f into the end of the tubular distance 
piece (as shown in Fig. 2), thus expanding the latter (as shown 


‘in Fig. 3) insuch a manner as to locate the distance piece and 


prevent its withdrawal through the aperture by means of which 
it was entered into the tube.—(Sealed.) 


““ ENGINEERING NEws-ReEcorp.”’—In commemoration 
of its fiftieth anniversary this year, Engineering News- 
Record, the well-known civil engineering journal, pub- 
lished in New York, has issued, in two sections, a special 
number giving interesting articles recording the progress 
made during the period throughout the world in the 
various branches of civil engineering. The articles are 
from the pen of well-known authorities and are admirably 
illustrated. Our American contemporary is to be con- 
gratulated upon a most successful. achievement. We 
tender it many happy returns of its birthday. 


’ 
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fh ©) CE NCS OR THE 
PERS Iw ORL DMROW ER CONEKERENGE. 


In our issue of last week we dealt with the first 
two days’ proceedings of the First World Power 
Conference, and may now pass to a consideration 
of the papers and discussions of subsequent days. 
The Conference is planned on such extensive lines, 
and covers such a mass of papers and meetings, that 
it is not possible to deal in detail with every item 
making up the proceedings. The third day, 1.e., 
Wednesday, the 2nd inst., was entirely given up to 
Section M, the proceedings of which were likely 
to interest a large proportion of the members of 
the Conference, being concerned with the economic 
aspects of power resources. The* papers covered 
by this section were not, however, in general of 
such a technical character as to render them suit- 
able for detailed consideration in our columns, and we 
accordingly give a general account of the meetings, 
summarising the papers in conjunction with the 
discussion which they aroused. On subsequent days 
the various sections of the Conference met inde- 
pendently, usually three sections at a time, and a 
more specifically technical type of paper was brought 
under review. We deal with these sectional meet- 
ings of Thursday, the 3rd inst., and Friday, the 
4th inst., below. It has not been possible, however, 
to deal in any considerable detail with all contri- 
butions even to the sections which were concerned 
with technical matter falling closely within our 
province, and while certain of the papers will be 
found abstracted elsewhere in this issue, others will 
be found to have been summarised in connection 
with our report of the discussions. 

Before proceeding to an account of the sectional 
meetings, mention may be made of a further 
important social function of the Conference which 
formed an addition to those we dealt with last 
week. This took the form of a banquet and ball 
given by the American Committee to the delegates 
to the Conference. The function took place at the 
Hotel Cecil on the 3rd inst., and some 500 delegates 
assembled. The chair at the banquet was occupied 
by Mr. O. C. Merrill, Chairman of the American 
Committee, who, in his introductory remarks, made 
reference to the excellent work of Mr. D. N. Dunlop 
in organising the Conference. An address of wel- 
come was delivered by Dr. Arthur T. Hadley, former 
President of Yale, who said the guests of the various 
nations would never be able to repay the English 
nation for the hospitality extended to visitors to the 
Conference. That hospitality has lasted from the 
beginning of electrical science, and nothing had so 
much touched the heart of Benjamin Franklin as 
the welcome extended to him in London, as a man 
of science, even in times of grave political differences. 

Replies were made by Mr. P. J. Pybus, on behalf 
of the English Committee, Dr. M. Kamo for Japan, 
M. E. Uytborck for Belgium, and Mr. John Murphy 
for Canada. 


Szotrion M—Economics or PowrR PRODUCTION 
AND DISTRIBUTION. 


This section of the Conference was opened on 
Wednesday morning the 2nd inst. by Sir Robert 
Horne, who stated that the economic and financial 
aspect of power production and distribution was, to 
him, the most important question to be discussed 
and settled as far as this was possible. At the 
present time the world was crippled by reason of 
the war, and Europe was in a state of confusion. 
The war had destroyed vast sums of money and 
had wiped out the economies of past years. At the 
present time there was not sufficient money in the 
world to allow of maintaining the pre-war standard 
of living. After dealing briefly with the work done 
after the Napoleonic Wars in developing the coal- 
mines and the various applications of steam power, 
Sir Robert stated that the only field where he could 
see a chance of progress for the present and im- 


mediate future was the field of electricity ; there 
was no other means he could think of apart from 
the general development of electric power for 
improving the general situation. Vast resources 
could be turned to account. Our coal was being 
misused to a very great extent and could be made to 
develop three times as much power as it did now, by 
a better application to electric generation. Other 
Continental countries had, no doubt, been compelled 
to develop electricity supply more actively than 
we, yet they had shown us an example that we 
should do well to take into account. He looked for 
beneficial results from the conference, in which 40 
countries were taking part, for all the delegates had 
met together with one view only, namely, to set 
progressive forces in action for the benefit of the 
whole of mankind. Governments and municipalities 
could help, and private enterprise was ready to give 
its enthusiastic support. 

Mr. D. B. Rushmore stated that all the delegates 
were searching for the truth in regard to the different 
problems involved. The world was in a state of 
evolution economically, socially and_ politically. 
The rate of change should, however, not be too 
rapid, and one was not to undervalue what had 
already been accomplished whilst considering new 
means. ‘The problems under consideration, and the 
methods to be employed were different in the various 
countries. The question of power development in 
the United States had hitherto been somewhat 
retarded by uneducated public opinion, but now a 
modern form of development was being worked to ; 
there was a better centralisation of all resources, 
followed by better results. The employees were 
made participators in the concerns, and the basis 
had been laid for a common association. The 
effort being made was an intelligent co-operative 
one, allowing the maximum individual initiative and 
enterprise. 

Mr. C. Kleman read his paper on “The Power 
Policy of Sweden.” He stated that in Sweden the 
waterfalls were owned by the State, towns, muni- 
cipalities, private companies, various associations 
and private persons. The State obtained the 
necessary capital by loans, as also did the towns and 
municipalities ; in both these instances the revenue 
had to cover all expenses, yield a sinking fund and 
interest. The large private power companies 
usually obtained loans on the security of mortgages 
on the power station and the transmission lines. 
Where large sums were needed, bonds were issued 
through a bank, and such bonds had in some cases 
been sold to foreign countries. The revenue from 
the sale of power to consumers was used. for paying 
the interest on the loan and to amortise it in a 
stated number of years. The State also helped 
by loans the formation of comparatively small hydro- 
electrical power stations. 

Sir Philip A. M. Nash then read his contribu- 
tion on “The Economics of World Power.” He 
stated that the economical aspect of world power 
had hitherto been neglected as compared with the 
consideration given to the purely technical aspect ; 
there was in consequence a great disproportion in 
the present development of the two standpoints. 
Much work was still required to be done to place these 
two sides of the question on the same level. He 
reviewed the situation as it applied to various 
countries. In regard to this country, our coal 
could be used much more economically than it 
now was. Fuel supply was not the problem requir- 
ing solution; the problem was fuel economy. 
Almost anything could be used as fuel for steam 
raising, but it was the utilisation of the steam that 
was uneconomical. The energy in coal should be 
applied to direct use, and the cutting down of the 
waste which now obtained was the task to be dealt 
with. The economical aspect of the problem had 


a very wide social importance. Compared with the 
United States, the degree of electrification in Britain 
was very small. Comparing the figures for the years 
1912, 1917 and 1922 of the progress made in five 
American States with that made in five British 
undertakings, the figures pointed to one fact, among ~ 
others, that economically the utilisation of electric 
power on a large scale had found complete justifica- 
tion. No one, he added, could fail to see that elec- 
tricity must play a tremendous part in the recon 
struction of the world; all conditions showed that 
this country was on the point of carrying out great 
developments in this sphere and it was a good 
thing that the first world-power conference should 
take place in London. What the world needed was 
co-operation, and that was the spirit in which the 
conference was being conducted. He was pleased 
to take part in it. 

Dr. H. J. van der Bijl, delegate of the Union of 
South Africa, said the Union found the best means 
to be production and distribution by large stations ; 
electric energy could not be regarded like any other 
commodity, and no competition or duplication could 
take place; electric power was a means of great 
importance for the purposes of industry. There 
was in the Union of South Africa an Elec- 
tricity Control Board, on similar lines to the Elec- 
tricity Commission in this country. Government 
ownership and private enterprise were combined. 
State undertakings were not very efficient, but the 
State credit made it possible to raise loans at a low 
rate; the Board operated freely, whilst enjoying 
a certain amount of State backing. It appointed 
its own staff; it operated the power stations, 
and at the same time produced and sold the 
by-products, doing, in fact, all that was neces- 
sary to lower as much as possible the price of current. 
It could obtain financial aid from Government 
during the first four years; it was not required 
to pay a dividend. In the Union, there was no 
water power to speak of; where it could be turned 
to account the cost was high and it was preferred 
to look to coal as the source. There was a large 
amount of coal available in the Union and the power 
stations would be concentrated on the coalfields. 
The price of coal made current production in the 
Union as low in price as in any other part of the 
world. The stations were easy to build, and that 
fact combined with the low price of coal made it 
possible to produce current in the Union at a cost 
comparable with that of most water power schemes, 
The question resolved itself into burning the 
coal economically, coupled with the utilisation of 
the by-products. 

Here Sir Ernest Harvey was invited by the 
chairman to read his paper on the “ Effect of 
Depreciation Currencies and International Financial 
Conditions on Power Development within the British 
Empire.” In this the author referred to the conse- 
quences of the abuse of note issuing and the 
neglect of regular tax collection in various countries, 
adding that the effect of this policy on enterprise 
had been to clog the accustomed channels into which 
capital for power development used to be directed. 
Fluctuations in exchanges had kept British capita- 
lists away from foreign enterprises; hence larger 
capital sums had been available for power distri- 
bution schemes throughout the Empire, The con- 
clusions intended to be suggested by the paper were 
that British currency must be restored to pre-war 
value and that the gold standard must be re- 
established. There must be no spoliation on the 
part either of power companies or of the governing 
authorities of the districts where companies operated. 
The United States Treasury must alter its constitu- 
tion and prevent cities and states from issuing tax- 
exempt bonds. Europe must become able again 
to participate with London banking houses in 
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commercial finance. Taxation and the cost of 
output of labour (not necessarily wages) must be 
reduced in the interests of the capitalist and the 
worker. So far as England alone could contribute 
to any of these developments, it was certain that she 
would soon do her share. 

Mr. W. S. Murray, a delegate of the United 
States, said that electricity was the word which had 
gathered the Conference together. It was now 
possible to build large machinery to generate current 
and to deliver this over large distances without 
commercial loss. The true economies in the future 
had to be related to a correct allocation of power 
and load. He characterised “diversity economy” 
as the ability to produce the greatest amount of 
electrical capacity at a minimum cost. 

Dr. J. F. Crowley thought that the question of 
economics resolved itself not so much into the lower- 
ing of the cost of power as in rendering power more 
generally available. He thought that the recovery 
of by-products in a power station did not pay; it 
was not economical for a power engineer to recover 
them. The improvement of the load factor was 
the direction in which to work ; the off-peak powers 
had to be utilised to the full. Alternate sources of 
power were of great interest in some countries, in 
Canada, for example, but such was not the case in 
this country, except for a few instances in Scotland. 
The problem in England was to conserve our coal. 
He advocated the passing of resolutions by the 
Congress so as to facilitate legislation on a number 
of points by the respective Governments. 

Mr. H. M. Addinsell, an American financier, after 
explaining how the United States banks, insurance 
companies and savings banks were interested in 
public utility services, added that one of the 
desiderata to be aimed at was, to use an American 
saying, more business in Government and _ less 
Government in business. 

Mr. A. Pescatore, the Charg4 d’Affaires of Luxem- 
burg, said that his country, in comparison with its 
size and population, was one of the largest coal 
consumers of the world. Hydraulic power was 
practically non-available. The larger part of the coal 
used came from the Ruhr before the war. Since the 
war, the country: had generally received only about 
half the fuel it needed for its industries. There 
should be as much freedom as possible in the coal 
trade, and he suggested that the next Conference 
should establish relations with the League of 
Nations, or another body, to consider this point. 

At the meeting on Wednesday afternoon, Mr. 
Arbelot, Vice-President of the French National 
Committee, occupied the chair. 

The only paper read was that contributed by 
Mr. F. R. Low, Editor of Power, New York, on 
“The Social Aspect of Power Development.” It 
stated that in 1869 there was available to each 
wage-earner in the United States 0-6 of a horse- 
power ; by the last census, that of 1919, this had 
grown to 3:25 h.p. In 50 years the power available 
per workman had increased over fivefold. It had 
placed within the means of the day labourer com- 
forts, conveniences, enjoyments and luxuries that 
would, without it, if producible at all, have been 
available only to the most opulent. The spirit 
which animated the mob which destroyed Har- 
greaves newly-invented spinning jenny had opposed 
itself to the introduction of many labour-saving 
machines and methods since. Dealing particularly 
with water-power plants, the author said that 
those in the United States were leased upon terms 
which afforded a fair opportunity of profit to 
initiative and enterprise, a fair rate for the power 
when used by the public, security for the capital 
invested, the property returning to the Government 
at the end of 50 years, at the Government’s option, 
upon repayment of the net amount invested there- 
in. Uneconomic competition between the producers 
and distributors of power was avoided by treating 
them as controlled monopolies ; the light and power 
companies had stabilised their industry and won 
the confidence of the investing public and of their 
own consumers by co-operating in such control. 

Mr. J. P. Noonan, President of the International 
Brotherhood of Labour, United States, said that 
labour had no quarrel with improvements and labour- 
saving appliances, because they increased the pro- 
ductivity of the workman and the sale of his products. 
The men representing the great financial interests 
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and the technicians, both working out their 
schemes, formed one element, but another element 
was still a necessary component part, namely, actual 
labour. Yet another element was formed of the 
public, or the body of users and potential users of 
the product. Labour could and did stand ready 
to co-operate with all the other elements involved, 
for removing the fetters by which the power 
industry might find itself shackled here and there. 
It wanted the financiers and technicians of the 
world to allow it to co-operate. 

Mr. C. D. Busila, the delegate of Roumania, gave 
a recapitulation of the coal, liquid and gaseous fuel, 
and water-power resources available in his country, 
and enumerated the various new laws passed for 
regulating their utilisation. 

Mr. Guido Semenza pointed out that Italy 
commenced utilising her water power in 1893 and 
1895 and developed her resources very rapidly, 
and now distributed the current produced over great 
distances. Her water-power installations proved of 
immense value to her during the war. Notwith- 
standing these installations, coal could not be dis- 
pensed with, and her coal imports were still very large. 
The water-power installations were mostly due to 
private enterprise ; only a relatively small part was 
State or municipally owned. The State gave a grant 
to private concerns for establishing a complete 
scheme, the grant lasting 50 or 60 years, at the end 
of which time the State became the owner, with 
the option of leasing the installation. 

Mr. Montanes called attention to the fact that 
his country, Spain, was admirably situated for the 
development of power, since she had large coal- 
fields in Asturias, Murcia, Burgos, Pennaroya, all 
waiting for development, also large water-power 
resources, these latter mainly in the Pyrenees 
district. Many enterprises were in the hands of 
foreign companies, and financed by British capital. 
If all her resources were fully developed, they would 
enormously increase the wealth of the whole world. 
Their development by Spain alone was rendered 
difficult by the lack of large Spanish banks, the 
existing banking establishments not dealing usually 
with the negotiation of loans. He advocated 
resolutions being passed suggesting that action be 
taken now for the development of all the available 
Spanish resources he had referred to. 

In briefly recapitulating the proceedings of the 
day the chairman, Mr. Arbelot, laid stress upon the 
great increase in power stations in the United States 
and in England. The increase was also marked in 
France. The question was as to whether the in- 
crease would be continued in the future. Another 
question was as to whether the modification of the 
peaks had been carried in all countries as far as it 
could be. One of the authors had referred to what 
he (the speaker) would term the present “ crisis of 
confidence ” and had given remedies; a question 
under this head was to find out whether unanimity 
reigned, for instance, in the re-establishing of the 
gold standard. Some members no doubt were of 
opinion that the return to the gold standard was 
not a necessary condition for furthering power 
development throughout the world. State inter- 
ference had been criticised ; was there also unani- 
mity on this point ? Such were some of the questions 
which had been raised during the day and which 
had to be solved. 

A paper by Mr. B. Stuevold-Hansen, Director- 
General of the Watercourse and Electricity Service 
of Norway, dealt with ‘‘ The Financing of Loans for 
Power Development.”’ It stated that the supply of 
electricity in Norway was at first taken up by 
private enterprise, and the first plant for power 
distribution, put down in Skien in 1885, was a 
private one. Very shortly afterwards, in about 
1890, the first municipal electricity stations were 
established in Christiania and Hammerfest. These 
formed the commencement of a development which, 
in a steadily increasing degree, has brought about 
duality in the work of producing power in Norway. 
Broadly speaking, by far the greatest activity in 
connection with the general supply of electricity in 
that country was at present of a communal kind, 
whilst the supply of current for the large electro- 
thermic and electro-chemical industries was in the 
hands of private undertakings ; quite 90 to 95 per 
cent. of the capital of these industries was privately 
subscribed. Inthe undertakings for general supply 
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purposes, on the other hand, it could be safely 
estimated that the private capital invested amounted 
to only about 10 per cent., whereas the community 
and the State had participated to the extent of about 
83 and 7 per cent. respectively. The localities 
where a general supply through private enterprise 
existed to any marked extent were in the more 
densely populated, Eastern part of the country. 

The independent position of Norwegian com- 
munities as economic units had exerted its influence 
on the development ; they had become accustomed 
to arrange their own affairs to steadily increasing 
degree ; bothin their right of imposing taxes and in 
their opportunities for borrowing money they had 
been but little restrained by interference, or super- 
vision on the part of the State. Except for the 
comparatively small installations for private use, 
up to January, 1923, power plants, transmission 
lines and distribution systems for the general supply 
had involved an expenditure of about 43,000,000/. 
Of this amount, the share of the Communities 
(towns, rural communities, and other administrative 
areas) was about 36,000,000/. The State figure 
was about 3,000,000/. and that of private enterprise 
about 4,000,000/. The capital invested in the plants 
for the general power supply had chiefly been raised 
by loans. At the end of June, 1923, the total debt 
of the community on account of electrification 
amounted to about 33,000,000/., or about 9 per cent. 
less than their total capital outlay. The capital 
invested in power plants for the electro-chemical 
and electro-thermic industry—1.e,, for purposes other 
than those of general supply—was not known with 
much accuracy. This could, however, be put 
down as from 41,000,000. to 44,000,000/., including 
the factories. Some plants for electric tramways 
and railways stood in a class by themselves; the 
largest of these was a plant built by the State for the 
electrification of Government railways. 

In order to create a firmer basis for the develop- 
ment of the general supply of power, ‘The Royal 
Committee for Electricity Supply ” was appointed 
by Government in 1919. This committee was 
formed to investigate the possibility of electrifying 
the whole country by a National Supply Scheme, and 
to draft regulations for the better organisation of the 
supply, &c., for co-ordinating the existing plants. 
It published its proposals in 1922-1923. The 
proposals aimed at supplying the inhabitants with 
power in five stages, ranging from 50, to 100, 150, 
200 and 250 watts per head per annum, the cost of 
each stage varying from 13,000,000/., for 50 watts, to 
18,500,000/., for 250 watts. The scheme was still 
in abeyance, for financial reasons. Proposals in 
regard to loans which had been under consideration 
for some time past and were still being contemplated 
comprised the formation of a Water Power Mortgage 
Bank, or the formation of a Community (urban 
and rural) Bank, or of a Community Electricity 
Bank. In each of the three instances the State 
would bear the final responsibility, hut every one 
of the three schemes pre-supposed that by expert 
management and supervision there would be so 
satisfactory a security for the money lent that 
practically no loss would be incurred to be covered 
by the State. At the present time the Government 
was giving its attention to the three proposals and 
might bring in a Bill which embodied points from 
each ; it was hoped that a decision would soon be 
taken, although the present time was not a favour- 
able one for new enterprises of the kind. 

A paper on ‘‘ Power Development in Relation 
to Human Progress”? was contributed by Mr. 
Julius H. Barnes, President of the Chamber of 
Commerce of the United States. After dealing 
with the rise in iron and steel consumption, the 
development of steam power, of the textile and 
other industries, the increase in consumption of 
coal and other fuel, and stating the social benefits in 
each case, Mr. Barnes said that the present 
age had brought new problems which required 
careful attention. The very strong economic forces 
now at man’s command were very complex and 
had to be guided intelligently, otherwise there 
would be disaster. The evolution of industry on a 
power basis demanded enlarged capital and credit, 
and both these were vitally affected by Government 
policies. It should always be remembered that 
modern industry, served by machines and the power 
that ran them, justified itself by its social benefit. 
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Whatever retarded unduly the service of that great 
“machine of wealth conversion ” would be a social 
injury to all the world. 


Section M—Government Poricy anp PowErR 
RESOURCES. 


On the morning of Thursday the 3rd inst. the 
papers relating to Legal and Government Policy 
under Section M (Economic Aspects of Power 
Resources), were presented and discussed. Mr. 
Renzo Norsa, of Italy, presided, and after briefly 
surveying the whole field of the subjects for 
discussion called upon Mr. John Murphy, Vice- 
Chairman of the Canadian Committee, to present 
the paper prepared by Mr. Lawrence J. Burpee 
on the International Joint Commission and the 
International Water Powers of Canada. In this 
paper the resources owned jointly by the Dominion 
and the United States, which represented approxi- 
mately 8,000,000 h.p., were described. The scheme 
came into operation after the signing of a treaty at 
Washington in 1909, designed to prevent disputes 
regarding the use of boundary waters. The control 
was vested in three representatives of Canada and 
three of the United States, and the whole scheme 
had proved successful and useful in preserving 
amicable relations between the two countries. 

Sir Philip Lloyd-Greame said it would be gener- 
ally accepted that it was to the interest of govern- 
ments generally to encourage and foster the fullest 
developments of power undertakings within their 
territories. The governments had therefore to 
create conditions facilitating the enterprise and in 
abnormal times use their credit for that purpose, 
and even contribute financially to the undertakings. 
The British Government used three methods of 
dealing with such ventures. Under the Trades 
Facilities Act the Treasury guaranteed the principal 
and interest of capital issues for the purpose of 
carrying out suitable undertakings if the plant 
was manufactured in the United Kingdom. By 
the Overseas Credit and Insurance Act the Govern- 
ment guaranteed bills drawn against the shipment 
of British manufactures, where comparatively 
long credit was required. Under another scheme 
of Direct Grants-in-Aid, controlled by a special 
Unemployment Grants Committee, grants were 
made to the extent of 50 per cent. of the interest 
on loans raised for a period of not less than ten years, 
to ensure the early undertaking of schemes not 
likely to produce revenue for a considerable period. 

M. Diény then presented a paper on French 
Legislation, by M. Domergue and M. Lecat, in 
which it was stated that the erection of power 
stations in France was not controlled by any par- 
ticular legislation or regulations other than these 
relating to all steam and hydro-electric schemes. 
Those relating to steam-operated stations were only 
drafted to ensure a reduction of the risks and incon- 
veniences they may cause. The regulations dealing 
with hydro-electric stations were more far-reaching, 
since the State did not merely exercise a general 
control but also assumed full managerial rights. 

Captain H. von Heidenstan, a Swedish delegate, 
said that the Government legislation of Sweden 
was generally of the same type as that in force in 
Britain. The development by private ownership 
was its basic principle, but regulations were in force 
to ensure the maintenance of public interests. 

Mr. J. G. Bellaar Spruyt presented the paper 
contributed jointly by Dr. E. A. Shoon and himself 
in which it was shown that the supply of electricity 
in the Netherlands was regulated only to a very 
small extent by Act of Parliament. This branch of 
industry had, however, been handicapped by 
coming into conflict with the vested interests of 
third parties. A large number of municipalities 
had electric power supply schemes, including many 
small ones which generally obtained their current 
from inter-local undertakings. The plan of estab- 
lishing a State concern which would eventually 
obtain control of and co-ordinate the working of all 
generating stations was abandoned. It was anti- 
cipated that a new Royal Commission would 
extend to private enterprise much greater freedom 
and make them more secure from the interference of 
Provincial Governments. 

General Guy E. Tripp, of the Westinghouse Elec- 
tric and Manufacturing Company, New York, con- 
tributed a paper on the Relation of Power Develop- 


ment to Industrial and Economic Progress. In his 
paper the author emphasised the importance of 
obtaining cheaper power which could be obtained 
by the introduction of super-power stations. Should 
there be no undue restriction in a few years there 
would be nation-wide power systems with high- 
tension trunk lines supplied not only from water 
powers and supplementary steam stations, but also 
from other cheap sources, such as the by-products 
of industrial operations like gases from blast fur- 
naces and coke ovens and the residue after the ex- 
traction of gases from coal. The manufacturing 
establishments of the United States had installed 
about 17,000,000 h.p. of steam plant, and if it was 
replaced by electric power from a general system a 
saving of 75,000,000 tons of coal a year was antici- 
pated by some authorities. It was estimated that 
there was sufficient density of traffic on perhaps 
70,000 miles of railway, about 30 per cent. of the 
total, to warrant electrification. There were large 
opportunities of thereby saving much of the 
175,000,000 tons of coal used each year on the 
American railways. Development was being pur- 
sued vigorously by private concerns and Govern- 
ment ownership was not essential to the accomplish- 
ment of super-power schemes. Low cost of power 
depended upon factors which were shown by long 
experience to be best managed by private interests 
and covered a field in which Government activities 
had always been inefficient. Under systems of 
public regulation, the interests of the public were 
better protected than under public ownership. 

Dr. Arthur T. Hadley, ex-President of Yale 
University, U.S.A., then submitted his paper on 
Private versus Public Ownership and Operation, 
in which he endeavoured to show that State working 
of power resources was little short of suicidal. 
This paper we hope to reprint in a later issue. 

Mr. John W. Lieb, in the absence of the author, 
Mr. Carl D. Jackson, referred to the paper on Public 
Utility Regulation in the United States. The scope 
of regulation was, he stated, controlled by the con- 
stitutional limitations of the Federal and State 
Governments. The Common Law of England was 
the basis of all legislation relating to public utilities 
in America. There were, however, many anomalies, 
such as the prohibition by some States of the export 
of water power and coal. It had become a recog- 
nised part of legislation to consider public utilities 
as national monopolies. In the public interest 
their activities had to be regulated, but they had 
also to be protected against unfair competition. 
The principal objects sought by regulations were the 
securing of adequate and safe service, the prohi- 
bition of discrimination in rates and service, and the 
establishment of reasonable rates for the services 
rendered. 

Dr. Wouter Cool submitted the paper of Professor 
J. N. Van der Ley, of the Dutch East Indies, on 
Legislation for Electricity Supply in New Countries. 
The first consideration in drawing up regulations 
for new countries was that no electric power plant 
should be erected without a concession from the 
Government. Power companies for the distribution 
of electricity should be started on a community 
basis, in which the various local boards should take 
part. The tariff policy should be founded primarily 
on the popularisation of the use of electricity. 

Mr. Harold V. Bozell introduced the paper on 
““Government Policies in Relation to Power 
Development and Distribution,” prepared by 
Dr. Herbert Hoover, the Secretary of Commerce of 
the United States, in which the progress of the 
exploitation of electric power in the United States 
was dealt with on broad lines. Attention was called 
particularly to the influences which had made 
advisable the centralisation of supply and inter- 
connection of systems. The control of the American 
Government was reduced to an absolute minimum 
and acted simply to prevent abuses. It was the 
business of Government to preserve an open way 
for the exercise of individual initiative and not to 
substitute its own activities for that initiative. 
Governments should regulate and control but 
should not manage or operate. In the stress of 
international competition that nation which left 
its people most free from hampering restrictions 
would progress fastest. 

Colonel Batty, of India, spoke about some of the 
difficulties of Government operation of utility 


services. In railways there was little but failure, 
and in irrigation schemes it was apparent that 
they could not reduce the cost of water without a 
political upheaval. In water power schemes they 
had three parties to deal with, capital, labour and the 
consumer. The board should be representative of 
these three interests. The consumer became a good 
salesman when a rebate was given to him propor- 
tional to the profits. If they had to have the scheme 
run by a Government department the solution was 
only to be found by handing over the management 
to men who could be trusted and they must be 
remunerated. proportionately to the profits. Freedom 
from political interference was difficult to secure, 
for when profits went to the Government interference 
began. 

Mr. Sibley, of California, said that the saving to 
the people effected by the cheapening of the pro- 
duction of electricity, due to the improvement of 
plant, was enormous and no legislative activity 
should prevent or restrict the introduction of modern 
methods. One good way of raising money for 
electricity undertakings was to make an appeal to 
the consumers’ self-interest. Were the cycle of 
wealth production which followed the cheapening 
of power production properly demonstrated, stock 
could be sold to the people. 

Dr. George Otis Smith, of U.S.A., summed up the 
situation as regards Government operation by saying 
that he was in favour of Government regulation 
always but never of Government operation. 

Mr. Renzo Norsa, the chairman, then closed the 
discussion. 


SECTION C—PREPARATION OF FUELS. 


The proceedings of Section C (Preparation of 
Fuels, Fuels Generally and Coal) were opened 
on Thursday, July 3, morning, by Dr. D. S. Jacobus, 
of New York, for many years professor of engineer- 
ing at the Stevens Institute of New York, now 
connected with the Babcock and Wilcox Company. 
In taking the chair, Dr. Jacobus appealed to 
members to give in order to help and to receive. 
In view of the large number of papers on the 
agenda (14), he suggested that members, in pre- 
senting their papers, should confine themselves to 
essential points and that, apart from immediately- 
arising questions, the papers should be discussed in 
groups. We follow the sequence adopted. 

Professor Hugo Strache, chief of the Fuel Test- 
ing Department of the Vienna Technical High School, 
advocated in the first paper taken the “‘ Complete 
Gasification of Coal,” particularly by the “ double- 
gas’ process. Up till recent decades gas had been 
supplied for two distinct purposes, for light and for 
producing power and high temperatures; water 
gas had afterwards bridged the gap between coal 
gas and producer gas. But water gas required a 
good coal and could only be produced together 
with coke. The new “Doppelgas” might be 
regarded as a mixture of coal gas and water gas, 
as it was directly generated from coal and had a 
higher calorific power than water gas 100 ke. 
of a coal of 7,000 calories would yield 150 cub. m. 
of water gas of 2,800 calories per cub. m., a total 
of 420,000 calories, and 156 cub. m. of double gas 
of 3,200 calories, a total of 500,000 calories of double 
gas. 

In the double-gas producer the coal was fed into 
a retort from which it would sink into the large 
gasifying chamber underneath which was provided 
a revolving grate through which air was blown 
for the gasification. The gases of combustion 
passed around the retort (outside it) into the lower 
portion of a steam superheater, where they were 
completely burnt, heating the checker bricks and 
escaping still hot enough for steam raising. The 
valves were then reversed ; steam was sent into the 
superheater and from there into the gasification 
chamber, in which now water gas was formed ; 
this gas passed at high temperature into the retort 
above, acting directly upon the lumps of coal in 
their downward movement and coking them at 
lower temperature than in an externally-heated coke 
oven; thus 8 kg. of a low temperature tar (Urteer) 
were produced (against 4 kg. of tar in a coke oven), 
and a high yield of ammonia was also obtained. 
When the gas fire was cooled down too much by 
the steam, the process was once more reversed. 

Dr. Strache gave heat balances of the double-gas 
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producers installed at Graz in 1920 and at Chemnitz, 
1923. Any coal could be used; large gas holders 
were not required and, owing to the high calorific 
power, the distribution cost, always a high item, 
was lower than with other gas, especially for dis- 
tances above 40 km. He did not recommend the 
system for small towns ; for large plants, combined 
with steam-power electricity works, it had great 
advantages, because the hot-gas supply could be 
increased at will in the double-gas producer by 
prolonging the hot blast. There were already a 
large number of double-gas plants in operation, 
in the former Austro-Hungary monarchy and also 
in Germany and Italy and at Helsingférs. The pre- 
sent German standard for town gas was 4,000 
calories; but that figure would probably be re- 
duced. 

In a second paper, on “ The Fuel-Testing Depart- 
ment of Vienna,’ Dr. Strache outlined the work of 
this branch of the Technical High School, where 
students devoted the last two years of their four 
years’ course of study especially to heat. 

The paper by Mr. Gordon Adam, of the Gas Light 
and Coke Company, on “ Liquid By-Products of 
Coal-Carbonisation as a Source of Power” was 
presented by Mr. F. M. Potter. It pointed out that 
in this country vertical retorts were gradually 
replacing horizontal retorts ; the 163 million tons of 
coal carbonised here yielded 18 million gallons of tar. 
Per ton of coal, horizontal and vertical retorts and 
coke ovens yielded respectively 10-5, 14, 83 gallons 
of tar. The benzene hydrocarbons in the gas was 
recovered by means of washing, by activated char- 
coal (in Germany and America) and by silica.gel 
(America). The charcoal was obtained by a pre- 
liminary carbonisation of peat, wood, or lignite ; 
the product was impregnated with iron or zinc 
chloride, washed, and finally carbonised. The 
use of silica gel was recently noticed in our columns. 
Mr. Potter had found the benzole recovered by 
charcoal and silica freer from gums than benzole 
recovered by washing. The paper further dis- 
cussed the hydrogenation of coal-tar products, the 
so far uncertain possibilities of naphthalene (tetra- 
line, decaline) and phenol derivatives, and the 
Bergius treatment of low-temperature tars with 
hydrogen at 400 deg. C. and 100 atmospheres and 
more, which was said to have given encouraging 
results with lignite tars; he also referred to the 
work of F. Fischer at Miilheim (not Mannheim, as 
the paper prints). 

Professor H. E. Armstrong emphasised various 
points regarding low-temperature carbonisation. The 
days of raw coal, apart from anthracite, were num- 
bered ; success in the production of a smokeless solid 
fuel by low-temperature carbonisation could only be 
obtained when the chemist and engineer were led to, if 
not forced to, work in co-operation. The removal of 
mineral matter should take place immediately after 
raising the coal; that, and the protection of the 
coal against oxidation during the grinding, was 
largely a chemical problem. Low-temperature coal 
oil (“ coalit oil’) differed entirely from ordinary 
tar oil and should be treated differently ; its chief 
use would probably be as fuel oil. Professor Arm- 
strong showed some coalite made from the very 
friable Kent coal. The low temperature process had 
its limitations, since the exchange of heat through 
the walls even of iron retorts and within the mass 
was slow. But Mr. HK. V. Evans (South Metropoli- 
tan Gas Co.) had discovered that caking coal, 
ground and mixed with some ground coke or non- 
caking coal and briquetted by pressure, could be 
carbonised at the usual high temperatures of town 
gasworks, yielding a gas similar in quantity and 
quality and an easily combustible coke. With 
respect to the general problem of the smokeless-fuel 
industry, Dr. Armstrong considered that neither 
here nor in America had any process been carried to 
complete practical and economic efficiency ; no one 
had yet made a gas-tight plant. The Fuel Research 
Board had spent 400,000. without advancing the 
solution of the problem; it had failed for lack of 
leadership. 

Surveying in the next paper the power resources 
of Sweden, Mr. Axel F. Enstrém, Director of the 
Ingeniérs - Vetenskaps - Akademien, stated that 
Sweden generated 3,000,000,000 kw.-hours of hydro- 
electric energy per year, and had before the war 
wanted for power and heat the equivalent of 


11,000,000 tons of coal, half of which had then been 
imported, but the imports had gone down to 
2,500,000 tons. The coal mines of the country 
only yielded 400,000 tons yearly. Forests covering 
54 per cent. of the country supplied the equivalent 
of 5,000,000 tons of coal. Charcoal, equivalent to 
700,000 tons of coal, was produced in the old- 
fashioned piles and in kilns of the shaft and other 
types. 

In the Aminoff channel kiln the wagons contain- 
ing the wood were continuously circulating through 
a long tunnel inclined both ways ; the by-product 
recovery was not so complete as in the shaft kilns. 
The shale-distillation was also important. These 
oil shales were piled up alternately with limestone 
in open-air lime kilns; the Bergh-Larsson shale 
retorts will be described in another paper. The 
annual peat production had increased during the 
war from 75,000 tons to 400,000 tons, but had 
again decreased since; the production of refined 
peat-fuel was not yet an economic success. Power 
alcohol had been made during the war by works 
having a capacity per year of 20,000,000 litres 
of 95 per cent. alcohol, erected by the Aktiebolaget 
Ethyl and others; this industry had declined after 
the war, but was reviving. 

With regard to the use of charcoal in gas pro- 
ducers for heavy motor-cars, to which Mr. Enstrém 
had referred, Professor A. Bcunschweig, of Paris, 
mentioned that the difficulty was the purification 
of the gas. Mr. Taussig, of Vienna, added that 
they had paid as much attention to these pro- 
ducers in Austria as in France. 

Mr. C. F. Hirschfeld, chief of the research depart- 
ment of the Detroit Edison Company, surveyed in his 
paper the fuel resources of the United States at 
considerable length, dealing with coal, its prepara- 
tion and storage at consuming plant, low-tempera- 
ture carbonisation and fuel oil, gas (natural and 
blast furnace) and combustion control. 

Dr. Franz Fischer, director of the Kaiser Wil- 
helm Institut fiir Kohlenforschung at Miilheim on 
the Ruhr, stated in this paper that to obtain from 
coal suitable fuel oils (not rich in anthracene and 
naphthalene which solidified) the distillation should 
be conducted at temperatures below the 300 
or 450 deg. C. at which bituminous substances 
began to decompose in different coals, and the 
vapours should quickly be removed from the still 
or retort and condensed to avoid dehydrogenation 
and disintegration into gases. The process could 
be carried out in retorts or in producers. The 
semi-coke in the retort would be very friable 
unless the coal was compressed in the furnace 
while plastic, by means of a plunger (Olin and Parr), 
or a roller (in a horizontal retort, Fischer) ; but that 
was difficult technically. From 10 per cent. to 
15 per cent. of the tar obtained would boil below 
200 deg. C., the bulk boiling between 200 deg. and 
250 deg. 

These statements referred to low-temperature dis- 
tillation. Hydrogeneration of coal, 7.e., removal of 
all its oxygen (about 0-87 per cent.) and intro- 
duction of more hydrogen, could be effected, at 
high pressure and temperature, by means of hydri- 
odic acid (Berthelot) or by means of sodium for- 
mate; by the latter method Fischer and Schrader 
had made 45 per cent. of lignite soluble, but the 
process was still very expensive. They therefore 
treated the lignite with water and carbon monoxide 
(which would momentarily give formic acid) at 
400 deg. and 140 atmospheres. The yields were 
better than with the Bergius hydrogeneration (by 
means of molecular hydrogen), but the process had 
not yet given a motor fuel. Professor Fischer and 
Tropsch then tried a synthetic process, starting 
with a water gas (rich in hydrogen). Compressed 
to 100 atmospheres or 150 atmospheres at 410 deg. 
C., and passed over iron filings impregnated with 
alkali, water gas from any coke or semi-coke yielded 
an oil, a light yellow, thin liquid, smelling like 
acetone and amyl alcohol, of density 0-8289 and 
melting point 30 deg. C. This crude ‘“ synthol,” 
which consisted of carbon, hydrogen and oxygen in 
the ratio 69:3: 12-2: 18-46, 88 per cent. of which 
boiled below 200 deg., proved an excellent motor 
fuel, mixable in all proportions with alcohol, benzene 
and gasoline. The yield of oil represented only 
8 per cent. to 10 per cent. of the water gas ; but by 
passing the vapours at ordinary pressure once more 


over the catalyst, a yield of 30 per cent. was realised. 
The synthol contained alcoholic constituents which, 
by further high-pressure treatment, were converted 
into a gasoline, for which the name “synthin” 
was proposed. Much depended, of course, upon 
the experimental conditions, and, as Dr. R. Lessing 
pointed out in the discussion, a high rate of hydro- 
genation can hardly be expected considering how 
little hydrogen is bound in coal. To Mr. Haanel’s 
question whether the Bergius process was really a 
success, Dr. Fischer had no further reply. 

Dealing briefly with this problem and particularly 
with the work of the Fuel Research Board, Dr. C. H. 
Lander, M.I.Mech.E., director of Fuel Research, said 
that he agreed with Dr. Armstrong that complete 
success had not been attained. But he differed from 
the statement that no serious attempt had been 
made ; the work was going on and plants were in 
operation. The great difficulty was the translation 
from the laboratory scale to the large works scale ; 
there was no correlation as in other engineering pro- 
blems, ¢.g., in ship and bridge design. In touching 
upon a few points he remarked that extravagant 
credits were often taken for the ammonia produced ; 
the ammonia recovery from the diluted liquor 
obtained was hardly worth while at present. The bri- 
quetting process of Messrs. C. R. Sutcliffe and E. C, 
Evans (not the process to which Dr. Armstrong 
had referred) had been investigated at the Fuel 
Research station; they had found that very fine 
grinding and high pressures were not required, 
but they had been troubled with dust. They were 
devoting particular attention to the oils from 
coal. Ordinary low-temperature carbonisation oils 
were not mixable with most natural petroleums 
and not suitable as fuel oils for marine purposes, 
because pitchy deposits were formed. That diffi- 
culty could be overcome; Dr. Lessing did it by 
circulating the warm oil, after mixing it with a 
little petroleum, through pipes packed with Lessing 
rings. 

The next two papers, by Mr. Goodenough and by 
Sir Arthur Duckham, came on again in Section 
D on Monday; we reserve comments. 

On the suggestion of the chairman these papers 
were discussed together with special reference to the 
questions whether the use of raw coal should be 
continued to the present extent or whether the 
distillation of coal would become more generally 
practical. Sir Richard Redmayne said that 
domestic and power purposes had still to be dis- 
tinguished. A low temperature coke would have 
to bear transport. As regards dirt, it was no doubt 
absurd, as Professor Armstrong had stated, to 
transport and to carbonise the dirty coal ; but when 
the coal trade was good, the dirt per centage went up ; 
much depended upon the miners ; coal should be sold, 
as in America, on the calorific basis. Mr. Leonard 
Harvey advocated power-production in bulk by 
distillation with by-product recovery in con- 
tinuous retorts of the Ford and of the “ Fusion 
Corporation” rotary type, and use of the residue 
in pulverised form, on which he had presented a 
paper to Section D ; the difficulties of the storage of 
pulverised fuel had been overcome. 

Mr. Orrock, of New York, speaking next, said 
that low-temperature carbonisation could not pay 
with load factors of only 30 or 35 per cent. All 
plants made gas and coke which could be stored, — 
because they retained their values; the prices of 
ammonia and tar fluctuated too much for justify- 
ing storage. The residue pulverised, at unknown 
cost, would not bear storage. Gasoline from low- 
temperature carbonisation oil had no chance in the 
United States at present; but that might alter. 
The purification and preparation of the coal was 
very important, and it should begin underground. 

Mr. B. F. Haanel, chief engineer to the Division 
of Fuels, Department of Mines, Ottawa, said that 
the Canadian oil fields were threatening depletion 
and Canada wanted coal oils. Domestic fuel was 
a principal requisite in Ontario, and for their railway 
lines of 3,000 miles they could not but import 
anthracite. Their own coal was very friable, but 
the Fuel Board had erected large coke ovens, and 
they wanted to produce fuel oils. They had peat 
and lignite, the latter very different from European 
lignite, however, so that they had had to work out 
their own processes. He doubted the possibility of 
storing the pulverised lignite and coal. Professor 
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Armstrong, on the other hand, remarked that pul- 

verised fuel could be stored and science demanded 
pulverisation ; we pulverised fuel to determine its 
calorific value. Mr. Rodolpho Jaramillo, of the 
Chilian State Railways, said that they had used 
pulverised fuel in cement factories and for smelting 
copper for fifteen years, and had stored it for weeks ; 

both their bituminous -coal and their lignite were 
high in ash, 7 and 14 per cent., and the lignite 
contained 15 per cent. of moisture. 

In presenting another paper, Mr. Arthur H. Lymn, 
of the Power Gas Corporation, remarked that some 
of the figures in his paper as printed were incorrectly 
numbered, and that the tables given there should 
be understood to apply to large plants. The paper 
described various methods of applying producers 
in comparison with each other and with modern 
direct-fired steam plants, without reference to 
suction-gas plants and to blast-furnace gas, but 
with particular regard to economic features, cost 
of installation and operation and value of by-pro- 
ducts. With respect to the Holzwarth gas turbine, 
of which one of 5,000 kw. had been built, Mr. Lymn 
said that the high temperatures seemed to frighten 
people ; but the average temperature, 750 deg. Fahr., 
was no higher and the conditions were no more 
arduous than in steam-turbine practice. Mr. Lymn 
compared combinations of low-temperature gas pro- 
ducers with either reciprocating engines or with gas- 
fired boilers and steam turbo-generator, or with gas 
turbo-generators under different load conditions. 

This was the last paper taken in the morning 
session. The afternoon meeting, over which Mr. 
Haanel was to have presided, was abandoned to 
suit the convenience of members, and the discussion 
was adjourned till Friday morning. 

In opening the Friday morning session, Mr. Oskar 
Taussig, director-general of the Tundloff-Dittrich 
Armaturen und Maschinenfabrik, Vienna, announced 
that, before proceeding to the reading of the remain- 
ing papers, the meeting would discuss the questions 
reserved by Dr. Jacobus, at the end of the first 
meeting, viz., what is the cost of pulverising fuel, 
and can the pulverised fuel be stored ? Mr. Taussig 
added that Austria had been obliged to pay parti- 
cular attention to the fuel losses incurred in bringing 
the coal from the bottom of the mine to the power 
station ; that would be a subject for a future con- 
ference. 

Mr. A. E. Douglas, of the Fuller Engineering 
Company, said that the United States had been 
using pulverised coal for twenty odd years, and 
were now pulverising 25,000,000 tons annually, some 
for steam raising. The cost varied with conditions, 
but their averages obtained in recent plants of daily 
capacities of 100, 200, 500 and 1,000 tons were 
for soft or bituminous coal, 45, 40, 34, 31-5 cents, and 
for anthracite or high-ash coal, 63, 53, 45, 43 cents ; 
those costs comprised everything apart from fixed 
charges, interest and depreciation. The higher cost 
of the harder material was due to increased repairs 
‘and power ; the kw.-hrs. per ton required for hand- 
ling from car to furnace were 15 to 17 and 19 to 
27 in the two cases. At the Lakeside plant of the 
Milwaukee Electric Company, where Fuller dryers, 
mills and transport system were used, the total 
kw.-hours per ton of coal were running to 17, and 
the cost per ton handled to 32 cents. A chart 
exhibited by Mr. Douglas showing the difference 
between first cost of stoker and of pulverised coal 
(unloading and handling fuel and ashes) was based 
upon a 70 per cent. load factor ; with lower load 
factors conditions became more favourable to pul- 
verised coal. The storage offered no difficulties nor 
fire risk, provided the pulverised coal was properly 
dried by hot air and stored in suitable bins, with 
hopper and bin slopes not less than 70 deg. Trouble 
would arise in flat-hoppered bins, but cement works 
and boiler plants disregarded the coal left in the 
bins when shutting down for weeks. In Seattle 
they had supplied pulverised coal, in barrels, to 
hotels and schools, but the expense of delivery was 
heavy. 

Mr. H. §. Rowe remarked that 45 cents would be 
about 3s. Where was the advantage, especially 
for small boiler plants? It was claimed that 
cheaper coal could be utilised, but the increased 
demand would lead to higher prices. Mr. Douglas 
replied that engineers sometimes erroneously con- 
sidered the 45 cents as additional to the stoker 


plant. They -pulverised lignites (after removing 
free moisture) and anthracites in 27 countries, and 
the total cost of preparation was only a little, if 
at all, higher than the handling of coal and repairs 
on stokers, forced draughts, fans, &c., in stoker 
plants. Mr. F. van Herson, director of the Nether- 
lands State Collieries, said that for small plants 
the Alvo pulveriser used in Belgium and France 
had advantages; but they required too much 
power for driving. Mr.’ Haanel remarked that the 
problem was very important for the Canadian 
railways and steam plants, though it looked at 
present as if they would want storage at many 
points of their railways. 

Professor Pierce F. Purcell, of Dublin, and 
Peat Investigation Officer of the Fuel Re- 
search Board, submitted a very instructive, long 
report on the distribution of peat in Europe and 
other parts of the world, and on its physical pro- 
perties, dehydration, winning and utilisation, from 
the industrial point of view, giving a great deal of 
technical detail. About two-thirds of the 90 per 
cent. of moisture were retained by the colloidal 
material and could not be expressed. When about 
half the moisture had been lost, air drying should 
be carried out in large clamps to prevent cracking 
of the peat. Air drying could yield a peat of 
6,000 to 7,500 B.Th.U. per lb. The economic 
development of peat had, during the last 15 years, 
profited much from the macerating machines and 
other appliances of Wielandt, Strange and Baumann- 
Schenck in Germany and of E. V. Moore in Canada. 
Mixing of the raw peat with dried peat or coke 
did not really dry the peat, but it facilitated the 
dehydration in the Madruck and other presses. 
Haanel and Moore in Canada had simplified the 
distribution problem on new lines by using, on 
the Alfred bog near Ottawa, a modified Anrep 
(Swedish) excavator and macerator in conjunction 
with a belt conveyor, 800 ft. long, supported on 
caterpillars. In the ‘‘ hydrotorf” process, which 
Professor Purcell had examined last autumn at 
Schwaneburg in Oldenburg, high-pressure jets 
of water were used to wash the peat from the 
bog into large sumps; the product was probably 
not superior to air-dried peat, but the machines 
could be used on bogs containing much timber and 
roots, and the system was applicable to wide- 
spreading and drying grounds. 

As regards utilisation, the 3,000 horse-power gas 
producer plant at Schweger Moor was now worked 
with coal (not peat). But Denmark had, in 1921, 
obtained satisfactory results with a Diesel motor 
plant at Haslev, and the Wiesmoor plant of the 
Siemens-Schuchert Company, erected in 1908, had 
steadily increased its capacity. The experiments of 
the Fuel Board with peat carbonised in Glover- 
West vertical retorts were certainly encouraging as 
to gas yield and by-products. In view, also, of the 
work done in Canada/and Australia, Professor Purcell 
hoped for an expansion of the peat industry like 
that of the German brown coal industry. The 
report in question also referred to Ireland. 

In the discussion Mr. K. B. Eller said that 
Mr. Purcell’s conservative estimates of the peat 
resources of Sweden and Russia appeared too low. 
Mr. Haanel referred to the noteworthy work done 
in Canada, where Messrs. Peco Ltd. had perfected 
the Ekenberg process. Mr. Th. van Herson em- 
phasised the importance of combining peat winning 
with land reclamation. Professor Purcell quite 
agreed, also as to the importance of small peat- 
coke gas-producers for lorries. 

Two papers on oil and oil shales were then taken. 
The paper by Mr. C. J. M. Milo, of Holland, dealt 
with ‘‘ Oil Refining” and cracking generally. Mr. 
Sven V. Bergh, of Stockholm, described his ““ New 
System of Oil Production from Swedish Oil Shales,” 
explaining that Sweden had big deposits of oil 
shales, especially in the central and southern 
portion, near Kinnekulle and Nerike, and that the 
5,000 million tons of shales contained only 4 to 7 per 
cent. of oil which could not be extracted. In the 
last three years new kilns for extracting the oil by 
means of superheated steam (20 per cent. of the 
shale weight) for 30 minutes had been developed, and 
a large plant was being erected at Kinnekulle. The 
internal dimensions of the units were 1°8 ft. by 
3-9 ft. by 10 ft. high. The crude oil obtained gave 
gasoline and a heavy fuel oil. 


The last two papers concerned two novel utili- 
sations of wood waste. Mr. Otto Nordstrém of 
Sundvall, described in his paper on “‘ Saw-Mill Waste 
in Sweden,” the drying towers which he has put up 
in the Enqvist pulp mill at Tammersfors, Finland. 
The towers, of 70 cub. m. capacity, he stated, con- 
sisted of two slightly-conical shells of sheet iron, in 
the space between which the wood, raised by 
buckets, was allowed to sink down slowly ; the tower 
was encased in brickwork and concrete. The inner 
cylinder was covered on the top and formed the 
end of the flue; a fan forced the gas (from the 
furnace) into this flue and further through perfora- 
tions in the shell radially through the wood waste. 
A regulator of the Arca type adjusted the tempera- 
ture of the ingoing gas to the moisture of the 
wood. 

In the second paper on ‘‘ Power from the Wood 
Waste of the Swedish Forests,” Dr. H. von Ecker- 
mann explained how he generated gas for the 
power station of the Ljusne Sawmill and Iron works, 
on the Baltic, 250 km. north of Stockholm, from 
the undried wood waste directly as it came to 
the works, obtaining suction gas and tar. The 
4,400 h.p. plant had been in operation for seven 
years. ‘There was no coal during the war and no 
time for harnessing water-power. He, therefore. 
designed his heavy sheet iron generators, lined 
with fire bricks and provided with stationary grates. 
There would always be plenty of wood waste and 
tree stumps, though the law did not allow of cutting 
down more timber than was replanted; the 
high value of the tar had given him a profit of 
3d. per kw.-hour, with power free, and enabled him 
even now to obtain his power, including interest and 
depreciation, very nearly as cheaply as water power. 

Two papers originally on the agenda not having 
arrived in time, the Section terminated its delibera- 
tions on Friday morning. 


Srction D 1.—Srram Power PRODUCTION. 


This Section of the conference met on Thursday 
morning the 3rd inst. under the presidency of 
Mr. W. H. Patchell. The papers to be dealt with 
were for the purposes of discussion divided into 
three groups. 

In the first group was a paper on “‘ Steam Power 
Production : General Review of Current Practice.” 
having as its authors Mr. P. Junkersfeld and Mr. 
Geo. A. Orrock. The paper dealt mainly with 
American practice. It was stated that on January 1 
last the total rated capacity of central stations in 
the United States was 22,895,000 k.v.a., of which 
7,390,000 k.v.a. was provided by water power 
and the remainder by steam. The largest central 
stations had a capacity of 350,000 kw. and plants 
designed for 500,000 kw. to 600,000 kw. were now 
under construction. Some 650 to 1,000 tons of 
condensing water were required, it is stated, per 
ton of coal burnt. Pulverised coal on one system 
or another was being used at a number of the largest 
stations, the fuel being blown into the furnace from 
a bin. Where mechanical stokers were installed 
the drive was generally electrical. Cinder catchers 
were fitted on the chimneys at five stations. Two- 
thirds of the stations were designed to be operated 
with a 29-in. vacuum and the remainder with one 
of 28} in. A steam pressure of 400 lb. per square 
inch and a steam temperature of 720 deg. F., were 
considered as not involving special plant, but two 
stations using steam at 550 Ib. steam would be put 
in service this year, and three to work with steam at 
1,200 lb. per square inch will be in operation next 
year. The majority of American stations were 
said to have a 40 per cent. load factor. 

The automatic stokers installed were fitted with 
clinker grinders and burnt up to 60 lb. of coal per 
square foot of grate surface, evaporating 7 to 11 lb. 
of water per square foot of heating surface. The 
furnace capacity averaged about 3 to 4$ cub. ft. 
per 10 sq. ft. of boiler heating surface. The pul- 
verised fuel plants were found to give high con- 
tinuous efficiency and worked well with low grade 
fuel. The coal was prepared in a separate building 
and fed to bunkers at each boiler. The furnaces 
had air-cooled walls and water screens to absorb 
the radiant heat and keep down the furnace tem- 
perature. The furnace volume provided is from 
43 to 6 cub. ft. per 10 sq. ft. of heating surface and 
a combustion ratio of 24 to 4 lb. of coal per cub. 
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foot per hour was attained with an evaporation 
of 11 Ib. per sq. ft. of heating surface. The calorific 
efficiency was higher than with automatic stokers 
burning the same fuel and the fixed changes are 
about the same for the two types. 

Air preheating had been adopted in a number of 
recent power plants, and the gain in boiler efficiency 
had proved greater than had been estimated. 
This was due to the higher furnace temperature 
and the greater heat transfer by radiation. In 
order to take full advantage of this, boilers had been 
constructed with the side walls of the furnace made 
wholly of metal heat absorbing surfaces, the tubes 
constituting these forming a portion of the water 
heating surface of the boiler. Maximum rates of 
combustion had risen from 20 lb. per sq. ft. of 
area per hour in very early installations to as much as 
50 lb. and about seven times as much work was being 
obtained out of some boilers as was the case in the 
earlier plants. The latter evaporated from 2 to 4 
lb. of water per square foot of surface, the corre- 
sponding figures for to-day being 4 to 15 lb. Some 
of the stations now in operation were, over tests 
of several months, securing 1 kw.-hour for 18,000 
B.Th.U. in the coal supplied. 

A paper contributed by Mr. W. M. Selvey dealt 
with ‘ Pulverised fuel for boilers.” The author 
stated that the standard of fineness of pulverisation 
largely adopted in the States was that 95 per cent. 
of the product should pass through a 200-mesh 
screen and 85 per cent. through a 100-mesh, but 
this standard was not suitable for all classes of fuel. 
He quoted Mr. A. C. Raymond to the effect that 
with bituminous coals none of the particles should 
be too large to pass a 50-mesh screen, and with 
anthracites the 50-mesh should be replaced by one 
of 80. As regards the question of drying, the author 
stated that a standard specification was that the 
coal should be dried down to 1 per cent. of free 
moisture, but he considered that a doubtful one to 
workto. Apparently about 1°3 per cent. of the fuel 
had been expended in drying the coal, but this could 
now be effected by waste heat from the flue gases. 
The author expressed the opinion that we were likely 
to have more trouble in this country from readily 
fusible ash (which fluxed the furnace linings) than 
was encountered in the United States. The burners 
now used were very simple. Where the “storage 
system ”’ of using pulverised fuel was adopted, the 
plan followed was to provide a small quantity of 
injection air which carried in the fuel, and this was 
surrounded almost immediately by a proportion of 
the secondary air amounting to about 20 per cent. 
to 30 per cent. of the total. The remainder was 
provided by the pull of the chimney stack. With 
the “unit”? system practically the whole of the 
necessary air was supplied at the burner. Injection 
velocities were kept as low as possible and large com- 
bustion chambers used. These had in fact a 
volume equivalent to 150 per cent. of that occupied 
by the boiler proper. American designs were based 
upon the consumption of so much coal per cub. ft. 
of combustion space. This might amount to from 
1 lb. to 2 lb. of coal per cub. ft. per hour, and it 
was hoped to increase the latter figure to 3 lb. 
Direct impingement of the flame on brickwork 
could'not be permitted unless the latter were cooled. 
This was done by adopting a cellular construction 
and passing through the cells the bulk of the 
secondary air. This is supplemented by what was 
popularly known as a “water screen.’ Recent 
work had been directed to securing shorter flames 
which would facilitate the abolition of brickwork. 

Dust which deposited on the tubes was, in 
American practice, easily removed by soot blowers, 
but the author doubted whether this would prove 
to hold with English fuels. Very efficient combus- 
tion was secured, the spent gases analysing 15 per 
cent. to 16 per cent. of CO,. The amount of these to 
be dealt with was correspondingly reduced, and very 
lower temperatures were attained. Boiler efficiencies 
approached 90 per cent. 

The paper by Mr. L. C. Harvey discussed “‘ The 
National Economic Power of Solid Fuel in Relation 
to its Scientific Utilisation.” In this paper the 
author contended that the industrial prosperity 
of Great Britain must be built up on the foundation 
stone of coal distillation, and that the use of pul- 
verised fuel would be a principal factor in the 
achievement of success. By pulverisation lower 


grades of coal could be successfully used, and it 
should be quite unnecessary for any country which 
possessed such coal to import much of the better 
qualities from overseas. As matters stood to-day 
90 per cent. of the cost of the coal was lost. Each 
million tons of raw coal now burnt on the domestic 
hearth or under power-house boilers, could provide 
20 million gallons of liquid products containing 
23 million gallons of motor spirit, and should also 
supply 15 million lb. of sulphate of ammonia. 
To-day we imported foreign oils to the value of 
45,000,0002. yearly, whilst, with other arrangements, 
we could be self-supporting both as regards liquid 
fuel and motor spirit. 

The author claimed that one result would be a 
Saving in our national expenditure of 100,000,000. 
per annum. By low-temperature carbonisation a 
smokeless fuel could be produced, containing only 
8 per cent. of volatile matter and (after washing) 
only 0°5 per cent of ash. For domestic purposes 
this was required in lump form, and this presented 
no difficulty. For industrial purposes, however, 
a semi-pulverised fuel was all that was needed, and 
could be more cheaply supplied. This industrial 
smokeless fuel would weigh about three-quarters 
of the raw coal from which it was produced, and 
would analyse about 73°6 per cent. of fixed carbon 
with about 13:7 per cent. of volatile matter and 
12-7 per cent. of ash. The adoption of the process 
should, the author stated, yield an increased profit 
of at least 11. per ton of coal as mined. With 
hand-fired boilers efficiencies of as little as 40 per 
cent. had been recorded ; with mechanical stokers 
this figure was raised to from 70 to 80 per cent., 
but the capital and maintenance costs were high. 
Producer gas firing was effective, but for efficiency 
costly regenerator chambers were required. By 
firing with pulverised low-temperature coke the 
deficiencies of mechanical stokers would be avoided, 
and the fuel was suitable both for low and high- 
temperature furnace work, when the presence of 
fine ash was not objectionable. 

Pulverised fuel was now used for iron and steel 
making in Belgium, France and the United States, 
and had effected large economies in fuel. 

In the ensuing discussion Mr. C. H. Merz drew atten- 
tion to the necessity of preventing excessive wear 
and tear in the boiler furnaces, and, in supplementing 
his paper, Mr. George Orrok stated that at Hell 
Gate the brickwork had required practically no 
repairs in about a year’s working. To-day over 
19 lb. of water could be evaporated per sq. ft. of 
heating surface and at a rate of 44 Ib. per sq. ft. 
An overall efficiency of boiler, superheaters and 
economisers, equal to 91 per cent., could be obtained. 
Even on very high power tests an efficiency of 
78 per cent. was secured. They hoped in future to 
attain an evaporation of 23 to 24 lb. per sq. ft. of 
boiler surface, which with some of the smaller tube 
boilers might be increased up to 28 Ib. At Hell 
Gate the furnaces were steel lined on 3 sides, the 
other being brickwork, and were thus closely ap- 
proaching to the locomotive firebox, though they 
secured a little better circulation. The cinder 
catcher to which he had referred in his paper collected 
97 per cent. of the flue dust. If they adopted 
pulverised fuel they would put some form of dust 
collector in the stack. Mr. Harvey said that it was 
he who interested Mr. John Anderson in pulverised 
fuel, and had led the latter to adopt it for central 
station boiler working. Present-day methods of 
handling this material were perfectly safe, and there 
was now no difficulty with furnace linings. 

A paper entitled “Fuel economy and _ the 
Measurement of High ‘Temperatures’? was con- 
tributed by Sir Robert Hadfield, F.R.S. In this 
the author emphasised the advantages of accu- 
rate measurements of temperatures both in boilers 
and furnaces. He said that for routine work 
on large installations the thermo-couple type 
of pyrometer was the most satisfactory. Boiler 
efficiencies would be increased by higher furnace 
temperatures and the difficulties connected with 
such might be mitigated by the use of a new steel 
due to a group of French metallurgists, which was 
now being manufactured by the author’s firm. 
This material was less expensive than the nickel- 
chromium steels. 

It was practically non-scaling up to temperatures 
of 1,050 deg. C. or more, and resisted, moreover, the 


sulphurous products of combustion. It had a 
high strength and tenacity even at 900 deg. C., a 
temperature at which the tensile strength of ordinary 
steel was negligible. It had been used in the cast 
state for recuperator tubes and carbonising boxes; 
and as forgings for the valves of internal-combustion 
motors, steam fittings, turbine blades, and many 
other purposes. In some ‘supplementary remarks 
on his paper Sir Robert stated that at a temperature 
of 900 deg. C the material had a tensile strength of 
15 tons per sq. in. as against 33 tons at 700 deg. C. 
Included with the paper was a colour chart which 
was based on experiments in the author’s works and 
showed the colours corresponding to different 
temperatures. It had been found that by the use 
of this chart the temperatures of metals and 
furnaces could be determined within about 15 deg. C. 
for temperatures between 700 deg. C. and 1,400 deg. C. 
but inaccurate results would be obtained by a 
colour blind observer. The chart originated in the 
author’s purchase of Turner’s painting of Mount 
Vesuvius in eruption, and a comparison between the 
colours in this picture and those of the chart indi- 
cated that the temperatures in the eruption in 
question varied in different parts from 600 deg. C. 
to 1,400 deg. C. 

In a paper on “Coke as a Fuel for Steam Raising,” 
Mr. E. W. Nichol drew attention to the fact that we 
had to import very large quantities of oil for use 
as liquid fuel or as lubricants. The number of 
motor vehicles now registered in this country was 
978,000, and we were dependent for 60 per cent. 
of our supplies of petrol upon the exportable product 
of the United States and Mexico. In the former 
country there were over 143 million motor vehicles 
in service, aS against about 7} million in 1919, and 
the number in Mexico was rapidly increasing. The 
average annual consumption of a motor vehicle 
was, the author stated, about 350 gallons. The 
total petroleum production of the world was esti- 
mated at 118 million tons annually as against 1,500 
million tons of coal. The author held that demand 
would soon overtake supply, although new fields 
discovered in California, Texas and Oklahoma had 
again led to an abundance and comparative cheap- 
ness of petrol. In spite of this, however, the United 
States were now producing from coal 70 million 
gallons of benzol annually. Our maximum produc- 
tion of this alternative fuel was 26,400,000 gallons 
in 1918, but to-day we produced only a little over 
11 million gallons of benzol. If all the available 
spirit were recovered from coke oven and town gas, 
it would amount to 46 million gallons, whereas our 
total consumption of motor spirit was about 350 
million gallons. Hence, to improve our native sup- 
plies, it was imperative to distil a much larger pro- 
portion of the coal raised. This would also make 
available much low-grade coal now unutilised. Of 
the 189 million tons of coal we now used for fuel 
some 139 million tons are burnt in the raw state; 
if this were replaced by coke, our native supply of 
liquid fuel would be enormously increased. 

Mr. Olaf Rodhe, of Stockholm, contributed a 
paper on “Complete and Incomplete Combustion 
with reference to Combustion Economy.” In this 
paper the author pointed out that the most import- 
ant loss of heat in boiler operation was that carried 
away up the chimney stack. Hence, it was im- 
portant to reduce excess air to a minimum. It was 
often assumed that the waste up the chimney stack 
could be determined from the CO, content, but he 
wished to point out that this might be most mis- 
leading, and might lead to waste of fuel. This 
would be clear on reference to the diagram, 
Fig. 1, on the next page, ;which showed the CO, 
content with various proportions of air when the 
fuel used had the following analysis : 
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The curves showed the variation of CO,, O, and 
CO, and the heat loss, assuming a leaving tempera- 
ture of 330 deg. C. With this coal, which was a 
very hard quality, complete combustion required an 
excess of 45 per cent. of air, and the corresponding 
proportion of CO, was 13 per cent. With either a 
larger or a smaller quantity of air than this actual 
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value, the heat loss was increased. With a softer 
coal, the critical condition was less sharply marked, 
as indicated in Fig. 2, and with this coal the heat 


testing, so as to make records comparable inter se. 
The speaker had tested during the last 15 years 
1,513 boilers, and the average efficiency was only 
58 per cent., and from published records he thought 
matters were even worse in Germany and the 
United States. At present millions of tons of 
coke. breeze were being thrown away, although 
with suitable arrangements it could quite well 
be used for boiler firing. Mr. Kilburn Scott and 
Mr. Emmott both drew attention to the probable 
utility of the new steels described by Sir Robert 
Hadfield. 

A third group of papers was then taken. These 
described in the main modern Continental practice. 
A paper entitled ‘‘ Heat Economy in Austria”’ was 
contributed by Dr. J. Tomaides, who stated that 
under the title of Gesellschaft fiir Warmewirschaft 
a society had been instituted in Austria with the 
object of utilising fuels and sources of energy with 
the greatest economy. Amongst other steps taken 
to this end was the provision of continuation courses 
for stokers. The committee concerned themselves 
with the economical domestic use of fuel as well as 
with the industrial use. A complete survey of 
Australia’s resources was being made, and much 
general research work was in progress. 


fact that as all fuel had to be imported fuel economy 
was imperative. Hence arose combined systems of 
supplying both heat and power. As the maximum 
demand for both did not arise at the same time, 
some form of regulator was necessary, and the 
difficulty had been met by the introduction of the 
Ruths accumulator. These also were advantageous 
in connection for the steam power reserve provided 
for the hydro-electric systems. Mr. Klingenberg 
said that Mr. Orrok’s claims held good only in 
the case of small plants. 

At the afternoon meeting of Section D, the 
chair was occupied by Dr. A. F. Enstrém. The 
whole of the papers available were treated as a 
group and discussed together. 

A paper on “‘ Steam Generation ” was contributed 
by Sir James Kemnal. It was to some extent 
historical. The author traced the growth of steam 
pressure and forecasted the proximate adoption of 
pressures of 500 to 1,500 lb. per sq. in., superheated 
up to 750 deg. F. With the latter a thermal 
efficiency, coal to electricity, of 30-8 would be 
realised, which was comparable with the efficiency 
of a Diesel engine. The paper contained illustrations 
of the type of boiler proposed for these high pressures 
by Messrs. Babcock and Wilcox. For pressures of 
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temperature heat. In Vienna it was stated that 
the central power station already collects surplus 
energy from a number of industrial plants. 

In a paper on “ Outstanding Features of Swedish 
Practice in Steam-power Production,” Mr. H. A. 
Lundberg described the use of Ruths’ high-pressure 
steam accumulators to equalise loads on central 
stations, and also the adoption in service of steam 
pressures of from 850 to 1,400 Ib. per square inch. 
We shall reprint this paper in an early issue. 

A paper describing “‘ German Practice in Exhaust 
Steam Engineering ’’ was contributed by Mr. H. 
Treitel. In this paper the author described the 
wide adoption of back-pressure turbines where the 
exhaust was required for heating purposes. In one 
case the turbine developed 4,200 kw., taking 93,000 
Ib. of steam per hour, which was exhausted for 
heating purposes at about 214 lb. per square inch. 
Where the demand for power at times exceeded 
the demand for exhaust steam ‘‘ bleeder”’ engines or 
turbines were installed. Some of the latter had 
a rated capacity of 12,000 kw., and in fact 43 per 
cent. of the turbines of this size or less supplied 
by German makers during the past five years were 
of the bleeder type. In most cases it was necessary 
to provide that the steam withdrawn for heating 
purposes was of constant pressure. Turbines 
which in winter delivered for heating purposes all 
the steam that could be bled were operated during 
summer with a condenser. So far had the use of 
this combined system of power and heat production 
gone that in Germany turbines for industrial 
purposes were only exceptionally of the ordinary 
type. The linking up of power stations had made 
considerable progress. Thus, in one area six pits 
each had a power station, and were connected up to a 
single high-tension main, the aggregate power thus 
connected amounting to 20,000 kw. In this way 
electrical power was provided to 300 villages and 
towns. The upper limit of boiler pressure was now 
35 atm, and Ruths’ accumulators were provided to 
equalise fluctuating demands. These had been 
installed in many places, and could be provided for a 
peak of an hour’s duration or more. In concluding, 
the author stated that expert advice on heat 
economy was more and more in favour, and that 
the advantage would be reaped when economic 
conditions became steady. 

In the ensuing discussion Mr, George Orrok claimed 
that it was not profitable for a manufacturer to 
instal power plant even if he required steam for 
heating purposes. A manufacturer turned over his 
capital six or eight or ten times a year, whilst a 
power plant only turned over its capital once in 
six years. It was therefore, he considered, more 
profitable for the manufacturer to invest his money 
in his business and to purchase his power from 
outside. Dr. Enstrém said that the Ruths accumu- 
lator had been developed in Sweden owing to the 


that it was now practicable to attain efficiencies of 
90 per cent. in steam generating plant. 

A paper on ‘“‘Steam Generation at Extra High 
Pressures” was contributed by Mr. Viktor Blom- 
quist. In this the author stated that by increasing 
boiler pressures from 20 to 30 atmospheres about a 
5 per cent. increase in the thermal efficiency of the 
prime mover was obtainable, whilst if the pressure 
were raised to 100 atmospheres the improvement 
would be 20 per cent. He described briefly an 
extra high pressure boiler in which the tubes were 
kept in rotation so as to keep the water in contact 
with the walls by centrifugal force. 

A second paper on the same subject was con- 
tributed by Mr. O. A. Wiberg. This was entitled 
“High Pressure Water Tube Boilers.” In this the 
author laid stress upon the necessity for very 
efficient circulation of the water, and described a 
boiler which had been used at the ‘“ Stal” works 
since 1920. This operated under a pressure of 
600 lb. per sq. in., the steam temperature being 
750 deg. F. On test it had given an overall efficiency 
of 874 per cent. We shall reprint an abstract of 
this paper in an early issue. Mr. W. 8. Munroe was 
the author of a third paper on the subject. This 
was entitled ““ The Use of Steam at High Pressure 
and High Temperatures in Central Stations.” The 
author recalled that at the Philadelphia Exposi- 
tion of 1876 the Corliss engine exhibited, which 
supplied the power for the whole of the machinery 
and was the largest constructed up to that time, 
ran on 30 lb. steam. It developed about 2,000 
ih.p. The pressures and temperatures now 
practicable were limited by the properties of the 
materials available, and the paper contained curves 
showing the fall in the strength of steel at high 
temperatures. It emphasised the fact that these 
did not embody long time tests and suggested the 
possibility that long continued baking, even at 
temperatures of only about 700 deg. F., might show 
a falling off in the strength which was not apparent 
in ordinary tests. The author described briefly 
the Crawford Avenue Station of the Commonwealth 
Edison Company at Chicago. Three turbine units 
had been ordered for this station, one rated at 
50,000 kw. from Messrs. C. A. Parsons and Com- 
pany, Limited, one of 60,000 kw. from the General 
Electric Company, and one of 50,000 from the 
Westinghouse Electric and Manufacturing Com- 
pany. The Parsons unit would consist of three 
separate turbines, viz., a high-pressure turbine 
running at 1,800 r.p.m., an intermediate pres- 
sure turbine running at the same _ speed, 
and a low-pressure turbine running at 720 r.p.m. 
All three turbines were single flow. The General 
Electric set would consist of two units in series, the 
high-pressure section driving an alternator of 17,000 
kw. at 1,800 r.p.m., whilst the low-pressure section 
will run at 1,200 r.p.m. and drive a 43,000 k.w. 


loss varied little over a considerable range, and 
good economy could be obtained even with 1 per 
cent. or 2 per cent. of CO in the waste gases. 

A paper on “Le Foyer Systéme Combiné ‘ puit- 
grelles 4 chain’ pour la Combustion de la Tourbe ” 
was contributed by Prof. T. Makariew, and described 
methods of burning peat which had been success- 
fully used in certain Russian power stations. The 
arrangement consisted of a self-feeding furnace 
combined with a chain-grate stoker, and it was 
stated that in this way all difficulties in the burning 
of peat under boilers had been surmounted, even 
when the fuel contained 40 per cent. of moisture. 
The fuel was progressively dried, gasified, coked 
and burnt. A sectional view is reproduced in 
Fig. 3. 

Here A represents a hopper into which the 
fuel is tipped. The chain grate is shown at N, 
and the combustion chamber at B. The peat is 
dried by air entering through openings in the wall 
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E, and the gas produced passes into the combustion 
chamber by similar openings in the wall C. The 
dried peat falls on to the chain grate and is carried 
forward below the combustion chamber. The 
clinker formed is discharged over the scraper P. 
As installed at the fourth municipal power plant at 
Petrograd, an efficiency of 76 per cent. was attained, 
and the evaporation reached 11 Jb. per square 
foot of heating surface. The walls C and E lasted 
four months without repairs and the chain grates 
longer than with coal. The arrangement is being 
adopted for other Russian plants now in course of 
erection. 

In the discussion on the foregoing papers 
Mr. Brownlie laid stress on the importance of 
alranging some international system of boiler 
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alternator. The machine wassingle flow throughout. 
The Westinghouse unit would consist of a high-pres- 
sure and intermediate section on the same shaft, 
driving a 20,000 kw. alternator at 1,800 r.p.m., and 
a double flow low-pressure turbine running at the 
same speed, and coupled to a 30,000 kw. alternator. 
Parsons’ biading would be used throughout but the 
** Baumann multiple exhaust ” would be used at the 
exhaust end of the low-pressure machine. The 
condensers would be of the vertical type, in part 
because of the large amount of sediment present in 
the circulating water. The boilers would supply 
steam at 550 lb. per sq. in., and intermediate 
superheating would be used. Capital costs, the 
author stated, were little different for high-pressure 
stations than for those at which the pressures were 
more normal. 

A paper on “ Recent Practice in Steam Generation 
in the United States”? was contributed by Mr. 
D. 8. Jacobus. This dealt with certain recent 
installations there, giving dimensions and area 
occupied. In these efficiencies had been enormously 
increased, owing to the introduction of economisers 
and air pre-heaters. In one case a working pressure 
of 1,200 lb. per sq. in. had been adopted, and in 
others boilers capable of producing 250,000 lb. of 
steam per hour had been installed. A characteristic 
feature was the increase in the size of the furnaces 
which had been necessitated by slag difficulties. 
The large boilers could be operated with about the 
same staff as was required for smaller ones, so that 
labour costs were correspondingly reduced. Fur- 
nace walls were air cooled, and special attention was 
paid to securing good circulation. The author 
thought that in the future still larger units would 
be erected, and makers were now prepared to 
guarantee 300,000 Ib. of steam per hour from a single 
boiler. It would be possible, he said, to operate 
boilers without a steam or water drum, but for 
this to be practicable the feed pumps would have to 
be absolutely reliable. 

A paper on “The Influence of High-Pressure 
Steam on the Design and Economy of large Steam 
Boiler Plant with special reference to Boiler Plant 
for Electric Power Stations”’ was contributed by 
Dr. F. Miinzinger. In this the author stated that 
recent research had shown that the quality of boiler 
plates fell off near the edges ; and had also shown that 
ageing and recrystallisation of the plates might 
occur. This was a serious matter as no indication 
of the danger was afforded by the customary static 
test. For extra-high pressure boilers a 5 per cent. 
and a 3 per cent. nickel steel had been developed 
at the Krupp works. These showed higher tensile 
strength and higher yield points than the ordinary 
steels at temperatures now met with in boilers. 
Costs could be reduced by adopting the Ruths steam 
accumulator and correspondingly diminishing the 
water space provided in the boilers. It was now 
quite practicable to construct a steam operated 
station with thermal efficiencies closely approaching 
that of the Diesel engine. 

Mr. W. L. R. Emmet contributed a paper on 
“Power from Mercury Vapour,” in which he 
described the remarkable plant he has erected at the 
Hartford Power Station. We hope to publish this 
paper in an early issue. 

In the discussion Mr, Brownlie drew attention to 
Trevethick’s pioneering work on the raising of 
boiler pressures. Whilst admitting the progress 
made in the adoption of high pressures and tem- 
peratures, it should be observed that at the best 
over 60 per cent. of the heat was still thrown away 
and he suggested that it would more profitable to 
direct attention to minimising this, than to further 
developing the movement towards higher pressures. 
Mr. Wade said that a very large proportion of the 
total steam was generated in the lower rows of tubes, 
and suggested that more uniform results might be 
secured along the lines proposed by the late Professor 
Nicholson, by increasing the velocity of the gases 
over the later rows of tubes. As matters stood 
he knew of no water-tube boiler in which the gas 
velocities did not diminish as the distance from the 
furnace increased. Mr. George Orrok recalled the 
remarkable experiments on high-pressure steam 
made by the late Jacob Perkins. He also observed 
that we seemed to have got nearly to the limit of 
efficiency in steam generation, which, under favour- 
able conditions, was as high as 92 per cent. on test, 


and had averaged over 80 per cent., for long periods. 
He doubted whether it would be possible to obtain 
an efficiency figure of 94 per cent. so that the limit 
was practically already reached. With respect to 
Mr. Wade’s remarks he would say that in most 
water-tube boilers the gases were speeded up over 
the last rows. 

Mr. Rosenkrantz said that a boiler erected at the 
Alleghany power station could supply 400,000 Ib. 
of steam per hour, The furnace was 6 ft. high, 
7 ft. 44 in. between side walls and 30 ft. deep. Mr. 
Patchell claimed to have originated the movement 
towards larger steam generating units when 30 years 
ago he supplied a 4,000 kw. generator from a 
single boiler. He showed this to Mr. Dow of the 
Stirling Boiler Company, who forthwith took the 
matter up in America. He questioned the advisa- 
bility of using alloy steels in high-pressure boilers. 
The high-pressure boilers at the Trenton Channel 
station had drums 4 in. thick, which were hollow 
forged from a 200-ton ingot. He had been struck 
by the steels shown that morning by Sir Robert 
Hadfield, which retained considerable strength at 
900 deg. C. He hoped they might prove suitable 
for boiler plates. Mr. Kilburn Scott suggested that 
trouble might arise from free hydrogen, which had 
made it necessary to use carbon-free material for the 
synthetic ammonia process. Mr. Emmet expressed 
his interest in the new steels described by Sir Robert 
Hadfield, since in his mercury vapour boiler they 
approached the temperature at which ordinary steels 
became unreliable. He considered the mercury 
vapour system applicable elsewhere, and that it 
might be adopted even on board ship. He thought 
that an enlarged demand for mercury would increase 
the supply without any great increase in the price. 
He suggested that the system was less complicated 
than the arrangements adopted at Chicago. Mr. 
Ferguson, speaking as the engineer in charge of the 
Hartford Station, affirmed that his experience with 
the mercury vapour turbine had been most satisfac- 
tory. Fourteen per cent. of the total output was 
derived from the mercury-driven unit. Mr. Carnegie 
having been engaged on the design of the Parsons’ 
50,000 kw. unit for Chicago, said that he had found 
the problem sufficiently difficult without the com- 
plication of an initial mercury vapour stage, but 
Mr. Emmet did not agree with this. Mr. Samuel- 
son said that it was difficult to get materials to 
stand both high pressure and high temperature 
but that the mercury vapour system avoided this, 
as the pressures were low. 


Section B.—WatEeR Power PRopvUCcTION. 


Mr. Arthur Surveyer, President of the Engineering 
Institute of Canada, occupied the chair in Section B 
—Water Power Production—on the afternoon, 
Thursday, the 3rd inst., when the general papers 
were dealt with. In all, twenty-five papers were 
discussed, of which four each were presented on 
behalf of Sweden and Spain, three by American 
delegates, two were submitted by Great Britain, 
France, Austria, India and Germany, while Italy, 
Russia, Canada and the Dutch East Indies each 
contributed one. 

Of the papers submitted by British delegates 
the first was by Mr. W. J. E. Binnie, who dealt with 
“Problems Relating to Run-off, Storage, and the 
Allocation of Catchment Areas in Great Britain 
and Ireland.” The author pointed out first that 
in the absence of stream-gauging records, it was 
necessary for engineers, in considering water power 
schemes, to fall back on other means. These were 
available in the rainfall records, which were now 
procurable for a considerable period for this country, 
and, with a knowledge of evaporation, might be 
used as a very useful guide in making estimates of 
available flow. The character of the basin had to 
be taken into account. Where no opportunity 
existed for storage, stream gaugings in dry weather 
were of supreme importance. The balancing effect 
of a catchment area was in some cases very con- 
siderable if its size was great. In two basins like 
that of the Alwen (10 square miles) and the Severn 
(1,960 sq. miles), in an average year it would be 
possible to develop 61 per cent. and 8Q per cent. 
of the discharge into power, respectively. Conduits 
to conduct supplies into storage could not be made 
economically to accommodate the maximum flood 
discharge and the most economical size had to 
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be determined. In this country reservoir capacities 
were calculated on the run-off of the three driest 
years. It was seldom economical to provide for 
longer periods. The allocation of supplies required 
controlling and putting under some authority with 
knowledge of what had gone before instead of being 
dealt with by temporary committees. The whole 
question of compensation water needed revision, as 
the present practice led to wasteful anomalies. 

Lieut.-Col. C. M. Norrie’s paper dealt with 
“Factors of Efficiency in Hydro-Electric Develop- 
ment” on broad lines without reference to any 
particular country. Thought in this connection 
was generally concentrated upon the efficiency of 
machines and other important points were lost sight 
of. Resources should be developed on the best 
lines from the national point of view, but if this 
involved, as it might, very heavy expenditure 
in the initial stages, the State should assist private 
enterprise in a commensurate manner, or the State 
might construct the heavy permanent works and ~ 
recoup itself by selling water for power purposes. 
A national organisation for collecting data was 
most desirable. Most other countries now had 
them; Great Britain had no organisation of this 
kind. In localities where coal was the basic source © 
of power it was generally found cheaper to conserve 
fuel by direct saving than by substituting water 
power. Where water formed the basic source 
the relative costs of energy permitted of the use of 
fuels only as auxiliaries. The advantage of the 
auxiliary plant was that it supplemented deficiencies 
in uncontrolled river flow, and acted as a stand-by 
in case of breakdown. The construction work of 
dams, canals, pipe lines, &c., other than mechanical 
and electrical equipment, represented 60 to 85 per 
cent. of the cost of water power schemes, pointing 
to the need for every economy in this direction. 
Complete preliminary investigation was essential. 
Future needs should not be anticipated in too 
great detail or it would be impossible to take advan- 
tage of improvements. Co-operation was essential 
so that full advantage might be taken of improve- 
ments in turbine and generator design. 

MM. Arbelot and Dupin presented a joint paper 
dealing with hydro-electric power in France, while 
M. Maroger contributed a second. The first con- 
sidered the development in France in three stages, 
viz., the first stage when power installations were 
isolated and self-contained ; the second when the 
schemes covered the catchment areas; and the 
third when inter-regional compensation was adopted, 
the resources of one area being utilised to supple- 
ment those of another. The endeavour was now 
made, not so much to develop a constant demand, 
as to suit the power produced to the demand 
curve which could seldom be made uniform. The 
pooling of resources would become possible when 
the national transmission network connected all 
stations. Regulation had only progressed so far 
as to result in added complication with each addi- 
tional development. Technical points were at the 
moment not so important as the economic and 
commercial aspect. M. Maroger pointed out that 
in France the individual companies would have to 
form groups for the better utilisation of the power 
produced, and for supplying distributing systems. 
In France the price per kw.-year had been aban- 
doned in favour of a double tariff of (1) a fixed 
rate for kw., and (2) a proportional rate per 
kw.-hour. Groups would be able to interchange 
power, but a large electro-chemical or metallur- 
gical industry appeared indispensable for the 
economical use of the resources of any large 
hydraulic group. 

The necessity of supplementary steam generating 
stations formed the topic of a contribution by Mr. G. 
Motta (Italy). The author described how supplies 
in the Apennines were usefully supplemented in 
summer by connection with systems served by the 
Alps, but that the service was only effective in part. 
Storage could not be arranged in the Alps on a 
large scale, while if provided in the Apennines the 
head could only be low. In order to provide the 
maximum power therefor it was essential to 
develop water power to the greatest possible extent, 
and, even in Italy, to adopt thermal stations as 
supplementary sources for times of low flow. Such 
stations should be designed to cope with the 
maximum fluctuation. Thermal stations were 
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further valuable reserves in case of failure of the 
hydraulic plant. 

Of four contributions from Swedish representa- 
tives, two were entitled ‘‘ Recent Practice in Lake 
Storage and what the Storage means to Water 
Power Utilisation in Sweden,” and ‘‘ Recent Prac- 
tice in Swedish Water Power Engineering.” The 
first, by Mr. Gottfried Berg, described how Sweden 
was favoured in the matter of lakes which acted 
as regulators or compensators, which could be 
utilised with small expense to obtain a very large 
gain of power. ‘The interconnection of installations 
made it possible to exchange power and in this way 
the best advantage could be taken of supplies. For 
good management, however, it was essential to be 
well informed on the variations of hydraulic condi- 
tions as well as those of demand, and these points 
required very careful study. With complete lake 
regulation Sweden could develop the power she 
now obtained from imported coal. The other paper 
on Swedish practice referred to above was by Mr. A. 
Westerlind and dealt mainly with points of con- 
struction. As regards dams, the gravity section 
did not carry such confidence as formerly. Re- 
inforced structures were being adopted with arch 
construction. At Harspringet the proposal was 
to build a reinforced concrete arch dam of 300 
metre span. Ice pressure did not exceed 30 tons 
per metre run for a thickness of 1 m. of ice. It was 
probable that mechanical means would be developed 
for passing timber, so as to avoid the loss of water 
in chutes. Loss of head was reduced in channels, 
&e., by smoothing off and lining with concrete. 
Channels cut through shingle were lined with clay. 
The rock was solid, and unlined conduits were suit- 
able. The largest power tunnel was at Trollhattan, 
with a sectional area of 85 sq.m. Turbines in open 
chambers were now used for heads of 20 m., as at 
Alskarleby, where the buildings were of reinforced 
concrete. Suctions and spirals were often lined 
with clinker. Surge tanks were adopted with 
pressure conduits and large suction chambers were 
provided. Screens were sometimes made so that the 
bars could be revolved. Roller dams, though ex- 
pensive, were used for large openings, being easily 
operated in winter. The largest in Sweden were 
those at Forshuvudforsen with a diameter of 8°59 m. 
With control gates and sluices, the designs of grooves, 
rails and guides were being simplified. Sluice gates 
were now built with horizontal beams and convex 
faces. Roller carriages for sluices of the Stoney 
type were being abandoned in favour of four large 
rollers fixed to the gate. The seal was made at 
the sides by suspended tubes. Chains were giving 
way to cables for lifting. No trouble had been 
found with construction work in winter if suitable 
precautions were taken with concrete, and the work 
protected by temporary covering. 

A general paper on the production of water 
power in Sweden was presented by Mr. A. Ekwall, 
who in reviewing present tendencies attempted’ to 
make a forecast as to future developments in that 
country. The greatest developments would be 
in connection with river regulation, which could 
be considered from the point of view of daily 
regulation, or weekly or yearly regulation. An 
installation involving regulation could produce 23 
times the amount of power provided by a scheme 
omitting all regulation. The remaining paper 
from Sweden dealt with the reliability of operation 
of hydro-electric plants. It was by Mr. K. E. 
Nylander and discussed the system of connection 
of the generators at different stations, the points 
insisted on with regard to generators, transformers, 
circuit breakers, &c., and finally the provision for 
fire fighting, tetrachloride eatinctewrs being adopted 
and fixed batteries of CO, bottles. 

Mr. Diego Mayoral, in his paper on “Some 
Features of Modern Hydro-electric Developments,” 
said that on Spanish rivers at altitudes less than 
1,000 ft., though they had rarely to combat ice, 
a common trouble in more northern lands, they had 
to fight the obstruction of vegetable matter by 
strainer racks. Inexpensive movable racks were 
therefore necessary. Cracks in tunnels through 
rock had given trouble. It appeared that they 
were due to the compressions being greater than 
supposed. If the walls were considered for calcula- 
tion to be elastic and of indefinitely great thickness 
the results were too optimistic. Gates and sluices 


of penstocks required great care in operation- 
Sluice and butterfly types should be replaced by 
modern balanced types. In Spain the natural 
resources were such as could be developed in medium 
and even small falls by units of great simplicity of 
construction and of automatic action, Discussing 
transmission, Mr. Mayoral said the Catalana de 
Gas y Electricidad S.A. of Barcelona, with 225 kilo- 
metres of overhead line and equipped for 130,000 
volts at the supply end, had experienced no trouble 
during its life of five years. The separating wall 
between coils of transformers constituted weak 
points in three-phase units and their elimination was 
desirable. 

In his paper on “The Regime of Flow of Some 
Spanish Rivers,’? Mr, Carlos Mendoza described the 
characteristics of some of the rivers in the centre 
and South of Spain from which the conclusion was 
drawn that these areas were not suited to the use of 
hydraulic power unless supplemented by auxiliary 
steam-power stations or unless great reservoirs were 
constructed to regulate the torrential discharges. 
Another paper presented by the same author dealt 
with the canalisation and utilisation of water power 
on the River Guadalquivir. The projected plan 
was the creation of a series of reservoirs at different 
levels obtained by eleven sluice gate dams, for the 
development of water power. The available horse- 
power was 61,800. The river was very torrential 
and without the reservoirs the power would only be 
8,000 horse-power at the period of low water. 
State assistance would be obtained for part of the 
construction. M. José Orbegozo gave the fourth 
Spanish paper, in which he described the scheme 
for developing hydraulic power from two important 
groups of waterfalls in the basin of the River Douro. 
The continuous power available was 826,500 h.p., 
but it reached 1,068,000 in the winter. It was 
estimated this could be obtained and transmitted 
for a capital cost of £15,400,000. 

Dr. Frederic Schaffernak, Austria, submitted a 
contribution on the “Influence of ‘Large Water 
Power Installations on the Regime of Flow” 
and Mr. Eduard Suess gave a paper on “ Rivers 
as Factors of Energy.” Germany was represented 
by two papers—one on “The Development of 
German Water Power,” by Mr. Krieger, and the 
other on ‘‘ Water Power on Inland Waterways,” 
by Dr. Gleichmann. Only in the southernmost 
parts of Germany in the Black Forest, in the 
portion of the Alps belonging to Germany, and in 
the areas crossed by rivers carrying water from these 
mountains did favourable conditions exist for 
water power development. 

In India the needs of irrigation must be met by 
the erection of water storage accommodation, as 
was brought out by Mr. S. K. Gurtu. and water 
power schemes could be associated with this with 
profit. The total output of hydro-electric power 
in India was about 360,000 h.p., which could be 
increased enormously were storage dams erected. 
For use in slack seasons of irrigation an auxiliary 
steam plant would be necessary. 

Mr. H. G. Acres, who contributed a paper on 


“The Generation of MHydro-electric Power in 
Canada,” discussed many features of modern 
practice. Where store regulation was all that was 


required, simple stop gates were used; where 
frequent and rapid changes in flow were involved, 
counterweighted gates of the Stoney type were 
almost universal. When extreme low temperature 
was a factor it was common practice to bury the 
penstocks or to use wood stave pipes. For the 
protection of the inner system of waterways or 
pipe lines from the entrance of ice all entrance 
passages were given adequate submergence. From 
the standpoint of ice hazard it was necessary to 
provide as uniform and smooth a surface gradient 
from intake to forebay as possible, and to make the 
depth as great in proportion to width as the natural 
slope and scouring propensities of the overburden 
and the underlying solid material would allow. 
There was a marked tendency,in Canada to use 
vertical turbines and generators for any size of 
installation. 

Mr. Charles Keller, U.S.A., discussed ‘* Power 
Development on Navigable Rivers,” dealing first 
with the legal questions involved, and then with 
the instances where, during the course of improve- 
ments for navigation, attempts were made to 


preserve the incidental water power and to create 
conditions favourable to its economic development. 

Mr. J. Willoughby Meares said that, in dealing 
with run-off from a catchment area, they were 
confronted with varying rainfall conditions. With 
the use of recorders it was possible to ascertain the 
intensity of rainfall and use it to determine the run- 
off from the catchment area. Col. Batty had 
referred to rock-filled dams in valleys as being suit- 
able for water storage. Mr. Meares then described a 
case where an earthquake caused a block in a valley 
to a height of 1,000 ft. A certain amount of water 
passed through, but the level rose until full 
height was reached. Eventually everything was 
swept away. Had there been a divergence channel 
this need not have occurred. He agreed that 
valleys could be blown in, but the trouble experi- 
enced was that the water got over and destroyed - 
these dams unless divergence channels were made. 

Mr. W. J. E. Binnie pointed out what a disad- 
vantage it was that the accumulation of water 
statistics was left in many places to private enter- 
prise and thus the figures were not easily procured. 
The water engineers were left to depend for informa- 
tion on the rainfall records. The rainfall to run- 
off relationship was fairly close. A factor intro- 
duced for the month made the estimate approximate 
to the actual state. The question of what constituted 
an economic storage capacity demanded a great deal 
of consideration. It depended greatly on the natu- 
ral conditions of the site. There were few rivers in 
England suitable for hydro-electric schemes, and 
storage was therefore essential. In the Highlands 
storage was obtainable economically, but every 
case had to be considered separately. 

Dr. E. Tissot described the progress made in 
Switzerland, where coal was a large import and was 
very costly. Industrial expansion depended there- 
fore on water power. He then described some of the 
Swiss installations. Mr. D. H. Thomson said that 
in this country few stream gaugings were made, 
and calculations were based on rainfall, making 
allowance for evaporation, &c. The minimum dry 
weather flow was an important factor and had no 
relation to drainage area or average flow. He 
cited a case in Devonshire where the dry-weather 
flow at an upper station was 8 per cent. of the 
average flow and at a lower place was found to be 
33 per cent. of the average there. The explanation 
was geological. The rock was new red sandstone, 
in which cracks and fissures provided underground 
storage. 

Mr. A. E. Kitson, Director of the Geological 
Survey of the Gold Coast, referred to the effects 
upon the run-off of cutting down trees in forested 
countries. A greater run-off was obtained when 
the forest was partly cut down. Other factors 
affecting run-off were the effects caused by insects 
creating caverns in the soil and the seasonal burn- 
ings of grass. Mr. Harold Armfield called attention 
to irregularities in the minimum dry-weather flow 
observed on the Wiltshire Avon. Mr. John R. 
Freeman, the author of a paper on a General 
Review of Current Practice in Water Power Pro- 
duction, then briefly surveyed the growth of size 
of units and the contributions of the various 
workers in the evolution of modern plant. 

Mr. W. T. Halcrow described the Scottish water 
power development undertaken by the British 
Aluminium Company at Foyers, Kinloch Leven, 
and the proposed Loch Aber scheme. When 
the last scheme was completed 100,000 h.p. would 
be available there. A pressure tunnel 15 miles 
long and 16 ft. diameter would be driven through 
the rock, which had’ been found to be eminently 
suitable for the purpose. 

The Chairman, in closing the discussion, referred 
to what has been done in Ontario, where 93 per cent. 
to 94 per cent. of the power was obtained from 
water. They had ice to deal with for two or three 
months every year at Niagara, but it was got rid 
of by a new type of intake designed after the 
performance of model tests. In this the important. 
points were adequate submergence of the entrance 
passages and a low entrance velocity, not only to 
prevent vortices but to be less than the buoyancy 
impulse of the: floating material. Canada had 
complete information regarding her running streams. 

Two sessions of the Water Power Production 
Section B were held on Friday, July 4, under the 
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chairmanship successively of Mr. 8. Klaumann 
(Norway), Director of the Norsk Aluminium Com- 
pany, and Dr. Ed. Tissot (Switzerland), President 
of the Swiss Association of Electricians. 

A paper by Oberbaurat Dr. Ing. Karl Innerebner, 
Austria, on “ Recent Practice in Civil Engineering 
with Reference to Water Power Production” was 
taken as read. The author was concerned parti- 
cularly with errors that became apparent on the 
completion of works, such as in tapping existing 
natural lake basins, the subsidence of the banks of 
natural lakes when their levels were lowered through 
their utilisation for water power plant, the con- 
struction of concrete dams, the use of pressure 
galleries and shafts, surge tanks and overflow 
channels from them and delivery pipes. 

Mr. W. Blaser, Chief Hydraulic Engineer of 
the Government Service for Water Power and 
Electricity in the Dutch East Indies, read a 
paper on “Special Conditions of Civil Engineer- 
ing Features of Water Power Development in the 
Dutch East Indies.” It contained a summary 
description of hydrological, topographical and other 
conditions of the Archipelago which make standard 
constructions practically impossible and give rise 
to separate problems for almost every individual 
part. Systematic research on the possibilities of 
developing water power only began about ten years 
ago, and the previous hydrometric data which had 
been collected for the purposes of the Irrigation 
Services were imperfect. Almost all the hillsides were 
in a state of rapid disintegration and erosion. In 
Java almost all the mountains were volcanoes, some 
of which were still active, earthquakes were compara- 
tively numerous, though generally not very heavy ; 
evaporation was nearly constant throughout the year, 
and the rainfall was from about 24 in. to 3 m. on 
average heights up to 8 m. on the tops of several 
mountains. The year was divided almost equally 
between dry and wet seasons, and in many parts the 
wet season fall was as much as 20 times as great as 
that of the dry season. Teninches and more in 24 hours 
were not unknown, and floods might raise water 
levels by as much as 5 m. in an hour, washing down 
all sorts of material, from big stones to silt. Water 
rights for irrigation were so general that power deve- 
lopment was practically impossible in the lower parts 
of rivers; hence power plants dealt mostly with 
relatively small quantities of water and what in the 
Archipelago were considered high heads (50 to 
350 m.). Labour was cheap and tractable, but 
cement was expensive ; stones for masonry were 
found in the rivers. 

Mr. L. Mangiagalli, Italy, read a paper on 
“Recent Development in Dam Construction in 
Italy.’ In Italy a serious development of reservoirs 
began not much more than ten years ago. At the 
present time Italy was passing through a period of 
active growth both of her industry and her agri- 
culture, and in the last ten years had constructed 
numerous reservoirs and dams mostly for hydro- 
electric purposes, but also for irrigation and the 
control of floods. Particulars were given of various 
types, from those situated at the foot of glaciers 
up to those at the highest levels. No special design 
of dams was followed generally, but the variety of 
circumstances was not so great as to compel the 
uncertainty and continued evolution of design 
that was necessary before the first modern French 
dams were built, and there was a considerable ten- 
dency to adopt the light types of multiple arch 
dams. Mechanical means were used freely in 
construction, owing to the great increase in the cost 
of manual labour and the need for rapid completion 
of extensive works. American machines for dealing 
with cement and concrete, either by elevators and 
subsequent gravity descent or with the cement 
gun, were particularly popular, and photographic 
and other technical control was used freely, Italy 
now claimed some of the largest reservoir works in 
the world. Thus the Tirso dam in Sardinia of 
the multiple arch type was 69 metres high, and the 
reservoir, which has already been working for more 
than a year, contained 460 million cubic metres and 
was 26 kilometres long. The Hone reservoir in 
Sicily, again, had a masonry dam with a capacity 
of 35 million cubic metres, and the waters of the 
river had been diverted from the south of the island 
to the north side to enable them to be applied to 
irrigation purposes. 


Mr. Guido Ucelli, Italy, read a paper on “ Recent 
Developments in Italian Water Turbines.” As 
far back as the 15th century Leonardo da Vinci 
was trying to improve the old water wheels, and, 
while insisting, in a passage that the author quoted, 


on the need to consult experience in hydraulic 
matters before theory, went some way to anticipate 
modern principles of design. 
cally all the turbines used in Italy were home-made, 
and designed specially for each plant. 
as 1899 an Italian firm supplied two 3,000-h.p. 
Francis turbines for use at Niagara. 
built by Italian firms had continually increased 
till now 35,000 h.p. units were made, and still larger 
were being designed. Plants for heads of under 
20 metres were used first, but Italy has no great 
watercourses and only small plains, so that large 
plant turbines to work with only a few metres head 
and extremely high speed were not required. Medium 
fall plants—20 to 200 metres—were frequent, and 
the maximum power was reached in high and 
very high falls of over 1,000 metres. 
the Girard and other impulse types had been 
abandoned completely for reaction types working 
in open chambers. 
tandem, enabling part of the runners to be out of 
work, so as to utilise water discharges when 
seasonally reduced. 
low-fall turbines was extending, and sometimes the 
turbine shaft had even been placed above the service 
of the feed water, the entire fall being thus used 
in suction by means of a syphon. 
part designers limit the specific velocity to about 
500. 


Since the war, practi- 
As far back 


The sizes 


For low falls 
Units were sometimes arranged 


The use of draft tubes for 


For the most 


Though horizontal shafts were mostly preferred, 


some vertical shaft plants had been included, 
and one of 24,000 h.p. for the Velino plant at 
Terni 
horizontal shafts include single wheel with single 
and with double discharge, two wheels each with 
single central discharge, and two wheels with 


was under construction. Designs with 


separate discharges; the last being sometimes 


desirable to enable the work to continue when the 


volume of water was reduced, in the same way as 


with the tandem arrangement for open chamber 


turbines. A number of other designs were men- 


tioned ; the largest reaction units in Italy were three 


of 24,000 h.p. each at Velino of the Francis type 
running under 84-110 metres head at 420 r.p.m., 
with two wheels and a central discharge. Pelton 
type impulse wheels for heads of 1,000-1,500 metres 
represented about 40 per cent. of the total Italian 
power, both double or multi-jet turbines and 
multiple wheel turbines were used, running ata high 
number of revolutions. Great attention had been 
given to methods of controlling impulse wheels by 
causing deviation of the jets. The oil pressure 
governor now used generally in turbine practice 
for automatically proportioning power to load 
without affecting speed was itself an Italian inven- 
tion made in 1900, and Italian firms had brought 
it to great perfection. In recent tests, carried out 
with a Pelton turbine at Venaus, the sudden cutting 
off of about 26,000 h.p. load only raised the 
speed from 500 revs. to 525, while the jet deflector 
acted so perfectly that the pressure gauge on the 
high-pressure conduit showed an almost imper- 
ceptible variation from the normal figure of 102 kg. 
Home makers were able to provide for the entire 
home needs of Italy in respect of turbines, and 
were anxious to increase their export trade. Their 
efficiency was shown during the war, when in the 
face of the utmost difficulties of supplies and labour, 
it was found able both to keep running all the exist- 
ing turbines and provide new hydro-electric plants 
for war industries, then threatened anxiously by 
lack of coal. 

The Verband der Deutchoesterreicher Maschinen 
Industrie (Austria) presented a report on ‘‘ Progress 
in Mechanical Engineering with Reference to Power 
Production,”’ which included observations not only 
on water turbines but also other elements of power 
production. A standard type for high heads was a 
Francis spiral which has been made up to 15,000 
h.p. The highest head used so far was 250 metres. 
Most progress has been made in respect of speed, 
which has been increased to treble what was pre- 
viously obtainable in the Francis turbines ; a matter 
of special importance for Austria, which in the lower 
course of small and medium Alpine rivers have to 


of electric light in small villages. 
falls and reservoirs had obvious advantages, but the 


deal with heads of 4 metres to 10 metres and volumes 
of water from 20 cubic metres to 80 cubic metres 
per second. This furnished the best field of 
application for high-speed propeller turbines. The 
first important plant with propeller turbines of the 
Kaplan type has been running at Siebenbrunn 
since 1923. The efficiencies down to one quarter 
full load have been most satisfactory, and designers 
need not anticipate any trouble with the type. 
The plant included two four-vaned propeller 
turbines with adjustable blades. Experiments 
and careful designing had enabled all cavitation 
troubles to be avoided. Two separate servo- 
motors, co-ordinated hydraulically by a cam, 
adjusted the stationary and moving blades so as to 
maintain the highest possible efficiency. The in- 
stallation worked so satisfactorily that the design was 
likely to be standard in the Austrian Lower Alps. 
A special section of the report dealt with stop valves 
for water power pipe lines, in which the tendency of 


practice seemed to be to replace mechanical hand 


operation by hydraulic apparatus with protection 


against frost, to work without pressure compen- 
sation, and to provide for distant control, especially 
for closing, one type being an electro-mechanical 
relay releasing a hydraulically controlled weight. — 
As auxiliaries to water power plants to meet either 
peak loads or shortage of water, low-pressure crude oil 
engines were recommended as against Diesels, on the 
ground that, though slightly higher in oil consump- 
tion, they were barely half the price of a four-stroke 
Diesel and cost much less for maintenance. Attention 
was also called to the several requirements of stop 
valves for superheated steam, and to the fact that 
as yet no valve had been designed to meet all of them. 
Particulars were given of methods of designing sta- 
tionary standard Diesel engines which had resulted 
in a considerable reduction of prime cost. 


A paper by Mr. Emilio Azarola (Spain) on ‘* Moun- 


tain Side Canals,’ was taken as read. The many 
mountain streams in Spain and the dearness of 


other means of lighting had led to a considerable use 
The use of high 


possible unsoundness of the bottom of the reservoir, 
the relatively high cost of construction and a legal 
difficulty apparently peculiar to Spain, had led 
to the more general adoption of mountain side canals 
for the supply of water power. These canals were 
constructed without realising their extreme sensitive- 


ness to any motion of the ground and the consider- 


able tendency of the sides of mountains to slip. 
Whether by the fall of material from above or its 
sliding from below with the consequent production of 
a leak, it was found necessary at the outset to line 
the whole of the bottom and sides of such canals 
with masonry; and even this was insufficient to 
provide for the effects of variations of temperature 
and for settlements under the pressure of water with 
the resulting longitudinal fissures. The paper de- 
scribed the several cases that had been found in 
practice and, after mentioning certain measures 
that tended to mitigate these troubles, recommended 
as the heroic remedy for all such difficulties the con- 
struction of covered or subterranean canals. With 
cover, which strengthen the structure by holding it 
together at the top, 30 centimetres thickness of earth 
was as a rule sufficient in Spanish climatic conditions 
to prevent the works from dilating or developing 
fissures, and at the same time the added strength — 
given by the roof made it possible to use thinner 
walls, As against the cost of construction was to be 
set the lower price for way-leaves as compared with 
the cost of land for open canals. The most approved 
method was to use galleries, lining the wetted peri- 
meter, but in compact rock only making good 
the fissures. Details were given of constructional 
methods for covered canals, as well as a system of 
metallic piping with flexible joints which enabled 
the pipe to follow any movement of the soil, and 
to sink at each joint by over 3 ft. without permitting 
leakage. The joints were jacked up to their original 
position from time to time. 

Papers by Mr. Bo Hellstrom (Sweden), on 
“Recent Swedish Arch Dam Design,” and by Mr. 
Arthur Powell Davis (U.S.A.) on “‘ The Construction 
of Dams ”’ were taken as read, and the former will 
be found on page 76 in this issue. 

A paper was read by Mr. William Monroe White, 
(U.S.A.), on “Impulse Water Wheels.” The - 
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starting point of current practice was the inven- 
tion and development of the Pelton wheel towards 
the end of last century. After outlining the 
fundamental principles of the construction of 
impulse turbines and the relation between the 
efficiency of modern machines and their specific 
velocity, the author discussed the action of the jet 
on the buckets, and the general conditions for 
efficient working, with examples from practice, 
including designs not only by the Allis Chalmers 
Manufacturing Company, with whom he is asso- 
ciated, but also by other leading manufacturers. 
In particular, he drew attention to the need for 
adequate bearings to take the enormous weight of 
the moving parts, and illustrated some forms of them. 
He also described various pressure regulators, both 
in systems of regulation by escaping water and by 
arrest of water, and gave and illustrated general 
descriptions of some important impulse turbine 
installations in the west of the United States. He 
believed that, though the efficiency of impulse 
wheels—at present about 82 per cent. to 83 per cent. 
—might be increased, it was not likely to attain that 
of Francis turbines, which in one example had 
reached 93-4 per cent. At the same time, although 
the Francis turbines were nowimade to develop 35,000 
h.p. under heads of 850 ft., the simplicity and 
reliability of impulse wheels would prevent them 
from being displaced for heads of 750 ft. and 
upwards. 

Mr. H. Birchard Taylor (U.S.A.), who is asso- 
ciated with the Cramp, Pelton and Harper and 
Taylor Companies, read a paper on ‘‘ The Hydraulic 
Reaction Turbine,’ which will be found elsewhere 
in this issue. 

Professor D. Thoma (Germany) read a paper on 
“Experimental Research in the Field of Water 
Power.” Contrary to what appears in much German 
literature, all German turbine design had for a long 
time been based on experimental research and not on 
unaided theory, as were the earliest designs. The 
more important firms had long made a practice of 
delivering no turbine until a geometrically similar 
trial turbine on a smaller scale had been previously 
tested. Results had shown close agreement be- 
tween the large and small scale trials, the few dis- 
crepancies having been traced to geometrical 
divergencies between the machines under com- 
parison. This practice enabled the behaviour of 
large runners to be ascertained in advance with 
sufficient accuracy by the trial of small runners, 
the increase of efficiency through enlargement of 
dimensions being introduced as a correction accord- 
ing to Camerer’s formule, which had been found 
fairly correct. The author had found a convenient 
method of experiment in the use of successive varia- 
tions, sufficiently small to enable comparisons be- 
tween the results to be made step by step, and pro- 
gressively more favourable variations to be adopted 
as the basis of succeeding trials. In this method 
assistance was likely to be found from the practice of 
Dr. Lawaczeck of representing vane surfaces by an 
equation containing certain parameters, which were 
a convenient basis for filing and comparing the 
results. In recording results the author suggested 
the adoption of absolute coefficients instead of 
metric or English figures, and illustrated how they 
could be constructed. Attention was called to 
the trouble arising from too high a suction head, 
especially in leading to cavitation. In order to be 
able to use experiments, which could only be made on 
small turbines and low heads, for inferences to 
larger sized plants, careful account had to be taken of 
the bearing of the law of similarity on cavitation. 

Dr. Franz Lawaczeck (Germany) read a paper on 
“Large Low-Head Water-Power Developments,” 
which we hope to be able to reproduce in a sub- 
Sequent issue. 

In presenting his own paper on “ Impulse Water 
Wheels,” and that of Mr. Taylor on “ The Hydraulic 
Reaction Turbine,” Mr. White remarked that the 
experiments of which he had communicated the 
results had cost many thousands of dollars, and were 
put forward in the belief that for the common purpose 
of increasing the output of power, engineers of all 
countries should combine to exchange information, 
and collectively to produce what their countries have 
a right to expect from them. In the United States 
purchasers were sufficiently keen on obtaining the 


maximum output to be willing to incur any desirable 
expense in preliminary experiment, and as a result 
they obtained considerable efficiency. 
chaser, for example, paid 20,000 dols. merely to deter- 
mine the best shape for arunner for a particular wheel. 


One pur- 


Mr. Arvid Ruths (Norway) read a paper on “ Ice 


Troubles in Norwegian Water-Power Plants,’ an 
abstract of which will be found elsewhere in this 
issue. 


Mr. Cornelio Arellano (Spain) read papers on 
“The Protection of Industrial Canal Works from 
Debris and Brushwood ” and “‘ The Protection of 
Industrial Canal Works from Stones and similar 
Water-borne Material,” which described and illus- 
trated an arrangement of sluices, screens, and 
grating to prevent rubbish and brushwood from 
settling in industrial canals and gave particulars 
of certain installations in which they were fitted. 

Mr. A. Frey Samsioe (Sweden) read a paper 
on ‘‘ Measures taken in Sweden against Ice Troubles 
at Water-Power Plants.” Swedish water-power 
plants were situated variously from the north part 
of the Arctic circle to a latitude of 56 deg. N. The 
ice trouble was worst in the middle and southern 
parts, where measures against ice were sometimes 
omitted on the ground of cost. Rapids above the 
power plant were always a source of trouble and 
must either be dredged or submerged, so creating 
a still-water basin extending some distance up the 
river. Failing this, anchor ice was likely to form on 
boulders in the river bottom, and might produce a 
formidable jam when it was loosened. When, more- 
over, water in the rapids was churned up with 
cold air a whole stream got saturated with ice 
needles, which produced a troublesome ice sludge. 
The latter mischief might occur even with still-water 
basins, should a cold storm occur before the still- 
water basin had been frozen over. Ice-sludge clogged 
screens, and as a rule fishery regulations prevented 
the screens from being moved bodily. Wood was 
preferable to steel, as ice did not fasten on it so 
rapidly. Where steel was used, electrically heating 
the steel bars of the screen had given good results, 
taking only 10 kw. for each one sq. m. area of screen, 
and wood insulation was quite satisfactory. Elec- 
trical heating was also used to prevent ice forming 
on sluices. Special radiators were applied for this 
purpose; 2 kw. per square metre (0:2 units 
per square foot) was sufficient to prevent ice from 
fastening even on the most exposed parts at a 
temperature of — 20 deg. C. Hot air from the 
generators might also be blown into recesses, or 
steam when the dam was located close to a factory 
where it was used. To avoid ice formation at the 
intake, this was covered by a shed heated with air 
from the generators. To keep the sluices working 
the moving parts were heated electrically. The valve 
was covered on the outlet side and hot air or steam 
introduced. Steel pipes and surge tanks were insu- 
lated. The danger of ice pressure against dams 
had been greatly exaggerated by neglecting the 
viscosity of ice. In Sweden it was usually sufficient 
to saw grooves in the ice above the dam, which were 
covered by branches and snow or by straw and 
manure, 

Messrs. Arbelot and Dupin (France) presented a 
paper on ‘“‘'The Evolution of Opinion on the Control 
of Hydro-Electric Energy,” in which they urged the 
importance in some districts of creating a sale 
for current during flood times by establishing 
adequate equipment for utilising flood water, 
increasing the load factor of existing works, putting 
a specially low price on the surplus current, and 
interconnecting systems of districts whose floods 
occur at different seasons. This would be possible 
only when all important power stations were con- 
nected to the national transmission network now 
under construction. For power stations with a 
fixed output, such as those that operate on the 
flow of rivers alone or tidal power stations, no such 
adjustment was possible. To regulate production 
according to demand, large seasonal reservoirs 
would have to be constructed. Surplus plant would 
have to be provided in the works that these reser- 
voirs supply, and thermo-electric works would have 
to be increased. In the view of the authors a really 


efficient solution of these problems can be reached 


only by placing the development of power more in 
the hands of a single authority. 


papers, in the course of which speakers from various 
countries contributed details of their experience. 


Srection D.2.—Sream Urinisarion. 


On Friday morning, July 4, the members of 
the Conference assembled in No. 2 Hall, under the 
chairmanship of Mr. John W. Lieb, to discuss four 
papers relating to steam turbines, namely, “ Steam 
Turbines,” by Sir Charles Parsons; “ Steam Tur- 
bines for High Pressures,” by Mr. ©. F. Stork (Hol- 
land); ‘Extra High Pressure Steam Turbines,” 
by Mr. V. Nordstrém (Sweden), and “Steam Tur- 
bines and Condensing Equipment,” by Mr. Francis 
Hodgkinson (United States). We print the first 
and second of the above papers in abstract 
elsewhere in this issue, and shall deal later in the 
same manner with the important paper by Mr. 
Hodgkinson. At the present time it must suffice 
to say that Mr. Hodgkinson’s paper deals with the 
tendencies of American practice with regard to 
steam turbines and condensers. The author, as 
is well known, holds the position of Chief Engineer 
to the Westinghouse Electric & Manufacturing Co., 
of Pittsburg, one of the principal manufacturing 
firms in the United States, and is, therefore, written 
with intimate knowledge of American practice, 
particularly concerning the reaction type of turbine. 
The subject matter is limited to large turbines and 
condensers as used in central station work, and no 
attempt is made to deal with details of lubricating, 
regulating, and other ancillary apparatus. 


The author first shows how the difficulties of pro- 
viding an adequate area for the passage of the steam 
through the low-pressure end of the turbine have been 
surmounted by different designers and firms. Double- 
flow on multiple steam paths, in the low-pressure 
end, and compounding the turbine by using two 
or more separate cylinders, frequently driving 
generators at different speeds have all been success- 
fully adopted. The Baumann multiple exhaust, of 
the Metropolitan - Vickers Company is another 
promising design. The first Westinghouse 30,000- 
kw. cross-compound machine, built for the Inter- 
borough Rapid Transit Company in 1914, with its 
two independent rotors running at 1,500 and 750 
r.p.m. respectively, was followed by a 40,000-kw. 
unit of somewhat similar design, at 1,800 and 1,200 
revolutions for the Narragansett Light and Power 
Company, and a 60,000-kw. three-cylinder unit for 
the Colfax Station of the Duquesne Company. With 
the three parts all in normal operation, this set will 
develop 50,000 kw. with a steam consumption of 
10-93 lb. per kw.-hour. With one of the low-pres- 
sure cylinders cut out, it will develop 36,000 kw. 
for 12-5 lbs. per kw.-hour, and with the two low- 
pressure cylinders alone running on high-pressure 
steam, 50,000 kw. can be produced for 13-5 Ibs. per 
kw.-hour. The steam pressure is 265 lb., the super- 
heat 175 deg. Fahr., and the vacuum 283 in. 


For some 50,000-kw. turbines now under construc- 
tion, the Westinghouse Company are using two-cylin- 
der cross-compound machines with multiple exhaust 
blading. Mr. Hodgkinson highly commends the 
design of the 50,000-kw. set, which Messrs. C. A. 
Parsons and Co. are building for Chicago. It is 
thought likely that turbines of 50,000 kw. and over, 
and all large machines for steam pressures higher 
than 400 lb. per square inch will be constructed in 
future on the compound principle, although the 
General Electric Company, of Schenectady, has 
built very successful machines to develop 50,000 kw. 
at 1,200 r.p.m. in a single cylinder. A modern 
Westinghouse turbine to develop 35,000 kw. at 
1,800 r.p.m. had multiple exhaust blading. The 
blades were of warped surface and of tapering sec- 
tion, so that the maximum stresses due to centri- 
fugal force did not exceed 20,000 lb. at an over- 
speed of 20 per cent. The drum stresses under 
similar conditions did not exceed 18,000 lb. The 
steam was first expanded in nozzles from its initial 
pressure down to a pressure of about 120 lb. absolute. 
It then acted on an impulse element, having two 
running rows of blades with a mean velocity of 
463 ft. per second. The impulse blades were 24 in., 
2 in., and 14 in. wide respectively for the three rows. 
The reaction blading was arranged on a conical 
surface, to avoid eddies. A gain of efficiency of 
24 per cent. was attributable to this feature. To 


40 


ENGINEERING. 


[JuLy 11, 1924. 


make the turbine adaptable to extreme conditions 
of regenerative feed heating, four outlets were pro- 
vided ; from which steam might be bled off at pres- 
sures of 34 Ib., 16 lb., 50 lb., and 120 lb. absolute. 

The Crawford Avenue Station of the Common- 
wealth Edison Company, at Chicago, which will oper- 
ate with steam at 550 1b. pressure and a temperature 
of 725 deg. Fahr., is of unusual interest. After the 
steam has been used in high-pressure turbines 
elements, it will be reheated to 700 deg. and re- 
turned to lower pressure turbine elements. The 
station will contain three turbines, each built by a 
different company, all of the cross-compound type. 
One 60,000-kw. machine by the General Electric 
Company, will have a separate high-pressure element 
at 1,800 r.p.m. expanding the steam down to 120 lb. 
absolute, after which the steam is reheated and 
returned to a single low-pressure machine at 1,200 
revolutions, in which it is expanded down to the 
condenser pressure. Another machine is the 50,000 
kw. set built by C. A. Parsons and Co. The high- 
pressure element which runs at 1,800 r.p.m. will 
expand the steam down to 115 lb. absolute, after 
which it is reheated and returned to two: lower- 
pressure elements of the two-speed tandem type, 
running at 1,800 and 720 r.p.m. respectively. The 
third machine built by the Westinghouse Company 
has the high pressure and intermediate pressure 
elements arranged as a tandem compound. At full 
load the high-pressure element expands the steam 
to 132 lb. absolute, after which it is reheated 
and expanded in the intermediate element to 164 lb. 
absolute. It then passes to the low-pressure element 
which drives a separate generator. 

Mr. Hodgkinson’s paper, which is of great length 
and copiously illustrated, goes on to deal with blade 
design and materials, balancing, labyrinth packings, 
bearings and thrust blocks, and terminates with a 
section on condensing plant. It is a paper which 
will long be referred to as a comprehensive and 
authoritative pronouncement on the design of large 
turbines and condensing plant. 

The attendance for the discussion of these papers 
included many men famous in the power-station 
and turbine field from both sides of the Atlantic, and 
most of the leading designers in this country were 
also present. It is probable that so representative 
or authoritative a gathering of steam plant 
engineers has never before been assembled, and the 
excellent chairmanship of Mr. John Lieb did all 
that was possible to provoke a useful discussion. 
In calling upon the four authors to read abstracts of 
their papers, Mr. Lieb paid a sincere tribute to the 
work of Sir Charles Parsons in making the turbine 
a technical and commercial success. The develop- 
ment of the turbine had brought about an intensive 
study of thermodynamics, and the effect of the 
invention had also been felt down to the smallest 
detail of the auxiliary plant. The old steam engine 
was a wonderful machine, but the coming of the 
turbine had doomed it in large sizes. The speaker 
had personally known steam engines of 3,000, 4,000 
and 5,000 horse-power, scrapped even before they 
had run long enough to work their bearings down 
properly and the price obtainable for the scrap metal 
was less than the cost of pulling out the engines. 
The increase of steam pressures and temperatures 
had brought about serious metallurgical problems. 
The fundamental requirements of large generating 
units was absolute reliability in service, and the 
reliance the public placed upon continuity of supply 
must not be shaken. It looked somewhat as if 
the designers of impulse and reaction machines 
were more and more approaching each other and 
finding common ground. In the United States new 
power stations were based on capacities of 300,000, 
400,000 and 500,000 kilowatts of installed plant, 
with units of 30,000, 50,000 and 60,000 kilowatts 
rating. Machines even of 100,000 kilowatts were 
under consideration by designers at the present 
time. The placing of orders of three 50,000 kilo- 
watt units at one time was not uncommon in the 
United States, and this fact showed what ideas were 
held with regard to superpower stations. 

In giving a resumé of his paper, Sir Charles 
Parsons said that before 1884 there were 100 turbine 
patents, none of them taken out by himself. In 
those 100 patents would be found described nearly 
every principle necessary or in use to-day. Mr. 
Curtis had introduced an element of novelty, but 


Mr. Lieb had not mentioned the important work of 
this inventor possibly for reasons of national modesty. 
Mr. Curtis and Dr. De Laval had developed the 
expanding nozzle. De Laval had been the first to 
use reduction gear, and the idea of compounding 
turbines was due to a Scotch clergyman named 
Wilson. As Mr. Stork was not present the Chairman 
called upon Mr. J. Strumpf to present a resumé of the 
second paper. Mr. Strumpf stated that his firm 
were building what was known as the Erste-Brunner 
turbine. This was designed by Mr. Loesel who was 
formerly with Zoelly. He took the Curtis wheel 
and the dummies out of a turbine of the Parsons 
disc and drum type and replaced them by single 
impulse wheels, taking the thrust on thrust-collars. 
He then built a turbine, having impulse wheels in 
one cylinder and reaction blading in the other. 
The principle feature of the Erste-Brunner turbine 
was that it had a great many stages but not too many 
in one casing. The machine was designed to work 
below its critical speed. The third paper was read 
by Mr. Ekstrom in Mr. Nordstréms absence and 
Mr. Hodgkinson read an abstract of his own paper. 

The discussion was opened by Mr. Junkers of the 
General Electric Company who claimed that his 
company had always recognised the advantages of 
large units. The vertical turbines built from 1902 
to 1914 had been constructed up to 20,000 kilowatts, 
and the company had built 783 such machines, 
aggregating 2,163,700 kilowatts. Up to the present 
date there had also been constructed 234 units of 
10,000 kilowatts and greater capacity embodying 
a Curtis wheel followed by single impulse wheels. 
These aggregated 3,250,000 kilowatt capacity. Of 
machines using single impulse wheels throughout, 
the Company had constructed 133 of 15,000 kilo- 
watt and greater capacity, aggregating 4,000,000 
kilowatts. They had got 15 machines developing 
30,000 kilowatts at 1,800 revolutions in service, 
and 19 in course of construction. They would build 
machines of 40,000 kilowatts at 1,500 revolutions 


| per minute, and from 45,000 to 50,000 kilowatts at 


1,200 revolutions per minute. The General Electric 
Company had 460,000 kilowatts of machines to work 
with steam from 530 Ib. to 600 lb. pressure built or on 
order. These were designed for reheated steam. 
The speaker mentioned other large machines and 
said that units of 100,000 kilowatts would be 
considered in the near future as there was no limit 
to size except demand. 

Dr. 8. Z. de Ferranti, who followed, spoke of his 
experiences in turbine design and construction. 
In 1902-1903 he had come to the conclusion that 
the right thing to do was to build a re-superheating 
turbine so as to work as nearly as possible on the 
lines of isothermal expansion. The idea was 
for the steam to do its whole work at a high tempera- 
ture, not in falling from a high to a low temperature. 
He decided to employ a moderate steam pressure, 
namely, 200 lb. per square inch and reheat the 
steam at as many points as possible. This involved 
the use of a regenerator next to the condenser to 
utilise the heat in the exhaust steam. In the year 
1910 he had built a 3,000-kw. 3,000-rev. machine, 
with no dummies, but a thrust bearing to take the 
end pressure. Parsons reaction blading was em- 
ployed and practical considerations limited the 
reheating points to two only. Later on a regene- 
rator was placed in the exhaust. The turbine 
was bled at four places for feed-heating. It had a 
wrought steel casing, and inside this was other steel 
construction. The blades were fixed by electric 
welding. The machine. supplied a great deal of 
power for Messrs. Vickers’ works at Sheffield. 
The initial superheat was to 750 deg. F. The steam 
was exhausted while still containing superheat and 
re-heated in another superheater before passing to 
the second part of the machine. A special alloy 
was used for the superheated tubes, consisting of 
25 per cent. nickel steel, but it was afterwards found 
that ordinary steel was just as good. There was 
some difficulty in drawing the 25 per cent. nickel 
steel tubes, but this was got over by coating them 
with copper before drawing, which greatly facili- 
tated the operation. Wonderful results as regards 
economy had been obtained, and enough work had 
been done to put the machine on the market, but 
circumstances prevented this, and the speaker had 
abandoned the work. Four years ago he had 
returned to the idea of doing work at high tempera- 


tures, and had built a turbine with a 10-in. wheel 
running at 26,000 revs. This had run for many 
hundred hours at 900 deg. C., when the wheel was 
at a bright red heat. 

Sir Charles Parsons stated that the failures 
experienced with reheated steam in the early days 
were due to the growth of cast iron, a phenomenon 
which was not at first recognised. Mr. J. P. Chit- 
tenden considered that Mr. Hodgkinson had been 
a little hard on impulse turbines as regards danger 
from disc vibration. There had been only two cases 
in this country where failure had been definitely 
traced to disc vibration. With regard to the type of 
turbine discussed in Mr. Stork’s paper, the proposal 
to use many stages and a special construction of 
rotor could hardly be put forward as a new idea. 
An examination of the design of Parsons’ marine 
turbines would show a very large number of stages 
in comparison to the value of K ; in other words, the 
K in such designs was of good quality. On the 
other hand, considering impulse machines, it was 
generally known that in America a 40-stage impulse: 
machine was built some years ago and gave satis- 
factory results on test. Furthermore, marine 
impulse turbines had not only a large number of 
stages, but the discs and shaft of the high-pressure 
turbines had been machined from a solid forging, 
as in the case of the Erste-Brunner machine. Mr. 
Chittenden did not wish to appear to criticise the: 
design, but to point out that its salient features 
were and had been adopted where consideration 
of steam conditions, output, &c., indicated that the 
features would be advantageous. 

Mr. Chittenden further endorsed the view that. 
when extra high pressure was used, not only should 
the high-pressure end of the turbine be entirely 
distinct from the low-pressure end, but its speed 
of rotation should be considerably higher if leakage 
and windage losses were to be kept down and a 
good arc of admission obtained. At Rugby the 
English Electric Company had built a 1,000-kw.. 
turbine to work with a pressure of 1,500 lb. per 
square inch, and a speed of 25,000 r.p.m. had 
been chosen for the high-pressure end. This, we 
may remark, is to work in conjunction with the 
Benson 3,200 Ib. boiler which has been satisfactorily 
tested, and the whole combination appears to offer 
possibilities which should not be disregarded by 
those interested in advanced power station practice.. 
Mr. Chittenden also advocated the “straddle” 
type of blading, as used by some makers as the 
strongest and lightest method of fixing impulse: 
blades. 

Mr. K. Baumann, speaking on the advantages. 
of the multiple exhaust system, referred to recent. 
tests of a 7,000-kw. 3,000-revolution machine at 
Bristol, carried out with the view of finding out. 
the exact value of the system. The two stages. 
embodying the multiple exhaust were removed, 
and careful tests made under conditions of constant. 
load and vacuum. The parts were then replaced 
and the tests repeated with the same quantity 
of steam passing through. When working with a 
28°6-in. vacuum the efficiency was lowered 6 per 
cent. by the removal of the multiple exhaust. 
The effect of the multiple exhaust was equivalent 
to increasing the vacuum from 27°8-in. to 28°6-in.. 
In other words, the multiple exhaust dealt with — 
a 60 per cent. larger volume of steam with the 
same overall efficiency. Referring to the Erste 
Brunner design, Mr. Baumann said there was: 
nothing new in the use of a two-cylinder machine 
for high pressures, and it was also recognised that 
stages of relatively small diameter were advan- 
tageous in the high-pressure cylinders. Mr. B. 
Pochobradsky, speaking on the same subject, said 
that the recent. researches of the Beama and the 
Institute of Mechanical Engineers, had proved that 
nozzle efficiency was a maximum at a steam speed of 
about 300 ft. per second, and after falling off beyond 
that speed, it rose to a second maximum at about 
1,500 ft. per second. This indicated that a high- 
pressure turbine should have many stages of small 
diameter, and a low-pressure turbine should have 
a large diameter. The joint of a very high pressure 
casing was troublesome, and the speaker advocated 
a double casing for the high-pressure turbine, the 
parts being co-axial with a steam jacket at medium 
pressure between. This relieved the pressure on. 
the joints. Mr. Konig, the next speaker, mentioned 
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the decrease in efficiency which took place with 
higher steam temperatures, and said that the 
most economical temperature was that at which 
the steam was just superheated at the exhaust. 
The expansion line of the steam should run parallel 
to the saturation line, and if the steam could be 
continuously reheated this might be possible, but 
the idea did not appear practicable.. Like previous 
speakers, Mr. Konig saw no great novelty in the 
Erste Brunner design, as it appeared: to contain no 
features which were not well known in turbine 
practice. 

Mr. George Orrok said that we heard of efficient 
turbines with numbers of stages ranging from 8 to 
80. The variation of design considered with regard 
to the uniformity of the generators was most 
astonishing. What the central station engineer 
wanted was a turbine which would be ready for 
service for 8,760 hours in a year, that could be 
started up in two minutes from cold and would 
not deteriorate with time or service. Mr. Watson 
hoped that some speaker would give the relative 
value of two 20,000 kw. turbines as compared with 
one of 40,000 kw. capacity. He was glad that the 
frequency standard of this country prevented 
direct-coupled units from exceeding a limit of 3,000 
r.p.m. It would be interesting to know what sizes 
the Americans would build up to their limit of 3,600 
r.p.m. Mr. Moulthrop, of Boston, said that his 
company served an area with practically no factory 
load, and the lowness of the load factor made capital 
charges a very important consideration in the design 
of their stations. They had built a simple, reliable 
and standard kind of station and superposed on that 
was a boiler and turbine to work at 1,200 Ib. 
pressure. By this means they had got extra 
capacity as well as increased efficiency, and the 
increased capacity had resulted in the unit cost of 
the whole plant being no greater than that of a 
standard station. Mr. Bernard Price, of the Victoria 
Falls Power Company, speaking as one who was 
connected with the largest coal-burning power 
undertaking in the Empire, said that the cost of 
fuel had a great bearing upon the expense which was 
justifiably undertaken in obtaining efficiency. 
Furthermore the amount and skill of the labour 
required for operation and questions of maintenance 
were very important in countries far from the 
makers’ factories. 

The replies of the authors were brief. Mr. Cook, 
replying on behalf of Sir Charles Parsons, did not 
consider that Mr. Pochobradsky’s double casing 
was yet necessary. With regard to the advantages 
of efficient turbines, it should be pointed out that, 
although the turbine itself might cost more, the 
boiler plant was smaller and cheaper, and coal 
and ash-handling equipment were all reduced. 
Mr. Frank Hodgkinson said that one of the most 
valuable features of double-cylinder machines was 
the possibility of running the two rotors at different 
speeds, thus permitting a small diameter for the 
H.P. rotor and a large diameter for the L.P. rotor. 
The difference in the standard frequency of alternat- 
ing current in Great Britain and the States, with the 
corresponding limiting speeds of 3,000 and 3,600 
rp.m., had a distinct effect on design. With 
tegard to the question as to what size of machines 
could be built for 3,600 r.p.m., he could say that 
generators up to 12,500 k.v.a. at 3,600 revolutions 
were now under construction. 

We will continue our report of the proceedings 
in our next issue. 


THE NEW GLADSTONE DOCK SYSTEM 
AT LIVERPOOL. 


THE works which are under construction at the 
north end of the Liverpool dock estate’ constitute 
one of the most important and extensive pieces of 
dock engineering now being carried out in any part 
of the world. The docks under construction will 
complete the Gladstone dock system which includes 
a new river entrance, the Gladstone dock itself, 
and the two Gladstone dock branches. The system 
also incorporates the Gladstone graving dock, 
which was completed and put into service in 1913. 
This Gladstone dock scheme was first planned some 
time before 1906, and Parliamentary approval for 
it was obtained in that year. At that time, how- 


the immediate embarking on a scheme of such magni- 
tude and nothing was done for a few years. A start 
was actually made on the works in 1910, and was 
to some extent determined by the decision of the 
Cunard Company to proceed with the building of 
the Aquitania. To provide the dock accommodation 
required by that vessel, the graving dock part. of 
the Gladstone scheme was put in hand, and in order 
that the facilities provided should be as extensive as 
possible the somewhat unusual course of providing 
one quay of the graving dock with transit sheds 
was adopted, This enabled the dock to be utilised 
either as a graving dock or as an ordinary wet dock. 
Incidentally, it may be. said, that the decision to 
construct this graving dock in advance of the main 
works proved of very great value and importance 
on the outbreak of the Great War some twelve 
months after it was completed. The value of the 
addition to the graving dock facilities on the Mer- 
sey which it represented would be difficult to exag- 
gerate. 

A general plan of the Gladstone dock system is 
given in Fig. 1 annexed. This plan represents 
the extreme northernly end of the dock estate on 
the Liverpool side of the Mersey, but the foreshore 


briefly to indicate its main features. This Glad-. 
stone graving dock is the largest graving dock in 
Europe, having a length from the head to the inner 
caisson sill of 1,050 ft. The width at the entrance 
is 120 ft..and the width of.the dock is 141 ft. at 
the bottom and 1554 ft. at the top. At high water 
spring tides the depth of water on the sill is 45 ft. 
To enable full advantage to be taken of the depth of 
water over the sill by boats of deep draught an 
entrance channel was dredged in the river bed to a 
depth of 27 ft. below the Old Dock sill datum. The 
dock was built by first tipping a dam around the 
site of the works. ‘This was made with a clay core, , 
and was formed with a rubble face on the outward 
sides. When the site was completely enclosed the 
graving dock walls were built in timbered trenches... 
Timberwork dolphins were built on the entrance ~ 
side of the tipped dam, while similar dolphins were 
constructed on the outer north face of the Rimrose- 
river wall. This formed a wide splayed entrance, , 
which was dredged to a depth of 27 ft. below Old. 
Dock sill. The outermost portion of the tipped, 
dam, with its timberwork, will form the northern. 
boundary of the Gladstone dock, as shown in Fig, 1, , 
The timberwork on the outer face of the Rimrose; 
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for a distance of more than a mile beyond the 
Gladstone dock embankment is the property of the 
Mersey Docks and Harbour Board, and further 
extensions in a northernly direction may be under- 
taken in the future. The possibility of such exten- 
sions has been kept in view in the design of the 
Gladstone dock and the new river entrance. The 
sraving dock is built to the north of the Rimrose 
river wall, which formed the northernly boundary 
of the dock estate for many years. This wall, 
which is indicated by a broken line in Fig. 1, was 
completed in 1875. The area enclosed by this wall 
represents reclaimed land which was filled up to 
Hornby dock quay level throughout, the earth fil- 
ling for the area coming from the excavation for the 
Langton, Alexandra and Hornby docks. Since, as 
we have said, the Gladstone graving dock was built 
and brought into use independently from the main 
Gladstone scheme a special entrance from the river 
had to be constructed for it. ‘The arrangement was, 
however, of a temporary nature only, and when the 
main works are completed the main river wall will 
be carried across, as shown in Fig. 1, to meet the 
graving dock entrance embankment and access to 
the graving dock will be obtained through the new 
Gladstone dock river entrance. 

We described the graving dock works very 
fully in our issue of July 4, 1913, and as our present 
purpose is to deal with the progress of the main wet 
dock works it is not necessary that we should 
now describe the graving dock or its construction 
in any detail. In order to give a proper idea of the 


river wall has, however, been removed, and is not 
indicated in Fig. 1. As will be clear from the’ 
figure, this wall itself will be removed, and entrance 
to the graving dock will be obtained from’ the 
Gladstone dock. As indicated in Fig. 1, ‘the main 
north and south river wall is being extended to 
the outer end of the tipped dam so as completely 
to enclose the Gladstone dock area. The extension 
of this wall has, of course, closed the river entrance 
to the graving dock, and the dock is at the present 
time out of commission. The final arrangements 
when the works are completed will offer great advan- 
tages over the direct river entrance to the graving 
dock, the use of which had naturally to be. timed 
to suit the tides. Entrance from the Gladstone 
Dock will be possible at any time. 

Turning now to the new Gladstone wet dock 
system, with which we are here more particularly 
concerned, it will be seen from Fig. 1 that the com- 
pleted scheme will consist of the Gladstone Dock 
proper which has an area of 22 acres. This will in’ 
the main serve as a vestibule or turning dock giving 
ready access for the largest vessels to either of the 
branches or to the graving dock. Of the two 
Gladstone Branch Docks, No. 1 is 1,420 ft. ‘long, 
and 400, ft. wide, and No. 2 is 1,285 ft. long and 
400 ft. wide. Access to the Gladstone dock system 
is obtained through the new river entrance Jock, 
which, as will be seen, lies in an almost direct 
north and south line so that large steamers’ of high 
freeboard entering the dock in a north-westerly 
gale, which is the worst local condition, will move 


évet, the state of trade did not appear to justify extent of the whole scheme, however, it will-be well | approximately against the wind: so that they’ean 
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be kept well under control. The lock is 1,070 ft. 
lone and 130 ft. wide and is divided into two sec- 
tions so that the smaller boats can be locked in 
with a smaller loss of water. The sills are 30 ft. 
below Old Dock sill or 20 ft. below Bay Datum. 
The arrangement provides 21 ft. 4 in. on the sills 
at low water on ordinary spring tides and 28 ft. 
7 in. on neap tides. At half-tide level there is 35 ft. 
of water over the sills, and at high water ordinary 
neap tides 41 ft. 7 in. and high water ordinary 
spring tide 48 ft. 10 in. These conditions will 
allow the largest ship in existence to enter or leave 
the dock on every single tide in the year while 
more ordinary boats of, say, 28 ft. draught, will be 
able to go in and out of the dock at any time of the 
day except for a very small number of hours each 
side of low water on spring tides. 

The total water area of the system is 554 acres 
and there is a quayage of 2$ miles. The branch 
dock quays are furnished with treble storey sheds 
and fully equipped with electric cranes, while very 
extensive railway connections and sidings are pro- 
vided as shown in Fig. 1. The ground covered by 
the sheds amounts to 13? acres and the total gross 
floor area available for storage in the sheds is 55 


far the greater proportion of modern shipping to 
pass through. This lock incidentally adds to the 
value of the docks immediately to the south of the 
Gladstone system, since it will allow boats of deep 
draught to pass out from these northern docks to 
the river by means of the Gladstone entrance at 
times when the depth of water in the river would 
not allow them to pass out by their normal Canada 
and Sandon river entrances. This Hornby lock 
was the first part of the new Gladstone wet dock 
system to be completed and has proved of great 
value in connection with the main excavation work 
as it has been used as a depot basin for hopper 
barges removing the spoil. Simultaneously with 
the construction of the Hornby lock, work was 
started on the river entrance and the quay walls 
for the branch docks, Branch No. 1 bemg first 
dealt with. The construction of the branch dock 
quay walls was in a sense a simple and straight- 
forward job but was one of very great magnitude. 
The quays are 63 ft. above dock bottom. The work 
was carried out in timbered trenches in the usual 
way and a satisfactory rock and gravel foundation 
was found at a level some 6 ft. below dock bottom. 
The walls are in mass concrete, a tunnel being 


acres. This area includes that of the flat roofs | formed below the quay and above high water level 
Fig. 2. GLADSTONE GRAVING DOCK. 
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which are designed to take light loads. The 
arrangements of some of the sheds and cranes are 
indicated in Fig. 2 and 3. As will be seen, the 
existing sheds on the north side of the graving dock 
are of single storey type. 30 cwt. electric cranes 
travelling on one rail at the outer edge of the quay, 
and on another on the top of the front wall of 
the shed. The arrangements of the three-storey 
sheds at the new wet dock branches are indi- 
cated in Fig. 3, which is a section of the south 
wall and shed of Branch Dock No. 1. A 40-ft. 
passage way is provided between the front of the 
shed and the quay edge on this south wall, and 
two lines of railway track are carried along the 
quay, one of which runs between the legs of the 
30-cwt. to 3-ton travelling electric cranes. These 
cranes can deliver material to a ship from wagons 
on either of the railway tracks or from the quay 
to any floor or the roof of the shed or vwice versa. 
The sheds are fitted with large electric lifts which 
enable material to be easily transported between 
the ground floor and any of the other floors. 
Material may also be worked by the cranes direct 
from any floor through portals provided for the 
purpose. The south side of this shed is provided 
with 20-cwt. roof cranes which have a reach over 
two railway tracks and can deliver material to a 
wagon standing in the roadway beyond two lines 
of railway trucks. The sheds between the two 
branch docks are provided with 30-cwt. to 3-ton 
roof cranes on the water side and 20-cwt. roof cranes 
on the road sides. Only one line of railway track 
is in these cases laid in front of the sheds, but 
a second line is carried inside them. The sheds are 
constructed in ferro-concrete throughout, and two 
views of them during erection are given in Figs. 
9 and I] on Plate VIII. 

As will be seen from Fig. 1, in addition to the new 
river entrance to Gladstone Dock there has been 
provided an entrance from the Hornby Dock by 
means of a lock 645 ft. long and 90 ft. wide. 
Although dwarfed to some extent by the remarkable 
river entrance this lock, it will be realised, is a very 
large one and will as a matter of fact allow by 


tively be utilized until the sheds and quay equip- 
ment were ready, but this part of the work also is 
in a forward state. We understand that the 
decision to complete the work in the dry or to admit 
water to the system will depend on the demands 
that may arise on the accommodation of the port. 
The sheds on the south quay of Branch No. 1 are 
in a particularly advanced state, while those on the 
north quay are well forward. As these sheds are 
very heavy structures and stand on made ground, 
piling has been put in below the main foundations, 
as shown in Fig. 3. The piles are of ferro-concrete of 
40 or 50 ft. lengths and were made on the job. 
The amount of concrete to be poured in the con- 
struction of the sheds is very large and a battery of 
Ransome’s concreting towers has been utilized. 
Some of them can be seen in Fig. 11, on Plate VIII. 
The new river entrance and sea wall form the 
most difficult and interesting part of these Gladstone 
dock works. As will be seen from Fig. 1 the new 
lock cuts across the line of the old river wall, part 
of the west wall of the lock being outside this line. 
A section of this outer wall is shown in the section 
of the new lock given in Fig. 4. This outer wall 
was built inside sheet steel piling reinforced by a 
timber work and pile structure connecting it to the ~ 


Fig.4, RIVER ENTRANCE LOCK. 
| SECTION ON LINE A.A. 
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Some 
idea of the height of these walls and the magnitude 
of the work generally will be obtained from the 
three views of the No. | Branch given in Figs. 5 to 


for carrying water-service pipes, cables, &c. 


7 on Plate VIII. These walls are now completed 
and the dump from Branch No. 1 has been 
removed, while the excavation of Branch No. 2 
is well forward. The excavation has been carried 
out by five Ruston steam diggers, three of 2 cubic 
yards capacity, one of 1} cubic yards and one cater- 
pillar digger of 4 cubic yard capacity. The spoil 
was removed by trains of tipping trucks hauled 
by steam locomotives. Some of it was utilised 
for tipping an earth bank for forming the new 
river entrance and wall, the remainder being 
removed by hopper barges and tipped at sea. 
Temporary lines were laid in the dock bottom for 
working the trains and were, of course, shifted 
about and modifications made in their arrangement 
to suit the progress of the work. Connection was 
made to the quay railways to allow the wagons 
to be brought up alongside the Hornby lock for 
tipping into the hopper barges. 

As the quay walls are now complete and Branch 
No. 1 completely excavated it would be possible to 
admit water to the system at any time and utilize this 
branch. This procedure would, however, naturally 
admit water to Branch No. 2, so that the remainder 
of its excavation would have to be done by dredgers. 
This procedure could not be carried out until after 
the completion of the river entrance, but that part 
of the work is well forward and will be finished very 
shortly. Branch No, 1 could, of course, not effec- 


old sea wall. A view of the sheet piling dam 
looking from the river is given in Fig. 8, Plate VII; 
an inside view during the construction of the 
dam is given in Fig. 10. The outer face of this 
sheet pile dam is, of course, exposed to the full 
current of the river and to what is at times a very 
rough sea, but it has been very successful, and no 
difficulty has been experienced in keeping it ade- 
quately tight. The piling was sealed with fine 
ashes dropped into the water against its outer face 
and carried into any leaks by the inflowing water. 
The piling was supplied by the British Steel Piling 
Company, Limited. As we have said, the lock is 
1,070 ft. long and 130 ft. wide, the sills being 30 ft. 
below Old Dock Sill or 20 ft. below Bay Datum. A 
pair of centre gates are fitted so that the lock may be 
divided into two parts to conserve water when the 
smaller type of ship is being locked in or out. The 
gates, which are the largest hinged gates in the 
world, are of steel and are being constructed by 
Messrs. Sir W. G. Armstrong, Whitworth and Com- 
pany. The inner pair of gates during erection is 
shown in Fig. 12, Plate VIII. As will be seen 
from Fig. 1, the foreshore outside the entrance is to 
be dredged to a depth of 22 ft. below Bay datum. 
As already stated the connection from the new 
dock works to the northern arm of the graving dock 
entrance is now being made by tipping an earth 
dam formed from the spoil taken from the branch 
dock excavation. Timber piling faced with sheet 
steel piling is being driven on this bank and the new 
river wall built in a trench formed inside. Two 
views of this sheet piling dam work are given in 
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Figs. 13 and 14 on page 54. As will be clear, this 
work is being carried on practically in the open sea, 
and forms a remarkable testimony to the possibility 
of sheet steel piling. As will be seen from Fig. 1, 
the works are so planned that if necessary a second 
river entrance lock may be built alongside the first. 
This will probably be required if, and when, still 
further dock extensions take place to the north, 
when arrangements would probably be made for 
access to be obtained to them from the Gladstone 
entrance. In view of the possible construction of 
this second entrance the quay on the inside of the 
tiver wall, which it would intercept, has not been 
built up in concrete, but a piled timber quay has 
been constructed which could be removed with little 
difficulty. ‘The whole of the work in connection 
with this extensive and important scheme is being 
carried out by direct labour under Mr. Thomas M. 
Newell, M.Inst.C.E., the Engineer-in-Chief to the 
Mersey Docks and Harbour Board. Mr. J. A. 
Newell, A.M.Inst.C.E. is acting as Resident Engineer 
on the new entrance and river wall works, and Mr. 
G. E. Cheslyn Callow, A.M.Inst.C.E. as Resident 
Engineer on the new branch docks, 
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300 Kyv.-a. CoLtieRy TRANSFORMER. 


THE COLLIERY AT THE BRITISH 
EMPIRE EXHIBITION. 
(Continued from page 795 of last volume.) 
Hieu-Trnston SwitcH-GEar. 


THE switch-gear handling the 3,300-volt, three- 
phase supply consists of a three-pillar board made 
by the Metropolitan-Vickers Electrical Company, 
Limited, of Manchester. It is built up of flame- 
proof, mining-type switch pillars (Fig. 67), a 
form which has been found satisfactory after a 
severe flame-proof test carried out by the mining 
department of the University of Sheffield. All the 
pillars are 150 ampere units, and are so arranged 
that the incoming supply of 3,300 volts is fed 
through one pillar on to the bus-bars and from the 
bus-bars out by the other two pillars to the 300-kv.-a. 
and 50-kv.-a. transformers respectively. The instru- 
ments on these pillars are also of Metropolitan- 
Vickers manufacture. This pattern of mining switch- 
gear is the result of many years’ work in the develop- 
ment of iron-clad switch-gear. It is constructed 
with wide machine-faced joints throughout, so as to 
be suitable for use in mines and other places where 
the atmosphere is liable to contain inflammable 
material. All the live parts are completely enclosed 
in such a manner as to be flame-proof. The elec- 
trical design provides large areas for contact, low- 
current density, porcelain insulation, and ample 
clearance between the live parts and the case. The 
working parts are designed of sufficient strength to 
withstand many years’ severe service, and the 
wearing parts are readily accessible for inspection 
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and renewal. The circuit-breaker is of the loose- 
handle type with two breaks per phase under oil. 
There is quick-break action and the arcing contact 
pieces are renewable. Overload and no-volt auto- 
matic features are provided, all the coils being oil- 
immersed to ensure protection to the insulation and 
cool-running conditions. The coils and trip gear are 
shown in Figs. 68 and 69. Barriers are fitted in the 
tanks between phases and also between the protec- 
tive devices and the switch contacts ; explosive gases 
are prevented from passing from the oil chamber to 
other compartments of the gear. The circuit- 
breaker can be tripped by the operating handle, and 
also by a special trip lever (see Fig. 68) mounted on 
the opposite side of the breaker, which can be held 
temporarily against the spring to render the over- 
load trip inoperative when starting a motor. The 
entire circuit-breaker can be withdrawn clear of all 
live metal, so as to eliminate all risk in making 
inspection, adjustment, cleaning or repairs, and it 
may be removed completely and replaced by another 
circuit-breaker. 

Special features are included to give automatic 
protection and to guard against the mistakes that are 
liable to be made by careless or unskilled operators, 
as follows: it is not possible to withdraw the 


switch carriage before tripping the switch; no 
current can be interrupted on the plugs; an 
auxiliary switch opens the potential circuits. The 


circuit-breaker and carriage may be permanently 
locked in either the open or the closed position to 
prevent unauthorised operation; the oil tank 
cannot be lowered until the breaker is tripped and 
the carriage withdrawn, nor can the switch carriage 
be plugged in with the oil tank removed. The 
breaker cannot be closed unless the carriage is 
properly plugged in. 

The overload coils are arranged for direct connec- 
tion and may be set to operate at any value between 
normal full load and an overload three times as 
great. 

TRANSFORMER-RooM SUPPLY. 


In the transformer room are two Metropolitan- 
Vickers transformers of the colliery type, one of 
300 ky.-a. (Fig. 70) and the other of 50 kv.-a. 
These transformers take current from the 3,300-volt, 
50-cycle supply, and are of the core type supplied 
with tappings on the high-tension winding, giving 
a variation in voltage of plus and minus 24 per cent. 
and 5 per cent. The large transformer is fitted 
with high-tension and low-tension trifurcating boxes, 
rollers, under-carriage, and thermometer, and it 
supplies power to the various coal-handling and 
cleansing devices exhibited in the colliery, 
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SWITCHGEAR FOR THE COLLIERY AT THE BRITISH EMPIRE EXHIBITION. 
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The 50 kilovolt-ampere transformer is supplied 
from the same source, and is fitted with tappings 
on the high-tention windings giving a variation in 
voltage of plus and minus 5 per cent. It supplies 
current for lighting the colliery and is similar in 
detail to the larger transformer. 


Low-TENSION SWITCH-GEAR. 


The 440-volt, three-phase current from the 
transformers passes to an eight-unit service switch- 
board, by Messrs. George Ellison, of Birmingham. 
This is shown diagrammatically in front view in 
Fig. 71, in side elevation in Fig. 72, in plan in 
Fig. 73, and in a general view in Fig. 74. HH controls 
an incoming feeder and outgoing feeders to the shaft, 
air compressor, washery, screening plant, fan, 
workshop and motor generator. Each unit of the 
switchboard comprises an automatic circuit-breaker 
bolted on to a rectangular bus-bar chamber, 
supported independently on cast-iron stands. The 
bus-bar chamber is built of steel plates in the form 
of a box girder, the units being bolted together and 
the copper bus-bars joined up with links, to make 
a continuous structure. This construction is 
strong mechanically and is used for switch-gear 
in every industry where totally enclosed protective 
and protected switch-gear is required. The bus-bars 
are clamped to steel rods covered by synthetic 
resin insulation, and the supports may bend to allow 
for distortion which occurs in a mine where the 
floor is continually altering in level. Cases have 
occurred where a fall of roof has broken the stands 
and driven them into the floor without causing any 
interruption of the supply or necessitating a more 
expensive repair than the renewal of the stands and 
the flattening of the twisted plates of the bus-bar 
chamber. 

All the circuit-breakers have three automatic 


Fic. 74. GENERAL View oF SwitcH PILuaRs. 


from the bus-bars for inspection. A complete 
interlock ensures that the breaker must be “ off” 
before the isolating links are operated ; the breaker 
cannot be closed unless the isolating links are fully 


overload. trips fitted with time-lag devices, and 
isolating links are provided to disconnect them 


opened or closed; the breaker tank and cover 
cannot be removed unless the isolating links and 
the breaker contacts are both open, The locking 


“ce ’ 


gear is secured in the “on 


a padlock. 

The incoming feeder unit carries an ammeter, 
voltmeter, and leakage indicator. Other units 
carry ammeters and watt-hourmeters. A good 
mechanical job. is made of the armoured ‘cable 
connections by securing them to sectional end 


’ or “ off” positions by 
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boxes fitted with cone clamps for the armour. 
These boxes have detachable side plates to enable 
the jointer to complete his work and connect up 
the tails unimpeded by the box which he finally 
assembles round the finished joint before running in 
the compound filling. 

The underground power switchboard comprises 
an incoming feeder unit and four outgoing units, 
constructed similarly to the surface switchboard. 
There are also distribution boards for the screening 
plant and washery, of the same design but com- 
prising four and three units respectively. The 
lighting switchboard, arranged on the east side of 
the transformer room, comprises six double-pole 
oil circuit-breakers carried on two bus-bar units. 

A number of Ellison starting panels, of the type 
illustrated in Figs. 75, 76 and 77, are in use for the 
motors driving the auxiliary machinery at the 
mine, for example, for the starting and control of 
the 20-h.p. Brook motors driving the Marcus 
screens, 

Another type of circuit-breaker of the air-break 
pattern, known as the “mill” type, is shown in 
Fig. 78. This illustration is of the type in ordinary 
use on the surface. The same pattern of circuit- 
breaker mounted in a heavy cast-iron box, with 
wide machined flanges, arranged as a gate-end box 
for use in a mine, is exhibited by the firm in the 
Palace of Engineering. 


(To be continued.) 


TEST CODE FOR HYDRAULIC POWER 
PLANTS. 

A Joint meeting was held of the Institutions of 
Civil Engineers and Mechanical Engineers at 
Storey’s-gate on Saturday, the 5th inst., to consider 
the draft ‘* Standard Test Code for Hydraulic Power 
Plants” drawn up by the Joint Committee appointed 
by these two institutions. It will be remembered 
that this code was discussed at a meeting held on 
March 28 (see ENGINEERING, vol. cxvi, p. 439). 
The second meeting was called as it was thought 
that it would be well to take advantage of the 
presence of visitors at the World Power Conference, 
to secure if possible a wider range of criticism than 
the previous meeting had provoked. In a sense, the 
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meeting was justified, since a large number of over- 
seas and foreign engineers attended, a good number 
contributing to the discussion. 

A few words by Mr. W. H. Patchell, who was in 
the chair, introduced the subject and served to 
welcome the many visitors. Mr. Patchell laid 
stress on the desirability, if possible, of arriving at a 
single test code to suit everybody. 

Professor A. H. Gibson, the secretary of the joint 
committee, beig unavoidably absent, Professor 
§. M. Dixon explained how the idea of the standard 
test code had originated. It was necessary in 
order that our engineers and manufacturers might 
compete with others, but an ideal code was difficult 
to attain. There were others in existence but it was 
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not desirable to adopt these if an improved ccde 
could be designed. 

Mr. Evan Parry, who was a member of the joint 
committee, spoke next as a member of the com- 
mittee of the International Executive of the World 
Power Conference and of the sub-committee ap- 
pointed by the conference to consider what action 
should be taken to secure an international test code. 
That sub-committee had met the previous day and 
there was a very strong’desire to secure a?common 
code. It was thought that this might be obtainable 
through the International Electro-Technical Com- 
mission and it was pointed out that an international 
code already existed in Publication No. 29 of this 
Commission, dated 1914. There seemed to be no 
object in duplicating organisation. The best course 
would be to refer the matter to that Commission 
so that the code might be brought into line with 
modern developments and other national test codes, 
There were already several codes; the American 
Society of Mechanical Engineers had one; there 
was the one then before the meeting; while paper 
No. 399 of the World Power Conference, by Pro- 
fessor G. Sundby, of Norway, was also a proposal 
for “Uniform Rules for Testing Water Power 
Plants.” The points of difference were really slight 
and it should be possible to harmonise all these, 
The differences were matters of expediency rather 
than fundamentals, 

Mr. Shepherd, of the Niagara Falls Power Com- 
pany, speaking next, said the code proposed 
appeared to be very similar to the A.S.M.E. code, 
with the drawing up of which he had had to do. 

he draft code improved on theirs a little in some 
points. There were no essential differences between 
the two; it was merely a question of finding the 
best form of language in which to present the points. 
He certainly agreed with taking into account 
both static and velocity heads. With regard to 
draft tubes, there was a difficulty in separating the 
losses in draft tubes from those of the runner. 
When they considered the whirl in the draft tube 
more light was wanted in that connection. At 
present they had not got any satisfactory method of 
determining what the energy content of the whirl 
was. Then there was the question as to where the 
draft tube ended and the tail race began, Neither 
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code dealt with that point in satisfactory language. | Mr. W. M. White was not clear what the word 


They were concerned with actual physical conditions 
and not with results derived by some particular 
method. The code should insist on actual quantities 
and any methods adopted for deriving these should 
be subject to the determination of their errors. 

Dr. Guido Semenza said in 1913 the International 
Electro-Technical Commission decided that it 
would be advantageous to standardise prime- 
movers. Mechanical engineers at the time did not 
think the matter was urgent, so the Commission 
itself appointed a committee on the subject which 
formulated a set of definitions. These were con- 
sidered at a plenary session and approved by 
twenty-four states. The document was, however, 
not well known, but, where used, it had been found 
serviceable. The question now to consider was 
whether the two Institutions should join with other 
countries so as to bring about wide standardisation. 
This might be done by setting up a new organisa- 
tion, or by making use of the International Electro- 
Technical Commission if it could serve the purpose. 
That Commission had a chief office in London and 
national committees in each country. Advisory 
commissions were formed by the delegates, and the 
results were considered at plenary meetings before 
being adopted. He thought and hoped that 
organisation might be useful in the present instance. 

Mr. John R. Freeman said for some time he had 
been working very hard in the United States to 
secure an appropriation of $200,000 for an hy- 
draulic laboratory for the Bureau of Standards, where 
large scale experimental work might be done. It 
was true economy to spend in that way. He 
thought that the interchange of data, doing one 
kind of investigation in one country and one in 
another, would help matters forward. More infor- 
mation was needed with regard to depth of flow 
over weirs. Many of the conditions originally in- 
sisted upon by Francis were often ignored, but good 
results could be obtained if these were observed. 
Approaches should be free from all eddies. It was 
possible that large scale laboratory work might 
suggest a better type of weir than the sharp crested 
form. The outline of the code was well worked out ; 
his suggestions were in matters of detail. The 
velocity of whirl could be measured. A long while 
ago he had been connected with work in which this 
was done. Two tubes were inserted at right angles 
diametrically across the draft tube. Each tube 
contained smaller tubes, each of which was con- 
nected with one of a series of small apertures in the 
main cross tube, and also with a gauge. A set of 
readings was thus obtained showing evidence of 
well-defined whirl. Some curious results were 
recorded and traced to vibration of the tubes. Whirl 
was important, as the angle of divergence of the 
draft-tube could be made greater because of it. In 
another connection they had found that eddies, of 
which no evidence whatever existed on the surface, 
were present at the bottom of a deep flume. These 
had to be eliminated by screens before reliable 
figures could be obtained. In whirl, he thought, 
lay the secret of the high efficiency which could be 
given to the draft tube. The code mentioned stilling 
boxes. These were very liable to introduce error 
and careful checks should be made of the height 
given in the stilling box and the actual depth on the 
weir. He had known the former to be taken with 
great accuracy when the latter was greatly in error. 
The size of Pitot tube openings was not so impor- 
tant as their correct placing. A 6-inch opening in a 
10-ft. pipe would give perfectly satisfactory results 
if correctly set in the pipe. Orifices and diaphragms 
could be designed to give very different effects. 

Mr. J. B. Challies said that, in view of the power 
developed and in course of development in 
Canada, the subject of a standard test code was of 
immense importance to that country. They usually 
employed the A.S.M.E. code, with adaptations. If 
the Institutions desired the opinion of Canadian 
engineers on the subject of the code, the Engineering 
Institute of Canada would be only to glad to obtain it. 

Professor van Itersen said that the water tem- 
perature should be recorded in connection with 
weir measurements. Results obtained with the 
same methods in Europe and the Dutch East Indies 
showed differences of 2 per cent. Attention should 
be paid to the fact that comparisons should only 
be made in the case of equal Reynolds’ figures. 


“code ”’ covered, nor what the code was to be used 
for. Was it to be used for scientific actual efficien- 
cies, or as a measuring stick for agreement between 
buyer and seller? He, as a manufacturer, was not 
satisfied with the A.S.M.E. code; it was too in- 
definite. It gave a choice and only suggested 
methods, constants and formule. He hoped to 
see a code which was absolutely definite as regards 
its basis. If water was disturbed the flow was 
crosswise as well as axial and the impact on the 
Pitot tube orifice was at an angle. The tube did 
not read resolved velocities so that a coefficient 
had to be introduced to take care of this point. 
He did not care just what these coefficients were, 
but they should be set out in a paragraph in the 
code so that they could file guarantees on the basis 
of such figures, instead of them being open to dispute 
on account of the base figures taken. As a result 
of the position in the United States, the machinery 
builders had got together in defence and drawn up 
rules setting out how tests should be made. It was 
not essential that these should invariably be adhered 
to, but they formed the basis on which makers sub- 
mitted tenders. 

Dr. Peter Thoma, of Munich, could not suggest 
any material changes, but thought it inadvisable to 
give very minute directions as local conditions varied 
so greatly. 

Mr. N. B. Jessen, representing Norway, said he 
would welcome an international code as turbines 
were now such large units and the export business 
was important. The draft referred throughout to 
hydro-electric efficiency. In Dr. Sundby’s paper 
before the World Power Conference, points specially 
referred to were speed variations and variations in 
pressure. These were not mentioned in the code. 

As auser, Mr. G. A. Orrok (U.S.A.)said he wanted 
to know that he was utilising the water in the best 
possible way ; but if the definitions could be made 
to meet at once both the scientific and commercial 
points of view he would certainly agree to them. 
Mr. White here remarked that he, too, would like to 
get results as near as possible to absolute accuracy. 
If, however, a new coefficient were determined during 
the construction of some contract, the tests should 
be conducted with the coefficient in use at the time 
the contract was made. Mr. F. R. Low, president 
of the American Society of Mechanical Engineers, 
said he hoped it would be possible for them all to 
work together in this matter. If that could be done 
it would be possible to work out a series of codes of 
universal application. Speaking for his Society he 
would say they wanted to be active and useful in 
any such movement. 

Mr. C. Le Maistre said it was desirable to 
distinguish between rules and regulations, and 
standardisation. There existed now in the Standard- 
isation Committees in the different countries a means 
of getting into communication on such matters with 
the whole world. 

Mr. Evan Parry said the discussion had brought 
up some interesting points. The desire was, of 
course, to obtain a satisfactory basis for guarantees 
of efficiency. At present guarantees differed as a 
result of the different definitions in use. 

Mr. Calvin Rice said that all engineering societies 
in the United States and Canada would heartily 
work together on codes of this kind. The English 
institutions had only to invite suggestions and they 
would be definitely offered. A letter addressed 
officially to these bodies would certainly get a 
response. This he wished to contrast with the 
common attitude of waiting for help offered volun- 
tarily. In the latter case assistance was seldom 
forthcoming, whereas a definite request would 
receive every attention. 

The Chairman put it to the meeting that the 
recommendation implied in Mr. Rice’s remarks 
should go forward as a resolution to the Joint Com- 
mittee of the two institutions, and, this being 
carried, the meeting adjourned. 


THE SHIPBUILDING INDUSTRY. 


TuE slightly improved activity in the shipbuilding 
industry for the first quarter of the year, which was 
recorded on page 470 of our previous volume, has 
been continued during the June quarter. According 


to statistics just issued by Lloyd’s Register, the 
tonnage under construction in Great Britain and 
Treland on the 30th ultimo was 1,516,746, which is 
43,117 tons more than the corresponding figure for 
March 30, and 178,987 tons higher than that for a 
year ago. The tonnage upon which work is sus- 
spended has been decreased from 101,000 tons to 
52,000 tons during the quarter, and the gradual 
reduction of this incubus on the industry is one of 
the important indications of a gradual return to 
more normal conditions. Work is thus actually 
proceeding on about 1,465,000 tons, which is the 
highest figure recorded since the end of March, 
1922, although it is still about 425,000 tons below 
the average for the four quarters immediately 
preceding the war. 

Another feature of importance from the point of 
view of the immediate future of the industry, is the 
fact that a considerable increase has occurred in the 
new tonnage laid down during the June quarter in 
comparison with the figure for the March quarter. 
The latter was 227,786 tons, while that for the 
June quarter was 375,210 tons—an increase of 
65 per cent. The tonnage launched during the 
June quarter, viz., 364,518 tons, is the highest 
reached during the last 24 years. The tonnage at 
present in the shipbuilders’ hands includes 391 
vessels, of which 324, making 1,157,406 tons are 
steamers, and 54 with an aggregate tonnage of 
355,590 are/motor-ships, while the remainder consists 
of 13 small sailing vessels and barges accounting 
for 3,750 tons together. The tonnage of motor- 
ships, it is interesting to note, continues to increase, 
the above-mentioned figure representing 23-4 per 
cent. of the total merchant shipbuilding tonnage in 
hand in this country. A year ago the motor-ships 
building numbered 48 and the aggregate tonnage of 
these vessels, viz., 221,274, accounted for 16% per 
cent. of the total tonnage building at that time. 

The foreign shipbuilding industry has also shown 
some signs of improvement during the June quarter, 
the total tonnage in hand in other countries having 
increased from 1,042,875 to 1,100,151 from March 
31 to June 30. The new tonnage commenced abroad 
during the June quarter, viz., 243,974, was 40,154 
tons higher than the corresponding figure for the 
March quarter, although the tonnage launched was 
lower, the figures for the March and June quarters 
being 188,738 tons and 163,666 tons, respectively. 
The tonnage upon which work has been suspended 
abroad has also increased during the June quarter 
from 118,000 to 140,000, so that work is now actually 
proceeding on about 960,000 tons as compared with 
925,000 tons at the end of March. On the whole, 
the foreign shipbuilding industry certainly shows 
rather less signs of recovery than does the British 
industry. The most important contributions to 
the foreign total are those of Germany and Danzig 
340,749 tons; France, 144,240 tons; Italy, 
127,772 tons; United States, 103,665 tons; and’ 
Holland, 96,453 tons. 

Motor-ships constitute an even larger proportion 
of the merchant tonnage building abroad than is the 
case for this country, there being 100 vessels of this 
type, with an aggregate tonnage of 455,065, in the 
hands of foreign shipbuilders. The tonnage figure 
given is over 41 per cent. of the total tonnage 
under construction abroad, and adding to this 
the corresponding figure for Great Britain and 
Ireland, previously mentioned, it appears that 
motor-ships now constitute no less than 31 
per cent. of the world’s shipbuilding work. The 
tanker tonnage in hand for the whole world, neglect- 
ing vessels of less than 1,000 tons, amounts to 
180,170 comprised in 28 steamers and motor-ships, 
and, of this tonnage, 13 vessels, totalling 87,570 
tons, are building in Great Britain and Ireland. 
We should point out, in conclusion, that the tonnage 
figures given above are gross in all cases and that, 
unless otherwise stated, all vessels of 100 gross 
tons and upwards are included in the statistics. 


UnitED Statres ITRon anp STEEL Propuction.—The 
Guaranty Trust Company of New York state that. 
the pig-iron production in the United States in May 
was 2,615,110 tons against 3,233,428 tons for April 
and 3,967,694 tons a year ago, the daily average being 
84,358 tons against 107,781 tons for April and 124,764 
tons a year ago, The steel ingot output in May was 
2,628,261 tons against 3,333,535 tons for April and 
4,216,355 tons a year ago. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MippLessproucu, Wednesday. 

_ The Cleveland Iron Trade.—Business in Cleveland pig 
iron continues quiet, but the statistical situation is not 
unsatisfactory, and producers are showing marked 
determination to adhere at least to quotations that 
have ruled for a week past. Stocks at some makers, 
yards are rather considerable, but they are stated to be 
fully sold. Inquiries are a little better, but local and 
other home demand still falls a good deal short of what 
could be desired, and overseas trading continues to be 
hampered by Continental financial conditions. No. 1 
Cleveland pig iron is scarce, and this quality commands 
quite 93s. No. 3 g.m.b. is reported none too plentiful, 
and is now difficult to purchase even from second hands 
at below 88s. Foundry 4 is put at 87s., and No. 4 forge is 
quoted 86s. 


Hematite.—Makers are rather pressing sales of East 
Coast hematite, buyers of which are backward, and values 
are still on the downward curve. Customers claim they 
can satisfy their needs at a little below 96s. 6d. for Nos. 
1, 2 and 3, though that is the recognised market figure. 
No. 1 is quoted 6d. above mixed numbers, 


Blast-furnacemen’s Wages.—The average net selling 
price of No. 3 Cleveland pig iron for the quarter ending 
June 30 last, having been certified at 89s. 4-13d. per ton, 
as compared with 95s, 8-94d. per ton for the previous 
three months ; blast-furnacemen’s wages are reduced by 
6-25 (64) per cent. for the second quarter of the year, 
lowering wages from 28 per cent. above the standard 
to 21-75 per cent. above the standard. 


Foreign Ore.—There is little or nothing passing in 
imported ore, buyers and sellers differing a good deal 
in their ideas as to values. Consumers not being 
necessitated to purchase are holding off the market. 
a still base quotations on best rubio at 23s. c.i.f. 

ees. 


Blast-furnace Coke.—Durham blast-furnace coke is, 
if anything, a shade firmer. Good medium qualities 
are 27s. 6d. delivered here, and some sellers are inclined 
to hold out for rather more. 


Manufactured Iron and Steel—Demand for galvanised 
sheets is unabated, and works are running at full pressure, 
some firms being so fully booked that they are having to 
turn down orders. The export price for 24-in. gauge 
sheets is firm at 187. 5s. Nearly all other descriptions of 
manufactured iron and steel are slow of sale. Export 
quotations are matter of negotiation, but the following 
agreed figures are still adhered to for home business : 
common iron bars, 12/. 10s. ; iron rivets, 141. 5s. ; packing 
(parallel), 97. ; packing (tapered), 12/7. ; steel billets (soft), 
91.; steel billets (medium), 10/.; steel billets (hard); 
107. 5s. ; steel boiler plates, 137. 10s. ; steel ship, bridge, 
and tank plates, 10/. 5s. ; steel angles, 10/. ; heavy rails, 
91. ; and fish plates, 137. 


Imports to the Tees.—Interesting returns issued this 
week by the Tees Conservancy Commission show the 
quantities of iron and steel imported to the Tees ports 
from Holland, Belgium, France, Norway, Sweden, 
Germany, India, and coastwise for the eight months 
ending June last as compared with the same months 
of a year ago, and the corresponding pre-war period of 
1913-14. Pig;iron brought in to the end of June last 
totalled 15,740 tons as against 5,557 tons a year ago, 
and 213 tons in the pre-war veriod ; crude sheet bars, 
billets, blooms and slabs imported in the last eight 
months reached 50,560 tons, as compared with 49,881 
tons a year ago, and 30,307 tons in the pre-war period ; 
and plates, bars, angles, rails, sheets and joists unloaded 
to the end of last month amounted to 12,081 tons as 
against 8,549 tons a year ago, and 17,419 tons in the 
pre-war period. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Conditions have not materially 
altered during the past week, except to show a further 
slight reaction in some of the heavy steel branches. 
The usual mid-summer stocktaking operations give an 
appearance of depression that is not perhaps altogether 
warranted by the state of order books, though whether 
the big steel plants, will have gathered sufficient new 
business in the interim to enable machinery to, be 
restarted to the extent formerly obtaining is a matter 
for serious conjecture. Many of the leading furnaces 
and rolling mills have not only completed the bulk of 
the work secured six months ago in the face of keen 
competition from other districts in this country and 
from abroad, but have definitely proved much of this 
to have been unremunerative. Working costs are 
subject to all manner of additions since plants were 
extended. Business that pre-war would have shown a 
fair return has now to bear its share of standing charges 
incurred on departments that are operating only part 
time or are wholly idle. Rolling mills, particularly, are 
feeling the force of current depression, and are carrying 
onin spasmodic fashion. The outlook in regard to heavy 
engineering is slightly more hopeful than in the purely 
steel branches, though the two are to a.great extent 
necessarily related. Railway and power unit contracts 
have done much to assist manufacturers over their 
recent difficulties, and as prices are exceptionally low 
the possibility of attracting some of the big business 
which is known to be pending on Colonial and foreign 
account is kept wellin view. Meanwhile British mining 
and tramway requirements are reported to be on a slightly 
expanding scale, and now that the greater portion of 
stocks purchased during the war appears to have been 
worked out, users of special steels are coming rather 


more freely into the market for renewals. The lighter 
steel trades retain their more favourable position. 
Foreign competition has not sensibly declined, but the 
more careful cultivation of customers’ needs in overseas 
markets is having a marked effect on current buying. 
For raw and semi-finished materials, the market is 
mainly flat. Prices are nominally unaltered. The 
effect of the new arrangement for controlling the price of 
blast-furnace coke supplies to inland furnaces on the 
basis of the ash and moisture content has yet to be 
demonstrated. Itis regarded as introducing an interesting 
principle which is capable of considerable extension in 
the case of other classes of fuel. 


South Yorkshire Coal Trade.—The market shows little 
change, apart from the fact that export inquiries are 
slightly more active. Supplies all round, despite the 
restriction of outputs, are more than equal to the demand. 
Deliveries to British railway companies for stocking 
purposes constitute the outstanding feature of the 
steam coal trade. Gas and electricity plants are only 
taking moderate quantities of the best grades. Second- 
aries are easy, with a weakening tendency. Metropolitan 
and district purchases of house coal are on a low scale. 
though gross deliveries are said to be about equal to 
the seasonal average. Quotations :—Best hand-picked 
branch, 34s. to 35s; Barnsley best Silkstone, 28s. to 
29s; Derbyshire best brights, 28s. to 30s. ; Derbyshire 
best house, 25s. to 27s.; Derbyshire best large nuts, 
24s. to 25s.; Derbyshire best small nuts, 18s. 6d. to 
20s. 6d.; Yorkshire hards, 23s. to 24s.; Derbyshire 
hards, 21s. 6d. to 23s. 6d.; rough slacks, 12s. 6d. to 
15s. 6d.; nutty slacks, 12s. to 14s.; smalls, 8s. to 
10s. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—There has been little develop- 
ment in the Scottish steel trade this week, and the condi- 
tions are almost without change. Consumers are not 
ordering much for forward delivery, and the continuous 
running of the mills is a matter of difficulty at the 
steel works. In one or two instances there has been a 
slight increase in demand for material before the holidays 
in view of a lengthened stoppage. Ships plates are 
very quiet, but a fair amount of dealing has gone through 
in structural sections. Perhaps the brightest part of 
the industry is black sheets, which are moving very 
freely. The overseas demand continues good and some 
very satisfactory contracts have been secured, but the 
bulk of the business passing is for the lighter gauges, 
and heavy gauges are rather dull. Galvanised sorts 
are also in request and producers are very well employed. 
Prices all round are steady and are as under :—Boiler 
plates, 137. 10s. per ton; ship plates, 10/. 5s. per ton ; 
sections, 101. per ton ; and sheets, yin. to 4 in., 127. 10s, 
per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—No improvement of any kind 
falls to be reported in the West of Scotland malleable 
iron trade. The securing of orders to keep the works 
going is a source of no little trouble at the present time, 
and the closing down for the holidays will to some extent 
be a relief to the managements. The export as well as 
the home trade has been extremely dull of late. Prices 
are being maintained at 127. 10s. per ton for ‘‘ Crown ”’ 
bars, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—A quiet tone is very general 
in the pig-iron trade of Scotland, and the outlook is not 
very bright. Home consumers are not taking much at 
present and the export trade shows a decided falling 
off also. Hematite iron is in very poor demand, and the 
same can likewise be said of foundry grades, so that there 
will be no hurry to light up after the holidays unless 
there is a decided improvement all round. Prices are 
weak and are as follows,:—Hematite, 5/. per ton, de- 
livered at the steel works ; foundry iron, No. 1, 51. 3s. 
per ton ; and No, 3, 4. 16s. 3d. per ton, both on trucks at 
makers’ yards. 


Shipments of Scottish Pig Iron.—The shipments of 
Scottish pig iron from Glasgow Harbour continue on 
alow level. For the week ending last Saturday, July 5, 
the amount totalled 1,722 tons. Of that total 1,485 
tons went overseas and 237 tons went coastwise. During 
the corresponding week of last year the figures were 1,011 
tons on foreign account and 30 tons coastwise, making 
a total shipment of 1,041 tons, 


THE FRANKLIN INSTITUTE, PHILADELPHIA.—On March 
30, 1824, the Governor of the State of Pennsylvania 
signed an Act incorporating the Franklin Institute of 
the State of Pennsylvania for the Promotion of the 
Mechanical Arts, and the president, management and 
members of the Institute have resolved to celebrate the 
centenary of the signing of this Act by meetings on 
September 17 and the two succeeding days. 


Srarr APPOINTMENTS FOR AIRSHIP DEVELOPMENT.— 
In connection with the Government scheme for airship 
development referred to on page 709 of our issue of 
May 30 last, the following staff appointments have 
been made :—Group Captain P. F. M. Fellowes, D.S.O.. 
will be Director of Airship Development under the Air 
Member for Supply and Reserve (Sir Geoffrey Salmond) ; 
Squadron Leader R. B. B. Colmore will be Deputy- 
Director in Charge of Planning ; Major G. H. Scott will 
be the Officer in Charge of Flying; and Mr. H. B. W. 
Evans, R.C.N.C., will be the Officer in Charge of Con- 
struction ; Colonel V. C. Richmond will take charge of the 
Research and Design Section, and Mr. R. F. Hubbard 
has. been appointed Works Manager at Cardington: 


NOTICES OF MEETINGS. 


Tue INstItuTION or CHEMICAL ENGINEERS.—Wednes- 
day, July 16, at 11 a.m. At the Hotel Cecil. Second 
Annual Corporate Meeting. Presidential Address by Sir 
Arthur Duckham, K.C.B. Sir Frederic Nathan will 
review the work of the Education Committee on ‘‘ The 
Training of a Chemical Engineer.”’ At 3.30 p.m., “‘ Self- 
Balancing Centrifugals,” by Mr. E. A. Alliott. ‘‘ Eva- 
poration in Currents of Air,” by Mr. G. W. Himus and 
Prof. J.W. Hinchley. After the meeting there will be a 
visit to the British Empire Exhibition, Wembley. 


THE Puysican Soctrty or Lonpon.—Saturday, 
July 19, Special Meeting at Cambridge. At 10.30 a.m. 
Visit to the works of the Cambridge and Paul Instru- 
ment Company. At 1 p.m. Lunch at Trinity College. 
At 2.45 p.m. Inspection of the Cavendish Laboratory. 
At 4.15 p.m. Meeting at the Cavendish Laboratory. 
“ Radiations in a Discharge Tube,” by Sir J. J. Thom- 
son, O.M., F.R.S. ‘“ Recent Experiments on the 
Artificial Disintegration of the Elements,” by Sir Ernest 
Rutherford, F.R.S, and Dr. J. Chadwick. ‘“‘A Two- 
Dimensional, Recording Accelerometer for Aeroplane 
Research,” by Dr. G. F. C. Searle, F.R.S. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade—A smaller quantity of coal was 
shipped from South Wales in June than in any previous 
month this year. The reduction was partly due to 
the fact that there were only 22 working days, owing 
to the intervention of the Whitsun holidays, and partly 
to the restrictive influence of the railway shopmen’s 
strike. Shipments in June amounted to only 1,911,080 
tons or 305,470 tons less than the average for the first 
five months of the year, and no less than 627,920 tons 
below the average for the corresponding period of last 
year. The average quantity shipped per working day 
in June was 83,090 tons compared with a daily average 
of 86,000 tons in May. All the ports shared in the 
retrogression, for shipments from Cardiff were reduced 
from 1,461,160 tons in June of last year to 1,109,690 tons 
in the past month; at Newport from 524,020 tons to 
353,640 tons; at Swansea from 277,080 tons to 232,330 
tons; at Port Talbot from 245,490 tons to 174,210 tons ; 
and at Llanelly from 59,540 tons to 41,200 tons. Exports 
to France were reduced from 1,033,660 tons to 771,670 
tons ; to Italy from 437,920 tons to 181,700 tons; to 
South America from 348,530 tons to 249,830 tons; to 
Portugal from 114,900 tons to 58,400 tons; and to 
Germany from 91,360 tons to only 7,370 tons. Greece, 
on the other hand, took 54,770 tons against 39,630 tons, 
and the British coaling depots 164,980 tons against 
130,010 tons. Meanwhile colliery salesmen experience 
difficulty in securing sufficient orders to keep the pits 
working regularly. The: demand for smalls and sized 
coals in particular is very poor, with the result that 
sellers cannot supply the collieries with a sufficiency of 
empty wagons. Best steam smalls command no more 
than 17s. 6d., and the inferior classes are available 
down to 14s. Best Admiralty large is fairly steady at 
28s. to 28s. 6d., but seconds are plentiful at 27s. 6d., 
though in the Monmouthshire section best Eastern Valley 
large commands 26s., the same as Western Valleys, with 
best Black Veins worth another 6d. The first audit 
for the Welsh coalfield under the new wages agreement 
gives a certified wage of 31:46 per cent. above the 1915 
standard for July or 10-81 per cent. below the minimum 
of 42-22 per cent. The deficiency between the certified 
wage and the minimum has to be met by the coalowners 
out of their share of the surplus profits and standard 
profits, The coalowners are, in fact, compelled to 
sacrifice the whole of their surplus profits and also 
428,529. of their standard profits. : j 


Iron and. Steel— Exports of iron and steel goods from 
South Wales last week amounted to 21,817 tons compared 
with 18,809 tens in the previous week. Shipments of 
tinplates and terneplates totalled 9,093 tons against 
8,100 tons, blackplates and sheets to 8,511 tons against 
3,314 tons, galvanised sheets to 2,510 tons against 
4,873 tons, and other iron and steel goods to 1,702 tons 
against 3,522 tons. 


{ 


LiveRPooL CorrPoration TRaMways.—The report of 
the general manager for the 12 months ending March 31, 
1924, shows the following figures. Total operating costs 
per car mile, 16-222d.; interest and sinking fund per 
car mile, 1-383d.; total charges per car mile, 17-605d. 
renewals per car mile, 3:100d.; car mile earnings, 


20-668d. ; route mile earnings, 18,391/.; average fare 
per passenger, 1:565d.; length of track operated, 
139-6 miles. A 


INTERNATIONAL MATHEMATICAL ConaREss, TORONTO— 
The International Mathematical Congress will be held at 
Toronto, Canada, August 11 to 16, under the auspices 
of the Royal Canadian Institute and the University of 
Toronto. This is the first meeting of the Congress to 
be held on the American Continent. Special prominence 
will be given to the engineering and other practical 
applications of mathematics, and contributions have 
been invited from mathematical physicists and engineers 
engaged in mathematical investigations of engineering 
problems. The proceedings of the Congress will! be 
printed, and it is hoped that they may form a complete 
contemporary account of the pure and applied mathe- 
matical sciences. Seventy scientific institutions on the 
American continent, and 90 in Europe and elsewhere 
have arranged to send one or more delegates. Additional 
information may be obtained from Professor J. L, 
Synge, Royal Canadian Institute, Toronto, Canada. 
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THE STANDARDISATION OF BOILER 
TESTING. 


Durina the last twenty-seven years three 
separate committees have been appointed to try 
to devise some practicable code of rules in accord- 
ance with which boiler tests should be carried out. 
The aggregate time spent by these committees 
amounts up till the present to something like eleven 
years. It is difficult to believe that a single 
engineer properly conversant with the subject 
could not produce a reasonable code in about as 
many weeks. Certain decisions, however, must 
necessarily be entrusted, to committees if they are 
to secure general acceptance, and the Committee on 
Heat Engine and Boiler Trials, comprising as it does 
four members from each of the nine Institutions 
concerned, in addition to representatives of various 
commercial interests, surely is equipped with all the 
eyes and hands postulated by Bacon as advisable 
for the wise and speedy completion of a great 
undertaking. It was appointed in September, 
1922, and although its duties are concerned with 
boilers, gas-producers and heat engines of all kinds, 
engineers are looking to it more particularly to 
bring about some common- practice with regard 
to boiler trials. The need for an authoritative 
pronouncement as to how boiler trials should be 
conducted, and what figures should be recorded, 
has been urgent for a long time and becomes 
more insistent every day. If the question were 
merely one of scientific interest it could be 
debated for ever without much harm, but it is, 
on the contrary, of the greatest commercial im- 
portance that some decision should be arrived at. 
No large boiler is now sold without guarantees as 
to its output and efficiency, and it is a most un- 
satisfactory state of affairs both to makers and users 
that test results of different boilers should not be on 
a strictly comparable basis. 

The difficulty of the problem is indicated by the 
history of the attempts to provide a satisfactory 
solution. As long ago as 1897, on the suggestion 
of the late Mr. Bryan Donkin, the Institution of 
Civil Engineers appointed a Committee to deal 
with ‘“Tabulating the Results: of Steam Engine 
and Boiler Trials.” It took this committee some 
five years to produce its final report, which appeared 
in 1902. This did not have a lengthy life, for in 
1909 a new committee was appointed to bring it up 


to date. This work again occupied several years, the 
revised rules making their appearance in 1913 and 
constituting the standard Code of the Institution of 
Civil Engineers for Boiler Testing up till the present 
time. It is very much easier to criticise a code than 
to devise a satisfactory one, but it must be admitted 
that the code in question deserves a good deal of 
what has been said about it. It has, indeed, never 
commanded the respect of engineers, most of whom 
have simply ignored it on account of its impractical 
nature. The duty of the present committee is to 
replace it by something which shall be really useful 
to all those concerned with boiler efficiency, some- 
thing that recognises the factors of the case in their 
true proportions, and provides a standard method of 
obtaining and stating results with as much accuracy 
as boiler-house conditions permit of. 

In order to let it be known how the work of 
the Committee on Tabulating the Results of Heat 
Engine and Boiler Trials was progressing, a paper 
was read on July 3 before the Institution of Civil 
Engineers on the “‘ General Scope and Objects of the 
Work of the Committee,’ by its chairman, Capt. 
H. Riall Sankey. A further object of the paper 
was stated to be to take advantage of the presence 
of overseas engineers attending the World Power 
Conference, for the discussion of a few debatable 
points. Four points only were explicitly raised, 
and on only one of them was their much likeli- 
hood of any decided difference of opinion. The 
first point was in connection with the use of the 
higher or lower calorific value of fuel. The last 
committee of the Institution of Civil Engineers 
declared that the lower calorific value ought to be 
adopted, and we are very glad to see that the present 
committee propose to reverse this decision. This 
should have been done long ago. Nobody at the 
meeting defended the views of the framers of the 
1913 Code, and the use of the higher calorific 
value was unanimously endorsed. 

In discussing calorific values, it is somewhat 
surprising that no one raised the question of how the 
moisture in the coal should be treated. The usual 
practice is to test dried samples for calorific value, 
and to call the calorimeter figure the “ gross 
calorific value.” If a tenth of the weight of the fuel 
put into the furnaces consists of moisture, as it 
frequently does, the “as fired” calorific value of the 
coal will only be nine-tenths that of the calorimeter 
figure, assuming the moisture to act merely as an 
adulterant to the fuel. Those who have burnt 
lignitic coals know that the moisture content is 
generally something like 25 per cent. to 30 per cent. 
of the weight of the fuel as fired, so that it is very 
important to have an authoritative ruling on this 
question. We believe that most practical engineers 
would agree that the proper figure to take is the 
“ oross calorific value as fired,” and that this value 
should be arrived at by correcting the figure given 
by the calorimeter in the proportion which the weight 
of the dried sample bears to its weight before drying. 

The next subject upon which the opinion of the 
meeting was asked was the proposal of the Com- 
mittee to omit from the Boiler Code the expression 
“lb. of steam evaporated from and at 212 deg. F.” 
The object of the expression is, of course, to reduce 
all boiler outputs so far as possible to a common 
basis, so that a direct comparison can be made of the 
heat transmission in boilers producing steam at 
different pressures and temperatures and with 
various temperatures of feed water. The phrase is 
really equivalent. to the quantity of heat passed 
through the heating surface per hour, 970 B.Th.U. 
being taken as the unit of transmission. One 
speaker suggested taking 1,000 B.Th.U. per hour 
as a “unit of evaporation” and another appeared 
very anxious to standardise the kilowatt-hour as a 
unit. This, of course, is equivalent to 3,412 
B.Th.U. per hour, which is an awkward figure to 
manipulate. No vote was taken, so that’ it is 
difficult to be sure as to the consensus of opinion, 
but nobody seemed to object to the abolition of 
the expression referred to. As every alternative 
that was suggested recognised the fact that the 
question was one simply of expressing the rate of 
heat transmission in the best way, there is much to 
be said for simply replacing “‘lb. of steam evaporated 
from and at 212 deg. F.” by “ B.Th.U. transmitted 
per hour.” 

The meeting next turned to the consideration of 
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to include the term “* Boiler Horse-power.” It will 
come as a surprise to most engineers that the use of 
the term should ever have crossed the minds of the 
Committee. As a phrase it means nothing, hecause 
the function of a boiler is to make steam, and the 
horse-power that the steam will develop depends 
upon the efficiency of the engine or turbine in which 
it is used. The term obtained currency in America 
at the time when reciprocating engineers required 
about 34:5 lb. of steam per hour per horse-power 
developed. Consequently a boiler which would 
produce 3,450 Ib. of steam per hour was called a 
“boiler of 100 hip.” The term has persisted long 
after it had any correlation with reality, and as 
3°45 lb. of steam per sq. ft. of heating surface 
was considered for many years a normal rating for 
a boiler, a ‘‘ boiler horse-power ”’ soon became the 
equivalent of 10 sq. ft. of heating surface. Hence 
as the term is used to-day, a 500 h.p. boiler means 
one with 5,000 sq. ft. of heating surface, and if it 
is evaporating 6:9 lb. of steam per sq. ft., it is 
said to be operating at 200 per cent. of its rating. 
Engineers in the United States are now giving up 
the term * boiler horse-power ” and it would have 
been more than foolish if the Committee had 
authorised it over here. The slowly dying ‘‘ Nominal 
horse-power ”’ of agricultural and marine engines is 
quite bad enough, without further illogical units. 
No vote was taken at the meeting, but every 
speaker on the subject, American and English alike, 
seemed quite content that the term should fall 
into disuse as soon as possible. 

The last and most contentious poimt of all, 
namely, whether water or steam meters were 
admissible in “comprehensive trials for scientific 
purposes,” hardly obtained the discussion it 
deserved, because the meeting was brought to a 
close after about an hour. It is explained in an 
introductory paragraph to the paper that “the 
fundamental difference between trials for scientific 
and commercial purposes is that the former require 
the ‘measurement of losses and the latter usually 
do not.” A separate code is being prepared for 
each class of trial, and as nothing is said to the 
contrary, it may be taken that equal accuracy is 
assumed in both. The question then becomes 
whether water or steam meters may be used in any 
important boiler trial, commercial or scientific. 
Why instruments of any, and every, kind designed 
to measure water or steam should be stigmatised 
as more inherently unreliable than all the numerous 
weighing devices, wattmeters, pressure gauges, 
pyrometers, thermometers, &c., employed is not 
clear. Like all other measuring apparatus, they 
can ‘be checked before and after the test, and to 
rule them out absolutely as the committee appear 
to be considering, is quite unjustified. To insist 
on weighing methods alone, is not only to render 
many trials too difficult or costly to be undertaken, 
but implies a pretence of accuracy in boiler trials 
which it is absurd to expect. 

Every boiler trial of whatever kind and for what- 
ever purpose involves a knowledge of the calorific 
value of the fuel. Even an eight-hour test on a 
large boiler may involve the combustion of 50 tons 
of coal, and the heat liberated by this quantity of 
fuel is supposed to be obtained by the combustion 
of a few thimblefuls in a calorimeter. Jt not only 
requires a considerable effort of faith to believe 
that the sample or samples taken can be relied on 
as typical of the carloads of coal they represent, but 
added to the sampling errors, are the inaccuracies 
of the calorimeter and of the man who operates it. 
The probable error in any determination of boiler 
efficiency is greater than the probable error of the 
coal analysis, and it is little use worrying about 
refinements of measurement of water or steam until 
the determination of the calorific value of coal is 
put on a much more satisfactory footing. 

Should anyone doubt the justice of these remarks 
he is recommended to get three or four reputable 
analysts to take samples of the same carload of 
coal, and to compare the calorific results obtained. 
Even supposing the'same sample is divided and sent 
to different laboratories, the results may be equally 
discordant. We have before us a set of ten tests 
made by experienced analysts in ordinary com- 
mercial work, showing that if the mean value of 
the figures obtained from the same sample is taken 


as the correct value, then errors amounting to 
nearly 5 per cent. are possible in the calorific value. 
The “ probable error’ in the mathematical sense, 
or the error which will be exceeded in half the 
number of tests and not exceeded in the other half, 
is 1:48 per cent. In other words, any calorific 
test taken at randon is just as likely to be more 
than 1:48 per cent. wrong, as it is to be within this 
degree of error. This, it must be remembered is 
when the different analysts are working on parts 
of the same sample. Had each analyst taken his 
own sample the discrepancies would have been 
many times greater. In view of facts like this, it 
is to be hoped that the Committee will lay down 
rules which will ensure that the calorific value shall 
be checked by more than one analyst, and that a 
sufficient number of determinations shall be made 
and averaged, to obtain the best approximation to 
the true value. The drawing up of such rules is 
not the least important work of the Committee, for 
until the calorific value of the fuel can be relied on 
as reasonably accurate, boiler test results will 
remain subject to the suspicion which at present 
surrounds them. If the deliberations of the Com- 
mittee result in the production of a practical boiler- 
testing code without undue delay, their work will 
be of immense value to all engineers engaged in the 
manufacture and operation of boiler plant. 


UNSOLVED PROBLEMS IN ELECTRICAL 
ENGINEERING. 


THE knowledge and the ideas of any intellectual 
man cover such a variety of subjects and interests 
and, while definite enough in some spheres, shade 
off to such indefinite outlines that any process of 
intellectual stocktaking which will reveal clearly 
to him what he knows and what he does not know 
is practically an impossibility. By limiting his 
scope, however, he may with care and some trouble 
reveal to himself the actual state of his knowledge 
in some selected sphere. The average man cer- 
tainly does not make a practice of any such stock- 
taking, but in the technical sphere he not infre- 
quently finds it done for him. It is an exercise 
which forms a favourite subject for presidential 
addresses, in which the existing stage of develop- 
ment of some branch of industry or science is 
reviewed in a detail depending on the industry of 
the author. A variant on the theme is at times 
introduced by reference to the immediately proxi- 
mate possibilities of advance, and many addresses 
dealing with ‘‘ unsolved problems ”? in some branch 
of engineering have been prepared and delivered. 

Previous contributions to the list of such omnibus 
addresses were added to on Tuesday last, when 
Professor Elihu Thomson delivered the James 
Forest lecture to the Institution of Civil Engineers. 
Professor Thomson took as his subject “ Electrical 
Progress and its Unsolved Problems,” thus claiming 
a sphere which covered the intellectual stocktaking 
to which we have referred, and at the same time 
enabling him to touch on some of the problems still 
awaiting solution in the sphere of work in which he 
occupies such an honourable position. The result 
was an address which all electrical men could read 
with advantage. The ramifications of electrical 
engineering now extend so far and into such alien 
matters that the whole range of its applications 
cannot fall within the practical experience of 
anyone, and a summary by a master covering 
most of the ground cannot but be of value in 
crystallising ideas and illustrating the developments 
of familiar ideas in unfamiliar fields. 

It is neither possible nor necessary for us to 
attempt to follow Professor Thomson in his range 
from the lightning flash to the storage cell. The 
ground in general outline is familiar, and the value 
of the address lies in its summation of the best that 
has yet been done in the various parts of an activity 
which is now as wide as civilisation. The particular 
effect of the address could only be obtained by 
repeating it, and this in the circumstances of this 
week we are quite unable to find: the space for. 
Without attempting in any way to follow, or even 
to mention, all the items of the lecture there are, 
however, certain parts of it which may be selected 
for comment or praise. 

For the everyday engineer the 


‘ 


“unsolved prob- 


lems” part of the address might be expected to 
have particular attraction, and in this respect we 
must confess that Professor Thomson left us some- 
what disappointed. A layman reading this address, 
on the impossible hypothesis that he could under- 
stand it, might pardonably suppose that electrical 
engineering presents few unsolved problems to worry 
about, but this is hardly a likely condition in a 
sphere of work of such magnitude and such every day 
advance. 
unsolved problem in general terms. Large gene- 
rators, motors and transformers have already been 


brought to such a stage of efficiency that it is © 


not unreasonable to suggest that there are no 
important unsolved problems in connection with 
them. In a sense this is so, and as Professor 
Thomson pointed out, such unsolved problems as 
there are are largely concerned with matters of 
insulation. 

It will not do, however, to suggest, because the 
efficiency of many electrical machines is so high, 
that they present no new problems and that their 
design may be taken as final. There are, for 
instance, two very definite lines of advance open 
to the designer of machines neither of which was, 
we think, referred to by Professor Thomson. There 
may naturally be others, but some occur to us as 
very immediate and obvious, although possibly one 
of them may be considered to have been lifted out 
of the region of unsolved problems in recent months. 
The most obvious concerns the speed control of 
three-phase motors. There are too many attempted 
ways of carrying out this control, and each of them 
has too many limitations for it to be suggested 
that there is no problem here. There are no doubt 
many cognate problems, and the recent appearance 
of the Transverter suggests that there may be 
quite new possibilities in connection with some of 
our most common methods. Until its appearance 
the problem of the production of extra high-tension 
direct current in quantities was an unsolved problem; 
and even if the Transverter may be considered to 


have met the condition there is still much to learn — 


It is naturally difficult to define an 


and much to do in taking advantage of the possibi- — 
lities which this machine has introduced. The whole ~ 


question of very high tension distribution by 
cables, which is sometimes necessary or desirable, 
still offers many problems for solution, as is suffi- 
ciently made evident by the changes from current 
practice proposed by Major A. M. Taylor in con- 
nection with his hexaphase system of alternating 
current transmission. 

It may possibly be suggested that in bringing 
forward subjects of the kind we. have been dealing 
with, we are approaching the question, not of 
unsolved problems, but of the possible lines of 
development of the future, which was, perhaps 
hardly Professor Thomson’s subject. In our own 
defence, however, we must point out that at times 
he did not hesitate to touch on such possibilities, 
and in one quite definite case of an unsolved problem 
we find it difficult to agree with his verdict. Dealing 
with the development of the incandescent lamp up 
to its latest form, in the gas-filled lamp, he con- 
cluded, .““ It would seem now, looking into the 
future, that but little further advance in this field 
is to be expected.’ This is speculation about the 
future, but there is a very definite unsolved problem 
in connection with the matter. As Professor 
Thomson himself said, ‘‘ Even at the best only a 


small percentage of the energy is represented by the ~ 


light emission.’ This surely indicates an unsolved 
problem. The fact that the present lamp is such 
an advance on its carbon prototype is no argument 
that finality has been reached, and it would appear at 
least possible that more may yet be done in the 
direction of selective radiation. If we may say so, 
the electric lamp, with its remarkable history of 
development, appears a specially dangerous article 
to postulate as having reached its limit. 

One class of electrical work in which there are 
many unsolved problems is that of wireless teleg- 
raphy and telephony. This is, no doubt, partly 
due to the remarkably rapid advance of practice in 
thése spheres. As Professor Thomson pointed out, 
“a characteristic of our age is the comparatively 
rapid development in practice of the new dis- 
coveries of science,” and it is doubtful if in any 
branch of activity this immeédiate application of 
theoretical results has been more striking than in 
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wireless. ‘This matter is, however, also complicated 
by its dependence on, and relation to, atmospheric 
and even cosmic phenomena. An electrical machine 
can be tested, and its output and efficiency measured 
with an accuracy which can hardly be approached 
in any other kind of engineering work, since the 
various conditions and qualities concerned are so 
definitely known and the reliability of measuring 
instruments is so high. When one comes to wireless 
transmission, however, a step is made from the 
postulated and recorded into the unknown. Atmo- 
spheric interference and the phenomenon of “fading” 
are connected with influences outside the control 
of any designer, offering enormous difficulty to 
investigators. No doubt, in due course the accu- 
mulation and collation of data will enable the 
necessary conditions to be more satisfactorily met, 
but the whole subject still forms at least one electrical 
field which bristles with unsolved problems. 

One of the branches of engineering work in which 
advance has been rapid and continuous over many 
years is that concerned with the manufacture of 
metals and alloys. This progress has had its full 
share of bearing on electrical. advance,.and, as 
Professor Thomson pointed out, the losses of power 
by eddy currents and hysteresis have been steadily 
reduced by advances in metallurgy. This is a field 
of such steady advance, however, that his expecta- 
tions of still further progress are not surprising. 
The discovery of a permanent alloy which magneti- 
cally saturates in the earth’s field alone, and the new 


cobalt steels for permanent magnets are suggestive | 


of quite remarkable further possibilities in the 


bearing of metallurgical work on electrical engi-' 


neering. Aluminium, which is still a comparatively 
new metal on a commercial scale, has not, perhaps, 
taken quite such a prominent place in electrical 
work as might have been expected. It, however, 


forms an admirable understudy to copper for very 


many applications, and it would require but a 
slight movement in relative prices for it to come 
into much more extensive use. It has not in 
general, we think, been used in actual electric 
machine construction, but Professor Thomson 
mentioned such an application for which it has 
been found advantageous. This was for the rotor 
conductors of squirrel-cage motors, for which purpose 
aluminium allowed of the cage being cast complete 
and in place without any joints. Mechanically this 
would appear to be an attractive method of construc- 
tion, but we hardly follow Professor Thomson 
when he suggests that the lower conductivity of 
the aluminium as compared with copper is “‘ of 
advantage in the process of starting such induction 
motors.” If it is an advantage to increase the 
resistance of the rotor, surely it can be done even 
when copper is used by reducing the size of the 
conductors, and incidentally saving money. 


THE NORTH TEES POWER STATION. 
(Continued from page 755 of previous volume.) 


Havine given in our previous article a general 
description of the North Tees station, with par- 
ticulars of its lay-out and equipment, we will now 
consider the design from the thermodynamic point 
of view. The advances in practice which have been 
embodied in the North Tees plant will be best appre- 
ciated by comparing this station with the Carville 
“B” station, which so long held the record for 
economy. The comparison is the more interesting 
in view of the fact that both stations have been 
designed by Messrs. Merz and McLellan—Carville 
“B” in 1913 and North Tees in 1917—so that such 
changes as have been made are in no way due to 
the diverging views of different engineers. Both 
stations, indeed, have one feature in common— 
namely, that each, when constructed, represented a 
step in advance of current practice, the boldness of 
the step in the case of North Tees giving that plant 
a very special interest. The success of Carville is a 
matter of common knowledge, and no ‘person in a 


position to judge has any doubt that even more | 


striking results will be obtained at the newer station 
as soon as the local industrial conditions are such 
as to provide an adequate load for it. ; 

The feed-heating arrangements at~ North Tees 
are shown diagrammatically in Fig. 10,’ which also 


the feedwater heating is accomplished, the water 


indicates the re-heating connections. Referring first 
to the latter, it will be seen that the steam leaving 
the high-pressure cylinder can be by-passed if 
desired direct to the low-pressure cylinder without 
passing through the reheater. Provision is also 
made for by-passing this steam direct to the 
condenser. This is done automatically in the event 


TaBLe I. 


North 


Carville 
Sah 2 Yi Tees, 


Normal rated capacity 
turbo-alternators 
Speed of turbo-alternators 
r.p.m. 2,400 
Steam pressure (gauge) at stop 
valve .. lbs. per square inch 
Steam temperature at stop 
valve .. ote deg. F. 
Condenser vacuum (bar = 30”) 
ins. Hg. 


of 
k.w. 20,000 
2,400 
450 
650 
29-25 
To 500 deg. F. 
at “6b. Ibs, 


gauge. 
To 300 deg. F. 
in three stages 


9-85 
Computed. 


40-7 


Re-heating of steam 


Feed water heating 


Steam consumption (see note) 
Ibs. per k.w.-h. 


Efficiency of heat cycle 
per cent. 
Efficiency ratio of turbo-alter- 
nator .. per cent. 75:5 
Computed. 
Overall thermal efficiency of 
turbo-alternator to vacuum 
temperature .. per cent. 


25-5 30-7 


Note to Table I: The steam consumption given for the Car- 
ville turbo-alternators is an actual test figure, corrected to. the 
nominal steam and vacuum conditions of the station. It is 
somewhat better than was guaranteed by the makers of the 
machines. The corresponding figure given for North Tees is 
calculated from the guaranteed efficiency of the machines, and 
is not based on a test. One stage of feed-water heating to 165 
deg. F. has been provided for at Carville, and has since been 
put into commission. It is estimated that the overall efficiency 
of the turbo-alternator is improved to 26:4 per cent. by this 
change. 
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lift-pump and delivered through a heater where it 
picks up the heat from various drains. Tt passes 
on through another heater to which the steam coming 
out of the glands is connected, and thence to the 
first of the three main heaters. This receives steam 
at 5 pounds absolute pressure from the low-pressure 
turbine. The water next passes through the inter- 
mediate heater, which is heated by steam at higher 
pressure, and finally back through the auxiliary 
heaters as shown to the suction of the boiler feed 
pump. This pump normally delivers it through the 
Weir pressure heater already referred, to, to the 
boilers. This heater can be by-passed if desired, 
and indeed the whole of the feed-heating arrange- 
ments can be short-circuited and water delivered 
direct from the hot-well to,the boilers in emergency, 
by manipulating the appropriate valves. 

To facilitate the comparison between the two 
stations, we give in Table I a summary of the 
principal facts relating to the generating units in 
the respective plants. 

It will be noted from the table that the steam- 
pressure has been increased from 250 lb. to 450 lb., 
and the vacuum from 29 in. to 29-25 in., the North 
Tees station thus using steani which exceeds both 
the higher and the lower limits of the heat-drop 
tables published in 1917 by the British Electrical 
and Allied Manufacturers’ Association. The adia- 
batic heat drop at North Tees is 487°5 B.Th.U., and 
that at Carville is 442-6 B.Th.U., but no direct 
comparison on this basis is possible because of the 
different cycles employed in the two cases. All, 
that can be fairly said is that if the Carville steam 
pressure and vacuum were increased to the North 
Tees figures, the cycle remaining the same as at 
present, the efficiency of the Carville cycle would 
be raised from 34-4 per cent. to 37°6 percent. The 
difference between this and 40-7 per cent. is there- 


L.P. Turbine Cylinder 


ul Drean from Pifarbine Cliad 


2 Dia Connection 
from Wer Heater 


Automatic Byepass 
Valea toly edness 


(8578.A.) 


of the turbine suddenly losing its load, for it is 
evident that without some safeguard of this sort, 
the presence of a large quantity of superheated steam 
at 65 Ib. pressure, out of control of the governor 
could do-enough-work in-the low-pressure cylinder 
to cause the machine to race dangerously. Some 
of the high-pressure exhaust, before re-heating, is 
drawn off through a 7-in. connection to a Weir 
feed-heater, in which the third and final stage of 


leaving this heater at a temperature of 300 deg. F. 
The path of the condensate through the various 
heaters can be readily followed from the diagram. 
The extraction pump delivers it from the con- 
denser to’ a-hot-well. It is drawn thence by a 
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fore the gain in cycle efficiency due to re-heating the 
steam and heating the feed-water by stages, as is 
done at North Tees. The actual benefit gained by 
re-heating the steam is greater than the improve- 
ment of the cycle which it causes, for reasons which 
will be referred to later and the benefit accruing 
from this cause is taken into account in the last 
two entries in the table. 

The ideal heat cycle for an engine is one in which 
the whole of the heat is put into the working fluid at 
the highest temperature that can be safely used and 
the whole of the rejected heat is disposed of at the 
lowest practicable temperature. These conditions 
are characteristic of the Carnot cycle. If such a 
cycle were possible, the conditions at Carville would 
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permit of a limiting or “ Carnot ” > efficiency of 51:3 
per cent., and at North Tees of 52°3 per cent. It is 
not, of course, possible to put all the heat into steam 
at the highest temperature, which in both the 
stations we are considering is 650 deg. F. At 
Carville ““ B ” the average temperature at which heat 
is given to the steam is 364 deg. F., but in North 
Tees an average temperature ‘of 440 deg. F. is 
attained. The different conditions and tempera- 
tures at which heat is imparted to the steam at the 
respective stations are shown in Table II. The 
increase in the steam pressure from 250 Ib. to 
450 lb. per square inch raises the boiling temperature 
from 406 deg. F. to 460 deg. F., and it will be seen 
at once that the average temperatures at which 
water is heated, evaporated and superheated are all 
therefore raised and the efficiencies of the processes 
increased accordingly. Progressive feed-water heat- 
ing to 300 deg. F. by bleeding the turbine, &c., and 
without the addition of any new heat, raises the 
average temperature at which the water is heated in 
the boiler to a point about midway | between 
300 deg. F. and 460 deg. F., or 383 deg. F., instead 
of midway between 90 deg. F. to 460 deg. F. 

When the steam is reheated after leaving the 
high-pressure cylinder of the turbine, fresh heat 
is added at an average temperature approximately 
midway between the temperatures at which the 
steam enters and leaves the reheater. There is a 
gain in the cycle efficiency if this average temperature 
of reheating is higher than the average temperature 
at which the original steam is made and superheated. 
At North Tees, owing to the impossibility of getting 
steel castings for the low-pressure turbine cylinder 


Tasie III.—Calculated Thermal Efficiencies. 


Carville North 
. BS Tees. 
Thermal efficiency of turbo-alternator Bee 

Table I) re oo 55 5 25-5 30:7 
B.Th.U. | B.Th.U. 
Useful heat per kilowatt-hour sent out 3,412 3,412 
Heat rejected to condenser .. 9,784 7,484 
Heat lost in alternator (at 5 per cent. ) ye 180 180 
Turbine mechanical losses (at 1 per cent.) .. 36 36 
Heat input to turbine steam. . 13,412 11,112 
Heat lost in boiler (at 15 per cent. ue 2,369 1,961 
Heat input to boiler (higher C.V. of fuel) ..| 15,781 13,073 
Heat lost in auxiliaries, &c. (at 20 per cent.)} 3,950 3,268 
Total B.Th.Us, in fuel per unit sent out 19,731 16,341 
Per cent. | Per cent. 
Overall thermal efficiency : Pa 17°3 20-9 
Improvement in North Tees over Carville ae — 20°8 


” 


NotEe.—The calculations for Carville ““B”’ are based on test 
values for the efficiency ratio of the turbo-alternators and the 
boiler efficiency. Those for North Tees are based on guaranteed 
figures. Assumptions as to auxiliary and operating losses have 
been made in both cases. Variations in operating conditions, of 
course, affect these figures appreciably, and, indeed in the case of 
Carville ‘‘ B”’ the calculated efficiency has been corrected from 
time to time. 
during the war period the average temperature of 
reheating is too low to show much gain in cycle 
efficiency. The use of cast iron for the low-pressure 
cylinders made it necessary to limit the temperature 
of the reheated steam to 500 deg. instead of raising 
it to the upper temperature of 650 deg. F. The chiet 
gain due to reheating is therefore in the improved 
efficiency ratio of the turbine due to the drier steam 
at the exhaust end. 

It may be pointed out that, while the use of high- 
pressure steam improves the cycle efficiency on 
account of the higher average temperature at which 
it is formed, it has by itself a tendency to reduce the 
efficiency ratio of the turbine for two reasons. Not 
only does its greater density increase the frictional 
losses in the high-pressure cylinder, but, owing to its 
greater pressure at the dew-point in the low-pressure 
cylinder, a greater proportion of the work in this 
cylinder is done by supersaturated steam, with a 
consequent increase in supersaturation losses. e- 
heating the steam between the cylinders more than 
cancels these losses, because practically throughout 
the low-pressure cylinder the reheated steam is 
superheated and is almost dry at the exhaust. 

The improvement in North Tees over Carville 
from the thermodynamic point of view is shown most 
strikingly by the entropy diagrams, Figs. 11 to 14, 
annexed, which have been prepared by Mr. W. T. 
Bottomley of Messrs. Merz & McLellan’s staff, who 
has been closely associated with the advanced 


for North Tees, Figs. 13 and 14. There are no 
economisers at North Tees, the feed heating being 
done by the steam itself. The area to the left of 
Fig. 13, shown in dotted lines represents the heat 
used for this purpose, amounting to 231-1 B.Th.U. 


thermodynamic design of North Tees. The first 
pair relate to Carville. Fig. 11 shows graphically 
the quantities of heat put into a pound of the 
Carville steam by the economiser, boiler, and super- 
heater respectively. Of the total input of 1,289-4 


B.Th.U., the economiser contributes 160°3 B.Th.U.,| per lb. The boilers receive the feedwater at 
TABLE It. 
Stage of Heating. | Water. | Wet Steam, ; sup need | rere | Total. 
Power station | Carville | North | Carville} North | Carville North Carville North | Carville} North 
Bi Tees, TBI Tees. epBige Tees. SBas Tees. Bae Tees. 
Per cent. of total heat in steam..| 25-8 14:5 63-7 66-2 10:5 10-6 = 8-7 | 100 100 
‘Temperature range, deg. F. 90-406 | 300-460| — 406 460 | 406-650 | 460-650} —  |378-500| 90-650] 300-650 
Average temperature at which ‘ 
heat taken in deg. F. .. ; 238 383 406 460 516 552 = 436 364 440 
CARVILLE B. TEMPERATURE ENTROPY DIAGRAM. 
SHEWING RELATION BETWEEN INPUT HEAT TO STEAM & OUTPUT HEAT. 
PRESSURE 250 LBS. PER SQ.IN.GAUGE. STEAM TEMPERATURE 650°F. 29° VACUUM. 
CYCLE EFFICIENCY = /5¢5-6 = 34-4% 
Fig.11.HEAT INPUT TO STEAM-B.T.US PER LB. Fig.1Z,HEAT OUTPUT FROM STEAM-B.T.U°PER LB. 
Economiser = 160-3 Heat Available —- 
700— Botler = 994-0 700 Me - 442-6 
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500 - 500 
3 400 400 
5 300 3 300 
es Heat Input by Ss 
200 A 200 
iS Boiler -994-0 Ry 
§ 700- $ 100 
= Ke 
Soff Zo 
nt = j 7 Heat Lost in Condenser 
: 100-| XS Siesg -846-8 
Sa) 
§-200-| \3 SY 5-200 
me 
wy 300 3 pS 300 
\3 5) 
-g004 WS ~400 


-500 
(8578 B.) 


-500 
Note : Areas Represent Heat Energy 


NORTH TEES. TEMPERATURE ENTROPY DIAGRAM. 
PRESSURE 450 LBS. PER SQ.IN,GAUGE. STEAM TEMPERATURE 650°F. 29/4" VACUUM. 
REHEAT AT 65LBS. PER SQ./N. GAUGE TO 500°F. 3STAGES FEEDWATER HEATING TO 300F, 


CYCLE EFFICIENCY = 232 = 


Fig. 13. HEAT INPUT TO STEAM. B.T.USPER LB. 
Boiler = 939-3 
700 Superheater = 124 
Inter Stage Heater = 101-4 
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the boiler 994 B.Th.U. and the superheater 135-1 
B.Th.U. Fig 11 shows how this heat is disposed 
of on the Rankine cycle, 846-8 B.Th.U. being 
rejected to the condenser, and the remaining 442-6 
B.Th.U., or 34-4 per cent of the total, being 
available for mechanical work on the turbine. 


=407%. 
Fig.14: HEAT OUTPUT FROM STEAM. B.T.USPER LB. 
Heat Available for 
700—_ Mechanical Energy 473 


600 
500 


y Heat Available 
H. me Gunde 167-2 


S 


Ss 


Heat Lost in Condenser 
=697-2 


Heat Extracted trom 


Turbine in 3 Stages for 


Feedwater Heating = 231-1 


Note: Areas Represent Heat Energy. 


300 deg. F. and add a further 939-3 B.Th.U. of 
heat per lb., which results in the production of 
saturated steam at 450 Ib. per square inch. It will 
be noticed that the boilers actually do less work to 
every pound of water passing through it than 1s _ 
done by the Carville boilers, but, other things being _ 


We may now turn to the corresponding diagrams | equal, more water would have to be evaporated by 
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the North Tees‘boilers because some of the steam 
is used for feed-heating. The superheater increases 
the temperature to 650 deg. F., adding 124 B.Th.U. 
per Ib. in the process, and the steam then goes to 
the high-pressure turbine. It expands in this turbine 
down to 65 lb. per square inch, its temperature fall- 
ing to 378 deg. F. after allowing for the losses carried 
over from the previous stages. This is well above 
the saturation point, so that there is superheat, with 
all its advantages, throughout the high-pressure 
turbine. Reference to Fig. 14 will show that 
167-2 B.Th.U. are rendered available for work by 
this expansion. The steam is now returned to the 
boiler-house and reheated to 500 deg. F., receiving 
an addition of 101-4 B.Th.U. per lb. in the process. 
It then goes back to the low-pressure turbine, 
the greater part of it giving up its heat in doing 
useful work, but some being withdrawn at three 
different pressures for feed-heating. Altogether the 
steam has had 1,164:7 B.Th.U. of fresh heat given 
to each pound of it, of which 691-2 B.Th.U. is 
rejected to the condenser, leaving 473-5 B.Th.U. 
available for mechanical work in the two turbines. 
Thus 40-7 per cent. of the total heat is available 
for work, this being the efficiency of the cycle. 
The low-pressure turbine develops 306-3 B.Th.U. 
from rather less than a pound of steam, as some is 
tapped off for feed-heating, and returns 231-1 
B.Th.U. to the feed-water. 

Tt should be mentioned that the figures given in 
this article are based on Marks and Davis steam 
tables, which were in general use until recently. 
The less convenient, but more accurate, tables by 
Callendar now used give heat-drops fractionally 
greater than those taken in the article. 

We give in Table III a comparison of the calcu- 
lated commercial overall efficiencies of Carville 
“B” and North Tees Power Stations together 
with a summary of the heat losses in the two cases. 

We desire to acknowledge our indebtedness to 
Messrs. Merz and McLellan the designers of both 
the Carville and the North Tees power stations, 
and to their technical staff for information with 
regard to these noteworthy plants, also to the 
Newcastle-upon-Tyne Electric Supply Company for 
permission to publish the description of their North 
Tees station. 


Tue “ Torus” Lurrine CRaNE.—Messrs. Stothert & 
Pitt, Limited, Bath, inform us that the resignation of 
their chief engineer, Mr. C. M. Toplis, will not affect the 
manufacture of their patent horizontal luffing cranes 
(“ Toplis ”’ patents), the sole interests and any subsequent 
cei eetpaiial in the patents being assigned. exclusively 
to them, 


Fie. 8. Retn-Drive Tractor AND PLOUGH. 


Fie. 9. Front View or Retn-Drive Piovcs. 


THE ROYAL AGRICULTURAL SHOW 
AT LEICESTER. 
(Concluded from page 23.) 

WE referred last week to the Rein-drive tractor 
exhibited by Messrs. John Fowler & Co., Ltd., of 
Leeds,-and we are now able to illustrate this 
interesting machine in Figs. 8 and 9, above. 
In the former illustration the tractor is shown 
attached to a plough, though, of course, it may 
equally well be applied to any other implement. 
The driver, as will be seen, sits at the rear of the 
plough and controls the tractor by means of a pair 
of leather reins only. An appropriate movement 
of his wrist or arm is quite sufficient for starting, 
stopping, reversing or steering the vehicle, his right 
hand being completely free all the time for any 
desired manipulation of the plough. The ease of 
control was demonstrated at the Royal Show by 
allowing any person interested to test it himself, 
when it was evident how readily the machine 
responded. to the reins and with what ease it could 
be manceuvred. The tractor, which has two road- 
wheels only, is rigidly coupled to the vehicle it has 
to pull, a telescopic tubular drawbar permitting of 
ready attachment to any implement. The main 
frame and gear-box is composed of a single casting, 
so that permanency of alignment is assured and a 


to the front, and back rollers. 


two cylinder V-type engine running on paraffin and 
giving 30 b.h.p. at 1,000 r.p.m. is mounted cross- 
wise behind the radiator. The cylinders are 5} in 
bore by 74 in. stroke and the single throw crank- 
shaft is carried on ball bearings, the big end of the 
connecting rod working on roller bearings. The 
tractor has automatic lubrication throughout, the 
only attention this requires being the daily re- 
plenishment of the oil tank. All parts of the engine 
are continuously fed with fresh oil by a multiple 
force-feed pump, the oil never being used again, so 
that the trouble often experienced in paraffin 
engines due to the dilution of the crank-case oil with 
paraffin is entirely eliminated. The cast-steel trac- 
tor wheels are 40 in. diameter and 11 in. broad. 
They are fitted with removable traction pads, and 
the whole design is such that the wheel rolls over 
these pads on the ground, with the result that the 
intensity of pressure on the earth is much less than 
would be due to the wheels alone. The tractor is 
supplied with a trailing truck, running on two 30 in. 
wheels of ordinary design, and capable of carrying 
a load of 2 tons. Considerable experience has been 
gained in the use of the Rein-drive tractor in 
Australia where the design originated, and it appears 
likely to meet the conditions in this country equally 
well. 

Messrs. Barford & Perkins, Limited, of Peter- 
borough, who were, we believe, the original makers 
of motor-rollers, showed a large variety of these 
machines at Leicester, ranging from small ones 
suitable for lawns and cricket pitches to those 
equal to the heavier road-work. One of the firm’s 
12-ton rollers, similar to that illustrated in Fig. 10 
on page 60, wasonthestand. The back rollers are 
66in. diameter by 194 in. wide and the front roller 
is 48 in. diameter by 50 in. wide, a width of 6 ft. 
9 in. being rolled on each passage of the machine. 
The wheel-base is 9 ft. 10 in., the overall length 
18 ft. 14 in. and the height 9 ft. 3 in. over the 
awning. In addition to the natural weight of the 
machine. water-ballast of 2 tons 12 cwt. can be 
carried. Power is provided by, a four-cylinder 
petrol or paraffin engine, having cylinders 120 mm. 
bore by 140 mm. stroke, developing from 35 b.h.p. 
to 40 b.h.p. Rolling can be done either at 14 miles 
or 23 miles per hour in either direction, and there is 
in addition a forward travelling speed of 4 miles per 
hour. The fuel tank has a capacity of 50 gallons, 
and a water sprinkling tank holding 120 gallons 
can be furnished as an,extra, with sprinkling pipes 
A scarifier can also 
be fitted, as ‘shown i in the illustration, and to make 
the machine more generally useful a pulley can be 
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fitted to drive a stone-breaker or other machinery, 
and spring drawbars to enable loads to be hauled 
from the front or back of the roller. <A feature of 
particular interest is the arrangement of the whole 
of the transmission gear, engine and radiator on a 
separate sub-frame, which is bolted to the main 
frame carrying the rolling wheels and tanks. The 
sub-frame can be lowered and pulled out backwards 
when a thorough examination or extensive overhaul 
of the machinery is required, and the engine and 
gearing can be tested in this position before the sub- 
frame is returned to its place. 

'The exhibit of Messrs. Fielding and Platt, Ltd., 

of Gloucester, consisted of three horizontal four- 
cycle, single-cylinder oil engines rated respectively 
at 16, 30, and 52 brake horse-power. All these 
engines are of the type illustrated in Fig. 11. The 
makers have concentrated their attention upon the 
hot-bulb, low-compression type of engine in prefer- 
ence to the high-compression, cold-starting design, 
holding that for ordinary users the advantages of 
a\moderate cylinder pressure both in respect of ease 
of starting and lowness of maintenance, more than 
outweigh the slightly greater economy claimed 
for the rival type. The Fielding engines of the 
single-cylinder pattern are built in eight standard 
sizes ranging from 16 brake horse-power at 330 r.p.m. 
to 100 brake horse-power at 210 r.p.m., and twin 
engines from 128 to 200 brake horse-power are 
also supplied. The largest engine exhibited at 
Leicester developed a maximum of 52 brake horse- 
power at 240 r.p.m. with a cylinder 124 in. bore 
_by 22-in. stroke. Like the other engines of its 
design, it could be started in about two minutes from 
cold and would use as fuel the cheapest oils up to 
0-95 specific gravity. The simplicity and reliability 
of engines of the type in question has brought them 
into extended use for the supply of power to small 
works, even in districts such as Birmingham, where 
they have to compete with a cheap and abundant 
supply of electricity. 

We mentioned last week a new type of cold- 
starting crude-oil engine exhibited by Messrs. 
Blackstone and Co., Limited, of Stamford, which 
was noticeable on account of the nature of the 
fuel-injection gear employed. This gear we are 
now able to illustrate in Figs. 12 and 13, on page 61. 
The engine, as will be gathered from the drawings, 
is of the horizontal single-cylinder, open type. 
A small disc-crank, the pin of which is provided 
with angular adjustment, is attached to the end 
of the lay shaft and causes the continuous oscillation 
of the rocking lever A. A roller on this ‘ever 
works in contact with the hardened-steel cap B, 
the inward motion of which compresses the stiff 
spiral spring seen in Fig. 12, and so tends to force 
the plunger C forward. The front end of the 
plunger C is in contact with fuel oil which is trapped 
between the ball inlet-valves and the spraying 

_valve D, and the plunger therefore cannot move 
until the spraying valve is opened. On the rocking 
lever A is an abutment, which at the forward end 

of the travel of the lever comes into contact with a 

pin E, as shown in Fig. 12. This pin is forced inwards, 

thus counteracting the pressure of the spring F, 

which otherwise holds the injection valve D, closed 

through the medium of the levers shown in the 
plan, Fig. 13. An almost insignificant movement of 

E is sufficient to release the injection valve, when 

the fuel is suddenly injected by the action of the 

spring on the plunger C. On light loads the governor 

does not permit the fuel pump to force so great a 

quantity of oil in front of the plunger C, so that 

the plunger has a shorter travel, and the injection 
does not last so long. The moment of injection is 
however, unaltered, as this is determined by the 
contact of the lever with the pin E. It will also be 
noted that the force with which the oil is injected, 
being dependent only on the action of the plunger 
spring, will not vary with the speed of the engine, 
and a proper spray will therefore be obtained from 
the moment of starting the engine. The compres- 
sion pressure on these engines is 350 Ibs. per square 

‘inch. The Blackstone “spring injection” engines 

of the single-cylinder type are built in sizes from 

4 to 150 brake horse-power, while by multiplying 

the cylinders powers up to 900 brake horse-power 

‘are provided. In all these engines starting is 
‘effected directly from the cold condition. The 
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smaller sizes can be turned off by hand, but larger 
engines are got away with compressed air from 
containers, which are charged automatically from 
the engine cylinder when the engine is at work. 
The number of windmills exhibited at Leicester 
appeared to be about the same as usual. Most of 
these are arranged to work reciprocating pumps 
for farm and domestic water supply. Messrs. 
Telford, Grier and Mackay, Limited, of 2 to 10 
Carrick-street, Glasgow, are, however, demon- 


‘strating the possibility of employing windmills for 


electric lighting purposes. ‘The windmill is of the 
usual multivane type on either a light steel tower 
structure or a single steel pipe-mast supported by 
guys. The “ Airolite wind turbine,” as the machine 
is called, has a weatherproof dynamo at the top of 
the tower or mast, driven through gearing. The 
whole of the running parts work in ball or roller 
bearings. The “ Airolite”’ plant is listed in eleven 
sizes, the smallest comprising a 9-ft. wheel geared to 
a dynamo rated at 300 watts, and ranging to a 50-ft. 
wheel driving a 21 kw. dynamo. The former is 
stated to develop 100 watts and 300 watts, res- 
pectively, in 10 m.p.h. and 20 m.p.h. breezes, while 
under similar conditions the latter will develop 
6 kw. and 18 kw. A 9-ft. wheel complete with 
dynamo, and a 30-ft. tower is listed at 160/., the 
price for a 50-ft. wheel and dynamo on a 70-ft. tower 
being 1,000/, The necessary batteries are extra in 
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each case. Assuming that the 50-ft. plant could be 
erected complete with batteries for 1,600/., and that 
in a favourable situation it would generate 24,000 
kw.-h. per annum as stated, it is evident that even 
with a liberal allowance for interest and depreciation 
the cost of electricity would be far less than the 
average price paid by town consumers. | 
Very large displays of agricultural engines and 
machinery were made by Messrs. Marshall, Sons 
and Company, Limited, of Gainsborough, and by 


i Messrs. Clayton and Shuttleworth, Limited, of 


Lincoln. Both firms showed portable steam engines 
of the familiar type. It may be noted with regret 
that the meaningless term, “ nominal horse-power,” 
is still retained for portable and traction engines 
by manufacturers. Steam road rollers are also 
shown by both the firms named, as well as crude oil 
engines, thrashing machinery, traction engines, &c. 
In the latest design of the Marshall road rollers, 
interchangeability of parts appears to have been 
pushed to the utmost limit, even the boilers being 
interchangeable one with another. All parts 
can therefore be replaced either from stock or from 
other machines, and put into service without any 
fitting whatever, a feature which will be much 
appreciated by those who have to maintain these 
vehicles on the roads. The engines are fitted with 
piston valves operated by radial valve gear. Each 
road wheel has its hub and spokes combined in a 
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substantial steel casting, so that the danger of 
broken or loose spokes is eliminated. The roller 
rims are renewable, and the interchangeability of the 
driving wheels allows of their positions being changed 
should scarifying cause one side to be subject to 
more wear than the other. 

In the above account of the Show considerations 
of space have made it impossible to refer to a large 
number of exhibits. Some of these, including 
the cable-ploughing engine of Messrs. Blackstone | 
and Company, Limited, and the new steam wagon 
of Messrs. John Fowler and Company (Leeds), 
Limited, we hope to deal with in subsequent issues. 
The extensive display of small petrol and oil engines 
for various purposes by Messrs. R. A. Lister and Com- 
pany, Limited, of Dursley, Gloucestershire ; Messrs. 
Petters, Limited, of Yeovil; the National Gas 
Engine Company, Limited, of Ashton-under-Lyne ; 
Sir W. G. Armstrong, Whitworth and Company, 
Limited ; Messrs. Ruston and Hornsby, Limited, of 
Lincoln, and other well-known firms, can only be 
given passing mention. Messrs. W. & T. Avery, 
Limited, of Birmingham, were at the show as usual 
with weighing machines, an advantageous feature of 
some of these being the position of the whole of the 
knife edge mechanism overhead, out of the way of 
water and dirt. Messrs. George Cradock and Com- 
pany, Limited, of Wakefield, were also present with 
a large variety of steel ropes for practically all pur- 


poses.; 


Royay Soctery or Arts.—The Council have awarded 
the Society’s silver medal to the authors of seven papers 
read at the ordinary meetings, to the authors of two read 
in the Indian Section, and to the authors of two read in 


the Dominions and Colonies Section, 


INDUSTRIAL NOTES. 


A ConrERENCE was held last week in London between 
representatives of the Engineering and Allied Employ- 
ers’ Federation, and of the Amalgamated Engineering 
Union and of other trade unions having members 
working in the engineering industry, with a view to 
discuss the unions’ application for an all-round increase 
of £1 per week in the wages of all grades of workers. 
Sir Allan Smith occupied the chair, and reviewed the 
economic position of the industry, the rates of wages, 
cost of living, cost of transport and all other items such 
as rates and taxes which affect the cost of production. 
Mr. J. T. Brownlie, president of the Amalgamated 


| Engineering Union, re-stated the men’s case for the 


advance, adding that its grant by the employers 
would not make up the real cash value of the men’s 
earnings to the pre-war level of wage values. It was 
decided to adjourn the joint conference until Wednes- 
day, the 16th inst. 


The twenty-fifth annual report now issued by the 
General Federation of Trade Unions states that the 
number of societies affiliated in 1922 was 126, with an 
aggregate membership of 1,371,634; in 1923, the 
figures were 125 and 1,056,131; and in 1924 they 
were 117 and 920,050. Receipts followed the falling-off 
in membership, and were, for 1924, 60,952/., as against 
71,0201. in 1923. In 1924 the reserve fund stood at 
108,960/. The report states also that the tragedy of 
the unofficial strike as recently practised was the 
misery it unsympathetically inflicted upon other trade 
unionists. Some leaders of these strikes had spoken 
contemptuously of the general public. But 90 per 
cent. of the general public were workers, or the 
dependants of workers, and to the extent that these 
were inconvenienced and prejudiced the unofficial strike 
was anti-social. Sooner or later the public would 
realise the anti-social nature of the unofficial and 


so-called sympathetic strikes, and might then act 
as drastically towards the strikers as the strikers 
had acted against them, because they believed that 
such strikes held up the public services, inflicted 
hardship upon the community and if ‘persisted in 
might become an effective ‘way of promoting unem- 
ployment, of dissipating trade union and_ friendly 
society funds, and of bringing ruin upon industries 
without which the people could not live. 

Since our last announcement, on page 24 unte, 
the situation in the building trades has become worse. 
‘The proposal prepared by the employers and submitted 
to the Minister of Labour read ‘as follows: “‘ Upon 
appointment of a Court of Inquiry, and in order to 
preserve a state of peace during the same, the employers 
will suspend their notices pending the report of such 
Court, provided that the operatives on strike at Liver- 
pool and other places return to work immediately, 
and that the National Federation of Operatives 
suspend their other hostile actions against constitu- 
tional agreements pending the issue of such report.” 
We may here remark that Mr. A. G. White, Secretary 
of the Employers’ Federation, has denied that the 
unofficial strike at Liverpool was the sole reason 
for the national lock-out. The employers regarded 
the Liverpool strike only as a culminating instance of 
a long series of breaches of agreement. The employers’ 
proposal which we give above was ‘submitted to the 
men, who did not receive it favourably. The Court 
of Inquiry was appointed, and commenced sitting at 
the Law Courts on Friday last. It consists of Lord Buck- 
master, Chairman; Mr. F. A. Hargreaves, Chairman 
of the Cotton Spinners’ and Manufacturers’ Association ; 
and Mr. A. Pugh, General Secretary of the British 
Tron, Steel and Kindred Trades’ Association. In the 
meantime the building operatives in large numbers 
went out on strike last Saturday. 


The annual conference of the National Union of 
Railwaymen is being held this week at York. In the 
course of his opening address, Mr. J. Marchbank, the 
retiring president, recalled the efforts of the. railway 
companies to obtain modifications of the national 
agreements, and said the union successfully defended 
the main principles, adding that the decision to accept 
the findings of the National Wages Board, in view of 
all the circumstances, was a wise one. The National 
Union of Railwaymen was anxious to mitigate any 
hardship which the award of the Board might impose 
on certain locomotive men ; this did not prevent their 
acceptance of it, subject to negotiation with the railway 
managers on the question of hardship and anomalies. 
The underlying reasons of the recent strike of loco- 
motive men were early made apparent when the 
Associated Society of Locomotive Enginemen and 
Firemen offered to take N.U.R. members into imme- 
diate benefit, thus proving conclusively that they 
were more concerned in trying to alienate the loyalty 
of N.U.R. locomotive men than in dealing with the 
conditions of employment of their own members. The 
unfortunate spectacle then witnessed was the inevit- 
able consequence of the divided counsels arising from 
the existence of sectional organisations. So long as 
sectional unions remained he was afraid that incident 
would not be the last of its kind. Experience had 
proved that the machinery of the Central and National 
Wages Board was sound. No sensible body of men 
wanted to strike every time a difference arose with 
their employers, and railwaymen were fortunate in 
having machinery which provided for a full and imme- 
diate examination in open court of the circumstances 
surrounding any dispute. The position in which ‘the 
railway shopmen were placed at this moment was 
also due to the unfortunate division in their ranks ; 
they were split into separate unions. It might be 
necessary later, Mr. Marchbank added, to make a 
definite stand against the reactionary methods of the 
craft unions in order to establish national standard 
conditions for the N.U.R. members in the railway 
shops. 


The annual conference of the Miners’ Federation of 
Great Britain is being held this week at Swansea, 
Mr. Herbert Smith, the president, oecupying the chair. 
In his address at the opening meeting Mr. Smith said 
that the seven-hour day would not be given up, and the 
Vederation bad to proceed as opportunity presented 
itself to carry out the recommendation of the Sankey 
Commission for a six-hour day. The increase in the 
Federation membership during the last year was 
38,660. Referring to the new agreement, Mr. Smith 
said it did not give all they desired, but it was the 
best possible agreement under the present circum- 
stances. The mines for the nation was their policy, 
and the government of the industry by the miners 
and the people was the Federation’s method. Mr. 
Smith ‘stated that 1,192,300 men were employed in 
the coal industry, of which 788,520 were members 


‘of the Federation, 
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MODERN TENDENCIES IN WATER-WHEEL 
DESIGN.* 

By Hsatmar O. Dant (Royal Institute of Technology, 
Stockholm), 


SWEDEN is, for the most part, a country of small hills 
and dales, and the available sources of water power are 
as a rule, distinguished by low heads. Natural lake 
reservoirs are common, facilitating regulation. These 
conditions have influenced the design of the water 
turbines employed, in that it has been of importance to 
devise turbines with as high a speed _as possible in order 
to reduce the cost of the electric generators used, and 
latterly have led to the construction of very large units 
with the object of gaining the greatest possible sim- 
plicity in design and operation. 

The development of turbine engineering has for 
natural reasons been closely associated with the question 
of electric transmission of power by means of alternating 
current over long distances, introduced in the nineties. 
The runner of a turbine is defined by the specific speed 
ms, which expresses the number of revolutions of a 
model turbine, developing exactly 1 h.p. at a head of 
1 metre. For a turbine which under a head of H 
metres will develop N h.p. and runs at n revolutions 
per minute, we obtain the equation 
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At the beginning of this century a specific speed of 
Ns = 300, or somewhat more had been obtained in 
America. The Finshyttan Company, in Sweden, 
succeeded, in 1905-06, in manufacturing fast-running 
Francis turbines with ns = 320-350, and with a 
maximum efficiency of 85-87 per cent. for runners of 
about 1 m. outside diameter. The efficiency below 
full capacity was also relatively good. : 

Where the available head has permitted it, double 
turbines with a horizontal shaft have been preferred in 
Sweden, and even what are termed ‘“ quadruple tur- 
bines”’ have been installed, in order to increase the 
speed. Even where a vertical arrangement has for 
some reason or another been chosen, double turbines, 
and sometimes triple turbines, have been erected in 
order to obtain at the prevailing low falls a speed more 
suitable for direct coupling. In time the specific 
number of revolutions was gradually increased to about 
400, whilst in the main the old type was adhered to. 

The development in America followed different 
lines; the single-runner vertical turbine with spiral 
casing of concrete was quite generally adopted and 
became almost standard praciice. As yet, it had not 
been possible to obtain a higher specific speed than about 
400, a figure which for most cases is rather low and leads 
to a high cost for the generator, with a decrease in the 
efficiency, often to such a degree that the gain in the 
turbine is lost in the generator, 

The Royal Board of Waterfalls (Kungliga Vattenfalls- 
styrelsen) which, in Sweden, attends to the develop- 
ment of State water power, had in its earlier 
installations at Trollhattan, Porjus and Alvkarleby 
given a strong stimulus towards the development of 
improved turbines, but this is especially true of the plant 
now under construction at Lilla Edet on the Géta alv 
below Trollhittan. The head at Lilla Edet normally 
varies between 5-6 and 6-8 m. with a normal average 
of 6-5 m. The first installation will use somewhat 
more than 400 cu. m. per second, while in the final 
stage of development about 900 cu. m. per second will 
be utilised. 

The first investigations of the Board in connection 
with this station, in the year 1917, were concerned with 
a number of alternative solutions : vertical single rotor 
turbines of 5,400 or 3,300 h.p., vertical double turbines 
of 4,000 h.p., and horizontal quadruple turbines of 
4,400 or 3,900 h.p. In each case only fast running 
Francis turbines were considered, with ns from 330 up 
to 415. It was soon found that horizontal turbines 
had to be abandoned in this case, on account of the 
large space occupied by them and their large dimensions 
in proportion to the head and the variations in the 
water level. Of the vertical turbines, the single runner 
type offers greater simplicity, and probably a some- 
what higher efficiency. The’ vertical double turbine 
gives a higher number of revolutions, and therefore 
permits of a cheaper generator, in addition to which, 
with the sacrifice of efficiency, higher water speeds can 
be employed and a greater power obtained in a smaller 
space, thus reducing building costs. Having regard to 
the situation at that time, the proposition considered a 
first. installation of five double turbines of 6,600 h.p. 
at 6-5 m. head and 68-3 r.p.m., corresponding to 7s 


rs = 


* Paper, abridged, contributed to Section B of the 
World Power Conference on July 4, 1924. 

+ In the British system of units the unit is one 
English foot, for which reason ns metric = 4°44 ns 
British. ) 


380, and then, as a first extension, the installation of 
four single turbines of 5,400 h.p. and 53-7 r.p.m. with 
the object of taking care of the minimum load of the 
station, with the best possible efficiency. 

The end of the war, however, resulted in a rapidly 
diminishing demand for electric power, before the 
machinery had been ordered, and the Royal Board of 
Waterfalls then decided to continue its investigations. 

With special regard to the electric equipment, and in 
consideration of the future operation, it was thought 
desirable to have fewer and larger units, and plans were 
accordingly prepared for vertical double turbines of 
10,000 h.p. at 62-5 r.p.m. By this arrangement the 
total length of the power station could be considerably 
reduced, a circumstance which, for considerations of 
space, was of great importance. 

After the specification for tenders on 10,000 h.p. 
double turbines had been distributed during the 
summer of 1921, a number of tenders were received 
for this type of turbine in respect of both double 
turbines and tandem turbines, but, in addition, no less 
than three firms were able, as an alternative, to offer 
single turbines of the same power and speed, and a 
couple of them even went so far as to propose the 
increase of the speed to 83-3 r.p.m. These values 
correspond to an vs = 600 or 800 respectively. The 
problem of fast running turbines appears lately to have 
developed very rapidly. 

The author made an interesting experiment at A. B. 
Finnshyttan as early as 1906 with a small fast running 
water turbine, and, with the relatively good efficiency 
of 75 per cent., attained a specific speed of 462. The 
turbine, however, through which the water passed, 
chiefly in an axial direction, and which had seven 
blades in the rotor, showed a comparatively rapid 
decrease in efficiency with a decreasing load. Professor 
Kaplan, of Briin, later succeeded, by shortening the 
blades and removing the outer band connecting these 
blades, in attaining valuesfor ns of 800 and more. These 
runners, which had almost the appearance of pro- 
pellers, gave with a certain load a high efficiency, but 
also showed with an altered gate opening a great reduc- 
tion of efficiency. Prof. Kaplan then hit upon an idea 
which at first appeared fantastic, but which in itself 
was good, 7.e., to design the runner blades so that 
they could be turned, whereby the efficiency could be 
maintained at a high value over a very large range of 
load. The number of blades was reduced to four or 
even to two. 

It proved difficult to obtain the good results which 
Professor Kaplan had obtained with a straight and rela- 
tively long draft tube, when connecting the turbine to a 
curved suction tube. Professor Kaplan, however, 
continued his work and was successful in designing a 
suitable draft bend for the suction tube of the turbine, 
distinguished by a very much flattened and broadened 
discharge end, while the bend itself was very sharp, 
the outer contour even being sharply bent to an angle 
of 90 deg. The Board of Waterfalls opened direct 
communication with Professor Kaplan as early as 
1919, but it soon became obvious that the size of the 
suction pipe which would be necessary for a single 
turbine of 10,000 h.p. would increase the costs so much 
that this solution of the problem could, for economic 
reasons, not be adopted. The Verkstaden in Kristine- 
hamn had made trials with the Kaplan turbine in 
1920-21, and this firm at the end of 1921 was in a 
position to offer the Board of Waterfalls a Kaplan 
turbine with a more suitable shape of suction pipe. 

Another firm, which was able to offer an alternative 
tender for single runner turbines, was A. B. Finshyttan 
in conjunction with F. Neumeyer A.G., Minchen. Their 
tender related to a rapid running turbine of Dr. 
Lawaczeck’s design, with blades of very unusual 
shape. It would appear that the passage of water was 
intended to be decidedly in a centripetal direction ; 
there was no outer band and each blade was constructed 
separately and fastened to a common hub by means of 
bolts, so that the large diameter of the rotor of 6 m. 
would not cause any particular difficulties. The runner 
had been subjected to certain preliminary tests but had 
not then found any practical employment. 

Finally, Nydqvist and Holm A. B., of Trollhittan, 
together with Th. Bell and Co., of Kriens, Switzerland, 
had offered a fast running turbine which had been 
recently developed and tested by the latter firm in 
their own testing station. Concerning the construc- 


‘tive details of this turbine, no particular information 


was given. Both for the Bell and for the Kaplan 
turbine a speed of 83-3 r.p.m., corresponding to 
ns = 800, was proposed, while for the Lawaczeck 
turbine a speed of 62-5 r.p.m., corresponding to 
ns = 600, was proposed. Under these circumstances, 
the Board of Waterfalls decided in principle to go in 
for single runner turbines with ns = 600, in spite of the 
difficulties. The Kaplan turbine was the one concern- 
ing which most experience had been obtained, and with 
this turbine the best efficiency curve at varying loads 
could be expected. It was, however, expensive and 
its suction pipe would always increase the cost. The 


Board of Waterfalls ordered its first Kaplan turbine of 
10,000 h.p. and 62-5 r.p.m. at a head of 6:5 m., in the 
spring of 1922. 

A further turbine had soon to be ordered, and the 
other designs offered, were, in respect of their greater 
simplicity and cheapness, of the greatest interest. In- 
vestigations showed that the Bell turbine had been 
tested with a very long suction bend, a design which 
would have been almost impossible to use at Lilla 
Edet ; but it was just on this long suction bend that the 
good results largely depended. The type could, how- 
ever, at the time, only be regarded as in a preliminary 
state. 

Further investigations and tests led to the ordering, 
first, of one Lawaczeck turbine for the second instalment 
at Lilla Edet, and later, after careful comparison be- 
tween the new tenders for both Kaplan and Lawac- 
zeck turbines, to an order for an additional Lawaczeck 
turbine for the third enlargement, with which the first 
stage of development was complete. : 

The Lawaczeck wheel will have a diameter of 6 m. 
and will thus be the largest turbine runner hitherto 
made in the world. The diameter of the Kaplan 
turbine will be somewhat less, about 5-8m. Owing to 
the fact that the Lawaczeck turbine has fixed blades, 
it gives an efficiency curve characterised by quite low 
values at «. small load, efficiencies of 83, 87, 81,73 and 65 
per cent. heing guaranteed at loads of 8/8, 7/8, 6/8, 
5/8 and 4/8. This decrease is not of great importance, 
as it is estimated that these turbines will always be 
run at approximately the most advantageous loads. 
For the sake of comparison, it should be mentioned that 
the Kaplan turbine at corresponding loads is guaran- 
teed to have efficiencies of 84, 87, 88, 87 and 86 per 
cent. respectively, and thus offers great possibilities 
for taking up variations of load without wasting water. 
In addition, the Kaplan turbine is calculated to be 
capable of an overload up to 11,200 h.p. without any’ 
great reduction of efficiency. 

It is thus on the direct initiative of the Board of 
Waterfalls that the Lawaczeck turbine has been rapidly 
brought through the experimental stage to an efficient 
design, and the Board has thereby given a particularly 
powerful impulse to the development of turbine practice 
in Sweden and, indirectly, abroad. This work will be 
useful to the Board for its future installations and also 
for other electric works, the large turbines at Lilla 
Edet representing, so to speak, a pioneer step, involving 
a certain amount of risk in spite of the extensive pre- 
liminary tests. The author considers that these risks 
lie principally in the danger of cavitation phenomena 
occurring in the blades, wherefrom corrosion might 
result, and a certain reduction in efficiency and output. 
In spite of the fact that the Lawaczeck turbine has so 
far found little practical employment, these risks appear 
to be less in the case of this turbine than they are in 
the Kaplan turbine, with the suction heights here in 
question. 


STEAM TURBINES.* 
By the Hon. Sir Cuariis A. Parsons. 


Iv is now well understood that in steam turbine 
installations, where steam economy is of prime import- 
ance, pressure compounding, or the placing of many 
simple turbines in series on the steam flow, is essential ; 
further, that one of the fundamental requisites for the 
attainment of high steam economy, is the operation of 
the turbine at an appropriate overall velocity ratio, 
or ratio of mean blade velocity to steam jet velocity. 

It is known from the laws of thermo-dynamics that 
the thermal efficiency of a heat engine depends chiefly 
upon the temperature range ; that, in accordance with 
Carnot’s principle, the temperatures at which heat is 
supplied and withdrawn should be as widely separate 
as possible. A large temperature range must necessarily 
be accompanied by a large pressure range. This is 
exemplified in the case of steam by the fact that the 
latent heat, which is a large proportion of the total heat, 
is absorbed during the process of evaporation, and in 
order that this may take place at a high temperature, 
the boiler pressure must be high. Accordingly, the 
expansion ratio in modern steam turbine practice is 
being increased, and in turbines under construction is 
in the neighbourhood of 1,500to1. The corresponding 
temperature range is from about 470 deg. saturation 
temperature, raised to 750 deg. Fahr. by superheating, 
down to about 75 deg. Fahr., or a maximum drop of 
about 675 degs. 

In modern turbine design there arises the funda- 
mental question of high steam velocities versus moderate 
or low steam velocities. From the point of view of 
reduction of the number of stages, and therefore the 
overall length of the turbine for a given capacity, it is 
clear that high steam velocities are all to the good, 
but in proportion as the steam velocity is increased, the 
essential benefit of pressure compounding is sacrificed, 


* Paper, abridged, contributed to Section D of the 
World Power Conference on July 4, 1924, 
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for the advantage of that principle does not rest solely 
on the fact that the hydraulic head under which each 
simple turbine of the series works, is reduced, but also 
on the evidence that the efficiency of conversion of the 
available energy of the steam into mechanical work in 
the nozzles and blading, increases as the velocity is 
decreased. 

It will be recalled that de Laval’s simple turbine, 
which to many would have seemed to offer the best 
solution of the economic utilisation of the enormous 
available energy in high pressure steam, fell short 
of anticipated results owing to the heavy nozzle losses | 
which occur when very high expansion ratios are dealt 
with in a single drop. 

The high economy shown by the published test 
results of the Ljungstrém radial flow double rotation 
turbine which operates with higher steam velocities 
than are usual in parallel flow practice, bas been attri- 
buted by some mainly to the reduction of steam leakage 
at the glands and dummies by means of a multiplicity of 
very fine labyrinth packings. Recent researches in the 
laboratory, with fixed nozzles, but without blade rings, 
have confirmed the view that nozzle efficiency dimi- 
nishes with increasing steam velocity, and it remains to 
find out the causes of this loss of efficiency and whether 
it may be possible to reduce or eliminate it. 

Apart from the effect of jet velocity upon nozzle 
efficiency, there is also the fact that the stage efficiency 
of a steam turbine is lower with saturated steam than 
with superheated steam. Laboratory tests have proved 
that the weight of steam discharged by a nozzle using 
steam initially dry-saturated is appreciably greater 
than that which theory would indicate, and it is thought 
by some that the cause of decreased efficiency of stages 
using saturated steam is closely connected with this 
phenomenon. It is thought, in fact, that the steam, 
during expansion, becomes super-saturated, and does 


between the so-called ‘‘ Impulse” and the so-called 
“Reaction” principle can be made to give a higher 
efficiency than either principle alone, and itis interesting 
to note that Impulse turbine builders and Reaction 
turbine builders are approaching this question from 
opposite standpoints. At the present time Reaction 
turbines are generally built with equal expansion ratio 
in the moving and guide rings of a reaction pair. 
Experiments have been made with a different division 
of the pressure drop, but up to the present, equal 
pressure drop in the fixed and moving blading and 


One method of effecting this, is the adoption of re- 
generative feed water heating, by using steam tapped off 
from successive stages of the turbine. The necessity 
to heat the feed water, that is, to reheat the water of 
condensation, is the defect of the Clausius’ cycle. If 
however, a perfectly regenerative process could be 
employed for heating the feed, the efficiency of the 
Clausius’ cycle for saturated steam would be brought 
up to that of the Carnot cycle. In such a process the 
steam tapped off has been expanded, doing work in the 
turbine, down to the temperature at which it is required 
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not give up so much of its latent heat as it would do 
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Fig. 2. SECTIONAL ELEVATION OF INTERMEDIATE PRESSURE & 


LOW PRESSURE TURBO-ALTERNATORS OF 50,000 K.W. PLANT. 
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under conditions of thermal equilibrium, with the 
result that the available heat for a given ratio of expan- 
sion is considerably less than that indicated by calcula- 
tion on the basis of thermal equilibrium. This ques- 
tion is closely bound up with the thermodynamics of 
steam turbine design. All engineers engaged in such 
work are desirous of reducing the nozzle and blading 
calculations to as nearly an exact science as possible, 
and of placing test results of different turbines under 
different steam conditions upon a rational basis of 
comparison. Up to the present, although a good 
approximation has been attained, this problem cannot 
be said to have been completely solved, the influence 
of cumulative heat arising from expansion of the steam 
with a stage efficiency less than unity, and the above- 
mentioned fact of decreased stage efficiency in regions 
where wet steam is found having much complicated the 
problem. With regard to the design of blading of the 
impulse type, there are two schools of thought. One 
-of these favours the proportioning of the passages so 
as to obtain as far as possible what is known as “ free 
diviation ’’—in which the blades are arranged so as 
simply to deflect the steami jets issuing from the nozzles, 
without alteration to the steam pressure. The other 
favours the employment of a certain amount of pressure 
drop in the revolving blade passages. The latter pro- 
cedure is conducive to higher stage efficiency, but 
involves some leakage radially over the shrouding, and | 
also circumferentially in the case of partial admission ; 
in such cases the same principle is used as has for many 
years been standard in the case of reaction turbines, 
namely the adoption of large radial clearances, but 
reduced axial shroud clearances. 

The question has arisen as to whether a compromise 
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TABLE SHOWING THE OVERALL THERMAL EFFICIENCIES WHICH IT Is EsTIMATED COULD BE REALISED WITH 
INCREASED BOILER PRESSURES, UP TO 2,000 LB. PER Square Inon. 


(Based on the Callendar Tables and Formulae for the properties of steam.) 


Column 
No. 1 2 3 4 5 6 a 8 9 10 11 12 
1 
. As- Re- c Stage feed | Thermal Assumed Overall 
S.V.P. 7 .~:| sumed |Reheat| storea | Exhaust water efficiency po Thermal | per 
Case That S.V -T.} initial reheat | temp.| super- vacuum heating (from plant efficiency cant 
No. A ¥F. | super-|__- ° arnt ins. Hg. from 65° efficiency | (from coal hk 
gauge eat! pou iB pe Bar. 30-0” | rom 65 F. steam to (including | to electri- gain. 
Ss. abs. : up to (° F.)} electricity) all aux.). city). 
Ve 250 | 750°.) 344° 65 700° 402° 29-25” 360° 31°6 84-0 26-52 _ 
Il. 500 | 750° | 281° 100 700° 372° 29°25” 420° 33-5 83°5 27-97 5-45 
Til. 1,000 | 750° | 204° 150 700° 343° 29-25” 510° 85:2 83-0 29-20 10-08 
VA 1,500.) 750° | 153° 250 700° 299° 29-25” 550° 36°6 82-5 30-20 13-82 
Vs 2,000 750° 114° 400 700° | 254-5° 29-25” 600° 37:5 82-0 30°75 15-90 
NOTES :— 
1. S.V.P. = Stop valve pressure. 
2. S.V.T. = Stop valve temperature. 
3. Feed water head to within about 50 deg. F. of boiler temperature by means of steam withdrawn from turbine blading at 
several points, 
4. Boilers equipped with economisers or air pre-heaters or both, so as to recover heat from the flue gases and maintain 
high thermal efficiency. 
5. 


similar construction for these parts have given the 


best all-round result. 

Advance in the direction of increasing the thermo- 
dynamic value of the heat in the steam without unduly 
increasing the maximum temperature, is being made 
by increasing the mean temperature of heat reception. 


Dynamo efficiency taken as 96-5 per cent. at full rated output. 


to heat the feed water. Since a certain amount of heat 
is required for this purpose in any case, the work 
obtained from the tapped off steam is obtained merely 
at the expense of additional heat equal to the work 
done or in other words at 100 per cent. efficiency. 
Expressed in another way the utilisation of some of the 
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heat of the steam to heat the feed water reduces the| furnaces. Feed heating in a single stage by partly 


amount of heat that is lost by condensation in the 
condenser. 

A slight practical objection to such a system of feed 
water heating is the additional complication of the 
pipework involved, if a sufficient number of feed water 
heaters in cascade are employed to approximate to a 


expanded steam is a well-known procedure; it was 
proposed by James Weir in 1876, by Normand in 
1889, and in progressive stages by Ferranti in 1906; 
with marine turbines, it is general practice to utilise 
the exhaust steam from the auxiliary engines, at a 
pressure slightly above atmospheric for this purpose. 


thermo-dynamically reversible process ; but even with 


Fig. 4, 


Similar use can be made in power stations of any low 
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two or three stages, very considerable heat economy 
can be effected. As a compromise, feed water heating 
by steam extraction from a few stages of the turbine,| As a second method of increasing the mean tem- 
in conjunction with economisers, is generally accepted | perature of heat reception, an advance might be made 
practice in modern power stations, but there is a|if after superheating to the maximum temperature 
tendency to develop this system further so as to attain | further heat were added so as to maintain isothermal 
higher feed water temperature by the steam heating. | expansion throughout the initial stages of the turbine. 
It then becomes necessary, as an alternative or partial! This could only profitably be carried to such a point 
alternative to the economiser, to adopt some other] that subsequent adiabatic expansion in the turbine to 
means of absorbing the residual heat of the flue gases, | the condenser vacuum would leave the steam just 
such as a regenerative preheating of the air for the|saturated. Such a method (of preliminary isothermal 


grade heat that is available, such as in steam from 
turbine glands, ejector air pumps, &c, 


expansion) was proposed many years ago, but the 
mechanical difficulties in the way to its complete 
realisation would appear insurmountable. An approxi- 
mate solution, however, is being worked out at the 
present time: in some installations the steam, after a 
certain amount of expansion in the turbine, is extracted 
and raised ayain to a high temperature in a reheater 
before re-entering the turbine. Reheating has also 
the additional advantage of extending the range 
within which superheat exists and of diminishing the 
range where moisture and consequent loss by water 
resistance or increased viscosity exists. This process 
might, of course, be extended to include reheat at 
various stages of the expansion. With a single reheat 
a compromise must be accepted when selecting the 
stage at which the steam is taken from the turbine. 
If reheating is carried out too soon then the heat added 
—although at a high mean temperature—is only of 
small amount. On the other hand, if reheating is 
carried out too late, then the heat added—although of 
greater amount — is received at a lower mean tem- 
perature, so that the mean temperature of reception of 
the cycle is not much improved. 

If a curve be drawn showing the estimated percentage 
gain in thermal efficiency on a base of the proportion 
of expansion carried out before reheating, it is found 
that there is a fairly definite peak indicating the most 
appropriate reheating point, The maximum estimated 
gain in the case of a single reheat to the initial tem- 
perature of 750 deg. F. is about 7 per cent. 

Since reheating the steam increases the total available 
heat per lb., more blading is required in the turbine to 
maintain the same average velocity ratio; this and 
other considerations tend towards the desirability of 
carrying out the expansion in two or more separate 
cylinders, the exhaust steam from any one cylinder 
being reheated before entering the next. Where such 
reheating is adopted special means must be provided 
to prevent over speediny of the machine owing to the 
large volume of steam stored up in the reheater and 
connecting pipes. 

A third method of attacking the same problem is to 
increase the mean temperature of the heat reception 
by increasing the boiler pressure. With a boiler pres- 
sure of 250 lb. per square inch, a final temperature of 
750 deg. F. after superheating, and a feed-water 
temperature of 79 deg. F'., the mean temperature of 
heat reception is about 360 deg. F. But if the boiler 
pressure is increased to, say, 2,000 lb. per square inch, 
still superheating to 750 deg. ., then since the latent 
heat is received at the increased temperature of the 
boiler, the mean temperature is considerably increased, 
namely to 480 deg. F'. If, in addition, we assume the 
water is fed into the boiler at the boiling temperature 
by means of feed heaters in cascade in each case 
instead of at 79 deg. F. the mean temperatures of heat 
reception are increased in the one case to 430 deg. F. 
and in the other to 680 deg. F. 

Whilst such a pressure as 2,000 lb. per square inch 
has not been actually adopted in any commercial* 
plant, there seems to be no reason why it should not be 
practicable in a large steam turbine installation. 
In such a case there may be a small auxiliary high- 
pressure turbine, having several stages of small 
diameter, running at high revolutions, and after 
dealing with the first few.expansions, exhausting into 
the turbines working at ordinary pressures. Such 
high-pressure turbines are actually being built—one in 
this country for a pressure of 1,500 lb. per square inch, 
and one in the United States of America for 1,250 lb. 
per square inch. 

With regard to the lower end of the temperature 
range the temperature of the cooling water here imposes 
the limit. An exhaust vacuum equivalent to 29°25 in. 
of mercury (barometer 30 in.) can be realised under 
favourable circumstances. This, however, involves 
the necessity of providing ample blade area and passage 
way for the great volume of low-pressure steam. 

Throughout the stages of a turbine, the criterion of 
efficiency is the velocity ratio, and the areas of the 
blade passages successively increase in such propor- 
tions as to provide the proper ratio between the blade 
velocity and the steam velocity. The axial component 
of the steam velocity is carried on from stage to stage 
without appreciable loss. It is even built up to higher 
values as the peripheral and steam velocities increase. 
Its final loss at the exhaust end of the turbine, how- 
ever, is practically unavoidable, and with the high 
peripheral speeds adopted in most low-pressure blading 
at the present day, an exhaust blade area which gives 
a perfectly satisfactory velocity ratio may entail a 
loss of energy in the issuing steam of considerable 
amount. Such loss is augmented if, for the sake of 
weight or cost, any sacrifice is made of the best 
velocity ratios, which sacrifice might otherwise be 
a perfectly justifiable compromise. It is evident, 
therefore, that the exhaust end of a turbine requires 
separate treatment in its design from the point of view 
of limitation of the leaving loss, that is, the energy 
lost in the issuing steam. , 

Broadly speaking, where high efficiency is the aim, 


66 


ENGINEERING. 


[JULY 11, 1924. 


33-IN. CENTRE, BACK-GEARED, SELF-ACTING LATHE. 


CONSTRUCTED BY MESSRS. DRUMMOND BROTHERS, LIMITED, ENGINEERS, GUILDFORD. 


this consideration imposes a limit upon the axial 
velocity of the steam in the final annulus. For a given 
vacuum, therefore, the area of the final annulus must 
increase in proportion to the output, and for a given 
output any increase in the vacuum involves an 
increase in the area of the final annulus. It will be 
seen, therefore, that any effort to extend the steam 
cycle by lowering the temperature of condensation, 
brings at once into prominence the problem of the 
exhaust end. 

Various expedients have been adopted for the 
purpose of surmounting this limitation. One method, 
commonly employed in both land and marine turbines, 
is to carry out the final stages of the expansion by 
divided flow, as, for example, in a double-ended low- 
pressure turbine, the steam entering at the middle 
and flowing in each direction towards an exhaust 
at each end. 

In such an arrangement two exhaust pipes are 
provided and frequently two condensers. In another 
example of divided flow, some makers double only 
the last row or last few rows of blading, em- 
ploying specially shaped passages to conduct the 
steam to the divided portion from the preceding 
stages. 

The design of exhaust end advocated by Baumann 
is another attempt to overcome the same difficulty. 
In this device, instead of carrying over a part of the 
steam by special ports to additional blade rings, it is 
made to flow through inner annuli of the preceding 
blade rings, the vanes of these inner annuli being 
specially shaped to reduce the resistance involved to a 
minimum. 

The area of the final annulus can be increased by 
increasing the blade height, and any means of extend- 
ing the height permissible on a given diameter, is valu- 
able for this purpose. Thus in many turbines the 
blades of the Jast stages are made of varying section 
and discharge angle, permitting a greater length ratio 
without unduly increasing the stress. 

If no limit is imposed upon the diameter of the ex- 
haust end or upon the revolutions, the simplest and 
probably best solution of the exhaust area problem 
in large machines, is to provide a separate low speed 
turbine of large diameter for the final stages of the 
expansion, having blades of normal profile throughout, 
and correspondingly high efficiency. This low speed 
turbine can be arranged in close proximity to the con- 
denser, as illustrated diagrammatically in Fig. 1, 
page 64, so as to reduce to a minimum both the 
length and the resistance of the exhaust passages. 

In the exhaust passage itself, it is not sufficient to 
provide area to reduce the mean velocity of the steam 
passing through it to a moderate value, but the exhaust 
steam must be distributed into the passage uniformly, 
so that the velocity is everywhere nearly the same. 
Neglect of this requirement leads to unnecessary 
hydraulic losses, and may also cause troublesome blade 
vibration in the final stages. 

Many attempts have been made to obtain the benefit 
of the diffuser principle, which has been so commonly 
adopted in the case of water turbines, but in the case of 
steam turbines without substantial success. In any 
attempt to carry this principle into effect, ample 
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exhaust pipe area should be provided, with progres- 
sively larger cross section as the condenser is reached, 
so that the exhaust steam from the last row of revolving 
blades is gradually slowed down, with a possible re- 
covery of static pressure. 

The practical difficulties in the way of such recovery 
of pressure in the exhaust steam are very great, and 
the best that can be done in this direction would appear 
to be to utilise the leaving velocity of the exhaust 
steam to overcome the resistance to flow in the exhaust 
passages, so that the absolute pressure at entry to the 
condenser is the same as at the exit from the blading. 

Summarising the foregoing, there are four methods 
of improving the thermal efficiency of the thermo- 
dynamic cycle without going to higher maximum 
temperature :—(1) Increased feed water temperature, 
with regenerative heating of the feed water by steam 
drawn from the turbine. (2) Increased boiler -pres- 
sure. (3) Re-heating of the steam after partial ‘ex- 
pansion. (4) Increased vacuum and means to utilise 
it effectively. 

An application of these principles is made in the 
turbine plant of 50,000 kw., normal capacity to be 
erected in the new Crawford Avenue Power Station, 
Chicago, and now nearing completion at Newcastle- 
on-Tyne. In this plant there are three cylinders in 
series on the steam flow, each driving an alternator, 
the three alternators being electrically coupled in 
parallel. 

Steam is generated at 600 lb. pressure and supplied 
to the stop valve of the high pressure turbine at 550 
lb. pressure, superheated to 750 deg. F. After expan- 
sion in the high pressure turbine to a pressure of 100 Ib. 
above atmosphere, it is led back through a well lagged 
pipe into a re-heater in the boiler house from which it 
is returned to the I.P. turbine at a temperature of 
700 deg. F. The H.P. and I.P. turbines run at 1,800 
r.p.m. and drive alternators of 15,000 kw. and 30,000 
kw. capacity respectively. Further expansion takes 
place in the I.P. turbine to a pressure of about 2-0 Ib. 
absolute, at which pressure the steam enters the L.P. 
cylinder, to be expanded to the condenser vacuum. 

The low-pressure turbine drives a 5,000 kw. alter- 
nator at 720 r.p.m. Owing to the lower revolutions of 
this turbine, the area provided in the final stage is so 
large that blades of normal profile, but set at a slightly 
greater discharge angle, can be employed. The steam 
is condensed in twin surface condensers with the tubes 
vertical and having a total surface of 56,000 sq. ft. 
Fig. 2, page 64, is a sectional elevation of the I.P. and 
L.P. units. The whole installation of turbines, alterna- 
tors and condensers is illustrated in Fig. 4, page 65. 

About 22 per cent. of the total steam entering the 
turbine is used for feed water heating ; it is extracted 
from the turbines at three points, the feed water being 
heated up from 65 deg. F. to 315 deg. F. in three stages 
before entering the economisers. A heat consumption 
of 10,265 B.Th.U. per kw.-hour is anticipated, or a 
thermal efficiency (from steam to electricity) of 33-2 
per cent. 

For recovery of the heat in the flue gases, economisers 
are used for a final stage of feed-water heating, and air 
preheaters, a regenerative process being employed in 
the latter to heat up the incoming furnace air. 


The boiler plant is expected to have an efficiency of 
86-5 per cent. After allowing about 3 per cent. for 
the total power absorbed by the auxiliaries, an overall 
thermal efficiency (from coal to electricity) of 27-80 
per cent. is anticipated. This is on the basis of a boiler 
pressure of 600 lb. per square inch. A schedule is 
given in the Table on page 64 of the thermal 
efficiencies it is estimated could be realised with high 
boiler pressures, up to 2,000 lb. per square inch. 

Some details of the turbines and alternators will be 
of interest. The three cylinders contain 64 simple 
turbines arranged in series, the first having blades 
24 in. long and 3 in. wide on a mean diameter of 304 in, 
and the last having blades 40 in. long and 32 in. wide 
on a mean diameter of 160 in. In view of the low 
density of the steam, the passages from the I.P. turbine 
onward have been specially designed to have the mini- 
mum of resistance and to avoid any sudden enlarge- 
ments which would produce eddies or shock. The I.P. 
turbine discharges its steam directly into the I.P. 
turbine through a conical annular space surrounding 
the intermediate bearings, and the energy of the leaving 
velocity of the I.P. exhaust is thus conserved. (See 
Fig. 2). The maximum blade tip velocity is reached 
at the last ring of the I.P. turbine, where it is 760 ft. per 
second ; in the L.P. turbine, which runs at 720 r.p.m., 
the maximum tip speed is 626 ft. per second. 

The blades throughout are of mild steel, formed 
integral with their roots by rolling. They are fitted 
in serrated grooves in both rotor and cylinder, being 
inserted and driven up tight. The blades of the H.P. 
turbine and of the first half of the I.P. turbine are fitted 
with “‘ end-tightened ’’ shrouding made of manganese 
copper and brazed over tenons on the ends of the 
blades. ‘‘ End-tightened’’ blading was introduced 
commercially in the year 1912, and has been widely 
adopted in land turbines of the reaction type and in 
several mercantile marine installations. In this type 
of blading the necessary running clearances are main- 
tained in an axial direction, instead of radially, so that 
they can be made small, and adjusted and regulated 
under the control of the thrust bearing. The minimum 
radial clearances of the blading are thus no longer 
controlled by the necessity of minimising steam leakage 
over blade tips. The minimum radial clearances of 
the portion of the blading that is end tightened is 
4 in., whilst the radial clearances in the remainder of 
the blading range from } in. up to } in. 

Each turbine shaft is fitted with an emergency 
governor, and these are interconnected so that any one 
of them will trip all steam admission valves simul- 
taneously and at the same time open a large vacuum 
breaking valve. Jn order to meet the special conditions 
that arise when reheating is adopted, the governing 
of the turbine has been arranged so as to avoid any 
danger of over-speeding due to stored steam. This is 
done by the provision of an independent governor valve 
on the inlet to the I.P. turbine, which receives steam 
from the reheater. The governor controlling this 
valve is set to operate at a speed about 2 per cent. in 
excess of that of the main governor, and with this lag 
will control the rate of steam admission to the I.P. 
turbine whenever the load on the plant is suddenly 
reduced. In case this valve should close for any 
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reason, whilst the main H.P. inlet remained open, a 
relief valve of ample area is provided on the exhaust 
pipe of the H.P. turbine and set to open at 130 !b. per 
Sq. in. above atmosphere, whilst an increase in pressure 
of 140 lb. will operate an additional tripping device 
and shut off the main steam supply. 

The alternators are wound for a three-phase supply 
at 13,000 volts, and embody the latest British practice. 
No main field regulators are used in their operation, 
the regulation being carried out by means of well 
designed exciter field rheostats. The ventilation is 
effected by means of the closed circuit system employing 
surface air coolers and separately driven fans, which 
have a much higher efficiency than high speed fans 
integral with the rotor shaft. The stator frames are 
being built in one piece, and the alternators are to be 
shipped completely wound. 

Since, when starting up the plant, where will be 
insufficient steam to drive the L.P. turbine, the 
alternator coupled to this turbine will be run up as a 
synchronous induction motor. The three alternators 
will then be synchronised together and operated as one 
unit, giving a combined normal output of 50,000 kw. 

The Crawford Avenue Power Station has been laid 
out for a total capacity of 500,000 kw. Fig. 5, page 65, 
shows how readily such an installation as the one de- 
scribed can be developed into one of 100,000 kw. without 
increase of the largest component units by replacing 
the H.P. unit by one of double the steam capacity, 
and by duplicating I.P. and L.P. units. There would 
thus be three alternators of 30,000 kw. output identical 
in design, and two small alternators of 5,000 kw. 
driven by the low-pressure turbines. 
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Several improved features have been incorporated in 
the new model of their 34-in. centre lathe hy Messrs. 
Drummond Brothers, Limited, of Guildford. Two 
important modifications which have been made will be 
clear from Fig. 1. Firstly, the older method of 
utilising the lead screw for the hand traverse of the 
saddle by means of the hand wheel at the end of the 
bed has been superseded by a rack and pinion motion. 
By the use of a half-nut the lead screw may be dis- 
engaged and quick sliding performed by means of 
the hand wheel and cut steel pinion operated on the 
steel rack, which extends along the bed underneath the 
lead screw. The half-nut is dropped out of engagement 
by means of the small knob shown to the left of the 
apron front, and the hand wheel is seen to the right. 
The automatic throw-out for the lead-screw clutch is 
retained as in previous models, the adjustable stop, 
however, now butting against a small pad on the 
apron itself. This improvement is to be welcomed as 
a contribution to handier adjustment 

Secondly, both a new top slide and tool holder have 
been designed, the former to accommodate the latter in 
a distinctly novel manner. The tool holder, Norman’s 
patent, is unique, and assures against the dangers of 
incorrect setting unduly stressing the top slide, always 
a possibility with the older single clamp bolt with tool 
block and double set screws, and, for small lathes, 
cumbersome 4-bolt dnd double clamp plate method. 
Figs. 2 and 3 clearly show the arrangement. The new 
tool holder is clamped to a cylindrical pillar formed 
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integral with the top slide, and is-made of a hardened 
and tempered steel block, cut from the solid, with a 


central hole a sliding fit on the top slide pillar. The 
block is split to permit of clamping to the pillar by 
means of a hardened clamping bolt. The tool itself 
is carried in a square hole through the tool holder and is 
held by two hardened set screws. The construction 
has many advantages. In the older machines height 
adjustment of the tool was attained by packing; the 
American method is to use an are-shaped packing 
wedge, which, however, alters the cutting angle of 
the tool with each adjustment for height. Odd length 
tools can be used. Only normal cutting stresses 
are carried on the top slide, which has additional 
metal in the right place. It will be seen from the 
figures that turning and boring with the same tool, if 
desired, are possible. Height adjustment relative to 
the lathe centres up to 3 in. is permitted, the tool 
meantime remaining firmly clamped in the square hole. 
This is effected by a single movement of the spanner 
on the clamping bolt, which locks the holder in any 
desired position. The cutting rake and clearance of 
the tool remain constant for all height settings, since 
the tool is shifted bodily. The angle made by the 
latter with the sides of the job also remains constant. 
A complete range of tool holder movement around the 
pillar is possible, thus permitting ready use of the 
boring bar. Fig. 3 shows the lathe set for plain turning 
a casting carried on the mandrel between centres, and 
a swan-neck roughing too! is shown in use. Simplifi- 
cation of work due to height adjustment will be apparent 
where worn or straight stem tools are concerned, For 
side cutting, facing, or taper turning, the correct 
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position is easily attained, the single clamp gripping the 
holder firmly immediately, while tools of different sec- 
tions can conveniently be arranged to have their cutting 
edges at a desired height. Fig. i) shows the tool holder 
set for boring, the advantage ‘of wide range of position 
available for tool setting being agein apparent. 

These new features which have been incorporated in 
this well-known lathe are shown in detail in Figs. 4 to 
6. The standard machine has a maximum length 
between centres of 16 in., a diameter of face plate of 
9 in., a length overall of 39 in. and a breadth overall of 
221 in. The total weight, including a flywheel attached 

o the driving motor, is just under 600 1b. The lathe is 
also built with an extra long bed of 44} in. These 
improvements which have been incorporated con- 
stitute an important advance in a very successful 
tool which has built up a valuable reputation for 
excellent workmanship and good service. 


STEAM ACCUMULATION.* 


By J. Rurus, D.Se., Director of the Aktiebolaget 
Vaporackumulator, Stockholm, 


THE efforts made in the last few decades in the develop- 
ment of the economical use of energy have had in view 
the co-ordination of the various plants for the genera- 
tion and use of mechanical and heat energy, in such a 
way as to enable excess and waste energy to be utilised 
as completely as possible. The construction of the 
individual elements of those plants has been carried 
through, it is true, in excellent manner, but neverthe- 
less it has comparatively seldom been the case that an 
exact investigation has been made of the influence 
that the variations in the rate of production and 
consumption of heat and mechanical energy exercise 
on the working methods and the overall efficiency 
obtained. On the contrary, the heat balances of such 
installations have invariably been set down as if the 
source of energy to be used on the one hand, and the 
consumers of energy on the other, were delivering and 
absorbing energy at a constant rate without any 
variations. 

In practice those variations have been accepted as an 
unavoidable concomitant phenomenon, and attempts 
have been made to counteract their effects by forcing 
the boilers. This causes considerable losses, owing to 
the fact that the supply of heat on the one hand and 
the consumption of heat or power on the other are by 
no means equivalent in quantity nor coincident in 
time. Or else attempts have been made to equalise the 
variations by the introduction of large gasometers, of 
gigantic lead accumulators or of “ Ilgner”’ flywheels, 
&c. However, there is an excellent means available for 
the accumulation of energy up to any desired amount, 
viz., that of storing steam in water under increasing 
pressure and discharging it under falling pressure. 
Although this method is fairly generally known, it 
has not hitherto, owing to certain prevalent prejudices, 
been applied in practice to the extent that it deserves. 

The utilisation of this method in a rational manner 
pre-supposes that variations of pressure ranging up to 
several atmospheres should be attainable. As a 
matter of fact, every steam boiler of very large water 
content could in principle be arranged as an accumu- 
lator of this kind, but in order that the boiler may act 
as an equaliser, it must be constructed for a pressure 
far above the normal] working pressure, so that varia- 
tions between the maximum and the normal] working 
pressure may be attained. The fact that no such 
increased pressure has been provided for, but that, on 
the contrary, the boilers are usually constructed for a 
pressure only so much higher than the steam pressure 
needed as corresponds to the pressure drop in the pipe 
lines, proves that the principle referred to has never 
been carried through completely in practice. 

As, with constant boiler pressure, no accumulator 
action is possible, it follows that the quantity of heat 
conveyed from the fire to the heating surface per unit 
of time must likewise exactly correspond to the amount 
of steam that the boiler is required to supply. It is 
therefore evident that the variations in the steam 
demand must cause corresponding variations in the 
fuel supply to the boiler, It is evident that 
many boilers of older systems possessed a certain 
but limited capacity for accumulation. In boilers of 
more modern types, however, the water space is far 
too small for any equalisation of variations worth 
mentioning. Attempts have been made to increase 
the water space in water-tube boilers (e.g., MacNicol 
type); owing, however, to difficulties encountered in 
construction, this result could only be attained at the 
expense of the amount of steam pressure, so that boilers 
of that kind are, in fact, merely a sort of compromise 
between the old cylindrical boiler and the new water- 
tube boiler. 

Thus, on the one hand, attempts were made to obtain 
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equalisation in the boilers, but on the other, it has 
been tacitly assumed that the pressure should be kept 
constant, and for this reason, of course, no accumula- 
tion was possible. 

The only correct solution of the problem of rational 
steam utilisation is to employ the steam boiler ex- 
clusively as the steam generating agent, and to dispense 
entirely with the use of the boiler as an accumulator. 
Accordingly, the steam generator should be built with 
very small water space, or even with none at all— 
in the latest constructions the steam generator is, 
indeed, practically speaking simply a coiled pipe—and 
should be worked at an absolutely steady high 
pressure. Instead of every common type of boiler, 
at present having its own water tank, which conse- 
quently must be built to stand the full boiler pressure, 
the water spaces of all the individual boilers should be, 
so to say, united into one tank, which is entirely 
separated from the boilers and well insulated against 
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Diagram of rate of steam consumption of a factory and 
the possible elimination of variations through the installa- 
tion of a Ruths accumulator (A), flue boilers (B), 
MacNicol water tube boilers (C), and standard water- 
tube boilers (D). In the first case the boiler pressure 
remains constant, in the other it varies by 20 per cent. 


of mean consumption, 7.e., lb. of steam, which have 
to be equalised in such a typical case if the boilers are 
to work at the constant average load. 

A boiler plant big enough to deliver the maximum 
amount of steam required, 31,000 lb. per hour, would, 
when using normal boilers of the Lancashire, the Mac- 
Nicol and the common water-tube type, have sizes of 
5,800, 5,800 and 4,500 sq. ft. respectively. 

If as big a pressure drop as 20 per cent. should be 
permitted at peak-loads the extra steam given off by the 
water of the boilers on such occasions would, however, 
amount to only 3,900 Ib., 2,400 lb., and 825 Ib., res- 
pectively, whereas if the system of steam accumulation 
here discussed were adopted, an accumulator of a capa- 
city corresponding to the 35,000 lb. of steam that are 
needed for the full equalisation of the boiler load, would 
be installed. 

In Fig. 1 the storage capacity of the accumulator 
needed, and that of the boilers specified above, is 
shown by four squares A, B, C and D, drawn to the 
same scale as the steam diagram. [rom this it is 
evident that when great variations exist in a steam 
system the equalisation problem can never be solved 
by boilers alone, but only by means of a steam accu- 
mulator workingin conjunction with, although separated 
from, the boilers. This method offers the additional 
advantage that the pressure in the boilers remains 
perfectly constant, whereas, in the case of the direct 
storage or accumulation of steam in the boilers as in 
cases B, © and D, the pressure, as mentioned, is bound 
to vary considerably more than generally. can be 
admitted in practice. 

Even the Druitt Halpin accumulators and others of 
similar system, containing feed water which is to be 
heated by surplus steam from the boilers and which is: 
subsequently to be fed into the boilers during peak loads, 
are of very little value for practical steam accumulation. 
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In such tanks, usually built for pressures 
lower than those of the boilers, a much larger variation 


loss of heat. 


of pressure is attainable than in the boilers. Further- 
more, these tanks can be built of any size whatever, 
irrespective of the type of boilers used or of the size 
of their heating surface. 

The accumulation of steam in water and its subse- 
quent evaporation is a well-known principle and has 
for a long time past been used by practical engineers ; 
in this connection reference may be made, for instance, 
to the Rateau accumulators and also the feed water 
accumulators by Druitt Halpin and others. The direct 
storage of steam without water has also been effected 
in practice both in containers of constant volume and 
in containers of variable volume. 

In all the cases just mentioned, however, with the 
exception of the feed water storage systems, the definite 
aim in view is that of accumulating the exhaust steam 
of hoisting engines, of rolling-mill engines, &c. where the 
work proceeds intermittently, so as to make it possible 
to pass the exhaust steam from these engines into con- 
tinuously working low-pressure turbines, even during 
the intervals when the main engines are at rest. The 
author, however, did not want to confine himself merely 
to the saving of exhaust steam, as Rateau and other 
engineers had done, but set himself the problem of 
overhauling the entire heat and power economy of 
industry, from the point of view of the accumulation 
of steam in water. 

The Eyualising Ability of Steam Boilers of Various 
Types as Compared with that of the Accumulators.—As a 
consequence of the fact that the extent of the variations 
actually existing in industrial plants is not generally 
known, there is a tendency to suppose that a sufficient 
accumulation of steam could equally well be made in 
the steam boilers themselves. In order to make the 
thing clear, there are below shown some calculations, 
based upon a typical diagram of steam consumption 
as obtained in practice. 

The demand of steam varies in a particular case 
(see Fig. 1) between 8,800 and 31,000 Ib. per hour, with 
an average of 19,400 Ib. per hour. The diagram shows 
how large are the areas between the curve and the line 


In the particular case under review above, the equali- 
sing effect of the accumulator must be eight times that 
of the flue boilers, about fifteen times that of the 
MacNicol boilers, ae thirty-five times that of the stan- 
dard water-tube boilers. 

It is true that the new kind of seen accumsaae 
may have to be built in sizes hitherto unusual. Thus, 
for instance, the Swedish firm ‘‘ Aktiebolaget Vapor- 
ackumulator,”” of Stockholm, has built tanks up to a 
capacity of 12,000 cub. ft. ; in one mill an accumulator 
of a capacity of no less than 37,000 cub. ft. had to be 
installed, but it was subdivided into three separate 
tanks. Whereas the Rateau accumulator and the 
containers of constant volume or constant pressure, in 
view of the special purpose for which they . re made, 
work with variations of pressure of some 3 Ib. to 5 Ib. 
per square inch, accumulators of the system here 
described are usually built for very much larger pressure 
ranges, e.g., from 100 lb. to 30 Ib., from 60 lb. to 20 Ib. 
persquareinch,andsoon. Owing to the larger volumes — 
employed and the much greater pressure variations 
admitted, these accumulators possess a very much larger 
storage capacity than those of the other types. Whilst 
the latter are built with a storage capacity of only a 
few hundred pounds of steam—an amount quite 
sufficient for their particular purpose—these accumu- 
lators are generally built to hold from 5,000 Ib. to 
40,000 Ib. of steam, and a plant has actually been 
built to store even as much as about 150,000 lb. There 
is, of course, practically no maximum limit to the size 
of such tanks. I may refer to the very hig steel 
“tanks ’? used as supply pipesfor waterturbines. Such 
pipe-lines sometimes have a length of several miles, 
and a diameter of 17 ft. or more and work under pres- 
sures of several atmospheres. Similarly, there is no 
minimum limit to the size. Accumulators of only 
70 cub. ft. capacity have actually been built. 

Description of the Accumulator.—The accumulators 
of the author’s system are built in the form of cylin- 
drical containers with hemispherical ends. They are 
filled with water up to 90-95 per cent. of their capacity. 
Fig. 2 shows a sectional view of an accumulator. 

B is the vessel constructed of riveted steel plates. 
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I is a covering of non-conducting material, usually 
consisting of up to 4 in. of infusorial earth (Kieselguhr) 
or infusorial earth mixed with cork, or of a magnesia 
composition. J-K are insulation blocks covering the 
riveted seams of the shell. They are made removable 
so as to enable the inspection of the seams, prescribed 
by the Board of Trade Regulations, to be readily 
carried out. The lagging is protected by a sheet iron 
cover E. The accumulators are equipped with the 
fittings usual in boiler practice and, further, with 
arrangements for the charge and discharge of steam. 
These include two non-return valves X, and X,. X, 
admits charging steam to the internal steam distri- 
bution pipe Z, and the charging nozzles P, which are 
equipped with the circulation pipes Q to insure a 
uniform heating of the water. Through valve X, the 
discharge of steam takes place. 

The heat losses of the accumulators are considerably 
less than is generally imagined, and as a matter of 
fact so small, that they are of no practical consequence. 
Results of insulation tests made on accumulators in 
practice show that, with the thicknesses generally made 
use of, the heat losses only correspond to from 0-1 to 
0-5 per cent. of the coal consumption of the boilers, 
and are therefore of no practical importance at all. 
That being so, the accumulators are usually erected 
in the open air, and often at some distance from the 
boiler-house, in factory yards, etc. . 

From the above description it is evident that the 
accumulator, although it can be charged with super- 
heated as well as with saturated steam, can only 
deliver saturated steam. In certain cases, however, 
it is desirable to have an accumulator that can also 
deliver superheated steam. This is of great value, 
especially in plants where the accumulator has to feed 
such consumers as steam engines, steam turbines, 
steam hammers, &c., which utilise the energy of steam 
for the production of motive power. The possibility 
of feeding such consumers with superheated, steam 
means a considerably lower steam consumption, and 
hence also a reduction in the accumulator capacity 
needed. 

This problem has been solved by adding to the steam 
accumulator a second container, so designed that it 
works on the same principle as the well-known Siemens 
regenerative heater used in connection with metallurgi- 
cal furnaces for preheating the gas and the air of 
combustion. The accumulator for superheated steam 
thus consists of two separate containers, one for storing 
the superheat and one for the storage of the latent heat 
of the steam. 

Special Uses of the Accumulator in Power Plants.— 
Apart from the above stated general value which a 
steam accumulator has in the numerous plants where 
there are variations in the demand of steam for heating 
or for power purposes, or where there are variations 
in the supply of heat (surplus gas, waste heat, &c.), 
the accumulator can with advantage be used for a 
special purpose, in connection with power transmission 
systems, e¢.g., those utilising water power. 

The combination of a steam accumulator with one or 
more steam turbines is a very useful means of main- 
taining a local stand-by working with very small no- 
load costs and other working expenses. Even in 
cases of sudden interruptions in the supply of current 
from long-distance power transmission systems the 
local load can, if required, be taken over without any 
delay by a steam turbo-generator, fed by the accumula- 
tor, without the necessity of keeping the boilers per- 
manently under steam. The steam accumulator will 
in such cases take the place of lead batteries. 

Further, in the ‘‘ heavy ’’ industries such as in iron 
and steel works, where a co-equalisation has to be 
maintained between the variations in the supply of 
energy (surplus gas from blast furnaces and coke 
ovens, waste heat from furnaces and engines) and the 
fluctuations in the consumption of energy for power 
purposes, the steam accumulator is of greater com- 
mercial and technical value, than, say, the expensive 
Ilgner type plants and the storing of the low-grade 
blast furnace gas in gasometers. It is interesting to 
note in the latter connection that 1 1b. of steam which, 
when stored in a steam accumulator, occupies 0-02 of 
a cubic foot, corresponds in thermal value to about 
16 cubic feet of blast furnace gas. 

Results Obtained in Practice.—In a factory or power 
station equipped with an accumulator, steam can a 
will be supplied at any time at an unlimited rate shoul 
it be required in the manufacturing operations or 
through peak loads in the power distribution system. 
The manufacturing plant and machinery can thus be 
fully utilised. For example, a heating process normally 
consuming steam at the rate shown by Curve I in 
Fig. 3 (which rate is dependent on the steam supply 
from the boilers) can be intensified by accumulated 
steam to the high rate shown by Curve II, whereby 
the time I+ is saved. ; } 

Improved and More Uniform Quality of the Product.— 
Lack of steam often occurs in factories just when an 1n- 
creased supply of steam is badly needed for the carrying 
through of a manufacturing process. The process is 


then delayed or the quality of the stuff lowered. It 
must be borne in mind that as a rule, of two operations 
proceeding simultaneously, the cruder process, such as 
‘“heating-up,” &e., will generally use steam to the 
detriment of the more refined operations, like drying 
or chemical processes. 

Increased Economy in the Consumption of Fuel.— 
By the action of a steam accumulator the peak-loads 
are taken off the boilers and their pressure kept con- 
stant. This means that mechanical stoking can be 
generally adopted, and the boiler staff is able to devote 
allits time and attention to keeping up the most favour- 
able combustion of the fuel. Great fuel economy 
results, together with more even working and less wear 
and tear. 

Increased Yield of ** Back Pressure Power’ from 
Heating Steam.—The accumulator furnishes the possi- 
bility of keeping the boiler pressure constant, and just 
below the blow-off pressure of the safety valves, which 
fact has a very favourable influence on the output of 
back-pressure turbines or engines. Moreover, the out- 
put of the high pressure stage of an extraction turbine 
or of a simple back pressure turbine is materially 
increased by the equalising influence of the accumu- 
lator, as with the constant steam flow from the boilers 
through the turbine, very small losses occur in poten- 
tial energy of the steam by throttling. If a back- 
pressure extraction-power system does not comprise an 


Fig.2. 


15000 en ee 


wana 
a qos 


30000 


5 

tS 70000 ; i 

Iphaultads | 

| Meili "2 

Bigguecosciles 
12 SEES CRE Bo Hours 


(86/94) 


Reduction in the time for starting-up a manufacturing 
process after installation of a Ruths accumulator. 
Curve I; Protracted steam diagram before installa- 
tion of accumulator. Curve Il. The same diagram 
with accumulator. 


accumulator and the fluctuating steam flow to the 
consumers is as usual led through the back-pressure 
turbine or the high-pressure stage of the extraction 
turbine, it must be run at a variable load and conse- 
quently great throttling losses result. 

The action of the accumulator effects a further gain 
in the output of such a turbine from the fact that, 
despite all the variations in the steam demand, prac- 
tically all the steam produced by the boilers is con- 
veyed through the turbine. It very often occurs in 
such plants when not provided with an accumulator, 
that large quantities of heating-steam have to be by- 
passed direct from the boilers without power genera- 
tion, as it is usually not of advantage economically 
to make the turbine of such a size that it can pass the 
maximum demands of heating-steam which occur 
for instance only when digesters are started, dyeing 
vats are heated up, &c. 

Even in the case of a steam power plant, from which 
no steam is abstracted or exhausted for heating pur- 
poses, as, for instance in an ordinary power station, 
there is no loss of power by the insertion of an accumu- 
lator (which may be arranged for superheated steam) 
between two turbine stages. 

As the boiler pressure as well as the superheat are 
automatically kept at their maximum values by the 
accumulator and as, further, the efficiency of the high- 
pressure stage is practically constant, though the 
accumulator pressure varies, and as also the low- 
pressure stage—especially if it is equipped with auto- 
matic nozzle control—utilises the steam from the accu- 
mulator without extra losses, the total heat drop 
available is not less with an accumulator introduced 
between two turbine stages than it would be without it. 
At most, the heat drop is reduced by an amount 
corresponding to the extra back pressure caused by 
the water-head above the nozzles in the accumulator. 
This head, however, is small, so that the loss entailed 
is of no practical importance. 


ParticuLars or British Warsures.—A Blue-book, 
giving the principal dimensions, particulars of armament, 
speed, and other data relating to all classes of vessels 
of H.M. Navy, and also to the vessels of the naval forces 
of the Dominions, has just been issued, and is now on 
sale at any of the branches of H.M. Stationery Office at 
the price of 10s. net. 


STEAM TURBINES FOR HIGH PRESSURES.* 
By C. F. Srorx. 

EsprcraLiy of Jate years, as far as the larger units 
are concerned, the designers of disc turbines have bad 
to cope with difficulties resulting from high stresses 
of material and corrosion of the blades in the low- 
pressure parts of the turbines. It has proved to be 
arather difficult matter to find the happy mean between 
the various requirements that must be made for a 
good turbine—high economy, to be attained by high 
steam pressure and high superheating on the one side 
and safety of working on the other side. 

Even in authoritative technical literature it has 
been proclaimed that a steam turbine, as a rule, will 
not work very economically in the area of the higher 
steam pressure, and for that reason the designers have 
tried to use the low-pressure area to the best possible 
advantage by raising the vacuum to the utmost. It is 
evident that a considerable improvement would be ~ 
obtained if makers could succeed in reconstructing 
the high-pressure and high-temperature area so as to 
attain a favourable economy. 

There are three points to be investigated :—(1) Is 
it possible to reduce the steam consumption, or rather 
the heat consumption, of the turbine? (2) Is it 
possible to improve the economy at partial load ? 
(3) Is it possible to improve the reliability, especially 
in the larger units ? 

Up to the present time a maximum pressure of about 
18 kg./em.? (250 lb. per square inch) and super- 
heating up to about 375 deg. C. (710 deg. F.) have 
been used almost exclusively. Such pressure and 
temperature are lowered as soon as possible in one 
Curtis wheel or in one or two large single-bladed impulse 
wheels. At full load the pressure after the first expan- 
sion stage usually is only 5 to 6 kg./em.? (70 to 85 Ib. 
per square inch), and this pressure is diminished 
proportionally at partial loads. Even at full load 
this expansion is not economical, and it is still worse 
at partial load. 

Only atter the first stage does the turbine begin to 
work more economically. In fact, it may be said that 
up to the present time low-pressure steam turbines 
(exhaust turbines) have been used. The “ Erste 
Briinner Maschinenfabrik ’’ (Czecho-Slovakia) came 
to the conclusion that the heat consumption can be 
improved, mainly by increasing the heat drop in the 
area of high pressure and by building a very economical 
turbine for this area. 

The turbine designs that are known and have been 
executed cannot in an economical way take advantage 
of the heat drop when this is increased in an upward 
direction ; it is characteristic of all of them that in the 
first expansion stage the steam will expand to a low 
pressure in order to get low steam pressures and low 
temperatures in the casing. Many firms will even 
mention this as an advantage. It is, however, clear 
that such a high-pressure part, which even now works 
much less economically than the low-pressure part, 
may be called useless in the area of the higher pressures. 

It is a well-known fact that for the Parsons turbines 
and the reaction turbines a quality figure has already 
been introduced which is applied by Briinn as a 
quality figure for the whole turbine. This is the 

> Ue 

= ,H being the total heat drop and 
> U? the sum of the squares of the circumferential 
speeds of the blades which utilise the heat drop H. 
This quality figure is, in fact, a measure of the 
relation between the square of the circumferential 
blade speed and the square of the steam velocity that 
can result from the heat drop. 

Investigation shows that all present turbines are 
defective in so far as the quality figure for the high- 
pressure part is concerned, and that this figure is 
considerably worse than the figure for the low-pressure 
part. It is, properly speaking, expected that the 
low-pressure part will make up for the losses in the 
high-pressure part. In order to make use of the high- 
pressure heat drop in a steam turbine to a degree of 
efficiency that will be at least equal to the efficiency 
of the low-pressure heat drop, it has been proved 
necessary to raise the quality figure of the existing 
constructions to a very considerable extent so that 
the values of the low-pressure part are reached and 
exceeded. This improvement will be brought about 
if the high-pressure part is taken out of the existing 
single-cylinder turbine and developed into a special 
high-pressure turbine. 

After long experiments, the Erste Briinner Mas- 
chinenfabrik has built a high-pressure turbine, and the 
diagram on the next page shows the comparison in 
the expansion stayes of the efficiency as compared with 
the efficiency of ordinary impulse wheels with a single 
row of blades. The new design is characterised by the 
flat course of the top of the efficiency curve, which is 
very important for variable loads. 


coefficient 


* Paper, abridged, contributed to Section D of the: 
World Power Conference on July 4, 1924. 
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Should it be possible to keep the losses that are not 
important for the low pressure part (for instance, 
wheel friction, ventilation, surging shocks, &c.), very 
low also for the high pressure part, the steam and heat 
consumption of the turbine then would be reduced 
considerably ; in the first place because a greater heat 
drop is used in the turbine, in the second place because 
in the extended high-pressure area the heat is used 
more economically. 

A proof of the accuracy of these statements and of 
the possibility of attaining these results was obtained 
by the exhaustive examination of a back pressure 
turbine of about 2,300 kw. built by the E.B. Maschinen- 
fabrik for the Nestomitz Sugar Mill. This examination 
was made by Prof. Josse, of Berlin, Prof. Dresden, of 
Delft, and Prof. Niethammer, of Prague, and was 
published in the Jngenieuwr of June 30, 1923. Subse- 
quently, this turbine was examined again by Professor 
Dr. A. Stodola, of Ziirich, by means of his own Swiss 
instruments and with his own assistants exclusively. 
At these last mentioned trials, several representatives 
of competing firms were present. The former ob- 
servations were absolutely confirmed. At full load 
the diagram efficiency was found to be 84-2 per cent., 
and the overall efficiency 82-4 per cent. 

It is also worth mentioning that the turbine from the 
start was running at 400 deg. C. (750 deg. F.) superheat 
and more, and that this temperature was exceeded 
also at the trials. 

Now we may ask how this efficiency of this type of 
turbine has been reached. The trials have shown that 
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U" is needed for the high pressure 


a high quality figure 


part, but that it is by no means immaterial in what 
way this is reached ; in other words, that it is one thing 
to use the heat drop in one large wheel, or in a few large 
wheels, with high circumferential speeds, and another 
to use the same heat drop in a greater number of small 
wheels with low circumferential speeds. It proved to 
be the first essential point that the wheels should 
obtain steam around the whole periphery. If this does 
not happen, the part where there is no admission will 
have such a ventilating effect that the flowing of the 
steam in the admission part will be seriously interfered 
with. 

In the second place, more than 50 steam flow trials 
have shown that transition of the steam to a different 
diameter will cause surginy shocks, even at velocities 
far below the velocity of sound. These surging shocks 
at the same velocities are more violent as the steam 
becomes greater in density, as the radius of curvature 
of the steam course is smaller, and as the transitions 
between the different diameters occur less gradually. 

These trials completely explained the phenomenon 
that, up to this time, back pressure turbines have never 
been so economical as low pressure condensing steam 
turbines, even when the relation U/Co has been taken 
at absolutely the same value. The result of the trials 
has shown that it is essential for a high pressure turbine 
that the steam velocity should be taken lower as the 
steam density (and consequently the steam pressure) 
becomes higher. 

At these trials a great many details were brought out 
to which close attention should be paid, relative to the 
shaping of the guide and running blades; but in the 
first place the high-pressure turbine must be built 
for admission of steam along the whole periphery and 
for small steam velocities. 

Whereas, in the designs at present in use, the steam 
in the first stage, expands mostly tio about 6 kg./em.? 
(85 lbs./sq. inch) with a volume of about 0-33 m.3 
per kilogram (5-3 cub. ft./lb.) of steam, this volume 
in a good high-pressure turbine at an initial pressure 
of 35 atm. (500 Ibs./sq. inch) will be about 0-09 m.3 
per kg. (1-4 cub. ft./lb.), and at 50 atm. (700 lbs. /sq. 
inch) about 0-06 m.% per kg. (0-93 cub. ft. /Ib.). 

The guide channels for these turbines are made very 
accurately, and consequently the results, as to the rela- 
tion between the theoretical and the actual velocity 
of discharge, are very favourable. Moreover, the 
design allows of using non-corrosive material. A great 
number of trials and the practical operation of tur- 
bines have shown that in the high-pressure area at 
least the same economy can be attained as in the low- 
pressure area. We thus see that the high-pressure 
area can be used with good efficiency, and that this is 
another way of enhancing the economy of the cycle. 

We now come to the second question, viz., whether 
it be possible to improve upon the economy at partial 
load. The greater number of turbines, especially in 
electrical power plants, will run at loads that are 
variable to a great extent, and any turbine thatshows a 
flat econoniy curve, 7.e., that does not show a great 
difference of steam consumption between full charge and 
for instance, quarter charge, will be superior to others. 
There is only one way to vive this curve a favourable 
aspect, namely, by keeping the pressure after the first 
guide disc as high as possible, in other words, by seeing 
that in the first stage the expansion will be as slight as 
possible. 

The usual turbine designs do not satisfy this require- 
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ment, neither are they able to do so. The large turbine 
casings with large diameter diaphragms and large 
diameter stuffing boxes are by no means reliable when 
high steam pressures and high temperatures are applied. 
The so-called ‘“‘ governing by cutting out nozzles” 
before the first stage is not a standard for economy 
at partial load. 

If the first expansion stage utilises a great heat drop 
(which unavoidably will be incidental to a lower eco- 
nomy at full load). then this heat drop will be ever 
increasing as the load decreases. The pressures in 
the different stages decrease approximately in the 
same ratio as the load; in other words, at quarter load 
the pressure after the first stage will be lowered to 
about quarter of the pressure at full load. The less 
the load the more the expansion stages after the first 
stage are eliminated and the greater the part of the 
energy that has to be taken up by the first stage. 
Moreover, the economy of this stage will suffer a great 
loss, as the ratio U/Co will become gradually worse. 

If, on the other hand, the pressure after the first 
stage is kept very high, this pressure, even at partial 
load, will remain high, and then the expansion stages 
after the first stage can utilise a great part of the heat 
drop to high economy. In that case the economy curve 
must be a great deal flatter than the curve of a turbine 
with throttle governing or a turbine governed by 
cutting out nozzles and with a great heat drop in the 
first stage. 

In order to allow high steam pressures and high tem- 
peratures after the first stage, it has been necessary to 
make a different design for the casing, to insert the 
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diaphragms in a different way, and to design a suitable 
gland. The diaphragms are placed in loose bushes 
with self-tightening seams. These suspended bushes 
are heated up to the same temperature as the internal 
parts by the surrounding steam flow. The whole is 
enclosed in a small cylinder that may be considered as a 
staying casing of a siinple shape. For high initial 
pressures, for instance, of 50 to 100 atm. (700 to 1,400 
Ibs./sq. inch), this casing is of pressed stcel. The 
economy at partial loads can be improved by applying 
a high steam pressure after the first stage. The design 
has been made in accordance with this principle. 

In conclusion, the third question is left to be 
answered. : whether it he possible to improve reliability, 
especially in large units. It is a very favourable cir- 
cumstance that the results that have been attained for 
the most favourable flow of the steam will, at the same 
time, bring about the highest possible degree of relia- 
bility. In order to obtain the most favourable hy- 
draulic effect we must apply low steam velocities. It is 
not advisable for us to draw our conclusions exclusively 
from the hydraulic efficiency, viz., from the favourable 
flow through the blades. The additional losses ought 
to be investigated, especially for steam of great den- 
sity. 

Hydraulically, the Parsons blade with about 50 per 
cent, reaction is excellent. But in the high-pressure 
turbine it is extremely difficult to lessen the secondary 
losses, such as leakage, &c., whereas the reliability 
should not be jeopardised by infinitesimal clearances. 
The high-pressure rotor has been built as a dise rotor, 
the shaft and the discs forming one solid forging. The 
sealing of the different expansion stages is effected by 
labyrinth glands in the diaphragms. The distance 
between the bearings is very small, so that even for 
3,000 r.p.m. the shaft has been made as a “‘ rigid shaft,” 
in other words, the turbine will run below the critical 
number of revolutions. The discs, being of very small 
diameter, have a low peripheral speed and are very 
rigid. The critical speed lies far above the actual 
number of revolutions. 

The cylinder is of very small length overall and small 
diameter, and consequently can easily stand the high 
steam pressures. When very high steam pressure is 
applied, the intermediate pressure cylinder is built in 
thesame way. The low-pressure part, where the blades 


already have attained sufficient Jength, is made as a 
reaction cylinder with moderate blade speed. The 
advantages of the good hydraulic flow can be utilised 
here to their full extent, whereas the short and rigid 
cylinder, at the very low initial temperature, offers an 
exceedingly great reliability. This low-pressure part, 
too, has been designed with special care. 

From the above it will be evident that the advan- 
tages of the Erste-Briimner design are very important, 
and it will cause no surprise that a number of Con- 
tinental steam turbine manufacturers have decided to 
construct this turbine under licence of the inventors. 
The Dutch licensees have already supplied, and are 
now making, various turbines for the Netherlands, its 
colonies, and for Belgium. 

As an example of the results that have already been 
attained, we may mention that a back-pressure turbine 
of 750 kw. has been made and carefully tested by the 
Engineering Works Gebr. Stork and Company. With 
a steam pressure of 7-25 kg./em.? (103 lb. per square 
inch), a temperature of 325 deg. C. (617 deg. F.) anda 
back pressure of 0-7 kg./cm.* (10 lb. per square inch), a 
steam consumption of 14-2 ky. (31-2 lb. per kw.) at 
full load was found, corresponding to an _ overall 
efficiency of 77 per cent. for the turbine only. 

This figure is very favourable, as it must be taken into 
account that the turbine was constructed to be able to 
work with a great overload and consequently the effi- 
ciency at normal load had to suffer. If this had not 
been the case an overall efficiency of 80 per cent. could ~ 
have been attained, which may rise in other cases to 
85 per cent. 

At present a turbine of 16,000 kw. is in course of - 
construction for a steam pressure of 35 kg. /em.? (500 Ib. 
sq. in.) and a superheat of 400 deg. C. (750 deg. F.,). 
For this turbine a steam consumption of 3-83 kg. 
(8-44 lb.) per kw. has been guaranteed, corresponding 
to an overall efficiency of 86 per cent. for the turbine 
alone. 


STEEL Pipes ror SourH Arrica.—H.M. Senior Trade 
Commissioner in South Africa has forwarded to the 
Department of Overseas Trade a copy of the general 
conditions, specifications and form of tender for the 
supply and delivery of steel pipes, valves and specials 
for the Vereeniging-Zwartkopjes Pipe Line (Contract 
No. 257). The material in question is required in con- 
nection with the second 5-million unit of the Vaal River 
scheme of the Rand Water Board. Tenders must be 
delivered in Johannesburg before noon on Friday, 
September 5, and are to be accompanied by a certified 
cheque or cash deposit for £1,000, which may be retained 
if the contractor withdraws his offer within six weeks — 
of the date on which tenders are opened. United 
Kingdom firms in a position to supply British materials 
can obtain further particulars of this call for tenders on 
application to the Department, 35, Old Queen Street, 
8.W.1, quoting reference A. X. 1102. 


THE Roya TECHNICAL COLLEGE, GLASGOW.—Instead — 
of making a new appointment to the chair of Mechanics 
in the Royal Technical College, Glasgow, made vacant 
by the greatly regretted death of Professor J. G. Long- 
bottom, the Governors have wisely decided to amalga- 
mate the Departments of Mechanics and Mechanical 
Engineering. Under the new arrangement, Dr. Mel- 
lanby becomes Professor of Mechanics and Mechanical 
Engineering, and Dr. William Kerr has been appointed 
Associate Professor in the same Department. All who 
are familiar with the excellent work done by Dr. Kerr 
in the solution of steam turbine problems will find pleasure 
in this recognition of his abilities as an engineer, a mathe- 
matician and an experimental investigator. Dr. Kerr 
served his apprenticeship with Messrs. Murray and 
Paterson, Limited, of Coatbridge, and was afterwards 
employed by the firm as a draughtsman, pursuing his 
studies at the Royal Technical College on the sandwich 
system during some of these years. Obtaining the 
Beilby Research Scholarship in 1911, he conducted 
research work in Professor Mellanby’s laboratory for 
two years, during which period he investigated many 
problems relating to steam turbines, the results of which 
were given in papers on the “Steam Friction of Turbine 
Wheels’’ (see ENGINEERING, vol. xcvi, page 268), 
the ‘‘Caleulation of Centrifugal Stresses in Turbine 
Rotors,”’ and the ‘* Whirling Speeds of Loaded Shafts,” a 
serial article contributed to ENGINEERING (vol. ci, starting 
on pagel50). In 1913, Dr. Kerr entered the design office of 
the Fairfield Shipbuilding and Engineering Company, 
Limited, and was engaged upon the design of turbines 
and gearing for naval and merchant vessels. During 
this period he was also associated with the staff of 
Messrs. John Brown and Co., Limited, Clydebank, 
in developing the designs of Brown-Curtis turbines for 
installation on Fairfield-built vessels. When he became 
research assistant to Dr. Mellanby in 1919, his services 
were retained for some time in a consulting capacity 
by the Fairfield Company, and since then have been 
sought by other concerns in dealing with intricate turbine 
problems. During the last five years Dr. Kerr has been 
closely associated with Dr. Mellanby in fundamental 
engineering investigations, and they have contributed 
jointly many papers to the leading institutions of the 
country concerned with engineering and shipbuilding. 
In 1923 the degree of Ph.D. was conferred by Glasgow 
University upon Professor Kerr for a thesis consisting of 
nine parts, each dealing with some phase of his recent 
experimental work. 
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5,000-KW. BRUSH-LJUNGSTROM TURBINE; BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY THE BRUSH ELECTRICAL ENGINEERING COMPANY, LI 


Fie. 1. 


5,000-KW. BRUSH-LJUNGSTROM TURBINE 
AT THE BRITISH EMPIRE EXHIBITION. 


Ir is now over fourteen years since we published | 
full working drawings of the first Ljungstrém turbo- 
generator ever constructed, a machine of 1,000 kw. 
capacity, which was shortly afterwards brought to 
this country and put down in 2 London power station. 
It is, we believe, still giving good service. The Brush 
Electrical Engineering Company, Limited, of Lough- 
borough, about that time, acquired the rights for the 
development of the type in this country, and the Brush- 
Ijungstrém turbine has been recognised for many 
years as unequalled in economy by any other type for 
the sizes in which it is constructed. The machines are 
now so well known, as embodying the radial-flow 
double-rotation principle, that any detailed description 
is unnecessary, but the extraordinarily small dimen- 
sions of a turbine of the type in question are well 
brought home to visitors to Wembley by an inspection 
of a 5,000-kw. machine exhibited there on the Brush 
Company’s stand. We illustrate this exhibit in 
Figs. 1 to 4 on this page. The turbine proper consists of 
concentric-blade rings located between the two rows 
of radial blades which figure so prominently in 
Fig. 1. The radial blades are the last through 
which the steam passes on its way to the exhaust, and 
the diameter of the bottom flange of the casting, which 
forms the connection to the condenser, serves to indi- 
cate, by comparison, how relatively small the turbine 
is. The half-flange in the foreground of the illustra- 
tion is bolted to the alternator, the other half being, 
of course, on the upper part of the turbine casing. For 
exhibition purposes, the turbine is supported by a 
temporary cast-iron bracket at each end, as shown. 
A 5,000-kw. Brush-Ljungstrém turbine unit measures 
only 28 ft. 6 in. in extreme length over both alter- 
nators, and the centre line of the shaft is at a height 
of 4 ft. above the floor level. With a basement floor 
16 ft. below the engine-room floor, there is ample head 
room for condensing plant and auxiliaries, while a 
crane hook 13 ft. above the engine-room floor gives 
plenty of clearance for dismantling and reassembling 
the plant. 

An interesting example of a low-pressure Brush- 
Ljungstrém turbo-generator has been running for some 


time in a large textile mill in Scotland with very satis- | 


factory results, and a duplicate set has now been 
installed. The set consists of a Brush-Ljungstrém 
turbo-generator having an output of 7,150 k.v.a., three- 
phase, 50 periods, 525 volts, power factor 0-7, with 
an overload capacity of 25 per cent. for two hours. 
The current per phase is 8,000 amperes. The usual 
design of the turbine has been followed in this case, the 
only special feature of the plant being the alternator, 
and especially the construction adopted for the stator 
winding in view of the heavy current involved. 

The Brush-Ljungstr6m turbo-generator possesses 
natural advantages when required for low voltages 
in that the total output is divided between two alter- 


nators. The limit in output for efficient design at a 
predetermined pressure is therefore twice that of a 


Fig. 3. 
TURBINE wItH Upper Part or Castng REMOVED. 


Fic. 4. Enp View or STator. 


turbo-generator with a single alternator. The current 
per phase of each alternator is 4,000 amperes, and as 
it is impossible to subdivide the winding to any extent, 
a heavy current per slot is unavoidable. Special 
precautions, therefore, have to be taken to avoid eddy 
currents and overheating. Although the usual method 
of winding adopted for low-pressure machines—viz., 
compressed stranded cable and multiple-strip con- 
ductors—is satisfactory up to a certain point, it has 
disadvantages, particularly that of lack of rigidity. 

To overcome the disadvantages of the usual method 
of winding, a split tubular conductor has been evolved. 
This conductor, illustrated in Figs. 2 and 3, above, 
consists of a hard-drawn copper tube split in such a 
manner that the eddy current losses are reduced to a 
minimum. Each half of the tube forms a separate 
conductor, the two conductors forming two parallel 
circuits in each phase winding and being insulated from 
each other by highly compressed fibre. After this 
insulation is in position, the two halves of the tube are 
mica-moulded under heavy pressure at a high tem- 
perature. Thus the slot bar—consisting of two con- 
ductors—is practically solid, and approximates very 
closely to the ideal mechanical construction for 
windings. 

Extreme care is taken in making the connections 
between machines and also to the bus-bars, as with the 
heavy current involved, there is considerable danger 
of heating in any iron parts near which the leads pass, 
due to eddy currents being set up in these parts. Hach 
phase current was divided between two leads, making 
six leads in all, and these leads so interspaced that the 
resulting field is negligible. After erection, the connec- 
tions were tested with a current of 10,000 amperes 
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without any excessive heating either in the leads them- 
selves or in any adjacent portions of the plant. Fig. 2 
shows the two halves separated, and the fibre insula- 
tion which separates them, while Fig. 3 shows the two 
halves fitted together. 

In Fig. 4, which is reproduced from a photograph of 
the completed stator, the hollow conductors are clearly 
shown, also the end connections, which consist of single 
copper bars of heavy section held rigidly in clamps. It 
will be noticed that each slot conductor can be discon- 
nected by unsweating the end connector at one end and 
unbolting at the other without disturbing any other 
portion of the winding. Each bar was tested at a 
pressure of 5,000 volts before being connected up (525 
volts being the working pressure) and in order to ascer- 
tain the factor of safety in the insulation, one bar was 
tested to destruction. This bar finally broke down 
under a pressure of 30,000 volts. . 

It is pointed out by the manufacturers that the 
advantages to be gained by adopting this type of low- 
tension winding in preference to the more usual high- 
pressure coil winding, are considerable. In the first 
place, there is no possibility of breakdown between 
turns in the coils as there is the equivalent of one con- 
ductor per slot, and the insulation, being pressed on to 
a continuous copper surface, is reduced to the minimum 
quantity required. Thus, the clearance necessary in the 
slots is practically negligible. This ensures a much 
better mechanical job than is the case where the 
copper is separated from the iron of the slot by a 
cushion of relatively flexible material, in some cases 
at least a quarter of an inch thick. The end connec- 
tors consist of single copper strips of heavy section 
which can be held quite rigidly in the clamps and there 
is no possibility of troubles due to short circuits. When 
it is remembered that on turbo-generators the stator 
winding is usually the most vulnerable part of the 
machine, this point is worthy of great consideration. 
Each slot conductor and end connector can be dis- 
connected and replaced quite simply, should this be 
required. The point of perhaps the greatest import- 
ance is that there is a passage of cooling air through 
the conductor which gives direct contact cooling over 
its entire length. 

Moreover, as a thermometer can be pushed right 
into the conductor, the actual temperature can be 
definitely measured. Windings of the type in question 
can be used over a fairly wide range of voltages and 
outputs, and their advantages certainly deserve con- 
sideration when the conditions are suitable. 


THE HYDRAULIC REACTION TURBINE.* 
By H. Brrcwarp Taytor, M.A.S.M.&., M.S.N.A.M.E. 
One of the most pronounced characteristics of 
American practice has been the adoption of the vertical- 
shaft, single-runner type of turbine. This type has 
become practically standard for both high and low 


* Paper, abridged, contributed to Section B of the 
World Power Conference on July 4, 1924. 
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heads and for all except very small units. The only 
large installations in which horizontal shaft turbines 
have been installed within the past ten years or more 
have been in plants containing existing foundations for 
future horizontal units where the change to the vertical 
type would have involved unwarranted expense in 
alterations in the power house structure. The one 
exception to this practice has been for turbines directly 
connected to pulp grinders in paper mills, where the 
horizontal shaft arrangement is necessarily required. 

A marked improvement has been made by incor- 
porating the turbine as an integral part in the power- 
house structure, the metal casings of the turbines of 
high or medium head plants being embedded in the 
concrete ; and the water passages in low head plants 
being moulded directly in the concrete. The weight 
of the generator is carried vertically downward through 
the solid concrete surrounding the turbine pit and 
thence to the foundation through stay vanes, or the 
speed ring in case of concrete and plate steel casings, 
or a combination of stay vanes and cast steel or cast 
iron casings for higher head turbines. The American 
type of setting insures great rigidity of structure and 
freedom from vibration, and at the same time secures 
compactness and minimum dimensions of both power- 
house and substructure. 

The most representative example of present practice 
in the field of American hydraulic engineering is the 
design of the 70,000 h.p. turbines for the Station 3-C 
extension of the Niagara Falls Power Company. The 
older portion of this station (Station 3-A) consists of 
thirteen 10,000 h.p., horizontal shaft, double runner tur- 
bines, the installation of which was commenced in 1907. 
In 1918 and 1919 (Station 3-B), the horizontal shaft 
arrangement was abandoned and three vertical shaft 
single-runner turbines, rated at 37,500 h.p., were in- 
stalled. In Station 3-C, which is now nearing com- 
pletion, three new 70,000 h.p. units are installed, 
establishing a new world’s record for size and capacity. 

Except for very low heads, the volute or spiral 
casing is standard practice, and even with very low 
heads various approximations to the spiral casing are 
used. In several instances under extremely low heads 
there is not sufficient vertical space below headwater to 
submerge the turbine properly without expensive 
excavation in the tail race, and for this condition a 
syphon setting isemployed. As the head increases, the 
water passages may be completely enclosed, and the 
volute type of concrete casing becomes the normal 
practice. 

The speed ring, or stay vane ring, is used in connec- 
tion with various types of casings to serve as a support 
for the generator and at the same time to direct the flow 
effectively. In low head installations where concrete 
casings are used, the stay vanes are sometimes cast 
separately and set independently in the concrete rather 
than being formed in a continuous ring, as is the usual 
method for higher heads. This results in considerable 
saving in the metal required for the turbine, with a 
consequent reduction in cost. 

Where the head is too high for the economical use 
of the standard form of concrete casing, and where the 
plate steel type may prove expensive, an intermediate 
form recently developed may be used where the turbine 
casing is connected to a plate steel penstock. The 
casing has a circular section and is formed in the 
concrete, the reinforcing rods being made of similar 
shape and connected to the speed ring directly. As 
the head further increases, the plate steel type becomes 
the preferred practice. 

The cast-iron volute casing is very generally used for 
medium heads, and when low velocities of flow are 
used stay bolts may be employed to tie together the 
sides of the casing near the entrance to the guide 
vanes. The cast iron casing is more generally 
employed, however, in connection with a speed ring. 
For extremely high heads, where greater strength is 
required, the cast-steel casing is used. With very 
high heads, the stay vanes, instead of being formed in 
a separate ring bolted to the casing, are cast integrally 
with the casing, thus giving it additional rigidity and 
simplifying the design. 

In a number of large and important installations a 
new type of construction, developed by the author, has 
been used for cast casings. This construction involves 
the division of the casing into a considerable number of 
radial sections separated by planes containing the 
turbine axis. The larger sections are further sub- 
divided by planes, which in turn divide them into two 
or more sections. The smaller radial sections and the 
inner subdivisions of the larger sections contain the 
stay vanes which are cast integrally with the upper and 
lower casing walls. This construction avoids the 
necessity for using a separate speed ring or stay vane 
ring and simplifies the casing construction, and also 
provides a more rigid structure which is free from 
distortion and effectively avoids leakage at the joints. 

The design of the turbine itself has recently under- 
gone a number of improvements, and its range of 
application has been extended to heads greatly in 
excess of those formerly considered suitable for the 
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reaction turbine. The most recent example is the 
35,000 h.p. reaction turbine now being constructed for 
the Oak Grove Development of the Portland Railway, 
Light and Power Company. This turbine is designed 
to operate under a normal head of 857 ft., but will be 
subjected to pressures ranging from 850 ft. to 930 ft. 
It is believed that this unit is the highest head reaction 
turbine ever undertaken. Two turbines of 25,000 h.p. 
each, in the Kern River 3 Plant of the Southern 
California Edison Company, are believed to be the 
highest head reaction turbines now in actual service. 
The head under which these units operate varies from 
780 ft. to 820 ft. These units also were designed and 
built by the Pelton Water Wheel Company. 

In the field of low head installations, the hydraulic 
turbine has undergone radical development, as illus- 
trated by the rapid adoption of the propeller type 
turbine of extremely high specific speed. The progress 
made in the introduction of this type of unit in actual 
installations in America and the improvements which 
have been effected in its design are particularly note- 
worthy. The outstanding installation of this type of 
turbine is the Great Falls Plant of the Manitoba Power 
Company. The turbines are designed for 28,000 h.p. 
capacity under a head of 56 ft. and are equipped with 
the Moody diagonal propeller type runner of a specific 
speed of 154 (684 metric). These units have been in 
successful operation for over a year under heads 
varying from 18 ft., existing when construction was 
still in progress, to 50 ft., following the completion of 
the dam. 

Another notable installation of the propeller type 
turbine is represented by the Green Island Plant of 
Henry Ford & Son, in which the Nagler type of 
runner, operating under a head of 13 ft., has been 
installed by the Allis-Chalmers Manufacturing Com- 
pany. ‘The Nagler type of high-speed propeller runner 
has been used in a large number of installations, 
starting as early as 1916. 

Tn the field of medium heads, the most recent example 
of improved practice is in the 20,000 h.p. turbine 
recently installed in the Holtwood plant of the Pennsyl- 
vania Water and Power Company, on the Susque- 
hanna River. In 1907, units of the vertical shaft, 
open flume, two-runner design, were installed. Recently 
the two new 20,000 h.p. turbines have been placed in 
operation. Each of these latter turbines has been 
installed in the space originally intended for a 13,500 h.p 
two-runper unit, which necessitated a considerable 
amount of alteration to the power house substructure. 
These turbines are equipped with volute casings and 
a Moody spreading draft tube with a spiral form of 
discharge passage. 


Among the improvements in the various turbine, 


elements which have been effected in recent years, 
perhaps none has been more pronounced than the 
transformation which the draft tube has undergone. 
The real problem in any draft tube involves not only 
the question of conserving the energy of whirl, but of 
preventing this whirl from creating induced losses. 
In the United States, this problem has been met by 
the development of two types of draft tubes which 
have come into great prominence, namely: the White 
Hydraucone and the Moody spreading draft tube. 

There are now in operation or under contract, tur- 
bines aggregating 1,200,000 h.p. in which the White 
hydraucone has been applied, and turbines with a 
total capacity of 2,000,000 h.p. in which the Moody 
spreading draft tube has been used. 

The White hydraucone and spreading tube are both 
concentric tubes, the areas being symmetrically disposed 
about the axis of the turbine. These forms of tube 
serve to reduce the amount of excavation. In handling 
the energy of whirl, the spreading tube is superior to the 
hydraucone, since both components of the whirling 
water—that is, the meridian and whirl components— 
are decelerated simultaneously ; the first by mieans of 
gradually increasing areas and the second by the in- 
creasing distance from the axis of the turbine. After 
the water has passed through the spreading portion it 
enters the discharge passage which extends around both 
sides of the spreading portion and equally subdivides 
the flow. This form of spreading tube has been prin- 
cipally applied to units of low specific speed in which 
the form of discharge passage is relatively unimportant, 
since the major portion of the decelerating action takes 
place in the spreading or symmetrical part of the tube, 
with the result that the velocity head of the water has 
been reduced to a low value before entering the dis- 
charge passage. 

In the tube used in units of high specific speed in 
which the whirl component has a considerable value, 
the initial portion is annular, followed by a spiral 
passage which serves more effectively to regain the 
energy at the discharge from the annular portion. 
By the use of this annular form of passage, the water 


{from the runner enters the draft tube without any 


sudden change in the shape of the section such as 
exists when the annular form of runner discharge space 
is followed by a cylindrical draft tube ; that is, there is 
complete continuity of area transition from the runner 


the water. 


to the draft tube. The elimination of the central region 
of the draft tube which is not occupied by the whirling 
mass of the stream, since the water there is not par- 
taking in the general flow, has resulted in much higher 
efficiency and has also prevented disturbances such as 
vibration or water hammer originating within the draft 
tube, the effects of which are particularly serious in 
turbines having long penstocks, where the checking 
of the flow through the runner may cause severe 
surging or water hamimer in the penstock. 

In applying the hydraulic reaction turbine to higher 
heads, one of the greatest difficulties encountered has 
been the material loss in efficiency due to leakage 
through the runner clearances. Two methods of reduc- 
ing this. loss have been applied; the first the use of 
labyrinth seals, which have come into general practice, 
and the second the use of rubber seal rings, an improve- 
ment which has only recently been developed, but 
which has already been in successful use for a 
sufficient time to demonstrate without question its 
practicability. 

It is extremely difficult, for mechanical reasons, to 
reduce the leakage beyond a certain point by reducing 


' the width of the clearance opening when the usual metal 


seal rings are employed, as an unduly small clearance 
results in serious risk of seizing due to the heat resulting 
from contact or due to the presence of grit or sand in 
The labyrinth seal reduces the leakage 
by providing several small clearances in series, thus the’ 
head effective on each clearance is only a fraction of the 
total head. The 70,000 h.p. units of the Niagara Falls 
Power Company are equipped with the labyrinth type 
of seals. 

With the rubber sealing arrangement, a stationary 
ring of soft rubber, supported by a metal backing, sur- 
rounds the runner and comes in close engagement with 
the metal surface of the runner band. By the use of 
this arrangement it is possible to provide a much 
reduced initial clearance, and the flexibility of the 
rubber avoids the risk of seizure. It has been found 
that the life of these seals is very much longer than 
that of the metal seal, even though the water contains 
large quantities of sand. 

Another feature of the turbine which has been 
materially improved is the design of the main shaft 
bearing for many large units. American practice, 
particularly in low head turbines, has favoured the use 
of lignum vite guide bearings. This type of bearing 
is valuable on account of its simplicity and decreased 
risk of burning out due to interrupted oil supply. 
The recent improvement in these bearings has been to 
make them of sectional construction with adjustable 
shoes, thus enabling the wear to be taken up without 
the necessity of dismantling the entire bearing and 
renewing it. 

Another recent improvement has been in the design 
of the operating mechanism, which makes use of a 
double-acting shearing link for connecting the turbine 
operating ring to the individual levers of the guide 
vanes. Such links also permit the use of an offset - 
guide vane lever in place of the usual radial arrange- 
ment of lever, which by proper design permits some 
improvement in the governing characteristics of the 
unit. 

American practice employs, for the most part, the 
use of a separate governor, belt driven from the main 
turbine shaft. These governors are designed to func- 
tion in the usual manner by controlling the pressures 
in the operating cylinders of the turbine. The use 
of centrifugal flyballs mounted directly on the main 
turbine shaft has been successfully developed by 
Mr. W. M. White, of the Allis-Chalmers Manufacturing 
Company. With this arrangement of governor, the 
movement of the flyballs is transmitted through a 
series of levers to the governor actuator in which are 
contained the control valves. Another interesting 
method of governor drive is the use of a separate 
electric motor directly connected to the governor 
spindle and supplied with current from the main 
generator circuit. This type has been successfully 
employed by the Woodward Governor Company. 

An interesting feature of the recent improvements 
in hydraulic turbine governors ‘has been the per- 
fecting of the remote control for use with automatic 
generating stations. A number of such stations 
of capacities ranging up to 5,000 kw. have been in 
successful operation for several years. This type of 
plant is rapidly growing in popularity since it makes 
the development of small water powers an economical 
proposition by the elimination of the attendance for- 
merly considered necessary. 

The means for supplying the pressure for the governor 
system are also worthy of note. In large plants, where 
there are a number of units, a central pumping system 
is usually employed, although individual pumps and 
accumulator tanks are frequently used. The Pelton 
Water Wheel Company have recently developed a 
special gear type pumping unit for oil systems which 
may be applied to either of the two particular classes 
of systems. In central systems, water is frequently 
used in place of oil as the medium for transmitting the 


JULY 11, 1924.] 


73 = 


ENGINEERING. 


power to the operating cylinders, and, in order to 
prevent corrosion of pipes and valves, a solution of 
potassium bichromate is frequently employed; as 


an alternative, the use of soluble oil with the water 
has grown in favour. 


_ Considerable increase in first cost of the installation 
is justified for the purpose of eliminating the complica- 
tion and waste of water involved by the addition of 


relief valves. In many installations having long pen- 


stocks, however, relief valves are necessary either to 


secure satisfactory speed regulation of the unit or to 


avoid prohibitive pressure intensities in the turbine 


casing and penstock. In American practice, governor- 


actuated relief valves connected mechanically or 
hydraulically to the turbine operating cylinder and 


adjusted for 
exclusively used. 


slow-closing operation, have been 


The author desires at this time to express the view 
that the differential surge tank is inherently superior 


to the simple tank, and that the invention of the 
Johnson differential tank has marked a notable 
improvement in the method of controlling pipe line 
surges. In the United States, its merits have been 
duly appreciated, and it is indeed surprising that this 
type of surge tank has not been more generally adopted 
elsewhere. 

The great difficulties experienced with gate valves 
in penstocks in earlier practice have resulted in their 
general abandonment for this purpose ; and the use of 
butterfly valves has been to a great extent limited 
to low or moderate heads and small sizes. The Johnson 
valve is admirably adapted to all sizes and heads, 
since all its sections are of circular form, giving maxi- 
mum strength and freedom from distortion with 
minimum amount of metal. The means of effecting 
slosure through the operation of the plunger insures 
freedom from rapid wear and provides a tightness of 
slosure unapproached in any other valve. 

Another application of the Johnson valve has been 
n power plants on streams where, due to government 
regulation or water rights or the requirements of 
plants downstream, a certain definite volume of flow 
must be maintained at all times. In order to effect 
his, the Johnson valve is used in connection with 
he turbine governor and is operated as an approxi- 
nately synchronous bypass, so that should the flow 
9e cut off from the turbine, the valve opens a corre- 
sponding amount and the necessary flow is thus 
naintained. 

One of the great difficulties encountered in the 
yperation of low head plants has been the rise in 
ail water with consequent reduction of head during 
he flood season. In order to compensate for this, 
‘wo methods are used. The first, known as the Moody 
jector turbine, makes use of the ejector action caused 
y an annular jet of water at high velocity entering 
he draft’ tube immediately below the runner. Two 
mits of this type, each of 12,000 h.p. capacity, are 
10w being constructed for the Hollinger Gold Mines, 
Limited, in Northern Canada. 

The other method employed is the Thurlow back 
vater suppressor. By this method the turbine is set 
n a high concrete barrel placed upstream from the 
pillway section of the dam. The excess of water 
lischarged from the spillway creates a standing wave 
ust beyond the end of the draft tube discharge passage, 
hus reducing the tail water elevation at the point of 
lraft tube discharge. The Mitchell Dam Development 
f the Alabama Power Company was the first installa- 
ion to utilise this new feature. 

Designs are now developed along proper theoretical 
ines and then carefully checked for performance by tests 
f model turbines in the laboratory or at the Holyoke 
lume. In recent years the leading manufacturers 
ave built private laboratories of their own in which 
he experimental work is carefully tested, but the 
lolyoke flume still serves, in a measure, as the basis 
£ direct comparison with the earlier stages of develop- 
nent. An important element in the carrying out of 
ew designs has been the practice of making field tests 
n completed installations, thus giving the manufac- 
urers frequent opportunities of checking their experi- 
2xental work with the actual.operation of full-sized 
nits. 

It may be noted that the efficiency curve of the 
5,000 h.p. unit No. 5 of the Queenston Station 
f the Hydro-Electrie Power Commission of Ontario, 
hich was built by the I. P. Morris Department of 
he Cramp Company, and was tested by the 
ibson method, shows the highest average efficiency 
hroughout the full operating range of power ever 
scured in a hydraulic unit. A maximum efficiency 
f 93.3 per cent. was attained, and for a range of 
utput from 45,000 h.p. to 55,000 h.p., an efficiency of 
3 per cent. or over was maintained; an efficiency 
f 92 per cent. or over was maintained from 39,000 
) 59,000 h.p.; an efficiency of 91 per cent. or over 
‘om 34,500 to 62,000 h.p.; while from 31,500 to 
3,000 h.p. an efficiency of 90 per cent. or more was 
scured. 
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that time. The water, however, is not then drawn off 
from the surface, but through bottom outlets. Instead 
of cold surface water, the deep and warm water will 
now be discharged down the river, resulting in an 
increased water temperature and less tendency to ice 
needle formation, since the temperature is no longer 
so close to the critical temperature as before. 

By the development of power plants and damming a 
long stretch of the river, a series of minor falls and 
rapids are combined into one head by means of a single 
dam. The damming then transforms the length of 
river in question from a series of whirlpools and rapids 
into an artificial lake or forebay with comparatively 
quiet water, which is soon ice covered in the autumn. 
When all available falls have been developed, and the 
original rapids in a river have been transformed into a 
series of calms, ice covered basins, or lakes, from which 
the water, drawn from the bottom, is carried to the 
turbines, the cooling of the water will necessarily be 
considerably less than formerly in the original state of 
the river, the ice troubles being also correspondingly 
reduced. It is anticipated that this, in connection 
with regulation of the lakes, will cause the frazil ice 
formation to disappear entirely. 

The river Glommen has undergone a typical evolu- 
tion in this respect. The upper part of this watercourse 
consists of two rivers, the Glommen and the Laagen. 
The Glommen flows through the valley of Osterdalen, 
where it forms no lake in a distance of more than 200 
miles. The Laagen flows through another valley, 
Gudbrandsdalen, also without forming a single lake in a 
distance of about 200 miles, until it runs into the large 
and deep lake of Mjésen, the confluence of the two 
rivers taking place a short distance below the lake. 
The river then flows into another great lake, the Oieren. 
The total fall of the river from Oieren to the sea is 
approximately 100 m, (328 ft.), in a distance of 60 km, 
(37 miles). Of this 100 m. head, some 75 m. (246 ft.) 
are concentrated in a distance of about 20 km. (12 
miles), which stretch, in the original state of the river, 
was one long, continuous rapid. Also above the 
Oieren there were falls and whirlpools. The natural 
conditions of this river, therefore, were as unfavourable 
as possible with regard to ice troubles. There were 
originally a large number of minor falls and rapids, where 
in winter-time the water was subjected to severe cool- 
ing. The first power plant constructed on this river 
—at Sarpsfossen in 1898—had therefore to contend with 
much ice trouble, especially heavy formation of frazil 
ice, at times of such magnitude as to cause complete 
shut-down of the plant. Gradually, however, more 
water power has been developed along the river; the 
lake of Mjésen has been dammed for storage purposes, 
the lake of Oieren will soon be, and, in course of the next 
few years, allthe mountain lakes, which form the head 
waters of this river, will also be utilised for storage 
purposes. Practically all rapids from the lake of 
Mjésen to the sea will in the course of a few years en- 
tirely disappear, giving place to large water power 
developments. Surface ice will now quickly cover 
the calm river and protect the water against excessive 
cooling from the air, and the tapping of lakes and fore- 
bays will no longer be effected by drawing off the cold 
surface water, but the warm water from lower strata. 

The evolution as outlined is typical of the majority 
of the large Norwegian water-courses. It is the first 
water power developments in a river which have to 
fight the ice troubles. As the water power is more 
extensively developed these troubles will disappear. 

Again, sudden severe frost periods cause large parts 
of rivers to freeze up. Large quantities of water 
are thus converted into surface ice, ice needles, and 
anchor ice, as a result of Which the flow will diminish 
appreciably. This decrease in flow varies for different 
rivers, depends upon the extension of, the watershed, 
the area of water surface, and the quantity of flow. 
In the river Numedalslaagen with a regulated flow of 
about 35 m? sec. (1,236 cub. ft./sec.) a drop to 25 
m* sec. (883 cub, ft./sec.) is encountered in frosty 
weather, in other words, 25 per cent. of the flow is 
retained in the river, temporarily icebound. 

This phenomenon, of course, greatly reduces the 
output of the power stations, unless safeguarded against 
by increasing the discharge from the storage reservoirs 
as soon as the frost starts. Evidently, the power plants 
located immediately below the storage reservoirs are 
most advantageously situated in this respect. En- 
tirely different are those plants whose water requires 
several days to travel from the reservoirs to the power 
stations as, for instance, in the river Numedalslaagen, 
the storage reservoirs of which are located in the upper 
part of the river, in the mountains, and whose power 
stations are.close to the river outlet. The incon- 
venience can be overcome by running plants of this 
nature in parallel with power stations of the first 
category, which have storage reservoirs located in 
close proximity above, being able immediately to supply 
water to suit the power demand. 

The same phenomenon, viz., that during its passage 
the water is temporarily bound in the form of ice, has 
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By Arvip Rutus (Director, A/S. Hafslund and A/S. 
Vamma). 


Tue cooling of the water in a Jake commences at the 
surface Jevel in immediate contact with the cold air, 
and the water thus cooled will sink to the bottom, 
causing the warmer water from the bottom to ascend 
to the surface, whence after cooling it again descends. 
This circulation continues until all the water of the basin 
in question has obtained a temperature of 4 deg. C. 
(39:2 deg. F.). On continued cooling the cold water 
will remain in the upper strata and its temperature will 
decrease to 0 deg. C. (32 deg. F.), Formation of ice 
in flowing water is governed by the same physical 
laws as for still water, but, in addition, also by the 
influence of the current. Owing to the more or less 
whirling motion of the water, the cooled water particles 
will be carried into deeper strata, even right down to 
the bottom. During the time when a certain particle 
of water is carried along the surface the cooling is so 
intense that its conversion into ice crystals com- 
mences. Such ice crystals, or ice needles, are also 
formed in waterfalls, or rapids where the water is beaten 
into foam. 

These needles have usually a length of about 20 mm. 
(} in.) and a thickness averaging about 1 to 2 mm. 
(0-04 in. to 0-08 in.). Under certain conditions, 
favourable to their formation, they appear in such 
large quantities as to fill the entire river bed from 
bottom to surface. The ice needles are formed in rivers 
where the current prevents the formation of a con- 
tinuous sheet of ice, the latter acting as a heat insulating 
layer against the cooling effect of the air on the water. 
They are formed when the water temperature sinks 
from + 0-06 deg. to + 0-05 deg. C. (32-11 deg. to 
32-09 deg. F.) and the formation continues as long as 
the temperature remains at, or below, this point. In 
local whirls these ice needles have a tendency to clot 
together, and these clots will in turn mutually unite, 
constituting large lumps of ice needles measuring 
several cubic metres in volume, and float down the 
river (1:0 m* = approx. 35 cub. ft.). 

This formation of ice needles and their aggregates is 
in America and Canada termed “ frazil ice,’ elsewhere 
perhaps known as “‘crizzle,” or ‘young ice.’ The 
ice needles have a tendency to adhere to, and settle 
on, all solid objects encountered. 

With cold north wind and clear weather, frazil ice 
formation has been observed in the Glommen river at 
a temperature of a few degrees below Celsius zero 
(32 deg. F.), while no such formation has been observed 
in cloudy weather under otherwise similar conditions. 
With air temperatures as low as —25 deg. or —30 deg.C. 
(—13 deg. or — 22 deg. F.) and no wind, frazil ice will 
not always appear owing to the presence of a heat- 
insulating, moisture-saturated layer of air on top of 
the water, which layer will prevent the cold air from 
cooling the surface water to the critical temperature. 
Frazil ice periods may last from a few days up to eight to 
ten days, ceasing if the water temperature for any 
reason rises—for instance, when cloudy weather sets 
in, the cold north-wind ceases, and surface ice is 
formed. 

Norwegian water power plants have formerly, in a 
large measure, had to cope with ice troubles of different 
kinds, so serious in certain cases as to cause complete 
shut-down of the plant. As the causes of these ice 
troubles have heen more closely studied and different 
ways and means to obviate them have been tried, we 
have now arrived at the stage—at least in connection 
with the larger plants—that these troubles no longer 
jeopardise operation. 

The characteristic feature of the rivers of the south- 
eastern part of Norway is their long stretches of swift 
flowing water, with plenty of rapids but no intervening 
lakes, followed by a stretch where one or more natural 
lakes are formed, after which the flow continues 
through another narrow passage with many rapids 
and falls. Owing to the swift current and the many 
rapids, these rivers will become ice covered rather 
late in the season, and their water therefore will be 
greatly cooled. It is always the first frost period 
of a winter which is accompanied by the greatest ice 
troubles in the form of floating ice needles, and the 
reason for this is that the rivers have not yet been 
ice covered, the cooling of the water therefore being 
very intense. In rivers where no regulation of the 
stream flow has been carried out and no power 
development exists all natural conditions favouring 
an excessive ice needle formation are present. 

On the other hand, the ice troubles will diminish 
when developments in the rivers have been carried out. 
The lakes will be used as reservoirs for water storage, 
and their water will be drawn off during the low-water 
period of the winter to increase the flow of the river at 


* Paper, abridged, contributed to Section B of the 
World Power Conference on July 4, 1924, 
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to be taken into consideration in manipulating the 
discharge from storage reservoirs, If the tapping of the 
storage is started, 7.e., the stream flow is augmented, 
some time after a layer of surface ice has been formed, 
the water from the storage has to pass on top of the 
surface ice, since the space underneath is occupied by 
the natural flow existing before tapping was commenced. 
Consequently, in long stretches of the river, the water 
from the storage under these unfavourable conditions 
is converted into ice which will not melt until spring- 
time. To prevent this disadvantage, the tapping of 
such storage reservoirs has to be started in the autumn, 
before the frost commences, and it must be so con- 
timued that the flow in the river below is kept as 
uniform as possible. 

In Norwegian power plants it is particularly drift- 
ice and frazil-ice formation which cause trouble, and 
each of these requires special measures for its obviation. 

Drift-ice appears when the surface ice of the river is 
broken up by a heavy storm, by variations in the water 
level, &c. In designing a plant due regard, as stated, 
must be given to drift-ice conditions, either by adopting 
an arrangement that will exclude the drift-ice from 
entering the forebay, or, if this is not possible, by 
providing such design of the forebay as will facilitate 
easy and quick removal of drift-ice entering. 

At Vamma, on the Glommen, a new lake has been 
formed in the river, serving as forebay and storage 
reservoir for the plant. Early in the autumn, this 
becomes covered with surface ice clear down to the 
screens. This surface ice prevents drift-ice from reaching 
the screens, and also successfully obviates frazil-ice 
troubles, as any floating frazil-ice entering the com- 
paratively still water of the forebay will get a chance to 
rise and stick to the ice cover before the screens are 
reached, At the Kykkelsrud hydro-electric plant, also 
situated on the Glommen, there is a long head race 
canal, which conveys the water from the river bed 
to the forebay at the power-house. The water-velocity 
in the canal—exceeding 2 metres/sec. (6-5 ft./sec.)—is 
great enough to prevent formation of surface ice, and as 
the entire flow of the river passes through the canal, 
all drift-ice, frazil-ice, as well as solid ice, will be carried 
directly into the forebay. Here an ice-sluice is pro- 
vided which, when opened, will create a surface current 
alongside the screens by means of which the solid 
drift-ice is removed with comparative ease from the 
forebay. 

But only surface ice can be removed in this way ; 
drifting frazil-ice is not so easy to deal with. It has 
been mentioned that the frazil-ice, at times, can fill the 
entire river bed from bottom to surface, and that it has 
a tendency to stick to all hindrances encountered. The 
head races, for instance at Kykkelsrud, are, as a rule, 
shallower than the river bed, and large quantities of 
frazil-ice have been known to accumulate at the canal 
intake. An ice-barrier has been built up in front of the 
canal intake from bottom to surface, about 20 metres 
(65 ft.) wide. By careful use of dynamite, such ice 
masses can be blasted to pieces and the current will 
then carry them through the canal down to the screens. 
Plants of the Vamma type, without head race canal, are 
therefore immensely more favourable with regard to ice 
troubles than those with head races. At plants of 
the latter type, having no large ice-covered forebay 
as protection against ice troubles, it has been sought 
to remedy this disadvantage by placing, in the autumn, 
@ coarse network of timber in the canal and river above, 
which by its quieting and damping action on the water 
will facilitate the formation of a protecting sheet of 
surface ice. 

All ice troubles concentrate at the screens. When 
the ice needles strike the iron bars of the screens, they 
will stick to these, accumulating rapidly until the 
screens are choked up entirely. The entire surface of 
the screens can be covered with a layer of ice up to 
1 metre (3°28 ft.) thick and the water supply to the 
turbines stopped entirely. The screens will be sub- 
jected to the full, water pressure on one side causing 
heavy strains on the screens and their supporting 
members. One case is recorded where the support 
gave way and the screens collapsed. 

Several means have been tried to keep the screens free 
of frazilice. Hand scrapers were first resorted to, As 
a rule these endeavours were entirely vain. Mechanical 
scrapers of various designs have also been tried. These 
were placed in front of the screens, and consisted 
mainly of a frame structure, to which were fastened 
suitably spaced horizontal beams provided with teeth 
meshing with the openings between the screen bars. 
The frame, driven by a motor, was arranged to slide 
up and down the screen; but these mechanical 
scrapers have also proved unsuccessful. 

The screens have actually to be removed when the 
ice troubles start and be replaced by a coarse rack of 
wooden planks. This arrangement allows the frazil- 
ice to pass through the turbines as comparatively loose 
masses, from which no damage will result. Large ice 
passing through the racks may involve a certain danger 
to the turbines. 

With a view to keeping the screen bars above the criti- 
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cal temperature, heating them by steam has been tried. 
The bars are made hollow, with pipes conveying steam 
inserted into them. ‘This method has not proved satis- 
factory ; it is elaborate, the bars must be thicker than 
usual, entailing a loss in net area of the screens; the 
steam pipes become leaky, and the heating of the 
bars ceases and the freezing-up commences. Steam 
heating is also very uneconomical as far as the thermal 
efficiency is concerned, and can be considered only for 
plants producing steam for other purposes also. At the 
Borregaard power plant on the Glommen some screens 
are heated in this way and the steam consumption 
amounts to 13 kg. (29 lb.) of steam per hour per square 
metre (10-8 sq. ft.) net screen area (minimum water 
area). 

The best remedy hitherto devised for protection of 
the screens against frazil is electrical heating of the bars. 
By this method, either single bars, or groups of bars, are 
connected in series. The current then passes through 
all the series connected bars, or groups of bars, and heats 
them. For commonscreens with a water velocity from 
0:4 to 0-7 m./sec. (1-3 to 2-3 ft./sec.) and a bar section 
of about 400 to 700 mm2 (0-6 to 1-0 sq. in.), suffi- 
cient heating of the bars will be obtained with 250 to 
300 amperes per bar, A.C. 50 cycles. 


interior icing of the pipes, the inside of these being 
covered with a compact layer of solid ice up to 30 
em, (12 in.) thick in certain cases. As, with increasing 
water and air temperatures, the ice cover becomes 
loosened on the inside of the pipe, hard, solid pieces 
of ice will be carried down to the turbines where 
they may cause damage and interruption of the 
service. This trouble can be overcome by protecting 
the pipeline against the influence of the cold air, 
either by imbedding it in concrete, or by covering 
it with some heat-insulating material. 

Ice sluices and various other discharge openings are 
liable to clog up with ice, and must be kept open by 
steadily cutting the ice away. Such icing is prevented — 
by inserting electrical heating elements in the adjacent 
masonry, such elements to be of about 1,000 watts 
capacity, spaced about 14 to 2 metres (5 to 6% it.) 
apart. In this way the masonry is heated sufficiently 
to exclude the possibility of ice growth, facilitating 
clean discharge passages during the most severe frosts. 

The same preventive, i.e., imbedded heating elements, 
can also be used as a guard against roller dams freezing 
up to the side walls at both ends of the roller. Equal 
results are also obtained by provision of suitably 
located, electrically heated steel bars. The latter 


Ovre Lerfoss. Nedre Lerfoss. 
Particulars of Hafslund, | Hafslund, | Kykkels- 
Electrically-Heated Screens. 12 elk rud. j 
Old Plant. | New Plant.| Old Plant. |New Plant. 
Number of bars connected in parallel .. as 4 4 4 1 1 1 1 
Power factor (measured at the primary side o 

the transformer) a0 ae sas nS 0-73 0-72 0:76 — — — ae 
Power factor (measured at the secondary side 

of the transformers) ate ae os -- — —- 0-88—0-87|0-85—0-86 0-85 0-86 
The coefficient K.. 5 8-4 8-1 87 6-66 5-45 4 5-27 
Current per bar, in amperes 270 274 275 280 240 178 290 
Sectional area of bar, in mm.2 5 aie 10 x 70 10 x70 10 x 70 6 x 65 6 x 65 6 x 65 6 x 65 
Current density per bar, in amp./mm.?2.. 0-39 0-39 0-39 0:72 0-615 0-455 0-75 
Frequency (at the test) .. aS ie 50 50 50 48 48 48 48 
Voltage between outer phases 55 ve 225 225 215 156 158 164 162 
Method of bar field connection .. a or Ne M% A A A A ¥ 
Free opening between bars, mm. a ae 32 32 28 46 36 25 32 
Water velocity through screen, metres/sec. .. 0-6 0-49 0-65 0:65 0-79 0-514 0-78 
Energy consumed per m* flow of water, kw. .. 5 5:7 5-2 6-9 4°8 3-5 4°8 
Energy consumed per m2 effective screen area, 

Weep aes 30 a ae se 35 3-1 2:8 3:3 4+5 3-8 1-82 3:76 
Length of bar per m? water consumption in m. 52 64 54 56°5 60 86°5 45 
Energy consumption per linear metre bar * 

length, kw. ce Bie ele 0 ote 0-095 0-09 0-094 0-12 0-081 0-041 0-106 
Energy consumption per m2 of bar surface, kw. 0-6 0-56 0°58 0-85 0-566 0:29 0:75 — 

ne 


At Kykkelsrud, water is admitted to each of the 
6,000-h.p. turbines through a screen of three panels. 
The length of the screen bars in this case is 8,650 mm. 
(28 ft. 4 in.) and each panel contains 56 bars of 70 x 10 
mm. (2? in. x } in.) section, parallel-connected in 
groups, comprising four bars each. This connection 
is made by a suitable piece of channel steel, welded 
to the ends of the bars. The bars are fastened to 
a frame of oak, which again is bolted to a steel frame 
resting against the supporting structures of the dam. 
Oak has been used for insulation. 

The calculation of the power consumption is based 
on the ohmic resistance of the screens. Assuming 
the specific resistance of steel to be 0-1, the theoretical 
resistance of a screen comprising four bars, of the 
dimensions stated above, is :— 

RB, = ML x 865 C1 yy Bo 4 = 0-0173 ohm. 
700 4 4 
The actual resistance, however, is considerably greater 
owing to the additional resistance of the welded bar 
connections, the cables, &c., and has been measured 
for the field in question at Kykkelsrud as : 
Re = 0°15 ohm = K Ry = 8°77 Ry 

The screens at Kykkelsrud work with a power factor 
(cos ¢) = 0:76. With above values of the coefficient 
K and the power factor it is an easy matter to compute 
the power, voltage, and transformer capacity required 
to obtain a current of 250 to 300 amperes through the 
screen bars. 

The table on this page contains particulars and read- 
ings from various electrically-heated screens, the values 
given for power consumption, &c., being those found 
adequate to prevent the ice needles from adhering 
to the bars. 

As will be seen in the table, the power consumption of 
these screens averages 5 to 6 kw. per cubic metre 
of water passing through the screens per second. 

Solid ice blocks settling at the screens must be 
removed by the watchmen as quickly as possible. 
Manual assistance cannot, therefore, be entirely dis- 
pensed with by the use of electrically-heated screens, 
but while formerly—with unheated screens—a gang of 
fifty to sixty men, working with scrapers on the screens, 
failed to maintain the operation of the plant, it is 
possible, with heated screens, to keep the same plant 
going during the worst periods of frazil-ice formation 
by the aid of a few men only, for removal of drifting 
ice blocks. 

Plants having uncovered pipelines between the dam 
and the turbines are troubled in frosty weather with 


method is employed at the Vamma power plant to 
protect the roller dam against freezing. i 

In connection with paddle or needle weirs, a certain 
condition may arise which is worthy of attention. When 
the river above the weir freezes up, the ice cover will 
extend right down to the needles and freeze on to these. 
If now the water level above the weir varies it may 
happen that the needles may be lifted over the sil 
of the weir and carried away, great quantities of water 
being then suddenly discharged. To avoid this 
calamity it is of the utmost importance at all levels of 
the water to keep an open lane in the ice, about 1 metre 
(3-28 ft.) wide, in front of such weirs. ; 


THORNYCROFTS In CanapDA.—Following a visit to 
Canada last year by a representative of Messrs. John 1. 
Thornycroft and Co., Limited, the company opened a 
depot at Toronto, and they have now established another 
at Montreal for the sale of their productions. A number 
of Thornycroft motor vehicles is already in service in 
Canada, including several owned by Messrs. The T. 
Eaton Company, who are the largest store owners in the 
Dominion, and these Canadian depots will provide service 
facilities and be used for the stocking and assembly after 
shipment of Thornycroft chassis and marine engines. 
Messrs. Thornycroft are also established at Calcutta, 
Cairo, Copenhagen, Singapore, Shanghai, Rio de Janeiro, 
Buenos Aires, Sydney and Melbourne, each organisation 
being under the direction of one of their own trained staff. 


Stsan Hemp Propvucrion In THE Empiry.—sisal 
hemp is chiefly produced in Mexico, where the annual 
output is about 150,000 tons. More than nine-tenths of 
this goes to the United States, where it is employed for the 
manufacture of the binder twine used in harvesting 
machines, the demand for binder twine for this purpose 
amounting to about 200 million lb. annually. It is 
obvious, therefore, that European buyers must look to 
countries other than Mexico for adequate supplies of the 
fibre. An abstract of the present position of sisal hemp 
cultivation in the British Empire is given in the Bulletin 
of the Imperial Institute. East African sisal, produced 
in Tanganyika and Kenya Colony, is of excellent quality, 
and large quantities come to this country, where it realises 
prices higher than those of Mexican sisal. The Bahamas 
also grow the fibre on a fairly extensive scale, but the 
whole of their output is taken by the United States. 
No other country in the Empire is at present producing 
large quantities of the fibre, but commercial supplie: 
may be expected in the near future from Ceylon, Nyas@- 
land, Gold Coast, Mauritius and Jamaica. Several other 
regions are well adapted to the crop, and have extensivé 
areas available for its cultivation. 
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THE RECIPROCAL UTILISATION OF WASTE 
ENERGY.* 


By Bernuarp Moritz GERBEL. 


The most favourable conditions for the utilisation of 
waste steam are, of course, found only in the special 
cases where the different sections of a plant require just 
as much waste steam as is supplied in this plant by the 
steamengine. Ifthe quantity of waste steam required 
is greater than the quantity supplied, we must add live 
steam ; if the quantity required for boiling and heating 
purposes is smaller, we must choose steam engines 
working with extraction of steam from the receiver, or 
bleeder turbines. 

The reason why the utilisation of waste heat in 
steam plants has, up till now, not assumed larger 
dimensions, is that the leaders of large industries, the 
managers and the other competent persons areinterested 
only in the progress of heat technics as far as their 
own plant is concerned. The utilisation of waste heat 
beyond their own plant is generally not thought of, 
whereas the possibility of developing the utilisation of 
waste heat is founded especially on its employment 
outside their own plant, a combination which would be 
extremely economical for the various plants and of 
greatest importance for political economy. 

The future development of the utilisation of waste 
heat does, therefore, not only depend on the combina- 
tion of the generation of power with the employment 
of waste heat for boiling and other purposes within 
the reach of one and the same plant, but on the co- 
operation of different plants for the purpose of the 
utmost joint utilisation of their fuel. 

The above deals with waste energy in the form of waste 
heat ; waste energy is also available in the form of 
waste power in steam plants. Steam of higher pres- 
sure can be generated with nearly the same quantity 
of fuel as steam of lower pressure, as there are 647 
calories in 1 kg. steam of 2 kg. atmospheric pressure, 
while, for example, steam of 14 atmospheres and 
300 deg. C. contains not more than 729 calories. 
The amount of calories contained in the second 
ease is therefore only 13 per cent. larger, and the 
quantity of fuel required in both cases is approxi- 
mately in the same proportion. In large plants 
requiring great quantities of low-pressure steam for 
manufacturing purposes we can, therefore, instead of 
low-pressure steam, generate without great cost high- 
pressure steam and utilise the higher pressure of this 
steam in back-pressure engines for the generation of 
power, where the steam leaving these engines will still 
have the pressure required for the said purposes. In 
this case we obtain a certain quantity of very cheap 
power which we are entitled to call “‘ waste power.” 

Plants requiring about 6-16 times as much steam as 
horse-power hoursfor manufacturing purposes, can them- 
selves consume the whole or most of their waste energy. 
In this respect such plants offer the highest efficiency. 
But these cases are rare; in most industrial branches 
we find a different proportion between the steam and 
the horse-power hours required and, therefore, most of 
the plants could feed other plants with either waste 
heat or waste power in great quantities. The price 
of these waste energies could, of course, be very low, 
and the sale of this energy could be all the more profit- 
able the more the proportion mentioned differs from 
the figures given above, 7.e., 6-16. If the proportion is 
below the figures mentioned, the plants can supply heat- 
(waste steam), in the other case power can be supplied. 

The annexed table attempts to classify different 
industries according to this point of view. The 
different branches are divided into three main groups, 
the first of which contains industries consuming power 
without, or almost without, requiring heat for manu- 
facturing purposes. The power required per unit of 
production—shown in column 3—is quoted in column 4, 
and the steam required for manufacturing purposes is 
stated in column 5, both referring to the unit of the 
finished product. 

The industries of the first group require almost no 
steam for manufacturing purposes, their characteristic 
figure is 0 or nearly 0 ; that means that, if they are driven 
by steam power, they dispose of waste energy in the 
form of wastesteam. The quantity of this heat is given 
in column 7 and amounts to 2,400 to 11,000 calories 
per horse-power hour, according to the temperature and 
the pressure of the exhaust steam. 

In the second and third groups there are branches 
requiring power and steam for manufacturing purposes, 
‘the columns being as for the first group. The figures 
quoted are to be understood as the highest and lowest 
limit, for the characteristic figures; moreover, an 
average is quoted, according to which the classification 
has been made. The characteristic figures of the second 
group lie between 6 and 16; there remains, therefore, 
neither waste heat nor waste power. 

The third group shows characteristic figures above 
16; that means that these industries require a com- 


* Paper, abridged, contributed to Section D of the 
‘World Power Conference on July 3, 1924. 


paratively large quantity of steam for manufacturing 
purposes per horse-power hour required. The average 
characteristic figures are between 20 and nearly infinity, 
In these plants the quantity of steam required for 
manufacturing purposes is very large in comparison with 
the power required. Even if the power required is in 
such cases generated in back-pressure engines and 
the whole waste steam is fully utilised, there is still a 
large quantity of steam necessary in these industries, 
which must be drawn directly from the steam boilers, 
The industries working in this manner are quite up to 
date in respect of their technical heat apparatus; they 
fully utilise their waste heat, and the useful effect, 
attained by employing the added live steam, can be 
made nearly 100 percent. Nevertheless, the added live 
steam is not utilised so well as would be the case if it 
were first to pass also through an engine in order to 
generate power and to be utilised afterwards, at 
lower pressure, as waste steam. In this case the result 
would be a certain amount of very cheap disposable 
power. 


Another combination is, for similar reasons, the joint 
work of spinning mills with weaving mills, dyer’s 
works, print works, &c. Spinning mills require hardly 
any steam, but chiefly power (group 1), while dyer’s 
works require large quantities of steam (group 3). 
Weaving mills (group 2) do in many cases consume the 
whole of their energy, but if they also dress their pro- 
ducts they require a great deal of steam and therefore 
dispose of waste power. These industries are also 
often found situated close together, therefore the 
mutual utilisation of heat and power would save them 
a great deal of fuel. 

If there are no other common interests, such as those 
mentioned above, between plants of the first and third 
group, a combination will nevertheless be of great 
advantage if the costs of the coal required form an 
important item in the expenses of these plants. Such 
plants are, for instance, on the one hand, steam power 
electric stations, on the other hand, heating and bath 
plants. The waste heat of an electric station can easily 
be utilised for the heating of a large district of a town 


ENERGY REQUIRED AND WASTE-ENERGY OF DIFFERENT BRANCHES OF INDUSTRY. 


Energy required. 
Branch of Industry. ea ie igisee Pert 8 8 Wash 
uction . : gure. aste energy. 
No. (Type of Plant.) referred to, | Powerrequired | Steam required Giopaeton 
quoted in for manufact,. Ws torcola! 
H.P. hours. purposes. col, 5 to col. 4). 
1 2 3 | 4 | 5 | 6 7 
Group 1: Industries disposing of waste heat. 
Electro-chemical industries. 
1 | Aluminium... fe 1 kg. 35 — 0 Where these industries are driven 
2 | Air-nitre (saltpetre) .. 1 kg. aul nearly 0 nearly 0 by steam power, the results are 
3 | Hydrogen 08 a 1 cbm ile Fevwmelt!) rep Kw) according to the type of engine 
4 | Lime-nitrogen.. 1 kg. 5 pa! ree 0 employed per horse-power hour : 
5 | Calcium carbide 1 kg. 5 ce a AY 2,400 cal. in form of 4 kg. vacuum 
steam or 50 kg. condensed water 
‘of (702.0. 5 
Other industries ; 8,800 cal. in form of steam of 1 atm. ; 
5,000 cal. in form of steam'of 7 atm. ; 
6 | Oxygen (air-distill.) .. 1 cbm. 4 nearly 0 nearly 0 7,800 cal. in form of steam of 11-5 
7 | Wood pulp (mechanical) 1lkg. 2 Ay re atm., &. 
8 | Spinning mills.. ate 1kg. 2 re) ie 10 
9 | Electricity 1 Kwh. 1:5 bee. O ay 
10 | Rolled iron 1 kg. 0-16 Se) cae eh) 
11 | Cement 1 kg. 0-13 eae sO 
12 | Wheat mills 1 kg. 0-1 ae 0 oO: 
13 | Ice 5h 1 kg. 0-05 yw A 8) 
Group 2: Industries not disposing of remarkable quantities of waste energy. 
14 | Beer ©... Be Br 1 litre 0-1—0-2 0-5—0-9 3— 6— 9 The waste energy (exhaust steam) 
15 | Potato starch .. a0 1 kg. 0-1—0-2 0-1—1 3— 6—10 resulting from the generation of 
16 | Paper .. Bis 1kg. 0-4—0-6 2-5—3 4— 6— 7 power is entirely or nearly entirely 
17 | Weaving mills.. 1 kg. 1 —1:5 8 —12 5— 8—12 consumed for own manufacturing 
18 | Cellulose 1 kg. 0-4—0°5 5-5—6:5 11—13—16 | purposes. 
19 | Leather 1 kg. 1 —1:3 15 —22 12—16—22 
Group 3: Industries disposing of waste power. 
20 | Artificial silk .. 1 kg. 6—8 110—150 14—20—25 
21 | Press yeast 1 kg. 0:6—1 16—22 16—25—40 
22 | Matches 10,000 boxes 30—35 700—1100 20—27—37 
23 | Sugar .. 1 kg. 0-:15—0-25 5—6 20—30—40 Per 1 kg. steam required for 
24 | Laundries 1kg. 0-3—0-4 9—11 22—30—37 manufacturing ,,—4h.p. hour can 
25 |-Glue .. ste 1kg. 0-7—0°9 25—35 28—40—50 be obtained ; there remains there- 
26 | Potato syrup .. 1kg. 0-05—0-07 2—2°8 30—45—56 fore, a considerable quantity of free 
27 | Dyer’s works .. 1kg. 0:05—0:1 38—5h 30—65—100 | power to be disposed of. 
28 | Distilleries 1 litre 0-1—0:2 6—15 380—70—150 
29 | Soap .. aD 1 kg. 0-1—0-2 6—18 30—80—180 
80 | Bathing plants ..| 1 compl, bath 0-3—0°5 40—70 80—100—230 
31 | Central heating station! 1 cu.m. air/hr. 0 0:02—0-04 | nearly infinity 


The costs of installation to make this possible are 
reduced to the small increase on the costs of a larger 
engine, as the size of the boilers is not altered by this. 
By means of such utilisation of the steam pressure it 
is, in this group, possible also to generate very cheap 
electric current in steam plants, and these sources of 
energy are far more productive than people generally 
think. 

As regards the groups of industry in the table, we at 
once see the advantages offered by joining some branches 
of the first group to some of the third, in order to 
utilise mutually their waste energies. The first group 
only requires power which the third group leaves un- 
used, and this waste-power of the third group can be 
supplied far cheaper than the power generated in the 
plants of the first group. The possibilities of such 
local combinations are numerous, and they would be 
still more advantageous in cases where the industries 
have also other common interests besides the intention 
of joint utilisation of energy. 

For instance the distilleries and the manufactories 
of press yeast, industries of the third group, are closely 
telated to mills, an industry of the first group, and 
often these two kinds of industries are situated near 
one another. But in spite of such favourable juxta- 
position we generally find in both of these plants, a 
steam generator as well as a power station, the distillery 
is provided with great boilers, whereas the mill is 
generating the power reyuired out of coal, without 
utilising its waste-heat. A common steam generator 
and power station would save both plants nearly 70- 
80 per cent. of the coal required for the mill. 


to which it is also supplying electric current. In some 
cases arrangements have already been made to conduct 
the warm water, heated by the vacuum waste steam 
of the electric station, through the heating pipes of the 
houses in the neighbourhood, and to sell the heat under 
similar conditions as the electric current. The in- 
habitants of such houses get their bills for heating like 
those for electric current. Of course the heating with 
this waste heat generated at such small cost can be 
supplied far cheaper than by special heating plants. 
To realise such ideas the engineer must comply with 
two conditions limiting the local extension of such 
establishments. First, the possibility of accumulating 
heat without great losses must exist, for the require- 
ments of heat for heating purposes are the largest in the 
morning, the requirements of current most in the even- 
ing. Therefore the waste heat obtained in the evening 
has to be stored for the next morning. That can be 
done, for instance, in the large warm water reservoirs, 
the contents of which are heated in the evening by 
waste steam. If the insulation of such reservoirs is 
well executed, the loss of heat is very small and the 
whole heat is available in the morning. The quantities 
of warm water required and the size of the reservoirs 
assume in these cases large dimensions and form, there- 
fore, a limit for the extension of such establishments. 
The second condition is the existence of the possi- 
bility of conducting heat to distant places without 
considerable loss. The development of insulation has 
brought about already great progress in this respec. 
It is possible to conduct the heat, with profit, over 
distances of 3km. and more. This shows us a new 


76 


ENGINEERING. 


[JuLy 11, 1924. 


line of development for electric stations. ‘The economi- 
cal importance of utilising the waste heat of these 
stations for long distance heating purposes requires a 
division of them into smaller plants, the size of which 
is limited by the districts to be provided with waste 
heat. 

There are, however, great difficulties in the combina- 
tion of plants requiring power, with others disposing of 
waste power. The quantity of power required, in 
most cases, varies considerably at every moment, as 
does the disposable waste power, but in such cases not 
inthesame direction. Therefore it will be advantageous 
to utilise the waste power of the plants in question for 
supplying current to a common electric network, which 
then feeds all plants requiring power with electric 
current. The existing electric stations could con- 
siderably reduce their costs of generation by inducing 
all industries disposing of waste power and situated 
within the reach of their network, to help to feed this 
network with current. The electro-technical problem 
of making possible the feeding of various current 
suppliers in a common network without danger for the 
central station, can be solyed in most special cases, so 
that, in this respect, no objection could be made. For 
instance the Vienna electric central station already 
collects waste energy of different industrial plants in 
its network and schemes of extending this procedure 
are in hand. Tor the present this central station, 
however, collects waste power only from power central 
stations, and does not use the waste power of steam 
or heat-consuming industries and plants. This can, 
however, only be considered as a first step. 
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RECENT SWEDISH ARCH DAM DESIGN.* 


By Bo Hettstrém, Vattenbyggnadsbyran, 
Stockholm, Sweden. 


In the design of arch dams the question as to what 
extent stresses resulting from changes in temperature 
and from the shrinkage of the concrete should be 
taken into account, has been the subject of different 
Opinions. Existing non-reinforced single arch dams 
show considerable cracks, which evidently must be 
caused by stresses of this kind, as may be gathered, for 
instance, from an investigation of arch dams in Aus- 
tralia. Although old Swedish arch dams, as those at 
Gullspang and Stenkvill-Klints, which are slightly 
reinforced only, have been well maintained, the Swedish 
arch dams of recent date have been strongly reinforced. 
Among these dams there are the single-arch dam at 
Gideabacka and the multiple-arch dams at Suorva 
and Melby. The Suorva dam has been designed and 
constructed by the Royal Board of Swedish Waterfalls, 
the other two were designed hy the Vattenbygenads- 
byran (Consulting Hydraulic Engineers of Stockholm). 
In the following, a short account of these dams and of 
the principles of their design will be given. 

In the calculations, attention has been paid to the 
horizontal arch effect as well as to the vertical canti- 
lever effect, due to the dam’s support at the bottom. 

In the design of the Gidedbacka dam it was necessary 
to take into account variations of the temperature of the 
air from + 25 deg. to —25 deg. C. (+ 77 deg. to — 13 
deg. F.) and of the water from + 15 deg. to 0 deg. C. 
(+ 59 deg. to + 32 deg. F.). Lacking exact know- 
ledge of the extreme temperature curves for a section 
through the dam, it was assumed that these be repre- 
sented by straight lines. From a recent investigation 
of this matter it is, however, evident that the extreme 
temperature of the concrete follows a sharply bent curve. 

In calculating the bending moments and the normal 
pressures, there is some uncertainty as to the modulus of 
elasticity of the concrete, which, as is well known, 
varies considerably. Different values of the bending 
moment and of the normal pressures, resulting from 
temperature and shrinkage, or from the water pressure, 
will be obtained, depending on whether a solid or a two- 
hinged arch be considered. In the first case the moments 
will be much bigger than in the latter. The bending 
moment at the abutments is particularly big in the 
solidarch. It was on this account that the Gidedbacka 
dam, on its upstream side close to the abutments, was 
provided with joints and hinges, with a view to making 
the dam act more as a two-hinged than as a solid arch. 

The stresses resulting from the shrinkage of the 
concrete are equal to the stresses caused by a sinking 
of the temperature of 5 to 10 deg. C. (9 deg. to 18 deg. 
F.). The shrinkage stresses can be reduced by casting 
the concrete in separate sections, but so far this method 
has not been adopted in Sweden owing to the particular 
difficulties involved with regard to the reinforcement. 

It is apparently becoming a general opinion that 
arch dams just as well as arch bridges should be de- 
signed according to the theory of elasticity in relation 
to temperature and shrinkage. In this connection, 
attention is called to the fact that the reinforcing steel 
in a dam, provided that the centre angle and the thick- 


ness of the arch are given, does not in the least reduce 
the stresses resulting from temperature and shrinkage. 
The reinforcement serves to prevent the formation of 
large cracks, which may threaten the stability of the 
dam. Should cracks occur these will be very small and 
evenly distributed and therefore less dangerous. The 
main object of the reinforcement, however, is to make it 
possible to reduce the thickness of the arch and thereby 
its rigidity, as, by making the arch less rigid,the stresses 
resulting from temperature and shrinkage will be 
reduced. 

In Sweden the discharge over the dam must often 
pass through flood openings along the crest. The 
water-pressure against the gates is then being trans- 
mitted, through thin piers, to the arch. In cases 
where some of the gates are opened and some shut, 
the arch will be exposed to an unevenly distributed 
pressure, to which special attention has to be paid. 

If the up-stream side of the arch dam is inclined, 
the water pressure against the arches increases towards 
theabutments. Naturally, this must also be taken into 
account. In the design of inclined arches the weight 
of the structure must also be considered, as this causes 
considerable stresses. Owing to the transverse expan- 
sion of the concrete, attention should be paid even in 
vertical arch dams to the weight, although it has but 
a secondary influence upon the arch stresses. In very 
high dams this is of special importance for the lower 
parts of the dam. The resulting deflection against 
the upstream side reduces, however, the stresses from 
the water pressure. 

In the severe climate of Northern Sweden the surface, 
even of flowing water, is often frozen, and due regard 
must be paid to the pressure that the ice may exert 
against the dam. 

As the arches are fixed in solid rock at the bottom, 
there will be bending stresses in a vertical direction 
neutralising the arch effect at the bottom and, to 
some extent, even higher up in the dam. Owing to 
this, the dam reacts against the load by both arch and 
cantilever effect. 

The Gideabacka dam has a span of 40 m. (131 ft.) 
and a maximum height of about 26 m. (85 ft.). The 
radius of curvature of the up-stream side changes from 
30 m. (98 ft.) at the crest to 22 m. (72 ft.) at an eleva- 
tion 13 m. (43 ft.) lower down. Below this elevation 
the radius is constant. In addition to the above- 
mentioned flood openings at the crest, the dam has 
two bottom outlets, closed by stop logs, which were 
used during the period of construction. These outlets 
can be opened by pulling up or by blowing up the stop 
logs, in case the reservoir formed by the dam needs to 
beemptied. The thickness of the arch is 2 m. (6 ft. Jin.) 
at the crest and about 5 m. (16 ft. 5 in.) at the bottom. 

The concrete was made with the mixture 1:3: 4, 
except nearest to the surface, where 1 : 2 : 2 was used. 
Near the upstream surface a row of vertical drain pipes 
have been arranged, connected at their lower ends 
to an outlet and at the tops left free to the air in order 
to avoid vacuum in the pipes. The dam is strongly 
reinforced. The reinforcing steel is arranged mainly 
ina horizontaldirection. Thearea of the steel amounts 
to at most 142 sq. cm. per metre of height (6-7 sq. in. 
per foot) at the upstream as well as at the down- 
stream side. 

The Suorva dams,* designed according to the mul- 
tiple-arch system, are erected across two branches of 
the Lule River, in Lapland. The dams are located at 
about 67-5 deg. north latitude, in a district where the 
winter temperature is sometimes as low as — 40 deg. 
to — 60 deg. C. (40 deg. to 76 deg. F. below zero). 
The maximum height from the bottom to the crest of 
the dams in the present stage is 14 m. (46 ft.), Ata 
future development this height will be increased by 
7 m. (23 ft.). The distance between the centres of 
the piers is 12 m. (88 ft.), The inclination of the 
arches is 45 deg. to the horizontal. The curve of the 
arches—taken at right angles to the inclination is 
composed of three arcs. 

The thickness of the arches varies from 0-8 m. (2 ft. 
7 in.) at the crest to 1-7 (5 ft. 7 in.) at the bottom. In 
order to attain sufficient rigidity in a lateral direction, 
the piers are provided with special reinforcement at 
the downstream side. At the upstream side tension 
members connect the piers, in order to react against 
the thrust from the arches during construction, and 
also with a view to preventing a disastrous calamity 
should a partial break-through occur on account of 
some damage wilfully done to the dam. 


With regard to the extreme severity of the climate 


in this part of the country, the arches are strongly 
reinforced in the direction of the ygeneratrix, as well 
as at right angles to that direction.. The mixture of 
the concrete in the arches is 1 : 2-5 : 3 and in the inter- 
mediate piers about 1:5:6:5. On account of the 
difficulty of supplying sand in sufficient quantities at a 
reasonable cost, sand obtained by crushing the rock 
has been used as a substitute. In the arches, however, 


* Paper, abridged, contributed to Section B of the 
World Power Conference on July 4, 1924. 


* These dams were fully described and illustrated in 
ENGINEERING, vol. cxvi, pp. 731 et seg.—Ep. E. 


such sand has been used to a limited extent only, about 
25 to 40 per cent. of the sand in these parts being 
natural sand, in order to facilitate the working of the 
concrete, On the upstream side the arches are pro- 
vided with two 10 mm. ( in.) coatings (mixture 1 ; 3), 
applied by means of cement guns. 

In order to avoid excessive changes of temperature in 
the lowest parts of the arches, which are the most sengj- 
tive to such influence, the downstream side has been 
protected up to 2-5 metres (§ ft.) from the ground bya 
stone and earth fill, with a small open space left nearest 
to the arches. 

The Melby dam is 78 metres (256 ft.) long and 8 
metres (26 ft.) high. The inclination of the arches is 
2:1 or 63-5 deg. to the horizontal, and the arches 
are strongly reinforced. There are no tension members 
in thisdam. An intake for the penstock in the middle 
of the dam divides the dam into two independent parts. 
As a protection against great changes of temperature 
at the bottom, where the arches abut against rock, an 
earth fill has been arranged along the downstream side, 

At the Gullspang dam, one of the earlier arch dams in 
Sweden, interesting reinforcement work has recently 
been carried out, and it may be justifiable to give here 
a short account of this work. At the time of construc- 
tion the weather was very unfavourable, and therefore 
some parts of the concrete in the arch did not turn out 
to be first class work. As a result, some leakage 
appeared in the dam, and in some parts of the concrete 
the cement has been gradually washed out during the 
last thirteen years. Last year tightening work on the 
upstream side was carried out in the following way: A 
form, provided on the inside with a coat of callendrite 
—a kind of asphalt sheeting—was erected on the up- 
stream side 8 to 12 centimetres (3 to 5 in.) from the 
surface of the dam. The space between this form and 
the dam was then filled, under water, with 1 : 1 cement 
mortar through pipes reaching below the level of the 
water. A considerable portion of the mortar found 
its way to voids and cavities in the old concrete, as 
could be ascertained from the fact that a far bigger 
amount of mortar was required than the quantity 
corresponding to the volume between the dam and 
the form, and that no mortar leaked out through the 
form. The dam was thus made absolutely tight. It 
is now intended to erect a reinforced facing, 20 centi- 
metres (8 in.) thick, covering and protecting the down- 
stream side of the dam. In order to secure a close 
adherence to the old concrete, this facing is to be made 
in exactly the same way. The form used for the con-_ 
creting will be retained as a protection against the cold. 

This method of applying a coat of concrete to an old 
dam in the above manner has proved very successful, 
and the author believes that in this way many old 
arch dams affected by leakage and cracks may be 
provided not only with a suitable layer of reinforcing 
steel but also with a very hard and resistent facing, 
ata relatively small expense, and without any interrup- 
tion of the operation of the water power plants. 


Corrosion.—A very comprehensive report on corro- 
sion of iron and steel, with special reference to cast-iron 
has been prepared by The British Electrical and Allied 
Industries Research Association, 19, Tothill-street, West- 
minster, 8.W.1. It is a complete compendium on the 
subject, covering the manifestations of corrosion; the 
action of sea-water; the effect of velocity of water on 
corrosion ; the effect which various alloys, silicon, phos- 
phorus, carbon, &c., have on corrodibility; the effect of 
treatment by protectives, such as paints, varnishes, 
cement, galvanising, sherardising, &c. The report will be 
found useful by metallurgists and by the engineering 
profession generally. f 


Guipr to THE British Emprre Exuisrrion.—We 
have received from Mr. Barrington Hooper, the Con- 
troller of Publicity, a copy of the new Official Guide. 
This was prepared by Mr. G. C. Lawrence and has many 
new features, while those of the older editions have been 
greatly improved. Many half-tone illustrations and @ 
series of plans add greatly to the value of the publica 
tion. Hints are provided on touring the great under- 
taking for those with a day, three days or a week at their 
disposal for the purpose. The information regarding 
the Dominions and Colonies has been extended. ‘This 
Guide is published by the Fleetway Press, Limited, of 
3-9, Dane-street, High Holborn, W.C.1, at a price of 
one shilling. 


Carpirr at WemBiey.—Cardiff will occupy the Civic 
Hall at the British Empire Exhibition from the 21st to 
the 30th inst. inclusive. The purpose is to portray the 
interests of the city, both from the historical point of 
view and from that of modern municipal enterprise, and 
to demonstrate to Dominion, Colonial and foreign visitors: 
the immense facilities Cardiff has to offer as a commercial 
city and a great port. Cardiff exhibitors will display 
coal, wagon building, wire ropes, Welsh textile manu- 
facture, driving belts, &c. The intention is to make use 
of this opportunity to’ develop new markets in the 
Dominions overseas, and to show that Cardiff is deter- 
mined to play its part in the development of Empire— 
trade, thus attaining one of the principal ends in view 1% 
the establishment of the British Empire Exhibition, ~~ 
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CONTINUING our reports of the-meetings of this 
Conference, and following the order in which the 
proceedings of the various sections were taken, we 
begin this week with the meeting of Section L, 
dealing with ‘ Illumination,” which was held on 
the afternoon of the 4th inst. From that point 
we, this week, carry our account of the meetings 
up to the afternoon meeting of Tuesday, the 
8th inst. We will hope to complete our account 
of the whole proceedings in our next issue. 


Section L.—ILLUMINATION. 


This Section met on the afternoon of Friday the 
4th inst., under the presidency of Dr. Alexander 
Russell, to discuss three papers. A fourth contri- 
bution on the “ Modern Construction of Electric 
Incandescent Lamps,” by Dr. Halbertsma (Holland), 
was not in print, and Dr. Halbertsma was not 
present. The presentation of the papers did not 
occupy more than a few minutes. 

In the first paper on “ International Co-ordina- 
tion in Illumination,’ Mr. J. W. T. Walsh, of the 
National Physical Laboratory, General Secretary 
of the International Commission on Illumination, 
outlined the history, constitution and work of this 
Commission on standardisation, photometric defini- 
tions (which were only given in French in the 
paper), lighting legislation and automobile head- 
lights, and referred to the future. International 
agreement, he pointed out, was of slow growth, 
though essential for proper industrial development. 
The Commission would meet in Geneva at the end 
of this month ; the president was Mr. E. P. Hyde, 
of Washington, the Hon. Treasurer, Dr. C. C. 
Paterson, Chief of the General Electric Company 
Research Laboratories at Wembley, and_ the 
Central Bureau was the National Physical Labora- 
tory. 

Me. Leon Gaster followed with a paper on “ The 
National and International Aspects of Hluminating 
Engineering,’ emphasising the importance of ade- 
quate and appropriate illumination from the 
hygienic and the industrial efficiency standpoints. 

The third paper was a report on “ Progress in 
Electrical Illumination,” compiled by Mr. C. W. 
Sully on behalf of the Electric Lamp Manufacturers’ 
Association of Great Britain. The report dealt with 
the subject in an exhaustive way from the practical 
rather than the scientific point of view, discussing 
the evolution of the electric lamp, economics, 
principles of illumination, application to fittings, to 
the house, office, shop, factory, to street lighting, 
to railways and transport services, and to adver- 
tising and flood lighting. Special sections concerned 
anti-glare lamps, daylight lamps and projectors, and 
possibilities of expansion. 

Mr. Sully’s report was so thorough that one speaker 
after another declared himself unable to discuss it. 
Dr. Sharp, Chief of the New York Electric Testing 
Laboratories, first called upon, expressed his sur- 
prise that only four of the hundreds of papers 
before the Conference dealt with illumination, 
considering that half of the power stations’ output 
went into illumination. The level of the illumina- 
tion supplied should certainly be raised; to attain 
that the public wanted education—more over here 
than in America, as was generally admitted ; 
plenty of light was not a spendthrift luxury. The 
3 ft. candle and 5 ft. candle, mentioned by Mr. 
Sully as recommended by the Commission on 
Factory Lighting, did not go sufficiently far. 
Mr. C. C. Paterson regretted that the International 
Commission had not had the general support of 
manufacturers—a statement which was resented by 
others who thought that the Commission was too 
much: given to defining, although Mr. Walsh 
mentioned that the Commission had a broad pro- 
gramme and would also deal with the lighting of 
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highways, Mr. Paterson also pleaded for cheaper 
electric power, especially as regards domestic light- 
ing. Mr. Dow was not in favour of prosecuting 
people for supplying inefficient light; legislation 
should be broad and tolerant. Mr. Good suggested 
that electricians might first put their own houses in 
order as regards efficient lighting. Mr. Buckle 
dwelt upon the tremendous difference between 
the intensities of daylight and artificial light. 
Several speakers concurred that much shop window 
lighting was glaring and bad. The discussion took 
a very general line and some of the references to 
the inertia of the public rather recalled the early 
days of electric lighting. 


Section F.—Avxiniary Power SourcEs. 


Under the chairmanship of Mr. T. C. Thomsen 
the meeting of this section was held on the afternoon 
of Friday, July 4, when consideration was given to 
a discussion of those sources of power not receiving 
treatment under any of the other sections of the 
Conference. In his introductory remarks, the chair- 
man pointed out the extent of our dependence on 
the sun for many of our power resources and defined 
others not so dependant on that luminary. Between 
the full command of atomic energy and our present 
knowledge lay a large gap, and the papers read 
were attempts to improve on the records of the 
past, in developing other supplies of energy. : 

The first paper read was that by Sir Charles H. 
Bedford, on ‘‘ Alcohol as a Source of Power.” In 
it he stated that the enormous development of the 
use of the internal combustion engine, and the conse- 
quent demand for petrol as a fuel, was, of course, one 
of the outstanding features of present-day civilisa- 
tion. The world was faced with a very serious 
problem as regards future supplies of fuel for internal 
combustion engines. Nobody who had first-hand 
knowledge of the position, as regards world supplies 
of oil, could escape the conclusion that we were 
within sight of a very definite and progressive short- 
age of supply which must be made up from some, 
preferably non-mineral, source. He ~- concluded 
alcohol was the hope of the future, being already 
used in the form of mixtures with benzol, petrol, 
ether, &c., in various parts of the world. It was 
quite suitable for all purposes for which petrol was 
used. Alcohol was being produced from starchy or 
sugary materials at present, but to meet the large 
quantities required for fuel purposes rapidly expan- 
sible annual crops of sugar-cane, maize, sweet 
potato and cassava would be of assistance. The 
main hope, however, lay in obtaining the spirit from 
waste materials such as cereal straws, sawdust, 
waste wood, grasses and cellulosic waste products. 
Tropical production was essential, of course, as 
also manufacture alongside these supplies. No 
known and accepted manufacturing process existed 
at present, but the Prodor and Goldschmidt con- 
centrated acid methods for cellulose conversion 
into sugar, and thence into alcohol, were being 
developed. Sir Charles suggested the formation of 
a governmental body, empowered to issue hand- 
some prizes to original workers for their accom- 
plishments in connection with the synthesis of alco- 
hol. His standpoint was that the Government offer 
to the inventor should be a better one than any 
private firm could offer. 

The Chairman then introduced Professor E. 
Schou, who read a paper entitled ‘‘Calculations 
Regarding Wind-power based on Meteorological 
Data.” Hestated that from the data he had gathered. 
from the few stations available for the study of 
wind power in Denmark, together with existing 
theoretical work, he had managed to deduce a law 
for the energy produced from a windmill. Recent 
tests had demonstrated that the energy produced 
could. be considered as a linear function of the velo- 


city of the wind with the usual intensities obtaining. 
Let E be the effect of the windmill measured in 
kilowatts and v the wind velocity in metres per 
second. Further, let v), be the minimum wind 
velocity at which the mill could give of energy and 
v, the highest velocity which increased the effect of 
it. If the velocity of the winds exceeded 1, the effect 
of the mill remained constant. The results of the 
tests were as follows :— 


v= E=o0 


y= YS E = k (v—v9) 


vs E= & (1 — v) 

K was a constant depending on the size and design 
of the mill and perhaps the place where the mill was 
erected. A curve could be plotted and showed a 
straight line law. Here it was convenient to assume 
that the windmill at any moment would give off all 
the energy which it could develop. Under this 
assumption the energy A produced could be ex- 
pressed. by the formula A = K H, where H depended 
on the wind velocity only and its variations within 
the time under consideration. The speaker’s object 
was to show how H could be found. This was 
accomplished by means of the frequency curves 
of the wind. » was plotted as ordinate and the 
abscissa chosen as that fractional part of the 8,760 
hours of the year in which the wind velocity within 
the time under consideration was equal to or larger 
|than the mean velocity of the wind per second. 
Thus if S were the area of the curve, in proper units, 
which was limited by the lines v = v and v = 1, 
and further by the curve itself and the axis of 
ordinates, then H = 8,7608. It was possible in this 
way to calculate the amount of energy which could 
be developed in one year or in a given month, but it 
was also possible to calculate the amount of energy 
which could be developed in a year at a certain station 
by, say, east winds. In this case it was only neces- 
sary to draw the “frequency” curve H for east 
winds and otherwise proceed as before. The calcu- 
lation of H was thus based on the frequency curves 
at the various stations, and these were determined 
by means of observations of the velocity and the 
direction of the wind. In Denmark such data 
were supplied by the Copenhagen Meteorological 
Institute. The paper contained schedules giving 
the characteristics of various stations. 

The next paper was that read by Mr. R. J. 
Jensen, the Chief engineer of the Copenhagen 
Electric power-station, and had for its title ‘‘ Modern 
Plants for Wind Electric Power Stations.” Mr. 
Jensen said that the first essential of such a plant 
was that the maximum power developed should be 
utilised fully by the existing distribution network. 
In direct-current plants the generator could be 
either a special type of compound machine the 
capacity of which was adapted as closely as possible 
to the features of the mill, or a special system devised 
by himself. This was a shunt machine employed 
as generator with its field magnets wound in a 
special manner and with a speed regulation of 1 : 2 
(e.g., from 500 to 1,000 revolutions). The regulation 
for the speed of the generator was affected by means 
of a special relay which controlled the exciting 
current of the machine. Reasons for this arose from 
the fact that to yield the maximum output it should 
run at a speed in direct proportion to the velocity of 
the wind—the same, of course, applying to the 
dynamo coupled to the mill. The above-mentioned 
relay was so constructed that it would at all times 
control the exciting current of the generator in such a 
manner that the speed of the latter would have a 
previously determined ratio to the energy produced 
by the same. When alternating currents were used 
it was necessary to decide on either synchronous 
or asynchronous generators. In the case of the 
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former, he drew attention to the suggestion of 
Professor Rung (and others) of letting the machines 
run permanently connected to the service network, 
providing dog clutches between the mill and the 
generator. These were constructed to permit of 
the dynamo running idle in periods of calm, while 
if the strength of the wind increased the mill was 
coupled to the dynamo and caused it to produce 
energy. Such an arrangement would, of course, cause 
a considerable no-load loss during calms, but at 
such times the machine could be allowed to act as 
phase-compensator on the service network ; thereby 
corresponding advantages being derived from its 
presence. 

Regarding asynchronous generators, there arose 
the question of employing a simple machine or an 
alternating-current commutator machine. When 
the latter was used it was possible to adapt the 
speed of the dynamo to accord with the strength of 
the wind, in the same way as with the direct-current 
arrangement described above. 

When the common asynchronous generator was 
employed, the speaker suggested a method diagram- 
matically described in his paper. The generator was 
constructed with a short-circuited rotor mechanically 
coupled to a regulator arranged so that, at a given 
speed, a little above the synchronous one, it would 
close a contact between a pair of springs in series 
with a small auxiliary dynamo. The latter would 
send a current through the operating coils for the 
two switches which were disposed in two phase 
conductors from the dynamo. Thus the connection 
between the dynamo and the service network was 
only closed when the mill speed caused the original 
generator to act as such. Should the speed of the 
generator sink below synchronous, when it would 
draw energy from the service network, the regulator 
levers dropped so far that the contact was broken, 
and the switches would open. Should the regulator 
fail, the operating circuit to the switches would 
be broken by a reverse current relay which was 
arranged between the dynamo and the service 
network. 

The final paper read was that entitled “ Natural 
Steam-power Plant,” by Prince Piero Conti. He 
drew attention to the interest natural steam supplies 
had for countries in which they existed, and he 
gave adetailed account of his own work in developing 
this source of power in the case of the Larderello 
earth steam emanation. Generally a by-product 
assisted the finance of the project, such as boric acid 
in this case. In 1914 the erection of a power station 
was begun, and it now consisted of three turbo- 
alternators of 2,500 kw. each, two of which normally 
ran, the third being a reserve. Due to the presence 
of sulphur, etc., it was found necessary to use natural 
steam as a means of producing pure steam for 
feeding the turbines. Evaporators similar to 
water-tube boilers were used for purification. 
This accomplished, the natural steam at 2 atmo- 
spheres pressure was used for low-pressure 
turbine work. These were of the reaction double- 
flow type running at 3,000 r.pm. They were 
coupled to three-phase alternators generating 
current at 50 periods and 4,000 volts. He believed 
that there was every likelihood of development of 
natural steam resources, wherever found, in the 
future. 


Section G.—PowrR TRANSMISSION AND 
DISTRIBUTION. 


On Monday, July 7, the meetings were resumed. 
At the morning meeting of Section G, general 
papers on Power Transmission and Distribution were 
read and discussed under the chairmanship of 
Mr. John R. Freeman, Past President of the Ameri- 
can Society of Mechanical Engineers. 

Mr. L. Kallir presented a contribution on 
“Modern Practice in Power Transmission and 
Distribution in Austria.” The production of coal 
in Austria was, he said, only 15 per cent. of the total 
demand, and it was believed that at least 45 per cent. 
of the required coal could be replaced by hydro- 
electric energy. Except for the hydro-electric 
resources of the Danube, the difficulties of which 
could not be overcome in the immediate future, the 
main hydro-electric plants could only be success- 
fully developed in the Alps, while the centres of 
population and industry were in the Eastern and 
North Eastern parts of the country. Only 16 per 


yet developed. Ina few years a system of 100,000 
volt lines would be available for power transmission 
and for interconnecting the large hydro-electric 
plants now under construction. Three pressures 
would then be in use for transmission in the 
country, 100,000, 60,000 and 20,000 volts. The 
standard frequency was 50 periods, but several 
plants existed from which single-phase and two- 
phase currents were transmitted with a frequence 
of 42-cycles, but a change over to three-phase 
working with a periodicity of 50 was now in 
progress. Nearly all lines of high voltage would 
be carried by iron poles of small base. In recent 
years the use of reinforced concrete had been con- 
sidered, and in several cases concrete poles were em- 
ployed. A double T-shaped cross-section with 
a trussed web was used. When subjected to heavy 
stresses such as at angles and crossings, a hollow 
perforated pole of square cross-section was provided. 
A large sub-station under construction at Vienna 
would be fed from the 100,000 -volt line. For. the 
station two groups of step-down transformers, each 
consisting of three single-phase units of 6,000 
kilovolt-amperes, would reduce the pressure to 
28,000 volts, the pressure of the high tension cable 
system of Vienna. 

Mr. F. A. Smit Kleine then described the stages 
in the “ Electrification of Holland.” They had now 
reached the stage of having 26 power stations ranging 
in capacity from 3,000 kw. to 80,000 kw. The 
transmission pressures were 50,000 volts and 10,000 
volts and the system was three-phase with a period- 
icity of 50. Of the cables, 90 per cent. were under- 
ground and 10 per cent. overhead. ‘Two distribution 
pressures, 220 and 380 volts, were in use. The 
Committee of Electricity Concerns had decided that 
the establishment of feeding points for the 10,000 
volts system 20 to 30 km. apart was reasonab y 
economical, They also decided that for primary 
voltage little was to be gained by using 100,000 
volts as compared with 50,000 volts, and recom- 
mended the use of the higher value for districts with 
scattered load and the lower one for use in densely 
populated zones. As the land was very soft the 
erection of overhead lines presented difficulties 
and was costly. In locating the run of the 
electrical cable system, they had to consider 
the electrification of the railway system. On 
the line from the Hague to Leyden the supply 
was direct current at 1,500 volts. They had con- 


sidered the use of single-phase alternating current |. 


but had decided that it was not so suitable. 
Generally speaking there was no universal solution 
for the coupling of central stations. All cases had 
to be considered on their merits. The possible 
savings by coupling in the case of Holland only 
represented small percentages, and they were not 
sure that they would be realised in practice. 
The ideal number of stations for the country was 
8 to 10, but they had actually got 26. Gradually 
the smaller stations would be shut down. 
Canadian practice was described in a paper on 
“The Transmission and Distribution of Electric 
Power in Canada,” presented by Dr. Julian C. 
Smith and Prof. C. V. Christie. In it they said 
that water power developments were situated at 
considerable distance from the large industrial 
centres, but vast transmission networks were being 
erected which eventually would cover the entire 
country. The fact that steam coal was obtainable 
in Canada at prices ranging from 6 to 15 dollars per 
short ton, depending upon the distance from the 
source of supply, limited the price obtained for 
hydro-electric power. In consequence the invest- 
ment which could be used profitably in water power 
development and the main transmission lines was 
limited to about 150 dols. per kilowatt delivered. 
The amount of power per mile of transmission line 
varied considerably and had a great bearing upon 
the type of construction that was installed. Eighty 
per cent. of the conductor material used in Canada 
was either pure aluminium or steel reinforced 
aluminium. Special insulation was in use for the 
lines where dust was ‘liable to collect upon the 
insulators. Single circuit power lines were advisable 
where only two circuits were used to supply an 
important load, and it was desirable to erect them 
at a distance from each other to prevent interrup- 
tions. Where heavy steel towers were used they 


were spaced up to 880 ft. apart. In Canada the 
majority of the systems had voltages of 22,000, 
44,000, 66,000 and 110,000. In the future it was 
possible that 165,000 and 220,000 volts would be 
used. Alternating current generators were in 
operation in Canada in sizes up to 55,000 kilovolt 
amperes, 25 cycles and 12,000 volts on the system of 
the Hydro-Electric Power Commission of Ontario, 
and up to 40,000 kilovolt amperes, 60 cycles, 11,000 
volts at Shawinigan Falls, Quebec. 

Mr. John Murphy of Canada, discussed the 
question of safety for power transmission lines. 
In early days the railway companies objected to the 
presence of electric power lines near their systems 
because of possible actions on telegraph and tele- 
phone circuits. Since then the Board of Railway 
Commissioners had brought the parties together to 
obtain agreements for their mutual benefit. Rules 
were drawn up by the Commissioners to provide for 
safe mechanical construction, to ensure effective 
insulation at crossings. In the 18 years during 
which the rules had been in operation not a single 
failure had occurred at the approach crossings. 

Mr. William Rung then presented the paper 
prepared by Mr. A. R. Angelo and himself on the 
“Transmission of Electric Power from Norway to’ 
Denmark.” This contribution dealing with the 
technical questions involved in the importation of 
electric power is reprinted elsewhere in this issue. 
Theeconomic and _ political questions involved in 
this new development were dealt with by Mr. 
S. Kloumann in a paper on “ Export of Power 
from Norway,” which we hope to reprint in a 
later issue. Professor F. Jacobsen, of the Technical 
University of Norway then discussed “The In- 
fluence of Voltage Regulation on Electricity as a 
Product of Quality.” The supply of electricity on 
the parallel system, he said, presupposed from a 
theoretical point of view a constant voltage at the 
consumers terminals no matter how the consump- 
tion varied. In practice this was not entirely 
accomplished. Variation might be checked at the 
station and on the main transmission line, but 
changes in the drop of voltage in distributing and — 
branch conductors and in house wiring could not be 
obtained at reasonable expense. The influence of 
variation of voltage upon the efficiency of consuming 
apparatus for lighting, heating and power purposes 
was treated, and references were made to the econo- 
mic effects under different systems of charging 
for electricity. 

Great work has been done in the development of 

water power by the Styrian Water Power and Hlec- 

tricity Company, and particulars of this were given 

in a paper presented on behalf of the concern. The 

power demand at present amounted to 100,000 

kilowatts, but large increases were anticipated to 

take place during the period of construction, which 

it was estimated would amount to 15 years. The 

works were spread over the country. In the Enns 

district the Great Enns station had been planned to 

give, with the use of a day storage tank, an output 

of 136,000 kilowatts. There were also in the same — 
district the Erzbachradmer group of plants totalling — 
10,000 kilowatts and the storage works on the 
Thalbach and Sélkbach, with a capacity of 54,000 
kilowatts. In the Mur district there were four — 
plants totalling 75,000 kilowatts, and storage 
works would be available at Teigitsch and Teich- 
Alpe. Central and Eastern Styria would have a 
supply from a network at 60,000 volts while Upper 
Styria, having great centres of consumption, would 
have a network at 100,000 volts. Railway feeders 
would be run out independent of the general supply 
system. 

M. Diény presented the paper of M. J. Tribot 
Laspiére on “Les Lignes Francaises de Trans- 
mission d’Energie Electrique a hautes et trés hautes 
Tensions.” The total length of the lines amounted 
to 8,900 kilometres, of which 5,000 kilometres were 
at 45,000 to 90,000 volts and the remainder at over 
90,000 volts. Regional junction work had been 
developed on a large scale in North and Kast 
France and also in the mountainous districts. 
National junction lines had been erected in many 
regions representing 60,000 kilowatts and others 
with a capacity of twice that amount were under 
construction. Paris and the central part of France 
would be connected by a line extending between the 
capital and Eguzon. Within two years the main 
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line from the Pyrenees to Lille should be com- 
pleted. 

Other papers submitted to this section, but taken 
as read, related to the ‘ Possibilities of Reducing 
Transmission Losses in High eo Transmission 
Systems,” by Professor Wm. Rung; “ High Ten- 
sion Transmission Lines i in the Dutch Kast Indies,” 
by Mr. W. Nobel; ‘Distribution of Electrical 
Energy in Germany with Special Reference to the 
Bayernwerk,” by Mr. A. Menge; ‘“ Rapport sur 
la Production D’ Energie _Hlectrique en Belgique,” 
by M. E. M. Uytborck ; “ Generating, Transmitting 

and Distributing Electricity in Catalonia,” ‘‘ Tech- 
nical and Administrative Systems for Rural Elec- 
trification in Sweden,” by Mr. Nils Ekwall; and 
“ Description Abrégée des Usines Centrales Elec- 
triques de l’Etat en Construction,” by Mr. S. 
Tolkatsheff (Russia). 

Mr. Reginald D.,Kapp said the importance of 
transmission costs in the economic distribution of 
power was not always appreciated. The cost of 
coal per unit was 0-25d, to 0-30d. Assuming the 
reasonable load factor of 30 per cent. the capital 
charges on 25/. per kilowatt would work out at 
the same figure as the cost of fuel. The significance 
of transmission in economic distribution was there- 
fore obvious. If 10 per cent. of the fuel was saved 
by improved design, the use of super stations or 
other means, something about 2/. per kilowatt was 
all that could be spent to do it. Extension was 
possible to a certain extent and new customers 
further afield could be added. Usually in a power 
scheme, coal was saved and copper wasted. The 
whole scheme of transmission had to be considered. 
Many people were interested in the economies 
relating to rotating machinery, but few gave the 
attention to the cost of distribution, which it 
deserved. 

Mr. Sibley, of California, said he noted from some 
of the papers that costs to the consumer were 
based on kilowatt years rather than kilowatt hours. 
In California they had one example, where pumping 
was carried on continuously, suited to the system 
of basing costs on the yearly basis. For irrigation, 
pumping plant totalling many thousands of horse- 
power was used and worked continuously. The 
actual irrigation working was carried on in the day 
time only. During the night the head of water 
in the small reservoirs was continuously increased, 
so that the available resources at the start of work 
in the morning were very great. Generally the 
charges were based on the kilowatt hours used, 
and the price changed according to a sliding scale. 

Dr. Guido Semenza said that in Italy they had 
no iron, no copper and no coal, and had therefore 
to study questions of economy very carefully. For 
power line supports they used steel structures in 
preference to wood because of the time they lasted. 
They had a difficult problem in the transport of 
power across the Straits of Messina to Sicily. 
There were strong water currents, which frequently 
changed in direction, which would be the cause of 
difficulties with submarine cables. To cross with 
an overhead line meant the use of a span of over 
4 miles. A railway tunnel in which the cables 
could be run was another suggestion, but they had 
to remember that it was an earthquake zone. 

Mr. Beard spoke about rural electrification, a 
field in which he thought great Britain had lagged 
behind. Any rural system must start by tapping 
the high voltage lines which had to be done cheaply 
and securely. Isolating switches were necessary 
to disconnect any faulty part of the system and 
leave the supply to other parts unaffected. There 
were too many different voltages in use and the 
retarded growth of development of the use of 
electrical appliances was in part due to this. 


Srction G.—Powzr Srations AND TRANSMISSION 
LInEs. 


On the afternoon of Monday, the 7th inst., the 
proceedings of section G, were resumed by the 
presentation of a paper on “ The Transmission and 
Distribution of Electrical Energy,” by Mr. Charles 
H. Merz. The basic principles, he said, were the 
same in the design of a transmission and distribution 
system as in the design of a generating station ; 
the capital charges and operating costs must be a 
minimum consistent with security of supply, 
simplicity of operation and ease of extension. The 


main differences between the two were that in a 
transmitting and distributing system capital charges 
formed a much greater proportion of the total costs, 
and considerations of public amenity and safety 
required more attention. Approximate analysis 
showed that the capital cost of transmission and 
distribution was, as a rule, as much as the capital 
cost of the generating station, and if fuel was omitted 
the operating costs of transmission and distribution 
were as much as those of generation. The con- 
tinuous increase in the size of prime movers and of 
the stations had resulted in lower capital charges 
for kilowatt installed and increased operating effici- 
ency. The diversity of loads in an extended area 
had enabled plants to be run at better load factors. 
Individual steam plants designed for as much as 
600,000 kw. and containing generators with outputs 
of 60,000 kw., were now under construction. This 
development had been justified by improved steam 
cycles, using higher temperatures and pressures, 
with interstage re-heating of the steam and inter- 
stage feed-heating. The latter permitted the use of 
air heaters in place of water economisers. These 
charges were only made possible by the extension of 
the transmission and distribution systems over very 
wide areas. The net economy was, of course, the 
difference between the reduced generating costs and 
the increased transmission costs. 

The importance of capital charges had made 

reduction in the cost of mains the most important 
feature in the development of distribution systems. 
This was effected in two ways; by reducing the 
section of the conductors through the use of higher 
voltages and by improving the insulating materials. 
Underground cables were used in large towns, and to 
some extent in industrial districts. The practice of 
employing impregnated paper insulation with a lead 
sheath was now general, and cable developments 
were mainly in the improvement of methods of drying 
and impregnating the cables and in the compounds 
used. The general effect of recent investigations 
was to confirm increased cable ratings and to 
emphasise the advantages of protecting cables by 
steel armouring and waterproof covering and laying 
them direct in the ground. The advances made 
by British cable makers were great, and many 
miles of three-core 30,000-volt cable have now been 
in use for some time with satisfactory results. In 
Northumberland there were eight miles of three-core 
cable operating at 66,000 volts. It appeared 
probable that by using single-cored cables 132,000- 
volt circuits could be carried underground with 
safety and reliability. Long circuits operating at 
220,000 volts with the cables overhead were now in 
service in California, and all over the world there 
were examples with pressures ranging from 75,000 
to 150,000 volts. In British practice the most 
obvious feature was the use of wooden poles with 
relatively short spans. 
@ Through the provision of forced water cooling, 
transformers had been increased in capacity. 
The mercury vapour rectifier was proving to be a 
rival to the rotary converter on the Continent at 
voltages of 500 and 600, and promised to be still more 
formidable at higher voltages. Outdoor types of 
switchgear had become standard practice for 
voltages above 50,000 and were widely used for 
lower pressures. Automatic substations were 
introduced to reduce attendance changes. For 
alternating-current installations no great difficulty 
was presented. The problem was not so simple, 
however, with stations containing rotary converters 
and motor generators, but it had now been solved 
and numerous stations were in operations. Rapid 
and automatic isolation of faulty mains and appara- 
tus became increasingly important as the size of the 
system extended. 

Other British contributions to the papers pre- 
pared for this meeting were by Professor Miles 
Walker, D.Sc., on “The Improvement of Power 
Factor,’ which we hope to reprint in a later issue, 
and Mr. A. B. Field who presented a paper on 
“Large Alternators.” an abstract of which is given 
elsewhere in this issue. 

Mr. W.S. Murray, U.S.A., gave a paper on “‘ Super- 
power,” in which he discussed the advantages to 
be derived in (what he termed) “diversity economy ”” 
by the interconnection of generating stations with 
peak loads reached at different periods of the day. 
The advantages of superpower were that fixed 


charges could be reduced by proper interconnection, 
with full use of diversity capacity and consequent 
reduction of generating reserve. Operating changes 
would be reduced by the selection of sites for stations 
beside the coal or water resources. The con- 
ditions of the Boston, Washington, and other zones 
were then discussed to show the significance of the 
proposals in the reduction of power costs. Mr. B. G. 
Lamme submitted a paper to the Conference on 
** American Power Station Electrical Equipment,” 
which we reprint in abstract elsewhere. 

Mr. O. C. Merrill said that the design of a generator 
of 100,000 h.p. was now possible, and transmission 
over an extensive area was economical. These 
possibilities brought us to the period of superpower. 
In the region between Boston {and Washington, 
cities 450 miles apart, and extending inland from the 
coast about 150 miles, there was a population of 
25 million people and nearly 100,000 industrial 
concerns. ‘This afforded a suitable area for a super- 
power scheme. It was estimated that the demand 
in this case would reach 10,000,000 kw. by 1930. 
By using high-powered steam and hydro-electric 
stations at strategic coal and water centres, all 
interconnected for joint supply, it was anticipated 
that many millions of tons of coal would be saved 
each year. With transmission at 110,000 volts, or 
even 220,000 volts from the stations, economic 
transmission to local centres was possible. The 
combination of water power and steam power 
made for economic generation. Only 4 per cent. 
of the electric power used in the United States was 
generated in municipally-owned plants. The rest 
was produced by companies working under regula- 
tion. Electricity concerns were best managed when 
in private ownership. 

Mr. W. Borgquist, Director of the Electrical 
Department, Royal Board of Waterfalls, Stockholm, 
presented a paper on the “ Economic and Technical 
Organisation of Large-scale Power Distribution in 
Sweden.” The Government, he said, at present 
supplied 35 per cent. of the consumption of electrical 
energy in Sweden, and the municipal stations 
supplied 15 per cent. They had, therefore, a 
direct influence upon power development. The 
majority of the more important private systems 
were more or less directly controlled by industrial 
establishments. Development was more difficult 
in Sweden than in most countries because it was 
so sparsely populated. When the two State systems 
in Central Sweden, the Trollhattan system in the 
West and the Alvkarleby-Motala in the East, 
expanded, the %need for greater loads, reserve 
requirements and supplementary equipment made 
it desirable to interconnect them, and a 132,000-volt 
line was established between them in 1920. Reserve 
power equipment was thereby centralised and 
reduced below the amount necessary for the two 
systems. It made supplementary steam power 
almost superfluous during normal years, since the 
time difference between the seasons of minimum 
power supply permitted surplus water from one 
system to be used as supplementary power for the 
other. The two systems had different frequencies, 
the one 25 cycles and the other 50, but the obstacle 
was surmounted by installing at Trollhattan two 
double generating sets. Each of these consisted of 
a 25-cycle and a 50-cycle generator of 12,000 kv. 
ampere capacity, mounted on the same shaft and 
connected to a turbine of 9,000 kw. The power of 
the turbine could be used to give a supply to either 
set of bus bars and an additional 3,000 kw. could 
be connected from one system to the other, with one 
generator acting as a synchronous motor and 
aiding the turbine, while the other worked as a 
generator at a slight overload with almost unity 
power factor. Hnergy interchanges between con- 
nected systems throughout the country were regu- 
lated by special contracts having its encouragement 
as their purpose. The State trunk lines were pro- 
jected for 132,000 volts with a possibility of increas- 
ing the tension to 220,000 volts when conditions 
warranted.. The South Swedish Power Company 
adopted a voltage of 132,000 in anticipation of a 
future interconnection with the,State lines. 

In addition to the paper by Mr. Borgquist, there 
were five contributions from Sweden. Mr. R. 
Liljeblad dealt with ‘‘ Recent Developments in 
A.C. Generators and Motor Designs.” In this 
paper he stated that the largest water-driven 
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machines so far manufactured in Sweden were|O. T. Blathy. In the two-pole rotor machine 


supplied to the Glomfjord power plant in Norway, 
of which the last was of 24,000 kv.-amperes 
capacity and generated at 15,000 volts when 
running at 300 r.p.m. Low head machines running 
at low speeds were now finding favour and presented 
problems quite different from those associated with 
high speeds. He showed the constructions adopted 
and details which were typical of Swedish industry. 
Transformer design was treated in two papers, 
one by Mr. K. E. Eriksson and the other by Dr. Arle 
Ytterberg. The largest transformers so far built 
in Sweden were the step-down transformers for 
Trollhattan and Alvkarleby. They were rated at 
20,000 kw.-amperes, but were conservatively rated, 
and operated between 126,000 and 70,000 volts: 
They were provided with water cooling, as was the 
case with most transformers of over 1,000 kw. 
capacity. Dr. Ytterberg stated that in transfor- 
mation plant the capital cost of the losses amounted 
to two or three times the price of the transformer 
itself. It was therefore necessary to design trans- 
formers on the basis of total cost of transformation 
and of losses. In Sweden the oil type of circuit 
breaker had followed in design on similar lines to 
other countries, but claims were made in a paper 
by Mr. K. E. Eriksson in “‘ Modern A.C. Switchgears 
in Sweden” that the structural details had been 
greatly simplified. Explosion chambers were used 
regardless of the voltage when the rupturing 
capacity exceeded 200,000 kw. Ratio adjusters 
for voltages up to 33,000 were fitted, which operated 
step by step, either by hand or motor, and accom- 
plished the switching over in much the same way 
as a cell switch for storage batteries. The resistance 
temporarily connected in circuit was mounted 
separately. For currents over 500 amperes all 
interruptions were made by a separate oil switch 
which was mechanically connected to the operating 
mechanism of the adjuster. Mr. Carl A. Rossander 
presented a paper on “ Low Tension Distribution 
and Electric Storage.” 

Mr. Bernard Price, South Africa, referred to the 
largest undertaking of its kind in the British Empire, 
the Victoria Falls scheme, and detailed some of the 
exceptional circumstances that had to be met, such 
as frequent lightning storms, and the provisions 
made to deal with preventing their possible effects. 

Mr. Summerhayes, U.S.A., thought few people 
outside the country appreciated the extent to which 
automatic sub-stations had grown in use in the 
United States. By their use electrical energy was 
supplied to street railways and for low voltage light- 
ing, both direct and alternating current, as well as for 
mining. Automatic regulation was of great value 
in the increased stability it ensured when machines 
were worked in parallel. 

In a paper on “Caracteristiques des Lignes A 
Tres Haute Tension Etablies en France,” M. C. Duval 
discussed the technical requirements for overhead 
high-tension lines in France and gave details of the 
most important cases, namely, the 120,000-volt 
lines at Basse Isére, the State network, the 150,000- 
volt lines of the Midi Railway, and also those of the 
Orleans Railway. 

The papers submitted by Holland were: “‘ Recent 
Developments in Power Station Design in the 
Netherlands,” by Mr. J. J. L. Smits ; ‘‘ Some Notes 
on the Stability of Power Stations Working in 
Parallel,” by Messrs. G. J. T. Bakker and J. C. van 
Staveren; and “Application of Squirrel Cage 
Induction Motors with Special Starting Charac- 
teristics,” by Mr. A. Brunt. 

Mr. Guido Semenza then submitted his paper on 
“The Continuity and Regularity of Operation of 
Large Electric Systems,” which we reprint in 
abstract elsewhere. Mr. Fred A. Gaby said that 
in Canada they obtained 94 per cent. of their power 
from water resources. 600,000 h.p. was available in 
10 units, each of 60,000 h.p. The application of 
machines of such power was actually made possible 
by the oil film thrust bearing. The efficiency of the 
turbines was 93:6 per cent. Features of the 
alternators were the steel slot wedges and the self- 
ventilating action. The flange-shafts were made of 
high-grade steel. forgings. Lightning troubles had 
been practically eliminated. 

Mr. E. Wilczek then dealt with “ Hungarian 
Practice in High Speed Turbo-Alternator Design,” 
taking as examples the machines designed by Dr, 


parallel slots were used, which were milled in the 
barrel-formed. rotor body parallel to the axis of the 
alternator. As an alternative to using driving 
flanges of non-magnetic material between the rotor 
body and the shafts, Dr. Blathy designed a driving 
flange and shaft of one forged steel piece of a form 
suitable to keep the leakage flux within reasonable 
limits. In the four-pole rotor design the shaft and 
cylindrical pole bodies were of one forged steel piece 
and steel sleeves were slipped on to the pole bodies. 
Edge-wound coils in a single layer were used, and 
their cooling was effected by the use of a large num- 
ber of ventilating holes parallel to the coil axis and 
bored through the whole length of each coil. 


Section G.—CaBLes AND HigH VonTaGE DireEcr 
CURRENT SYSTEMS. 


On Tuesday, the 8th inst., Section G met under 
the chairmanship of Dr. 8. Z. de Ferranti, to con- 
sider papers on ‘‘ Cables and High Voltage Direct 
Current Systems,’ but two papers held over from 
consideration the previous day were submitted first. 
Of these one on “Recent Electrical Develop- 
ments in Overhead Electric Transmission in Italy,” 
was presented by Mr. U. Del Buono. The pressure 
of transmission which was 70,000 to 75,000 and in a 
single case was 90,000 volts, had been increased to 
120,000 volts to 130,000 volts. Copper was used 
almost universally for conductors, but aluminium 
conductors with steel cores were proposed for 
projected schemes. The lines had 3 or 6 conductors 
separated by distances of 4 to 5 metres. 

Mr. Renzo Norsa then submitted his paper on 
“The Development of, and the Limits in, Parallel 
Operation and Interconnection of Large Electrical 
Systems.” The basis of interconnection was the 
improved production and utilisation of electric 
current, which was obtained by a more intensive 
utilisation of natural energy or by economy in the 
cost of installation, or by gaining an increased 
overall efficiency or by equalising the load through 
a combination of services. The cost of modern 
interconnection for distances of hundreds of miles 
was considerable when taken by itself as compared 
with that of the generating stations. 

Mr. Llewelyn B. Atkinson submitted a paper on 
“High Tension Cables ” in which he described the 
steps which had led to the development in Great 
Britain of high voltage cables for electric power 
transmission, the present technical position relative 
to high tension cables and also the economic 
questions involved in their use. In his opening 
remarks the author referred to a cable, a specimen 
of which was shown, which was designed by the 
chairman in 1888 and put into service to carry power 
from Deptford to London at a pressure of 10,000 
volts. The specimen was cut from a cable recently 
taken out, and had been in service for 35 years. It 
was shown through the courtesy of Mr. G. W. 
Partridge of the London Electric Supply Company. 
Similar mains made at the same time as the specimen 
were still in use. In the case of low and medium- 
pressure cables, up to, say, 11,000 volts, the problems 
that confronted them were :—the provision of a copper 
conductor sufficiently insulated to stand the pressure, 
and with a factor of safety allowing for such rises 
in pressure as might occur, without the use of special 
means to suppress them, and sufficiently strong 
mechanically to be moved about and laid in the 
ground, or drawn into various types of conduit. The 
British Electrical and Allied Research Association 
had published the results of a research into ‘‘ Per- 
missible Current Loading of British Standard 
Impregnated Paper Cables,” based on the assump- 
tion that for paper insulated and covered cables 
a maximum temperature of 65 deg. C. would be 
allowed. Conditions of economy had led to a desire 
to work at higher temperatures, and American 
writers had in fact urged that a temperature of 
85 deg. C. was not unreasonable. The records of cable 
failures in American cities showed a frequency of 
breakdown, which was out of harmony with the 
outlook of British engineers and the general public. 
More evidence was necessary before any considerable 
advance in temperature could be thought advisable. 

For high voltage cables, in addition to the points 
referred to in connection with low voltage cables, 
there was a limit imposed on design by the necessity 
of getting rid of the heat from the internal con- 


ductors. Other points of importance were the 
actual strength of the insulating material to with- 
stand electric puncture and the disposing of the 
heat set up in the dielectric itself under the influence 
of high electric stresses. In most dielectric 
materials a considerable transient current was 
observed, followed by a much smaller and. gradually 
diminishing current which, however, never became 
zero. The first current approximated to the true 
dielectric phenomena, it was a movement of electrons 
within the atom setting up an electric stress 
balancing the applied electric stress and preventing 
further movement. As the applied stress was 
increased, the movement increased until at some 
limit, different for each material, the forces holding 
the electron within the atom were overcome, a true 
conductive current ensued and the insulator was 
broken down. Such would happen in a perfect 
dielectric, but the smaller and permanent current 
was a true conductive current and the researches of 
S. Evershed and G. L. Addenbrook had made 
quite clear that this current was an electrolytic 
current, and that the medium was the moisture 
which was contained and held mechanically in the 
substance of the dielectric. 


The requirements of flexibility necessary for a 


cable insulation were only satisfied by a very few 
materials, such as rubber, or by substances which 
could be put on in layers which could stretch or 
move individually ; a further type was material 
like paper, which could be dried and impregnated 
with oils with the idea of excluding moisture. 
Experience showed that it was perfectly feasible 
to build and joint permanently three-core cables 
for 40,000-volt circuits, but it was clear that before 
much higher pressures were practicable, the effects 
of time on cables carrying high electric stresses must 
be observed. The absolute exclusion of air and 
avoidance of ionisation of air was essential and 
seemed to have been achieved, but the action was 
one requiring time which could not be decided at 
once. The future of high-pressure cables depended 
upon a more complete understanding of the real 
nature of so-called di-electric breakdown. The 
lessons of Evershed’s and Addenbrook’s researches 
were not yet completely assi 
tion of the last trace of moisture was of great import- 
ance in cable making and when methods or sub- 
stances, which permitted this were available, much 
higher pressures than used at present could be 
adopted. 

M. Luigi Emanueli then presented his paper on 
“Electric Cables for Extra High Tensions.” This 
was a consideration of the losses in a power cable, 
taking into account not only those due to the 
heating of the copper, but also those due to the 
energy dissipated in the di-electric. The first of 
these sources of loss, assuming that the power 
transmitted and the cross-section of the conductor 
remained constant, decreased as the square of the 
pressure of transmission, whilst the second increased 
in more or less the same ratio. There was, there- 
fore a certain pressure of transmission for which 
the total energy losses was a minimum. This 
minimum pressure could be calculated from 

n/ rv ae 

MR Vv - C cos b 
where » = angular velocity, VA = number of volt- 
amperes, r = effective resistance of the line, taking 
into consideration the power losses due to eddy 
currents in the conductors, lead sheath, &c., for a 
single conductor if the system was three-phase and 
for a loop formed by two conductors if the system 
was single phase, C = effective capacity, 1.e., that 
value which, when multiplied by » and by the 


voltage between each phase and earth, gave the — 


charging current in each phase. In obtaining this 
expression, it was assumed that the capacity of the 
cable was independent of the thickness of insulating 
material, but the error so introduced was very small. 
In tests in which the temperature was kept constant 
at 60 deg. C., throughout the cross-section of the 
di-electric, the power factor at a working pressure 
of 60,000 volts, 42 cycles was found to be approxi- 
mate 0-013. The author concluded with a con- 
sideration of the maximum tension permitted by 
technical considerations in actual cable construc- 
tion. 

Mr. E. B. Wedmore then submitted the paper on 
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“Loading Limits for Electric Power Cables : Some 
Recent Researches,” prepared by Messrs. E. Faws- 
sett, S. W. Melsom, C. Vernier and himself. Prior 
to this research, he said, there was a serious lack of 
data on the safe loading of buried cables. The 
problem was of immense importance to the user of 
cables, and the work completed was calculated to be 
worth 250,000/. per annum to the supply under- 
takings of Great Britain. It was considered in this 
work that for voltages up to 11,000 and tempera- 
tures up to 65 deg. C. in modern cables that the 
losses in the dielectric were negligible. Investiga- 
tions were now being conducted into dielectric 
_ losses at higher voltages. The thermal resistivity 
of the dielectric in impregnated cables of British 
manufacture for voltages from 3,300 to 11,000 was 
about 550. That of the covering averaged about 
300 and of the soil about 180. A reduction of 20 
per cent. in the thermal resistivity of a dielectric 
reduced the temperature rise by 10 per cent. The 
average thermal resistivity of the coverings of a 
eable taken as a whole, armouring, bedding, taping 
and serving, was found to be about 300. A large 
amount of data was collected to obtain the values 
of actual ground temperatures for the British Isles, 
Australia and India. Calculations were based on 
15 deg. C. after careful consideration of these results. 
The two factors fixing the maximum temperature at 
which cables could be operated were the maximum 
temperature which the dielectric and conductor 
would withstand without deterioration of electrical 
and mechanical properties, and the effects of 
differential expansion, either between the various 
components of the cable or between it and the 
ground or duct in which it was laid. The values 
suggested were: for armoured cables laid direct 
on the ground 65 deg. C., for plain lead sheathed 
cables in ducts, 50 deg. C., and for armoured cables 
drawn into ducts, 60 deg. C. It was shown that 
cables drawn into ducts required 5 per cent. less 
current to produce the same temperature rise as 
those in air. A three-cored lead-covered and 
armoured cable, with 0-15 sq. in. cross-section of 
conductor, as used for 20,000 volts and laid direct 
in the ground, if running continuously at half its 
rated current could then carry for an hour 20 per 
cent., or for two hours 13 per cent. more than the 
maximum permissible current for continuous 
rating. 

In submitting their paper on “High Voltage 
Direct-current Generation and Distribution of 
Electrical Energy ” the two authors, Messrs. J. S. 
and W. E. Highfield, both spoke. Mr. J. S. 
Highfield first dealt with the claims to recognition 
of high-voltage transmission by direct currents, 
and reviewed the steps made in the development. 
He then quoted a paper contributed by Mr. Roger 
T. Smith to the Institute of Transport in which 
a particular case of railway electrification was 
worked out for three-phase alternating currents 
and direct-current transmission at 100,000 volts. 
Ail substation buildings and machinery, except 
that of the power house, were dealt with in the 
consideration of the cost of power transmission. 
The figures obtained were 730,000/. for the three- 
phase alternating-current system and 355,0001. 
for a direct-current system working from a Trans- 
verter. If after transmitting direct current 
suitable means were available to convert it back to 
alternating currents for distribution, there was a 
substantial value in the direct-current system. 
There was no likelihood of a suitable high-tension 
direct-current generator being produced in the 
immediate future, so that it had to be converted 
from alternating current initially. 

For this purpose Messrs. W. E. Highfield and 
J. E. Calverley—devised the Transverter, a machine 
which combined the functions of transforming and 
converting simultaneously, and at the meeting 
this machine was described by Mr. W. E. Highfield. 
This valuable and interesting development had 
many advantages. All windings were stationary, 
were not subject to mechanical stresses and were 
immersed in oil. The commutators being fixed 
were relieved of mechanical stress, and thus could 
be effectively insulated. The only high-tension 
revolving portion of the plant was the brush 
gear, which admitted of a perfect mechanical and 
electrical construction for use at high speeds. 
Readers of ENGINEERING are familiar with the 
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construction and operation of the ‘'Transverter 
which was described very fully in a recent article 
(see ENGINEERING, vol. cxvii, page 563). Tests had 
been successfully made with the Transverter under 
a great variety of conditions. Taking supply from 
a 3-phase 2,200-volt 50-cycle circuit, direct current 
was obtained at 100,000 volts, and two supplies 
had been obtained simultaneously, the one direct 
current at 100,000 volts and the other 440 volts 
alternating current. In other tests with a direct- 
current supply at 3,000 to 4,000 volts, 440-volt 
alternating current had been obtained, or low- 
tension alternating current and _ high-tension 
direct current simultaneously. The Transverter 
had therefore performed all the functions that could 
be met in transmission work, and if development 
continued in the same satisfactory way it would 
soon be applicable to the actual transmission of 
power. We hope to reprint the paper later. 

In opening the discussion on the series of papers 
Mr. G. L. Addenbrook said that after forty years’ 
work they had still to own that the dielectric was 
the limiting factor in cable design. He then dis- 
cussed the actions in a dielectric due to electrical 
stress, and showed how the atomic structure 
of the material was pulled out of shape under these 
actions. The root of the troubles experienced 
with high-tension cables was due to the presence 
of electrolyte, which was nearly’ always water. 
When the water was broken up it existed in the 
form of ions having separate charges. Water was 
actually pulled through the dielectric by the 
alternating actions. Were moisture got rid of the 
cable troubles would disappear. 

Major A. M. Taylor said he had designed a cable 
on the basis of maximum potential gradient, 
which was exceedingly satisfactory. Looked at 
from that standpoint it was possible to make a 
cable to work with 220,000 volts supply. Mr. J. W. 
Lieb, a delegate from the United States, then 
called attention to the fact that they had failed to 
profit fully from the research work of early 
pioneers. It appeared that cables were not 
regarded by many people as important seats of 
physical actions, but as commodities in the design 
of which the only considération was mere mechani- 
cal spacing. The problems involved were of the 
greatest importance, and could only be solved by 
the application of the results of experimental 
work. The solutions of cable problems were funda- 
mental questions of national importance. : 

Mr. C. P. Sparks, referring to research work, 
stated that, although the cable work was started 
eleven years ago, not much was done until Mr. 
D. N. Dunlop took the matter up through his 
organisation. Many minds had been directed to 
the improvement of power-station equipment, but 
the questions involved in transmission and distribu- 
tion had not received the attention they deserved 
Advances in 
transmission, where most of the capital of an elec- 
tricity undertaking had to be expended, were the 
important features in the future prosperity of the 
electrical industry. All joint boxes should be 
plugged. With the breathing that took place a 
pumping action went on and moisture was drawn in. 
With the higher pressures they now contemplated, 
further problems relating to dielectric hysteresis 
would be encountered. 

Mr. Dunsheath asked what were the reasons 
for believing that the effective capacity could 
be ignored in the formula for the pressure suited 
for a given cable enunciated by Mr. Emanueli. 
All cables had temperature variations which made 
it impossible to assume steady conditions. Mr. 
Blackburn asked for information on how the 
commutation was effected in the Transverter that 
it was regarded as perfect. He also sought informa- 
tion on the shape of the alternating-current waves in 
different parts of the system. A third question 
was the effect that variation in the power factor 
had on the commutation. Information would be 
useful on what happened when the alternating 
current had various amounts of lag. He asked if 
the development reached the stage when it was 
possible to design a machine to give, say, 1,000 
amperes at 3,000 volts, such as might be required 
for traction. 

Mr. S. W. Melsom said that on the question of 
loading limits they were indebted to Kennelly for 


his work, as well as to workers in Holland, France, 
and Germany. That work had now been carried a 
good step forward, but they could not help feeling 
that in this work men of all nationalities were 
colleagues. Temperature gradients varied greatly, 
and engineers must settle what were the conditions 
that were approximated to in practice, so that they 
might be considered in dealing with further 
experimental work. 

Mr. Luigi Emanueli, in reply to the discussion, 
said that the formula referred to by Mr. Dunsheath 
was only submitted as a tentative way of getting a 
solution to the problem. It was not absolutely 
correct, but in the paper a graphical method was 
given by which accurate results could be obtained. 
In the appendix to the paper the values of the power 
factor were given which had been calculated for 
various cables. He had taken into accouut the 
variations of temperature between one part and 
another of the cable. The heat transmission caused 
by dielectric losses had also been dealt with. Actual 
effects verified the deduced results. 

Mr. W. E. Highfield said that in the tests they 
had used as large a load as was possible at the time. 
From the designers’ point of view the Transverter 
was very flexible. The wave forms were either 
sinusoidal or rectangular. The rectangular waves 
were caused by the salient field. The machine was 
absolutely compensated, and the actual compensation 
could be studied very easily by means of the oscillo- 
graph. As long as such waves were produced the 
commutation remained perfect. The power factor 
was completely under the control of the designer. 
Adjustment was possible by means of a shunt 
regulator on the synchronous motor, but it did not 
in any way affect the commutation of the machine. 
Designing a low-tension machine was purely a 
mechanical problem. 

Mr. Ll. B. Atkinson said Mr. Taylor had referred 
to the potential gradient in a cable and spoken 
about the design of cables from the standpoint of 
the logarithm of the potential gradient. It was 
not the case that the conditions followed the 
logarithmic curve, although in some experiments 
results had been obtained which it was assumed 
by some investigators did do so. It was to be 
remembered that a cable usually broke down in 
the outer layer, which opposed all deductions from 
the potential gradient theory. 

The chairman thanked the various speakers for 
the remarks they had made about the Deptford 
cable. Electricity supply, he said, was much too 
complicated to-day. In all new developments the 
first endeavour was to accomplish the desired results. 
They had then to undertake work with a view to 
carrying out what they required more easily and 
more cheaply. 


Gas AND FuEL SECTION. 


Several of the papers discussed by this Section 
on Monday, July 7, had already been brought before 
Section C on the previous Thursday, and were 
mentioned on page 37 and subsequent pages of 
last week’s issue. Both in the morning and afternoon 
sessions the conference hall was fairly well filled long 
before Mr. Milne Watson, President of the National 
Gas Council of Great Britain and Ireland, opened 
the proceedings. 

Mr. Milne Watson’s introductory address was of a 
very general character. He remarked that the 
gas industry of this country now used annually 
16,000,000 tons of coal and 46,000,000 gallons of 
oils to produce 8,000,000 tons of coke and various 
products ; 163,000,000/. were invested in the in- 
dustry, which had taken the lead in a co-partner- 
ship policy for the benefit of their employees. 
Since 1885, inclined and, later, vertical retorts had 
been replacing the horizontal retorts. Many valu- 
able products had been evolved and nothing was 
wasted ; the suggested use of naphthalenes and 
phenols as motor fuels was of doubtful value. 
The chief problems to be discussed concerned 
methods of gas manufacture, the supply of gas to 
the consumer and the relation of the gas industry 
to the electric and power industries. 

A paper on “ Illumination by Gas,” by Dr. J. 8. G. 
Thomas and Mr. D. Chandler, of the South Metro- 
politan Gas Company, was presented by Mr. Chand- 
ler. Murdock and other pioneers, he pointed out, 
had only been attracted by gas as an illuminant. 
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Their gas was only of one or two candles per cubic 
foot ; the Bunsen burner came in 1855, the incan- 
descent mantle of Auer von Welsbach in 1885; 
inverted gas burners and high-pressure burners 
promised further economies. The paper proceeded 
to advocate a higher standard and greater unifor- 
mity of illumination, free from glare. Exclusive 
reliance on artificial light was sometimes more 
economical and satisfactory than the provision of 
windows and light shafts. The presence of a little 
carbonic dioxide (even 0-3 per cent.) in our rooms 
was far less objectionable than had been believed ; 
provided air were kept in circulation, gas was the 
light medium par excellence. The average thermal 
efficiency of carbonisation was 70 per cent. to 80 
per cent., against 8-5 per cent. obtained in electric 
generating stations; illumination by gas was to be 
recommended on the score of efficiency, conserva- 
tion and utilisation of our coal supplies. 

Sir Arthur Duckham had added an illustrated 
appendix to his original paper on the “ Use of 
Town Gas in Industry” in order to support his 
statement that there are many processes in industry 
in which gas immediately commends itself as an 
ideal fuel. In America, he stated, the gas and 
electricity undertakings were frequently combined ; 
over here they were often in competition. As regards 
raw coal, the only cause for its use was its cheap- 
ness; but the cheapness was delusive when we 
considered the expense and labour of transport, 
the congestion it caused in traffic, and the smoke 
nuisance. Pulverisation converted solid fuel almost 
into a gaseous fuel; but the fuel should first be 
heat-treated for recovery of its by-products. Gas 
was the best known form of fuel for all purposes, 
the simplest in transport and application, and it 
reduced labour costs to a minimum. Co-ordination 
was essential to give us cheaper gas. Without 
burning raw coal, co-ordination might be secured in 
three ways: The gas undertaking might receive 
and treat the fuel and turn the residue, coke and 
gas, over to an electricity undertaking; the elec- 
tricity undertaking might first treat the fuel and 
turn the gas and products over to the gas under- 
taking for distribution and further treatment ; 
coke ovens might treat coal and provide coke and 
gas to both the undertakings. Sir Arthur urged, in 
conclusion, not only co-operation of the two indus- 
tries, but the creation of a central body with a 
Government Commission ; Sir Arthur referred to the 
Electricity Commissioners of war time in this con- 
nection. 

Professor H. E. Armstrong, opening the discussion, 
supported this proposal, reminding of the plea he 
had made on the previous Thursday (in Section C) 
for some organisation to inform public and political 
opinion on these matters and for the need of Fuel 
Commissioners. But he criticised some of Mr. 
Chandler’s statements; the impurities in our gas 
and the carbon dioxide produced were badly felt 
in the low, modern “ bungalow” rooms. Tar was 
probably not indispensable for dyes, which might be 
made synthetically. 

Mr. D. Brownlie submitted some of Sir Arthur’s 
figures, e.g., gas sold at 4-4d. per therm, three times 
the price of raw coal, to severe criticism ; gas was 
certainly convenient, but leakage and other points 
should not be disregarded. Sir Dugald Clerk in turn 
attacked Mr. Brownlie for discussing the burning of 
gas under boilers ; gas was the fuel for engines, and 
it was striking that some small producer gas instal- 
lations of people who liked to make their own electri- 
city realised the highest efficiencies tabulated. Sir 
Dugald deprecated too much Government control ; 
a Government department might be very inefficient, 
but would continue to exist. 

In presenting a paper on “Coke as Fuel for 
Steam Raising,” Mr. E. W. L. Nicol, of the 
London Coke Committee, accentuated the fact 
that the oil supplies could not last, that coal was 
the basic fuel of the British Empire, and that 
distillation of coal could supply liquid fuel 
required and would yield coke which should become 
the chief fuel for steam raising. He recommended 
his “‘ sandwich” system, in which the stoker feed- 
hopper was divided into two compartments deliver- 
ing low grade coal and coke in super-imposed layers, 
the coal being uppermost; one London power 
station had since 1918 consumed 40,000 tons of coke 
annually, about half of its total fuel. Mr. Nicol also 


pointed out that if the 10,000 tons of coal burnt in 
London every day were to be pulverised, 2,000 tons 
of ashes would be ejected and London might slowly 
be buried by the ashes. 

Mr. F. W. Goodenough, chairman of the British 
Commercial Gas Association, spoke under the title of 
the next paper on ‘Fuel Conservation and 
Smoke Abatement,” broadly of fuel. But he said : 
“There is no alternative to coal as the basic fuel 
in this country; it is coal or nothing with us.” 
Reviewing the three methods of coal utilisation, 
direct local combustion, direct combustion in central 
electric power stations, and distillation, he advocated 
the third as the most conservative, the simplest, 
cleanest and healthiest, most economical in cost, time 
and space, and as contributing most to our comfort. 
Gas required less space than coal in storage and in 
flues even in our houses ; it was at least equal, if not 
superior, to electricity, in domestic and industrial 
heating, and the recovery of by-products turned 
the scale in favour of carbonisation. Electricity 
had its own great fields in power transmission and 
distribution. Mr. Goodenough referred at length 
to the Report on the Coal Gas and Electrical 
Supply Industries, prepared by Sir Dugald Clerk and 
Professors A. Smithells and J. W. Cobb some years 
ago. 

In the discussion of the last two papers Mr. F. S. 
Sinnatt, of the Fuel Research Board, asked what 
was to become of the yearly output of 37,000,000 
tons of household coal if carbonisation were to be the 
rule ; that would have a great influence on the coal 
industry. He also urged the study of the constitu- 
tion of coal as all important to the preparation and 
treatment of coal. Dr. R. Lessing supported that 
plea ; we were in ignorance of what coal actually was, 
and might waste its intrinsic value by unsuitable 
treatment. Mr. Nicol’s objection that pulverised 
coal spread the ashes really applied to every coal- 
using industry. The point was, of course, that 
collieries did not know how to remove the mineral 
constituents. Mr. Frank Jones further urged the 
need of purification, especially of the lower seams, 
before the coal reached the works. 

Before closing the morning session, Mr. Milne 
Watson drew attention to the exhibits displayed 
in the conference hall by Sir Robert Hadfield, 
exemplifying fuel economy and the measurement 
of high temperatures. 

The main object of the paper on ‘“ The Co-ordi- 
nation of Fuel Supplies”—the first taken on 
Monday afternoon—by Dr. E. W. Smith, technical 
director of the Woodall-Duckham Companies, was 
to stimulate discussion on co-ordination of supplies, 
of management, products and efforts between all 
the interests involved, including collieries, gas and 
electricity undertakings, coke ovens and industrial 
and domestic users by various means; improved 
working at the collieries, improved conditions at 
coke ovens, combinations of undertakings, utilisa- 
tion of the waste heat of gas, production of smoke- 
less fuel and coke for domestic purposes, the use of 
high volatile and cheaper non-coking coals for gas 
making, and a close study of the effect of freight 
on the cost of energy production. The paper con- 
tained balance sheets of coal production in Great 
Britain, and plans of coalfields and of distillation, in- 
dustrial and power centres. About 45 per cent. of 
the coal mined, Dr. Smith stated, was small coal, 
of which only 4 per cent. was washed ; the average 
ash content was at least 10 per cent. ; if that figure 
were reduced to 7 per cent., transport of 4,000,000 
of inert material would be avoided. The average 
moisture content of coal was also 10 per cent. 
The coking coals made up 6-6 per cent. of the total ; 
so far non-coking coal could not serve for gas mak- 
ing. The electrical industry required 6,800,000 
tons of coal per year, including 1,000,000 tons of 
coke breeze ; 13,300,000 tons of coal were coked ; 
if all that coal were coked in the most efficient 
producer-fired ovens, 2 of the gas requirements of 
the country would be available; actually 12 per 
cent. was available. Dr. Smith also referred 
to their recent experiments on reducing the coking 
time ; they ground the coal, briquetted it with other 
coal or coke and with half the usual amount of pitch 
and carbonised at rather high temperature, ob- 
taining a smokeless fuel in one-third the former 
time. 

We have already noticed Dr. Lander’s paper on 


** Low-Temperature Carbonisation.”’ In presenting 
it on Monday, Dr. Lander said that the Fuel 
Research Board was not prejudiced for or against 
low-temperature carbonisation—a statement to 
which Mr. Frank Jones, in the chair during part 
of the afternoon, assented on behalf of the gas 
industry. One important problem was the use of 
coke not suitable for metallurgical furnaces and 
other purposes; but that did not particularly 
apply to low-temperature carbonisation. Extra- 
ordinary yields, certainly not realised by the Board, 
of ammonia and of oil, were sometimes claimed for 
the latter process. 

Inthe course of the discussion Professor H. E. 
Armstrong again showed his coalite coke, produced 
from Kent coal, in an 8 in. pipe, 9 ft. long, by 
carbonisation for four hours at 600 deg. C. Mr. 
Brownlie said that several processes of low tem- 
perature carbonisation were worked by experienced 
companies in the United States and Germany. 
Dr. Zur Nedden, of the Berlin Reichskohlenamt, 
remarked that they had technically found several 
of these processes to be fairly good, but the economy 
was very doubtful. He was interested in Dr. Arm- 
strong’s carbonisation in four hours. The shortest 
period seemed to promise best, because time was a 
crucial economical consideration ; by the use of lead 
baths the Ford Company, of Detroit, had, it was 
said, reduced the time to five minutes. 

Dr. A. B. Fieldner, of the United States Bureau 
of Mines, who has been able to examine the Ford 
(Caracristi) process* in the Ford works at Walker- 
ville, Canada (opposite Detroit), though before the 
plant was in operation, said that the process was 
mechanically beautiful and appealed to the chemist. 
The coal, ground and mixed, came down on a 
plate conveyor which floated on the lead the latter 
being fused by the heat of the combustion and kept 
at known temperature (about 1,200 deg. F.); the 
arrangements were convenient for studying the 
influence of temperature on the products, gas, coke, 
fuel oils, &c.; but Dr. Fieldner could not say 
anything about the economy of the process. Dr. 
Lander added that the Ford company seemed to 
aim_at pulverised fuel, while the Fuel Board was 
after a solid domestic fuel. That the carbonisation 
should be effected in thin layers (3 in.) had long been 
understood ; but such plants were bulky. Carbonisa- 
tion would further be improved by blending the 
material so as to increase its conductivity. The 
blending could be effected with or without heating 
and binders, and at low and high pressures. 
They had in blending at Greenwich used no binders, 
little heat and low pressure, but Dr. Smith’s method 
was interesting. 

The discussion having once more reverted to 
pulverised fuel and ash trouble, Mr. H. W. Brooks, 
of the Bureau of Mines, stated that the Bureau. 
had not yet conducted any tests, but on inquiry 
they had been informed by the municipalities of 
Milwaukee and Cleveland, where the use of pul- 
verised fuel was most extensive, that no complaints 
had been made about increased deposition of ashes 
and dust; there had been complaints, however, 
he understood, about the small domestic pulverised 
fuel plants at Seattle, which had been mentioned in 
Section C. Closing this discussion, Mr. Frank Jones 
remarked that the gas industry had not developed 
in a hap-hazard way as had been suggested ; they 
were in favour of co-ordination, but would do 
without Government control as much as they could. 
Mr. Milne Watson, resuming the chair, concurred. 

Mr. Gordon Adam, of the Gas Light and Coke 
Company, who had taken an active part in these 
discussions, then presented his paper, “ Liquid 
By-Products of Coal Carbonisation as Sources of 
Power,” which we noticed last week. 

Professor Ramsin, of Moscow, next made a long 
communication on the subject of the potential 
power of Russia. The report, which went into great 
detail, pointed out that coal might be estimatedjto — 
represent 43 per cent. of the available power of 
Russia, and wood and peat almost as much. The | 
water power utilised constituted 3-5 per cent. ; the — 
oil power 0-5 per cent. of the total. Wood and — 
peat, being renewable, were the most important | 


* The process was described by V. Z. Caracristi in» 
*Power,’’ of May 29, 1923. 
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resources at present, and Russian engineers had 
to be very careful as to power in their designs. 

In the last paper taken, Professor F. W. Burstall 
reviewed the evolution of the gas engine, which 
would ultimately, he thought, be the engine of the 
future if properly developed. That would require 
the utilisation of waste gases and improvement of gas 
producers and of the gas turbine. Carbon oil fuels 
were no solution of the problem. Cast engine 
eylinders would have to be abandoned ; with forged 
steel he had gone down to wall thickness of } in. 
The principle of the Holzwarth turbine was correct ; 
reciprocating compressors were, however, too 
bulky in these turbines, and rotary compressors 
inefficient ; but suitable devices and materials would 
be found, and the problem was no longer a question 
of ingenious invention. Sir Dugald Clerk, com- 
menting upon the paper, did not think that Holz- 
warth had overcome the compression difficulty ; 
the material difficulty was, however, being solved. 
A new Hadfield steel retained high strength at 
900 deg. C. 

Before the meeting concluded, Professor A. W. 
Bone made a final appeal for fundamental coal 
research, ; 


Section E.—INTERNAL-COMBUSTION ENGINES. 


The Section relating to internal - combustion 
engines met on Tuesday morning, July 8, under 
the chairmanship of Mr. Frederick B. Brown M.Sc., 
consulting engineer, of Montreal. The chairman, 
after a few introductory remarks in which he re- 
ferred to the honour done him in asking him to 
preside and also to the position of the internal- 
combustion engine in Canada, called upon Mr. 
James Richardson to deliver his paper which formed 
the first item on the programme for the meeting 
of the section. This paper, which contains a 
brief survey of the development of the internal- 
combustion engine in this country in connection 
with aero engines, motor-car engines, large gas 
engines and Jand and marine oil engines, we hope to 
deal with at greater length in a future issue. 

The next paper on the programme was one entitled 
“Gaseous Explosions within Closed Vessels,” by 
Mr. R. V. Wheeler, but this, in the absence of the 
author, was taken as read. A paper on “ The Gas 
Engine,’ by Professor F. W. Burstall, was simi- 
laily dealt with, and a paper by Dr. Ing. A. Nagel, 
describing the development of the Diesel engine in 
Germany, was then taken. Dr. Nagel, in summar- 
ising his paper, stated that the chief progress made 
was in connection with the better utilisation of the 
material so as to reduce weight and also in the appli- 
cation of the two-stroke cycle to large engines. 
Further developments had been made in connection 
with methods of fuel injection and in the use of 
fuels of low calorific value. The author mentioned 
that a double-acting two-stroke engine, referred to 
in his paper, was now under construction with a 
cylinder bore of 800 mm. and a piston stroke of 
1,400 mm. The engine, he said, would develop 
1,600. metric horse-powet per cylinder at 100 r.p.m. 
The paper, of which an abstract is given on page 
110 of this issue, also gave particulars of reducing 
and reversing gears for use in connection with 
high-speed Diesel engines. 

Brief abstracts of a paper by Mr. G. Agnelli on 
“Internal Combustion Engines for Motor Transport 
and Aviation,” and of one by Mr. G. F. Tosi on 
“Large Internal Combustion Engines,” were then 
read by Mr. R. Norsa, of Milan. Mr. Agnelli’s 
paper dealt with the effect of racing on the progress 
of motor-car engine design, as well as with the 
influence of the war and of taxation. It described 
the development of the Fiat Company and its con- 
tributions to the motor industry, described the post- 
war models of this firm and of other Italian manu- 
facturers, and dealt with the progress and tendencies 
of the Italian motor industry as a whole. The 
author pointed out that the specific power of a motor- 
car engine had increased at the same rate as the 
increase in the piston velocity, so that while a maxi- 
mum of 28 h.p. per litre of cylinder charge at 
3,200 r.p.m. was obtainable from racing cars in 
1914, about twice this power was now developed at a 
speed of over 5,000 r.p.m. and an average piston 
velocity of 20 metres per second. Another im- 
portant factor in the development was the increase 
in the compression ratio, but the author expressed 


the view that the present limits of compression 
pressure and speed would not be greatly exceeded 
in the future, owing to the properties of the fuels 
commonly employed, and for other reasons. It was 
possible, however, to raise the average pressure, and 
therefore the specific power of the engine by super- 
charging, and, by this means, the Fiat Company had 
been able to obtain a specific power of 70 h.p. per 
litre of charge in the engines of racing cars. The 
possible applications of supercharging were dealt 
with in the paper, and consideration was also given 
to the question of substitutes for petrol, the cost 
of which is high in Italy. 

Mr. Tosi’s paper first dealt briefly with large 
stationary Diesel engine installations, and then 
referred to the use of this type of engine for the 
propulsion of submarines. The remainder of the 
paper related to the use of Diesel engines in the 
mercantile marine, the greater part of it being 
devoted to the consideration of double-acting 
marine Diesel engines for developing high powers. 
The author mentioned that Messrs. Tosi, Messrs. 
Beardmore, and Messrs. Richardsons, Westgarth, 
were developing a double-acting marine Diesel 
engine capable of producing more than 1,000 h.p. 
per cylinder, which would be the largest marine 
oil engine built. The engine, he added, would have 
sufficient power to propel a 20,000-ton vessel at a 
speed of 18 to 20 knots, the installation develop- 
ing 20,000 brake horse-power on two shafts. The 
author expressed a preference for the four-stroke 
cycle as compared with the two-stroke cycle, and 
dealt briefly with the design features of the com- 
ponents of engines of the former type for developing 
high powers. 

The next item on the programme was a joint 
contribution by Professor E. Hubendick and other 
authors, dealing with the development of the internal 
combustion engine in Sweden. The first section, 
of which Prof. Hubendick was the author, gave a 
general review of the subject, and this was followed 
by sections relating particularly to Diesel engines, 
and to hot-bulb and high-compression oil engines 
by Mr. K. J. E. Hesselman and Mr. G. Dellner, 
respectively. Two other sections, dealing with 
carburettor engines and gas engines, were contri- 
buted by Prof. Hubendick. Mr. Dellner’s contri- 
bution is reproduced on page 105. In outlining the 
subject of the paper, Professor Hubendick pointed 
out that, owing to the plentiful supply of water power 
in Sweden, the development of the internal combus- 
tion engine was of less importance to that country 
than to others. Internal combustion engines had 
therefore been developed mainly for special pur- 
poses, such, for instance, as a reserve for use in 
hydro-electric power plants, for use in agriculture 
and particularly for marine propulsion. Both the 
Diesel and the hot-bulb engine had been very 
successfully applied for the latter purpose, and the 
improvements of these two types of engine, at the 
present time, were directed towards the system of 
solid injection. In the development of carburettor 
type engines, efforts were being made to utilise 
alcohol made from sulphite lye—a by-product of 
the pulp industry—since alcohol can be obtained 
cheaply and in large quantities from this source. 

The only other paper taken at the meeting was 
one by Mr. P. R. Meyer entitled “Large Gas 
Engines in German Power Economy.” In giving a 
resumé of his paper, of which an abstract is given 
on page 105 of this issue, Mr. Mever remarked that 
it had been stated that the large gas engine was 
dead in the United States but it was by no means 
dead in Germany. Modern engines of this class, 
he said, were among the most reliable of prime 
movers, even in competition with steam engines. 
They were especially useful where constant running, 
year in and year out, was a matter of importance 
as, for instance, in chemical works where the work- 
ing of a process often depended upon the reliable 
operation of the prime mover. The large gas 
engine, he remarked, had not only succeeded in 
holding its own among other prime movers, but had 
displaced the latter in some cases which had at 
first seemed to offer but little opportunity for the 
use of gas engines. The advances made in steam 
practice by using the highest pressures had been 
countered, in the case of the gas engine, by super- 
charging and waste-heat recovery. The gas 
turbine, although a very desirable form of prime 


mover, had not yet entered the field as a serious 
competitor. In conclusion, he remarked that it 
was necessary to develop the gas engine, as well 
as the other types of prime movers, in order to 
make the most efficient use of the power resources 
available. 

The one remaining paper on the programme, by 
Professor C. E. Lucke, of Columbia’ University, 
New York, was taken as read, and the chairman then 
called upon Professor Griggs, of Saskatchewan, to 
open a joint discussion on the whole of the fore- 
going papers. Professor Griggs referred to the use 
of motor cars and tractors in Canada, stating that 
while farmers formerly preferred large tractors 
giving 10-15 h.p. at the draw-bar they now employed 
smaller machines. There was a tendency to increase 
the speed of ploughing which was about 2 miles 
per hour a few years ago but now ranged from 23 
to 3} miles per hour. The speaker referred to the 
difficulty experienced with paraffin tractors from 
the paraffin finding its way into the lubricating oil 
in the crankcase, and also mentioned the Hvid 
high-compression cold-starting oil engine. 

Mr. Pochobradsky who followed, spoke favourably 
of the possibilities of the gas turbine, stating that a 
new steel, recently referred to by Sir Robert Hadfield, 
appeared to be suitable for the construction of the 
blades and wheels. The steel, he understood, had 
a tensile strength of about 22 tons per sq. in. at 
900 deg. C. and had the additional advantage that it 
was non-scaling. With this material it would be 
possible to employ higher compression pressures 
than would otherwise be the case, because the ques- 
tion of exhaust temperatures would then be of less 
importance. It was a mistake, the speaker added, 
to say that because the internal combustion turbine 
was not equal to the reciprocating engine in effici- 
ency that the former was not a commercial propo- 
sition. Questions such as the price per brake horse- 
power, repairs, weight, durability, &c., had to be 
taken into consideration as well as efficiency, and 
if this were done, he thought a more optimistic 
conclusion would be reached as to the future of the 
internal combustion turbine. In connection with 
reciprocating engines, he referred to the use 
of high pressure steam, generated from the 
exhaust gases, in place of compressed air for fuel in- 
jection, and. on the subject of heat stresses expressed 
the view that these resulted largely from the fact 
that designers attempted to master the forces 
instead of the temperatures. With regard to the 
question of the two-stroke cycle versus the four- 
stroke cycle, he pointed out that the average 
temperature per cycle was lower with the latter 
than with the former. For slow-speed engines, the 
two-stroke cycle might be just as good as the four- 
stroke, but for large engines and increasing speeds 
he thought the four-stroke cycle had the greater 
advantages and would be used more than the 
two-stroke cycle. 

Mr. Gibbons, who continued the discussion, spoke 
on the subject of large gas engines, pointing out that 
the development of the steam turbine and the heavy 
capital cost of gas engines had militated against their 
success. In connection with internal-combustion 
turbines he could not see how the difficulty of 
obtaining the necessary degree of compression could 
be got over and without compression it was not 
possible to obtain economy. 

The next speaker, Mr. A. H. Lymn, said his 
paper, which dealt with the application of gas pro- 
ducers to large-scale power production, had, by some 
mistake, been included in section C, relating to 
the preparation cf fuels. In this paper, which is 
referred to on page 39 ante, he had dealt with the con- . 
struction and method of operation of the Holzwarth 
internal-combustion turbine, of which he said there 
was a 5,000 kw. set in existence in Germany, and 
this set had been in operation. The calculated 
thermal efficiency of this set was 2] to 22 
per cent. and the actual efficiency obtained with a 
smaller 300 kw. oil-driven turbine, on the same 
system, was 18 per cent. Mr. Lymn also remarked 
that Professor Stodola had stated in his book that 
thermal efficiencies up to 29 per cent. might be 
expected from internal combustion turbines. 

Mr. J. L. Chaloner pointed out that while the 
high compression oil engine was just being developed 
for high powers, large powered gas engines had been 
constructed and had given satisfactory results for 
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many years. He attributed the difficulties in con- 
nection with the former to the higher compression 
pressures necessary, remarking that while high 
compression increased efficiency it did not improve 
reliability. The use of high-pressure steam for 
fuel injection, Mr. Chaloner stated, would require 
much investigation to ensure reliability, and he also 
pointed out that flexibility was necessary with any 
method of injection to allow for the use of different 
fuels. 

The discussion was continued by Captain H. A. D. 
Acland, whose remarks related mainly to the Still 
engine. For this engine, he said, Captain H. R. 
Sankey had estimated an over-all efficiency of 
40 per cent. and a consumption of 0-353 or 0-354 Ib. 
of Diesel oil per brake horse-power hour. These 
estimates had been closely realised on the test bed, 
the consumption coming out at 0-356 lb. per brake 
horse-power hour. It was theoretically and practi- 
cally possible to obtain a much higher efficiency than 
40 per cent., but at the cost of simplicity. For the 
first application of the system to marine work, fuel 
saving was not the most important factor ; it was 
necessary to make the design as straightforward as 
possible. Supercharging was essential to obtain 
the highest fuel economy, but the valve gear neces- 
sary for this would increase the complication. The 
greatest advantages of the system were the manceuv- 
ring power and the avoidance of the use of com- 
pressed air. In the matter of heat stresses referred 
to by a previous speaker, Captain Acland pointed 
out that these were not so dependent upon tempera- 
ture per se, as upon temperature differences. The 
difference in temperature between the inner and 
outer surfaces of the cylinder walls of the Still 
engine was only about 40 deg. or 50 deg. F., and 
the resulting heat stresses would be negligible. If 
metallurgists, he added, could produce a cast-iron 
with good wearing properties and having better 
thermal conductivity than was at present available, 
it would be more advantageous for internal combus- 
tion engine cylinders than one having great tensile 
strength. 

Professor Hubendick, referring to Mr. Lymn’s 
remarks, said he was surprised to hear that Professor 
Stodola had predicted a possible efficiency of 
29 per cent. for the internal combustion turbine, 
as the speaker, in conversation with Professor 
Stodola, had understood the latter to say that high 
efficiencies would not be possible. There were, 
however, other considerations than efficiency and 
the speaker therefore thought that uses would be 
found for this type of prime mover, but it would 
not be possible to employ internal combustion 
turbines if fuel economy became a question of 
primary importance in the future. 

Mr. F. H. Clough, who spoke as an electrical 
engineer, asked if it were not possible to design 
Diesel engines to run at higher speeds than those 
usually employed, in order to increase their scope, 
and in answer to this, Professor R. E. Mathot gave 
a brief account of some of the difficulties he had 
experienced in endeavouring to produce a high- 
speed oil engine for use on motor vehicles. The 
engine, he said, had given good results as regards 
starting and flexibility, but could not be made to 
run satisfactorily for more than about an hour, 
so that it had to be abandoned as a complete failure. 
He added that in order to obtain greater fuel 
economy with motor lorries, investigations were 
now being made of the behaviour of these vehicles 
running on suction gas and using charcoal in the 
producer. Good results had been obtained, the fuel 
cost being only about one-third of that of petrol. 
The only trouble experienced was that the power of 
the engine was somewhat reduced. 

This completed the discussion on the papers, and 
after Dr. M. Kamo had briefly explained the position 
of the internal combustion engine in Japan, the 
meeting was adjourned. 


Section H.—Domestic AnD INDUSTRIAL 
Uszs oF Powzkr. 


In the afternoon of Tuesday, the 8th inst., a 
number of papers were read and discussed at a 
meeting of Section H, under the chairmanship of 
Mr. Bellaar Spruijt, President of the Association 
of Directors of Electrical Trades, Holland. The 
chairman stated that he considered the section to 
be one of the most important, since the papers 


presented—and they were considerable in number— 
dealt with the consumers of current, who to his mind 
formed a leading factor in all electrical undertakings ; 
the consumers had to be served well and their 
further needs had to be investigated. 

The first paper taken was by Dr. W. Lulofs and 
dealt with the “ Latest Developments in the Use of 
Electricity for Heating Purposes in general, and 
especially for Domestic Purposes.” The develop- 
ments referred to applied to Holland, and particu- 
larly to Amsterdam. Apart from lighting and 
industrial applications, they covered the use of 
current in agriculture, dairies, &c., for the heating 
of homes and public buildings such as schools and 
churches, for cooking and other domestic work, 
for water heating, &c. It was estimated that in 
Amsterdam during the present year 22,500,000 
kw.-hours would be used for domestic purposes 
alone, the estimate for house lighting being an 
additional 44,500,000 kw.-hours. 

Dr. S. Z. de Ferranti said that among the different 
applications of electricity, the one that would be 
the most manifest in the future would be the appli- 
cation of electricity to domestic uses. A very large 
portion of the world’s work was done in the home, 
and the general use of current was the best means 
for lightening that work. Difficulties, however, 
presented themselves in this connection, the elec- 
trical engineers having to come in contact with 
a class of users different from those they had usually 
dealt with hitherto. As an instance of what he 
meant, he referred to the manufacture of 6-in. 
shells during the war. Automatic machines were 
put down, and whilst the machines handled by 
men lasted well, it had been found difficult to make 
machines which would withstand the handling by 
girls. He had often wondered how sewing-machines, 
very delicate and intricate pieces of apparatus, 
survived as they did. When they went fully into 
the question of saving work in the home by the 
use of electricity, electrical engineers, he believed, 
would evolve machinery to fit the service it was 
destined for. One difficulty to be overcome in 
turning directly to electricity—for cooking, for 
example—was that electricity was found slower 
and gave at first a bad impression. In the matter 
of room heating, we had not been accustomed in 
this country to heating by means of radiators, 
and many people thought this a bad system from 
the point of view of health. The application of 
current to domestic purposes was a question of very 
great importance ; it was not a separate question, 
and all electrical engineers should devote a part 
of their energies to the solving of the difficulties 
with which it was surrounded. 

The next paper, by Mr. J. Sandberg, on “ Electric 
Power in Norwegian Households,” covered the 
same ground as regards Norway. Water power, the 
only source of power available in the country, had 
been, and was still being, developed cheaply, thus 
rendering it possible to undertake the supply of cheap 
current to households. The domestic utilisation of 
current in Norway had not been equalled, so far 
as the author was aware, in other countries. The 
flat-rate system had been introduced, and the 
consumer knew what he had to pay annually. He 
only had to purchase his apparatus and had no 
further calculations with regard to his expenses. 

The third paper was entitled “‘ Technical Develop- 
ment and Financial Organisation, including Co- 
operative Schemes for Electricity Supply in Agri- 
culture in Denmark,” by Mr. F. H. Krebs. The use 
of electricity in agriculture in Denmark commenced 
in about 1900 with plants on individual farms. 
The first real agricultural high-tension plants were 
erected in 1910-1911. There were now 46 high- 
tension and 374 low-tension power stations and 92 
power stations in the cities and provincial towns. 
The rural electrification to-day covered about one- 
third of the farms and rural districts, with about 
2-1 million lamps and about 280,000 h.p. in electric 
motors. The plants were alternating current, 3- 
phase, 50 periods, the potentials for the high- 
tension lines varied from 2,000 volts to 20,000 volts 
for the rural lines and from 25,000 volts to 50,000 
volts for the main lines. The paper mentioned a 
number of low-tension direct-current plants outside 
70 provincial towns. The pressure, the summary of 
the paper stated, was transformed down to 220 volts 
and 380 volts. The farms used the current for 


threshing, for grinding corn, maize, &c., for sawing, 
for lighting, but, as yet, not for work in the fields ; 
it was also used in dairies and slaughter-houses. 

Mr. Bellaar Spruijt said that in Holland the 
pressure at which the current was utilised was 
usually 220 and 380 volts, a tension that was gene- 
rally considered dangerous in other countries. In 
Holland there was no objection to the use of this 
voltage, and he would like to hear what objections 
representatives of other countries might have 
concerning it. 

Mr. W. Borgqvist stated that in Sweden they 
used 220 volts as a lighting voltage as well as 
110 to 127 volts. There were more accidents at 
220 and 380 volts than at the lower tension. Statis- 
tics, however, showed that accidents did not happen 
in households. Generally few accidents occurred 
with tensions up to 220 volts; this tension had 
proved dangerous. Workmen were not often hurt at 
higher voltages. The insulation was not to blame; 
the difficulty was to prevent the men from working 
when the line was alive. 

Mr. Bellaar Spruijt here said that in certain 
conditions a voltage of 120 volts could be as 
dangerous as one of 220 volts. 

Mr. T. C. Thomsen expressed regret at the absence 
of Mr. B. F. Andersen, since his paper on the 
“Design of Low-tension Lines and Installations 
for Rural Electrification’ in Denmark dealt with 


these points. Voltages of 220 and 380 volts were 


generally used in that country in farming and other 
work. If reasonable care were exercised in fitting 


the switches, in making the connections and in — 


the use of suitable material, in every part of an 
installation, the system could be made very safe 
indeed. Danish engineers had gone into the subject 
in great detail, and engineers from other countries 
on visiting Denmark would be shown the means 
taken for the prevention of accidents. 

Mr. C. Le Maistre found that in Great Britain 
there was very little co-operation between the 
current supply companies and the companies which 
supplied the apparatus... If more co-operation 
between them existed, standards could be arrived 
at, the question of maintenance could be gone into 
and maintenance costs spread over a_ period. 
The householder at the present time was in the 
dark as to the amount of wear and tear the apparatus 
could undergo. 

The Chairman considered Mr. Le Maistre’s point 
an important one, and added that when Dr. Lulofs 
started his scheme, he started at the same time a 
repair shop and charged low repair costs; the 
facility with which repairs were carried out, coupled 
with reduced repair charges, was greatly appre- 
ciated by the current consumers. 

Dr. Mailloux said that in the United States they 
had generally worked at standardising voltages. 
At the origin it was 70 volts, then 100 volts; it 
was now 120 volts at the terminals of lamps. 
There was also now the double potential system, 
at 240 volts. This meant at the source 125 or 
250 volts. Greater safety precautions were needed ; 
no switches should be made in which the live parts 
were accessible. The tension for motive power 
was 440 volts alternating current and was satis- 
factory. But the great majority of cases involved 
also lighting’, and it would, he thought, be a long 
time before twice 220 volts would be tolerated. 

In the course of his reply to the discussion, 
Dr. Lulofs, referring to Dr. de Ferranti’s remarks 
as to the electric cooker being found slower than 
gas or coal, he thought they had overcome that in 
Holland by supplying with every cooker a small 
water tank combined with an automatic switch 
which maintained the water in the tank nearly at 
boiling point, making it possible to obtain boiling 
water quicker than by using gas. The tank filled 
itself and was entirely automatic in its action. 
The hot water used per day in ordinary households 
in Amsterdam was 10 gallons. The tank contained 
about 1-5 gallons and was highly efficient. They 
made a 2-kw. capacity hot plate for cooking 
which acted as rapidly as the ordinary gas burner, 
and was easily removable. A device on the water 
kettles prevented them being emptied completely. 

A paper on “ Power in the Iron and Steel In- 
dustry in America,” by Mr. B. R. Shover, was then 
taken. It gave information on the industry in 
the United States from which the following dedus- 
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tions were drawn as to the present and probable 
future tendency of power generation and applica- 
tion:—(1) Electrification of all power-driven 
apparatus except blast furnace blowers; (2) sub- 
stitution of turbo-blowers, or possibly gas engines, 
for reciprocating steam blowing engines ; (3) pur- 
chase of power requirements by plants which had 
no waste heat available; (4) complete economical 
utilisation of waste heat by means of turbo- 
generators for electric power generation, except 
where this heat could be used to better advantage, 
or had a market value greater than its coal equiva- 
lent; (5) interchange of electric power between 
plants generating power from waste heat and 
public service companies. 

Dr. Carl Kéttgen read his contribution on the 
“ Application of Electric Power in the German 
Industry.” This opened with an historical review of 
electric driving in works and factories, of electrically- 
driven hand tools, electric cranes, dredgers, &c. 
The reasons which led to the general use of electric 
power were low cost at which electrical energy 
could be produced, coupled with its economical 
utilisation. Electric drives were found to be the 
best in every industry and were invariably put down 
in new plants. 

A paper on “ Electric Power Plants in the Textile 
Industry’ was then read by Mr. L. Kuhl. It 
stated that electric energy had long been used in 
the German textile factories for both light and 
power. Stress was laid on the advantages of 
individual electric drives. The application of 
electric power was reviewed for the various stages 
in manufacture, and the paper dealt with its use 
in the blowing-room, the carding-room, with 
drawing frames, preparing machinery, &c., down 
to the finished product. 

The ‘“‘ Application of Power to Paper Making in 
the United States” formed the subject of a paper 
by Mr. A. H. White, who said that in the United 
States the paper and wood-pulp industry ranked 
fourth in amount of installed power capacity, but 
as it was a 24-hour industry it ranked second in 
power consumed. The primary power installed in 
that industry totalled 1,851,000 h.p., equal to 
16-3 h.p. per employee. Whilst coal was, and for 
many years would be, the chief source of heat in 
paper mills, crude oil was being used more and 
more. Years ago paper-makers began to put down 
motors in isolated cases for pump driving and for 
individual drives. Gradually generators were 
installed in the mills, and with the establishment of 
hydro-electric plants electricity was used more and 
more, until to-day there were mills entirely driven 
by electric power. By 1919 as much as 314 per cent. 
of the power used in paper making in the United 
States was transmitted electrically. 

“ Electricity Supply of the City and Peninsula of 
Bergen’? was dealt with in a paper by Mr. A. 
Bjerke and Mr. E. Monsen. It reviewed the 
development since 1900 in three stages. Up to 1905 
the requirements for light in private residences, 
business houses, and factories took the greater part 
of the kilowatt-hour production. From 1905 to 
1914 electricity was adopted for all interior lighting, 
and the electric motor succeeded the steam engine 
and the gas engine in industry. The third, present 
period, was characterised by the electrification of 
the homes. During the year 1922-23 42,000,000 
kw.-hours were delivered to private houses, equal 
to 1,680 kw.-hours per household per year, or 
4-6 kw.-hours per household per day. Bergen 
could to-day dispose of about 35,000 kw. and, 
together with its neighbouring communities, was in 
possession of waterfalls which were capable of 
meeting a future maximum demand of 150,000 kw. 
The average selling price was 4d. per kw.-hour for 
light, 2-6d. for industries having a consumption 
of a few hours, 0-73d. for those having many hours 
of consumption, 0-6d. for combined domestic use. 
A lively competition was now taking place between 
electricity, gas, and other fuels as to which of them 
was finally to supply heating for domestic and 
industrial purposes. The paper gaye data on 
several of the power plants. 

Mr. M. Shibusawa contributed a paper on the 
“Present Situation of Electrical Undertakings in 
Japan.” It stated that the pioneer work of intro- 
ducing electricity in Japan was done by the Tokio 
Electric Light Company, who supplied electricity 


for lighting a part of Tokio in 1887, using a few 
Edison dynamos each having a capacity of 10 kw. 
In May, 1891, an hydraulic-power plant was com- 
pleted in Kioto, using water from Lake Biwa. In 
February, 1895, the first electric railway to be 
supplied from water power was started in Kioto. 
In 1899 the first two long-distance transmission 
lines were installed, and began operating suc- 
cessfully. At first, therefore, current was used only 
for lighting; as water power developed, reducing 
the cost of production, the application of electricity 
was gradually diverted to power. The existing 
electric railways were limited to urban, suburban, 
local lines, and short lengths of the main lines. 
Last year the Diet passed a Bill for the electrification 
of the line between Tokio and Kobe, about 370 
miles. Electric power was also now being applied 
to chemical and other industries. The recent 
earthquake did very serious damage to the electrical 
installations ; fortunately, little damage was done 
to the water-power stations, these having been 
outside the earthquake zone. A large amount of 
water power awaited development in Japan. 

The last paper read was on the “ Electricity 
Supply of the City of Kristiania,” by Mr. R. Steen, 
who stated that the capital of Norway was the 
centre of the country’s business life, especially with 
regard to shipping, trade, and industry. The 
Kristiania Electricity Works commenced opera- 
tions in December, 1892, and consisted at that 
time of a small steam plant of about 1,200 i.h.p. 
and direct-current machines, supplying about 3,000 
incandescent lamps, some street lamps, and a 
few motors. In December, 1923, the power con- 
sumption in Kristiania reached about 47,000 kw., 
or about 180 watts per inhabitant. The entire 
consumption for that year was about 200,000,000 
kw.-hours. All lighting was now electric, and 
practically all machinery was operated electrically. 
The town took its supply partly from its own 
steam plant, partly from other, hydro-electric 
stations. 

The other papers which we can only briefly notice 
include: ‘‘ The Utilisation of the Power Resources 
of Austria with Special Reference to the Consump- 
tion of Electric Power,” by Mr. E. Karel, which 
stated that water falls worth developing in that 
country would develop about 3,000,000 h.p.— 
annual average output. The water falls utilised 
up to the end of 1923 were estimated at about 
400,000 h.p. Sir Alexander B. W. Kennedy 
contributed ‘“‘ Some Notes on the Future of Electric 
Supply and Demand”; there was no reasonable 
doubt, Sir Alexander said, as to the future enormous 
increase of demand for electricity on account of 
domestic appliances of all sorts. Im London the 
demands for supply for domestic purposes at a 
cheap rate were increasing twice as fast as those 
for lighting at full rate. The paper reviewed 
generally the various conditions which governed 
the production and distribution of electrical energy. 
‘“ Hlectricity Rates in Norway” formed the sub- 
ject of a contribution by Mr. J. A. Haga. The 
situation in Rhodesia was dealt with in two papers— 
one by Mr. B. K. Ward, on the “ Utilisation of 
Electric Power in Bulawayo and District”; the 
other by Mr. C. H. Baskerville, entitled “* Develop- 
ment of the Use of Power in Southern Rhodesia 
for Industrial and Domestic Purposes, with par- 
ticular reference to Electric Power.” Mr. Ward 
stated that the electric supply was in the hands of 
The Bulawayo Waterworks Company, Limited, 
whese system was 3-phase, 50 cycles, 2,300 volts 
primary, transforming to 400 and 200 volts for 
power and 115 volts for lighting. In special cases 
a 2,300-volt supply could be given. The total sales 
for 1922, the last completed year, were 444,748 
units, including 265,043 units for lighting. The 
rates for power varied from 5d. to 13d. per unit, 
according to the quantity used and the hours during 
which current was taken. Mr. Baskerville said 
that power users in Rhodesia were restricted to 
utilising coal, wood, charcoal and certain waste 
agricultural products. Hydraulic power could 
not be generally considered, and the manufacturer 
had to choose between steam or gas; if he were 
situated in or near one of the five larger towns he 
had a further choice of electric power, provided 
by the several municipalities. Small suction-gas 
installations were a popular source of power for 


smaller plants in rural districts, the only serious 
rivals in the towns being electric power supplied 
by the municipalities. ‘‘ Power for Textile Mills ” 
in the United States, was dealt with by Mr. C. T. 
Main, who said that the chief items of the cost 
of textile manufacture were material and labour ; 
the cost of power was rarely over 5 per cent. of the 
total cost of the product of a mill. Nearly all the 
textile mill installations now being built provided 
electric power transmission. “The Utilisation of 
Power in Canada” formed a detailed symposium 
collated by Mr. P. T. Davies, dealing with the 
domestic use of electricity in Canada, and its employ- 
ment in a large number of industrial undertakings. 

On the motion of the chairman, Mr. Bellaar 
Spruijt, all the authors received the thanks of the 
meeting for their contributions. 


Section K3—Power For TRANSPORT (ROAD 
TRANSPORT AND AVIATION). 


The sub-section relating to power for road and air 
transport met on Tuesday afternoon, the 8th 
instant, under the chairmanship of Sir Charles 
Morgan, the President of the Institution of Civil 
Engineers. The programme included five papers, 
and, in opening the meeting, the chairman said he 
proposed to take them in numerical order. He 
assumed that they had all been read by the members 
present, but he would give a brief outline of each. 

The first paper was that by Mr. G. Agnelli on 
“Internal Combustion Engines for Motor Trans- 
port and Aviation,” which also formed part of the 
programme of Section KE (Internal-Combustion 
Engines) and has been referred to above in connec- 
tion with the proceedings of that section. In the 
absence of the author, this paper was passed over. 
The next paper was by Col. R. E. Crompton, and 
was entitled ““ Power Applied to Road Transport.” 
In this paper, which the chairman briefly explained, 
the author traced the history of the development 
of road transport in this country, dealing with the 
introduction of the steam vehicle and with the 
application of the internal-combustion engine to 
road transport. He also discussed the possibili- 
ties of the trackless-trolley system of transport and 
the uses of storage-battery vehicles, calling atten- 
tion to a somewhat unexpected fact in connection 
with the latter, viz., that the useful load carried 
was. remarkably high in proportion to the total 
moving load. Finally, a comparison was given of 
the cost of transport by petrol, steam and electric 
vehicles, the cost ranging from 2-59d. per ton mile 
with a 2-ton petrol or paraffin lorry, to 1-14d. 
per ton mile with a 6-ton steamer, drawing a 4-ton 
trailer. 

Invited by the chairman to make a few remarks, 
Col. Crompton said he had refrained from discussing 
the roads question, but wished to emphasise the point 
that, in any system of electrical power distribu- 
tion, consideration must be given to the trackless- 
trolley vehicle. With electrically-driven vehicles, 
he added, the uniform drive of the motor greatly 
augmented the durability of the vehicle, not only 
of the transmission system but also of the body 
work and tyres. 

There was no discussion in this paper, and the 
next paper taken was that of Mr. Alec Ogilvie on 
“The Application of Power to Air Transport.” 
The author, who was unable to be present, was 
represented by Major R. H. Mayo, who said he 
wished to emphasise one or two of the important 
points of the paper. The dominating factor in 
aerial transport, he said, was the question of weight 
per horse-power. It was vital to keep the weight 
down to the minimum since the weight determined 
the efficiency of the aeroplane and the amount of 
useful load which could be carried. The aeroplanes 
employed on the Continental services could carry 
a total load of about 16 lb. per horse-power, of 
which total only 3 or 4 lb. was useful paying load. 
The weight of the power unit alone was certainly 
not less than 3 lb. per horse-power, so that it was 
obviously important to keep it as low as possible ; 
an addition of 1 lb. per horse-power to the weight 
of the power plant would reduce the paying load by 
25 per cent. The speaker expressed the view that 
the crude-oil engine would not find application 
for smaller aircraft on account of its increased 
weight, although for long-range aircraft and air- 
ships an increased weight of plant might be 
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permissible on account of the saving in fuel costs. 
The question of weight was of even greater import- 
ance than that of increasing reliability, which was 
already reasonably good although capable of 
improvement. The improvement, however, must 
not be made by increasing weight. There was not 
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much room for improve- 
ment in airscrew efficiency, 
and but little likelihood 
of new methods of power 
transmission being intro- 
duced. The system of 
driving airscrews by gear- 
ing from a central engine 
room, the author regarded 
as not very promising 
owing to the extra weight 
involved, viz., about 1 lb. per horse-power. Finally, 
attention was drawn to the need for developing 
large power units, the speaker mentioning that a 
1,000 h.p. engine, already in service, was by no 
means too large. He thought that engines up to 
2,500 or 3,000 h.p. could be usefully employed. 
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Mr. Ogilvie’s paper gave rise to no discussion, and 
at the conclusion of Major Mayo’s remarks the chair- 
man gave a resumé of Dr. H. 8. Hele-Shaw’s paper 
on “ Variable Transmission Gears,’’ which formed 
the next item on the programme. Dr. Hele- 
Shaw’s paper discussed the advantages and dis- 
advantages of frictional, mechanical, electrical, 
pneumatic and hydraulic variable transmission 
gears and pointed out, in conclusion, that one 
problem in variable transmission of particular 
interest and importance at the present time was its 
application to heavy locomotives. There were 
large tracts of the world where the steam locomo- 
tive could not be employed owing to absence of 
water and where electric traction was out of the 
question. The internal-combustion engine had 
been successfully applied in small units for road 
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locomotion and in large units for marine propul- 
sion, but there was no indication at the present 
time of the production of an internal-combustion 
engine haying sufficient flexibility for use on railway 
locomotives. For this, and other, reasons the sub- 
ject of variable transmission gears was a very suit- 
able one for discussion. 

Invited to speak by the chairman, Dr. Hele-Shaw 
said he thought that variable transmission gears 
would become more and more important in connec- 
tion with the development of the internal-combus- 
tionengine. Variable transmission was not required 
with the steam engine on account of the flexibility 
of the latter, and was not necessary in some applica- 
tions of the internal-combustion engine. It was, 
however, required for land transport, especially on 
roads, and had, in fact, made road transport by 
internal-combustion engines possible. Dealing 
briefly with the main headings of his paper, Dr. 
Hele-Shaw referred to the Constantinesco gear 
described in the paper under the heading of inter- 
mittent mechanical variable gears. 

The first speaker in the discussion on Dr. Hele- 
Shaw’s paper was Professor Constantinesco, who 
remarked that the over-all efficiency of the Hele- 
Shaw gear was about 90 per cent., so that the 
efficiency of the pump alone was about 95 per cent. 
The pump was therefore practically a perfect machine 
from the mechanical point of view. The problems 
of variable transmission, however, were not so 
much connected with efficiency as they were with 
rendering the gear automatic. The speaker had 
tried to solve the problem of leaving the gear ratio 
to adjust itself automatically, by means of a 


hydraulic transmission, but was now using the 
device comprising a pendulum and ratchet gear 
described in Dr. Hele-Shaw’s paper. With regard 
to the ratchet motion, the speaker remarked that 
there was considerable prejudice against it, but it 
must be remembered that power was always 
transmitted in a series of pulsations. 

Colonel Crompton, the next speaker, said that 
Dr. Hele-Shaw apparently regarded friction variable 
gears as only suitable for low powers, but he 
(the speaker) had had a 25-h.p. tractor with friction 
gear working satisfactorily for many years. In 
connection with change-speed gears for motor 
vehicles, it was necessary to consider the comfort 
of the passengers, and, in this respect, motor omni- 
buses fitted with electrical transmission showed a 
marked superiority over those with mechanical 
change-speed gears. The only perfect change-speed 
gear for large powers, the speaker considered, was 
the Ward-Leonard system which he briefly explained. 
In conclusion, Colonel Crompton remarked that 
the reason the internal-combustion engine had been 
so greatly developed for road traction was not the 
failure of the steam engine, but because the former 
had been introduced at about the same time as 
rubber tyres had made their appearance in France. 
He thought equally good results could have been 
obtained with the steam engine. 

In answer to Colonel Crompton, Dr. Hele-Shaw 
said he did not regard the 25-h.p. mentioned as 
a large power, and that the jerks experienced in 
motor omnibuses were due more to the clutch 
than to the change-speed gear. 
Crompton would agree that an hydraulic lift started 


mechanical device. He had, at first, employed! more easily than an electric lift. 
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The last paper to be dealt with was by Mr. H. G. 
Burford, and its subject was “‘The Influence of 
Road Conditions on the Development of the 
Modern Motor Vehicle.” As this paper had only 
just become available, the chairman invited the 
author to give a summary of it. The paper, of 
which an abstract will be given in a_ later 
issue, first dealt with the road improvements 
made in this country during recent years, and then 
discussed the effect of road conditions on the design 
of commercial motor vehicles. Making suitable 
allowances for road resistance, gradients, engine 
characteristics, &c., the author estimated the power 
required for commercial vehicles with load capa- 
cities ranging from 1 to 6 tons. The question of 
fuel economy was also considered at some length. 
In conclusion, the author stated that had there been 
no increase in the standard of users’ requirements, 
the road improvements made during the last 
10 or 12 years would have reduced the engine 
power necessary for a given service by about 
18 per cent. The cost of tyre maintenance had 
also been greatly reduced by the same cause. 

The discussion on Mr. Burford’s paper was 
opened by Colonel Crompton, who pleaded for 
extensive research as to the causes of, and remedies 
for, the corrugation of road surfaces. Mr. J. Muir, 
who followed, ascribed road corrugation to the 
employment of rigid wheels, and Mr. E. J. Wheldon 
called attention to the inability of the usual form 
of laminated spring to resist the horizontal com- 
ponent of the road shocks. It was not impossible 
to devise simple mechanical means to absorb the 
horizontal shocks, but the speaker was convinced 
that the best solution would be to adopt the principle 
employed in railway transport of hauling goods 
instead of carrying them. Road transport, he said, 
should be carried on by separate self-propelled 
vehicles hauling trailers behind them, 

This completed the business of the section and 
the meeting was then adjourned. 

We will continue our report of these meetings 
in our next issue. 


7T-METRE SOLAR SPECTROGRAPH FOR 
POULKOVO OBSERVATORY. 


Tue solar spectrograph described below and 
illustrated on this page, and on pages 86, 88 and 96, 
was designed shortly before the war by Sir Howard 
Grubb and Sons, Limited, then of Dublin, in colla- 
boration with Dr. Belopolsky, of Poulkovo, which 
is situated near Petrograd, and is the chief Russian 
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light from the advancing portion being diminished 
by the motion of the light source, while that from the 
receding portion is increased. The phenomenon is 
known as the Déppler effect, which is commonly 
observed in the case of sound waves by the drop in 
pitch which takes place when a locomotive sounding 
its whistle passes the observer. When the sound 
source is advancing towards the observer the pitch 
of the note is increased and vice versa, and of the 
two sounds heard under these conditions one is 
higher and the other lower than would be heard if 
the sound source were stationary. 

When it is desired to make observations on the 
rotation of the sun, a plate carrying a system of 
four prisms for bringing the images of the opposite 
limbs of the solar disc on to the slit of the spectro- 
graph is mounted in front of the slit. The form and 
arrangement of these prisms are illustrated in Fig. 
8, on page 87, the chain dotted lines representing 
the path of the light rays and the slit being located 
below the two central prisms which fit partly one 
between the other as shown. It will thus be 
understood that light from the right-hand side of 
the system, as drawn in Fig. 8, passes through the 
centre of the slit while that from the other side is 
divided into two portions which enter the slit on 
both sides of the centre. It is thus possible to 
obtain simultaneously on the same plate the spectra 
of two parts of the sun’s surface, such, for instance, 
as the east and west limb of the sun’s equator, 
or, in fact, any other two parts, according to the 
setting of the prisms. The resulting spectra appear 
somewhat as shown in Fig. 9, in which the top and 
bottom rows of lines represent the spectrum from 
one part of the solar disc while the central row 
represents the spectrum from the other part. The 
lines forming the central row, it will be seen, are 
displaced to the right relatively to the top and bottom 
rows owing to the effect explained above. From 
accurate measurements of the extent of this dis- 
placement it is possible to determine the relative 
velocity in the line of sight of the two portions of 
the sun’s dise from which the spectra emanate, 
and in this way the rotation of the sun can be in- 
vestigated. It has been determined that equatorial 
points of the sun are moving with a speed of about 
2 kilometres per second, and the apparatus we are 
now describing, used in conjunction with a suitable 
diffraction grating, will give from one spectrogram a 
velocity measurement of greater accuracy than 75th 
of a kilometre per second in the line of sight. 

The front portion of the spectrograph, which is 
illustrated in Figs. 11 and 12, consists of a box- 
shaped casting with openings in each side and 
having, at each end, accurately turned circular 
portions. The latter rest on anti-friction rollers 
running in ball bearings, so that the whole casting 
can be rotated about a horizontal axis. The other 
two main parts of the instrument are similar cast- 
ings similarly mounted, and all three parts can 
be rotated together by means of the handwheel 
shown on the extreme left of Fig. 11. This 
handwheel is connected by an inclined tubular 
rod, having universal joints at each end, to reduction 
gearing which engages with a toothed ring on the 
central part of the instrument as shown in Fig. 14. 
Horizontal rods connect the reduction gearing of 
the central portion to pinions engaging with toothed 
rings mounted on the front-end and rear-end parts 
of the instrument, and since these rods are identical 
in length and diameter, the twist due to the torque 
will be equal in each case. With the arrangement 
adopted the two end parts will rotate together 
exactly, which would not be the case if the drive 
for the three pinions were transmitted along a rod 
from one end. 

By turning the instrument as described it is 
possible to bring any part of the solar image, which, 
of course, is kept stationary, on to the slit. The 
latter is mounted on the axis of rotation of the 
instrument on a breechpiece forming the outer 
end of the front casting, and the breechpiece also 
carries the photographic plate holder which is 
mounted off the centre ; both the slit and the plate- 
holder can be seen in Fig.12. The slit is 20 mm. in 
length and is arranged so that both jaws are moved 
simultaneously by means of a screw to adjust the 
width of the opening. The plate holder, which 
takes plates 24 cm. long by 4 cm. wide, can be moved 
laterally by means of a milled-head screw so that 


four or five narrow spectra can be taken on the 
same plate, and the width of the part of the plate 
used in any single exposure can be adjusted by 
another milled-head screw which actuates a slit 
extending over the full length of the plate. The 
holder can also be tilted so that the surface of the 
plate can be set at an angle either greater or less 
than 90 deg. with the incident light. 

The divergent beam from the slit, after passing 
through a diaphragm carried by the central portion 
of the instrument, is rendered parallel by a colli- 
mating object glass of 10 cm. aperture mounted 
in the rear end part, the distance between the 
object glass and the slit being equal to the focal 
length of the former, viz.,706cm. The object glass, 
is corrected for photographic rays and is focussed by 
means of rack and pinion gear fitted with a scale 
for reading its position. Beyond the object glass 
is a holder fitted with all necessary adjusting 
arrangements for the diffraction grating, on which 
the parallel beam falls and from which it is reflected 
back again, through the object glass and central 
diaphragm, to the slit end of the instrument where 
it comes to a focus on the surface of the plate in 
the form of a spectrum owing to the dispersion 
effected by the grating. The inclination of the 
grating holder can be adjusted from the front end 
of the spectrograph by means of a rod turned by a 
handwheel mounted on the breechpiece and shown 
near the upper left-hand corner of Fig. 12 ; a circular 
scale and verniers are provided for reading the 
inclination of the grating. 

In concluding our description of the instrument, 
we may mention that graduations are cut on the 
periphery of the breechpiece at the front end, so 
that its angular position about the horizontal axis 
can be read by means of a vernier fixed to the base 
plate. The base plates on which each of the three 
main parts are mounted are provided with adjust- 
ments so that they can be set coaxially. To facili- 
tate the setting, special brackets, which can be 
attached to the circular ends of the front» and rear 
castings and which carry a telescope and _ colli- 
mator, have been supplied. Fig. 10, on page 88, 
is a view of the complete spectrograph as installed 
in the Astrophysical Building at Poulkovo Obser- 
vatory. 


THE MACHINERY OF THE COTTON 
MILL AT THE BRITISH EMPIRE 
EXHIBITION. 


(Continued from page 13.) 


Arter leaving the scutcher, the cotton fibres 
have been freed from most of the impurities, 
such as husk, stalk, leaf and dirt which were 
originally present. It must not be assumed, 
however, that the material is completely clean, 
for the entanglement of some of the fibres has 
retained foreign matter in such a way as to prevent 
it being freed by the simple processes of opening 
and scutching. An examination of the material 
at this stage shows the presence of broken, short 
and immature fibres and many small entanglements 
or knots caused by the varied motion of the fibres 
in the gin. To overcome these defects, the cotton is 
subjected to the operation of carding. The process 
consists in the removal of the cotton fibres from 
one revolving drum to another on both of which 
they are held by fine metal wires. The fibres are 
finally removed from the large drum by a belt 
composed of a series of flats provided with steel wire 
projections similar to those of the drum. In the 
course of these interchanges, the fibres are all 
straightened out, the final deposit of impurities 
takes place and the cotton fibres of short length 
are rejected. How the process is carried out in 
practice may be discussed in relation to an actual 
machine. Fig. 14, on Plate IX, illustrates a machine 
of this type made by Messrs. Elijah Ashworth, of 
Moss Brook Works, Collyhurst, Manchester. 

Before referring to the special constructional 
features of this carding engine it will perhaps be 
advisable to trace the passage of the cotton through 
the machine. The lap from the scutcher is fed 
forward by a roller at the left-hand side of the 
machine, as illustrated, and is directed under a 
rapidly revolving cylinder known as the taker-in. 
This is provided with saw teeth which separate 


the fibres and carry them round to reach a large 
revolving drum covered over its whole surface with 
fine wire points. Here the fibres are removed from 
the take-in roll and carried round on the drum, 
above the top part of which is provided a band 
composed of a series of flats which are covered 
with projecting wires. The clearance between the 
wires of the flats and those of the drum is only a 
few thousandths of an inch. A chain drive for 
the flats is provided at each side of the machine to the 
links of which chain the flats are connected. They 
are supported by an adjustable surface known as 
a flexible bend. Both flats and drum move in the 
same direction but at different speeds, the drum 
moving at the faster rate. The wire points are 
bent in the middle of their length, those on the ~ 
drum in a forward direction and those on the 
flats in a backward one. The opening out and 
straightening of the fibres is completed by the 
combing process, and after the drum has passed the 
flats, the fibres are removed by a smaller cylinder, 
with wire points set very closely together, known as 
the doffer. As the fibres are carried around the 
doffer they finally reach a position where a rapidly 
reciprocating comb removes them and they are 
gathered together into a sliver—that is, a rope form 
—hby a passage through a funnel and rollers. The 
sliver is then coiled up in a cylindrical can or con- 
tainer prior to removal for the performance of the 
processes of drawing. 

In the Ashworth carding engine, Fig. 14, there 
are many features of interest. The first of these 
is the method of driving which is arranged to cut 
down the pressure on the cylinder bearings caused 
by the driving straps. The aim is, of course, to 
prevent side wear in the bearings, and thus make 
continuous running possible without unsteadiness. 
Actually, this is achieved by interposing a bush 
driven by the fast pulley, which drives a clutch 
held on to the drum shaft by means of arms which 
fit in recesses. The cylinders are cast in longitu- 
dinal halves, which include the arms of the star 
wheels. Hight strong and accurately-fitted bolts 
secure the halves together, and the holes for the 
shaft are bored out after assembly in the same 
operation, to ensure concentricity. By this con- 
struction, cores are avoided in the casting work, 
and, as smooth iron patterns are used, the castings 
are much more regular and require very little adjust- 
ment to ensure perfect balance. Arrangements are 
provided to ensure that the steel wires on the drum 
can be adjusted to give a perfectly circular and 
concentric form, and a grinding apparatus, fitting on 
the machine above the revolving flats, makes possible 
the provision of a true working surface. A brush 
cleaner, run at a speed to ensure that its bristles 
pass through the wires of each flat many times in 
the ordinary course of working, makes for effective 
cleaning and causes. very little dust. What is 
termed a flexible bend in an ordinary carding engine 
is replaced, in this case, by the use of the underside 
of the side frames of the machine, which are care- 
fully lathe-turned for the purpose. To compensate 
for the wear in the cylinder bearings which would 
upset the concentricity, pedestal screws are used 
by means of which the cylinder can be raised or 
lowered. On the bends are placed, one over the 
other, four or five bands of hardened and tempered 
steel bearing numbers which indicate their thick- 
ness. By their use in association with the pedestal 
screws, exact adjustment to the distance require- 
ment between the flats and drum is possible, and 
at the same time concentric setting is maintained. 

A complete set of carding engines, representing 
the design suitable for dealing with cotton waste, 
is shown in Fig. 15, on Plate IX. This equipment, 
made by Messrs. William Tatham, Limited, of 
Vulean Works, Rochdale, comprises an automatic 
feeding machine, a simple breaker carding engine, a 
parallel fibre feeder, a finisher carding engine and a 
leather tape condenser. The machine shown is of 
60 in. width, but is made in sizes up to 72 in. By 
its use much cotton waste is put into utilisable form 
at a comparatively low cost. The cotton waste is 
fed into the hopper of the automatic feeder and by 
means of an inclined spiked lattice, is conveyed 
upwards and deposited into a weighing pan. This 
is so arranged that when a predetermined weight of 
material is received, it opens and deposits the stuff 
on the feeder of the breaker carding engine. After 
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the preliminary carding is completed, the material 
is conveyed by the parallel fibre feeder to the 
finisher carding engine and presented to it in a 
web about 18 in. wide. The fibres are not crossed, 
but retain the parallel form in which they left the 
first carding process. After the second carding is 
completed, the web, by means of the leather tape 
condenser, is split into 160 slivers, which pass 
between the leather bands having both a for- 
ward and a reciprocating motion. By this part of 
the system, the slivers are rubbed into threads, which 
are wound on to bobbins ready for the spinning 
processes. 

Attention must now be called to the drawing 
process, by which the number of fibres in the cross- 
section of the sliver is reduced and the fibres are 
made to run parallel to each other. The machine 
for this purpose is shown in Fig. 16. ‘Itis fed with 
the slivers from the carding engine, and they are 
passed through guides and over spools and through 
a pair of rollers from which they pass on through 
a series of drawing rollers which run at continu- 
ously increasing speeds and ensure that the sliver 
is greatly drawn out. A number of these slivers 
are then combined into one and passed through 
calender rolls into the coiler. In the design shown 
in Fig. 16, which is a product of Messrs. Asa Lees 
and Co., Limited, of Soho Iron Works, Oldham, 
there are some special features which should be, 
referred to. First the roller beam is exceptionally 
strong and of sufficient width to carry the calenders 
as well as the rollers, without requiring supports at 
the ends of the stands. All the gearing is covered 
in with guards which are provided with a lock- 
ing motion so that they cannot be opened 
whilst the frame is running; nor indeed can 
the frame be started until the guards are all closed. 
A stop motion is provided so that the frame is 
stopped instantaneously when an end breaks. The 
spoons and tumblers on the machine are made of 
aluminium, which, because of its lightness, ensures 
easy action and makes sensitive balancing a possi- 
bility. The process of drawing may be repeated 
a number of times on similar machines. 

When fine yarns are the objective in the work, 
the slivers from the drawing frame are made into 
a lap in a sliver lap machine (Fig. 21, Plate XII), 
and then into a ribbon on a ribbon lap machine, 
(Fig. 22, Plate XII). The illustration of the sliver 
lap machine shows a side view of a machine made 
by Messrs. John Hetherington and Sons, Limited, 
of Vulcan and Ancoats Works, Manchester. It is 
made with three pairs of-drawing rollers, followed 
by two pairs of calender rollers for consolidating 
the lap. The machine has an automatic stop 
motion working on the same principle as that of 
the drawing frame, so that stoppage takes place 
should any breakage of the sliver be caused. The 
object of the ribbon lap machine, Fig. 22, is to draw 
six laps made on the sliver lap machine into one, 
The incoming material is passed through four lines 
of drawing rollers, each resulting web being then 
taken over a highly polished curved plate which 
conducts it on to the front table of the machine, 
along which it travels at right angles to its path 
through the rollers. The treatment ensures that 
the whole six laps are laid one upon each 
other before they reach the end of the table, on 
which are arranged a number of press rollers to 
ensure an even contact of the six component 
layers of the new lap, which is then thoroughly 
consolidated by the two pairs of heavily weighted 
calender rollers and is wound on a bobbin. This 
drawing process straightens out the fibres and 
gives a lap of absolutely even section, so that the 
waste that takes place in the combing process 
which follows is very small. 

Figs. 23 and 24 show a Nasmith comber which 
receives the lap from the ribbon lap machine, 
and is used to remove from it any short, curled or 
broken fibres it contains, and also further to increase 
the degree to which the fibres have been made to 
lie in parallel lines. It is simply a process of 
combing out the irregular or undersized fibres. In 
the actual machine, the lap is passed through 
a series of needles mounted on a revolving roller, 
one side of which is covered by a plain segment, 
When the combing process is started, the lap is 
held by nippers which open out immediately, 


and so reduce the relative speed of the needles and 
lap to ease the strain on the fibres. When the 
nippers open, the lap rises automatically and points 
directly into the space between the first pair of 
rollers. The height the lap rises is regulated by 
the action of a top comb which comes down 
upon it. The nipper then advances and thrusts the 
fibres into the rolls where they are caught and drawn 
off, and in the meantime pass completely through 
the top comb. The rollers continue their rotary 
movement to an extent sufficient to leave a short 
combed end projecting from them, and the opera- 
tions are then recommenced. The overlap of the 
piecings obtained on this machine is about 2 inches, 
which is a great improvement on that obtained with 
earlier types, and the detachment is a slow and 
continuous process compared with the instan- 
taneous snatch which was previously used. The 
motion is such that the rollers in the Nasmith 
machine are only starting up slowly when they 
seize the nipper tuft. Allthe motions of the machine, 
except that for the detaching rollers, are continuous, 
so that there is only one cam in the machine which 


drawn out. The roving is carried to the front of 
the machine and is passed into one of the flyers. 
These have two arms and the roving is carried down 
one of them so that it may be wound on a bobbin 
mounted on a sleeve surrounding the flyer spindle. 
Rapid revolution of the flyer causes the roving to 
be wound on the bobbin, and a vertical movement, 
alternately up and down, ensures that it is wound 
in uniform layers. For further attenuation these 
bobbins are fixed on the creel of the next machine 
in the series, and so the process is continued until 
a suitable diameter is obtained. Compensation is, 
of course, necessary for variation in speed of wind- 
ing as the bobbin becomes more and more wound, 
and is obtained by the use of driving between two 
coned pulleys. The method of carrying the roller 
bearings in the Brooks and Doxey machine is one 
of the improvements its design shows. Solid end 
brackets house the gear for the rollers, and solid 
bearings are provided for their shafts. Effective 
elimination of uneven stresses on the roving is 
ensured, and thus better winding is produced by 
the control of the differential speed which is obtained. 


Fie. 16. Drawine Frame; Messrs. Asa Lrzs anp Co., Limtrep, OLDHAM. 


runs very quietly, and is proportioned to reduce 
wear and tear. The product is taken away as an 
untwisted sliver. 

Now that the cotton has been converted from a 
tangled mass of fibres containing much enmeshed 
foreign matter into uniform strands free from 
impurities, and with the fibres of lengths approaching 
to equality, a continuation of the drawing process, 
with or without further doubling, takes place. For 
this the material, if coarse, is taken from the 
drawing frame and if for fine counts is taken 
from the comber. As the sliver is now very weak, 
any further attempt at reduction would make it 
so delicate as to be unsuited to further treatment. 


To overcome this a slight twist is given to the. 


sliver and it is then wound upon a bobbin. Many 
reductions take place before the diameter is reduced 
to that suitable for spinning. The process is 
carried out in steps of which the number depends 
upon the degree of fineness which is required. The 
machines used in this process have many names. 
The term “ flyer frame ”’ is used generally, but that in 
which the first action is performed is called a 
slubbing frame, while the later stages are performed 
on intermediate and roving frames. Two examples 
are shown in Figs. 17 and 18 on Plate X. The 
former illustrates a machine made by Messrs. Brooks 
and Doxey (1920), Limited, of Union Ironworks, 
West Gorton, Manchester, and the latter a product 
of Messrs. Asa Lees and Co., Limited, of Soho 
Tron Works, Oldham. The slivers are taken into a 
slubbing frame from the cans, but for the later 
processes the material is on bobbins from which 
it is drawn for further attenuation. In either case 
the slivers are led through rollers by which they are 


The driving shaft and the bobbin driver run in 
the same direction so as to reduce friction to a 
minimum. Exact synchronism of starting of the 
bobbins and spindles is also arranged for. 

The special point about the frame of Messrs. 
Asa Lees and Co., Limited, is the box casing for 
the bobbin and spindle rails. The rails are com- 
pletely cased in by front and back plates, and the 
front plates on the top rail travel up and down 
along with the rail behind the plates fixed to the 
bottom rail. There is consequently no opening 
between the top and bottom rails even when the 
top rail is at the highest point of its traverse. The 
front plates can be easily removed for oiling or 
gear setting when necessary. The lifter racks are 
cut from the solid and gear with machine-cut 
pinions, which are provided with a cast-iron boss 
fitting in the spring piece and acting as a bearing 
for the lighter shaft. Self-locking doors enclose 
the differential motion, the hoist, and the cone 
drum wheels, and cannot be opened. while. the 
machine is running nor can the machine be started 
until the doors are closed. 

The next operation in the chain of cotton pro- 
cesses is that of spinning. In this, additional twist 
is given to transform the loose fibrous roving into 
a finished yarn. The previous twist given in the 
early stages of operation was only introduced to 
ensure the maintenance of the necessary strength 
during working, but of such a limited extent as to 
make further drawing possible. In spinning, the 
processes of treatment of the cotton fibre are com- 
pleted, and the twist then given is to consolidate 
the yarn. The process may be carried on continu- 
ously in a ring-spinning frame or intermittently 
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Fia. 14. Carpina Enarne; Messrs. ExvisAn ASHWORTH, MANCHESTER. 
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Fie. 17. Syupsine, INTERMEDIATE AND Roving Frame; Messrs. Brooks anp Doxny (1920) Limirep, Mancunster, 
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Fic. 18. Fryer Frame; Mrssrs. AsA Lees AnD Co., Limtrep, OLDHAM. 
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Fic. 20. Wriyprne Frame. Messrs. ARUNDEL, COULTHARD AND Co., Lumirep, STocKPORT. 
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on a mule. In the spinning frame, the yarn is | stretch at each draw, and thus affect the winding. 
taken from the bobbin on the creel through a|In the view of the headstock the fast and loose 
series of drawing rolls, and is then passed through | pulley which receives the drive are seen beside the 
a traveller ring surrounding the spindle. As the | toothed wheel which takes the drive to the ropes 
spindle is driven it pulls the traveller ring round | of the carriage through the grooved pulleys. 
with it, and while this relieves the tension on the| After coming from the mill, yarns are passed 
yarn, it puts a twist upon it. on for the purposes of weaving or doubling. In 
The mule, though a machine in which the|the former case the purpose is the manufacture 
twisting actions are carried on intermittently,|of cloth, and in the latter the twisting together 
actually gives better results than the ring-spinning | of two or more strands into a compound form 
frame. The essential action of the machine is to | for making sewing cotton and lace, embroidery 
twist a certain length of the roving, and then to | and other fancy yarns. A doubling frame such 
wind it on a spindle on completion and prior to|as is used for this purpose is shown in Fig. 19 
the start of the twist on the next length. Drawing|on Plate XI. This resembles a ring spinning 
rolls are commonly fitted to increase the attenua-| frame, and in it the twisting operation is performed 
tion of the roving in the machine. From the|in exactly the same way. There are some points 
bobbins on the creel of the machine, the rovings are | of difference, however, for there is no possibility 
first led through the rollers and led to a spindle | of drawing after the yarns have been twisted in 
carried on a part of the machine which is moved | the spinning process, and consequently no drawing 
to and fro on rails and is known as the carriage. | rollers are used. The motor drives the tin drum 
Many hundreds of spindles are provided on the| shaft which gives motion to the spindles at each 
carriage and are driven at a very high speed, some- | side of the machine. In the English system, the 
thing of the order of 10,000 1.p.m. The revolutions | yarns coming from the bobbins are passed down 


Hig. 25. 


Corron Mute Heapstock; Mussrs. Asa Lees AND Co., LimitED, OLDHAM. 


of the spindle cause the twists in the yarn, and the 
carriage moves away with the spindles rotating as 
the rollers pass out the yarn. This continues for 
the whole period of travel. When the carriage 
returns, the yarn is wound onthe spindle. This is 
accomplished by the use of two curved arms beside 
the spindle which have projecting wires at their 
ends by means of which the yarn is guided. At 
first there are a series of turns of yarn on the top 
of the spindle. These are uncoiled in the process 
called backing off, and the wire ends of the curved 
levers keep the yarn taut during the process. The 
carriage then starts to move in and the yarn is 
wound in regular form on the spindle, the bent 
arm and its faller wire acting as a guide for the 
process. A slow speed of turning is used for the 
spindle during this return motion. 

The headstock of a mule made by Messrs. Asa 
Lees and Co., Limited, of Soho Iron Works, Oldham, 
is illustrated in Fig. 25 on this page. This has 
many special features, principally to obtain lightness 
in association with rigidity and strength. Each 
length of carriage for it is made out of a single 
sheet. The tin roller, which gives the motion to 
the spindles on the carriage, is a pressing made from 
sheet metal and electrically welded to a steel 
boss. The quadrant is driven by a chain, in place 
of the usual quadrant band which is liable to 


into a trough of water and under a glass rod carried 
by a series of short arms. When the yarn emerges 
from the bath it is passed through a guide wire 
and around and between a pair of rollers. The 
action of the water is to give the yarn solidity, and 
all loose fibres are smoothed down and incorporated 
in the doubled thread when twisted. In the Scotch 
system the rollers are located in the trough, so 
that the yarn passes directly from the creel to the 
bottom of the lower roller and then comes out of 
the water before passing between the rolls. The 
ring doubling frame shown in Fig. 19 is made to 
work on either the English or Scotch systems. 
In the former case the rollers are carried on strong 
angle beams, while for the Scotch method the 
beam is dispensed with to permit the fixing of the 
water trough, and the rollers are then carried from 
stands fixed on spring pieces. The beams and 
girder rails on this machine are not only bolted 
together, but steady pins are inserted at the frame 
ends, so as to ensure absolute rigidity. For this 
doubling process the yarn must be re-wound on to 
bobbins. This is effected in a simple winding frame 
such as is illustrated in Fig. 20. This machine, 
made by Messrs. Arundel, Coulthard and Co., 
Limited, Stockport, will wind up to six ends on 
each spool. On one side of the machine the arrange- 
ments necessary for parallel winding are made, but, 


in the other, parallel or conical tubes may be formed. 
The process consists in drawing off the yarn from the 
old spindle and while it is maintained taut, guiding 
it through moving guides on to the new spindles 
in such a way as to produce the desired form. 


(To be continued.) 


PROPOSED NEW FORD MOTOR 


WORKS. 


Wuar has since been developed into one of the 
largest and most interesting industrial organisations 
in the world, viz. : the Ford Motor Company, came 
into existence just over 21 years ago, on June 16, 
1903, to be precise, and the twenty-first anniversary 
of the concern coincides very closely with another 
interesting event in its history, which was the 
completion of the 10,000,000th car at the Detroit 
works on the 4th ultimo. The development of the 
Ford business in this country has been a factor of con- 
siderable industrial importance, and, since the Ford 
Motor Company (England) Limited, was formed, 
with works at Manchester, in 1911, the annual 
sales of the Company’s cars and trucks have steadily 
increased from 1,485 at first to 40,000 at the present 
time. These figures, it should be noted, do not 
include the production for export to several Conti- 
nental countries which are dependent on the English 
Company for many chassis and body parts. Several 
new models, including a redesigned chassis with a 
lower frame, suited to British roads, have recently 
been produced, among them being a touring car 
in which 92 per cent. of the material used is of 
British manufacture. British labour is employed 
almost exclusively at the Company’s Manchester 
works, the proportion amounting to 99-79 per cent. 
These facts were mentioned by Mr. H. 8. Jenkins, 
the managing director of the British Company, at a 
luncheon given at the Hotel Metropole on the 10th 
instant, preparatory to a statement relating to the 
future development of Ford industrial activities in 
this country. 

Mr. Jenkins stated that the British Company 
had recently acquired a site of 307 acres at Dagen- 
ham in Essex, with a view to establishing there a 
works capable of employing 10,000 hands and of 
producing 500 cars a day. The site, which consists 
partly of agriculture and partly of reclaimed land, 
lies between the main London—Southend road and 
the river, and has a water frontage of 2,200 ft. It 
is also traversed by the London, Midland & Scottish 
Railway, so that there are ample transport facilities. 
Its proximity to the large labour resources of the 
east end of London is another advantage from the 
industrial standpoint. When the site was purchased, 
we understand, it was the intention of the Company 
to proceed with the building operations without 
delay as it was anticipated that the present position 
in which the Ford car is placed by the horse-power 
tax would be adjusted ; to some extent the develop- 
ment plans will be affected by the trend of legislation 
in this direction. Another factor affecting the 
situation is the abolition of the McKenna duties, 
which renders the manufacture of Ford cars in this 
country for the British market unprofitable, although 
it would hardly affect the continental market. <A 
full discussion of the anomalies of the horse-power 
rating for the taxation of motor cars will be found 
on page 811 of our 110th volume and on page 4 of 
our 111th volume. We must refer our readers to 
these articles for information as to the application 
of the present system to the Ford car. 


PULVERISED FurL—CorRECTION.—With respect to 
our report, in last week’s issue, of the discussion on 
Mr. L. C. Harvey’s paper at the World Power Conference, 
we are asked by Mr. Harvey to correct the statement 
that it was owing to his suggestion that Mr. John 
Anderson had adopted pulverised fuel at Milwaukee. 
Mr. Anderson had been using pulverised coal for about 
two years before Mr. Harvey visited Milwaukee in 1918. 


British TRoN AND STEEL PRropucrion.—The National 
Federation of Iron and Steel Manufacturers state that 
the production of pig-iron in June amounted to 607,800 
tons compared with 650,900 tons in May and 692,900 
tons in June, 1923. The number of furnaces in blast 
at the end of the month was 185, a decrease of 6 since 
the beginning of the month and the lowest number in 
blast since January, 1923. The output of steel ingots 
and castings amounted to 651,600 tons, compared with 
809,700 tons in May and 767,700 tons in Juno, 1923, 
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THE SHIP 


“VULCAN” 


WITH DIESEL-HYDRAULIC DRIVE. 


CONSTRUCTED BY THE VULCAN-WERKE, ENGINEERS, HAMBURG. 
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THE VULCAN DIESEL-HYDRAULIC DRIVE. 


THERE would not seem at the present time to be 
any limit to the number of alternatives, in respect of 
type of machinery, which can be applied to the pro- 
pulsion of vessels, and the subject in this article, 
together with the accompanying illustrations, is one 
of the latest systems which has been developed, with 
a view to minimising the space occupied by, and the 
weight of, marine internal-combustion machinery, and 
in order to make possible and convenient installations 
of powers up to approximately 50,000 shaft horse- power 
on two screws, for the largest class of passenger 
liners. 

Briefly, the essentials of the system to which we are 
referring, comprise relatively high-speed Diesel 
engines, connected by means of oil-filled clutches 
to pinion shafts, geared (one on each side of a gear 
wheel) to the propeller shaft which runs at the speed 
of revolution most suitable to permit of the maximum 
propulsive efficiency. 

The ship, the Vulcan, of 2,000 tons deadweight, 
to which the system has been applied, is illustrated in 


Figs. 1 to 6 above, while the machinery is shown in 
Figs. 7 and 8 on the opposite page. The vessel. which has 
been built at the Vulcan-Werke, Hamburg and Stettin, 
is 229 ft. 8 in. between perpendiculars, 36 ft. 0} in. 
beam, height to the main deck 17 ft. 04 in., draught 
16 ft. 3} in., and with machinery of 620 shaft horse- 


power, develops 9-5 knots. The clutch arrangements 
are built under the Vulcan-Féttinger patents. 

The Diesel engines utilised in this case are not 
specially designed for this service, but are two sub- 
marine-type engines each of six cylinders, of the 
trunk piston type with air injection of the fuel, 
working on the four-stroke cycle, which were available 
to try out this new principle. The cylinder diameters 
are 330 mm. (13in.), and the stroke is 350 mm. (13-8 in.). 
The engines have been rated down from 350-400 r.p.m. 
to 300 revolutions, and together develop normally at 
sea about 570 brake horse-power, at which power the 
ship has a speed of 93 knots in service. Each engine 
is fitted with the usual air starting arrangements, 
but is non-reversible. The after end of each of the 
two engine crankshafts is coupled rigidly to the after 
end of the ahead hydraulic clutch into which oil is 


introduced, causing the driven member forward of the 
driving member to rotate, and to drive the pinion 
gearing with the gear wheel on the propeller shaft. 
Exactly the same system applies to both sides. 

At the forward end of the pinions, the astern clutches 
are Jocated. The emptying of the ahead clutch of oil and 
the filling of the astern clutch causes reversal. These 
clutches are exactly similar in principle to the well- 
known Féttinger transformer, except that oil is used 
instead of water, and no speed reduction is effected 
through the medium of this apparatus. As with the 
Foéttinger transformer, reversal is achieved by the 
interposition between the driving and the driven 
member of fixed vanes which suitably direct the flow 
of the oil to give the reverse rotation. The axial 
pressure of the oil is utilised to balance the thrust of 
the single helical mechanical gearing, which is of 
norma! design, incorporating with the forward bearing 
of the main gear wheel in the gear-case a Michell 
thrust block. The oil used in the clutches serves to 
lubricate the gears. 

The question of the efficiency of the transmission 
of power by these means may well be raised. Very 
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accurate tests were carried out in the engine builder’s 
works, and it is claimed that ahead the efficiency is 
98:5 per cent. That some slip must take place is 
obvious, since the oil is used to form a flexible coupling 
between the reciprocating Diesel engine with its 
uneven turning moment and the single reduction gear. 
As already indicated, the drive from the main engine 
is through a shaft running inside the driven helical 
pinion, and the relative movement between these two 
shafts is a measure of the slip. This relative rotation is 
stated to be of the order of 14 r.p.m. Furthermore, 
the oil in the clutch system would become heated and 
positive cooling means would be required, if any 
substantial portion of the input power were wasted in 
friction. The rise in temperature from starting to the 
attainment of a steady temperature is from 30 deg. 
Celsius to 50 deg. Celsius. The efficiency of the 
gear when running astern, due to the reversal of 
direction of the shaft, which must be achieved 
by changing the direction of the flow of the oil 
by the blades of the transformer, is somewhat 
lower than for ahead rotation, 97 per cent. being 
claimed. The evidence of the relative rotation of the 
two shafts, and of the small rise in temperature of 
the oil, as already mentioned, disproves any fears of 
large or even considerable losses. In any case, this 
loss will be minimised, if not completely negatived, 
by the increase in propulsive efficiency due to the 
greater efficiency of the considerably lower speed 
propeller. 

For circulating the oil through the clutches in 
normal running, a small pump driven by an electric 
motor is used. The power taken by this pump is 
1 h.p. When manceuvring, however, to effect rapid 
reversals a more powerful pump must be used. The 
manner in which this is worked out is extremely 
neat. A centrifugal pump is gear driven by a vertical 
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shaft from the main shaft and a very small Fottinger 
clutch is interposed in the drive of this small pump, 
so that filling and emptying this small Fottinger 
clutch throws this pump in and out of action for the 
rapid filling and emptying of the main Fottinger 
clutches, by virtue of which the propeller shaft is 
stopped, reversed and slowed down to dead slow. 
The control of the oil is centralised in the manceuvring 
gear shown in the illustration, Fig. 7 on the ship’s 
centre line adjacent to the forward bulkhead of the 
engine room. Manipulation of valves through the 
medium of a wheel and levers ensures most effective 
regulation by one operator. The control of the two 
clutches, either for ahead or astern running, is simul- 
taneous. 

From the illustrations, Figs. 7 and 8, it will be seen 
that the casing of the astern clutch, nearer the Diesel 
engines, is smaller than that of the more remote ahead 
clutches, due to the fact, that with this installation, 
it has been arranged that the available power astern 
shall be limited to 65 per cent. of the maximum power 
ahead. Probably this will meet all requirements, but 
should a larger percentage of power astern be demanded, 
the design can well be rearranged with larger reversing 
clutches to give approximately the same power astern a8 
ahead. The gearing and the clutches are built together, 
forming one complete unit in a common cast-iron 
easing. The clutches are also of castiron. The single 
helical toothed pinion and the rim of the main gear 
wheel are of special steel. The rim is shrunk on to 
a cast-iron body. The teeth, it is interesting to record, 
are cut on @ precision milling machine. 

The Diesel engines are kept running all the time 
and speed regulation of the propeller shaft is effected 
generally by slowing down the two Diesel engines by 
controlling the fuel delivery to both simultaneously 
in the usual way. This gives a speed range on the 
Diesel engines of from 300 to 90 r.p.m., or from 
over 83 to 25r.p.m. of the propeller. The reduction 
gear has a ratio of 3°62 to 1. These particular submarine 
type engines have not a high range of flexibility. 
Nor is this required, because further reduction of the 
propeller shaft down to 10 r.p.m. can be achieved 
by control of the oil supply to the clutches. 

Should it be desired at any time to stop one of the 
two main engines, all that is necessary is to empty the 
driving clutch and shut off the fuel from that engine. 
Similarly either engine may be started up by opening 
the compression cocks in the cylinders, turning on the 
fuel and admitting lubricating oil to the clutch, when 
the other engine, acting through the gearing and the 
oil in the clutch. sets the stationary engine in motion, 
and on the cylinder compression cocks being closed 
the engine picks up the load and runs normally. 
No description of the actual Diesel engine employed 
with this ship is given, because the type is well known 
and the leading features will be observed clearly from 
the reproduction, Fig. 7, of a photograph of the 
propelling plant. : 

Demonstration trials were carried out from Leith 
on Friday, the 11th inst., and from Newcastle-on- 
Tyne on Wednesday, the 16th inst., and the manceuvres 
and running of the installation were in accordance 
with the -principles of the design as described. 
The ease of control of the various small oil valves, 
stopping, starting and slowing down of the propeller 
shaft, whilst the Diesel engines were running at constant 
speed, as controlled by the engine governor, was very 
marked. The absence of reversing gear on these 
engines makes for desirable simplicity. There was 
only one starting air bottle of very modest dimensions 
for each main engine, in addition to the usual blast 
bottle. From the illustrations given, it will readily 
be appreciated that the whole installation is exceedingly 
compact, and that the headroom required by these 
small and relatively high-speed engines is low. A 
careful examination of the running of the gear gave 
evidence, through lack of noise, hammer, or vibration, 
of the efficacy of the oil clutches in damping out the 
inevitable irregularities of turning moment of the 
Diesel engine. The action of the oil, in addition, 
will serve to synchronise the two prime movers. 
Torque indicators are fitted and prove that the turning 
moment of the propeller shaft is as even as with a 
rotary engine. ‘This proof has, it is stated, been recog- 
nised by the Registration Societies, and the sizes of 
the shafting abaft the oil clutches are only required 
to be the same as are called for in the case of geared 
turbine drives. 

Whilst the clutches and gearing may appear from 
the illustrations of this particular installation to be 
almost disproportionately large, it must be stated 
that, with much larger powered plants, the increase 
in size of the gearing and the clutches would not be 
proportional to the greater power. With this system 
very Jarge powers can be applied to single screws 
without involving the adoption of any new principle 
in the prime mover or of such large sizes of units as to 
constitute an experimental factor. Space and weight 
would be saved, and what is of particular importance 
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with passenger vessels, head room would be also 


economised. 


Installations are being constructed by the Vulcan 
Company for two 10,000-ton d.w. single-screw vessels 
of 4,000 b.h.p. for the Hansa and the Hamburg 
In these instances the propelling 
units will be of the four-stroke cycle, single-acting 
type, conforming to marine practice in having cross- 
heads, but utilising steel castings for the main struc- 
tural parts of the engines, such as bedplates, columns, 
and cylinders. Four engines can be applied very 
conveniently to a single shaft. The type of Diesel 
engine that may be developed for this particular duty 
is not rigidly fixed. Owing to the multiplicity of 
similar sets and the great ease of disconnection for 
adjustment, it is not necessary to move with the 
same degree of caution and consideration as with 
machines direct coupled to the propeller. Interesting 
developments in the type of prime mover itself are 
taking place in Germany, and experimental work in 
a large scale is in progress. This system lends itself 
to the realisation of the fullest advantage being taken 
of these developments. 

The m.s. Vulcan is equipped with the most modern 
plant in allrespects. All the auxiliaries are electrically 
driven. Current is generated by two small 4-stroke 
cycle Diesel generating sets of 60 b.h.p. each, running 
at 400 r.p.m. and working with solid injection of the 
fuel. To one, a small auxiliary compressor for charging 
the reservoirs of the main engine is coupled by a 
F6ttinger clutch. 

Messrs. British Féttinger Marine Transformers, 195, 
Strand, London, W.C., are the British licensees for 
the system, and to them we are indebted for the 
illustrations of the Vulcan, reproduced above. 


THE LATE MR. B. G. LAMME. 
THE news of the death of Mr. Benjamin G. Lamme, 


for more than twenty years the chief engineer of the 


Westinghouse Electric and Manufacturing Company of 
East Pittsburg, which reached this country during the 
World Power Conference, caused deep regret not only 
among the large number of his fellow-citizens who are 
at present in this country, but equally among engineers 
from all parts of the world. His work in the field of 
electric traction was well known, for he had been 
associated with its development from very early days, 
and many important inventions are due to him. 
Mr. Lamme graduated at the Ohio State University 
in 1882. He entered the test room of the Westinghouse 
Company on May 1, 1889, and although methods for 
calculating the performance of electric motors and 
generators were then unknown, Mr. Lamme devised 
a means whereby the saturation curves of existing 
machines could be computed from test data. In 
January, 1890, he prepared specifications for a double- 
reduction electric motor for railway work, which was 
built and placed on the market as a commercial machine. 
In the same year he made the calculations for a four- 
pole single-reduction railway motor, with slotted 
armature, machine-wound coils and a _ two-circuit 
wave winding—a design which is still largely used in 
railway work. 

Mr. Lamme was a prolific inventor. Many of the 
early rotary converter patents were his, and he did 
more than any other man to make the 60-cycle con- 
verter a practical success. The single-phase railway 
motor is another piece of apparatus the success of 
which is largely due to him, and he also contributed 
much to the design of turbo-generators and to other 
alternating-current apparatus. Soon after the entrance 
of the United States into the war, Mr. Lamme’s 
abilities were publicly recognised by the Federal 
Government who appointed him Chairman of the 
Inventions Committee of the Naval Consulting Board. 
His modest and retiring disposition prevented him from 
seeking prominence or honours, but he was chosen by 
the Ohio State University as the first recipient of the 
Joseph Sullivant medal ‘‘for his admittedly notable 
achievements,’ and in June, 1919, he was awarded the 
Edison Medal of the American Institute of Electrical 
Engineers for his work in the development of electrical 
machinery. 


CENTENARY OF UNIVERSITY Co~LEGn, LoNDON.—The 
hundredth anniversary of the foundation of University 
College, London, will be celebrated in 1926. Materials 
(records, reminiscences, pictures, photographs, &c.), 
are being collected with a view to the production of a 
History of the College as a part of the Centenary Celebra- 
tions. The volume will include a chapter on the School 
of Engineering. Members and friends of the College are 
invited to send such suitable materials as they can 
contribute, for the use of the historian, who will shortly 
be appointed, All documents should be carefully marked 
with the owner’s names and will, in due course, be 
returned unless the owners desire to present them for 
the College archives. Communications and parcels 
(marked “ Centenary ’’) should be sent to Mr. Gregory 
Foster, Fellow and Provost at the College. 


THE TORONTO MEETING OF THE BRITISH 
ASSOCIATION, SECTION G. 


THE inaugural meeting of the Association will 
be held on Wednesday, August 6, in the Convo- 
cation Hall of the University of Toronto, when the 
President Elect, Major-General Sir David Bruce, will 
deliver his address on ‘Prevention of Disease.” 
Sectional meetings will take place on six days of the 
full week, Thursday, August 7, to Wednesday, August13. 
So far as settled the programme of Section G, Engineer- 
ing, is the following: On the Thursday morning 
Professor G. W. O. Howe will deliver his address on 
“One Hundred Years of Electrical Engineering.” 
Papers by Sir Henry Thornton, on “ Railway Trans- 
portation in Canada,’’ and by Lieut.-Colonel H. S8. 
Lamb, ‘“‘ Engineering Problems on the Great Lakes,” 
will follow ; the section will not meet in the afternoon. 
The papers for Friday morning are by Mr. J. B. Challies 
on ‘“‘ The Water-Powers of Canada,” by Mr. F. A. Gaby 
on ‘‘ The Hydro-electric Power Commission of Canada,” 
and by Mr. R. S. Lea on “The Development of the 
St. Lawrence for Power and Navigation ’’; in the 
afternoon the Section will be joined by Section A 
(Mathematical and Physical Science) in a discussion on 
“* Optical Study of the Elasticity of Materials.”” Section 
G will not meet on Saturday. On Monday papers on 
stress and testing will be read by Professors H. §8. 
Moore and T. M. Jasper on “‘ Evidence for the Existence 
of an Endurance Limit in Metalsandits Determination” ; 
by Professor C. F. Jenkin on the ‘‘ Work of theFatigue 
Panel of the Aeronautical Research Committee’; by 
Professor F. C. Lea on the ‘‘ Effect of High Tempera- 
ture on Range of Repetition Stress”’; by Professor 
B. P. Haigh on ‘‘ A Large Mechanic Fatigue Tester ” ; 
by Messrs. H. F. Gough and H. J. Tapsell on ‘‘ Some 
Comparative Fatigue Tests”; and by Mr. C. KE. 
Stromeyer on ‘‘ Torsion Fatigue Hysteresis”; there 
are no papers for the afternoon. More of these papers 
will follow on Tuesday, by Professor T. H. Jasper on 
““Measurement of Quenching Stresses in Steel,”’and 
by Professor H. P. Philpot on the ‘* Dimensional 
Problem in Notched-Bar Testing’; the report of the 
Committee on ‘‘ Complex Stress in Engineering Materi- 
als *’ will also be discussed on that morning. The 
papers for Wednesday, August 13, are: Mr. F A. 
Dallyn on “‘the Engineer and Public Health” ; Mr. 
J. P. Watson on ‘“‘ The Part Bio- Aeration may yet play 
in the Disposal of Sewage”; Mr. R. 8. Whipple, 
** Description of a New Torsion Meter ”’; and Mr. E. K. 
Scott, ‘‘ The Future of Power from Fuel.” There are 
two further papers on the programme, by Mr. E. A. 
Watson on “ Cobalt Steel,” and by Mr. A. E. Wynn 
on “Arch Centres.” 


THE WAR OFFICE SUBSIDY LIGHT LORRY. 


A sprctrication for the War Department subsidy 
light lorry which has just been published defines the 
type of vehicle the War Office is enrolling under the 
subsidy scheme; and it is officially stated that it is 
the intention of the Department to utilise this specifi- 
cation not only in respect of vehicles subsidised, but in 
respect of vehicles purchased by the War Office. The 
subsidy-type light lorry will now differ very little from 
the light char-a-bane and 30-cwt. and 2-ton lorries of 
the latest British-made types in commercial use. 
Although the specification describes a pneumatic-tyred 
vehicle with 38 or 34 by 7 giant tyres, the subsidy may 
he granted in connection with vehicles which normally 
operate on solid or twin pneumatic tyres, but are so 
designed that a quick change-over can be effected, 
when desired, to the War Department standard 
pneumatic tyres. Provision is made for electric 
lighting, a speedometer and a power-driven tyre pump, 
but these items need not necessarily be fitted to the 
vehicles accepted for subsidy. Copies of the specifica- 
tion, and particulars of manufacturers building vehicles 
which comply with it, can be obtained from the Chief 
Inspector of Subsidised Transport, Caxton House, 
Tothill-street, Westminster, S.W. 1. 


InpUsTRIAL RESEARCH IN CANADA.—The problem of 
financing an Institute for scientific research in Canada, 
so that the Dominion industry can keep pace with 
scientific developments throughout the world, is once 
more before the public, says Canadian Machinery. In 
seeking a solution of the difficulty, the journal adds, it 
may be well to remember that Germany attained world 
leadership in this field before the war by rewarding with 
a Hohenzollern title every research worker who dis- 
covered anything worth while. One contemporary further 
says that Canada, perhaps, cannot do better than adopt 
this plan to her own conditions by establishing such an 
institute, in which graduates of Canadian universities 
could be given post-graduate degrees as a reward for 
research work. Itthinks that such a plan would involve 
little expense, and might result in the supply of 
workers being increased, ; 


x 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday, 

Hull Coal Traffic—Further striking evidence of the 
continued shrinkage in the coal export trade of South 
Yorkshire via Hull is afforded by the official traffic 
returns issued this week for the period ending June. 
The total received at the port from collieries during 
June declined by 283,000 tons as compared with the 
same month last year, while, for the first half of this 
year, the total tonnage sent to Hull for all purposes 
dropped, as compared with the corresponding six months 
of last year, by no less than 1,139,000 tons. The main 
cause was the contraction in export buying. Shipments 
for the six months were down 968,000 tons, including a 
drop of 88,318 tons during June last, in comparison with 
the January to June period of 1923. The biggest fall 
in purchases was with France and Germany. <A notable 
feature was that Sweden, in comparison with the pre- 
ceding year, increased her six months’ takings from 
141,000 tons to 220,000 tons. 


_ tron and Steel—The week’s developments reveal little 
sign of improvement in the heavy iron and steel trades. 
Rather is the general movement in the downward 
direction. Prices for all classes of iron and steel (with 
the exception, perhaps, of bar iron, which, owing to 
railway demands, has appreciated) were rarely lower, 
but the discouraging fact remains that, in comparison 
with the quotations offered by foreign competitors, they 
are unattractive to potential buyers abroad, on whom 
the local heavy trades mainly rely. “On the whole there 
is a general decline in purchases, with a corresponding 
contraction in outputs. To some extent the latter is 
accounted for by the fact that midsummer. stocktaking 
operations at some of the big works have not yet been 
completed. Order books, however, give little promise 
of improved conditions in the nearfuture. Bank experts, 
in reviewing the position, agree that the general state of 
affairs is quieter than at any period during the present 
year, and point out that the majority of the open hearth 
furnaces in the district are idle. Plants manufacturing 
the cheaper classes of steel, soft and basic, display a 
sagging tendency, though steel sheets are in request, the 
mills concerned being actively engaged, while forward 
bookings are good. Business in high-speed steel has 
declined, but tool makers are taking a large tonnage of 
crucible steel. There is also a shrinkage in wire and 
wire rope manufacture. 


South Yorkshire Coal Trade—Collieries are carrying 
substantial stocks, despite the fact that short-time 
working has been instituted to offset the general con- 
traction in purchases. Pits in this area are badly hit 
by the continued slump in export requirements. In- 
quiries are fairly numerous from Continental buyers, 
but relatively fow of these are resulting in actual business. 
The home demand for best steams is only moderate. 
Washed slacks keep up fairly well, but there is little 
activity in fine qualities or in cobbles and nuts. The con- 
dition of railway sidings shows few house-coal buyers 
have been induced to undertake winter stocking while 
eonditions are easy. Quotations :--Best hand-picked 
branch, 34s. to 35s.; Barnsley best Silkstone, 28s. to 
29s. ; Derbyshire best brights, 28s. to 30s. ; Derbyshire 
best house, 25s. to 27s.; Derbyshire best large nuts, 
24s. to 25s.; Derbyshire best small nuts, 18s. 6d. to 
20s. 6d.; Yorkshire hards, 23s. to 24s, ; Derbyshire 
hards, 21s. 6d. to 23s. 6d: rough slacks, 12s. 6d. to 
15s. 6d. ; nutty slacks, 12s. to 14s. ; smalls, 8s. to 10s. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MiIppLEsBROUGH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland 
pig-iron is still very quiet, but some expansion of inquiry 
is reported, and actual transactions have been on a 
slightly better scale. The statistical situation is stated 
to be by no means unsatisfactory, as the bulk of the iron 
stored at makers’ yards is understood to have been sold. 
Present production, however, is rather considerably in 
excess of current demand, and stocks threaten to increase 
unless sales become heavier or output is curtailed. 
Quotations are easy and contracts have been made at 
below recognised market figures. No. 1 is still scarce 
but customers claim they can place orders at 92s, No. 3 
g.m.b. is obtainable at 87s.; No. 4 foundry is quoted 
86s.; and No. 4 forge is put at 85s. All the foregoing 
quotations are f.o.b. Tees. 


Hematite—Two furnaces have just been re-kindled 
on hematite, but another two are expected to go out of 
blast, so that the quantity being produced promises 
to be unaltered. Salesin this branch are slow, and manu- 
facturers are ready enough te make price concessions 
to secure orders. Though some firms hold out for 96s. 
for Nos. 1, 2 and 3, purchases have been made at 
95s. 6d., and indeed less has been accepted. No. 1 is 
put at 6d. above mixed numbers. 


Foreign Ore—There is little or nothing doing in 
imported ore, and definite quotations are not easily 
obtained. Sellers still base market rates on best rubio 
at 23s. c.if. Tees. 


Blast-furnace Coke——There is a rather steadier feeling 
in Durham blast-furnace coke, but sales are on a limited 
seale, customers showing little disposition to contract 
ahead. Good medium qualities are in the neighbourhood 
of 27s. delivered here. 


Manufactured Iron and Steel.—Galvanised corrugated 
sheets (24 gauge) are very firm at 18/. 5s. and makers 
have full order books, but in nearly every other branch 
of manufactured iron and steel contracts are difficult to 
secure and prices are weak. Principal market quotations 


stand : Common iron bars, 12/. 10s. ; iron rivets,-l4J. 5s. ; 
packing (parallel), 97.; packing (tapered), 12/.; steel 
billets (soft), 92.; steel billets (medium), 10/.; steel 
billets (hard), 10/7. 5s.; steel boiler plates, 132. 10s. ; 
steel ship, bridge, and tank plates, 10/. 5s. ; steel angles, 
10l.; steel joists, 101.; heavy sections of steel rails, 
9l.; fish plates, 130. 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—According to Board of Trade returns, 
the quantity of coal shipped from the principal South 
Wales ports in June amounted to only 1,897,552 tons, 
compared with 2,261,355 tons in May, and with a monthly 
average of 2,457,297 tons in 1923. The f.o.b. value of 
the shipments, too, was reduced from 2,888,450]. in 
May to 2,378,405/. in June as compared with an average 
of 3,211,212/. per month last year. Compared with May 
there was thus a reduction of 363,803 tons in value and 
of 510,045/. in revenue in June while the average price 
per ton fell from 25s, 63d. to 25s. ld., the lowest level 
reached this year. The fact that there were only 22 
working days in June in consequence of the intervention 
of the Whitsun holidays was partly responsible for the 
decline, but the ten days’ strike of railway shopmen 
and the resultant disorganisation of business was doubt- 
less one of the chief factors for the adverse balance. 
Shipments of large coal were reduced from 1,479,835 
tons to 1,223,712 tons and the average yield from 
28s. 5d. to 28s. 2d. per ton, while small coal was lowered 
from 729,441 tons to 616,814 tons and the price from 
19s. 11$d. to 19s. 3d. per ton but through coal exports 
were increased from 52,079 tons to 57,026 tons though 
the price was reduced from 21s. 2d. to 20s. per ton. 
Hach of the ports shared in the retrogression, the returns 
for June being appended :— 


From. Volume. Value. Average. 

Tons, £& Per ton. 

sd. 

Cardiff ac 1,118,556 1,363,983 24 4 
Newport ae 350,475 435,308 24 10 
Port Talbot .. 181,333 209,272 23 0 
Swansea 247,188 369,842 30 0 
Totals 1,897,552 2,378,405 25 1 


In May the shipments from Cardiff amounted to 
1,396,513 tons, from Newport to 408,337 tons, from 
Port Talbot to 192,145 tons, and from Swansea to 
264,360 tons. The reduction that has taken place in 
prices is best illustrated by the following table showing 
the average prices per ton secured for steam coals 
shipped from Cardiff and Swansea in each month of this 
year :— 


1924. Cardiff, Swansea, 

Small. | Thr’gh.| Targe. | Small. |Thro’gh} Large 

8 di Sada Seaidale ean Gale ese Gell) ss a, 
January veh LO) LE 22 TLS LOL ete 20% S28. OF 
February aol 209 On| 24. 0k) 2% TOR Tea iia 2OM tl .26). 
March sol, LOW ial 2S Oeaie ies ie Onn 200 Gs 2S 
April cal 19S5) 285 3°28 bola Oreck £0) 27.00 
May .. va 18t 7) 286 e852 Calas ori 1S)> 9) | 2385.6 
June .. ao 28) De 2USLON 2S Lown LOG LOS ia 266 9 


It will be observed that except for small and large 
steams shipped from Swansea, the average prices secured 
in June were the lowest for the year. Anthracite coal 
exported from Swansea in June totalled 184,825 tons, 
valued at 304,414/., or 32s. 1ld. per ton, which repre- 
sented a reduction when compared with the preceding 
month, of 13,996 tons in volume, 34,204/. in value, and 
of 1s. 2d. per ton, large anthracite being reduced from 
41s, 8d. to 41s. 4d. and small from 26s. to 23s. 1ld. per 
ton. In the meantime the coal market remains in a 
state of depression, sufficient new business not being 
forthcoming to keep the collieries regularly employed. 
In the circumstances buyers can secure concessions on 
quoted prices. Best Admiralty large rules from 28s. 
to 29s., with Monmouthshires from 23s. 6d. to 27s., 
drys from 25s. to 26s. 6d., and smalls from 13s. 6d, to 
17s. 6d. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—There has been practically no 
change in the Scottish steel trade during the past week, 
and quiet conditions have ruled. A few extra lines were 
fixed up for despatch this week, in view of the possibility 
of the steel works having a longer holiday than usual, 
but beyond that there has actually been no pressure for 
delivery. The various works in the Glasgow area are 
closing down on Thursday, but the date of re-opening 
is a little uncertain and will largely depend on what may 
be fixed up during the next week or so. The orders now 
on the books for ship plates and sections do not amount to 
a heavy tonnage, but in most cases they have ensured the 
employment of a limited portion of the plant. The 
general inquiry, of late has not been satisfactory, and a 
decided improvement would be most acceptable in view 
of the thin time through which the trade has passed. 
For black sheets the demand is still very good, and the 
lighter gauges are meeting with a ready sale, while the 
demand for galvanised qualities shows no falling-off. 
The bookings have recently been very heavy, and some 
producers are ensured steady running well on towards 
the end of the year. Prices are all keeping very steady, 
and to-day’s quotations are as follows :—Boiler plates, 


132. 10s. per ton; ship plates, 10/. 5s. per ton ; sections, 
10/1. per ton; and sheets, 7 in. to $ in., 12/, 10s. per 
ton, all delivered Glasgow stations. 

Malleable Iron Trade—In the West of Scotland 
malleable-iron trade the past week has been about as dull 
as its predecessors. The booking of new business has 
been most difficult and inquiries have also been very poor. 
In the re-rolled steel branches the demand is likewise 
very slow. Prices keep steady, with ‘“‘Crown”’ bars 
called 12/. 10s. per ton, delivered at Glasgow stations. 

Scottish Pig-Iron Trade.—No improvement has taken 
place in the Scottish pig-iron demand over the week, 
and except for a few odd lots no pressure for delivery this 
week has been felt by producers. Stocks on hand are 
quite equal to the limited demand now being experienced. 
Prices are again rather weak and may be taken as under :— 
Hematite, 51. per ton, delivered at the steelworks ; 
foundry iron No. 1, 51. 1s. 3d. per ton, and No. 3, 41. 16s, 
3d. per ton, both on trucks at makers’ yards. 

Shipments of Scottish Pig-Iron—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 12, amounted to 1,466 tons, 
Of that total, 1,308 tons went overseas and 158 tons went 
coastwise. For the corresponding week of last year the 
figures were 198 tons overseas and 60 tons coastwise, 
making a total shipment of 258 tons. 


Tue InstituTion or Gas ENGINEERS.—A special 
meeting of the Institution will be held at 28, Grosvenor. 
gardens, Westminster, 8.W.1, at 5 p.m. on Wednesday, 
the 23rd inst., for the purpose of submitting for con- 
firmation a number of resolutions passed at the annual 
general meeting on June 24. 


Kewty’s Directory or Mpercaants, MANUFACTURERS 
AND SHippeRs.—A publication, which is of great benefit 
to manufacturers and merchants of all classes, whether 
exporters or importers, “Kelly's Directory of the 
Merchants, Manufacturers and Shippers of the World,” 
reaches in the current year, the thirty-eighth annual 
edition. The work is in two volumes, and its price is 
64s. post free. The first volume covers Europe, Asia, 
Africa, Central, North and South America, and the 
West Indies; whilst Volume II deals with Great 
Britain, her Colonies, Possessions and Dominions. In 
Volume I there is an alphabetical index to countries 
and towns and an alphabetical index to trades in 
English, giving the names of the towns in which the 
different trades are carried on. For facilitating search 
by foreign firms using the directory, alphabetical indexes 
are subjoined, giving the trade names in French, German, 
Spanish and Russian, with the English equivalents in 
every case. These four indexes are also intended to 
facilitate search in Volume II, which has a trade name 
index in English similar to that of Volume I. The two 
volumes have a total of about 5,000 pages, and give 
information, the publishers state, as to 20,000 foreign 
and colonial cities and towns, the trade descriptions 
numbering over 1,500,000. The work is printed and 
published by Messrs. Kelly’s Directories, Limited, 
168, Strand, W.C.2. 


Contracts.—The Lancashire Dynamo and Motor 
Company, Limited, Trafford Park, Manchester, state 
that they have received the following orders :—From the 
Swansea Corporation, for the whole of the electrical 
equipment for coal conveying plant, in the new exten- 
sions to their electricity works. The order includes 
motors driving electric truck tipplers, coal crushers, coal 
elevators and coal conveyors. All the motors are of the 
squirrel cage type, and the motors for driving the electric 
truck tipplers are of particular interest, because of the 
severe duty they have to contend with. These motors 
have to start against a load equal to two and a-half times 
full load torque and operate on a cycle of 2 minutes lift, 
10 seconds stop, and 2 minutes run in the reverse direc- 
tion.—From the Bedford Corporation, an order for a 
turbo alternator for coupling to an Allen turbine ; it has 
a capacity of 4,415 k.v.a., 0°85 power factor, 6,600 volts, 
50 cycles, 3 phase, 3,000 r.p.m.—From the London, Mid- 
land and Scottish Railway, Crewe, an order for a turbo- 
alternator, 1,875 k.v.a., 0:85 power factor, 6,600 volts, 50 
cycles, 3 phase, 3,000 r.p.m., for coupling to a Belliss and 
Morcom turbine.—It is announced that the Bombay Port 
Trust have accepted the tender of Sir W. G. Armstrong, 
Whitworth & Co., Limited, for a steel floating caisson 
for the entrance to the Merewether Dry Dock, Bombay. 
The caisson will be constructed at the firm’s Walker 
Shipyard, Newcastle-on-Tyne.—Messrs. Vickers, Limited, 
Hydro Electric Department, have received an order for 
two large water turbines from the Government of Ontario 
through its Hydro-Electric Power Commission. Each 
turbine will have an output of over 12,000-h.p., the 
height of fall being 72 ft. The power will be used for 
industrial purposes in and about Fort William and Port 
Arthur on the north shore of Lake Superior. These 
turbines will be built at Barrow-in-Furness, where 
Messrs. Vickers already have a substantial volume of 
such equipment under construction for various parts 
of the Empire-——The Latvian Ministry of National 
Defence has recently ordered from the Ateliers et 
Chantiers de la Loire, Nantes, and from the Chantiers 
et Ateliers Augustin Normand, Havre, two submarines 
and two mine sweepers.—Messrs. Meldrums, Limited, 
Timperley, state that they have recently received the 
following orders: For 38 sets of their forced draught 
and/or mechanical stokers ; 20 plants for the disposal of 
dangerous refuse; five portable steam disinfectors ; 
a ‘‘Meldrum’’ motor road sweeper-loader; several 
“Meldrum”? motor-car trailers for camping purposes 
and various of their other apparatus for chemical plants. 
The: plant is destined for use in a great variety of 
industries in this country and the Colonies. 


i 


‘NOVUHdVIG ONIAUUVD INAWOALSNT 40 LUVG IVALINGD “Fl SIA “aada1OH ALVTIG GNV LIIG HLIA INAWOAYLSNT 40 GNGY INOUQ "ZI “OIA 


+ 

N i 

OV i 

Lama 

ol ; 

ess ‘ 

> 

a 

=) 

Laan 

— 

; (5 

Z 

—_— 

ms 

ea ‘ONILVUS) ANV SSVIX) LOHLEO ONILVNITIO) ONINIVINOD ENAWOULSNT FO CNY UVAY “ET “OIA “SNOILISOG PAILVIGY DNIMOHY HdVuNoUuLoddg AO SLUVG NIV ‘TL ‘OIA 
ea) 

A 

b= 

O 

ZA 

oa 

(‘18 abvg aas ‘uoydrsosaq 40,7) 

S ‘SLMHH ‘SNVEIV “LS “‘GQULIWIT ‘SNOS GNV ddnYO GYVMOH IS Ad CGALONALSNOD 


AMOLVANASAO OAONMTNOd YOA HAdVAYVYOVLOAdS UVIOS WaLaW2 


JuLy 18, 1924.] 


ENGINEERING. 


97 


ENGINEERING. 


Offices for Publication and Advertisements 
35 and 36, Bedford Street, Strand, London, 
W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles, 

TELEGRAPHIC | ‘‘ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 

TELEPHONE NumBERS—3663 and 8598 GERRARD. 


For the United Kingdom oo... £3 5 0 
_ For Canada— 
Thin paper copies ........cccscccceesesse £2.18 6 
Thick paper copies...........cccceceseese £3) 3 0 
For all other places abroad— 
Thin paper copies:........ceeecee £3 ‘3 0 
Thick paper copies..........cccccessecesse £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address, 

When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 

ADVERTISEMENT RATES, 

The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shilings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch, Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, altera- 
tions for standing advertisements should be 
received 10 days previous to the day of 
publication. 


All accounts are payable to ENGINEERING, LTD. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post-Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Tisbane ; Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. TT. Willmett and Co., Townsville, North Queens- 
land. W. C. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 
BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 
CanaDA, Toronto, Ont.: -Wm. Dawson and Sons, Limited, 
87, Queen Street, East. 

EDINBURGH: John Menzies and Co., Limited, Rose-street. 

FRANOE, Paris: Boyveau and Chevillet, 22, Rue de la Banque 
For Advertisements, Office de Publications Commerciales 

+ 167 Rue Montmartre, Paris (2e). 

GERMANY: Hermann H. Fromm, Potsdamerstr 105A, Berlin, 
W. 35. <A Twietmeyer, Leipzig. 
GLAsGow: William Love, 221, Argyle-street. 

Co., Limited, West Nile-street. 

InpiA, Calcutta: Thacker, Spink and Co., Bombay ; Thacker 
and Co., Limited. 

Ivaty : U. Hoepli, Milan. 

And any post office. 

LiveRPooL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, 143, Deansgate. 

NEw ZEALAND: Gordon and Gotch Proprietary, Limited, Wel- 
lington, Auckland and Christchurch. 

Norway, Christiania Cammermeyer’s Boghandel, Carl Johans 
Gade, 41 and 43. 

RorTerDAM ; H. A. Kramer and Son, Limited. 

Sourn Arrica: Central News Agency, Limited, Head Office— 
Johannesburg ; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and various branches and book- 
stalls throughout South Africa. Wm. Dawson and: Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

TASMANIA: Gordon & Gotch Prop’ty, Ltd., Launceston : Hobart 

UnNITap STATES: For Subscription, New York: W. H. Wiley 
440, Fourth Avenue. For Advertisements: J. S, Allan 
30, Church-street, New York. 


John Menzies and 


Anonima Libraria Italiana, Torino 


CONTENTS. 
Page 


Proceedings of the First World Power Conference 
TT), fk, inererereetee sete ti iba siseah slacratteog nade 
7-Meter Solar Spectrograph for Poulkovo Obser- 
Vatorye (FURS) State eirceres e eeeev oss cca ech eee es 
The Machinery of the Cotton Mill at the British 
Empire Exhibition (Jllus.) 
Proposed New Ford Motor Works.............. eae eee 


77 
87 


The “ Vulcan”? Diesel Hydraulic Drive (Illus.).... 92 
The-Late Mr. B: Gs Lamm fii 2k 94 
The Toronto Meeting of the British Association... 94 
The War Office Subsidy Light Lorry............0..0....... 94 
Notes from South. Yorkshire,.......0.....ccc.ccceescsesseseseeses 95 


Notes from Cleveland and the Northern Counties 95 
Notes from: the Norbhiesaeea ed ces = een 95 
Notes from the South-West.............000.... 95 


The Kelvin Centenary Celebrations 
The British Association’...................:. 
The World’s Merchant Shipping...........0.0.00cc000 
Metallurgy at the British Empire Exhibition (J/lus.) 
The National Physical Laboratory (Illus.)...........0.... 
Letters to the Editor.—Method of Determining 

Clearance of Internal-Combustion and Steam 

Engines (J/lws.)—The Standardisation of Boiler 

Testing—Waterloo Bridge—The Fuel Resources 

of Canada 
IndustrialNotes.. einstein terete es rs 
25-Ton Electric-Level Luffing Crane (Jilus.)............ 
Hot-Bulb and High-Compression Engines in 

Sweden 
Large Gas Engines in German Power Economy 

(LULUS.) cece Be acter nage eee eR ee ee eeer ee 
Erskine Heap Switchgear (11018.).............:.cescsseceoses 
American Power Station Electrical Equipment.... 
The Diesel Engine (lias) steer, etn te ee 
The Continuity and Regularity of Operation of 


Large..Systemis' . Seeeeeny ae ete eee 112 
The Pluto Suspended Furnace Arch (Zilus.)............ 113 
Catalo gies. 7x neds eeiey ee ae cs 113 
Back Adjustable Wrench (Zllws.) ............:.c:cceteeeeeeee- 113 


Transmission of Electric Power from Norway to 
Demin tart. ic isos as ee ee a ee 114 


Four One-Page Plates.—TEXTILE MACHINERY 
AT THE BRITISH EMPIRE EXHIBITION. 


ENGINEERING. 


FRIDAY, JULY 18, 1924. 


THE KELVIN CENTENARY 
CELEBRATIONS. 


Tue celebrations organised by the Royal Society, 
and by the Institutions of Civil, Mechanical, and 
Electrical Engineers, to commemorate the centenary 
of the birth of Lord Kelvin, have undoubtedly 
benefited by the large influx of visitors interested 
in scientific and technical matters, who have been 
attracted by the World Power Conference at the 
British Empire Exhibition. Kelvin’s enduring 
fame, and the standing of the societies who have 
organised the matter, would have in any case 
assured a noteworthy assemblage. but in normal 
years so large a gathering as that which attended the 
presentation of the Kelvin medal to Professor 
Elihu Thomson could hardly have been expected. 
For reasons which are readily intelligible the dis- 
tinguished delegates from foreign learned societies 


did not include representatives of ““ enemy ”’ nations, | 


but most other European countries sent their 
envoys to testify to the esteem in which the intel- 
lectual élite of all civilised countries hold the 
memory of one of the great creative minds of the 
Victorian era, The American representation was 
especially strong, but Lord Kelvin has long been 
honoured in the United States by the general public 
for the large part he played in establishing trans- 
atlantic telegraphy, and by physicists for his more 
purely scientific work. This appreciation led to 
the generous arrangements made for his famous 
Baltimore lectures. 

Transatlantic interest in the proceedings were 
further stimulated by the fact that the Kelvin 
Medal was presented to Professor Elihu Thomson, 
whose bold and successful pioneering work in elec- 
trical engineering has well earned this recognition. 
The presentation was made on Thursday, the 10th 
instant, by Sir Charles Morgan, president of the 
Tnstitution of Civil Engineers, in the Hall. of that 
Institution. Sir Charles recalled the remarkable 
success attained in the early days of are lighting by 


the Thomson-Houston machines, and the very 
remarkable work, both scientific and industrial, of 
Professor Thomson on alternating currents. To 
the new Kelvin medallist moreover, we owe one 
of the most successful methods of electric welding. 
We may add that the enormous development of 
electric power generation and distribution in 
America has been largely the work of the General 
Electric Company, of which Professor Thomson is 
the official head. 

Professor Elihu Thomson said that he accepted 
the medal as also a tribute to his fellow-workers 
in America. He pointed out that amongst pro- 
fessional men the engineer alone was called upon 
to guarantee results. The lawyer, the physician 
and the clergyman gave no guarantees, but the 
engineer had to. This personal responsibility 
distinguished the profession of engineering from all 
others, and a recognition of it differentiated the 
school of technology from the ordinary college. 

Addresses from the representatives of British 
dominions and foreign countries were then presented, 
the chair being occupied by Sir Richard Glaze- 
brook, who said that the extraordinary scope of 
Kelvin’s activities was well shown by the fact 
that he had been president of the Royal Society, 
the Institution of Electrical Engineers, the Mathe- 
matical Society, the Physical Society, the Faraday 
Society, and the Institute of Marine Engineers. 
There never had been so great a physicist who was 
so great an engineer. He made inventions as well 
as discoveries, and patents were as familiar to 
him as papers. 

Sir J. J. Thomson, O.M., Master of Trinity, then 
delivered the Kelvin oration, which took the form 
of an historical sketch of Kelvin’s life and work. 
This has recently been set forth in our columns,* 
and a repetition of the main incidents is therefore 
unnecessary, though Sir Joseph’s inimitable style 
of presentation and witty turns of expression 
added characteristic charm to his discourse. 
One or two points may, however, be noted, viz., 
the curious fact that the two studies in which 
Kelvin took special interest to the very end of 
his life, viz., the figure of the earth and the Fourier 
analysis, were, as regards the first, started at the 
age of 12, and in the case of the other at the age 
of 17. His. essay, written at the ageof 12, on the 
figure of the earth remained one of his permanent 
sources of reference to the very end of the writer’s 
life. The Fourier analysis was at that time con- 
sidered so difficult that it was a question whether 
it was fair to demand a knowledge of it for the 
Mathematical Tripos ; yet Thomson at the age of 17 
completely mastered it in the course of a fortnight, 
and as a Freshman, not yet entered into residence 
at Cambridge, contributed an original paper on 
the subject to the leading British mathematical 
journal of the day. With such an intellectual 
endowment it is not remarkable that Lord Kelvin 
had, as Sir Joseph said, very optimistic ideas as 
to what might fairly be demanded from a boy of 12. 
He showed that Lord Kelvin had been able to write 
English, read French and one other language, 
translate Latin and Greek, and having thus learnt 
the meaning of words, took up the study of logic. 

Lord Kelvin’s sole learning in practical physics 
was obtained during the few weeks he spent in 
Regnault’s laboratory at Paris, This was under- 
taken to increase his chances of success in a pros- 
pective candidature for the chair of Natural 
Philosophy at Glasgow, We may add that under 
the absurd views as to’ the primary importance of 
elementary laboratory work now held by the Board 
of Education, Thomson, so far from being eligible 
for the. professorial chair, would not even have 
been admitted as a candidate for a scholarship. 
Routine laboratory exercises on dull and unim- 
portant measurements are every bit as fatal to 
real education as the grinding which it has to some 
extent replaced. 

The Master of Trinity noted the curious coinci- 
dence that Sadi Carnot’s epoch-marking conception 
of the reversible heat engine appeared in the year 
of Kelvin’s birth, and it was the development of 
this concept of Carnot that constituted perhaps 
the most important part of Lord Kelvin’s life work. 
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As a professor, Sir Joseph said, Kelvin was more 
successful as an inspirer than as an instructor. 
He filled some of his men with enthusiasm and 
others with despair. He was apt to wander away 
from the ostensible topic of a lecture into what 
might be specially interesting him at the moment. 

Sir Joseph also referred to Lord Kelvin’s reluctance 
to assimilate the ideas of others. It would seem 
to us, however, from the cases of Fourier and Carnot, 
that this characteristic can only have become pro- 
nounced after Kelvin had acquired confidence in 
his own methods of attacking physical problems. 
However it originated, this characteristic was 
certainly marked during his later years when he 
might be likened, Sir Joseph said, to what would 
be an unheard of anomaly, viz., to a body that 
““was a good radiator but a bad absorber.” This 
was not altogether a disadvantage, as by approaching 
subjects from his own point of view instead of 
following the path traced by others, new light was 
often thrown upon the subject discussed. Kelvin’s 
most striking characteristic, Sir Joseph said, was his 
tremendous knowledge of dynamics. He had the 
engineer's intuition as to how matter in motion would 
behave. He knew without mathematics what was 
likely to happen, and in this was to be found the 
secret of his success in the mathematical attack of 
physical problems. 

The great problem which he had set himself 
almost in his *teens of finding a mechanism for the 
luminiferous ether was pursued for 50 years, with 
what Lord Kelvin himself termed failure, but like 
the agriculturalist who dug his orchard in search 
of a fabulous hoard of gold and incidentally secured 
a prodigious crop of fruit, Lord Kelvin found many 
other things of first importance in the course of his 
research. At the date at which he started on his 
career the difficulties appeared less than they would 
to-day. The undulatory theory of light was then 
accepted as a complete geometrical interpretation 
of optics. According te this theory, light corre- 
sponded to transverse waves in an elastic solid, and 
the problem was to find the nature of a medium 
which would suppress longitudinal waves, transmit 
transverse waves and allow bodies to pass through 
it. The Baltimore lectures were specially devoted 
to this. It was now recognised, however, that the 
undulatory theory could not account for the electri- 
cal properties of light, for which something more 
akin to Newton’s corpuscular theory was required, 
whilst on the other hand the corpuscular theory 
failed to explain optics, It would seem, Sir Joseph 
said, that each theory contained only a part of the 
truth as to the structure of light. The energy of 
light appeared to be concentrated in neuclei which 
generated waves. These waves accompanied the 
neuclei, but of themselves possessed little energy, 
although they determined the path of the neucleus 
through space. When Maxwell introduced his 
electro-magnetic theory, Kelvin thought that the 
cart was being put before the horse. He assumed 
that the business of light was to explain electricity 
and not of electricity to explain light. He was, in 
fact, trying to get at something more fundamental 
than Maxwell’s theory. 

The treatise of Thomson and Tait on “Natural 
Philosophy ” brought about, the speaker proceeded, 
great changes in the teaching of Mathematics at 
Cambridge. The text books previously in use, 
ceased to discuss a problem once the equations 
had been found and the work, therefore, left off just 
where it should have begun. Thomson and Tait 
said the equations were not abandoned until the 
whole of the mechanical and physical implications 
had been extricated. 

The successful laying and operation of the Atlantic 
Cable in 1866 was largely due to Kelvin’s ability and 
courage. It was a marvellous achievement for one 
whose prior experience was in the laboratory to 
have met all the difficulties that arose in passing 
from the instrumental to the engineering scale, 
and which made such an operation much more 
harassing than purely experimental work could ever 
be. The engineer had, moreover, to work with and 
through others, and this meant that he had to keep 
in working order that most capricious of all scientific 
instruments, namely, man himself. 

Sir Joseph recalled that Kelvin was a keen 
yachtsman, and this led to his taking such an 


interest in navigation that a naval authority 
credited him with having done more for the subject 
than any man of his time. 


THE BRITISH ASSOCIATION. 


Next Saturday, July 26, the main British party 
will sail by the Caronia from Liverpool to Quebec 
for the British Association meeting at Toronto, the 
fourth visit of the Association to Canada, and the 
second to Toronto. When the Montreal meeting 
of 1884 was proposed, the objection was raised that, 
though the activities of the British Association 
were not limited to the United Kingdom and 
Treland, its meetings should be held within the 
country. After Montreal nobody questioned the 
wider interpretation of British’in this connection, 
and the Association went to Toronto in 1897, to 
South Africa in 1905, to Winnipeg in 1909, and to 
Australia in 1914. 

This year the invitation comes from the University 
and the Royal Canadian Institute (founded 1849) of 
Toronto, and is endorsed, as before, by the whole 
Dominion. The population of Canada, a country 
nearly as big as Europe, had risen from 2,400,000 
in 1851 to 8,788,483 in 1921. Both Montreal and 
Toronto are at present cities of half a million 
inhabitants. The colleges of Toronto, the first of 
which dates from 1827, are now a University with 
5,000 students and with splendid spacious buildings, 
laboratories and social halls, which will afford 
ample and convenient accommodation for the 
large meeting that is expected. Everybody who 
has signified his intention of attending, and who 
does not prefer to make his own arrangements, has 
weeks ago been assigned his quarters in Toronto. 
The efforts of the local committee deserve warmest 
thanks also for this reason. Their task is exceedingly 
arduous. Nearly six hundred members will come 
over from the Old Country and will be joined by a 
large number of foreign guests. That Canadian 
scientists will attend by the thousands is certain, 
and American science would not fail to participate 
even if Toronto were not so near the frontier. 
Finally an International Mathematical Congress, 
the seventh of its kind, is to be held in Toronto on 
the days August 11 to August 16, the last days 
overlapping with the Association week, August 6 
to August 13. 

On Wednesday, August 6, Sir Ernest Rutherford, 
this year’s President of the Association, will vacate 
the chair, and the president elect, Major-General 
Sir David Bruce will deliver his address on “ Pre- 
vention of Disease.” He will no doubt dwell 
on the remarkable work of Drs. F. G. Banting 
and of J. R. MacLeod and their Toronto colleagues 
on insulin. Several papers on these problems and 
on chemotherapy (presidential address of Dr. H. H. 
Dale) will come up in Section 1, Physiology. The 
programme of Section G, Engineering, will be found 
on page 94 of this issue; Mr. Gaby’s paper on 
“The Hydro-electric Power Commission of Canada ”’ 
and Mr. R. 8. Lea’s paper on the ‘“‘ Development of 
the St. Lawrence for Power and Navigation”? may 
be singled out as the most noteworthy contributions. 

Section A, Mathematics and Physics, will be 
more than busy. Sir William Bragg’s presidential 
address on “ X-ray Analysis of Crystal structure ”’ 
is to introduce a joint discussion with Section B. 
Sir Ernest Rutherford will lecture on ‘ Atomic 
Disintegration,’ and Professors A. H. Compton and 
W. Duane will bring the questions of radiation and 
the quantum theory up. The other chief subjects 
are spectra and conigation, covering papers by 
Professor A. Fowler, by Messrs. Foote and Mohler, 
R. H. Fowler, I. Langmuir Raman, L. F. Richardson, 
and F. J. W. Whipple, on the green flash, the 
scattering of light and acoustical research, by Pro- 
fessor P. E. Sabine and Sir Richard Paget, and 
papers on radiation from stars by Professor 
Eddington, on radiation pressure by Mr. E. A. Milne, 
on space-time by Dr. Silberstein, on the spectra of 
nebule by Dr. H. H. Plaskett and on tidal function 
by Dr. H. Jeffereys. There are further meteorological 
papers by Sir Napier Shaw and others on wind, 
atmospheric turbulence, rains and on seismology. 
Professor J. C. McLennan will enable members to 
visit the Cryogenic Laboratory, in which the liqui- 


faction of helium and other low-temperature 
research are being carried out. 

In Section B, Chemistry, Sir Herbert Robertson 
will deliver a presidential address on ‘‘ Chemistry 
and the State,’ and discussions on ‘ Vitamins,” 
which so far have had little chemistry consideration, 
on “Liquid and Powdered Fuels,” and on “Colloid 
Solutions,” will occupy much of the time. Of other 
subjects we may mention are “ Activation of 
Nitrogen”? by Professor W. A. Bone, and the 
“Separation of the Elements of the Rare Harth” 
by Messrs. J. Kendall and B. L. Clarke. Many of 
the papers to be discussed in Sections C. Geology 
(president Professor W. W. Watts), Geography 
(president Professor J. W. Gregory), K. Botany, 
H. Anthropology, M. Agriculture (president Sir 
John Russell) will have particular bearing on 
Canada. ; 

Several of the sections will also have to meet on 
Saturday, which is the excursion day for Niagara. 
The great trans-continental excursion, in which 190 
members will take part, is to leave Toronto on 
August 17 and return to Quebec in time for visitors 
to sail, by September 4. The party will make 
special stays at Edmonton and Saskatoon. ‘There 


will be other excursions, in addition to the local — . 
receptions, discourses, &c., and there is every. 


prospect that the organisers of the Toronto meeting, 
Professor J. C. McLennan, Professor J. C. Fields, 
who is organising the Mathematical Congress, 
Professor W. A. Parks, who has edited the excellent 
handbook of Canada, and their many colleagues, 
will be able to congratulate themselves upon 
enjoyable, successful and memorable, though 
arduous, meetings. 


THE WORLD’S MERCHANT SHIPPING. . 


Iv is a matter of some interest and importance 
to take stock, from time to time, of the character 
and extent of the world’s merchant fleets, in order 
to note the changes that are taking place in their, 
composition as well as in the relative positions of 
the maritime nations. A convenient opportunity 
for reviewing the position is provided by the issue, 
about this time each year, of Lloyds’ Register Book, 
which contains, in addition to particulars of each 
individual vessel, a wealth of statistical data on 
shipping matters. A complete analysis of these 
data and a comparison with those for previous 
years, would enable the present position to be 
appraised with reasonable accuracy, and would 
also provide the best possible information upon 
which to base a forecast of the future trend of the 
shipping industry. The task, however, would be 
one of considerable magnitude, and the space at 
our disposal is only sufficient for the presentation 
of such features as are evident from a more cursory 
examination of the figures. 

One noticeable feature of the statistical tables 
accompanying the current issue of the Register 
Book, is that there has been an actual decrease of 
upwards of 1,000,000 tons in the total merchant 
shipping owned in all parts of the world since the 
previous edition was issued a year ago. This is 
doubtless due to the circumstance that the pre- 
vailing low freights have caused shipowners to 
dispose of large quantities of inefficient tonnage for 
breaking up, and the continued general depression 
of the shipping industry has delayed the construc- 
tion of tonnage for replacement purposes. A year 
ago, the world’s total of merchant shipping was 
65,166,238 tons, while the corresponding figure for 
June of this year is 64,023,567 tons. The total for 
steamers and motor ships alone has declined during 
the year from 62,335,373 tons to 61,514,140 tons, 
the difference of 821,233 tons being a reduction of 
1-32 per cent. 

For Great Britain and Ireland, the total tonnage 
is now 19,105,838, of which 18,954,158 tons 
are steamers and motor ships, while the figures for 


June of last year were :—Total tonnage, 19,281,549, — 


and steamers and motor ships, 19,115,178 tons. 
The reduction in the latter class of vessels thus 
amounts to 161,020 tons. Most other countries 
show similar reductions in the total tonnage owned, 
although Germany and Japan are notable exceptions 
to this rule. German merchant tonnage has in- 
creased by 363,598 tons (14 per cent.) during the 
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year, the figures being 2,590,073 tons a year ago, and 
2,953,671 tons at the present time. For Japan, the 
current figure is 3,842,707 tons, while that for June, 
1923, was 3,604,147 tons, the increase of 238,560 
tons, in this case, amounting to 6-6 per cent. A 
considerable reduction in the sea-going tonnage 
of the United States has also to be recorded, the 
current figure of 13,530,544 tons being 1,066,491 
tons (7-3 per cent.) lower than that for a year ago, 
while for France and Italy the reductions amount 
to 239,011 tons and 201,530 tons, respectively. It 
should be stated, however, that about one-third of 
the reduction in tonnage mentioned in the case of 
the United States is accounted for by the with- 
drawal from the new Register Book of Government 
vessels not used for mercantile purposes. 

There are still, it appears, about 1,500,000 tons 
of wood and composite steamers in existence, 
but, in view of the low economic value of these 
vessels, a more accurate comparison of the relative 
positions of the world’s merchant fleets can be made 
by considering steamers and motor ships of steel 
and iron construction only. Of this class of ship- 
ping, the world’s total tonnage is now 57,530,000, 
as compared with 42,514,010 tons in June, 1914, 
the difference of 15,016,000 tons representing an 
increase of 35 per cent. for the decade. While the 
world’s tonnage has increased as stated, the tonnage 
now owned in Great Britain and Ireland is practi- 
cally the same as the figure for 1914. The British 
and Irish merchant tonnage of the class of ship- 
ping to which we are referring now amounts to 
18,917,000, and forms rather less than one-third 
of the world’s total in the same class, whereas in 
1914 it amounted to over 44 per cent. We still, 
of course, own the world’s largest merchant fleet, 
but are more closely followed by our rivals than 
was the case prior to the war. At that time, the 
second place was held by Germany with 5,098,000 
tons of iron and steel shipping, whereas the United 
States, which now comes second, has a sea-going 
merchant fleet of 11,823,000 tons and accounts for 
just over 20 per cent. of the world’s total. 

The other leading countries in order of magnitude 
of iron and steel tonnage owned are :—Japan 
(3,655,000 tons); France (3,193,000 tons); Ger- 
many (2,856,000 tons); Italy (2,676,000 tons) ; 
Holland (2,533,000 tons); and Norway (2,326,000 
tons). With the exception of Germany, all these 
countries have made material additions to their 
merchant fleets during the past decade, the largest 
increase having occurred in the case of Japan, which 
has added over 2,000,000 tons. The current German 
tonnage is now only 56 per cent. of the corresponding 
figure for 1914, although some indication of the 
extent of that country’s efforts to regain her pre- 
war position among the maritime nations is given 
by the fact that she has increased her iron and steel 
merchant shipping by 360,000 tons during the past 
year. It will thus be evident that the present 
German mercantile marine contains a large pro- 
portion of new tonnage, and since: the latter must 
be regarded as of relatively high efficiency, this 
fact should be considered in comparing the positions 
of different countries. Actually, of the present 
German tonnage, about 52 per cent. is less than 
five years old, and this proportion of new tonnage is 
greater than that of any other nation. In the case 
of Great Britain and Ireland, the proportion of new 
tonnage is only 26-1 per cent., a figure which is 
exceeded by those for Holland, Denmark, France, 
the United States and Norway. For Holland, 
Denmark and France, the proportions of new ton- 
nage are 36-8 per cent., 33-7 per cent., and 
32-28 per cent., respectively, while those for the 
United States and Norway are both just over 30 per 
cent, 

The development of the motor ship, to which 
we referred on page 52 ante when discussing current 
shipbuilding work, is still further illustrated by 
the data relating to existing vessels of this class 
which are now available. The new Register Book 
includes a total of 1,950 motor ships and sailing 
vessels fitted with auxiliary motors, and these 
vessels, having an aggregate tonnage of 1,975,798, 
account for 3-09 per cent. of the whole tonnage of 
the world. A year ago, the proportion was 2:56 
per cent., and in 1914 it was as low as 0-45 per 
cent., the tonnage of motor ships at that time 


amounting ‘to only 220,000. The relative import- chassis component parts, pressings are made in 


ance of other types of machinery can be gauged 
from the fact that nearly 80 per cent. of the total 
existing tonnage is propelled by reciprocating steam 
engines, and nearly 14 per cent. by steam turbines. 
In about 29 per cent. of the existing steam tonnage 
the boilers are fired by oil fuel, and this oil-fired 
tonnage now constitutes 26-79 per cent. of the 
whole world’s merchant shipping as compared with 
2-65 per cent. which was the corresponding figure 
for 1914. Oil is thus at present used for the 
propulsion of about 30° per cent. of the world’s 
shipping, and as the proportion of sailing tonnage 
is approximately 4 per cent., it will be seen that 
coal is only required for slightly less than two-thirds 
of the total tonnage. Ten years ago, when sailing 
ships accounted for about 8 per cent. of the total 
tonnage, the proportion of vessels employing coal 
for fuel was just under 89 per cent., while oil fuel 
was only used on the remaining 3 per cent. 

Many other interesting and important facts could 
be obtained, either directly or by analysis, from 
the valuable tables in the Register Book, and to 
one of these, which may be taken as an indication 
of the general effect of the war upon the develop- 
ment of merchant shipping, we propose to refer in 
conclusion. From a table showing the total tonnage 
owned by all countries of the world for the past 
35 years, it appears that during the three consecutive 
decennial periods commencing in 1894 and termi- 
nating at the present time, the world’s tonnage has 
increased by 10,052,000 tons, 14,106,000 tons and 
14,639,000 tons respectively. The increase amounts 
to practically 40 per cent. for the first two decades, 
but was slightly less than 30 per cent. for the last 
decade. Had it not been for the advent of the 
war, which was, of course, included in the last 
period, it seems probable that the percentage in- 
crease in tonnage between 1914 and 1924 would 
have been, at all events approximately, equal to that 
of the two previous decennial periods, and that some 
69,000,000 tons of shipping would now be normally 
engaged in carrying the world’s commerce. Actually, 
as is well known, the 64,000,000 tons now in existence 
is in excess of present requirements and a con- 
siderable proportion of it is consequently idle. 

Finally, we should mention that the tonnages 
quoted above are gross in all cases and the statistics, 
as usual, include all vessels of 100 gross tons and 
upwards. 


METALLURGY AT THE BRITISH 
EMPIRE EXHIBITION—V. 


One of the most prominent displays in the Palace 
of Engineering is that made by Messrs. Vickers 
Limited, and their associated companies. Their 
ferrous metallurgical exhibits, particularly as con- 
cerns their Sheffield works, in order to be fully 
representative, should have included whole series of 
armour plates, heavy gun component parts and 
projectiles of every calibre, in the manufacture of 
which the firm have specialised for many years 
past. Most of these, however, are of such great 
size and weight that it was found impossible to 
arrange on the stand a comprehensive selection. 
For this reason, also in consequence of transport 
difficulties and insufficient lifting gear at Wembley, 
Messrs. Vickers’ exhibits of ferrous-metallurgical 
products have in the main been limited to other 
specialities of theirs, chiefly to those manufactured 
by them for general engineering purposes. 

These are in great variety, and taking first for our 
brief review the products of their steel-pressings 
department we may mention several chassis side 
frames of high tensile, nickel steel, including one 
25 ft. 6 in. and one 27 ft. 9 in. in length, a com- 
pletely riveted-up chassis frame for a motor car, 
a variety of cross members for motor-car frames, 
a patented gear-case for a tramway car, concrete 
slab moulds, &c. This department, originally 
intended for the manufacture of underframes for 
all types of vehicles, has since extended its activities 
to various classes of pressings and sheet-metal work. 
The plant is capable of dealing with motor-vehicle 
underframes up to 28 ft. in length, in 3-in. thick 
high tensile steel, and some of the largest commercial 
vehicle underframes used in this country have been 
manufactured by Messrs. Vickers. In addition to 


either mild, 3 per cent. nickel, high carbon, bullet 
proof or rustless steel, or in aluminium or duralumin. 
The firm have also specialised in the manufacture of 
discs and rings of special alloy steels for the textile 
and other industries. Near the display of pressed 
work is a small selection of their “‘ Vikro ” castings. 
This is a special alloy remarkable for its great 
resistance to scaling and oxidation at high tem- 
peratures, and for the much greater strength it 
possesses over ordinary steel in the red hot state. 
The first cost is comparatively high, but this is 
fully justified when considering the greatly increased 
life in good working condition of the part when 
made of “* Vikro.”’ 

Laminated springs for motor cars, motor lorries _ 
and railway vehicles, and helical and volute springs 
are also a feature of Messrs. Vickers’ stand. The 
manufacture of springs was started by them im- 
mediately after the war, and the demand for their 
springs soon developed to such an extent that 
they had greatly to extend the original plant they 
put down for their manufacture. In this connection, 
Messrs. Vickers state that their success in this 
branch is due in a large measure to the active co- 
operation of the staff of their Research Department 
with the men in charge of the actual manufacture 
in their spring-making department. At the front 
of the stand can be seen a log band saw 39 ft. 6 in. 
long and 6 in. wide. Band saws are made 
by them in large numbers for cutting both metal 
and wood. An adjoining exhibit is a case con- 
taining fractured test specimens of ordinary carbon 
and special steels for all purposes, including aero- 
plane and motor car construction. In front of this 
is a case containing samples of files and hack saws, 
made at Messrs. Vickers’ Holme Lane Works. 
During the war these works were entirely devoted 
to the production of field-artillery shrapnel shell ; 
after the war the machines for this were disposed of 
and the works re-equipped completely for the new 
specialities. At the back of the stand are several 
bullet-proof steel plates which have been fired at 
with both British and foreign ammunition at close 
range ; as can be seen none of the rounds have 
penetrated the plates. Plates of this quality 
steel were made in large numbers during the war for 
protecting the side of tanks, armoured cars and for 
other war purposes. The mill in which they were 
produced now serves for the rolling of commercial 
sheets. 

An illustration of the very high quality of the 
steel made many years ago by Messrs. Vickers is 
afforded by their locomotive crank axles, one of 
which, situated on the stand, has been in constant 
service for 35 years on a locomotive of the New South 
Wales Railways, in which it had travelled 759,909 
miles before it was necessary to discard it, owing to a 
small surface crack which had developed in service. 
Straight railway axles are also shown, one of which 
has been bent double under test without showing 
any surface defects. 


The construction of guns, as is well known, 
necessitates,iamong other equipment, a most accurate 
machining plant, operating cutting tools which can 
be completely relied upon from beginning to end of 
a job—such, for example, as boring and rifling tools 
for gun tubes. A case on Messrs. Vickers’ stand 
contains specimens of their steel-cutting tools, 
including the famous “§.R” cutter, which revolu- 
tionised the speed of boring the whole length of 
long gun tubes and hollow shafts for marine engines. 
The speed and accuracy with which these cutters 
penetrate steel is remarkable ; from the point of 
view of speed alone they have in many instances 
curtailed the time taken for boring to a third that 
which formerly obtained when using ordinary drills. 
Cast cutters are also shown. 

During the war Messrs. Vickers put down at the 
special request of the Government a tube-making 
plant, since the authorities were experiencing much 
delay and difficulty in obtaining alloy steel tubes of 
the high quality and exceptional strength required 
for aeroplane building. So successful did these tubes 
prove in actual practice that Messrs. Vickers were 
requested to double their plant in order to meet the 
ever-increasing demands made by the Air Force 
towards the close of the war. This department, 
like many others which were specially set up for 
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war purposes, suffered a great reduction of orders} a varied exhibit ranging from coal specimens to 


after the armistice, when it became necessary to 
build up a business in tubes for other purposes. 
Tn this speciality also they have been successful, the 
high quality of their cold-drawn seamless steel tubes 
having acquired a world-wide reputation. Sections 
of tubes made by the firm form part of the 
display. 

One of the commercial steel products for which 
the firm have been known for as many as 60 years 
past, both at home, in the British colonies and 
dominions, and in foreign countries, are their steel 
railway tyres. Many foreign railways have generally 
required such tyres in their specifications and a 
number of foreign steel works have offered to 
supply, to the railway, tyres of their own manu- 
facture, of “bandages de qualité Vickers.” This 
testifies to the reputation the firm have acquired as 
makers of the highest grade of railway tyres obtain- 
able. Their ‘‘ Australia’ brand of tyres has been, 
and is still, recognised as the very best by the leading 
locomotive engineers on all the principal railways, 
who usually specify that their locomotives, more 
especially those required to deal with particularly 
heavy traffic, shall be fitted with tyres of Messrs. 
Vickers’ manufacture. Messrs. Vickers make these 
of any required diameter. The largest ring on the 
stand, having a diameter of 9 ft. 9 in., is not a railway 
tyre proper; its object is simply to illustrate the 
capacity of Messrs. Vickers’ tyre mills and to show 
that they are able to produce such rings when 
required for any special purposes. Near this large 
ring is a tyre forming the frame of a show-case in 
which are displayed various tyre sections rolled 
or different railways. 

The Drop Stampings Department is another 
important section of the firm’s Sheffield works. 
Messrs. Vickers were among the pioneers in the 
manufacture of forgings by drop stamping, and 
this department is the largest in the country for 
the class of work in which it specialises. The firm 
shows a number of drop forged crankshafts for 
internal combustion engines of all types, also axles 
for motor cars and commercial vehicles. In addition 
to these exhibits, there are two oil-well boring tools 
manufactured as drop forgings. A group of stainless 
iron, highly polished golf club heads, which are 
sure to find favour with many visitors, is also 
displayed. A very large roller bearing—the largest 
ever made—to an order for Messrs. The Chain 
Roller Bearing Co., Stockport, for paper machinery 
in Canada, can also be seen on the stand. Another 
exhibit, and one that will appeal to railway engineers, 
is the new design of axle-box for 10 and 12-ton 
wagons. 

Mining engineers, for their part, will be interested 
in the Vickers patent unbreakable winding drum, 
which is manufactured at the Barrow works. 
Two exhibits by these same works are those which 
we illustrate herewith: one is a main gear wheel 
for double-reduction gearing, and the other is two 
water-turbine rotors. The gear-wheel centre is of 
cast-iron in one piece. A heavy weldless, forged- 
steel rim is shrunk on the centre and secured to it 
by screwed steel pins. The steel of which the rim 
is made has a tensile strength of 34 tons per square 
inch. The teeth are of the double-helical, involute 
type of 1-in. normal pitch and 30 deg. helical angle ; 
they have been cut by the hobbing process on a 
special gear-hobbing machine. The wheel is capable 
of transmitting at total of 4,500 shaft horse-power 
when running at a speed of 90 r.p.m. The pitch- 
circle diameter of the wheel is 8 ft. 7} in., the total 
width of gear face being 39 in. The wheel weighs 
16tons. The water-turbine rotors are of the reaction 
type. Their steel plates are held in cast-iron hubs 
and rims. ‘They are to be installed in India to drive 
irrigation pumps. Operating as they will under a 
low head of 6 ft., the construction is light, although 
high efficiency and long life are guaranteed. We 
may here remark that Messrs. Vickers own a 
complete installation for the design and manufac- 
ture of water-turbine plant, an industry which had 
generally been comparatively neglected in this 
country up to the end of the war. They are success- 
fully developing this branch of their business. The 
gear wheel and the water-turbine rotors are illus- 
trated in the views, Figs. 2 and 3 herewith. 

Messrs. David Colville and Sons, Limited, Glas- 
gow, together with their associated companies, have 


finished iron and steel products in great variety. 
Their rail sections include the lightest for mines, 
quarries and contractors’ work to the heaviest, both 
flange and bull-head rails for main railways, and 
bridge rails for special purposes. They also 
manufacture steel sleepers for normal gauge and 
other gauges, and show samples of these complete 
with rails, clips and fishplates. A panel carries 
a large circular arch for mining work, inside which 
are placed other f\-shaped arches, the smallest, in 
the centre, representing a section of a mine gallery, 
with tub and rails in position. Glass cases contain 


a very large number of shipbuilding and structural 
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steel sections, test bends, flange rail joints with 
angle and with ordinary fishplates. The firm’s 
‘“Ducol”’ steel deserves special mention. It has 
the combined properties of high tensile and mild 
steels, having both strength and ductility. This 
steel has a breaking strength of 39 tons per sq. in., 
and elastic limit of 19°5 tons, with an elongation 
of 21 per cent. in 8 in. Three bent samples of this 
are shown, one being a flat bar 4 in. wide and weigh- 
ing 30 lb. per ft., the original length of which was 
14 ft., but doubled to and fro upon itself over the 
whole length, in the cold, the test showing the 
reliability of the metal at any part of the bar. 
The two other specimens are doubled up bars 3 in. 
and 5 in. wide. Messrs. Colville use this steel for 
all purposes where saving in weight together with 
retention of strength under adverse circumstances 


have to be met jointly, the steel finding current 
application in structural work, shipbuilding, marine- 
boiler work, where lightness, strength and reliability 
are primary conditions. The steel will stand any 
heat treatment to which other boiler steels are 
submitted. Cold twisted specimens of this same 
steel can also be seen on the stand. A joist made 
of “ Ducol”’ steel is shown. This has undergone a 
severe drop test ; a 1 ton weight has been dropped 
upon it four times from a height of 20 ft., in each 
case on the cold joist, on which can be seen the dents 
made by the weight, but no fracture of any kind, 
the joist remaining sound throughout. It would 
still have held in any structure of which it formed 
part. An ordinary steel joist would in all proba- 
bility have suffered far greater damage under 
similar test conditions. The joist has a tensile 
strength of 39:2 tons per sq. in., an elastic limit of 
20-2 tons and an elongation of 18 per cent. in 8 in. 
“Ducol”’ steel is a straight carbon steel, its prop- 
erties being the result of special treatment during 
the process of manufacture. Other samples of 
Messrs. Colville’s products are their “ free-cutting ” 
steel, or steel which can readily be machined ; 
corrugated bars for reinforced concrete work ;: 
“bamboo” and ‘‘ Milan ”’ steels ; horseshoe bars ; — 
pressings made of the firm’s steel sheets, including 
intricate specimens and a deep one of small 
diameter. A decorative panel consists of a steel 
sheet 9 ft. x 5 ft. ; steel sheets are rolled up to 20 
ft. on length, 6 ft. 4 in. in width, in thicknesses 
varying from # in. down to 28 G. One remark- 
able specimen is a mill-finished boiler-end plate 
13 ft. 8 in. in diameter and 4 in. thick, close to 
this are tube billets for solid drawn tubes, also 
several drawn tubes. The quality of the Colville 
steel is evidenced by a collapsed boiler furnace, a 
test in actual practice which will appeal to all 
boilermakers. A glass case contains the firm’s 
special alloy and tool steels, on which is placed a rivet 
snap which has closed as many as 31,754 rivets ; 
this has not been touched. up and is still in good con- 
dition. The stand also contains Clyde Alloy shear 
blades of large and small sizes, and of different shapes, 
a cast-steel gear wheel about 5 ft. 10 in. in diameter, 
and a length of a stud cable chain, the links being 
steel castings. The centre of the stand is occupied 
by a pyramid of heavy steel rolled blooms for forging 
work, the largest of which measures 36 in. square 
and 4 ft. 6 in. long. The exhibit also includes the 
model of a pit-head frame complete. The concern 
own the only anthracite mine in Scotland, and show 
a block of anthracite, anthracite nuts and other 
qualities of their coal, together with specimens 
of their patent fuel. The companies associated 
with Messrs. David Colville are the Clyde Alloy’ 
Steel Co., Limited, Messrs. Smith and McLean, 
Limited, the Murdostoun Colliery Company, Limited, 
Messrs. Russell, Archibald, Limited, the Polmaise 
Patent Fuel Company, Limited, and the Carnlough 
Lime Company, Limited. 

The Earl of Dudley’s Round Oak Works, Limited, 
Brierley Hill Staffordshire, have a display of iron 
mooring chains and links, including a square link 
weighing 54. cwt. The chains and links have been 
tested to 400 tons. A 77 ewt. stockless anchor, — 
sections of structural steel, test specimens, and iron 
castings for motor-car cylinders are also shown. 


THE NATIONAL PHYSICAL 
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(Concluded from page 6.) 


Direct Current and Cables.—Cable research is 
being continued on behalf of the British Electrical 
Research Association, with special regard to the 
influence of high temperatures (studied in stoves) 
and of water (studied in a trough of 80 ft. length), 
and also on the resistance of porcelain at high 
temperatures. Determinations of the current-rating 
of cables and of bus-bars (copper and aluminium) 
go together with this work. The department is also 
testing the corrodibility of resistance heater coils 
and their bases under severe conditions, in stoves in 
which they are exposed to sprays of salt, acid, &c. ; 
similar duration tests are applied to rustless steels. 
The use of a large-size thermionic valve as a resis- 
tance on high-tension circuits is novel; the point 
is that the resistance can be changed continuously, 
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and not only in steps, simply by changing the 
filament current. 

Photometry Division. —The Heterochromatic 
Photometry Sub-Committee, appointed at Paris 
in 1921, on which Dr. Rayner and Mr. J. W. T. 
Walsh represent the Laboratory, will report to the 
International Commission which is to meet in 
Geneva at the end of this month. The object is 
to develop a furnace capable of serving as a primary 
standard of radiation up to the highest temperatures. 
If the experimenter can keep a black-body furnace 
at any definite temperature, and get a colour match 
of the furnace against a tungsten lamp, then he 
ean use the lamp as a high-temperature pyrometer. 
The lamp current is varied until the colours of the 
furnace and the filament are identical, and luminous 
efficiency (watts per candle) can thus be correlated 
to colour temperature. More has been done in 
America in this field than over here. The work 
on motor-car headlights is creeping on, without 
bringing any decision tangibly nearer. As regards 
ships’ lights, the Laboratory supplies standards of 
coloured glasses to the Board of Trade. Simple 
transmission tests, based upon the glass thickness, 
are not possible with red glasses, because they are 
“flashed,” but members of the Laboratory are 
enabled to make their selection of suitable portions 
of the glass at Messrs. Chance Brothers’ works ; 
green glasses, which are through-coloured, allow of 
adjustment to other thicknesses. The general work 
on illumination and on the daylight factor has been 
noticed in our columns on other occasions. 

Metrology Department—The Metrology Depart- 
ment is the only one which has reduced its staff, 
the reduction being from 77 to 71, due to the 


falling off in routine glass and hydrometer testing. 
There was also a reduction in the numbers of end 
gauges tested, though there was more demand for 
the testing of cylindrical and screw gauges. ‘The 
discrepancy between the Laboratory and the 
Bureau International des Poids et Mesures at 
Sevres as to the length of the metre bar has 
been partly cleared up; but there remains a 
slight difference, and it looks as if the old metre 
bar N = 16 (of nickel) of the Laboratory, which had 
been accepted as principal reference standard, had 
undergone some change. One possible source of 
error is the “asymmetry” of most observers, to 
meet which observations are taken at the Labora- 
tory with the observer standing first in front, and 
then behind the comparator. But the opinion 
seems to gain more and more favour that mass 
standards are not really reliable, and that the 
wave-length will have to be adopted as the ultimate 
standard of length. In other respects, the work of 
the department on line and end measures, tapes 
and wires, has not given any trouble. The con- 
stants of the formula for the compression of steel 
balls which we gave last year, has been slightly 


rN tee 
corrected into: compression = 0-000028 p* ( 5 ) 3 in., 


where compression is the mutual approach of the 
flat measuring faces after they have just made 
contact with the ball on each side, p the pressure 
in Ib., and d the diameter in inches. 

The interferometer method of measuring the 
length of gauges which we described two years 
ago, is in regular use. The calibration of the 3-in. 
by 12-in. pitch measuring machine, also described 
in that year, has been completed. Developments of 
other measuring machines have béen noticed in con- 
nection with the British Empire Exhibition. The 
gear-measuring machine, which we illustrated. last 
year, is doing all it promised and has also been utilised 
for the measurement of a set of Johansson angle 
slip gauges, previously carried out by means of the 
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spectrometer ; the probable error of the machine 
did not amount to more than 2 seconds of arc. With 
the aid of the modified Blythwood ruling engine 
(noticed last year) and a new double pawl, gratings 
are now ruled with 28,800 lines to the inch. 

The graticule of Mr. Stott for reading telescopes, 
which we illustrate in Fig. 1, enables a fractional 
reading to be taken directly without the aid of 
a micrometer eyepiece. The wedge of 20 con- 
vergent lines, 25 mm. in length, has a width of 
4 mm. at the right-hand end and of 2 mm. on 
the left. The graticule is mounted in the focal 
plane of the objective in which it can be traversed 
horizontally and vertically. When the adjustment 
has been made so that the graticule appears in the 
field of view between two scale divisions as in 
our diagram, a reading can be taken at a glance. 

We finally mention a report on the expansion of 
concrete, presented to the Engineering Research 
Board, but not yet published. It will be of great 
interest to engineers. Concretes have been studied 
for two years, indoors and out-of-doors, at ordinary 
temperatures and at 34 deg. C. The thermal 
coefficients are of the order of that of steel, but 
there is a tendency to contraction in-doors and 
seasonal variations are observed out-of-doors. The 
final results of age, generally an increase in length, 
are most marked on fully-exposed blocks. 


LETTERS TO THE EDITOR. 


METHOD OF DETERMINING THE CLEAR.- 
ANCE OF INTERNAL COMBUSTION AND 
STEAM ENGINES. 

To THE Epiror oF ENGINEERING. 
Str,—The usyal method for approximating the 
clearance of an internal combustion engine cylinder is 
based on the assumption that the average exponent for 
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the compression line of the indicator diagram is, say, 
n = 1-3. Then, according to Fig. 1 
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In commercial tests of internal combustion engines, 
the clearance volume is usually calculated by this 
method (see W. A. Tookey, Commercial Tests of 
Internal Combustion Engines, Proceedings of the 
Institution of Mechanical Engineers, January, 1914, 
page 15). Clayton (A New Analysis of the Cylinder 
Performance of Reciprocating Engines, Bulletin No. 58, 
University of Illinois Engineering Experiment Station, 
1912), bases his approximation on the assumption that 
nis a constant during the compression period, rather than 


assigning a specific average value to it. He assumes 
different values of clearance and plots the logarithmic 
diagram for each assumed value. The one which gives 
a straight line in the logarithmic chart is supposed to 
represent the true clearance. The analytical method of 
W. Inchley (The Theory of Heat Engines, 1913, page 
294) and that of A. H. Stuart (ENGINEERING, June 11, 
1920, page 782) are based on the same assumption, 
only “cut and try ”’ is eliminated. 


Fig. 3, 
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In cases where » is a constant through or over a 
portion of the compression line, the clearance volume 
can be ascertained with less effort in the following 
way: 

Plot the ” line, as shown in Fig. 2, by drawing 

n 
tangents (preferably with a mirror rule*) to the 
compression line and determining the projections 
thereof. If n is constant, the line obtained will be a 
straight line. In this case the continuation of the 
straight line intersects the zero pressure line just at 
the zero volume point, indicating the correct clearance, 


In certain cases the ” line will not result in a 
n 
If a 


section of the ” line is straight (as in Fig. 3) the con- 
n 


tinuation of this straight portion will determine the 


straight line, indicating that n is not constant. 


true clearance. If the line has no straight portion, 
n 


it is advisable to use equation (1) for the approxima- 
tion of clearance. The constructions shown in Figs. 2 
and 3 can also be applied to determine clearance of 
steam engines, only it is preferable to base it on the 
expansion line instead of the compression line, because 
the compression line here is usually too short. 

Proof of the construction in Fig. 2 is as follows :— 


pv" = const. 
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dv v 
In Fig. 2 
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When y = 0, v = 0, corresponding to the point of zero 
volume. 
Yours truly, 
P. H. ScHWEITZER, 
Assistant Professor of Engineering Research. 
The Pennsylvania State College, Pa. 
June 6, 1924. 


THE STANDARDISATION OF BOILER 


TESTING. 
To THE Epiror oF ENGINEERING. 

Simr,—It was with interest that I read the leading 
article dealing with ‘“‘ The Standardisation of Boiler 
Testing’ in the issue of ENGINEERING, published on 
July 11, and if I may be allowed to encroach on your 
valuable space, I should like to add a few remarks 
on the subject. 

The work of the Committee at present undertaking 
the revision of the Heat Engine and Boiler Trials Code, 
which was recommended by the Institution of Civil 
Engineers in 1913 is being anxiously watched by all 
engineers interested in steam generation. Indeed, the 
matter is one of first importance to boiler manufac- 
turers, engine manufacturers and power station 
engineers alike, and in view of the urgent necessity of a 
practicable standard code, it is hoped that the publi- 
cation of the recommendations of the present Com- 
mittee will not be unduly delayed. 


* See Power, April 10, 1924, p. 554. 
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In the past, one of the most contentious points in 
calculating the efficiency of a boiler has been the correct 
determination of the calorific value of the fuel. Accord- 
ing to the 1913 Code, the calorific value may be given 
as follows :— 

1. The gross calorific value of the sample of fuel as 
fired should be determined in a compressed oxygen 
bomb-calorimeter, all the products of combustion being 
taken as cooled down to 60 deg. F. 

2. The net calorific value used for calculating the 
boiler efficiency will be the gross value less the latent 
heat (reckoned at 1,055 B.Th.U. per Ib.) of water 
condensed from the products of combustion by cooling 
to 60 deg. F., and can be found by the following for- 
mula :— 


Net calorific value = gross calorific value per lb. 


per lb. of coal of coal — 1,055 (Ibs. 
moisture + 9 x lbs. hy- 
drogen). 


The recommendation in the 1913 Code that the net 
(or lower) calorific value should be adopted has led to 
considerable confusion, and it is gratifying to know that 
the present Committee now propose to adopt the gross 
(or higher) calorific value. It is hoped that the Com- 
mittee’s recommendations will be quite definite on this 
point. 

The calorific value as determined in the bomb 
calorimeter is, of course, the gross calorific value “* as 
dried,”’ and in order to obtain the gross calorific value 
‘as fired,” it is customary to correct for the per- 
centage moisture as found in drying a sample in a 
drying oven. 7.e., 


Gross calorific value = Gross calorific value x 
‘* as fired ’’ ““as dried ”’ 


100 — per cent. moisture 
100 


No doubt the Committee will deal with this moisture 
question in their revised Code, but it certainly seemed 
significant that the matter was not touched upon at 
their meeting on the 38rd _ inst. 

The recommendations on the determination of the 
calorific value of fuel will have far-reaching effects 
beyond the actual carrying out of boiler trials. In 
fact, it is hoped they may form a satisfactory basis for 
the calculation of the overall thermal efficiency of power 
stations. At present the returns of the various elec- 
tricity undertakings to the Electricity Commissioners 
are not comparable, owing to the fact that the calorific 
values are not given on the same basis in all cases. 
I believe a few of the larger undertakings have agreed 
to adopt the gross calorific value “as fired,” but there 
is little doubt that others use the lower calorific value 
in some form or other, thereby showing a relatively 
higher overall thermal efficiency. 

July 14, 1924. 


“THERMAL.” 


To THE Eprror or ENGINEERING. 

Sir,—As you have given in your issue of July 11 
last a very considerable editorial space to the question 
of a revised code for Boiler Plant Testing, expecially 
the history of the subject, and the work of the joint 
committee of nine engineering societies, which we are 
given to understand has been considering this question 
since September, 1922, I want to know, if in fairness, 
you will allow me space in your columns to make 
some comments on this question, whilst apologising for 
the length I am asking. 

I should like to give for the first time in public 
some facts relating to the revision of the Institution of 
Civil Engineers’ Boiler Test Code. As is well-known I 
have carried out hundreds of boiler tests since about 
1908, and have published the detailed results of about 
300 different boiler plants and the average figures for 
400. During this long experience, under all kinds of 
conditions, I gradually built up for myself a practical 
code, and finally in 1921 I offered a detailed paper to 
one of the most prominent enyineering societies (not 
the ‘Civils’?) on the subject, containing the full 
details of a suggested International Code. I was then 
told I must not criticise the Institution of Civil En- 
gineers, but must re-write the paper leaving out entirely 
their name. Accordingly I did so, and then after 
much further delay and waste of time, the paper was 
refused, no reason being given. Accordingly I enlarged 
this paper into my book, “‘ Boiler Plant ‘Testing,’ which 
appeared in March, 1922, and incidentally I took the 
opportunity to say exactly what I liked about the 
‘Civils ’? Code with the name all complete. Further, 
I gave a vaper on this subject of an International Code 
before the Congress du Chauffage Industrial, in Paris, 
July, 1923, although the present World Power Con- 
ference refused to accept a paper from me on the subject. 
Now until this book of mine appeared hardly a single 
word had been said in public against the 1913 Civils 
Code, although of course every practical man simply 
ignored it as hopeless. I state, as a simple matter of 
elementary fact, that it is due entirely to my publica- 
tions and original work that the Civils Code has now 


been widely recognised to be such a disgrace that the 
present committee was mysteriously appointed in 
September, 1922. 

By what right the 36 members of this joint com- 
mittee usurp the authority to speak for British en- 
gineering on the intricate subject of Boiler Plant 
Testing is not clear, like many more things in the 
history of scientific societies. In the first place some 
of the Institutions represented have little standing in 
the matter, whilst one of the most important, the 
Institution of Chemical Engineers, has been left out. 

I am not acquainted with the names of all the 36 
members who are on this Committee, but of those I 
do know three or four are no more competent to give 
an opinion of value on boiler plant testing than hundreds 
of other engineers. As far as I am concerned it will 
not be much of a boast to say I have had more real 
practical experience of this subject than all the Civils 
Code Committee of 1913 put together. How any 
group of engineers could have produced such utter 
bosh, including the sampling of flue gases over mercury, 
the pulling down of the main steam pipes to put in 
antiquated so-called driers, the lower heat value for the 
coal, the determination of the level of each fire with 
a huge steel poker cut into inch notches, together with, 
in the middle of all this mess, the solemn reading of 
the barometer, presumably to two places of decimals, 
is beyond comprehension. I defy the 16 members of 
this 1913 committee to carry out an 8-hour test on an 
average medium-sized boiler plant, according to their 
own code, even if they took a month over the job. 
The point is, are the present Committee any better ? 
There are in Great Britain a limited number of men, 
probably at the most two or three dozen, who have 
a profound knowledge and experience of boiler plant 
testing. They are to be found in the ranks of several 
water-tube boiler and mechanical stoker firms, con- 
sulting engineers, insurance companies, and in a 
limited number of power stations and large industrial 
plants. These are obviously the men who should be 
entrusted with drawing up a proper code. 

With regard to the recommendation of this Com- 
mittee, the mountain has, we understand, now been 
in labour for nearly two years, and the resulting 
mice include the proposed adoption of the higher 
calorific value for the fuel and the abolition of the 
expression ‘‘ boiler horse-power’’(!). I may say, 
incidentally that I introduced about 1910, the term 
“from and at 212 deg. F. per 1,000,000 B.Th.U.” as 
an improvement of the stupid phrase “from and at 
212 deg. F.,”’ and the necessity for the use of the higher 
heat value is described in detail in my book, published 
months before the Committee was appointed, whilst, 
of course, every practical man has used this method 
for years. 

I see also the Committee seem to be still footling 
about with the question of condemning steam meters 
and water meters, most of which are in practice much 
more accurate than clumsy weighing. I have never 
been able to understand why a number of makers of 
these instruments, who have had years of experience 
in the business, and, for example, received certificates 
of accuracy from the National Physical Laboratory, 
should continue to take lying down pompous state- 
ments of this character from people who obviously 
know little or nothing about the subject. 

Yours, 
Davin BROWNLIE. 
46, Grange-road, Ealing, London, W. 5, 
July 14, 1924. 


WATERLOO BRIDGE. 
To run Eprror or ENGINEERING. 

Sir,—What shall be the fate of Waterloo Bridge ? 
But for the present determination of the L.C.C. about 
which no uncertainty is permitted, the whole matter is 
in a state of confusion. It has been proposed :— 

1. To leave the bridge as it is—but for work of 
restoration. 2. To dismantle and rebuild the bridge of 
similar appearance, but of greater width. 3. Toretain 
the major part of the present bridge as at present, but 
to throw the two faulty arches into one—with wide 
abutment piers. 4. To build a steel arch bridge of say, 
three spans, of width sufficient to accommodate 
tramways. 

It is also proposed to build a supplementary bridge a 
little lower down the river. 

The cost of these schemes would probably vary from 
say, 200,000/. to 1,500,0007. in the order I, 3, 2) 4. 

The first is ruled out at present on the advice of the 
L.C.C. officers and consultants. The second now 
holds the field, having been provisionally accepted by 
the L.C.C. The third has advantages but has not been 
publicly discussed, and the fourth is in much the same 
position. 

“Tn a multitude of counsellors there is wisdom.” 
It may be so, but has the wisdom been located? The 
Council as the responsible body has no choice but to 
accept the advice of its experts, and any person who 


ventures to question the wisdom of decisions reached, 
adopts an attitude, the implications of which are 
not favourable to opinions of his modesty. I am 
aware of this, and yet question if the right thing 
with respect to reconstruction is about to he done. 
The bridge if rebuilt with deep foundations should 
last many centuries longer than the River Authority 
may be content to put up with it. That there 
are defects in the existing bridge other than those 
clearly visible is in no sense surprising after 100 years of 
life. Sinking of the fourth pier (from the Surrey side) 
has been manifest for some 50 years and clearly must 
be adequately dealt with, as also that of its neighbours, 
but to pul] down the whole bridge because of this is a 
very drastic proceeding. For no better reason London 
Bridge should he displaced, for that has been ‘‘ down ” 
near a foot on the down stream side since within a 
year or two of the time it was built. The Pont de 
Neuilly, on the outskirts of Paris, of somewhat larger 
spans than those at Waterloo, founded in much the 
same manner, has been standing since 1772, some 
fifty years longer than Waterloo Bridge, though 
freedom from tidal scour, it is true, places that bridge 
in a much better position. The incidence of moving 
loads on a heavy masonry structure may be a relatively 
small matter, as affecting its well being. In the case 
of Waterloo Bridge these loads are but 1} per cent. 
ot the total load at the pier base, or about 3 per cent. 
of the load carried by an arch. “‘ Impact ”’ which in a 
steel bridge of like span carrying steam locomotives 
may be that due to a live load much greater than 
the bridges weight, is in a structure of such great 
mass under road traffic practically negligible. 

I make no apology for expressing views, which if 
not acceptable, damage no-one other than perhaps by 
recoil upon myself. 

Yours truly, 
W. H. THorpe. 
12, Buckingham-street, Strand, London, W.C.2 
July 10, 1924. 


THE FUEL RESOURCES OF CANADA. 
To THE EprrorR or ENGINEERING. 

Srtr,—I desire to direct your attention to certain 
errors in your report of my remarks made at two of 
the Sessions held in connection with the World Power 
Conference at Wembley. The report to which I refer 
is contained in your Journal of July 11 (“‘ Proceedings 
of the First World Power Conference ’’). 

On page 38, bottom of column 3, your journal 
quotes me as saying : 

1. ‘That the Canadian oilfields were threatening 
depletion and Canada wanted coal oils.” 

2. “Domestic fuel was a principal requisite in 
Ontario, and for their railway lines of 3,000 miles they 
could not but import anthracite.” 

3. ‘‘ Their own coal was very friable, but the Fuel 
Board had erected large coke ovens and they wanted 
to produce fuel oils.” 

Again, on page 39, second column, second paragraph, 
from bottom, you report me as saying: “‘ Mr. Haanel 
referred to the noteworthy work done in Canada 
where Messrs. Peco. Limited had perfected the 
Ekenburg process.” 

Taking these in their order, what I did say was : 

1. That processes for heat treating fuels in general 
which might be eminently successful in one country 
might be entirely uneconomic when applied to the 
fuels of another country where conditions were entirely 
different; that each country had its own individual 
problems, therefore I did not desire the impression to 
go abroad that any carbonisation process which might 
be utilised successfully in Great Britain and on the 
European Continent could be utilised with equal 
successin countriessuchasCanada. Inthisconnection, 
I stated that Canada did not possess at present any 
extensive oilfields; that the oilfield in Ontario of 
limited extent was approaching depletion and that any 
method, therefore, which could successfully convert, 
partially, solid fuels into oils suitable for motor and 
other purposes would be of great importance to 
Canada. 

As in my paper, which was so excellently epitomised 
in your journal, I emphasised the fact that if motor 
oils could not be supplied regularly and in increasing 
yuantities, the result, so far as the extensive motor 
manufacturing industries and those dependent on them 
are concerned, would be of a most serious nature. 

2. L said, further, that the Provinces of Ontario and 
Quebec have no economic coal measures, and were too 
remote from the Western coalfields to take advantage 
of the immense coal resources there, that is, at present. 
Therefore, the principal consideration in this, the 
most highly industrialised and populous section of the 
Dominion, was an assured supply of a domestic fuel 
and a fuel for power purposes. This section of Canada, 
I pointed out, while it did not possess coal measures, 
did have enormous areas of peat suitable for the 
manufacture of a domestic and, for some purposes, 
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an industrial fuel, strategically situated with respect 
to manufacturing centres, inhabited communities and 
transportation facilities, and in order to ascertain 
whether this low grade fuel could be economically 
manufactured into a domestic fuel the Dominion 
Government and the Governmnet of the Province of 
Ontario jointly appointed a Peat Committee, of which 
I am a member and Honorary secretary, to conduct 
an exhaustive investigation concerning ways and 
means for developing these large peat areas. I said 
that, as a result of five years’ work, we had succeeded 
in developing machinery which reduced manual labour, 
it was necessary to employ, to a minimum and made 
possible the manufacture of peat fuel on a commercial 
basis at a cost of $3-50 per ton of 30 per cent. 
moisture, peat fuel F.O.B. cars plant siding. 

Regarding coal, I made the statement that the 
Dominion Fuel Board, of which I am a member, 
engaged an expert engineer to conduct an investigation, 
the objective of which was to ascertain the feasibility 
of establishing by-product recovery coke oven plants 
at strategic points in the provinces of Ontario and 
Quebec, for the manufacture of a domestic fuel to 
replace anthracite now imported, and a domestic gas 
equal, if not superior, to the retort gas now manufac- 
tured, such plants to be operated on Canadian coals 
as far as possible. I pointed out that, if such plants 
were erected the quantity of anthracite now annually 
imported for domestic use, and also the high-grade 
gas coals which are imported from outside sources, 
and amount annually to 650,000 short tons, would be 
materially reduced. 

The railways of Canada do not burn anthracite coal. 
In this connection I pointed out that the railways of 
Canada depended very largely upon imported steam 
coals for operating their locomotives in the Provinces 
of Ontario and Quebec, and in those traversing the 
Prairie Provinces where lignitic coals abound. I drew 
attention to the great economies which might be 
effected if it were found possible to economically burn 
the low-grade coals of these sections in the locomotives 
in the powdered form, and said that the Dominion 
Fuel Board was now undertaking an investigation to 
ascertain the value which such method for burning 
coal would be to our railways. 

3. This item is partially explained above. I may, 
however, add that I made the statement that Canadian 
lignites disintegrated on exposure to the weather, 
finally passing into a finely divided state, and since 
this was the natural state into which they passed, 
after being mined, it would appear that the proper 
manner for burning them would be in the powdered 
form. 

I wish to state emphatically that the Canadian 
Government and the Dominion Fuel Board are not 
erecting coke ovens or any other industrial plants. 
The function of the Dominion Fuel Board and other 
Boards, of a similar character, appointed by the 
Dominion Government is merely that of conducting 
nvestigations and educational campaigns. 

Re Peat.—In regard to my remarks on Professor 
Purcell’s paper, | made the statement that Professor 
Purcell was performing for the British Fuel Research 
Board investigations similar to those which I am 
conducting for the Canadian Department of Mines, 
and that I most emphatically endorsed his opinion 
“that the only economic process known to-day for 
manufacturing peat fuel is ‘ the air-dried machine peat 
process’”? I remarked that the Ekenburg process, 
on which several millions had been expended in this 
country, had proved a failure, and that although the 
Peco, Limited, were attempting to improve that process 
I, personally, was of the opinion that they had no 
chance ef developing an economic process. Messrs. 
Peco, Limited, so far as I know, never attempted any 
work in Canada in connection with peat. 

Will you, Sir, be good enough to carefully note my 
comments and make the necessary corrections at the 
earliest date possible. 

Yours faithfully, 
B. F. HAANEL. 
e./o. The High Commissioner for Canada, Kinnaird 
House, Pall Mall, 8.W. 1. 
July 13, 1924. 


Tue Society or Moror MANUFACTURERS AND 
Travers, Limiren.—On account of lack of support, 
this society has decided to abandon the tractor trials 
which were to have been held during September, at 
Harmondsworth. 


Tur InstITUTE oF Cost AND WorKS ACCOUNTANTS.— 
The Fifth Annual Dinner of this Institute will take 
place on Thursday, the 24th inst., at 7 p.m. for 7.30 
p.m. The costing conference will be held on Friday, 
the 25th inst., the morning session at 11, when the 
subject will be “‘ Administration and Selling Costs, their 
Nature and Distribution”’; the afternoon session at 
2.45, the subject being “The Function of Costing in 
Industrial Relations.” Both the dinner and conference 
will be held at the Connaught Rooms, Great Queen Street, 
W.C., and Viscount Leverhulme will preside. 


INDUSTRIAL NOTES, 


THE Miners’ Federation of Great Britain, at their 
meeting in Swansea last week, passed unanimously a 
resolution instructing the Executive to continue to press 
for membership of the Federation being a condition 
of employment at the collieries. Another resolution 
was passed stating that the time had arrived when a 
universal day wage should be established in all mines, 
also one asking the Executive to endeavour to have a 
Commission set up by Government to inquire into 
safety appliances in mines. Mr. Robert Smillie, M.P., 
moved ‘‘ That the Conference reaffirms the principle 
that nothing short of the nationalisation of mines 
and minerals of this country will be a satisfactory 
solution of the mining problem, and requests the 
Executive to take every means possible to further 
this principle and to have it placed upon the Statute 
Book.’’ This resolution was accepted, also one to 
the effect that the Federation take definite steps to 
secure a fortnight’s annual holiday with pay for all 
workmen engaged in and about the coal mines. A 
resolution moving that the time was opportune to 
seek an amendment of the Mines Seven Hours Act 
without any reduction in wages was carried, also one 
for establishing a five-day working week. A resolu- 
tion calling upon the General Council of the Trades 
Union Congress to convene a National Congress to 
consider the fixing of a minimum wage for all workers, 
sufficient to bring them above the poverty line as 
laid down by Sir Leo Chiozza Money was adopted 
without discussion. 

At the concluding sitting a resolution was passed 
expressing the disappointment of the Conference with 
the Workmen’s Compensation Act, 1923. The mover 
said they had hoped that the Act would have swept 
away many of the injustices and anomalies of the 
old compensation law, but with the exception of the 
higher payment in cases of fatal accidents the new 
Act was reactionary rather than progressive. It was 
urged that the compensation to be paid should be 
equal to a man’s full wage, because if there was a time 
when a man needed the money it was when he was 
disabled by an accident. The Executive were in- 
structed to formulate a scheme of superannuation for 
all miners on attaining the age of 60, the cost of the 
scheme to be a charge on the industry. The scheme, 
it was urged, would result in occupation being found 
for youth’s leaving school, enabling them to earn 
money to help their parents at home. 

At a private meeting it was proposed that steps be 
taken to form an alliance with the National Union of 
Railwaymen, the Transport Workers’ Federation, and 
any other union where practicable. This point is to 
be considered further by the Executive, and will be 
gone into at the Trades Union Congress at Hull, in 
September. 


The National Union of Railwaymen continued their 
sitting last week at York and passed the following 
resolution :—‘‘ This Congress endorses. the action of 
the Executive Committee in placing upon the agenda 
of the forthcoming International Transport Workers’ 
Federation Conference at Hamburg, the resolution of 
protest against the general application of the terms 
of the Washington Hours Convention. We regret 
that no provision has been made to exclude railway- 
men from the application of the Hours of Employment 
Bill. We affirm that any attempt to enforce the con- 
ditions there laid down would meet with the united 
resistance of members of the National Union of Rail- 
waymen, inasmuch as they would take away the 
guaranteed day and guaranteed week, independent of 
Sunday working, and also the concession of each day 
standing by itself for the purpose of calculating over- 
time.” A further motion was: ‘‘ That this Congress, 
having reviewed the working of the railways since the 
grouping into four companies, welcomes the same as 
a step towards the complete unification of the railway 
under national ownership and joint control by railway 
workers.” It was referred back to the Standing Orders 
Committee for re-drafting. As re-drafted, the motion 
reads as follows:—‘‘ This Congress welcomes the 
grouping of the railway companies into four groups as 
a step in the right direction, and decides to call on the 
Executive of the Union to frame a Bill to be submitted 
to Parliament, having for its object the nationalisation 
and democratic contro] of the railways.” This was 
carried by a large majority. 

At the last sitting on the 12th inst., Mr, W. Dobbie, 
Labour Lord Mayor of York, was elected president of 
the National Union of Railwaymen, to succeed Mr. J. 
Marchbank, who held the office for three successive 
years. Mr. C. T. Cramp, the industrial secretary of the 
Union, stated that in a week or two the Union would 
formulate a new national programme of wages; he did 
not know what the programme would be because it 
would be framed by the rank and file through their 
elected representatives. He hoped that a part of 
the national programme would include pensions for all 


railwaymen. He added that if nothing occurred the 
Union would have a reserve fund of about 2,000,000/. 
by the end of the year. A recommendation of the 
Executive to the effect that the Union should affiliate 
to the National Transport Workers’ Federation on the 
basis of that section of the membership not covered by 
settlements made by the N.U.R., was adopted. This 
decision meant that the Union would affiliate on behalf 
of approximately 3,000 members, including coal tippers, 
trimmers, and railway dock workers coming under the 
Shaw Dockers’ Award. 


The building dispute remains unsettled. The 
employers’ Disputes’ Committee decided further to 
suspend the lock-out notices, owing to the delay in 
the publication of the Court of Enquiry’s findings. 
In the meantime, the men’s representatives are reported 
to have decided to demand better terms than those 
which. were accepted on June 16. 

The findings of the Court of Enquiry were issued on 
Wednesday evening and were unanimous. They state 
that the immediate causes of the dispute were the 
following :—‘‘ A claim for increased wages on the 
part of the operatives. The refusal of large bodies of 
the operatives to carry out the award of Sir Hugh 
Fraser with regard to working hours in the summer. 
The belief that the employers had attempted to obstruct 
the free working of local arrangements by which the 
extra hours in summer might be avoided. The Liver- 
pool dispute. Each of these circumstances was a 
contributory factor and entered into the final dispute, 
but all were included in the agreement of June 16, 
and, had it not been for the Liverpool position, would 
have been adjusted. The main cause of the cessation 
of work is the refusal of the Liverpool operatives to 
accept the special terms of the settlement offered to 
them on June 10, and to submit to the decisions of the 
National Wages and Conditions Council. The resulting 
issue has been productive of much misunderstanding 
between the parties. Recognition by each side of the 
fact that their position has not been understood by 
the other, the settlement of the Liverpool difficulty 
and the resumption of negotiations appear to be the 
only means by which the dispute can be brought to 
a speedy end, and good will restored in an industry of 
national importance and owing great responsibility 
to all classes of the public.” 


The Chief Inspector of Factories and Workshops has 
issued his report on the work of his Department during 
1923. It states that the number of registered factories 
in Great Britain has again increased. The total now 
stands at 139,920, as against 137,858 in 1922. Work- 
shops declined from 145,684 to 140,850. The decrease 
in the number of workshops has been going on steadily 
for a number of years, and is largely due to the intro- 
duction of power which immediately brings the work- 
shops under the classification of factories. There 
has also been a steady closing up of small workshops, 
mostly in rural areas. During the year under review 
125,551 accidents, including 867 fatal, were reported, 
an, increase of 27,565 over the previous year. In 
general, the hours of work appear to be kept well 
within the legal limits. Women have returned to 
women’s industries, and very few are now to be found 
even in those sections of men’s trades for which war- 
time observation and experience showed them to be 
peculiarly well fitted. The use of electrical energy 
in factory premises for power, lighting and other 
special purposes continues to extend rapidly, and, as 
a consequence, the capacity of the generating stations 
is constantly being increased. 


Following our note in our last issue referring to the 
engineering unions’ application for an all-round increase 
in wages of lJ. per week, and announcing that a joint 
conference would be held on Wednesday, the 16th 
inst., we are informed that the claim was considered 
at this conference and was refused by the employers, 
who made no counter-proposal. The men maintain 
their claim ; the union representatives are to report to 
their executives, and a conference of the unions is to 
be held on the 31st inst. to receive the reports of the 
executives. 


Tue Mancanao PowER ScuemME, New ZEALAND.— 
H.M. Trade Commissioner at Wellington reports that the 
Public Works Department, New Zealand, are calling for 
tenders for the supply of 11,000 volt switchgear and 
metering for the Mangahao power scheme. Tenders 
will be received up to September 2 by the Secretary, 
Public Works Supplies and Tenders Committee, Govern- 
ment Buildings, Wellington. A copy of the specifica- 
tion and general conditions of tender is available for 
inspection by United Kingdom firms at the Department 
of Overseas Trade (Room 52), 35, Old Queen-street, 
London, §.W.1. The Public Works Department are 
also calling for tenders for the supply of transformers 
for the same scheme. Tenders will also be received up 
to September 2. Copies of the specification and general 
conditions of tender are available at the same offices. 


IO4 


ENGINEERING. 


[JuLy 18, 1924. 


25-TON ELECTRIC LEVEL-LUFFING CRANE; CONGELLA GRAVING DOCK, DURBAN. 


CONSTRUCTED BY MESSRS. SIR WILLIAM ARROL AND CO., LIMITED, ENGINEERS, GLASGOW. 


25-TON ELECTRIC LEVEL-LUFFING CRANE. 


A 25-T0N crane forming part of the equipment of 
the Congella Graving Dock at Durban, and manu- 
factured by Sir William Arrol and Co., Limited, 
Glasgow, fof the Union of South Africa, is illustrated 
in the half-tone engraving on this page. 

The crane is fitted with horizontal] luffing gear, and 
is capable of lifting, derricking, and slewing round a 
complete circle with a maximum load of 25 tons, each 
motion being operated by a separate motor. The 
leading particulars are as follows: Maximum radius 
from centre of track for 25-ton load, 90 ft. ; maximum 
radius for 10-ton load, 100 ft.; minimum radius, 
40 ft. The crane hook has a range from 52 ft. below 
rail level to 80 ft. above rail level. The gauge of 
track rails is 26 ft., and the track will be formed with 
80 lb. B.S.S. flat-bottomed rails bolted side by side. 

The speeds of working are: Lifting 25 tons at 20 ft. 
per minute, lifting 10 tons at 50 ft. per minute, and 
smaller loads at increased speeds; slewing 25 tons, 
1 revolution in 3 minutes; derricking 25 tons, 6 ft. 
per minute; travelling 25 tons, 60 ft. per minute. 

The gantry, as will be seen from the illustration, is 
built up of rolled-steel sections and plates well gusseted, 
braced, and riveted together. The underside of the 
gantry is 14 ft. above rail level. The superstructure 
revolves round a forged-steel centre pin on cast-steel 
rollers, running on a steel roller-path securely attached 
to the top of the gantry. The load is lifted on steel- 
wire rope, and the hoisting motion is fitted with change- 


speed gears in order to give the specified speeds of 
lifting. The derricking gears operate in such a manner 
that the load is derricked in and out horizontally. The 
derricking motion is controlled by an automatic 
solenoid-operated brake, and an automatic thrust 
brake is fitted, capable of holding the jib in any position. 

The electric supply is three-phase, 50 cycles, 400 
volts, and the motors are of the totally enclosed slip- 
ring reversing type, the controllers being of the drum- 
reversing type. A totally enclosed self-resetting limit 
switch is fitted to the hoisting motion to prevent over- 
winding, and similar switches are fitted to the derrick- 
ing gear to limit the range of the jib. The crane was 
tested under all motions at Sir Wm. Arrol and Co.’s 
Parkhead Crane Works. ‘The firm has under construc- 
tion a similar crane, but of 10 tons lifting power, for 
the same dock. 


Prersonav.—Mr. G. H. Baillie, Consulting Engineer, 
states that following on Mr. A. Dobrée’s retirement, 
he is continuing the business of the firm of Baillie and 
Dobrée, as from the 7th instant, under his own name, 
at Windsor House, Victoria-street, Westminster, S.W.1 
—On June 27 a meeting of the staff was held at the 
Consultative Branch of the Board of Trade to take 
farewell of the Principal Surveyor for Tonnage, Mr. T. F. 
Jenkins, who was voluntarily relinquishing his duties 
after 34 years’ service on the Board. A gold watch 
and chain was presented to him.—The permanent address 
of the Engineering Association of Malaya is now No. 1, 
Old Market-square, Kuala Lumpur, Federated Malay 
States.—Mr. Andrew 8. Macharg, C.A., has joined the 


Board of Directors of the Scottish Tube Company, 
Limited. Mr. Macharg is one of the senior partners of 
Messrs. McClelland, Ker and Co., Chartered Accountants, 
Glasgow. 


Tue Ketvin CentENARY CELEBRATIONS.—The Kelvin 
Centenary Celebrations, referred to elsewhere in this 
issue, concluded on Friday, the 11th inst., with a banquet 
held at the Connaught Rooms, the Rt. Hon. the Earl of 
Balfour taking the chair. After the loyal toasts had 
been duly honoured, Lord Balfour proposed the toast 
in memory of Lord Kelvin. Lord Balfour referred 
particularly to the fact that Lord Kelvin was not only 
a great man of science but a great inventor who had an 
instinctive knowledge of the way in which physical 
discovery would lead to industrial progress; he was, 
Lord Balfour added, a practical inventor of machines 
which paid. It was, however, as a man of science that 
he was, and should be, chiefly honoured. Lord Kelvin, 
the speaker continued, in laying down the Professorship 
at Glasgow University which he had held for 50 years, 
had used the word “failure ’’ in referring to his career, 
but the scientific historian looking back on the century, 
the close of which was being celebrated, would assuredly 
say that the man who had contributed as much as any- 
one else to the triumphs of science in that period was 
Lord Kelvin. The toast of the “Delegates to the 
Kelvin Centenary’’ was proposed by Sir Richard 
Glazebrook and responded to by Dr. Elihu Thomson 
and Professor Luigi Lombardi, the delegate of the 
Real Accademia Nazionale dei Lincei, Rome. Dr. 
A. E. Kennelly proposed the toast of the Chairman. 
About 350 guests were present, including many eminent 
scientists and engineers, and the gathering was, in all re- 
spects, a fitting termination to the Celebration proceedings. 
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HOT-BULB AND HIGH COMPRESSION 
ENGINES IN SWEDEN.* 


By Gunnar Dertner, Diesels Motorer, Atlas- 
Diesel Co., Stockholm. 


THE most important engines in the Swedish internal 
combustion engine industry, especially in the casé of 
smaller sets, are those of the hot bulb type, which for a 
number of years have formed the principal export from 
Sweden, as far as internal combustion engines are 
concerned. Among Swedish makes well known in the 
world’s markets are those of ‘‘ Bolinder,”’ ‘ Skandia,” 
“Avance,” “‘Munktell”’ and ‘ Atlas.” In Sweden, 
hot-bulb engines have been used a good deal in the 
smaller industries and in agriculture; but they have 
been taken up especially in the fishing trade, and it can 
be said without exaggeration that practically the whole 
of the Swedish fishing fleet, with the exception of large- 
sized trawlers, is now equipped with oilengines. Thanks 
to the experience gained from these fishing boats, the 
marine engines have been developed to the height of 
technical perfection. In the construction of hot-bulb 
engines, it has always been considered important to 
produce as simple and reliable an engine as possible, 
which can be managed without difficulty by relatively 
unskilled engine drivers. The Swedish hot-bulb engine 
industry has, therefore, in its designs, generally 
adopted the two-cycle principle, the scavenging of 
the working cylinders taking place by means of air, 
compressed in the crank case. In the early days the 
engines were generally provided with water injection 
in the working cylinders, in order to prevent overheating 
at heavy loads. The complication of the engine in- 
volved by water injection compelled the manufacturers, 
however, to make energetic efforts to eliminate this 
device from their designs, and there are now only a few 
works still retaining it. The fuel spray has, as a rule, 
been made adjustable on all engines where water 
injection has been eliminated, whereby the advantage 
is obtained that, at heavy load, less heat and, at light 
load, more heat is supplied to the “‘ hot-bulb.”’ Simul- 
taneously with the elimination of water injection, the 
compression pressure has generally been increased, 
enabling the dimensions of the hot bulbs to be reduced, 
which is of importance. 

With a view to simplifying still more the management 
of hot-bulb engines, several new methods of starting 
have been introduced. Amongst others, a leading 
firm (Bolinders) have availed themselves of an ignition 
device in the “‘ hot-bulb ”’ heated by means of current 
from a small electric battery charged by a generator 
driven by the main engine. The engine is thus always 
ready for starting and can furthermore be started 
almost immediately. Several other firms have fitted 
their engines with so-called quick starting lamps, 
which are designed for burning crude oil and can be 
ignited without previous heating. 

In order to improve the mechanical efficiency, some 
firms have fitted ball bearings in the main bearings of 
their engines. These bearings have, however, so far 
not become very popular, although they have certain 
points in their favour, at least in the case of single 
cylinder engines where the bearings are easily access- 
ible for overhauling. 

On the whole, it must be admitted that the progress 
in the hot-bulb engine industry has reached such a 
stage in technical development that only small altera- 
tions in details have been made during the last years. 
No actually new constructions in this line have thus 
been made as far as the more important parts are con- 
cerned. The economical crisis which since the year 
1920 has affected the Swedish industry, and the effects of 
which are still felt, has, no doubt, also to a certain 
extent prevented the introduction of new designs. 

Parallel with hot-bulb engines, high compression 
engines are now beginning to find a market for installa- 
tions where hitherto hot-bulb engines have exclusively 
been used. Among engines with cold starting system 
produced in Sweden, and which have found the greatest 
market, are the ‘‘ Ellwe”’ and “* Polar’ engines. These 
machines are both built as vertical engines and work 
on the two-cycle system with scavenging from the 
crank case. As far as the system of ignition is con- 
cerned, they are, however, quite different. The 
“ Ellwe ”’ engine, which is manufactured by Svenska 
Maskinverken, Sédertiilje, works with what is termed a 
pre-explosion chamber in which a bushing is placed, 
serviny as gasifier. Part of the fuel burns in the pre- 
explosion chamber, thereby producing gases with 
high pressure which, together with unburned oil, are 
forced into the cylinder chamber where the final 
combustion takes place. A special ignition cartridge, 
consisting of blotting paper impregnated with nitrate 
of potash, is ignited and put into the pre-explosion 
chamber hefore the starting air is introduced. Com- 
bustion is thus started and afterwards the heat pro- 
duced by means of compression is sufficient to cause 
ignition during running. 


The “ Polar ”’ high compression engine is more similar 
to the ordinary Diesel engine. It is manufactured by 
the Atlas-Diesel Company, Stockholm, who, for about 
25 years, have manufactured Diesel engines both of 
marine and stationary types and, furthermore, during 
recent years have specialised on Diesel engines for loco- 
motives and auxiliary engines for vessels. On th 
‘“* Polar’ high compression engines, the fuel is injected 
direct into the working cylinder’s combustion chamber 
by means of the fuel pump and is finely atomised by a. 
one-hole atomiser of special construction. As in the 
case of Diesel engines, ignition takes place due to the 
heat produced by compression and special means for 
obtaining combustion at the start are therefore un- 
necessary. On 1-cylinder and 2-cylinder engines the 
fuel pump is placed in close proximity to the atomiser. 
On engines with more than two cylinders the fuel 
pump is mounted on the engine crank case and driven 
direct from the crank shaft. 

The Swedish high compression engines mentioned 
above have a fuel consumption of about 0-44 lb. per 
brake horse-power per hour, and the larger types even 
less. On account of their comparatively high speed 
the engines can be built relatively light, the weight being 
about the same as for ordinary hot-bulb engines of 
corresponding size. The manufacturing costsshould be 
somewhat higher than for hot-bulb engines, due to the 
more careful work necessary in the manufacture of the 
fuel pumps and governing devices. As far as adjus- 
tability is concerned, the high compression engines are 
comparable with the Diesel engines and as, further- 
more, the simplicity of their construction makes it 
possible for relatively unskilled operators to manage 
the engines, it should not be long before these engines 
supplant, to a large extent, the ordinary hot-bulb 
engines. Undoubtedly, high compression engines will 
also find a market where petrol engines have so far 
exclusively been used. This especially refers to such 
cases where great consideration must be taken to the 
engine’s fuel economy, as, for instance, for lorries, 
omnibuses and tractors. The development in this 
direction will, of course, to a certain extent depend on 
how the power transmission between the engine and 
the driven wheelsis to be carried out. Ifthe question of 
power transmission can be solved in such a way that the 
engine can work as nearly as possible at constant 
revolutions there will be no technical difficulties in the 
way of substituting high compression engines in the 
place of petrol engines. It will not be difficult to 
increase the number of revolutions of the high com- 
pression engines to figures usual for petrol engines, 
and the weight of a high compression engine should 
only very slightly exceed the weight of a petrol engine 
with the same number of revolutions. 


LARGE GAS ENGINES IN GERMAN 
POWER ECONOMY.* 


By Paut R. Meyer, Niirnberg. 


Tue great success of the large gas engine started 
only after it had become possible to build a reliable 
double-acting four-cycle engine by making extensive 
use of the experience gained in the construction 
of large steam engines. The leaders of the large 
German iron and steel works favoured in a very 
broadminded manner the introduction of this new 
prime moyer and did not lose courage on account of 
the first difficulties which had to be overcome. 

Large German gas engines are without exception 
of the horizontal type and work according to the 
two-cycle, as well as the four-cycle principle. 

Two-cycle Gas Engines.—At present only the Koert- 
ing type is built and used especially for driving blowers. 
The cylindrical heads are now divided into inner 
part and cooling jacket and strengthened by shrink 
fics which improves the reliability of these parts in 
such a way that failures have become rare. A 
separately-driven gas inlet valve reduces the gas 
losses to a minimum. The engines are of the single- 
cylinder and also twin-cylinder type. The tandem 
arrangement is possible, but requires rather heavy 
driving-gear. 

Some years ago there was built an engine which 
represents practically a double-acting Oechelhzuser 
engine. This type has two closed working cylinders 
arranged beside each other and double-acting pistons, 
the rods of which are coupled to a common cross-head. 
The combustion chambers of the two cylinders com- 
municate at both ends. The distribution ports lying 
in the middle of the cylinders serve in the one-cylinder 
for exhaust and in the other one as inlet for air and 
gas. As special inlet valves are avoided with this 
type, leaving only the charging pumps to be mechani- 
cally governed, the engine has a very neat 
appearance. It is also claimed to run at a higher 
speed than normal two-cycle engines, making it 
therefore especially suitable for driving dynamos. 


* Paper contributed to Section E of the World Power 
Conference, on July 8, 1924. 


* Paper, abridged, contributed to Section E of the 
World Power Conference on July 8, 1924. 


An engine of this make has run with good results for 
several years. 

Four-cycle Gas Engines.—With regard to  four- 
stroke engines, the well-known Nirnberg design has 
been accepted as standard for general arrangement. 
The cylinders are of the one-part and also the multiple- 
part type, the latter being used especially for larger 
dimensions, and provided with hard cylinder liners. 
The admission gear, consisting formerly of two valves, 
the mixture valve and the admission valve, is replaced 
nowadays by one valve only combining the admission 
and mixing functions. Governing is performed mainly 
by influencing the quantity of fuel mixture, the com- 
position of which is not materially changed. This 
isattained by altering the valve lift or the adjustment 
of throttle valves into inlet pipes-for gas and air. 
The engines are of the tandem type with two cylinders 
or of the twin-tandem type working with four cylinders. 

Total Output and Capacity.—The total output of 
large gas engines built in Germany up to 1923 amounts 
to 370,000 b.h.p. for the two-cycle type, and 
2,230,000 b.h.p. for the four-cycle type, making a 
total of 2,600,000 b.h.p. Of this, about 2,000,000 b.h.p. 
have been installed in Germany and about 600,000 b.h.p. 
inforeign countries. The capacity of normally working 
units ranges between 500 and 8,000 b.h.p. Engines 
of less than 1,000 b.h.p. are very rarely met with. 
In the first few years the mean indicated pressure went 
up as far as 5°3 kg. per square centimetre (75 lb. per 
square inch), applying at the same time a rather 
high compression. However, the excessive explosion 
pressures occurring now and then proved to ke 
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Fie. 1. Additional output of a large gas engine with 
scavenging and supercharging (a), compared with a 
normal engine of same size (6). 


unfavourable with regard to the reliability of the engine 
parts. Therefore it has been the general tendency 
in practice in recent years to return to a moderate 
compression and to a mean indicated pressure of about 
4-5 ke. per square centimetre (65 lb. per square inch). 

Increase of Output.—The requirements of the power 
consumers and the competition with the steam turbine 
called, however, for still larger units. It was found 
that even the output of the large four-cycle engine 
could be considerably increased in a rather simple 
way without submitting the engine to higher stresses 
than hitherto, viz., by the scavenging and super- 
charging process. 

The burnt gases remaining in the cylinder at the 
end of the exhaust stroke are scavenged by means of 
compressed air of 0:2 atmosphere to 0-3 atmosphere 
above atmosphere (3 lb. to 4 lb. per square inch). 
Towards the end of the following suction stroke some 
more compressed air is admitted, and mixes with the 
sucked charge having an excess of gas. The com- 
pression space is thereby fully utilised for the charge 
and the temperature of the sucked mixture reduced. 
Corresponding to the increased weight of the charge, 
the average indicated pressure rises to 6:5 atmospheres 
(90 lb. per square inch) and more, resulting in an increase 
of the normal output by 20 per cent. to 40 per cent. 
Working in this way the largest engine unit with 
four cylinders has a capacity of about 12,000 brake 
horse-power. Fig. 1 shows the difference of output of 
two engines of the same dimensions, one (b) running 
normally, the other (a) with scavenging system. In order 
not to endanger the engine in spite of the higher average 
pressure, the compression space is so much enlarged 
as to avoid undesirably high maximum explosion 
pressures. Some alterations at the inlet valves and 
the installation of a supply piping for the compressed 
air, supplied usually by a turbo-blower, are about the 
only differences compared with a normal gas engine. 
The scavenging and supercharging, of course, can be 
dropped or taken up at any time automatically or by 
simple hand operation, the engine thus running under 
normal conditions or with supercharge respectively. 

Waste Heat Recuperation.—Together with the 
endeavours to increase the capacity an attempt was 
made to improve the specific output from a given 
amount of fuel, i.e., the thermal efficiency. The losses 
due to the heat carried away with the cooling water 
and the exhaust gases can be reduced to a great extent 
if this heat be successfully recovered in a suitable form, 
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The exhaust gases leave the gas engine with a tempera- 
ture from of 400 to 700 deg. C. These temperatures 
allow the economical generation of highly superheated 
steam up to a pressure of 20 atmospheres (285 lb. 
per square inch). 

Hardly any gas engine is installed at present in 
Germany without a waste heat boiler. These recu- 
perators are all of the closed tubular-boiler type, 
the tube set of which is withdrawable in order to 
facilitate cleaning on the water side. An economiser 
built on the same principles is usually arranged above 
the boiler, and a superheater is provided between engine 
and boiler. The whole plant is constructed in such a 
manner that any explosions which might occur in 
the exhaust piping due to unburnt gases have no 
detrimental effect. By means of such waste heat 
boilers the exhaust gases are cooled down to from 150 
deg. to 200 deg. C., producing at the same time about 
1 kg. of steam of usually 12 to 15 atmospheres and 
300 deg. to 400 deg. C. superheat per brake horse- 
power /hour. 

Pressure Hot Cooling and Evaporation Cooling.— 
The great heat losses by cooling water indicated also 
possibilities for improvement. As long as the cooling 
water was discharged at a low temperature an economic 
recovery of the lost heat was nearly impossible. The 
cooling water temperature had to be raised, therefore, 
as high as this could be done without losing control of 
regular running and without jeopardising the engine. 
This task was taken up from two sides. With the one 
method the cooling water is put under so high a pressure 
that no evaporation can take place in the cooling spaces. 
In a special collecting boiler the pressure is reduced 
and a part of the water, which has a heat of more than 
100 deg. C., evaporates, whereas the rest returns into 
the cooling circuit after a corresponding quantity of 
feed water has been added. By this method of ‘‘ hot 
cooling” about 0-6 kg. of saturated steam having a 
pressure of 1-5 atmospheres to 2 atmospheres absolute 
are produced per brake horse-power/hour. 

With the second method evaporation in the cooling 
spaces is permitted and provision is only made for a 
rapid discharge of the steam. The cooling water and the 
steam bubbles rise and are led into a steam separator 
above the engine, whence the water flows back to the 
cooling spaces after the steam has been separated. 
The circulation is a very rapid one, a circulating pump 
being superseded. By this method about 0-6 kg. of 
saturated steam of 6 atmospheres absolute pressure 
(85 lb. per square inch) is produced per brake horse- 
power/hour of the gas engine. It can be used according 
to its application, either directly or, after passing it 
through a superheater, in dry state. 

Fig. 2 represents the scheme of the waste-heat 
recovery of a large gas engine. The gonerated steam 
is utilised in a mixed pressure turbine (“‘ Erste Briinner” 
system), yielding additionally @-36 h.p. for each 
horse-power of the gas engine. 

In a modern four-cycle engine a heat consumption of 
2,400 calories per brake horse-power hour is not 
exceeded, assuming a load of 70 per cent. or more. 

The thermal efficiency of the gas power plant with 
waste heat recovery amounts therefore to 


1:36 x 682 _ 9¢ seat 
therm = S59 5-100 per cent. 

In many cases, as for example in most metallurgical 
works, collieries and large chemical works, an extensive 
steam plant is in operation besides the gas engines. 
The steam generated by the gas engine plant replaces in 
such a case a corresponding part of steam produced 
formerly in direct fired boilers. The gas engine plant 
supplies steam to the steam engine plant and receives 
in exchange the fuel used hitherto for generating this 
steam, either actually in the form of gas, or by 
crediting the fuel value. 

In addition to the gas burnt hitherto in the steam 
plant extra gas to an amount of only 1,150 calories per 
brake horse-power hour has to be supplied to the 
gas engine. This corresponds to a heat efficiency of 
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It is unnecessary to say that in case of utilising the 
waste heat for bathing, heating and boiling purposes 
the efficiency is considerably higher and can rise in the 
given example to 80 per cent. 

Let us presume that the thermal efficiency of a large 
high pressure steam turbine plant of the most up-to- 
date design for a steam pressure of about 40 atmospheres 
(570 lb. per sq. in.) and a temperature of 540 deg. C. 
superheat is 


per cent. 


Ntherm t = 28 per cent. 


It will be recognised that an up-to-date gas engine 
plant has an efficiency which is at least one-third higher 
from a thermal point of view. 

Financial Economy.—In the Table annexed the total 
cost of power, using gas engines and steam turbines, 
is given for a blast furnace plant of a capacity of 


1,000 tons of pig iron per day, working in con- 
junction with an adequate coking plant. The prices 
are in accordance with those of the German market 
on April 1, 1924. The gas engine plant is compared with 
an up-to-date steam turbine plant (‘‘ Erste Briinner ”’ 
system), for highly superheated high-pressure steam. 
For both plants a total load factor of 70 per cent. is 
assumed, 

From the quantity of gas and small coke available for 
power purposes there can be generated 75,000 b.h.p. 
with the gas.engine plant, and 51,700 b.h.p. with the 
steam turbine plant. The total cost of power produc- 
tion would amount in the respective cases to 1,135 
pfennig per b.h.p.-hour, and 1,435 pfennig per b.h.p.- 
hour, and, in the case of gas engines, about 50 per cent. 
more current is generated from the gas than with 
steam turbines. On the other hand, the cost price 
per power unit with steam turbines is about 26 per 
cent. higher. 

If electric current is supplied to the other branches 
of the works or to outside consumers, charging only 
the cost price of turbine-generated current, a profit 
of 1,800,000 marks per year is realised with gas-engine 
drive, which would redeem the plant in half the time 


_ (140-36) -632 
Th ~~ 2400 


0-36 


Fig. 2. Diagram of a large gas engine plant with waste 
heat recuperation from cooling water and exhaust. 
A. Gas engine. B. Steam separator, C. Waste 
heat boiler. D. Economiser. E. High-pressure super- 
heater. F. Intermediate-pressure superheater. G. 
Mixed pressure turbo-generator. H. Condenser. J. 
Feed water pump. 


TABLE.—Comparison of a Gas Engine and a Steam Turbine 
Plant for the Same Quantity of Fuel. 70 per cent. Load Factor. 


Gas Engine Plant 


Steam Turbine Plant 
for 75,000 b.h.p. continuous 


for 51,700 b.h.p. continuous 


output. output. 
M M 
5 Gas dynamos 11 Gas-fired boilers 
DTZ 15, each for with divided 
10,000 b.h.p. headers 
3 Gas dynamos ) 1 travelling grate 
DT 15, each for boiler 
5,000 b.h.p. 4 turbo-dynamos, 
3 Gas-blowing en- 11,000 kw. each 
gines DTG 15, (16,000 b.h.p.) 7,500,000 
each for 3,200 3 turbo-blowers, 
b.h.p. each 3,500 b.h.p. 
3 Turbo-dynamos +|13,000,000 | All accessories 
7,000 kw. each, Travelling crane .. 
10,000 b.h.p. Foundations 
All auxiliary ma- Freight, erection, J 
chinery, gas- 
cleaning plant 
Small-coke gas 
producer, tra- 
velling crane 
Foundations, 
freight, erec- 
tion, &c. 
Buildings 1,800,000 | Buildings 1,000,000 
Installed 105,000. .}14,800,000 | Tnstalled 74,500  |8,500,000 
b.h.p. b.h.p. 
Depreciation, in- 
terest : 
14 p.c. for engine | 1,820,000 1,050,000 
equipment, «c. 

6 p.c. for build- 108,000 60,000 
ings : 
Attendance, super- 180,000 150,000 

vision (labour) 
Lubricants... 162,000 20,000 
Cost of fuel 5,200,000 5,200,000 
Cost per year | 7,470,000 | Cost per year 6,480,000 
(75,000 b.h.p. x (51,700 b.h.p, x 
8,760 hours) 8,760 hours) 
1 b.h.p.-hour .| 1°135 Pfg. | 1 b.h.p.-hour 1-435 
: Pfg. 
1-435 
—— =1-264 
1-1 


when used as additional amortisation. These figures 
hold good for works to be newly erected. If the 
plant is intended as extension of already existing works 
in which also large steam plants are in service, a gas 


engine enlargement would yield about 110,000 b.h.p. 
compared with 52,000 b.h.p. yielded by steam turbine 
addition. 

Compared with the steam turbine the large gas 
engine remains therefore even at present the most 
economical prime mover for new plants or for the 
extension of those using gas for power-generating 
purposes and which rely upon a high-load factor. 

Fields of Application.—The greater number of large 
gas engines are installed in steel and iron works and 
generate electric current or supply blast for blast 
furnaces and steel works. In some cases these engines 
are used also as prime movers for rolling mills, com- 
pressors and pumps. Usually carefully cleaned blast- 
furnace gas is used as fuel and in some exceptional 
cases also coke-oven gas or coke-producer gas. A 
considerable number of gas engines have been installed 
also in collieries, where they are running on coke- 
oven gas or coke-producer gas. In most cases elec- 
tricity is generated. Lately air compressors with gas 
engine drive have been coming more into favour. 

The extent to which large gas engines have found 
their way into large chemical works may be seen from 
the fact that an important factory of this kind has 
installed gas engines aggregating 38,000 b.h.p. along- 
side of 50,000 b.h.p. supplied by steam engines and 
steam turbines. Another works has installed gas 
engines with an’aggregate output of 20,000 b.h.p. 
The engines generate electric current or drive high 
pressure compressors. As fuel, producer-gas, or waste 
gas from chemical processes are used. In these works 
the gas engines proved to be so reliable and efficient 
that it is intended to use them to a much larger extent 
as soon as a reliable and economical gasification of 
raw brown coal is feasibie. In the paper industry 
this type of prime mover has likewise stood the test 
with great success, especially in those cases where 
they are driving pulp grinders or electric generators 
for electrolytic processes and running continuously 
on high load. Producer gas from brown coal bri- 
quettes has been used advantageously in these plants. 

The gas engine is the ideal prime mover above all 
in such cases where high load is continuously to be 
reckoned with, 7.e., where the cost of fuel is of greater 
importance than the capital outlay. 


ERSKINE HEAP SWITCHGEAR. 


We have already mentioned that the electrical 
switchgear exhibits at the British Empire Exhibition 
well illustrate the growing appreciation of the draw- 
out truck type of gear. This has so far come inta 
most extensive use for panels of moderate power and 
voltage, which are called fer in large numbers, parti- 
cularly in connection with sub-station work on 6,600 
and 11,000 standard voltage systems. The general 
features of panels of this class will be familiar to most 
cf those who are interested in electrical switchgear, 
but none the less the excellent example which is to be 
seen on the stand of Messrs. Erskine, Heap & Co., 
Limited, of Caroline-street, Broughton, Manchester, 
may well be viewed by anyone concerned with the use 
of electric power. This gear, which is illustrated in 
Figs. 1 and 2 opposite, is a well-made example cf work- 
manlike design, which clearly illustrates the special 
advantages of this class of construction. 

The panel is built of ironwork throughout, and the 
truck portion carries a three-phase oil circuit-breaker 
and potential and current transformers for the instru- 
ments and trip coils. A diagram of connections is 
given in Fig. 3. The truck is mounted on ball-bearing 
wheels, and may very easily be pulled out of the fixed 
cubicle part of the gear by means of the two handles 
on the front panel. The bus-bars are carried on por- 
celain insulators on the back of the fixed part of the 
gear, and are separated from each other by insulating 
shelves. The back part of the truck carries further 
porcelain insulators at the back of which copper blade 
contacts are carried which make connection with fixed 
contacts on the bus-bars. Connection is made from 
the bus-bars to the oil switch through these contacts, 
the actual connections from the shanks of these con- 
tacts to the oil circuit-breaker terminals not, however, 
being indicated in the figure. The outgoing cables 
from the panel are connected to contacts on a row of 
insulators carried below the bus-bar insulators as shown 
in Fig. 2. These insulators carry further contacts, 
making connection to the switch, and it will be clear 
that as the truck is drawn out of the cubicle it is 
entirely disconnected from all live metal, so that any 
part may safely be examined, cleaned, or repaired if 
necessary. An interlock on the oil switch prevents 
the truck being pulled out unless the switch is open, 
so that the circuit cannot be broken on the isolating 
contacts. The fact that the truck with all its gear 
may be wheeled away for cleaning or repair, and that 
it is possible to get all round it for this purpose, is one 
of the chief claims for this type of gear. Additional 
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SWITCH AND CONTROL GEAR AT THE BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS. ERSKINE, HEAP AND CO., LIMITED, ENGINEERS, SALFORD. 
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Fie. 4. Ironctap SwITCHBOARD. 


advantage lies in the fact that when any truck is re- 
moved a spare may at once be wheeled into place, 
so that but very short interruption of the circuit is 
necessary. Another advantage of this type of gear 
is that the isolating switch which is usually intro- 
duced between the oil switch and bus-bars in fixed 
cubicle gear is rendered unnecessary. This reduces 
both costs and complication. The apertures through 
which connection is made from the truck to the bus- 
bars are automatically closed by shutters when the 
truck is pulled out, so that no live metal is left exposed. 

This truck type of gear which can claim so many 
advantages is not necessarily suited for all conditions, 
and particularly in cramped sites, which frequently 
have to be dealt with in works substations, it may 
well be that sufficient room is not available to allow 
the trucks to be pulled out and wheeled clear. In such 
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Fig. 5. AuvutTo-TRANSFORMER STARTER. 


situations the cubicle type of gear, in which the bus- 
bars are usually carried at the top, may be employed. 
In this car an isolating switch is generally fitted which 
is interlocked with the oil circuit-breaker and the 
door, so that current cannot be broken on the isolating 
switch and the cubicle door cannot be opened until the 


| years is also represented in the firm’s exhibit. 
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gear has been made dead. This type of panel is also 
made by Messrs. Erskine Heap, and a well worked-out 
and well-made example of a heavy current panel is 
to be seen on their stand. A third type of switchgear 
which has come into use very extensively during recent 
This is 
the ironclad type of board, illustrated in Fig. 4, which 
is particularly suited for use in collieries, rolling mills, 
shipyards and similar situations. The arrangement is 
built up in independent panels, each of which carries 
a bus-bar unit at the top. When the panels are 
mounted side by side the bus-bar sections are bolted 
together and form a continuous chamber. The whole 
of the live and working parts of the gear, except the 


‘operating handles for the oil switches, are enclosed 


in cast-iron cases so that the design is particularly 
well suited for use in dirty or exposed situations. 
As will be seen from the figure, brackets are fitted on 
which the oil circuit-breaker can be run out to the 
front of the panel for examination. When not in use 
these brackets can be swung down out of the way. 
A neat ammeter in a square case, designed to fit the 
front of the circuit-breaker case, is fitted to each 
panel. This instrument is of Messrs. Erskine, Heap’s 
own manufacture. 

In addition to these three types of switch panels 
Messrs. Erskine, Heap show a large variety of switches, 
fuses, starters, instruments, &c. One interesting item 
takes the form-of a rotary synchroniser. This 
consists of a bank of 12 lamps consisting of six pairs, 
each pair being connected to the secondary winding 
of a special six-phase transformer, the primary of 


; which is wound to suit the voltage and periodicity 


of the circuit on which they may be installed. The 
lamps are mounted around a disc, and the two 
forming a pair are mounted at opposite ends of a 
diameter, so that as one machine gradually overtakes 
the other the lamps light up in rotation, giving the 
appearance of a continually revolving band of light. 
The direction in which the band of light revolves 
indicates whether the incoming machine is travelling 


‘fast or slow, while the correct moment of synchronism 
iis shown by one pair of lamps running at full brilliancy, 


the ones before and after being equally but only 
partially lighted. 

From among the various types of starters exhibited 
we illustrated an auto-transformer starter in Fig. 5. 
The general arrangement of this will be clear from 
the figure, but there are some valuable features in 
connection with it which may be mentioned. A stop 
is fixed as an integral part of the handle lever so that 
when it is pushed rapidly, as it should be, into the 
starting position, it is definitely checked there and the 
operator cannot inadvertently over-run the position. 
To move forward into the running position he frees 
the lever by depressing the button at the top of the 
handle. The hand lever cannot be left in the start- 
ing position as, owing to the controlling spring, unless 
it is held it returns to the off position. When it has 
reached the running position it may be left there. 
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The starter is fitted with a loose handle device and 
cannot be closed against an overload. A valuable 
isolating plug arrangement is also incorporated in the 
starter. This is withdrawn when the tank is lowered 
so that all contacts and connections are automatically 
made dead. The arrangement also prevents current 
being applied to the starter until the tank is in posi- 
tion. Current cannot be broken on the plugs, as, when 
the tank is lowered, it mechanically operates the 
tripping gear in the first part of its travel. 


solid core. The field windings are of copper strip 
formed into the proper shape and dimensions before 
being placed in the core and the windings are dropped 
into the slots one'turn at a time, the individual turns 
being insulated either before dropping into the slot or 
during the operation of winding. Mica and asbestos 
are used for insulation between the individual turns. 
The outer retaining coils are usually of mica or contain 
a high percentage of mica. The,completed coils are 
pressed down tightly in the slots and held down by 
retaining metal wedges, these usually being of non- 
magnetic material. In some instances, the wedges 
are sunk considerably below the surface of the core, 
partly for purposes of ventilation. 

The rotor end windings are supported by retaining 
rings, usually of high grade alloy steel. These rings 
are supported at the inner edge by the field core proper 
and at the outer edge, beyond the field windings, by 
radial metal rings supported by the shaft. In some 
cases the field windings are insulated, in themselves, 
from the retaining ring, while in other cases the retain- 
ing ring carries a layer of insulation on its inner surface. 
Some manufacturers provide ventilating holes in the 
end rings in some of the machines, while others depend 
on ventilation underneath the coils. In some cases 
small axial ventilating grooves are cut in the bottom 
of the field coil slots ior the purpose of carrying a small 
amount of ventilating air. 

As a whole, the rotors of these generators depend 
very largely upon the outer cylindrical surface for 
getting rid of the heat. Four to five watts dissipated 
per square inch of ventilating surface is not uncommon 
in the rotors of such machinery. This is due to the 
tremendous scouring action of the high velocity air 
carried through the air gap of these machines. 

Air is used exclusively in America for ventilating 
turbo-generators and the general methods of ventila- 
tion are practically the same. In machines with cores 
of relatively short axial length the cooling air is forced 
in at the air gap, at each end of the rotor, and passes 
out through numerous radial ducts in the stator. For 
longer cores, additional inlets are provided along the 
outside of the stator, by which air is forced inward 
through radial ducts to the air gap, where it passes 
along the gap and outward. through the neighbouring 
radial’ ducts. Such machines will, therefore, have 
three or more inlets and a corresponding number of 
outlets. The object of having more inlets, of course, 
is to furnish a larger cross section of the ventilating 
air path, for, in very long machines, it is impossible 
to furnish the reyuired amount of air entirely from the 
two ends without unduly high air velocities and air 
pressures. Due to the compactness of the turbo- 
generator and the relatively high losses per unit of 
material, the ventilation problem of such machinery 
has required an enormous amount of thought and 
investigation ; possibly the best solutions have not 
yet been attained. With each increase in the size 
of the units, new developments have-been necessary 
in the cooling problem. 

The present standard for temperatures on such 
machines is 80 deg. C., permissible rise in the stator, 
and 90 deg. C. in the rotor, the latter being allowed on 
account of the absence of high voltage on the rotor 
windings, but also due to the greater difficulties of 
suitably ventilating the rotor core and winding. While 
the present standard permits 80 degrees on the stator 
winding, yet most of the larger machines are designed 
for the lowest temperature practicable without abnor- 
mal features of construction and, not infrequently, 
such machines operate as low as 60 deg. C. at rated 
capacity, although the insulation provided is con- 
sidered amply safe for 80 deg. or even much higher. 
Temperature measurement of such machines does not 
mean thermometer measurement on the outside of the 
end windings, or at other easily accessible places, for 
frequently the interior of the winding, in the part 
embedded in the slots, is many degrees hotter than the 
outside. For this reason the accepted practice is to 
embed temperature detectors between the upper and 
lower coils in the same slot. 

Two fairly high voltages have come into general 
use; namely, 6,600 and 13,200 volts. These are only 
relative, as, in individual cases, they may be exceeded 
or reduced a few per cent., but they represent general 
standards. No particular difficulties have been 
encountered in recent years with the use of 13,200 volts 
on large machines. Formerly there was serious ,diffi- 
culty in the use of such voltage, due to corona effects, 
as minute holes would gradually be eaten through the 
fibrous types of insulation formerly used in such 
machines. However, extensive investigations showed 
that a liberal use of mica in the stator windings, 
especially in the parts buried in the core where corona 
was most pronounced, entirely eliminated troubles of 
this nature. At the same time, mica furnished a 
better resisting material for higher temperatures, and 
thus two results were accomplished by this change. 

External short circuits on large turbo-generators 
are a serious source of danger, due to displacing of 


end windings, cracking of insulation and resulting 
injuries and burnouts. Many years ago systems of 
bracings were devised and also, in some cases, protecting 
reactances were installed between generators and 
switchboards. Later, the use of reactances between 
switchboard and feeders was adopted as affording 
better protection to the power house apparatus as 
a whole, and also maintaining voltage conditions at the 
station buses, in case of external short circuits. The 
practice is now common in America. In addition, 
further improvements were made on the bracings of 
generator windings, so that at present practically all 
large modern turbo-generators are able to stand dead 
short circuits across their terminals at normal voltage. 
The use of separate reactances in the generator circuits 
themselves is, therefore, not as important as formerly. 
However, inter-bus reactances, feeder reactances, &c., 
are considered very important not only to protect the 
station bus-bar voltage in case of shorts, and thus 
protect synchronous and other machinery connected 
to such a system; but also to protect the circuit 
breakers to a certain extent. The drop in the feeder 
reactances represents, usually, only a small percentage 
of the normal line voltage, but as the normal capacity 
of any feeder is usually very small, compared with the 
total capacity of the station, a dead short on any 
feeder does not throw excessive strains on the station. 

In American practice, all large turbo-generators are ~ 
made with relatively poor inherent regulation, that is, 
the fields are made relatively weak compared with the 
armatures (although not as low as is found in the 
practice of many European designers), and, in more 
moderate capacity stations, good regulation in the 
systems is obtained by the use of automatic regulators 
in connection with the exciting systems. In the very 
large stations, especially when the changes in load 
increments are relatively small, hand regulation is 
still used in many cases. Water-wheel driven plants 
quite generally use automatic regulation. 

The former problems of parallel operation have 
practically disappeared with the coming of the turbo- 
generator. In the first place, the rotational speed is 
constant, and in the second place the rotors of such 
machines are practically solid masses of metal, so that 
the cores themselves form good dampers. However, 
there is one possible danger in parallel operation, of 
which operating experience has given some indication, 
which may become more serious in the future. This 
lies in the tendency toward very weak fields compared 
with the armatures, which appear in some recent 
machines, especially of European makes. In American 
turbo-generator practice, the ratio of normal no-load 
fieldampere turns to the effective armature ampere 
turns very seldom, if ever, falls below 0-8, whereas, in 
certain European designs, which the writer and others 
have noted, this ratio sometimes is as lowas 0:4 to0-5. 
American machines, especially in large sizes, are 
always designed with a view to parallel operation on a 
large scale at some future date, and it has been felt 
that if the ratio of field to armature is made too low 
a condition will eventually be reached where under 
abnormal conditions, which may oceur from time to 
time, the armatures of such machines magnetically 
may take control of the fields, so to speak. In other 
words, such machines may fail to parallel properly 
or may “ hunt” under abnormal conditions. Perhaps 
American practice has been unduly safe in this respect, 
but it would be a very serious matter to put out a 
number of very large machines with low ratio windings 
and then find such machines were inherently unsafe. 
Time will tell what the real limits are, and it will prob- 
ably be a very costly experience for someone to find 
out the facts. 


Ultimate Capacities of Turbo-Generators.—Less than 
20 years ago, the American practice with 2-pole, 
3,600-r.p.m. generators was limited to about 600 kv.-a. 
Since that time machines of this speed have increased 
steadily in capacity until 10,000 kv.-a. units have been 
marketed, and 12,500 ky.-a. is being built. This 
appears to be about the largest capacity, at this speed, 
which can be built with self-cooling by ventilating 
fans on the shaft. However, on paper, such machines 
appear to be possible up to 15,000 or 20,000 ky.-a., 
if cooled by separately-driven fans. Compared with 
European practice, with 2-pole, 3,000-r.p.m., 20,000 
to 30,000 kv.-a. machines, which have been designed, 
the American limits look, at first glance, to be rather 
low; but it must be kept in mind that there is a large 
inherent difference between 3,000 and 3,600 r.p.m., 
the possible ultimate capacities varying approximately 
as the cube of the diameter of rotors and directly as 
the r.p.m. 

A 27-in. diameter of rotor at 3,600 r.p.m. corre- 
sponds to a 33-in. diameter at 3,000 r.p.m. This 
difference appears small, but it is of fundamental 
importance in the problem of maximum output of the 
machine. It is the diameter below the rotor slots that 
is important, as far as mechanical limits are concerned 
when the maximum output is under consideration. At 
3,600 r.p.m., with a given length of core; this diameter 


AMERICAN POWER STATION ELECTRICAL 
EQUIPMENT.* 


By the late B. G. Lammn, M.A.I.E.E., Chief Engineer, 
Westinghouse Electric and Manufacturing Co. 

THERE are only two frequencies in general use in 
America, namely, 60 and 25 cycles, and of these two, 
60 cycles has gradually come into the ascendancy, 
especially in stations supplying electric power to the 
public and for general purposes. Twenty-five cycles 
was formerly in the lead, but has made little progress in 
the last few years, except in the growth of existing 
plants. Its principal field has been in connection with 
systems for converting from alternating to direct current 
and for steel mill electrifications; that is, it is not 
used to any extent for supplying power to the general 
public, and for lighting, &c. The enormous growth 
of the public utility stations in the past ten years, 
practically all of which use 60 cycles, has put this 
frequency so far in the lead that practically all new 
installations are now made at 60 cycles, while the 
growth of 25 cycles is almost entirely confined to 
increases in existing 25-cycle systems. 

T'urbo-Generators.—With 60 cycles only three speeds 
are practically available, namely, 3,600 r.p.m., 1,800 
r.p.m. and 1,200 r.p.m., corresponding to two, four, 
and six poles respectively. Practically all machines 
below 10,000 kv.-a. are now built for two poles, 3,600 
r.p.m.; from 10,000 kvy.-a. to 45,000 kv.-a. four-pole, 
1,800 r.p.m. is used; six-pole machines are only used 
in extremely large capacities, such as 45,000 ky.-a. 
or larger. From the purely electrical design stand- 
point all turbo-generators have now reached, or 
probably exceeded, the most economical speeds, and 
the main reason for the high speed lies in the steam 
turbine. 

From the electrical and mechanical standpoints 
the general designs of the American turbo-generators 
are quite similar, regardless of their manufacture. 
The stators or armatures have open slots for the 
windings, and the armature coils are of the so-called 
““machine formed”’ type, being completely formed 
and insulated before being placed on the core. Usually 
there are two coil sides per slot, an upper and a lower, 
and each complete coil has one side in the lower part 
of one slot, and its other side in the upper part of 
another slot, usually slightly less than one pole pitch 
away. Thus all complete coils are duplicates and all 
are placed symmetrically on the core. The end 
portions of the coils are of the so-called “* barrel’ type 
in all modern machines. 

All armature coils in large machines are sunk } in. 
to 1 in. below the stator surface. The principal purpose 
of this is to reduce eddy current losses resulting from 
stray field fluxes in the slots through the open tops 
of these slots. This construction also improves the 
ventilation of the tooth tips to a certain extent. 

In all large machines mica is used to a very con- 
siderable extent in the armature insulation, especially 
in the parts of the coils lying in slots. Mica is also 
used for the inner layers of the insulators on the end 
windings, while in some cases the outer layers consist 
of oiled tape. The armature coils are wedged, in the 
slot portion, by heavy fibre or wood wedges. The 
end portions are very heavily braced or supported to 
resist vibrations and the distorting effects of short 
circuits. The end windings also have spaces between 
the adjacent coils for allowing free passage of air 
through the windings. This part of the winding is 
directly over the fans on the shaft, and due to the 
“ barrel”’ end arrangement and the opening between 
coils, the end windings thus have most excellent 
ventilation. The “ barrel’? type arrangement also 
brings these windings farther away from the stator 
end plates. The location of the stray fields around 
these “* barrel *’ type end windings is such that minimum 
eddy currents are generated in the end plates and 
surrounding end housings. These eddy currents and 
the resulting heating can be very severe when the 
armature end windings lie very close to metal parts. 

The rotors of the American built turbo-generators 
have narrowed down to practically one type; namely, 
a cylindrical core with numerous radial slots for carry- 
ing the field windings. Some cores are built of one- 
piece steel forgings, while some manufacturers use 
heavy plates bolted together permanently to form a 
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must be as large as at 3,000 r.p.m. with somewhat longer 
core; and thus the depth of rotor slots must. be very 
materially reduced, with a corresponding reduction in 
the field windings and in the capacity of the machine. 
A further lengthening of the rotor core, to increase the 
capacity, will mean still shallower slots and further 
reduction in field copper, so that there is a point beyond 
which there is no gain or there is actually a loss in 
capacity. 

When it comes to four-pole, 1,800 revolution machines 
the problem has narrowed down to one of ultimate 
diameter and length of rotor core. The limit of stresses 
in the cores has not yet been reached, but the retaining 
end rings represent a real limitation, and unless materi- 
ally stronger constructions are devised to withstand 
higher speeds than at present, the growth of such 
machines will have to be almost entirely in length. 
With the present dimensions and lengths, capacities 
of about 45,000 kv.-a. are being built ; and, consider- 
ing all the future possibilities, one might predict that 
65,000 ky.-a. may be obtained some time in the future. 

On six-pole, 60-cycle machines, it is difficult to pre- 
dict the upper limit. At present 65,000 kv.-a. machines 
are being installed, and if the present constructions are 
carried to the extreme, ultimately 90,000 to 100,000 
ky.-a. may possibly be obtained, if such sizes are 
wanted. All these, of course, are crude estimates, 
and, considered purely in the light of past growths, 
would not appear to be very extreme. But it must 
be borne in mind that we are approaching closer and 
closer to the ultimate limits of our materials. 

In 25-cycle polyphase machines, 1,500 r.p.m. units 
have been built for 40,000 kv.-a., and presumably this 
may be carried to 60,000 ky.-a. when there is serious 
need for such machines. 

In single-phase generators, it is difficult to make any 
reliable prediction. Single-phase, 1,500-r.p.m., 25- 
cycle machines have been built, in America, up to 
capacities of 15,000 ky.-a., and there is reason to believe 
that such machines can be built for much larger capa- 
cities, such as 25,000 kv.-a., or more. One of the serious 
limitations in the design of such machines, as com- 
pared with 25-cycle polyphase generators, has been the 
relatively low power factors at which heretofore they 
have had to operate; namely, 80 per cent. A real 
difficulty in the design lies in obtaining sufficient 
ampere turns on the two-pole rotors to give the required 
output at the low power factor. Usually, it has been 
supposed that the most serious limitation has been in 
the construction of suitable dampers on the rotors 
for suppressing the negatively rotating component of 
the armature flux. While this also has been quite a 
problem, yet it is only one of the limitations. Practic- 
ally, all polyphase generators for 25 cycles in American 
practice. have been built for relatively high-power 
factors, as the load of such machines has been largely 
in the nature of synchronous converters or synchronous 
motor sets. Thus, polyphase, 25-cycle machines have 
been built for extremely good conditions, whereas the 
single-phase machines have been built for much more 
difficult conditions. . 

Up to the present, 60-cycle, single-phase generators 
have had little or no field, in America, but there may 
be possible future demand for such machines. It has 
been claimed by some designers that 60-cycle, single- 
phase generators would be almost impossible in large 
sizes, due to the difficulties in damper construction. 
However, as four-pole and six-pole constructions lend 
themselyes much better than two-pole machines, both 
to the use of relatively larger field ampere turns and 
to the application of dampers, any disadvantages, 
due to higher frequency, may be more than off-set by 
the more advantageous constructions. In consequence 
the writer believes that single-phase machines for 60 
cycles, with four and six poles, may be built for poss- 
ibly relatively higher capacities than for two poles, 
at 25 cycles. The only tests available on polyphase 
machines, operated on single phase, seem to bear this 
out. 

A.C. Water-Wheel Generators.—Water-wheel genera- 
tors of American make-are, with few exceptions, of 
the vertical shaft type, with internal rotating fields and 
external stationary armature. The application of 
vertical shaft generators has been greatly accelerated 
by the development of a satisfactory thrust bearing 
ten or twelve years ago. Up to that time, thrust 
bearings were of various types, such as ball and roller 
bearings, plain collar bearings and oil pressure bearings, 
none of which appeared to be entirely satisfactory for 
supporting heavy weights. The thrust bearing, which 
first made the vertical generator commercially suc- 
cessful in American practice, was the Kingsbury 
bearing, in which the stationary bearing surface is 
divided into segments, usually six, and in which the 
segments are so supported as to slightly tilt and form 
wedge-shape oil films. This bearing is very similar 
to the Michell bearing, developed in England. Since 
the development of the Kingsbury bearing, other 
types having other methods of adjustment have been 
developed and are in successful use. 


The automatic operation of hydro-electric generators 
in stations without attendants is rapidly increasing. 
Machines as large as 5,000 ky.-a. are now operated in 
this way. <A 10,000 ky.-a. hydro-electric generator is 
now under construction to be installed in a station 
without attendants and operated by a supervisory 
control system over wires coming from another station 
at a distance of several miles. 

Synchronous Condensers.—These are called for in large 
capacity units in connection with large generating 
systems for regulating voltages and correcting trans- 
mission line conditions ; and while they are not real 
“producers ”’ of power, yet they are very necessary 
as regulators, especially in connection with transmission 
systems at 60 cycles. The growth in the use of such 
machines has been very rapid in the last few years, 
and, with the coming of the super-power system, the 
field for them will be still larger. 

The speeds for such units are chosen for the lowest 
cost, and are the highest for which the present dove- 
tailed salient pole construction can be used. Ordinarily, 
synchronous condensers are designed for moderate 
overspeeds, namely, 25 to 50 per cent., but occasionally 
the conditions are such that the condenser shouid be 
capable of operating safely at the water-wheel over- 
speeds, that is, as high as 80 per cent. The usual 
speeds for 60-cycle condensers are as follows :— 


5,000 to 10,000 kv.-a. 720 r.p.m. 
15,000 to 30,000 kv.-a. 600 r.p.m. 


It should be understood that these are not the 
highest speeds for which synchronous condensers can 
be built, but represent the lowest cost under present 
conditions of construction. 

These synchronous condensers are ordinarily designed 
for full kv.-a. output at the over-excited condition, and 
have a steady short-circuit ratio of 0-6 to 0-7, that is, 
with steady short-circuit with normal voltage no-load 
field current, they would give 0-6 to 0-7 of the rated 
armature current. Such condensers would carry 
approximately 50 per cent. of their rated kv.-a. lagging. 
Condensers for application on transmission lines fre- 
quently operate under-excited (when the line is lightly 
loaded) to prevent an objectionable increase in received 
voltage ; and in order to secure stability at low excita- 
tion, the relative strength of the field winding must be 
increased and the normal short circuit ratio may be as 
high as 1-3. While salient pole condensers wil! operate 
with low values of reversed excitation—up to 50 per 
cent. of no-load normal voltage excitation in some 
cases—it is not considered good practice, as under 
this condition of reversed excitation the condenser 
may drop out of step with minor line troubles. 

Large condensers are usually started as squirrel cage 
induction motors by the application of reduced voltage. 
The desired starting voltage may he obtained either 
from taps on the transformers, when transformers are 
used, or from a separate auto-transformer. Condensers 
of 5,000 kv.-a. and larger, usually have an auxiliary 
motor-driven oil pump of sufficiently high pressure 
(800 to 1,000 lb. per square inch) actually to lift the 
rotor journals from contact with the bearings. This is 
done before the starting voltage is applied and permits 
a very considerable reduction in starting voltage and 
kv.-a. Usually condensers provided with such oil- 
pressure systems are started by the application of 
25 to 30 per cent. of rated kv.-a. A particular 20,000 
kv.-a. condenser started on test at 19 per cent. voltage, 
taking 2,800 kv.-a. from the line and required three 
minutes to reach synchronism. 

In the design of synchronous condensers the attain- 
ment of low losses has been considered very important. 
In a commercial line of condensers from 5,000 ky.-a. to 
30,000 kv.-a., the guaranteed losses at zero powee factor 
over-excited, vary from 3 per cent. to 2 per cent. 
of the ky.-a. rating. In a particular installation of 
two 20,000 kv.-a. 11,000 volt, 60-cycle, 600 r.p.m. 
condensers, the full load zero power factor losses were 
400 kw. and 391 kw., an average of less than 2 per 
cent. It may be of interest to note the fact that 
approximately two million kyv.-a. in synchronous con- 
densers of allsizes have been contracted for by American 
firms. Practically all of these machines bave been 
ordered during the p:.st 12 years. 

Frequency Changer Sets.—As stated before, 60 cycles 
has become the standard frequency in the United 
States, and a very large proportion of new generating 
equipment is for 60 cycles. But there is still a large 
25-cycle load, mainly in synckronous converters, 
supplying direct-current distributing systems in the 
larger cities, in steel mills which some years ago 
adopted 25 cycles as their standard, and in the Niagara 
district. There is also in Southern California a large 
50-cycle area. This situation has brought into use 
large equipments to interchange power between 
systems of different frequencies. The Brooklyn 
Edison Company and the United Electric Light and 
Power Company have each installed a 35,000 kv.-a. 
frequency changer set to supply 25-cycle synchronous 
converter loads from 60-cyele generators. Twenty-five 
cycle power can be supplied more economically in 


for the purpose. 
in starting large sets, as in the case of large synchronous 


this way than from the older 25-cycle generating 
stations installed less than 10 yearsago. The combined 
efficiency of one of these 35,000 ky.-a. sets by test after 
installation is over 95 per cent., an average of 98 per 
cent. for each mavhine of the test. The Southern 
California Edison Company has had in operation more 
than two years a 15,000 kv.-a. set, tying together their 
50-cycle system and the 60-cycle system of the San 


Joaquin Power Company. Both machines of this 
set are wound for 18,000 volts, and the speed of the 
set is 600 r.p.m. This is the highest operating voltage 
for which machines have been wound, and involves a 
one-minute test voltage of 40,000 volts on the completed 
machine, and 50,000 volts on the individual armature 
coils. These are the highest tests that are recommended 
for windings in air. 


Practically all of the larger frequency changer sets 


installed in the United States are of the synchronous- 
synchronous type. 
chronous sets installed for special reasons. 


There are a few induction-syn- . 
It has 
become quite common to provide motor-operated 


frame-shifting devices in the synchronous-synchronous 
sets so that sets can be connected to and disconnected 


from the lines more conveniently, and to provide 
means for varying the load on the set. 

Frequency changer sets are usually started (from 
one or either system) as squirrel cage induction motors. 
Squirrel cage windings of special design are provided 
A high-pressure oil system is used 


condensers. The 35,000 kv.-a. set operated by the 
Brooklyn Edison Company is started by isolating a 
turbine generator and starting the generator and set 
synchronously. This results in very smooth and easy 
starting conditions. 

An interesting type of frequency changer set has 
recently been furnished to the United Electric Light 
and Power Company of New York City by the General 
Electric Company. This consists primarily of a 
35,000 kw. induction motor with approximately 
60 cycles on its primary, and operated at such a speed 
as to yive 25 cycles on its secondary (that is, at 42 per 
cent. slip), the rotor being connected to a synchronous 
motor. 

Power Station Auxiliaries—Tkere is a general 
tendency toward the electric driving of power station 
auxiliaries. Many of the stations now being installed 
use alternating current motors throughout, with 
squirrel cage inducticn motors for constant speed, 
and for variable speed, using either multi-speed squirrel 
cage induction motors or polyphase commutator 
motors. Some operating engineers, however, favour 
direct current for the variable speed auxiliaries, and 
install both alternating and direct-current supply. 
There is a recent tendency toward supplying the 
auxiliaries from a generator direct, coupled to the 
main steam turbine shaft. Such generators have 
usually been of the alternating current type, of from 
5 per cent. to 7 per cent. of the capacity of the main 
turbine. It is felt that with this general arrangement, 
the driving power for the auxiliaries is as reliable as it 
is possible to make it. For starting in emergencies, a 
separate supply, either from the main bus, from an 
outside station, or from an auxiliary station, is usually 
available. 

Transformers.—Transformers should be included in 
power-house equipment, for not infrequently they form 
part of the main generating plant. Auto-transformers 
with a 2 to 1 ratio have been used for stepping up 
from 11,000 volts or 13,200 volts to double these 
voltages; or in many cases two-coil transformers 
have been used for stepping up to much higher voltages 
for transmission systems to these stations. Large 
transformers are built both of the self-cooled and of 
the water-cooled types. 

The water-cooled type is used almost exclusively 
in power-house work, for such transformers can be 
built more cheaply than the self-cooled type, and water 
is almost always available. Either type can be built 
for large capacities, the self-cooled type having been 
built up to 18,000 kvy.-a. per unit, and still larger sizes 
doubtless can be built. The water-cooled type can be 
built in almost any capacity. 

The American type transformers are of two general 
constructions, namely, three single-phase units and 
straight three-phase units. In large transformers, the 
use of the single-phase units is much more common, 
principally on account of flexibility in application. 
For a given capacity, the three-phase unit may be 
slightly cheaper, considered by itself, but when spares 
and the problems of repairs, &c., are taken into account 
the single-unit construction often works out with less 
cost. 

Formerly the tendency in large transformers was 
toward relatively low reactance. However, due to 
dangers from short circuits, &c., this general tendency 
has changed toward fairly high reactance, both as a 
matter of safety against shorts and also for general 
operating reasons, such as better paralleling, Xc. 

Reactors.—The use of reactors has come in gradually, 
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and they have become such an important part of the 
operating outfit that it may be said that it would 
be impossible to operate our largest modern power 
stations in a satisfactory manner without current- 
limiting reactors in some form or other. Maintenance 
of service, which is of first importance in all such 
stations, is now, to a very great extent, dependent 
upon current-limiting reactors in some form or other. 

Recent Switchboard Practice for Power Houses.— 
The realisation of the importance of safety to life and 
property is reflected by the enclosing of all live parts 
either by masonry or grounded metal barriers, as 
truck type switching equipments, dead front switch- 
boards with inclosed rears. 

Complete factory built and assembled switching 
equipments, particularly for small power plants and 
auxiliary circuits of large plants, centralise in one 
place the responsibility for the individual apparatus 
as well as the assembly of all into a properly 
co-ordinated and permanently satisfactory whole. 

Seyregated-phase breaker and bus arrangement is a 
thoroughly modern method of meeting some of the 
hazards attendant upon the concentration of heavy 
powers in that the only short circuits that can occur 
are to ground where the magnitude of short circuit is 
limited by the ground resistance, thus avoiding any 
serious electrical or mechanical disturbance. 

The condensing of the control equipment for mani- 
pulating power house apparatus into very small area 
and space is strongly emphasised. By this many more 
operations and much more apparatus may be placed 
under the complete control of a single operator. This 
makes for improved service and efficiency. Prompt 
and correct action to meet the various emergencies 
arising on large systems is so imperative that the old 
method of telephone control on the part of the load 
dispatcher is no longer adequate. Supervisory control 
of the various operative functions is coming into use on 
large systems to meet the requirements of the present 
day. 

Automatic switching equipments for, generating 
stations permit their safe operation and proper func- 
tioning without attendants. This has made practic- 
able and profitable operation of relatively small water 
power which otherwise could not be utilised and pro- 
mises considerable application in this and other fields. 

The great concentrations of power now common in 
America are made possible only by the development 
of the oil circuit-breakers, which, so far, are the only 
commercial apparatus suitable for handling heavy 
short circuits at high voltage. Oil breakers, rated to 
rupture 1,500,000 kv.-a. in the are, are now in successful 
use on generator circuits and high voltage transmission 
circuits. 

For very heavy power house service, that is, where 
the ultimate output of a station is 200,000 kv.-a. or 
above, isolation of phases in the switch house is being 
used in nearly all new stations. This isolation is of two 
types. With horizontal isolation, each phase of an oil 
breaker, for instance, is separated from the other two 
phases by compartment walls on the same floor. With 
vertical isolation, each phase is separated by being 
placed on a separate floor. Either type, when pro- 
perly designed, practically insures against the possi- 
bility of a phase to phase short anywhere from the 
generator terminals to the outgoing cable pot ahead. 

So far, little consideration has been given to isola- 
tion of phases in substations, regardless of the amount of 
power handled, and high power circuit-breakers with 
all three poles mounted on a single frame are in general 
use in such substations. 

There has been in the last few years a marked swing 
toward the use of dead tank, gravity break, oil circuit- 
breakers with both the main and auxiliary contacts 
immersed in oil at all times. The fundamentals of 
design have remained extremely simple, there being 
no tendency in this country to go to the multiplicity 
of breaks in series that is common in Europe. With 
one or two unimportant exceptions, all breakers are of 
the double break type covering all voltage classes up 
to 200,090 volts. 

Automatic Stations and Substations.—The use of 
automatic hydro-electric generator stations has 
already been mentioned. The operation of the 
apparatus in the substations without attendants is 
rapidly increasing in the field of electricity supply, 
including substations and the supply of direct current 
to street railways, mining and factory installations, 
and direct current lighting systems, also transformer 
substations for the general distribution of alternating 
current at 2,300, 4,000 and. 6,000 volts, and also 
voltage regulators and street lighting. In such stations 
the entire operation of the station may be automatic, 
including protection of the transformers and running 
machines, automatic reclosing of outgoing circuit- 
breakers, shutdown. and starting of the machines when 
necessary on account of load variations, and starting 
up of street lighting circuits, &c. By the introduction 
of supervisory control systems the starting and stopping 
of machines in circuit and closing of oil circuit-breakers, 


&e., may be controlled from a distant station, confining 
the automatic equipment generally to the protection 
of the apparatus in the automatic station. 


THE DIESEL ENGINE.* 
By Dr. AnotpH NAGEL. 


The Diesel engine has been developed along four 
principal lines in Germany since the war: first, the 
main type of the engine has been freed from certain 
handicaps caused by too close an adherence to the 
original model; second, the two-stroke cycle is being 
used for large engines; third, there is an increasing 
tendency to inject and atomise the fuel without the 
aid of compressed air; and fourth, much progress has 
been made in the use of fuel of low ignitability. 

It has to he admitted that the Diesel engine without 
compressor became recognised in Germany at a com- 
paratively late date, and that the leading firms, with 
very few exceptions, did not set great store by the 
airless injection of fuel. It was only when economic 
conditions made it imperative to lower the cost of 
construction that the interest in the simplified Diesel 
engine made itself felt. To-day it can be stated that 
the economic pressure which makes solid injection 
necessary is felt by the German Diesel engineers as a 
far-reaching impetus for renewed activity. 

Before the war many attempts had been made to 
separate part of the combustion air which had been 
compressed in the combustion chamber of the working 
cylinder, and to compress it still further in order to use 
it for atomising. All these attempts failed because the 
different parts used in the uew constructions afforded 
no safety in working. So long as this method is not re- 
vived in one form or another we have to distinguish 
between two types of Diesel engines only : the ante- 
chamber engine and the jet-spray engine. 

With the ‘former kind, the antechamber engine, the 
atomising of the fuel is prodaced by an additional 
pressure of air which originates by means of an 
auxiliary explosion within the antechamber. Between 
the antechamber and the working cylinder a nozzle or 
a system of nozzles is placed in order to convert the 
pressure of the antechamber gases into velocity and to 
utilise it foratomising. The nozzleis the characteristic 
feature of the Diesel engines in contradistinction to the 
ignition head engines, which work with low compression 
and whose antechamber is not separated from the 
combustion chamber by a nozzle. 

Whereas with the ignition head engine the spon- 


taneous ignition is caused solely by the high tempera- 


ture of those parts of the surface of the ignition head 
which are hit by the jet of fluid, the antechamber 
Diesel engine, in order to bring about spontaneous 
ignition, utilises also the increase of the temperature 
of the combustion air as originated by compression 
in addition to the temperature of the inner surface of 
the antechamher. 

With the jet-spraying engine one or seyeral very thin 
jets of fuel enter the combustion chamber direct under 
the high pressure of several hundred atmospheres. 
The atomising of the fluid is caused by the dissipation 
of these jets, which is brought about through the in- 
fluence of the friction of the jet on the compressed 
charge of air. As soon as this principle is realised 
it becomes evident that we must allow the jet to travel 
within the combustion chamber a distance sufficient 
for its dissipation. If it should strike the wall too 
soon the dissipation would not be complete and the 
quality of combustion would be appreciably lowered. 
This is the reason why a complete success was scored 
when several years before the war horizontal Diesel 
engines were built with solid injection. 

The peculiar construction of the combustion chamber 
of this horizontal engine afforded sufficient travelling 
space for the jet to dissipate before it could hit the 
surface of the piston as a solid jet. Conditions differed, 
however, when an attempt was made to adopt this 
mode of dissipating the jet for the usual type of vertical 
Diésel engines, where the jet of the fluid, entering 
axially and travelling only a few centimetres, hit the 
surface of the piston directly. The failure resulting 
from this impeded for a long time the development of 
the solid injection engine of the vertical type, until 
it was recognised that it was the short travel of the 
solid jet which prevented its even dissipation, a short- 
coming which has been overcome by a hemispherical 
depression of the piston surface. 

Fig. 1 shows the needle-tube arrangement adopted 
in one design. This opens automatically under the 
pressure of the fuel. Under it the head of the piston 
on the upper dead centre is to be seen. All tests with 
several engines of this type resulted in records of 
efficiency. The latest tests were made by Professor W. 
Maier, Stuttgart, who obtained the values registered 
in Fig. 2. If these are reduced to a net calorific power 
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of 10,000 calories per 1 kg., and if a normal load of 
360 e.h.p. is assumed, we obtain the following values 
of fuel consumption per e.h.p. per hour :— 
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This exceedingly small consumption of fuel is 
remarkablo. The minimum of 166 g. was attained 
with a load of 320 e.h.p., which corresponds to a thermal 
efticiency cf 38-3 percent. It must also be emphasised 
that the fuel consumption is in a large measure inde- 
pendent of the load; within the wide range from 
half-load to 25 per cent. overload the minimum fuel 
consumption is exceeded only by 6-6 per cent. A 
careful analysis of the underlying causes has shown that 
only about 50 per cent. of this favourable result is 
due to the absence of the compressor work. A large 
part of it is to be attributed to the hemispherical, 
practically uniform combustion chamber, whose cooling 
surface is comparatively small, as well as to the high 
mechanical] efficiency, amounting to 85 per cent. The 
engine stands an overload of nearly 50 per cent. Pro- 
fessor Maier was able to make a satisfactory test with 
a fuel consumption of 188 g. at a mean effective piston 
pressure of 7:83 atmospheres. As the normal load 
of 360 e.h.p. corresponds to a mean effective pressure 
of 5-5 atmospheres, the overload is 


7-83 — 5-5 
6-5 


Experience seems to point out that the solid injection 
engine of this type very favourably influences the 
wear of the piston, whose upper surface is very effec- 
tively cooled by the contact with the spray of the fuel. 
The heat thus drawn from the piston surface is used 
for vaporisation and for cracking the small fuel drops. 
It is believed that for this reason a separate cooling 
of the piston can be dispensed with for larger diameters 
than is the case when the spraying is effected by 
compressed air. 

Very similar devices have been successfully used 
by other firms. The fuel pump in one type of four- 
stroke cycle engine is worked by a cam projecting 
from the crankshaft. In case of a two cylinder engine 
the fuel is admitted alternately into either cylinder 
by means of a distributor which is connected with 
the gear-shaft; with single-cylinder engines on every 
second stroke of the pump the fuel is by-passed to the 
fuel tank. Fig. 3 shows the injection nozzle. The 
needle, which opens automatically under the pressure 
of the fuel, is provided with a lift-stop in shape of an 
inverted mushroom valve. If the needle is lifted 
this valve presses tightly against the lower surface of 
the upper bush of the needle guide. In this way the 
packing of the needle can be dispensed with, and a 
weak spring will prove sufficient for loading the needle. 
The nozzle proper has five pairs of holes which are 
equally distributed on the circumference. Each pair 
consists of a horizontal and an oblique bore, each 
0-3 mm. in diameter. Both bores of each pair meet 
at the point of discharge; thus the two jets combine 
and the atomising of the jets occurs. This engine has 
yielded a fuel consumption as low as 163 g. per 
effective horse-power-hour. 

A large number of engineering works are also inter- 
ested in the antechamber Diesel engine. This type 
does not yield the exceedingly low fuel consumption 
which is the feature of the most economical types of 
the jet-spray engines. Butitis also very advantageous 
as it requires less precision in manufacture, dispensing 
as it does with the two most sensitive parts of most of 
the jet-spraying engines, viz., the injection nozzle and 
theneedle mechanism. According to our latest experi- 
ence it is a matter of doubt whether preference is to 
be given to the antechamber engine or to the jet- 
spray engine if we sum up the advantages of either 
system, such as low prime cost, safety in working, 
easy operation by the factory hands, and, last but 
not least, low fuel consumption. I discussed the 
chief types of antechamber engines which are now 
being built in Germany in a lecture delivered to the 
Verein Deutscher Ingenieure in Berlin last year. 
The feature of the Steinbecker antechamber engine is 
the introduction of the fuel into a nozzle zone which is 
placed between the antechamber and the working 
cylinder. Through the current of air which flows, 
during compression, from the working cylinder to 
the antechamber, the small particles of fuel which 
are first introduced into this zone are carried into the 
antechamber, whose walls, brought to blood-red heat, 
cause the spontaneous ignition of this very small 
amount of fuel. In consequence of the combustion 
pressure in the antechamber, which suddenly rises 
to 80 atmospheres, the direction of the current within 
the nozzle is at once reversed, and this new current 
causes the bulk of the fluid which now follows to be 
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injected into the cylinder and atomised with the aid|of the antechamber bottom. All around this fixture 
of the gas pressure in the antechamber. grooves are machined, in order to prevent the trans- 

Among the antechamber engines, in which the | mission of its heat to the cooled surface of the cylinder 
entire fluid passes through the antechamber, one type|cover. Thus it reaches so high a temperature that 
has been particularly successful. As seen in Fig. 4,|the more or less solid jet of fluid, when it strikes 
the antechamber is cast into the cylinder cover between | against the hot surface of the funnel is ready for 
the inlet valve and the exhaust valve and completely | complete combustion. When the cold engine is put 
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Fig. 1.—Needle Tube Injection for Vertical 
Diesel Engine. 
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Fig. 2.—Results of Tests made by Professor W. Maier, 
Stuttgart. 
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covered by the cooling water with the exception of the 
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automatic needle, runs from above axially into the 
antechamber. The centre part of the bottom of the 
antechamber tapers into a jet-spraying nozzle which 
is arranged axially and opens into the combustion 
chamber of the working cylinder. The jet-spraying 
nozzle is part of a separate fixture which expands 
upwards into a funnel, thus forming the centre part 
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Fig. 3.—Needle Tube and Spraying Nozzle 
for Four-Cycle Engine. 
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Fig. 4.—Antechamber Diesel Engine. 


in motion, the ignition of the fuel is first effected by 
means of a glowing fuse of nitrated paper which projects 
into the antechamber. 

All systems of solid injection engines have hitherto 
been restricted in Germany to types working with 
small cylinders. The excellent results obtained with 
atomising liquid fuel by means of a compressor, 
which resulted in a maximum of reliability, were 
responsible for the retention of the compressor in 


large-sized motorships. The preference seemed all 
the more justified by the fact that the sensitiveness of 
the air compressor decreases with increasing size, and 
that the compressor adds less to the prime cost of the 
entire plant in proportion as the size of the engine 
increases. 
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All these reasons explain why the German Diesel 
engines for marine purposes, with the exception of 
smaller types, continue to this very day to inject the 
fuel by means of an air compressor. All these different 
systems of motors for the propulsion of ships are in 
lively competition with each other, and their friendly 
contest is far from being definitely settled. On the 
one side we have the heavy slow-speed Diesel engines 
with direct reversing. With them vhere is an increasing 
tendency to abandon the original four-stroke type 
almost completely. The chief variations are the revo- 
lutionary adoption of radically new driving gear 
arrangements and, wherever maximum output is 
required, the introduction of the two-stroke cycle 
with single or double-acting piston. On the other hand, 
owing to the vast experience, which has been gathered 
with high-speed marine Diesel engines, there is also 
an endeavour to render this latter type more efficient 
by adding a speed-reducing gear. : 

The reversible slow-speed type has been considerably 
developed in Germany in recent years. Among new 
driving gear devices we have first to mention the 
Benz engine. ‘This replaces the cross-head guide by a 
strong rocking arm, which is also the point of applica- 
tion for the pistons of two four-stroke cylinders and 
which transmits the work of these two pistons to a 
common connecting rod. The four stroke phases of 
these two combined pistons differ by 360 degrees, 

The Michel motor has assumed a shape which differs 
sompletely from the usual type of the Diesel engine. 
Its latest model is a two-stroke cylinder with three 
pistons in radial arrangement. 

In addition to the improvements which the Diesel 
engine for marine purposes has heen subject to with 
regard to the driving gear, much progress has been 
made respecting the utilisation of the cylinder. This 
progress chiefly consists in the development of 
new two-stroke systems. The principal endeavour is 
to obtain the highest possible cylinder output. This 
is the reason why the double-acting working cylinder 
has of late again been successfully resorted «o. The 
modern tendency no doubt is to pass from valve 
scavenging to port scavenging which is controlled hy 
the working piston. The special advantage of this 
method consists in the simplification of both cylinder 
head and cylinder cover, since not only the exhaust 
valve but also the scavenging valves can thus be dis- 
pensed with. The first successful experiments along 
these lines were made in 1914 when a single-acting trial 
engine was tested of the well-known two-stroke type. 
In the single working cylinder 1,992 effective horse- 
power was obtained at 150 r.p.m., the diameter of the 
piston being 1,000 mm. and the stroke 1,190 min. 

Of special interest are the excellent results obtained 
with a new double-acting two-stroke trial engine. 
This engine has been thoroughly tested with a double- 
acting, two-stroke cylinder of 800 mm. diameter and 
a stroke of 1,050 mm. The ratio of the stroke is 
comparatively small (1:3); this is due to certain 
parts of the engine which were on hand and were 
made use of for the trialengine. With ordinary engines 
a larger ratio will be chosen for the stroke. Particular 
attention has been paid to an advantageous circulation 
of the cooling water within the jacket of the cylinder 
liner. The upper cylinder cover is provided with a 
fixture in which are placed the fuel valve, the exhaust 
valve, and the safety valve. The lower cylinder cover, 
which is provided with a cooled wrought-iron protection 
plate, contains four fuel valves and one safety valve. 

This engine was started on December 18, 1923. 
From the outset it has been working very satisfactorily, 
so that the construction of six-cylinder engines with 
10,000 e.h.p. and 94 r.p.m. is planned. 

Taking into account the work of the scavenging 
pump, the trial engine yielded 984 e.h.p. at 88:7 r.0.m. 
The fuel consumption, reduced to a net calorific power 
of 10,000 calories per kilogram, was 187 g. per one 
hour of 1 e.h.p, The mean effective piston pressure 
was as high as 5 atmospheres. With a half-load, 
7.€., 515 e.h.p. at 89 r.p.m., the fuel consumption only 
went up to 200 g. Calculated per one hour of 1 i.h.p., 
the fuel consumption for a half-load up to a full load 
remained constant at 150 g. 

Quite recently a port scavenging engine has been 
adopted. The arrangement of this engine resembles 
the previous type; it avoids, however, the sudden 
change in the direction of the current within the 
cylinder before it enters the exhaust ports. Tor this 
purpose the exhaust ports are not placed above the 
scavenging ports, but are distributed sidewise in two 
groups along the cylinder wall opposite the scavenging 
ports. Thus the scavenging current flows through the 
cylinder in a continuous circle which splits up into 
two currents in order to leave the cylinder at the 
exhaust ports. For smaller marine Diesel engines, 
up to about 400 e.h.p., one firm uses a sun and 
planet coupling. This coupling offers the same 
advantages for smaller marine engines as the Vulcan 
gear does for ship motors of a large size. 

A final word may be said about the similar task of 
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utilising the Diesel engine for locomotive and freight 
motor-car service. Many German engineering works 
are interested in these two problems. For locomotive 
service two firms have been using the Lentz coupling. 
A 1,200-h.p. Diesel locomotive for goods trains has 
been constructed by one firm. 


THE CONTINUITY 
OF OPERATION 
SYSTEMS.* 


By Dr. Guipo SremeEnza. 


AND REGULARITY 
OF LARGE ELECTRIC 


Ir has been pointed out that the extension of an 
electric distributing network is favourable to economy 
but detrimental to service. I recall in connection 
with this, the old Edison system in Milan, which was 
running for fourteen years from 1882 without a single 
interruption of current and with the variations of 
voltage kept within limits of 2 or 3 per cent. When a 
single steam power house was feeding its own network, 
these results were possible. They are still possible in net- 
works in which distribution is made by direct-current 
with a sufficient amount of storage batteries. But when 
the energy comes from hydraulic sources and has to be 
transmitted over long overhead lines, and distributed 
without auxiliary storage batteries (and I think this is 
the case in at least 90 per cent. of the plants on our 
continent) interruptions and irregularities in the 
service are quite frequent. It is interesting to investi- 
gate if this has to be considered as a normal condition 
or if it is, on the contrary, a degeneration to be corrected. 

The war has had a part of responsibility in this 
state of affairs, as in the course of eventsit was necessary, 
above all, to produce and deliver as many kw.-hours as 
was possible, and the continuity and regularity of 
service had no importance whatever. Once the war 
was over, the majority of the producers and distributors 
of energy were not in a position to renew such parts of 
their plants as had become obsolete, and the consumers 
very naturally became gradually accustomed to bad 
service. 

It is said that improvement of relationship is possible 
between two parties, only when it works in favour of 
both. The object of this paper is to show that improve- 
ment of service is an advantage both for the consumer 
and the producer, but perhaps more for the producer ; 
in fact, for the customer bad service may be only a 
nuisance, for the producer it nearly always represents a 
loss of money. 

Bad service may depend on: (a) short-circuits in 
power house or substation bus-bars and connections ; 
(6) break-down of electric machinery (alternators, 
dynamos, transformers) and switchboard apparatus ; (c) 
insulators puncturing or conductor breakages or cable 
break-down; (d) lighting disturbance or failures of 
protective devices; (¢) insufficiency of regulating 
facilities and protecting devices, in particular when 
more than one power house is working on the same 
network. 

A first broad classification of these different causes can 
be made: those that can easily be avoided (even if 
the remedy is very costly) and those that are to be 
considered unavoidable or nearly so. 

In the first class I would mention short-circuits in 
bus-bars, insufficiency of conductor sections and 
insufficiency of regulation facilities on large networks. 
Short-circuits in bus-bars and on conductors of power 
houses and substations can be avoided by good 
construction. We have nowadays enclosed systems 
that give every security against such danger, and even 
without going to the high cost of such systems, the 
lay-out of inside conductors can be done in such a way 
as to make such evils practically impossible. Insuffici- 
ency of conductor section is a question of cost; in- 
sufficiency of regulating facilities is not so simple to 
rectify. The problem of voltage regulation in a large 
network, which a number of power houses are feeding, 
and which is perhaps formed by the interconnection of 
several separated networks, is rather a difficult one, as 
it involves proper distribution of active and reactive 
power. These networks have at any rate proved to 
be very sensitive to voltage regulation ; any abnormal 
occurrence at one point is apt to affect the whole 
system. The mere tripping of protective apparatus 
may be sufficient to alter all of a predisposed plan of 
regulation. Therefore in such systems, the necessity 
of feeder regulators and synchronous condensers 
becomes more and more frequent. 

Now, if we come to abnormal occurrences due to 
break-down of machinery and apparatus, although 
accidents of this kind cannot be absolutely avoided, they 
can be reduced very much by a proper choice of 
machinery. Poor machinery is the cause of more 
troubles than is generally believed. Care must be 
taken not to put too much of the responsibility for the 
production of poor machinery on the manufacturer’s 
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shoulders, as the quality of the production must very 
often follow the tendencies of the buyers. I submit 
that too often the electric companies give a place of 
excessive importance to first cost of machinery and 
too small importance to the cost of operation. This 
tendency, especially in some of the Continental countries, 
has lowered the whole standard of machines, and a 
better consideration of the true interest of the pro- 
ducers of energy ought to result in the demand for 
alternators and transformers giving the highest degree 
of security in operation. Some of the above con- 
siderations may be extended to line construction. 
Very often break-downs attributed to birds, stones 
thrown at insulators, lighting and straw carried by the 
wind, are due in reality to poor insulators. Economy 
in insulators for overhead lines is foolish. Insulators, 
since they are composed of a substance on the resistance 
of which (both electrical and mechanical) one cannot 
rely, have to be chosen with a very large factor of 
safety. As to the line construction, nowadays it can 
be done, by properly applied engineering, as safely 
as any other metal construction. Cases of wires 
breaking on well designed lines are very rare and due 
generally to lighting or to trees falling on the wires, 
or to other unforeseen reasons, to which we must now 
add also aeroplanes flying into the wires. Cables are 
also apt to give trouble, as a fault in manufacturing 
is sufficient to cause a break-down. But this is not a 
frequent occurrence. 

The worst enemy of continuity of service is the 
atmospheric disturbance, especially for systems of 
medium tension. Very low-tension systems are easily 
protected and very high-tension systems are self- 
protected; the problem of complete protection is 
unsolved for line voltages ranging between 5,000 and 
60,000 volts—I say unsolved in the sense that break- 
downs are not avoidable. Many of the protective 
devices used are effective for a singie class of disturb- 
ances, but will not resist others, and, moreover, they 
are apt by their failure to increase the initial damage. 
Very much, however, can be done by strengthening 
all the elements of the systems, by using higher insula- 
tion, by spacing the bare live parts and by improving 
the quality of the machinery. In many plants the 
replacing of poor insulators with larger ones has done 
more than all kinds of protective devices. 

This brings us to the consideration of the over-load 
and excess voltage protective devices. It may be 
generally said that for a system having only a single 
power house, the problem of protection is solved ; 
a proper use of overload, differential and power return 
relays, and a well-studied graduation of the tripping 
currents and times can assure, to a very high degree 
of certainty, the exclusion of the faulty element before 
the whole svstem is affected. Two conditions are, 
however, necessary: all the relays of each class must 
be of the same type, or at least bear the same charac- 
teristics, and the adjusting for tripping current and 
time must be done under the strict control of a single 
department. If this is left to the chief electricians of 
power houses or substations the result will be con- 
fusion. 

Things are not so easy when the system is fed by 
more than one power house. A point which is as yet 
unsolved is the easy control of the relay systems 
when energy has to be transmitted alternately in 
opposite directions in the same line. In such cases, 
however, the adoption of a well-organised service of 
load dispatching is absolutely necessary. And I may 
add that one of the most important actions to be 
performed is the quick restoration of service after an 
interruption. In a very complex system this can only 
be done by the dispatcher. 

Interruptions and irregularities of service are a 
nuisance to the consumer. 

But the producer also suffers hy bad service, and this 
for three reasons:—(1) Every interruption, with 
very few exceptions, is accompanied by more or less 
important damage to some part of the installation. 
(2) During the interruptions the meters do not register. 
(3) An excess of interruptions produces by reaction a 
tendency for the most important customers to install 
their own generating plants. In addition, a poor 
regulation is generally accompanied by heavy energy 
losses in conductors. 

Analysing these differing points, we may consider 
that, in a break-down of machinery and lines, or a 
break-down of insulation, repairs are the necessary 
consequence, and having to be done during the opera- 
tion they are by no means economical. Take a line 
50 miles long containing, say, 10,000 insulators, and 
suppose that the adoption of an insulator whose cost 
is 11s. instead of 10s., would reduce by 1 per cent. per 
annum the number of punctured insulators, the 
first cost of the line would he increased by 5001., 
and the annual charge for interest, sinking fund, &e., 
by, say, 75/1. On the other hand, we have every 
year, 100 insulators less to replace. The practice of 
overhead lines shows that the cost of replacing an 
insulator averages 20s., when the line is in operation ; 


adding the cost of the insulator the total expense is 
30s. There is a total of 75/. per year spent against 
1501. per year which might be saved. This very 
simple example shows that the operating company, 
in giving better service, may also save money. 

The same can be said about transformers and 
apparatus. As to interruptions, I would recall the 
case of a company operating a large hydro-electric 
system which distributes an average power of 50,000 kw. 
and in which the duration of the interruptions of supply 
amounts in a year to 15 hours. If we suppose the 
average selling price of the energy to be 1d. per unit, 
the loss due to meters not registering is more than 
3,000/. per annum. This sum capitalised at 5 per 
cent. gives 60,0001. This means that the company 
could spend large sums in improvements and yet save 
money. As to the excess of voltage drop in con- 
ductors, it is nearly always a want of application of 
Kelvyin’s law in its simplest form. In the greatest 
number of cases of poor regulation, calculation will 
show that the saving of power wasted in the con- 
ductors would pay for the extra cost of additional 
copper. 

In conclusion, we may say that a broad consideration 
of the combined interests of producers and consumers 
of electrical energy shows clearly the advisability of 
doing all in our power in order to reduce the interrup- 
tions and irregularities of service. 

Service can be improved :—(1) By using machines, 
transformers, and apparatus of suitable size; (2) by 
treating the study and constructionjoi lines as engineer- 
ing problems, and by using very large insulators ; 
(3) by adopting a rationally laid-out system of tripping 
relays and submitting to one control the adjustment 
of such relays; (4) by adopting a load dispatcher for 
large systems; (5) by reducing voltage drop in lines 
by a proper increase in the section of the conductors, 
and by improving regulation by the use of voltage 
regulators and synchronous condensers. 


THE Bristou “ Juprrer ” AnRo ENGINE.—The Bristol 
Aeroplane Company, Limited, Filton House, Bristol, 
inform us that the 400 h.p. Bristol “‘ Jupiter ” aero engine, 
which we illustrated and described in our issue for April 25, 
has been tested by the Swedish Government to ascertain 
its suitability for employment under Arctic conditions. 
The tests were carried out some two months ago at 
Kiruna, which is within the Arctic circle, the engine being 
mounted on a Bristol fighter aeroplane, specially equipped 
with skis and tested both on the ground and in flight. — 
We understand that the trials were successful in all cases 
and that, in one final test, the machine, which had been 
left in an open shed over night in a temperature of 
— 20 deg. C., was started up in the morning on the second 
swing of the propeller. The machine, shortly afterwards, 
was flown from Kiruna to Malmslaat, a distance of 
1,300 kilometres (806 miles), in 64 hours, the pilot 
reporting on arrival that the engine had worked per- 
fectly. The machine has since been purchased by the 
Swedish authorities, who had previously experienced 
much difficulty in operating aero engines under Arctic 
conditions. 


Tue Institution oF ENGINEERS (INDIA).—The fourth 
volume of the journal of the Institution of Engineers 
(India), published a short while ago, is a bulky issue 
containing a large number of folding lithographed plates, 
the reproduction of the latter being, however, hardly 
up to the style expected in such matters. It still seems 
difficult in India to produce a book which will compare 
well with European standards. As regards subject 
matter, which, after all, is the great thing, the volume 
contains much that is interesting in the form of a number 
of papers on a variety of subjects. Many of these are 
quite rightly of local interest, and will doubtless for this 
reason prove of greater value to members. Such 
papers include one on ‘Modern Indian Sewerage ” ; 
another is on the “ Politics of Sub-soil Water.” Others 
are ‘* the New Indian Boiler Regulations ” and “ Working 
Costs in Small Power Plants.”” An investigation of the 
“Congestion of Calcutta’’ is made by Mr. T. A. F. 
Stone, of the North Western Railway. An account of 
the fourth annual general meeting held in February, 
1924, is included in the volume, which, therefore, is 
very creditably up to date. 


Tue Instirurion or ENGINEERS, AUSTRALTA.—The 
second volume of the Transactions of the Institution 
of Engineers, Australia, has recently been published, 
and contains an interesting record of the proceedings of 
this institution for the year 1921. While members will 
be glad to have on record the statement of the affairs 
of their body, the delay in publication robs this part 
of the volume of much of its interest. The major 
portion of the issue is, however, devoted to a dozen 
or more papers read before various centres and many 
of these are of much more permanent value. The address 
on the development of the institution, by the then presi- 
dent, Mr. W. J. Newbigin, is also of considerable interest. 
dealing with the attitude of engineers in that country 
towards politics. The papers published include one by 
Mr. J. 8. Dethridge on “ Irrigation Works and Practice 
in Victoria.”’ Mr. Dethridge, being a member of the 
State Rivers and Water Supply Commission of the 
State of Victoria, is well qualified to speak on this sub- 
ject. Of other papers were such subjects as corrosion 
in condensers, rainfall intensities, concrete footings for 
columns, impact losses of jets, &c. : 
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THE PLUTO SUSPENDED FURNACE ARCH. 
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THE PLUTO SUSPENDED FURNACE ARCH. 


THE increasing width of boiler furnaces, whether 
fired by mechanical stokers or pulverised fuel, has 
necessitated considerable changes in the design of 
the arches over them, for the rise of ordinary spring 
arches becomes inconveniently great for modern 
furnace widths. Since the function of an arch is 
merely to provide a refractory roof to the furnace, 
there is no need for the usual curved form which has 
been adopted for structural reasons and indeed a 
roof horizontal from side to side, and therefore 
having no rise at all, would be generally preferable. 
A furnace roof of this kind is, of course, not an arch’ 
at all, but the construction has become known under 
the name of a “‘suspended arch,’ which indicates 
its nature sufficiently well. The brickwork of a 
suspended arch is hung from transverse steel girders 
protected from the heat. Although the arch is hori- 
zontal from side to side, it may be made of almost 
any shape desired from back to front, being flat, 
stepped, tapered or curved in a longitudinal direction 
according to the ideas of the designer as to which is 
best for the particular circumstances. 

There are several types of suspended arch con- 
struction now in use, varying both in the nature of 
the steelwork and the form of the bricks used in them. 
Many of these have the disadvantage of being very 
heavy and expensive on account of the large amount 
of steelwork they involve. The Pluto Stoker Company, 
of 2, Upper Westbourne-terrace, London, W.2, have} 
developed a design of comparatively light and therefore 
inexpensive construction, the nature of which will be 
understood from the illustration above. It will be 
noted that the bricks are able to expand in all direc- 
tions without introducing appreciable stresses, this being | 
an important point in connection with furnace work. 
The steelwork, moreover, is reduced to a minimum, 
only one brick out of every eight or ten being directly 
suspended, instead of nearly every other brick as in: 
some types ofarch. Indeed, the Pluto Stoker Company 
claim that with a furnace of less than 6 ft. 6 in. wide 
it is not necessary to have any suspension at all. 
From 6 ft. 6 in. to 12 ft. wide one brick in every row, 
is suspended; from 12 ft. to 19 ft. two bricks in every 
row; and from 19 ft. to 25 ft. three bricks in every 
row. 

In the side walls are two cast-iron boxes containing 
a number of springs, the compression of which can be 
regulated by bolts on the outside. The springs act 
on side plates which press against the bricks of the 
arch, and the arch can expand as its temperature, 
rises with no restraint other than that of the springs. 
The arch bricks are of a very simple form, a few shapes 
only being required. The shape of the bricks is such 
that all the joints are perpendicular to the surface 
which is exposed to the flames, as it has been found 
in practice that vertical joints are more resistant to 
furnace conditions than inclined joints. The erection 
of the suspended arch is carried out on a timber 
platform of simple construction, which provides the 
necessary support until the bricks are in place. 


LoapuInes or Japanese Suies.—The Board of Trade 
has certified that certain statutory regulations, which 
have been approved by the Japanese Government relating 
to overloading, so far as regards the assignment of load- 
lines to Japanese ships, are equally effective with the 
corresponding regulations in force in this country 
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respecting the assignment of loadlines to British merchant 
ships. An Order in Council, dated March 21, has there- 
fore been made, directing that, on proof that Japanese 
ships have complied with the aforesaid Japanese Regula- 
tions, such ships shall not, when in ports of the United 
Kingdom, be liable to detention for non-compliance with 
the provisions of the Merchant Shipping Acts relating to 
overloading, nor shall there arise any liability to any 
fine or penalty which would otherwise arise for non- 
compliance with those provisions. 
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CATALOGUES. 


Electric Welding.—A catalogue of electric welding 
machines for spot, seam and butt joints has come to 
hand from Messrs. Perkin and Co., Limited, Leeds. 


Shears.—A catalogue of scrap shears, open-ended 
bar and plate shears, billet shears with automatic 
feed rollers, and splitting and guillotine shears has been 
issued by Mr. Henry Pels, 40, Great Marlborough-street, 
London, W.1. 


Switchboards.—All-steel, draw-out, truck-type switch- 
boards, as designed and manufactured by Messrs. Johnson 


and Phillips, Limited, at their works at Charlton, London, 


S.E.7, are dealt with in an excellently prepared cata- 
logue to hand from that firm. 


Woodworking Machines.—Messrs. H. G. L. Young, 
Limited, Upper Hollingdean-road, Brighton, have sent 
us a priced catalogue of small power-driven wood- 
working machines, including a saw bench, band saw, 
several planers, a spindle moulder and a mortising 
machine, 


Railway Wagons.—The Cambrian Wagon Company, 
Limited, Cardiff, have sent us a copy of the second edition 
of a catalogue containing full specifications of their stan- 
dard and tipping wagons, as well as lists of firms for 
whom wagons have been built and of stations at which 
repairs can be carried out. 


Marine Electrical Machinery.—A catalogue of generat- 
ing units, motors, switchboards, winches, windlasses 
and fans for use on board ship, is to hand from the 
Metropolitan Vickers Electrical Company, Limited, 
Trafford Park, Manchester, who supply complete marine 
electrical equipment for lighting and auxiliary power. 


Wind Mill—The Lambert Engineering Company, 
Harrow, Middlesex, have issued a new edition of their 
catalogue of wind-driven generating plant for electric 
lighting, in which the dynamo is mounted on the top of 
the mast. All the details are explained, and advice is 
offered to possible users of the plant in any situation. 


Machine Tools.—Messrs. Brown and Ward, Limited, 
27, Great Hampton-street, Birmingham, have sent us 
a catalogue of machine tools, showing a series of capstan 
and centre lathes, automatic turning machines, milling, 
drilling and shaping machines, &c. The tools are 
illustrated and dimension and capacity tables are given, 


Lubrication.—A catalogue and several leaf circulars 
to hand from Tecalemit, Limited, 10, Little Portland- 
street, London, W.1, contain descriptive matter of the 
firm’s grease gun, grease cups, connecters and other fit- 
tings for forcing grease into bearings. ‘The appliances are 
suitable for motor vehicles as well as for general industrial 
use. 


Insulating Materials—A well-arranged catalogue, with 
excellent explanatory matter, of insulating materials 
and finished parts made of mica, paper, presspahn, 
asbestos cloth, natural resins and synthetic resins, 
has come to hand from Micafil, Limited, through their 
agents, Impag, Limited, 88, Fenchurch-street, London 
E.C.3. 


Tools.—A great variety of hand-tools, vices, jacks, 
cramps and accessories for lathes and drilling machines 
are illustrated, with tables of dimensions and prices, in 
the 1924 edition of their catalogue issued by the Steel 
Nut and Joseph Hampton, Limited, Wednesbury. The 
company manufacture all the tools and appliances 
referred to in the catalogue. 


Line-Shaft Bearings—The Hoffman Manufacturing 
Company, Limited, Chelmsford, Essex, have issued a 
new catalogue of a ball and roller bearings for line shafting. 
Particulars are given of complete countershafts and of 
various brackets, hangers, girder clips and other fittings 


required for shafting, as well as of a type of bearing 


lighter and less costly than the standard pattern. 


Locomobile Engines.—A new issue of their catalogue 
of locomobile engines, which constitute independent 


power units having compound engines mounted on a hori- 


zontal boiler, is to hand from Messrs. Marshall, Sons and 
Co., Limited, Gainsborough. The list gives particulars 
of eight sizes ranging from 50 h.p. to 250 h.p. for normal 
running. The engines, however, will carry a conti- 
nuous overload of about 25 per cent. and a momentary 
overload of about 40 per cent. The whole unit can be 
placed on any good foundation, without attachment to 
the building, and is readily removable. 


BACHO ADJUSTABLE WRENCH. 


THe wrench, of which we give an illustration in the 
annexed figure, is one of three patterns recently placed 
on the market by Messrs. Buck and Hickman, Limited, 
2-6, Whitechapel-road, E.1. These wrenches are of 
Swedish manufacture by Messrs. B. A. Hiorth and Co., 
of Stockholm, and are fully up to the standard of 
quality with which the name of *‘ Bacho ”’ is associated. 
The wrench illustrated is made of two main parts, 
drop-forged. It is free from projections and can be 
employed in awkward places into which an ordinary 
wrench could not be inserted. The method of gripping 
combines simplicity with robustness, one limb haying 
are indentations stamped upon it, while on the 
enveloping piece are corresponding stamped projec- 
tions, engaging with the teeth of the other part. 
The arcs are struck in such a way that fine adjustment 
and a very good grip are obtainable, and the wrench 


promises excellent service. It is made in sizes for 
grips from 1} in. up to 3 in. The end of one limb is 
finished to serve as a screwdriver. 

Another wrench by the same makers is one of the 
Clyburn type, in which the jaw opening has been 
made rather larger than usual, and set at 15 deg., 
so that, by reversing, a nut in practically any position 
can be gripped. Although the thickness of the head 
has been made narrow, so that the spanner may 
be used for close-quarter work on automobiles, &c., 
care has been taken to provide good support for the 
movable jaw and a good backing of metal at the 
heels. This spanner is a double-ended tool, having 
at the handle end a crocodile pipe wrench. The third 
spanner of the same series which Messrs. Buck and 
Hickman are now introducing, is a single-handle pipe 
wrench in which the parts have been made as simple 
and reliable as possible. The usual flat springs 
pressing on the adjustable jaw shank, which are 
so liable to get broken, have been replaced by a 
single helical spring. This should undoubtedly prove 
an advantage. This wrench, like the others, is an 
excellently finished article. It is made in lengths of 
10 in., 14 in. and 18 in. for pipes of from 1} in. to 
24 in. 


INFLUENCE oF TiTantium oN JIRon CastiIncs.— 
Experiments conducted. by E. Piwowarsky, of the 
Technical High School, Aachen, confirm previous state- 
ments as to the improvement of cast iron by small 
additions of titanium. The new experiments (Stahl 
und Hisen, June 26) were purposely made with a high- 
carbon pig containing 3-38 per cent. of carbon, 0:49 
per cent. of silicon, 0:45 per cent. of manganese and 1-15 
per cent. of sulphur. The pig was remelted in an electric 
Tammann furnace of graphite lined with magnesite, the 
ferro-titanium being added to the fused metal in lumps, 
which were pushed under by means of carbon rods 
provided with cup-shaped ends, the cups being lined with 
magnesia. Less than half of the titanium added (0-8 
per cent. maximum) was taken up by the iron, which 
showed a much finer grain than before. Test rods 
were then taken from this iron and heated to 1000 
deg. C. for many hours (10 to 50). The grain was made 
still finer, and it was found that the titanium hastened the 
decomposition of the iron carbide and the gasification of 
the carbon. There were marked increases in tensile 
strength and elongation. 
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TRANSMISSION OF ELECTRIC POWER 
FROM NORWAY TO DENMARK.* 


By A. R. Anexto, Nordsjaellands Electricitet and 
Sporoejs A/S., and Wm. Rune, Professor of Electrical 
Engineering, Hngineering College, Copenhagen. 


Ty the year 1921 three commissions were appointed, 
one by the Danish, one by the Norwegian, and one 
by the Swedish State, with the object of investigating 
the question of transmission of electric power from 
Norway to Denmark. These commissions elected from 
among their members a Joint Committee consisting of 
six engineers, two from each country, for the investi- 
gation of the technical and financial aspects of the 
matter. In 1923 this committee put forward a report, 
the main points of which are given below :— 

It appears that the total power consumption which 
can be anticipated in Denmark when (presumably in the 
course of 10-15 years) all lighting and power both in the 
towns and in the country (railways excepted), has been 
electrified, will amount to about 500,000,000 kw.-hours 
per annum with the common maximum of about 
157,000 kw. corresponding to about 3,200 hours. On 
account of this comparatively small number of hours 
it will not pay to build transmission lines for the whole 
ofthisenergy. However,it might possibly be of advan- 
tage to take delivery of part of it this way, corresponding 
to about 6,500 hours. This energy would amount to 
about 63,000 kw. 

If transmission of power from Norway were to 
begin before the expiration of the above-mentioned 
10-15 years, it would be most correct, to begin with, 
about 42,000 kw. The various plans worked out are 
all based on this latter assumption. 

The investigations show that there are two routes 
along which the electric power from Norway might be 
transmitted to Denmark, viz.,—(1) By means of 
submarine cables under Skager Rack to Jutland, 
and trom there on to Fyen and Sealand. (2) By means 
of high-tension lines overland through Sweden, crossing 
Oresund (The Sound):either by means of submarine 
cables or by means of aerial lines to Sealand, and from 
there on to Fyen and Jutland. 

In the following are given some comments on these 
various suggestions :— 

With regard to the first the depth of Skager Rack 
is very great, as much as 600 m., and the distance 
across is also very great, about 130 km., and the sea is 
usually rough. For these reasons no kind of cable 
other than the one-core type can be used, because only 
this kind can be supplied in one-length and thus be 
laid without splices from coast to coast. The cables 
might be used for transmitting either alternating 
current or direct current, but considering the number of 
crossing or parallel cables it would not be advisable to 
use anything but direct current. 

With regard to the second route experience has 
shown that a submarine cable across Oresund can be 
made as a single core or triple core cable. Similar 
cables can also be laid across the various “ belts” 
and ‘*“‘sounds’”’ within Denmark, so that it would be 
possible to use either direct current or alternating 
current. Furthermore, it would be possible to cross 
Oresund by means of aerial lines north of Elsinore 
whereby submarine cables could be avoided except 
between Sealand, Funen and Jutland. 

Thus there are the following four separate alternatives 
for the carrying out of the power transmission :—(q) 
direct current system with submarine cable across 
Skager Rack; (b) direct current system with overhead 
lines overland through Sweden and submarine eable 
across Oresund; (c) alternating current system with 
overhead lines overland through Sweden and cable 
across Oresund; (d) alternating current system with 
overhead lines overland through Sweden and aerial 
lines across Oresund. 

(a) Direct-Current System with Cable across Skager 
Rack.—Hitherto no very extensive use has been made 
of the Thury direct current series system of trans- 
mission. 

Considering, however, the latest improvements which 
permit both higher tension and higher current (7,500 
volts per commutator and 250 amp.), it might in the 
present case be possible to use this system to advantage, 
as it is a question only of transmitting power from one 
point in Norway to two or three main distribution 
centres in Denmark. The relative working pressure 
between the conductors in this system can, according to 
previous experience, be taken to be 110 kv. between 
conductor and earth, or 220 kv. between the individual 
conductors. It is planned to build the power station 
in Southern Norway a distance about 80 km. from the 
coast, where ample water power is available. The 
power station should be equipped with water turbines, 
each developing about 10,000 h.p. and each one direct 
coupled to a generator system consisting of two direct 


current double generators (series-generators) coupled 


together, each designed for 7,000 volts x 250 amp. = 


* Paper, abridged, contributed to Section G of the 


World Power Conference, on July 7, 1924. 


double motors (series 
250 amp. and an alternating-current generator for 


marine cable. 


1,750 kw. Thus each group will supply 28,000 volts 
x 250amp. = 7,000kw. With eight turbines working, 
the station would thus be able to supply a maximum 
of 224,000 volts at a current of 250 amp., or, in other 
words, 56,000 kw. 

The lines would be carried from the power station 
in Norway to the coast near Kristianssand across 
Skager Rack to the North Coast of Jutland, further 
on to Aarhus, and from there via Sams and Kalundborg 
to Copenhagen, a total distance of 565 km. Converter 
stations should be built at Aarhus and in Copenhagen, 
each converter station being equipped with five motor 
converters consisting of two coupled direct current 
motors) 6—7,000 volts x 


6—7,000 kv.-a. The three-phase alternating current 


generated in the converter station is transformed up to 
50 kv. (50 cycles) and is distributed to the various 
centres of consumption in Denmark at this voltage. 


The 2 x 110 ky. overland lines for direct current 
both in Norway and in Denmark should be built as 


overhead lines on steel masts with suspension insulators, 
whereas the submarine cables across Skager Rack, the 
Belts, and Cattegat, should be made as iron-wire- 
armoured single core cables with impregnated paper 
insulation. 
should be used everywhere, so that one spare line is 
always available besides the earth. During operation 
the spare line should always be connected in parallel 
with one of the two other lines. 
system should be connected to earth both at the power 
station and at the farthest converter station, so that 
the whole forms a three-wire system with the earth as 
zero. 
from the converter stations in Denmark should be 
carried on steel poles with suspension insulators. 


For the complete system three conductors 


The centre of the 


The 50 kv. alternating current lines distributing 


By means of the above system 42,000 kw. out of the 


56,000 kw. (measured as three-phase ulternating current 
at 50 kv.) generated in Norway can be transmitted to 
the centres in Denmark. Thus the efficiency of the 
system is about 75 per cent. 


(b) Direct-current system with overhead lines through 


Sweden and submarine cable across Oresund.—What 
has been said above under heading (a) regarding the 
working, voltage, transmission lines, power station 
and converter stations for the direct-current system, 
also applies to this alternative. 
in Norway should be placed at the Nore Falls or some 
other place not further off from Denmark. 


The power station 


The 2 x 110 kv. direct-current lines should be run 


from the power station crossing the Norwegian frontier 
at Kornsjo, following the Swedish west coast, crossing 
Oresund near Elsinore, then on to Copenhagen, and 
from Copenhagen via Korsor, Nyborg and Kolding 
to Aarhus, a total distance of 985 km. Converter 
stations should be built at Copenhagen, Kolding and 
Aarhus. 
(measured as 
50 ky.) out of the 56,000 kw. generated in Norway. 
Thus the efficiency would be 75 per cent. 


This system could transmit 42,000 kw. 
three-phase alternating current at 


This system as well as the alternating-current 


system described below under heading (d) could be 


built with aerial lines across Oresund instead of sub- 
However, as cables can be built for 
a tension as high as that contemplated for the aerial 


lines (2 x 110 kv.), the latter would present no 
particular advantage. 


(c) Alternating-current system with overhead lines 
through Sweden and cable across Oresund.—For this 
three-phase alternating current should be generated 
at the Nore Falls or some other station not further 


from Denmark. The pressure should be stepped up 


to 132 kv. (50 cycles). It would thus be possible to 
connect up direct to such systems as Trollhattan, 
which might be of importance in case of repairs. 

The lines should be run as overhead lines crossing 
the Swedish-Norwegian frontier at Kornsjo, further on 
through Sweden to a main transformer station at 
Helsingborg, a total distance of 110 km. This trans- 
former station should be equipped with transformers 
for 132-50 kv. and with synchronous motors and 
possibly reactance coils for regulating the pressure 
under varying loads. 

In this station the pressure would be stepped down 
to 50 kv., the highest alternating-current pressure 
suitable for submarine cables. From Helsingborg the 
electricity is distributed to the various centres in 
Denmark through four three-phase 50 kv. lines, viz., 
two to Sealand and two to Funen and Jutland. 

The 132 kv. lines from Norway to Helsingborg 
should be made as one double three-phase overhead 
line on steel masts with suspension insulators. 

The 50 kv. lines in Denmark should be made as 
overhead lines on steel poles with suspension insulators, 
whereas the submarine cables should be made as 
steel-wire-armoured three-core cables with impregnated 
paper insulation. 

For regulating the voltage it would be necessary 
to make rather extensive use of synchronous motors 
at the various main centres in Denmark. 

This system will be capable of transmitting 42,000 kw. 


to the centres in Denmark with an efficiency of 73 per 
cent. The energy transmitted could be increased up 
to say, 53,000 kw., which figure represents the limit 
for this system. In this case the efficiency will be 
65 per cent. 

(d) Alternating-current system with overhead lines 
through Sweden and aerial lines across Oresund.—What 
has been said under heading (c) regarding power 
station, voltage and line system, applies also to this 
case, with the exception that the double three-phase 
132 kv. line from Norway is carried across Oresund 
as aerial lines north of Elsinore and further on from 
there to somewhere in the vicinity of Copenhagen, and 
from there again to somewhere near Kalundborg, 
a total distance of 760 km. Main transformer stations 
should be built both near Copenhagen and near 
Kalundborg for reducing of the pressure to 50 kv. . 

The 132 kv. lines, also the 50 kv. overhead lines 
and cables running from the transformer stations at 
Copenhagen and Kalundborg, should be“ made as 
described under heading (c). 

Synchronous motors and possibly also reactance 
coils would be necessary for regulating the pressure, 
not only at the main transformer stations, but also 
elsewhere in the system. : 

The aerial lines across The Sound should be carried 
by two structural steel towers, having a height of 


about 200 m. above sea level and built in The Sound, | 


and further supported by a somewhat lower structural 
steel tower on the Danish coast. There would be two 
spans each of 2,300 m. and ashorter one (about 1,100 m.) 
on the Swedish side. The lines should be made of a 
core of twisted steel wire with a sectional area of 
240 sq. mm. and with a covering layer of aluminium 
wires having a section of 110 sq. mm. It will be safe 
enough to keep these lines so taut as to give, under 
all circumstances, a clearance of 60 m. above water 
level. 

With a pressure of 132 kv. this system could transmit 
42,000 kw. to the centres in Denmark with an efficiency 
of 74 per cent. If the pressure in the main lines were 
increased from 132/220 kv., and if the whole 50 ky. 
line system in Denmark were doubled, an energy of 
105,000 kw. could be transmitted with an efficiency 
of 79 per cent. 

First cost and possibilities of financial success.— 
Assuming that the electricity can be sold by the power 
station in Norway at a price of 80 Danish kroner per kw. 
annum, the first cost, the selling price of current de- 
livered at the distribution centres in Denmark, and the 
efficiency of the system as a whole for the four different 
alternatives (a), (5), (c) and (d) will be as follows :— 


Transmission of 42,000 kw. 
First Cost. Price per kw. annum. Efficiency. 


Mill kroner. Kroner. Per cent. 

(a) 49-6 224 76 

(b) 56:4 240 716 

(c) 57-9 251 71 

(d) 60-6 244 80 

Transmission of 105—109,000 kw. 

First Cost, Price per kw. annum. Efficiency. 
Mill. Kroner. Kroner, “Per cent. 

(a) 84-2 180 78 

(b) 92-8 188 78 

(c) — — 

(d) 83-5 181 79 


It appears from the above that with a transmission 
of 42,000 kw. and consuming time of 6,500 hours the 
price per kw.-hour will be from 34 to 4 ore. 

The Committee has not expressed any opinion as 
to which one of the four alternatives is to be preferred, 
but has pointed out that on account of the difficulties 
to be expected from a submarine cable across Skager 
Rack, alternative (a) is not to be recommended until 
more far-reaching investigations have been carried 
out. 


Tue “BristoL BLoopHoUND” Mrtirary AERO- 
PLANE.—A new two-seater military biplane for recon- 
naissance work or fighting and known as the “ Bristol 
Bloodhound,” has recently been constructed by the 
Bristol Aeroplane Company, Limited, Filton House, 
Bristol. No particulars of the dimensions or perform- 
ance of the machine are at present available, but we may 
mention that the structure is built entirely of metal, 
while standard fabric is used for covering the wings, 
fuselage and tail unit. The machine is fitted with one 
of the Bristol “Jupiter” 400 h.p. air-cooled radial 
engines, as illustrated and described in our issue of 
April 25 last on page 551, and tanks are provided for 
104 gallons of petrol and 15 gallons of lubricating oil. 
All the control surfaces are balanced so that the machine 
is particularly light and powerful on her controls; com- 
plete dual control is provided. The armament includes 
two Vickers’ machine guns operated by the pilot, and a 
Lewis gun operated by the gunner, while fittings are 
installed for carrying bémbs. The wings are arranged 
with a large stagger and considerable sweepback so that 
both pilot and gunner have a wide field of vision—a 
feature which is obviously of considerable importance 
for the class of work for which the machine is intended, 
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We now conclude our report of the proceed- 
ings of the World Power Conference, the final 
meeting of which was held on the 11th instant. 
As before, we publish abstracts of a few selected 
papers and deal with the remainder in our general 
account of the proceedings. The Conference 
brought together such a-large collection of valuable 
contributions that we have not as yet been able to 
deal with all that we wish to notice, and a selection 
of some of these will be given in latter issues. 


Srcotion N. RESEARCH. 


This section dealing with Research met in 
the afternoon of the 8th instant. A _ report 
by the Austrian Laboratories for Technical Re- 
search and Testing Materials was submitted, 
on the various institutions in Austria for scien- 
tific and experimental research. In addition to 
some 230 public research or testing laboratories 
in Germany and 80 in Austria, there are probably 
an even greater number of industrial laboratories 
attached to individual works. The technical high 
schools form the centre of scientific work, and 
cover the Graz laboratories for elementary mechanics 
and for mechanical testing, conducted respectively 
by Professor Heyn and Professor Leon, in addition 
to a Mining University at Leoben. The Technical 
High School at Vienna has a number of special 
laboratories, including the Institute for Gravitation, 
conducted by Professor Schumann, the Laboratory 
for Testing Fuels and Gas Lighting, conducted by 
Professor Strache, Professor Paweck’s Electro- 
Chemical Laboratory, the Electro-Technical Insti- 
tute, Professor Ludwik’s Laboratory for Testing 
Materials, and Professor Urbanek’s Aero-Mecha- 
nical, Hydro-Mechanical, and Tools and Machine 
Tools Laboratories. In addition to these labora- 
tories, which are devoted partly to scientific research, 
partly to testing, and partly to teaching technology, 
some of the technical schools also have laboratories, 
and Government departments have created institutes 
for purposes such as experimenting on hydraulics 
and river engineering and geological 1esearch. In 
addition, there are a number of private bureaux, 
created and maintained by associations and societies, 
including laboratories for testing models of ships 
for resistance, motor-cars, heat economy, and radium. 

Dr. A. F. Enstrém (Sweden) read a paper on the 
Organisation of Research Work in Sweden. Such 
work dated back to the beginning of the eighteenth 
sentury, and during the nineteenth century special 
colleges were founded for subjects such as agricul- 
ture and forestry, in which necessary research work 
was carried out under the direction of the professors. 
At the end of the century a special testing labora- 
tory was started for routine testing both in agricul- 
ture and industry; the latter was reorganised in 
1920, and is now working much on the lines of the 
British National Physical Laboratory. Special 
research laboratories have been instituted in Stock- 
holm for cellulose and for metallography, and 
several boards were set up by the Government 
during the war to investigate specific problems as 
to raw materials, fuel resources, &c. A central 
institution was founded in 1919 for the purpose of 
co-ordinating research work, avoiding overlapping, 
and securing continuity. This Institute of Scientific 
and Industrial Research, though it was started 
with Government and Parliamentary support, 
and its by-laws and some part of its membership 
were approved by the Government, is expressly 
not a Government department. It is composed of 
leading technical men, eminent both in theory and 
practice, who retire automatically at the age of 
65. Its funds are provided partly by Parliament 
and partly by industry. Its work is divided into 
seven distinct permanent boards, dealing respec- 
tively with the mechanical, electrical, building, 


chemical, mining and metallurgical, psychological 
and allied sciences. Special boards undertake 
investigation from time to time into specific problems, 
and two special research associations have been 
formed by the industries of peat and of shale and 
lime respectively. Branch research associations 
covering the main fields of industry are intended to 
be formed when trade is more satisfactory. Close 
co-operation is maintained with the various Govern- 
ment and professional bodies and the universities. 

In the discussion that followed these papers 
Dr. Patterson (Research Laboratory, General Electric 
Company) expressed approval of the practice of 
appointing advisory boards from among technical 
men to keep touch with scientific investigation, 
believing that they exercised a moral influence in 
keeping the investigators in touch with the practical 
aspects of their work. On the other hand, he 
regarded provisions to prevent overlapping as 
directly mischievous, overlapping having a direct 
advantage both in developing slightly different 
aspects of the same problem, the differences of 
which might be real and suggestive, and in furnishing 
a useful and independent check on the’ work of 
each investigator when it had proceeded along the 
same lines. 

Mr. Skinner (Westinghouse Research Laboratory, 
U.S.A.) spoke of the great influence of the 
National Bureaux of Standards and Mines and 
the National Research Council in stimulating 
research even more than in carrying it out. His 
own company, like the General Electric and Western 
Companies, carried out investigations in pure science 
as well as in the direct attack on specific practical 
problems. Those responsible for such work did 
not always find it easy to get the necessary grants, 
but more than once in his own experience the 
executive side of his company had realised the 
ultimate practical advantage of such purely theo- 
retical enquiry. Some time ago, for example, he 
had considerable difficulty in getting the necessary 
appropriation for organising a section in the 
laboratory for studying the production and main- 
tenance of vacua, with the special object of collecting 
a staff that could tackle problems of modern 
molecular physics. It happened, however, that 
occasion arose in the works for some new means of 
attaining a particular result, which their research 
laboratory was able to devise rapidly, and he found 


no further trouble in getting what grants he wanted. 
Mr. George Westinghouse himself, though alive 
to the value of experiment, was impatient of experi- 
ment on a laboratory scale, and often insisted on 
it being made at once on the full works scale, so 
that if successful the results could be applied 
immediately in practice. A more usual way was 
to separate the investigation of a new design into 
the three stages of proving, testing, and developing 
it on a full-size scale. Sometimes, however, the 
more direct method might be used with advantage. 
Having on one occasion to seek the solution of an 
important metallurgical problem, he had to work 
for two months with experiments on 30 to 50-ton 
lots, conducted at top speed, and smashing up the 
plant in the process ; but they arrived at the result 
they wanted, and it was worth millions to the works. 
More could be done by co-operation in different 
firms were it not for the practice of working on 
patents, which tended to restrict co-operation 
between industrial laboratories to general lines. 

Sir Frank Heath, of the Scientific and Industrial 
Research Department, doubted whether those who 
were organising research gained much by troubling 
about the mechanism used in other countries for 
the same purpose, as, for example, whether it should 
be by a central body, as in the United States, or by 
a sort of compromise as in Sweden. The arrange- 
ment that was best for each country would usually 
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be determined by its own national considerations. 
In particular it was desirable to avoid using too much 
mechanism. LHarly in the war it was realised 
widely in England that no one had sufficient know- 
ledge of how urgent problems of research should be 
attacked, where the men were that could attack 
them, and how such men could be brought into 
co-operation. It was natural that in these cir- 
cumstances the thoughts of many should turn on 
mechanism, and at the outset the Research Depart- 
ment was pressed in many quarters to establish a 
great central clearing house to collect and tabulate 
the results of scientific research and make them 
generally available. The Department refused 
steadily to institute such a mechanism, feeling that, 
in addition to requiring enormous supplies of 
money and men, the researches would have to be 
filtered through persons who were not themselves 
workers, and their effect would run the risk of being 
lost or even misconceived. So far as concerned 
international co-operation it seemed to him that a 
condition precedent was for each country to organise 
its own research workers, and in particular to bring 
those who were growing up in research into contact 
with each other. When this had been done, it 
would be time to bring the men who had been so 
organised into contact with similar organisations 
of other countries. A further object was to bring 
industrial workers in contact with men of science, 
and to impress on Government officials that even for 
a wise administration scientific help was necessary. 
It was with this view that the Advisory Council of 
the Research Department had always committed 
research work into the hands of men representing the 
industries concerned. An essential condition of 
progress was a certain individual liberty to experi- 
ment, and to speculate with money, which in some 
instances would be lost. It did not lie with him 
to express the opinion that the work of the Research 
Department had been a success ; but he was able to 
say, as a matter not of opinion but of fact, that it had 
secured support from many thousands of the fore- 
most men in both science and industry. 

Professor McNussen* (Washington) urged the 
importance of keeping research an essential part of 
the work of universities and technical schools. Mr. 
George A. Taylor (Australia) suggested that research 
workers in the countries he had been visiting were 
not receiving adequate remuneration. Dr. Brookes 
(Bureau of Mines, U.S.A.) gave several instances of 
practical problems to the solution of which the 
work of the Bureau was contributing, though it had 
been started originally for the purpose merely of 
investigating questions of safety. How far such 
work might be of practical advantage was illustrated 
by what had been done recently by a team of seven 
men from the Bureau, who in co-operation with the 
United States Association of Manufacturers of 
Refractories, visited a number of works and secured 
for them reductions of fuel consumption of from 
10 to 40 per cent. Apart from its contributions to 
the solution of specific problems, the Bureau did a 
large amount of routine analytical work, and in 
particular had made analyses of about three-fourths 
of all the coals mined in the United States. 

Mr. O. Taussig (Austria) read a paper on Electro- 
Aeronautic Research Work, urging the utility of 
two patented electro-dynamic methods for exploring 
the interior of the earth with the-object of discovering 
ore or water; and Professor Richard Schiimann 
described some results obtained with the torsion 
balance or variometer, with the object of constructing 
lines of equal gravity and revealing subterranean 
faults or dislocations. In the discussion that followed 
Captain Shaw pointed out that Mr. L. Oertling had 
made and was exhibiting in H.M. Government 
Building a balance similar to that described by 
Professor Schiimann; and Mr. E. Lankester Jones 
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stated that other methods on the same lines as 


described by Mr. Taussig were not subject to patent 


‘and might be practised by anybody. 


Section H. Evecrriciry IN AGRICULTURE. 


On the morning of the 9th instant this section 
of the Conference met under the chairmanship 
of Mr. J. .Bache-Wiig, Director of the Electric 
Bureau, Norway. Three papers were read, the 
first being that of Mr. R. Borlase Matthews (Great 
Britain) on ‘ Electro-Farming Economics.” Mr. 
Matthews stated that great economies were pos- 
sible by using the electricity, and gave diagrams 
showing how even a good existing load factor for 
a farm could be improved by utilisation of this 
power. He believed that the solution of the 
problem of rural depopulation could be solved 
by means of electric power rendering rural areas 
suitable for localised industry. Whatever should 
be the system of main distribution, however, the 
real problem was sub-distribution. Mr. Matthews 
had found satisfactory extra high-tension supply, 
distributed after reduction to 10,000 volts at 
main substations, to small static sub-stations. 
Sub-divisions from these small sub-stations were 
dealt with by two main systems. Both dealt with 
areas having a radius of 2 miles. In the one case, 
according with Swedish and American practice, 
the 10,000-volt pressure was reduced to 2,300 volts 
(or possibly 1,500 volts), at which it was trans- 
mitted direct to various farms. Each farm was 
equipped with a three-phase 2,300-380-220-volt 
transformer suitable for purposes of normal lighting 
and small power load. In the case of heavy 
loading being required of a more or less temporary 
nature, e.g., a 40-h.p. threshing motor, a portable 
2,300-380-volt transformer was employed. The 
second method was to step down directly from 
10,000 volts to 380-220 volts, and then do all the 
sub-distribution at this pressure. In this instance 
the sub-station transformers were correspondingly 
large, viz., from 50 kv.-a. upwards. Such trans- 
formers supplied several low-tension distributors 
radiating from it, each being up to 2 miles long. 
There was naturally rather a large voltage drop 
on heavy day loads, so that large motors connected 
to the ends of the low-tension lines were usually 
wound for 15 per cent. lower voltage. But much 
could be done to correct this poor regulation by 
correcting the power factor by any suitable means. 

The second paper read was that entitled “ Elec- 
tricity in Agriculture,’ by Dr. H. Wallem, of 
Germany. In it he maintained that almost all 
farming machinery could advantageously be driven 
by electric motors. Expense forbade supplying 
a motor for each machine, so that a single portable 
motor for driving a number of machines mounted 
at various places was customary. Different types 
of motors had been developed for this purpose, 
which were classified into (a) portable motors, 
(b) direct-coupled motors, (c) motor sledges, (d) 
motor carts and (e) motor vans. Regarding port- 
able motors, a maximum output of 3-7 h.p. without 
speed reduction gear or belt drive was usual, but 
only up to 2 h.p. when reduction gear was used. 
Switch, starter, and fuses were usually all mounted 
in a common box fitted to the motor frame. 
The fuses were arranged in such a manner that 
they could only be inserted in the circuit when the 
switch lever was in the “on’’ position in order 
to prevent the fuses blowing on account of the high 
starting current used. Connection was made to the 
service lines by double-braided flexible conductors 
in vulcanised rubber, with a standard plug and 
socket. Of the direct-coupled motors suitable for 
hand-driven farm machines, those having outputs up 
to 1 h.p. were used. A speed reduction gear was 
built into the shell of the motor, converting the 
high motor speed of 3,000 r.p.m. into the lower 
speed desired for the farm machine of 60 revolu- 
tions. The switch was also contained in the motor 
shell, and the motor directly coupled with the shaft 
of the farm machine by means of a coupling. 

In Germany the Elmotor had found favour on 
account of its compact design, small weight, and 
large starting torque. Regarding motor sledges, 
these usually consisted mainly of two ironclad 
wooden runners with strong joint pieces between 
them on which the standard open type motor from 


1-5 to 13 h.p. was mounted. A cover of wood or 
iron with ventilating holes was used to protect the 
motor and switchgear against rain and injury. 
Carts were used: for transporting motors over 
larger distances, the motor, for sizes up to 13 h.p., 
being mounted on a two-wheel cart. Vans were 
used for motors of larger size, being divided into 
two sections, one for the motor and starter, and the 
other for the cable drum, or cable saddle, including 
fuses. For starting, a drum type starter with a 
primary switch was usually employed. He con- 
sidered electric ploughs fairly economical, and 
stated that an electric rotary tiller, drawn by a 
30-h.p. electric tractor, was now being developed. 
The next paper to be considered was that on 
“ Electricity in Sweden,” by Nils Ekwall, Govern- 
ment Adviser on Agriculture. In his absence 
the paper was read by Mr. R. Borlase Matthews. 
Attention was drawn to the rapid progress of 
electrical development applied to farming during 
the last ten years in Sweden, mainly from water- 
power sources. Fully 40 per cent. of the total 
arable land was now so developed. By far the 
most important application of electricity in the 
countryside for power requirements was the 
running of motors. Types differed widely in 
the north and southern parts of the country, how- 
ever. In the latter where agriculture was of the 
greatest importance, usually larger motors up to 
30 h.p. were used, while in the Norrland smaller 
machines were the rule. The larger motors, mainly 
used for threshing, were employed by a number of 
adjacent farms, which then formed a threshing com- 
pany. The small 13-h.p. motors always belonged to 
the farm on which they were used, and in many 
cases were portable. The power installed amounted 
to 260,000 kw., according to the paper, which gave 
a good deal of data on Swedish conditions. 


Professor R. Sibley, of California University, then 


gave a number of statistics relating to Californian 


practice ; 0-650 million kw.-hours were used on 
6 million acres of land. The utility companies usually 
shared expenses equally with the farmer towards 
erection costs of transmission lines. These latter 
extended, in all, to some 1,400 miles in the country. 
Power was led down from the mountains 200 miles 
inland from water sources. In connection with the 
well-known fruit industry, raisins, &c., were now 
packed entirely by electricity, while chicken hatch- 
ing with power up to 600 watts and refrigeration 
with 25 h.p. were common. 


SecTIoN J. ELECTRO-CHEMISTRY AND ELECTRO- 
METALLURGY. 


Section J. met on Wednesday, July 9. Power 
in Electro-chemistry was discussed in the morning 
session under the presidency of Mr. H. Horn, 
of Kristiania. 

The first paper taken, a report by Dr. Heinrich 
Paweck, of the new Institute for Technical Electro- 
chemistry at Vienna, on “the Austrian Electro- 
chemical Industry,” regretted that definite data of 
the condition of the industry in the new State were 
not yet available, and that figures from industrial 
sources only were obtainable. Extension of water 
power and research were gradually restoring the 
industry. The refining plant of the Mitterberger 
Copper Company at Ausserfelden, produced copper, 
and copper and nickel sulphate, from local pyrites. 
Copper was also refined in the Vienna arsenal, but 
many refineries erected during the war had been 
abandoned. The three aluminium works at Lend- 
Gastein (a branch of the Neuhausen Company) and of 
Stern and Haffert at Steeg used a total of 24,000 h.p., 
mostly hydro-electric power. The Lend works, and 
also Landeck (14,300 h.p. water), and Deutsch 
Matrei, produced also calcium carbide ; ferro-alloys 
were made at Treibach and Mihldorf; the chief 
electric steel works were those of Schoeller in 
Ternitz, Boehler and Co. in Kapfenberg and 
Blackmann in Miirzzuschlag. Of well-known import- 
ance for alkalis and chlorine were the works of the 
Bosnian Electric Company at Briickl, of Leykam- 
Josephthal Ltd. at Gratwein, and the plants of the 
Kellner-Partington Paper Pulp Company of Man- 
chester. The nitrogen fixation plant at Patsch 
took about 12,000 h.p. (water). The precious 
metal and galvano-technical (Langbein-Pfanhauser 
and Berndorf) works, retained their reputation. 


In many of these plants the processes of Austrian 
inventors (Billiter, Paweck, Pfanhauser, K. T. 
Bayer, aluminium from bauxite) were being 
worked. 

In his report on “ Nitrogen Fixation,” Dr. B. F. 
Halvorsen dealt with the Birkeland-Eyde (taking 
260,000 h.p.) and the Schénherr (110,000 h.p.) 
processes in use in his country, Norway, and with 
other arc processes, with the cyanamide processes, 
and briefly with the synthetic ammonia processes of 
Haber, of Claude, of Casale, of Fauser (Spain), and 
of De Jahn (General Chemical Company, Sheffield, 
Alabama). He summed up in favour of the are 
process which, though requiring more energy 
than others for operation, yielded much utilisable 
heat. Casale plants were working at Terni, Italy, 
and in Japan, and a plant was being erected 
at Niagara Falls. Dr. Halvorsen stated that 
Casale compressed the gases to about 600 atmo- 
spheres in well-constructed furnaces. During the 
discussion Mr. Diény, of Paris, mentioned that the 
French government worked a large war-time 
plant of the Haber type near Toulouse, using water 
power from the Pyrenees. The Claude plant at 
Béthune was nearly completed, and many collieries 
in the North of France were working Claude or 
Casale plants with coke-oven gas. Claude recom- 
mended his process chiefly for the local production 
of ammonium sulphate on a small scale. 

The paper by Mr. F. A. J. Fitzgerald, of Niagara 
Falls, on ‘‘ Power in Electro-chemical and Electro- 
thermal Industries,’’ may be characterised as a com- 
parative study of the development of the electro- 
chemical and electro-thermal industries and of the 
general electro-chemical developments at Niagara 
Falls since 1895. ‘The total consumption of hydro- 
electric power, Mr. Fitzgerald pointed out, had finally 
become stationary because, owing to popular agita- 
tion, the amount of water to be withdrawn from the 
Niagara had legally been limited, so that the in- 
creased demand for power could only be met by 
improved methods. There was also a prejudice 
that the energy was national] property, and should 
not be exploited by private concerns, But the load 
factor of electro-chemical works, with their steadily 
increasing power demands, and of electro-thermal 
works, which showed an enormous though not long 
sustained rise after 1910, was very high, whilst the 
load factor of the public service was low. Very low 
power cost had lost its great importance for electro- 
thermal processes; other advantages more than 
compensated for the high cost of the heat generated 
in that way, and electro-chemical and electro- 
metallurgical industries afforded the best means 
for the wide distribution of the benefits of water 
power. 

Mr. Torsten Holmgren, of Stockholm, claimed 
advantages for his “‘ New Resistance Furnace with 
Reaction Zone,” of which he spoke in very general 
terms, “‘not being in a position to give information 
about the chemical processes for which the furnace 
wasintended.’’ The furnace, he said, was evolved in 
connection with researches on nitrogen fixation 
conducted at Gothenburg. The material to be 
treated was a conductor of the second class, becom- 
ing a conductor of electricity at high temperatures 
above 600 deg. C. The furnace was a shaft furnace, 
rectangular in section ; it was lined with electrodes 
on two sides, and provided with a horizontal 
grate. The briquetted charge sank slowly down in 
the shaft; gas would be liberated in the central 
reaction zone, and means were provided to preheat 
the charge in the upper layers and to cool it into 
lower layers ; the former was attained by inserting 
a vertical auxiliary electrode into the upper portion 
and the latter by forcing gas upward through the 
grate. The furnace was worked at 950 deg. C. 

In a paper on “Small Water Powers and Electro- 
thermal and Electro-chemical Loads,’ Mr. G. 
Boex, of the British Aluminium Company, Kinloch- 
leven, urged the development of small water powers 
for the generation of electricity to be utilised in 
furnaces and electrolytic plants for the manufacture 
of chrome alloys, magnesium, zine, abrasives, 
electrolytic iron, alumina cement, &c., and in steam- 
generating plants. Such small plants. he sub- 
mitted, would often work more economically and 
dispose of their products locally to better advant- 
ages than large powers having to transport their 
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material over long distances. Mr. Boex gave com- 
parative cost estimates for the production of a 
large variety of chemical and metallurgical products 
by direct or by alternating current, basing his 
estimate upon an average power cost of 5/. per kw.- 
year with a load factor of 75 per cent., as corre- 
sponding to average working conditions at Kinloch- 
leven and elsewhere. He considered the products 
specified as particularly promising. 

During the discussion of these papers Mr. Sven- 
ningson, of Shawinigan Falls, gave some particulars 
concerning hydro-electric development in the Pro- 
vince of Quebec on the St. Maurice river, a tributary 
of the St. Lawrence, where a 5,000 h.p. plant was 
started in 1900. By 1910, 100,000 h.p. were avail- 
able for aluminium, carbide, &c. The Shawinigan 
Power Company now distributed over 200,000 h.p. ; 
but the electro-chemical load had not risen in the 
period 1910 to 1918. The demand for power had 
afterwards become pressing ; new plants were erected 
at Cedars and Grande Mére ; the Canadian Electric 
Products Company and other works manufactured 
carborundum, aloxite, magnesium and steel, and 
by the end of 1918 the Shawinigan system supplied 
105,000 kw. for electro-chemical purposes. The 
end of the war altered conditions again ; but electric- 
steam boilers were put up, first in large paper mills, 
and nearly 120,000 kw. were now taken off the 
peak load for this purpose. Mr. Brooks, of the 
U.S. Bureau of Mines, asked whether they had had 
any trouble from explosions with these boilers. Mr. 
Svenningson replied that he had heard of such a 
case elsewhere, but their boilers were of transformer 
type, and they had had no complaints. Mr. 
Diény added that they had large steam-generation 
loads on three-phase systems also in France, but 
there had not been any explosions, though many 
forms of apparatus were on the market. 

Mr. Horn, in closing the morning session, re- 
marked that the summer peak was also worked 
in connection with the generation of steam in 
Kristiana, and in this and many other ways 
electro-chemistry would benefit the world. 

The afternoon meeting, over which Mr. John 
Murphy, of the Canadian Department of Railways 
and Canals, presided, dealt particularly with 
“Power in Electro-metallurgy”; but electro- 
chemical questions came up again. 

The first paper taken, on “ Electrolytic Iron,” by 
Mr. T. W.8. Hutchins, of the Electrobleach and By- 
Products Company, of Cheshire, was indeed largely, 
and might have been classified as, electro-chemical. 
Mr. Hutchins advocated the utilisation of electric 
power for making electrolytic iron, which, as 
tests conducted at the National Physical Labora- 
tory confirmed, was of superior character; he 
went fully into the cost question. He described 
three electrolytic processes. The Société le Fer 
in France used soluble, cast or formed iron anodes, 
iron chloride as electrolyte and horizontal rotating 
cathodes ; F. A. Eustis, in America, used insoluble 
carbon anodes and diaphragm cells and scrap iron 
or sulphide ore in the recuperator tanks oxidised by 
means of SO,. In his own installation under erection, 
Mr. Hutchins used recuperator tanks to dissolve iron 
and also ore; then came filters and high cylindrical 
deposition tanks in which the suspended cathodes 
rotated, separated by a cylindrical diaphragm from 
the anode, which was the lead lining of the steel 
cylinders. The e.m.f. could be reduced to 1-5 volts, 
but working at 2-5 volts was cheaper. The acidity of 
the electrolyte (iron sulphate and sodium sulphate) 
should be low (equivalent to 0-0000158 normal sul- 
phuric acid) to obtain smooth non-porous deposits ; 
the filtering did away with many of the impurities 
and the hydrogen craters. More information was 
given on mechanical and metallurgical tests of the 
iron than about the electro-chemical features. Iron 
cylinders of the Société le Fer (several mm. in wall 
thickness) and of Mr. Hutchins, were exhibited. He 
also mentioned that the electrolytic iron first 
expanded and then contracted (between 400 deg. C. 
and 600 deg. C.) when heated, but this expansion 
curve of S shape was not observed when the 
heating was repeated. In reply to Mr. Boex, he 
said that the vertical cathodes were easier to 
handle than horizontal mandrels. 

The paper on “ Electro-metallurgy in Italy,” by 
Dr. F. Giolitti, was mainly statistical and illus- 


trated the remarkable recent development of the 
iron and electro-steel industry in Italy. While 
12 firms made 20,200 tons of electric steel in 1915, 
178 firms had produced 158,000 tons in 1923. Most 
of the special-steel plants of the war-time had been 
closed down again, but the demand for electric carbon 
steel was still high, and converters and crucible 
melting furnaces were inactive. The capacity of 
the Siemens-Martin steel works in Italy exceeded 
2,000,000 tons. Whilst the world’s production of 
electric steel went down in the period 1918 to 1922, 
from 1,200,000 tons to 500,000 per year, Italy in- 
creased her production from 74,000 tons to the 
158,000 tons mentioned. Electric pig-iron had had 
an active period, in 1917 and 1918, when 62,000 tons 
were produced annually. It declined afterwards, but 
was now recovering. The plant of the Soc. G. 
Ansaldo-Cogne, for the treatment of the very pure 
magnetite from Cogne being now completed (after 
long delays), had installed six “ Elektrometall ” 
furnaces of 4,500 kw. Dr. Giolitti’s paper was 
presented by Dr. Semenza. 

Particular reference to these latter furnaces had 
been made in the statistical paper by Professor W. 
Palmgren, of Stockholm, on “The Electro-chemical 
Industry of Sweden,” which had been taken, in 
the author’s absence, in the morning, The ‘“‘ Elektro- 
metall”’ furnaces of Grénwall, Lindblad and Stal- 
hane, we may point out, are blast furnaces worked 
with currents of 15,000 amperes at 550 volts on 
3-phase systems with three pairs of electrodes 
regulated by the phase currents. By reducing the 
charcoal charge to 40 per cent, Mr. F. Frieden, of 
Uddeholm, stated during the discussions of the 
afternoon meeting, the phosphorus percentage of 
the iron had been brought down to 0-008, most of 
that phosphorus coming from the charcoal and 
not from their pure ore. According to Dr. 
Palmgren, the various Elektrometall furnaces in 
Sweden total 43,700 kw.; the 40 Rennerfelt steel 
furnaces aggregate 8,000 kw.; there were further, 
Héroult and Kjellin furnaces, and many companies 
made ferro-alloys, including ferro-tantalum. The 
De Laval zinc furnaces were not yet economical ; 
electrolytic zinc was not produced, nor aluminium. 
The carbide and cyanamide works at Alby are well 
known ; alkalis, bleach, phosphorus and phosphates, 
chlorates and perchlorides, graphite, and also the 
electric steam boiler (of 3,000 kw. maximum) were 
all referred to by Dr. Palmgren, 

The paper by Mr. W. Geyer (Germany) on “‘ Elec- 
trical Engineering as a Leading Factor in the 
Development of Modern Steel Works,” discussed 
the general uses of electric motors and their regula- 
tion for power production, cranes, air compressors 
and in rolling mills, especially in reversing mills ; 
steel furnaces he considered fully to be able to 
compete with open-hearth furnaces when up to 
5 tons capacity. 

According to the last paper on the list of a 
statistical nature, by Mr. E. P. Mathewson, of New 
York, on “Power in Electro-metallurgy in the 
United States,” electro-metallurgical processes are 
worked in more than 200 towns, steel refining 
(450,000 electric h.p.), ferro-alloys (150,000 h.p.), 
aluminium (350,000 h.p.), copper refining (75,000 
h.p.), and brass melting (82,000 h.p.) being the most 
important industries. The most common steel 
furnaces are of the Héroult (166), Moore (52), 
and Snyder (51) types. Electrolytic iron is made 
by the Eustis and the Burgess processes ; electro- 
lytic zine is practically made only in the Great 
Falls plant of the Anaconda Copper Company, 
though the zine obtained is very pure. On the 
request of the chairman, Mr. Mathewson added 
some notes on the Cottrell dust and fume precipita- 
tion process which Cottrell had handed over to 
the Smithsonian Institute and a corporation for 
the benefit of scientific research. Mr. Hutchins 
regretted that the charges of the corporation were 
high. Mr. Murphy also gave figures on the electro- 
metallurgical industries of Canada ; fertilisers were 
not made by electric processes, 

Finally, Major H. Johansen, of the Norske 
Staal, Kristiania, presented a brief contribution 
on a new iron shaft furnace which had last 
month been tested in Trondhjem with good results. 
The iron ore was reduced by gas, and the CO, 
was reconverted into CO by being passed through 


the high-tension arcs (1 m. and more in length) 
which Sch6nherr introduced at Rjukan in 1905, 
and which are still in use there. 


Section Kl. Power ror Ratt TRANSPORT. 


Own Wednesday, the 9th inst., section K1 of the 
conference met under the chairmanship of Mr. Roger 
T. Smith, to read and discuss several papers con- 
tributed on the above subject. The first paper 
taken was by Sir Philip Dawson, and entitled, 
“ Financial Aspects of Main Line Electrification.” In 
it Sir Philip pointed out that in this country the 
beneficial effects of suburban electrification had been 
clearly realised, but that in the case of our main 
lines the advantages were not appreciated as they 
should be. He knew of no scheme for general elec- 
trification worked out with such detail as that in 
connection with the electrification of the former 
London Brighton and South Coast Railway. For 
that reason the paper contained a critical comparison 
between steam and electric costs, the steam figures 
being based on the 1921 results of the company. 
Making allowances due to electrification, of an 
increase of 70 per cent. on suburban, and 35 per 
cent. on main line traffic, a return of over 8 per cent. 
on the total capital required to carry out the 
electrification was assured. The capital required for 
electrification of the complete suburban and main 
lines to Brighton and Worthing was 11,808,600/., 
while for the year considered the gross receipts 
actually totalled 6,502,433. under steam power. 
Those estimated under the new system reached 
8,606,7701. 

In his contribution, ‘“‘ The Electrification of the 
Austrian Federal Railways,’ Dr. A. Hruschka, 
of Vienna, pointed out that the loss of coal suffered 
by his country after the war rendered the electrifica- 
tion of lines necessary. The country’s stock of 
coal would last only twenty years at full demand. 
The lines to be electrified totalled some 1,400 
miles, requiring 330 millions of kw.-hour per year. 
Austria abounded in unexploited water power to 
such a degree that there were over 300 sources for 
the supply of the majority of lines. In the choice 
of system the Federal Railway authorities had 
followed the decisions in Switzerland and Germany, 
and intended to use single-phase current at a fre- 
quency of 162 cycles per second with a pressure 
of 15,000 volts on the trolley wire and a trans- 
mission pressure of 55,000 volts, or, in several cases, 
110,000 volts which would be stepped down in a 
number of sub-stations along the road. 

Professor Charles E. Lucke, of Columbia Uni- 
versity, New York, gave a paper on “ The 
Internal Combustion Engine for Transportation.” 
All internal combustion engines for  trans- 
portation were of the petrol type, except in 
marine practice, where the oil engine overlapped 
in its smaller sizes and was supreme in its larger 
sizes. Motor cycles were typical of the smallest 
road transport vehicle. In 1923 45,000 were manu- 
factured, embracing fifteen models, the engines 
with piston displacements ranging from 5-5 cub. in. 
to 79:4 cub. in. The greatest horse-power was 
reached in the four-cycle, four-cylinder, 2# in. 
bore, 33 in. stroke, 3,800 revolution engine of 28 h.p. 
Automobiles came next in size and power. There 
were nearly 14,000,000 cars in the United States, of 
which 4,100,000 were farm owned. The average 
price per car taken over all makes was 811 dols. (185/.) 
during the year 1923, 70 per cent. of the types 
being six-cylindered. The horse-power varied 
from 25 up to 120. ‘Truck and tractor engines, 
were mainly four-cylindered, operating with loads 
of 5 tons or more. Rail vehicles included both 
locomotives and self-propelled cars, although petrol 
locomotives, while developed in several standard 
designs, had so far been limited to the smaller sizes 
classed as industrial, and had not as yet become 
really important, as their work could usually be 
done about as well by trucks and tractors at a lower 
cost. Large passenger cars of 240 h.p. had, however, 
been constructed. With regard to marine require- 
ments, solid injection heavy oil engines, working on 
the two-cycle system, commonly reached 450 h.p. 
with six cylinders. Air injection Diesel engines 
reached 3,000 h.p. working on the four-stroke cycle. 

Mr. L. De Verebély, Consulting Engineer to the 
Hungarian State Railways, then read his paper on 
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“A New System for Main Line Electrification.” 
Hungary’s heavy losses of power at the end of the 
Great War rendered fuel economy imperative, and 
electrification offered a solution. This electrification 
throughout the country should be placed on a 
standard basis. To this end three-phase alternating 
current at 50 cycles had been decided on. It was 
desirable, too, that it should be possible to connect 
the railway load to any standard power system 
with the highest degree of economy, 7.¢., with the 
least transformation, and especially without using 
rotating machinery in the sub-stations. To secure 
good characteristics throughout the large range of 
the different outputs required in traction services, 
the standard method of feeding the motors at a 
fixed pressure should be abandoned and the applied 
voltage varied with the load, according to the 


law e =a ./W, where a is a constant and W the 
total input in watts to the machine. This law 
followed from the condition for a minimum total 
loss in the latter. To attain this regulation of 
the pressure a rotating auxiliary machine, eg., a 
motor generator, could be mounted on the locomo- 
tive and driven by the current drawn from the 
trolley. The field excitation of the generator side 
could be varied so that the pressures delivered to the 
main motors were in agreement with the law. An 
automatic field regulator could be built as a watt- 
meter, mechanically connected to an electro-dynamic 
voltmeter maintaining balance when W/e® = con- 
stant. Such a rotating auxiliary machine on the loco- 
motive could be used as a phase transformer convert- 
ing 50 cycle single-phase current from the trolley 
to 50 cycle three-phase current supplied to the 
motors. This would permit of the economical 
single wire being used instead of the double arrange- 
ment necessary for electrified railways working on 
the three-phase system while still permitting the 
use of the three-phase locomotive. 

The paper on “ Power Questions Relating to 
Swedish Tramways,” contributed by Mr. A. Hult- 
quist, of Sweden, indicated the extent to which the 
natural water-power of the country had been utilised 
for tramway electrical supply. As a precaution 
against water shortage, steam or Diesel engines 
were maintained in the reserve stations of the 
country. All Swedish tramways were operated at 
600 volts, except a few 1,200-volt lines, while all 
but five of the tramway administrations bought the 
energy in such a form that it could be directly 
employed for the cars, the remaining five buying 
three-phase energy which they converted into 
direct current before using. In 1923 the total 
energy consumption of the Swedish tramways was 
35,442,857 kw.-h. 

Dr. W. Wechman’s paper on “ Main Line Elec- 
trification on the State Railways in Germany ” gave 
information on the work in that country. The 
total mileage electrically operated was 400, single- 
phase alternating current being used because this 
system was considered most suitable for main 
line work. Uniform trolley lines were maintained 
throughout the tracks and the latest locomotives 
were reduced to a few types of the simplest possible 
design. Telegraph and telephone lines were not 
interfered with, these operating in a quite satis- 
factory manner. The system was sufficiently 
economical to justify a percentage return of from 
6-6 to 13-8 per cent. on the capital expenditure 
for electrical equipment. 

Professor I. Franco, of the Netherlands Railways, 
contributed ‘‘ Some Considerations on the Develop- 
ment of Railway and Tramway Traction.” He 
stated that in connection with the steam system 
opinions differed as to the merits of the compound- 
ing principle for locomotives, but the necessity 
certainly existed for further economy than was 
permitted by existing engine design. For local 
tramway and railway locomotives, the petrol engine 
had already conquered a large field, and Dr. Franco 
thought that there was a possibility of the petrol 
*bus being run on the railroad in the future, in which 
case, to avoid vibration, heavier cars would be 
necessary. At the present time there were running 
on the Dutch railways three petrol motor carriages 
over a nine-mile route between Kampen and 
Zwolle. 

In his paper on “ Application of Power to Rail 
Transport: Electric Railways in Great Britain,” 


Mr. Roger T. Smith stated that in Great Britain 
coal was the main source of power, and its export 
almost paid for imported food. For our main line 
traffic it had not yet been proved that the cost 
of electricity was less than the cost of the coal 
burnt in the furnaces of steam locomotives, which 
it replaced, for the same haulage. 
reverse conditions held. Suburban electrification 
had been carried out mainly because the steam 
system could not cope with the volume of traffic, 
not primarily because of any monetary saving. 
At present there were on running lines 796-9 
single-track miles; on sidings, 127-6 single-track 
miles ; 
electrified was 924-48. Of this amount 856-8 miles 
of single track were suburban, 48-5 miles main 
line mineral track, and 19:2 miles experimental. 
An exceedingly comprehensive account of statistical 
details of working was given in the paper for the 
various electrified systems. 
Returns for 1923 it appeared that the total power 
generated for traction was 486 millions of kw.-hour ; 
the sum of one hour maximum demands was 


Rather the 


while the total mileage of single-track 


From the Summary of 


155,550 kw.; the annual maximum demand load 


factor for traction was 35-7 per cent.; and total 
output from sub-stations for traction 330 millions 
of kw.-hours. 
electrically for the year were as follows : passengers 
ton-miles 4,703 millions; freight ton-miles, 78-5 
millions. 


The total railway ton-miles worked 


Dr. G. de Gelder gave a paper on “ Electrification 


of the Dutch East Indies,” which discussed heavy 
traction in particular. 
direct current system at either 1,500, 2,400, or 


He was convinced that the 


3,000 volts gave great economic possibilities when 


developed in conjunction with water power. Though 
the railways caused a big maximum load, the 
period of use could be made comparatively large. 
Usually the maximum load for traction did not 
coincide with that for lighting and power, so that 
the total loads could be held within reasonable 
limits. 
persuading the authorities to sanction the direct- 
current system, 1,500 volts being adjudged quite 
adequate. 
stations were being constructed, the Oekroeg and 
Kratiak works respectively. 


Dr. de Gelder had no difficulty in 


To supply this pressure two water-power 


In the ensuing discussion on the papers read, 


Mr. Murray (U.S.A.) drew attention to the likelihood 
of train weights of 6,000 tons becoming common in 
the near future in his country. These would necessi- 
tate electrification, and he said, so far, progress in 
this direction had been rather slow. Since the 
600-volt pressure was replaced by 3,000 volts the 
whole outlook had been changed, but financial 
inhibition still restricted progress. 
arose worthy of mention. 
were operative on their own lines only. This 
should be changed. ‘The advantages of the universal 
applicability of the steam locomotive must not be 
forgotten. 
tion to the necessity of improving gearing to secure 
the highest efficiency. Lt.-Col. O’Brien stated that 
there was no call in England for the usual large- 
scale working essential for successful main line elec- 


One difficulty 
Electric locomotives 


Professor Hele-Shaw then drew atten- 


trification. This made conditions difficult. Colonel 
Battie (India) pointed out the projected electrified 
services for Bombay lines on a 5 ft. 6 in. gauge, 
for heavy traffic, would utilise direct-current power 
at 1,500 volts. The pressure from the Tata 
hydro-electric stations near at hand was 100,000 
volts. This would be transformed down as required. 

The section met on the morning of the 10th instant 
under the chairmanship of Prof. Luigi Lombardi, 
of Rome. The first paper read, that of Prof. 
F. Tajani, explained how Italy used the overhead 
wire, direct current, constant-pressure system, 
with series excited motors, as a first endeavour 
in the development of electrification, in 1900. 
Later the three-phase system was extensively 
employed, since it was more suitable for traction 
purposes on main lines with considerable traffic, 
and it was now intended, after careful consideration, 
that this system should be used entirely in the 
future. 

Mr. H. J. Schreiner, Electrical Engineer to the 
Norwegian State Railways, then gave a paper on 
“ Blectrification of Railways in Norway.” He said 
that for many years to come the State authorities 


with the most serious short circuit. 


station, on the Lule Alv. 


for traction, one being used as a reserve. 
generator had a continuous output of 6,000 kv.-a. 
and maximum output of 10,000 ky.-a. 


would require to concentrate their efforts on build- 
ing the main lines which were still wanted, at the — 
same time trying to reduce operating costs. 
Norway’s abundant water power and lack of coal 
rendered it natural for the State to look to the 
former for a solution of the difficulty. The single- 


phase alternating current system, with pressures up 


to 15,000 volts and frequencies of 15,16% and 25 
cycles, was general throughout the country. The dis- 
turbance to telegraph and telephone systems had been 
a question of great importance in connection with 
electric single-phase railways. 
electrification, lead-covered armoured cables were 
laid under the main roads, and by suitably balancing 
the inductive and capacitive relation between the 
wires in the cables, nearly all disturbances on the 
telephone and telegraphic systems had been done 
away with. When electrified railways approached 
the roads to avoid electro-magnetic induction, parti- 
cularly by short circuits, it was necessary to make 
special arrangements in the distribution system of 
the railway. The first thing done was to reduce 
the short-circuiting current in the generators and 
transformers by suitable construction of these, as 
well as by suitable connections. 
were used for each outgoing trolley wire, which - 
broke the short-circuiting current instantly, or 

within 1-5—2 cycles. 
transformers were put up along the line. 
distance between these was some 5 miles, and they 
were calculated in such a way that the leakage 


When commencing 


Next, oil switches 


Finally, special boosting 
The 


current could not exceed 960 amperes per mile, even 
These pre- 
cautions had proved quite effective. 

A paper on “ Power Problems of the Swedish 
Railways,” was read by I. Ofverholm, Elec- 


trical Engineer of the Swedish State Railways. 


In the single system electrified, namely, the 
Svartén Riksgraiusen line, single-phase current at 
15 cycles and 16,000 volts, was used for the contact 
wire, supplied from the Porjus hydro-electric 
In this power station 
there were installed four single-phase generators 
Each 


The trac- 
tion energy was generated at 4,000 volts, 15 cycles. 
Transformers with a 4,000 to 40,000 volts ratio 


fed the long-distance transmissions line at 80,000 


volts ; the transformers being connected in parallel 
on the low-voltage side, and in series on the high- 
voltage side. There were really two transmission 


lines, one line running north to Vassijaure, near 


Riksgriusen, and one running south to Notviken. 


The total length of transmission line was 320 miles. 
There 
apart. 
step-down transformers were utilised for feeding 
the overhead contact wire. 


were 15 sub-stations, about 20 miles 
At each, two or three 80,000/16,000-volt 


The transformers were 
rated from 1,100 to 1,500 kv.-a., and were oil-cooled 


and arranged so as to be easily sent by rail on a 


special car to the repair depots. 


Section K.2. Powrr FoR WATER TRANSPORT. 


In opening the proceedings of Section K.2. on 
Thursday morning, the 10th inst., the chairman, 
Sir Westcott Abell, said that although more interest 
was displayed by the World Power Conference in — 
the application of power to industrial purposes 
than to marine propulsion, a complete revolution 
in the world’s activities had been caused by the 
marine application. It was easier and cheaper to 
transport ore and the other raw materials of industry — 
to the places where fuel was available than to 
reverse the process. Without the influx of raw 
materials to this country the incentive to power 
production would be confined to the needs of mere 
existence. It was not only because of its higher heat 
value that oil was beginning to supplant coal in the 
service of power production for ship propulsion, but 
also to some extent by reason of advantages over 
coal in questions of economy of transport. Oil 
flowed to its work, coal had to be carried. Speaking 
as one associated with a very large international 
society connected with the shipping industry, he 
said, he would like to confirm what Lord Inchcape 
emphasised in his paper: that the co-operation of | 
the principal interests in shipping, owners, ship- 
builders and engineers, was of great value in the 


JULY 25, 1924.] 


ENGINEERING, 


119 


efforts made to bring about improvement. This 
co-operation was not confined to Britain alone, but 
of late years had greatly increased in all maritime 
countries. Lloyds Register of Shipping had gradu- 
ally established representative committees of 
shipping interests in the principal countries. 

The important thing that must always be kept in 
mind regarding the provision of power for sea 
transport was that reliability was as significant a 
factor as technical or thermal efficiency. Progress 
of shipping was measured not only by the reduction 
of cost of fuel per ton-mile but also by reliability. 
In a paper presented to the section by Mr. Chalkley 
figures were given which showed the great develop- 
ment in motor engines for marine power. The 
increased demand was apparent, for it was stated 
that 11 per cent. of the ships under construction at 
the end of 1922 were motor driven, while the figure 
had reached 35 per cent. by the end of the follow- 
ing year. As an extension of the figures it might 
be said that the values for March and June, 1924, 
were 38°6 per cent. and 45:4 per cent. respectively. 
With the object of attaining the highest efficiency 
of a steam turbine and screw propeller some means 
of speed reduction was necessary. It was possible 
that in the future high-speed Diesel engines would 
be used with similar transmission gearing. For 
speed reduction the devices suitable for land 
installations were not always the best for use on a 
ship, as the conditions were very different. Auxi- 
liary machinery for ships had to be strong and fool- 
proof, and again the solution was not found by the 
mere adoption of land practice. It was probable 
that the most successful system of operating auxi- 
liaries would be that which took into account the 
requirements aboard ship. In the opinion of many 
engineers the more rapid extension of the use of 
motor ships was prevented by considerations re- 
lating to suitable auxiliaries. 

The Right Hon. Lord Inchcape, in his paper on 
“Shipowners and Shipbuilders,” insisted on the 
necessity for co-operation between the two parties 
if improvements were to be effected. It was 
natural that a specific trade should evolve the 
type of ship necessary for its own requirements. 
An example was afforded by the present-day ships 
of the British India Company’s Aronda class, by 
which the fast bi-weekly service for passengers and 
goods was maintained between Calcutta and 
Rangoon. It was clearly apparent that in steamers 
which constantly plied in tropical waters the 
passenger accommodation had to be specially 
designed. He then traced the influence of the 
character of trade upon types of ships. In the 
process of ship evolution two factors had constantly 
worked side by side. The first was the general 
practice of ship. and engine construction, with all 
their successive improvements, and the second was 
the selective process by which special features and 
improvements of detail were introduced to carry 
on an individual class of work. The paramount 
consideration to the shipowner was the earning 
capacity of a vessel. While the shipowner had to 
depend on his knowledge and experience of ships, 
it\was equally true that as regards the forces of 
propulsion and resistance, he had to rely upon 
the development work of the shipbuilder and his 
expert staff, and upon their familiarity with the 
two inter-dependent factors of power and modelling, 
and the multitude of considerations and details 
on which these factors depended. The improve- 
ments effected as a result of tank test work had 
given the shipowners a sense of security in accepting 
the shipbuilder’s hull designs which was formerly 
denied to them. It was now possible to forecast 
the performances of a commercial ship in all 
varieties of trim with a degree of accuracy valued 
by the owners and those responsible for the navi- 
gation of the ship. 

Mr. Basil Lubbock passed in review, the history 
and development of the propulsion of vessels by 
sails. The difficulties of manning and the demand 
for large ships were responsible for the demise of 
the sailing ship. Five-masted square-rigged sailing 
ships up to 5,000 tons register had been launched 
and handled successfully, but that was about the 
limit with which the seamanship of sail could 
cope. 

In a paper on “Sea Speeds and their Costs,” 
Mr. Alexander Gray said it was the policy of the 


shipowner to gauge what was the probable demand 
for speed in his trade and build his vessels accord- 
ingly. As a mail liner cost anything from half a 
million to two or three million pounds, depending 
on her speed and size, and might require two or 
three years to build, it was impossible to meet 
suddenly any demand for unusual speed, whilst 
to provide greater speed than was requisite for 
the demands of her trade involved the owners in 
serious financial loss. The object of the paper 
was to show to what extent the public should be 
called upon to pay for speed apart from the service 
of transport. Voyage costs might be divided into 
general charges, such as wages, victualling, ‘capital 
depreciation and interest which were influenced by 
time and tended to increase with a reduction of 
speed, and fuel costs which were decreased by a 
reduction in speed. There was some particular 
speed, which might be termed the natural speed, 
for each type of vessel at which the extra cost 
due to the one class of costs would outweigh the 
savings in the other. This natural speed would 
yield the greatest working efficiency, but the 
economic speed might be higher and would vary 
with the character of the employment. 

The tramp vessel naturally showed the lowest 
speed. A cargo liner was usually of a superior type 
to a tramp and more expensive to construct and 
maintain, because she was required to take part in 
a service with some reputation for regularity, if 
not also for speed. Her economic speed was there- 
fore higher than that of the tramp. The cost of 
this higher speed was met by better earnings, due 
to the carriage of the best cargoes. An intermediate 
liner was regarded as a first-class cargo vessel with 
the addition of passenger accommodation, which 
implied greater capital cost and maintenance charges 
with a consequent higher economic speed than that 
of the cargo liner. Except under special circum- 
stances, the public did not pay for speed in the case 
of tramps, cargo, or intermediate liners. The mail 
liner was, however, different. Speed in this case 
was of vital importance, and as the higher speeds 
were attained the cost per knot increased out of all 
proportion to the increased rate of progress. The 
economic law of diminishing return operated so 
forcibly that the limit of speed at which ocean liners 
could be driven with any hope of commercial gain 
appeared to have been reached already on the North 
Atlantic route. Freight generally was of but minor 
help to high-speed ships, which could have but 
little capacity for anything other than specie, or 
time for its manipulation. 

Mr. G. S. Baker presented a paper on “ Hull 
Resistance and Power for Propulsion,” in which he 
discussed the means of keeping the resistance down 
to a minimum compatible with the other conditions. 
The author assessed that the best speed at which 
a vessel could be propelled was that at which the 
cost of coal or oil burned in a day was equal to the 
profit earned by the ship in a day added to the 
capital charges for the same period. Such a speed 
should not be termed the economic speed, as it was 
not necessarily the most economical in regard to 
fuel. It was emphasised by the author that the 
economical size of a ship was not determined solely 
by the lowest ratio of coal consumed at some fixed 
speed to the cargo carried by the ship, nor by the 
ratio of deadweight capacity to loaded hull displace- 
ment. As far as these could be improved by altera- 
tion of design they were good, but to sacrifice cargo 
handling equipment or strength of hull for the 
purpose, or to reduce the ratio of power to displace- 
ment by enlargement of dimensions beyond certain 
figures, was anything but economical. The author 
then dealt with the various forms of resistance 
encountered by a ship and their relative magnitude. 
When propelling a ship the propeller worked in 
water already set in motion by the passage of the 
hull through it, and since this motion varied at 
different points around the stern, the conditions 
under which the propeller worked varied throughout 
the revolution. The greatest efficiency obtained was 
slightly in excess of 80 per cent., but in practice 
efficiencies in single and twin-screw ships were much 
nearer 65 or 70 per cent., the former being for full- 
ended ships and the latter for fine-ended ones. The 
propeller afforded possibilities of very profitable 
research work. 

Mr. F. J. Leathers discussed the subject of 


“* Fuels and their Supply for Sea Transport.” Most 
fuels used for steam raising had, he said, been used 
at sea. The most noteworthy of these experiments 
were those concerned with various mixtures of pul- 
verised coal and oil known generically as colloidal 
fuel. No patent fuel had, however, established 
itself, except in very special circumstances. There 
were still many anomalies in the regulations of 
public bodies in connection with the handling of oil 
fuel. Oil fuel was certainly not a dangerous com- 
modity if properly handled and stored. ‘Restrictive 
tariffs on oil in many places where coal was free of 
duty put a handicap on the use of oil fuel. Internal- 
combustion engines provided a more efficient way 
in which oil could be used for power production than 
burning it under boilers, The experience of the last 
few years showed that engineers were alive to the © 
fact that one of their main problems was to make 
more and more possible the use of inferior grades 
of oil in internal-combustion engines. The daily 
fuel consumption of similar vessels of, say, 9,220 
tons displacement, with a speed of 10? knots, was 
estimated as: reciprocating engines and water 
tube boilers, coal fired, 31-2 tons; similar equip- 
ment with oil firing, 22-4 tons; and, in the case of 
two-stroke Diesel engines, 8-2 tons. 

Mr. Hector C. Bywater, in a paper on “Steam 
and the Measurement of Power for Sea Transport,’’ 
sketched the history of the progress of marine engines 
and turbines, and referred to the conditions at the 
different stages in the development. Of the 679 
ships belonging to Dutch owners, Mr. W. J. Muller 
said in his paper on “ General Data on the Pro- 
pulsion of Ocean-Going Ships in Holland,” 601 
were propelled by reciprocating engines, 38 by steam 
turbines, and 40 by internal-combustion engines. 
Superheaters were fitted to 142 steam ships. Of 
the 38 turbine-driven vessels, seven had single 
reduction gearing and 31 had the double reduction 
type. Little trouble had been experienced with 
either type. Nickel steel had been tried in the early 
Zoelly type turbines, but had not given complete 
satisfaction, and Monel metal and manganese 
bronze were now favoured. During the last decade 
water-tube boilers of the Howden and Babcock and 
Wilcox types have been installed. Trials had been 
conducted with mechanical stokers for marine 
boilers, but although some results had proved satis- 
factory, the development had still to be regarded as 
experimental. A Dutch cargo ship had been fitted 
recently with automatic stokers for all the cylindrical 
boilers and also with a mechanical coal conveyor. 
Most Diesel-engined ships belonging to Dutch owners 
had Werkspoor engines, but there were some of 
Burmeister and Wain design. The largest power 
produced per cylinder was about 400 i.h.p. Semi- 
Diesel engines of the Polar and Kromhout type 
had been in use for a number of years. The maxi- 
mum horse-power of this type of engine did not 
exceed 500 per set of six cylinders. 

Mr. A. P. Chalkley, in submitting a paper on 
“The Development and Present Position of the 
Motorship,” said that although the history of the 
motorship commenced with the Selandia in 1912, 
it was undoubtedly true that much and valuable 
experience had been obtained with Diesel engines 
on smaller ships prior to that date. Since 1912 
progress had been steady, although interrupted 
by the war, and the following figures showed the 
state at various periods. 

Number of Motorships 


Date in Service, onnage 
July, 1914 297 234,287 
pee 912 752,606 
», 1920 1,178 955,810 
i alepal 1,473 1,248,800 
oy, 1922 1,620 1,542,160 
» 1923 a ee 1,831 1,668,414 
Of ships under construction the motorship 


tonnage was 10-9 per cent. of the steamship tonnage 
at December, 1923, 12 per cent. at March, 1923, 
18 per cent. at June, 1923, 24 per cent. at Septem- 
ber, 1923, and 35-5 per cent. at December, 1923. 
A large number had since been ordered, but were 
not included in the figures of the table, as they had 
not been commenced. They included 10 motor pas- 
senger liners of 158,000 tons gross, the largest being 
of 22,000 tons gross and having twin machinery of 
20,000 ih.p. The author then summarised the 
advantages of the motorship. The fuel consump- 
tion was 20 to 25 per cent. by weight of that of 
a corresponding coal-fired steamer, and between 
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35 and 45 per cent. of that of an oil-fired steamer. 
For equal dimensions and speed the motorship 
had a higher deadweight capacity of 5 to 15 per 
cent. A smaller engine-room staff was carried on 
the. motorship, but the average pay was, however, 
higher, and the financial saving was usually not 
more than 5 per cent. Disadvantages of the motor- 
ship were the relatively high capital cost, the 
greater consumption of lubricating oil, and the limi- 
ted supply of motorship engineers available. 

Comparing two 10,000-ton ships in service, the 
motorship fuel cost was shown to be 46 per cent. 
of that of an oil-fired steamer, and considering 
exactly similar vessels of 450 ft. length running at 
12 knots and’having Diesel engines, coal firing and 
steam engines, and oil firing and steam engines, the 
daily fuel consumption was given as 17 tons, 70 tons, 
and 40 tons respectively. Typical cargo ships 
gave the following figures :— 


Deadweight 
Tons. 


Speed Knots. Fuel Consumption 


per day. Tons. 
2 


14,000 12-5 1 

12,350 113 16 

10,000 10:6 10 
9,300 11-1 11-4 
7,500 10°5 9 


In a paper on “The Four-stroke Type of Diesel 
Engine for Motorships,” contributed on behalf 
of Great Britain, it was stated that for complete 
reliability, low upkeep, and small overhaul charges 
the four-cycle type of Diesel engine held an un- 
challenged position. Of the motorships now in 
service 80 per cent. had engines of this class. The 
proportion of two-cycle engined ships was increasing, 
but out of about 150 or 160 motorships on order 
between 110 and 120 would have four-cycle engines. 
Experience had shown that the desirable mean 
effective pressure was about 90 lb. per square inch. 
The four-cycle engine could be used at high speeds. 
In twin-screw installations, where a high speed 
could be adopted, the weight of four-cycle machinery 
could be reduced and the difference between it 
and the value for two-cycle plant was not of great 
importance. Four-cycle engines possessed the 
inherent advantages of effective piston lubrication 
and low lubricating oil consumption. In the four- 
cycle design, piston cooling arrangements were 
possibly of a kind which did not permit the leakage 
of the cooling medium into the crank chamber. 
In the two-cycle type the whole of the gear was 
internal except in the opposed piston design. 
Four-cycle engines had a lower fuel consumption 
than the rival type. In some two-speed, long- 
stroke, four-cycle engines recently constructed the 
consumption had not exceeded 0-38 Ib. of oil per 
b.h.p.-hour. A comparison of weight was possible 
between the motorship George Washington with 
four-cycle engines and the Handicap with the two- 
cycle type. The former was 425 ft. length, 55 ft. 
beam and had a deadweight capacity of 10,800 tons. 
When carrying 9,500 tons an average of 11-8 knots 
had been mainteined with Diesel machinery of 
2,440 s.h.p. The Handicap was of 9,000 tons d.w., 
415 ft. length and 54 ft. 6 in. beam, and had an 
estimated sea speed of 11 knots. Each engine of 
the George Washington type weighed 186 tons, 
compared with 168 tons for the Handicap. 

The most recent development of the four-stroke 
type was in the application of the double acting 
principle. Three passenger liners in which 
machinery of this type was being installed were 
on order, and the engines totalled 20,000 i.h.p. on 
two shafts. In the new development of the four- 
stroke type the piston rod was entirely surrounded 
by a cooled cast-iron sleeve, protecting the 
rod from the gases and at the same time enabling a 
simple stuffing-box to be provided. The construc- 
tion of double-acting engines otherwise was similar 
to that of the normal single-acting engine. 

Mr. Robert Traill submitted a paper on “ Two- 
cycle Diesel Engines,” in which he claimed that the 
two-cycle system of working permitted greater 
simplicity of construction, and smaller dimensions 
and weights in relation to the power developed, 
than were possible with the four-cycle engine. 
Subject to the same main pressure being used, 
practically double the power could be obtained 
from a two-cycle engine as from a four-cycle 
engine of the same dimensions. Mean pressures of 
100 lbs. per square inch could be maintained in a 
two-cycle engine with perfect safety. The weight 


of a four-cyele engine was from 30 to 50 per cent. 
greater than a two-cycle one of the same power 
and speed, scavenge and water pumps being in- 
cluded. The simplicity of the two-cycle design 
was most apparent in the construction of the 
cylinder cover, which was of simple cylindrical 
form, with a single central opening for the valve- 
box, ensuring perfect circulation of the cooling 
water and freedom from expansion strains, whereas 
the four-cycle engine cover was a complicated 
casting weakened by the large additional openings 
required for exhaust and induction valves and 
liable to set up cracks under working conditions. 
The cam-operated induction and exhaust valves of 
the four-cycle engine, together with their operating 
gear, were dispensed with in the two-cycle engine. 
While the temperatures of combustion of the two 
types of Diesel engines were about the same, the 
exhaust of the two-cycle was lower than that of 
the four-cycle because of the admixture of scavenge 
air and the water cooling of the bars between the 
exhaust ports. Considerable advantages were the 
more even turning moment and more effective 
starting of the two-cycle engine. Double-acting 
engines were in process of development, but the 
shipbuilders saw an objection in the increased 
height necessary. The engine which was simplest 
in construction would eventually hold the field, and 
it was maintained that the modern two-stroke 
cycle engine fulfilled the conditions more nearly 
than any other type. 

In reviewing “Present Practice as Regards 
Application of Power for Marine Purposes in 
America,” Mr. William T. Donnelly, after dealing 
with reciprocating engines and steam turbines, 
referred to speed reduction for driving the propeller 
by gearing, and the electrical method. If reduction 
gearing were to serve the purpose of transmitting 
any considerable amount of power with a large 
ratio of reduction, it must be made with enormous 
reserve power, or be provided with some inter- 
mediate means of limiting the stresses which would 
develop between the high speed of the steam 
turbine rotor at one end and the very slow rotating 
mass of the propeller at the other. With any 
considerable length of shaft between the two re- 
acting forces the difficulty was aggravated. The 
electric plant surpassed all competitors in manceuv- 
ring power and overall efficiency, with the result 
that the United States Government adopted it for 
the propulsion of all warships of the super- 
Dreadnought class. The perfect flexibility allowed 
by the separation of the power generating and 
propelling machinery, as regards location and general 
arrangement, greatly facilitated the adaptation of 
the ship to various purposes. The remarkable 
progress made by the application of the electric 
drive was not to be taken, however, as a warrant 
that it would extend broadly or be adopted univers- 
ally. The most promising field for development 
in ship propulsion was the study and application 
of the Diesel engine in association with the electric 
system of power transmission. In concluding, the 
author called attention to the necessity for develop- 
ments in shallow water navigation, and to a scheme 
in which a single vessel provided electric power for 
a number of vessels in convoy. 

Mr. W. J. Belsey advocated “Electric Trans- 
mission of Power for Propelling Machinery,” dealing 
with the two cases where turbines and Diesel engines 
were used as the prime movers. The turbine 
equipment consisted of an A.C. generator suitable 
for direct coupling, a motor of suitable speed for 
the propeller, a D.C. exciter or an auxiliary generator 
from which direct current could be obtained, and 
suitable control gear. In certain types of vessels, 
such as battleships, where a cruising speed was 
required, the motor was generally made with change 
pole windings, giving two definite speeds at the 
propeller shaft for the one speed of the turbine. 
On account of the ease with which the arrangements 
were made for the change of the number of poles 
of an induction motor, this type was generally used 
for battleships. In merchant work only one speed 
of the propeller was necessary, and synchronous 
motors were preferred. The advantages of the 
system were reliability, simplified turbine construc- 
tion, the astern turbine was eliminated, economy 
was obtained, there was an absence of vibration and 
noise, and the upkeep was small. The application 


of Diesel-electric drive had been made to smaller 
ships of which La Playa of 2,600 s.h.p. was so 
far the largest. 

Mr. H. G. Hammar, a delegate from Sweden, 
submitted his paper on “ Power for Ship Propul- . 
sion,” of which we give an abstract on page 148 
of this issue. 

Admiral Sir Robert Dixon said that since 
Mr. W. L. R. Emmet gave a paper on the subject 
of electrical transmission before the Institution of 
Naval Architects just over a year ago, he had seen 
nothing tending to modify his view that the dis- 
advantages in the case of warships were greater than , 
the advantages. He was rather surprised at many 
of the claims made for the system. The fact that 
the astern turbine could be done away with was no 
doubt advantageous. He had seen many designs, 
and in every case the weight of the electrical trans- 
mission system was considerably greater than that 
of mechanical gearing. There was no point in the 
claim that repairs were eliminated, for that was the 
experience with gears in the Royal Navy. There 
was a better case for the Diesel-electric system for 
low powers, but even then the weight was high. 

Mr. Belsey replied that the comparison of the 
weights of electric transmission equipment and 
mechanical gearing depended solely on the extent 
to which the gearing was stressed. In the paper 
read before the Institution of Naval Architects, 
Mr. Emmet admitted that there were many failures 
with gearing. After the Chairman had commented 
on the fact that single reduction gears only were 
used in the Royal Navy, Mr. Belsey said that the 
same experiences of failure had been found with 
the single as with the double reduction type. 
Admiral Dixon then stated that in the Navy they 
had between 600 and 700 single reduction gears, 
and the total number of failures could be counted 
on the fingers of one hand. These, however, were 
not complete failures, but merely small defects. 

Mr. Chalkley assessed the losses in electrical 
transmission as 15 per cent. Although Mr. Belsey 
suggested that the higher propeller efficiency made 
up for this loss, if the case of La Playa was considered 
it would be observed that the propeller speed was 
100 revolutions per minute, and with a direct drive 
the propeller would not be run at a higher value, 
so that it appeared that there was a direct loss of 
15 per cent. with electrical transmission. When 
Mr. Donnelly dealt with the same subject, he gave 
figures for the weight of Diesel machinery which 
seemed too high. The motor ship was increasing 
in use at a rapid rate. In Sweden steamers were 
practically obsolete. Germany had 50 per cent. 
more tonnage of motor ships than steamships. 
The first Scott-Still engined vessel had given a fuel 
consumption of 8} tons per day for an 8,000-ton 
ship running at 11 knots. 

Mr. O. A. Wiberg contributed a paper on “ The 
Reversing Clutch Marine Engine,” reproduced in 
abstract on page 144 of this issue. The author 
described a reversing clutch for use with mechanical 
reduction gear. This included a fixed outer casing 
inside which was a revolving set of epicyclic gear 
wheels. The latter revolved with the intermediate 
shaft of the gearing when the propeller was. 
working ahead, but remained fixed when going 
astern. The two conditions were obtained by means: 
of two sets of disc clutches, one inside the casing 
and the other outside. The positions of the outer 
discs were regulated by four pistons, to which oil 
could be applied on either side. The first clutch 
turbine was installed on the t.s. Pacific, of Copen- 
hagen, in 1920, and had been in continuous service 
since then. The consumption of coal amounted to 
1-075 lb. per shaft horse-power hour, with fuel of a 
calorific value of 12,500 B.Th.U. per lb. Another 
reversing clutch described by the author combined. 
the oil-operating clutch with an hydraulic gear, 
of which the action was similar to the Féttinger 
transformer, which was put into operation when 
going astern. A single regulating valve controlled 
the operations of both clutch and hydraulic gear. 

Mr. Challoner called attention to the variety of 
equipments embraced by the term motor as used 
in the expression motor ship, and stated that 
definition was necessary in dealing with this class 
of vessel. In the development and progress of the 
oil engine many troubles had been experienced which 
had been overcome, and temporary expedients were: 
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abolished when satisfactory solutions had been 
eventually found. A few years'ago water injection 
into the cylinders was considered necessary ; to-day 
it was thought absolutely dangerous. When coal 
was treated to obtained gas and oil, there would 
be an adequate supply of oil available, and the de- 
velopment of the oil engine would make rapid 
progress. 

Lieut. B. R. Alexander said the electric drive was 
not universal in the United States Navy, and very 
few ships were so fitted, although they were the 
largest. In destroyers gearing had proved very 
satisfactory. Even for battleships it was admitted 
that the weight of electrical equipment was exces- 
sive, but it was being reduced. Induction motors 
were now made which weighed less than 8 Ib. per 
horse-power, and the weight of switchgear was being 
reduced. The United States Navy weighed all the 
considerations, and decided that it was difficult to 
obtain, otherwise than by the electric transmission 
method, two economic speeds, one high for full 
power and one low for cruising. This demand did 
not exist with mercantile ships, as they were designed 
for full speed all the time. The electrical drive was 
capable of improvement, but it should neither be 
condemned hastily nor adopted generally. The 
adoption by the United States Navy was only 
tentative, and its continued application was 
dependent on their experience. 

Dr. Kamo, a delegate from Japan, referred to the 
satisfactory experiences of electric transmission with 
the 10,000-ton collier Kamoi, built in the United 
States and equipped by the General Electric 
Company. 

Mr. Belsey said the losses in transmission in the 
case of La Playa were about 11-5 per cent., and 
the Chairman pointed out that the equipment of 
the vessel was only decided upon in the quest for 
increased capacity within the ship, and had 
shown an advantage over the direct drive in that 
respect. 

At the afternoon meeting, Mr. Russell Sinclair 
presided, when Mr. R. W. Allen presented a paper 
on “ Diesel Auxiliary Machinery in Connection with 
Marine Propulsion.” There was little doubt, he 
said, that the most efficient method of driving 
auxiliary machinery was that by. which the power 
was obtained from dynamos driven by independent 
Diesel engines. All deck machinery, cargo winches, 
engine-room equipment, pumps for ballast, cooling, 
bilge, &c., and also the steering gear were now driven 
electrically. Diesel-engined vessels would gradually 
supplant steamers, and the tendency would be to 
rely more and more on Diesel engine-driven genera- 
tors for the supply of power for auxiliaries. 

Mr. H. 8S. Russell said that Mr. Hammar had 
spoken of supercharging for Diesel engines, but 
did not approve of the suggestion because it meant 
an increase of temperature in the cylinders. The 
temperature, however, depended solely on the 
compression ratio, and not on the original pressure 
of the air. They, therefore, had higher pressures 
with superchanging, but not higher temperatures. It 
seemed extraordinary that although the Diesel 
engine was first used on board ship to drive auxili- 
aries, when the propulsion was obtained from the 
same type of engines, steam plant had been used 
for the auxiliaries. One difficulty with Diesel 
ships was the contamination of fuel oil and lubri- 
cating oil with water, the results of which might 
be disastrous. It was a growing practice, therefore, 
to install centrifugal oil separators on board ship 
for use in removing the moisture, as well as other 
foreign matter from oil. 

Admiral Sir Robert Dixon said he thought it 
advisable to point out some of the defects of the 
Diesel engine. The Navy had been pioneers in its 
use both for auxiliaries and for propulsion. The 
power from such an engine was small. They would 
eventually have satisfactory double-acting two- 
cycle engines, on the subjects connected with which 
much research work was being*done. The Diesel 
engine had the disadvantages of being of the 
reciprocating type, and, therefore, caused vibration, 
the power was limited, the weight and the space 
occupied were high, the noise of operation was 
excessive, and there was far too much complication 
in its construction. He was forced to the conclusion 
that geared turbines for high powers would not be 
replaced by Diesel engines. For low-powered 


vessels there was, however, an opening for the 
Diesel engine. 

Mr. Hammar said the experience with super- 
charging was that the engine power could be 
increased by 20 per cent., but they had to use 
higher temperatures than could be considered safe. 
In regard to auxiliaries for motor-ships they were 
working on two lines :—complete electric equip- 
ment, which was very costly, and the use of exhaust 
gases in boilers to generate steam for auxiliaries. 

Prof. E. Hubendick, of the Royal University of 
Technology, Sweden, said that although the tem- 
perature in an engine cylinder did depend on the 
ratio of compression, it should not be forgotten 
that with supercharging in use more oil was used 
and there was a higher temperature, due to the 
presence of the greater quantity of combustible. 

Mr. Alexander Gray said that it seemed to be the 
case that electric auxiliaries were best, but it must 
not be forgotten that it was necessary to have some 
steam available on a passenger ship for the baths. 


Section N 2. STANDARDISATION. 


Members who assembled at the advertised time 
of 1.45 p.m. for the discussion of the subject of 
Standardisation on Thursday, July 10, found that 
the meeting had been deferred until 2.45, when the 
Chairman, Sir Archibald Denny, opened the pro- 
ceedings. The attendance was by no means large. 
Ten papers were before the Conference, namely, 
“ Standardisation—National and International,” 
by Mr. C. le Maistre, Secretary of the British En- 
gineering Standards Association; “International 
Standardisation in the Field of Power,” by A. E. 
Kennelly (U.S.A.); “‘ Proposal for Uniform Rules 
for Testing Water Power Plants,”’* by G. Sundby 
(Norway); “Standardisation in Austria,” by Dr. 
J. Tomaides (Austria) ; “ Industrial Standardisation 
in Sweden,” by A. Kruse (Gen. Secretary of Swedish 
Standardisation Committee); ‘‘ Standardisation in 
Germany, ’+ by Dr. F. Neuhaus (Germany) ; “‘ Etat 
Actuel des Co-opérations Techniques Interna- 
tionales,” by Dr. Guillaume Exner (Austria) ; 
“ Electrical Standardisation in the Dutch East 
Indies,” by C. D. Volker (Government Bureau of 
Water Power and Electricity in Dutch East Indies) ; 
“ Standardisation and Control of Electrical Aces- 
sories and Household Appliances,” by H. Grosch 
(Norway); and “Considerations as to the most 
Economical Ratio of Increase in a Series of Stan- 
dardised Main Dimensions,” by Dr. J. Goudriaan. 

The papers, the nature of which can generally be 
inferred from their titles, were taken as read. Mr. 
Le Maistre pointed out the benefits of standardisa- 
tion and the advantages of a central organisation 
for this class of work. As regards the direct finan- 
cial value of standardisation to industry, he men- 
tioned that the first work undertaken by the British 
Engineering Standards Association in 1901 was 
the standardisation of rolled sections, which first 
reduced the different sizes from several hundreds 
to 195; more recently the number had _ been 
brought down to 113. This reduction was estimated 
to save five shillings per ton in manufacture. The 
original 75 sections of tramway rails had been re- 
duced to four standard sizes. International stan- 
dardisation was a very difficult matter, but the 
secretaries of the various national standardising 
bodies, now numbering eighteen, which had been 
created since the war, were in constant communica- 
tion with each other, and by this means a large 
amount of international uniformity had been 
brought about. The International Electrotech- 
nical Commission, organised in 1906, was working 
in conjunction with 24 national committees, which 
were the most appropriate bodies to deal with details, 
leaving the Commission to deal with such things as 
terms, definitions and symbols, all of which enter 
so largely into international intercourse. 

Dr. Kennelly’s paper indicated the nature of the 
work done by the International Electrotechnical 
Commission, and thought that it would be desirable 
for the World Power Conference to take steps to 
join in the standardising work of the Commission. 
He discussed the language difficulty, and pointed 
out the necessity of a clear understanding that 
when a difference of opinion arose as to the meaning 
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of a resolution drawn up in the two official languages 
(English and French), only one language must be 
taken as the ultimate standard. With regard to 
units, Dr. Kennelly wanted Great Britain and the 
United States and all the other English-speaking 
countries of the world to conform to the metric 
system of weights and measures. He also con- 
sidered that it might be advisable to drop the British 
thermal unit and measure the heat value of fuel in 
kilowatt-hours. The “ horse-power” was “a very 
unscientific unit,” and it was desirable that it should 
be replaced by the watt, kilowatt, myriawatt, or 
megawatt, aS occasion demanded. With Dr. 
Kennelly’s preference for expressing all angles 
decimally instead of in degrees, minutes and seconds, 
there is, we think, much more to be said. His 
opinion that it would be desirable to employ the 
same methods of power-plant book-keeping in 
various countries also deserves consideration ; even 
if we could be sure that the system was properly 
standardised in each country it would be something. 

In bis paper on “ Industrial Standardisation in 
Sweden,”’ Mr. A. Kruse states that the Swedish 
Industrial Standardisation Committee was formed 
in 1922, and had so far approved of sixty standards 
mostly in relation to bolts, nuts and screws. Among 
these, however, is a standard for “lettering on 
drawings ’’—a subject which may be commended 
to our own committee with special reference to 
architectural drawings. Mr. C. D. Volker pointed 
out the importance of standardisation to countries 
like the Dutch East Indies, far from the works of 
manufacturers. Standardisation would allow the 
stocks to be carried by merchants to be greatly 
reduced, and apparatus therefore cheapened. In 
the Dutch East Indies, three-phase A.C. current 
at 50 cycles is standardised for main transmission 
and distribution systems. Alternating current volt- 
ages are standardised at 127, 220, 380, 6,000 and 
30,000 volts and direct current at 110, 220 and 600 
volts. There are numerous secondary standards. 

The standardisation of mechanical details in 
Germany was dealt with by Dr. Neuhaus in a paper 
reproduced elsewhere. The Standards Committee of 
German Industry, formed in 1917, obtained funds 
from contributions from the industry, and from the 
sale of publications. There was no subsidy from 
the Government. One of the subjects of standard- 
isation by this committee had been commercial 
papers, letters, journals, drawings, &c. Each size 
was obtained by doubling or halving the area of 
the next below or above it and all sizes were similar 
in shape. The basis size was one square metre, 
with sides 841 mm. by 1,189mm. By halving this 
size four times the business letter size, namely, 
210 mm. by 297 mm., was obtained. Numerous 
companies had adopted this size for their corre- 
spondence and about 50 technical journals were 
about to adopt it. In Switzerland, Austria, Hun- 
gary and Czechoslovakia the size had been adopted, 
and Holland and Sweden would shortly follow. 
Dr. Neuhaus devoted a little consideration to the 
subject of “preferred numbers” in establishing 
standards having a uniform increase per step. 
This question was considered mathematically in 
considerable detail by Dr. J. Goudriaan, who took 
into account the factor of economy, balancing the 
desire of the manufacturer to have few sizes with 
large steps between, and the interests of the con- 
sumer who did not wish to buy something larger 
than he actually wanted. 

In opening the discussion Sir Archibald Denny 
expressed the opinion that it would be a pity to 
erect any new organisation to deal with Standard- 
isation as an International Commission already 
existed. Dr. Kennelly thought it desirable that 
the meeting should formulate a resolution on the 
subject, and he moved that “‘ The meeting recom- 
mends that the World’s Power Conference does not 
engage directly in standardisation but prefers that 
all such matters be dealt with by the appropriate 
body or bodies.” Mr. Miles seconded the motion, 
remarking that standardisation work could not be 
undertaken by a body created in a moment, and it 
would take the World’s Power Conference several 
years to get together the organisation required. 
Dr. Semenza, President of the International Electro- 
technical Commission, supported the resolution 
declaring that the Commission would be glad to 
undertake the work. Mr. Morton said that there 
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did not appear to be any international body taking 
care of mechanical as contrasted with electrical 
standardisation, and a new body should be con- 
stituted, or the scope of existing bodies broadened. 
Dr. Kennelly said that all energy was one and the 
same thing, and that the appointment of any other 
international standardising body must overlap with 
the work of the International Electrotechnical] 
Commission. He moved that the wording of the 
resolution before the meeting should be somewhat 
altered, the sense, however, being apparently 
unchanged. After Mr. Brooks had referred to 
the necessity of standardising symbols, &c.. in 
connection with steam power plant practice, Mr. 
Kapp called attention to the extreme desirability 
of an editorial unity in connection with standard 
specifications, so that all should be similar in form 
and arrangement. If different bodies were engaged 
on the work, this unity would vanish, with a conse- 
quently great increase in the trouble of consulting 
specifications. The chairman then put a resolu- 
tion to the effect that the World Power Conference 
should not engage directly in standardisation, 
and this was unanimously carried. 


TECHNICAL AND COMMERCIAL 
EDUCATION. 


Srction N 3. 


This section met on the morning and afternoon 
of July 10, under the chairmanship of Mr. F. V. 
Hansen (Sweden) and Professor J. W. Roe (U.S.A., 
Industrial Engineering Department New York 
University) respectively. 

Dr. A. P. Laurie and Professor F. G. Bailey, 
respectively Principal and Professor of electrical 
engineering in the Heriot-Watt College, presented 
a paper.on “The Training of the Apprentice,” 
in particular in the engineering trades. Premising 
that the cost of a good training is so small a fraction 
of the increased value of the work subsequently 
produced that expense is not of primary importance 
provided a distinct improvement is achieved, the 
authors discussed in general terms the lay-out of 
an apprentice’s education that would provide the 
necessary training, and in a short appendix gave 
particulars of what is—and is not—being done in 
some large English towns. The large majority of 
workmen who would formerly have earned their 
living by craftsmanship have relatively little need 
of it under modern conditions, when in most trades 
the machine provides all the skill that the operation 
requires. Most workmen, in fact, will be occupied 
with machinery, and should be educated to that 
end, bearing in mind, as war experience with women 
and others showed, that a few weeks’ training is 
enough to enable a suitable person to pick up all 
the skill that is required for operating many import- 
ant machines. What is necessary is to give every 
worker a more developed intelligence and judgment, 
a better general education, and as much vocational 
training as can be imparted in a school, including 
some knowledge of the scientific foundations of 
engineering work. The authors traced the sort of 
curriculum that would be necessary to satisfy 
these conditions. In their view, it meant that 
primary education on the lines they suggested should 
be continued to the age of 15, and the years of 
vocational training should follow before the begin- 
ning of apprenticeship. In the first two years 
half the time should be spent in the technical 
school and instructional workshop, where the appren- 
tice would best learn the use of machine tools and 
other fundamentals of workshop practice, so that 
when he enters the works he would be immediately 
of real use. It is thus of the utmost importance 
that his apprenticeship should be a real teaching of 
the trade, and that he should not be regarded as 
a source of cheap labour to tend automatic tools, 
a process that morally has as bad mental results as 
child labour has physically. How school and works 
should be divided between these two years was of 
relatively small moment; whether by half days, 
alternate days, weeks, quarters or half years. By 
scholarships and otherwise opportunities should be 
provided at various stages for suitable boys to 
have more elaborate education; so much as the 
paper outlined should, however, be supplied to all 
boys, and public control over education should 
extend to the end of the five years’ apprenticeship. 

Mr. A. P. M. Fleming read a paper on “ The 
Training of the Engineer of the Future,” referring 


in particular to those intended for professional 
or directory positions. An engineer must have 
the ability not only to use tools but to get 
things done, to look ahead for possibilities beyond 
those which are evident from existing facts. 
Teachers must learn to detect the possession of such 
ability in their boys. Technical training in the 
universities does not succeed sufficiently in elimi- 
nating those who are not fit to become engineers, 
and should give a much more comprehensive and 
fundamental study of physics, on which future pro- 
gress in engineering is likely to depend. The 
present training fails notably in fitting men to think 
logically and independently, and to face new situa- 
tions without consulting precedent. It would be a 
good thing for the engineering staffs of universities 
to migrate from time to time to engineering fac- 
tories, so as to develop a facility in applying tech- 
nical principles to the solution of practical pro- 
blems. The student also should proceed early into 
industry, where the firms themselves are providing 
courses of training to enable him to decide the 
branch for which he is best suited and to make a 
special study of it. It is after his apprenticeship 
is over that post-graduate work is most useful, and 
it would be worth the while of firms to give the train- 
ing of their apprentices a clearer objective than is 
often done, and to couple it with incentives such as 
are offered at universities. Post-graduate work 
and an extension of travelling scholarships could 
then be undertaken with the prospect of turning 
them to the best advantage. Throughout the 
entire course the process of weeding out should be 
maintained, and constant attention given to the 
cultivation of personality, energy and character. 
Whether the methods of vocational selection may 
ultimately be a sufficient guide is not yet established 
firmly enough to enable a safe judgment to be passed 
on the fitness of men for work without observing 
their individual behaviour during training. In 
some fashion or other attention should also be paid 
to a good general education. 

Mr. J. C. W. Reith read a paper on “ The In- 
fluence of Broadcasting,” in particular in respect 
to education derived from the experience of the 
British Broadcasting Company, and described a 
variety of ways in which radio telephony could be 
used to enrich the school and the home, from con- 
certs and scientific lectures to church services. In 
the discussion on this paper Mr. Easton (U.S.A.) 
gave particulars of the development of broad- 
casting in the United States, and Mr. W. J. Brown 
(Metropolitan Vickers Company) of the consequences 
to be expected from recent technical progress, such, 
for example, as the possible adoption of English 
as an international language. 

Mr. Burroughs (Great Britain) described several 
useful applications of broadcasting that were being 
made. Apart, for instance, from general talks on 
rural subjects, such as egg-laying and the diseases 
of poultry, or of the Ministry of Health on appropri- 
ate subjects, quite topical information will be given, 
such for example as the condition of a given crop of 
fruit at the moment, the probable effect on markets 
two or three weeks later, and the best immediate 
treatment to give to the crop. 

A paper by Professor A. Van Royen (Holland), 
on “‘ The Education of the Engineer in the Nether- 
lands and their Colonies,’’ was taken as read. It 
dealt with the development of higher technical 
education in Holland, and described in particular 
the higher technical schools at Delft and at Ban- 
doeng (Java). The system adopted was to confine 
instruction to the purely scientific foundations of 
engineering, and to leave the innumerable details of 
application to be learned in the shops. 

Mr. N. Fredriksson (Sweden) read in abstract a 
paper on “Elementary Engineering Education,” 
tracing the history of the several Swedish institutions 
for the purpose from the end of the eighteenth 
century onwards. 

Dr. H. M. Pleijel and Professor C. Hallendorft 
(Sweden) read in abstract papers describing re- 
spectively the arrangements of the two higher 
technical institutes in Sweden and of the institutions 
for commercial education. The former, like the 
Dutch, concern themselves principally with giving 
a sound scientific foundation for the subsequent 
study of applied sciences, including more than the 
sciences associated specially with the branch of 


engineering that the student is taking up. Commer- 
cial instruction includes teaching both during and 
after school age, many of the institutions being 
supported and controlled by the State. 

Mr. Zur Nedden read a paper by Professor Conrad 
Matschoss (Germany) on ‘‘ Co-operation of Industry 
with Technical Schools,” urging that such co- 
operation is indispensably necessary. A great deal 
has been and is being done in this direction, notably 
by the Dtsch. Auschuss f. techn. Schulw., Som- 
merstr, 44, Berlin, N.W.7, which is issuing a 
compendium of special courses for the different 
engineering trades, so planned as to serve as a model 
for individual firms, which can modify it to suit 
their own special conditions. This Committee was 
founded by the Society of German Engineers and 
the Association of German Machine Manufacturers, 
and now includes all circles in Germany interested 
in technical education. The training courses of the 
Committee consist primarily of representative draw- 
ings made so as to be intelligible to engineers of all 
countries. They are prepared in accordance with 
the principles of the German Standards Committee, 
and the text has been settled after long negotiations 
between the interested parties. Intended originally 
for apprentice training, they now go further, and 
constitute a great compendium of technology, which 
is of value to the mechanical engineer in productive 
work. New methods are communicated to the 
Committee as far as possible. On information 
supplied by a large German firm, instruction tables 
are being issued for various engineering trades, 
consisting of drawings which illustrate side by side ~ 
the right and the wrong way of doing particular 
operations, with a brief explanatory text. En- 
gineering institutions and the technical journals 
which many of them publish, take a further im- 
portant part in reconciling scientific knowledge 
with practical experience, and amount, in fact, to 
correspondence schools on a large scale. Particular 
attention is also given to the health and physical 
soundness of pupils in shop schools, which are now 
being conducted by a great number of firms. 

A report by the Esthonian Minister of Trade and 
Industry on “ Technical and Commercial Education 
in Esthonia,” was taken asread. It gave particulars 
of the types and number of schools, the majority of 
which are quite independent of the State. The 
number of professional schools is steadily increasing, 
and their development is receiving the attention of 
the Minister of Education. 

In the course of the general discussion Mr. Green 
(Canada) described the practice of consolidated 
schools, by which education was conducted in the 
large territories and sparse populations of West 
Canada ; districts combining to provide omnibuses 
to take children from their homes to a City school. 
The University of Saskatchewan provides courses 
for farm boys of 16 years and over during the months 
of November to March. In these they continue 
their general education, and in the engineering, 
blacksmiths’ and similar shops receive instruction in 
practical work, such as repairs, trials, taking to 
pieces and assembling common machines, and so 
forth. Similar courses are taken by men of all 
ages. 

Professor F. G. Baily (Great Britain) deprecated 
making research a necessary element of the curri- 
culum, partly because there is not enough apparatus 
for everyone, and partly because everyone is not fit 
to use it for the purpose. The disposition of manu- 
facturers to demand men who are immediately 
useful was dying out. They ask rather that a man 
should have had a good general education on fun- 
damentals, and preferred themselves to teach him 
what he required to learn of the trade. To teach 
practice in college was waste of time, for when a man 
went into the shop, practice might have changed, 
especially by the time he attained a position of 
responsibility. What was wanted was that he should 
know enough to be able to carry on his own educa- 
tion through technical journals and otherwise after 
he left his technical school. 

Professor Joseph W. Roe (U.S.A.) said that on the 
whole industrial leaders in the United States were 
not satisfied with the results of present methods 
of technical education, some finding that men had 
not acquired a sound knowledge of the foundations 
of pure science, and some that they had no sufficient 
equipment in any branch of practice to be able to 
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be used with profit without further education, a|industry, an inquiry that ‘had not been held for 


criticism which had a tendency to lead to over- 
crowding the curricula. The most hopeful results 
appear to have been obtained from the co-operative 
plan initiated in 1906 by Dean Herman Schneider 
in the University of Cincinnati. This system is 
very similar to the Glasgow sandwich system, 
except that it maintains close supervision over 
students while they are in the works, inviting them 
to submit reports on a large variety of questions 
connected with the shops in which they work during 
their periods away from the college, these reports 
being read both by the University and the works 
authorities. The men work for wages at rates 
agreed with the University, and in all respects are 
under regular shop discipline. As a rule they 
return to the same shops during the whole of their 
course. The period of alternation varies from one 
week to four months. In New York University, 
where the system has now been introduced, the 
engineering course at present extends over four 
years, but an alternative five - year course is now 
being introduced. In the University of Cincinnati, 
where the system has been longest in operation, a 
co-operative course was taken at the outset in 1906 
by about a quarter of the students. The propor- 
tion increased rapidly, till in 1909 there were over 
twice as many co-operating students as regulars, 
and by 1920, when the: faculty had grown to 
some eight times its numbers in 1906, the regular 
students were so few that classes for them were 
discontinued. 

Mr. J. Paley Yorke (Great Britain) protested 
against the unsatisfactory state of technical educa- 
tion, and urged that it was now time to inquire 
into the relations between technical education and 


over 40 years. Mr. Wickham Murray (Great 
Britain) urged the need for co-operation between 
industry and local educational authorities. The 
enormous development of machinery had practically 
abolished apprenticeship in most branches of the 
engineering trades. There was, however, a growing 
demand among working men for a wider education 
than they obtained, framed to satisfy their desire for 
information on subjects of their own free choice, 
and means must be found for providing it. Mr. 
Stevenson Taylor urged that throughout the courses 
of the technical schools the need for safety should 
be taught, which would affect both engineers who 
planned the buildings and those who designed 
machines, 

Mr. Zur Nedden, referring to Prof. Roe’s observa- 
tions, said that the goal of a technical university 
was not to make ready-made engineers, but to 
teach them on the one hand the fundamentals of 
their profession, and on the other hand, how to 
learn quickly, so that as occasion may arise they 
could learn to apply what they knew to whatever 
might be their job for the time being. In Germany 
the first two years were given to mathematics, 
physics and machine construction, In later years 
they specialised in design, workshop superintend- 
ence, testing or administrative and economical 
engineering, the curricula being framed accord- 
ingly. Similarly in the trade schools, in the first 
years the teaching was general, in the later special- 
ised, and in all years attendance at the municipal 
course was compulsory unless the firm provided 
adequate instruction, After four or five years’ 
service, apprentices were often exchanged with 
apprentices from other works, a practice that 
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showed a marked tendency to broaden their minds 
and the extent of their knowledge. 


GENERAL MEETING. 


A general meeting of the Conference was held on 
the morning and afternoon of July 11, under the pre- 
sidency of Mr. O. C. Merrill (U.S.A.), the Executive 
Secretary of the Federal Power Commission, and of 
Mr. Hugo Hirst, vice-president of the Beama, 
respectively, to undertake ‘“‘ A Review of Sessional 
Activities and Consideration of Future Possibilities.” 
Delegates from twenty-one of the States represented 
at the Conference delivered final reflections on its 
work, in which they testified generally to its import- 
ance and success, and to the admirable way in which 
it had been organised by Mr. D. N. Dunlop and his 
staff. A memorandum and series of resolutions 
approved by the International Executive Committee 
were submitted to the Conference. The memoran- 
dum laid down in general terms the importance of 
continuing the work of the Conference, and of con- 
sidering the advisability of forming a suitable 
permanent institution at a later stage, inviting each 
constituent country to create or maintain for this 
purpose a permanent representative National 
Committee. The present International Executive 
Committee are to carry on, for the time being, neces- 
sary work arising out of the Conference, and each 
country is to keep in touch with the International 
Committee either by appointing a delegate of its 
own National Committee or otherwise. Within a 
reasonable time the International Committee is to 
take into consideration the line best calculated to 
further the objects of the Conference, with a special 
regard to avoid interference or overlapping with 
the functions of any existing international organisa- 
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tion. Communications between the constituent 
countries of the Conference shall be maintained by 
the present organising director and his staff, and 
the next meeting shall be held at a time and place 
to be determined by the International Committee 
with the approval of the respective National Com- 
mittees. This memorandum was adopted unani- 
mously, successive speakers pointing out the wisdom 
with which it abstained from precipitate action, to 
which, indeed, delegates had no authority to bind 
their countries, thus giving the more hopeful 
prospect of constituting ultimately a permanent 
body, should it appear that the required work 
cannot be done by some existing International 
authority. 
Sir Archibald Denny presented a resolution from 
the Standardisation Section, urging that the Con- 
ference should make no attempt to standardise, but 
should act through existing bodies, there being 
already eighteen National Standardisation Commit- 
tees in existence. The resolution was received without 
dissent, and referred to the International Executive 
Committee. A special resolution, moved by repre- 
sentatives of Great Britain and the United States, 
urged the indispensable need of greater production 
and manufacturing activity, and the importance 
‘for this purpose of the fuller developments of 
national power resources and the most economical 
distribution and utilisation of energy. Mr. Atkin- 
son, in moving the resolution, poimted out that 
the rate of manufacture was in danger of greatly 
outstripping the rate at which raw materials were 
won. Increased production of raw materials would 
be followed naturally by increased demand for 
manufactures, but unless the balance between 
production and manufacture was restored, the 
world’s manufacturing population would most 
certainly run short of material, and the standard 
of living would inevitably fall. It was essential, 
moreover, that increase of manufacturing activities 
should not be made in congested cities, but should 
be distributed where a fair allowance of light and 
air could be had, and for this purpose the most 
economical generation and distribution of power 
was indispensably necessary. Other resolutions 
recorded the thanks of the Executive Committee 
to the authors of papers and the chairmen of Sections. 
The visiting delegates recorded their appreciation 
of the manner in which the Conference had been 
organised and conducted by Mr. Dunlop and his 
associates, and their appreciation of the courtesy 
and hospitality they had received. The British 
Executive Committee offered its thanks to the 
officials and Secretaries of National Committees 
and to delegates for their effective co-operation. 


All the above resolutions were adopted unani- 
mously. 

A further resolution was submitted on behalf 
of France and the leading continental nations to 
the effect that the adoption of the metric system 
would promote industry. 

Mr. Lowell (U.S.A.) moved a resolution that 
the International Executive Committee, after 
inquiring the cost of acquiring Heathfield Hall, 
near Birmingham, the final home of James Watt, 
and ascertaining the willingness of constituent 
bodies to contribute to its acquisition, should take 
appropriate measures to acquire and preserve it 
as a public possession for the benefit of the entire 
world. Mr. Lowell said that future generations 
would gain much more than the cost when in the 
improved conditions that had resulted from Watt's 
work they were able to see with their own eyes the 
conditions in which he himself lived, and the little 
garret workshop that he used to the end of his 
days. 

Resolutions of thanks were adopted unanimously 
to be forwarded to H.R.H. the Prince of Wales, 
and Lord Derby, the President of the World Power 
Conference, for their participation in its pro- 
ceedings. 


THE GODFREY OXYGEN JET CUTTING 
MACHINE. 


As a workshop process the cutting of metals by 
the use of an oxygen jet in association with an oxy- 
acetylene heating flame has much to recommend it. 
In addition to simple straightforward work which 
might be performed, but with less speed, by a saw, 
there are more or less complicated shapes which 
must be cut, for which there is no other tool than 
the oxygen jet suitable, or the work is such that it 
can only otherwise be done with a considerable ex- 
penditure of time and labour. Once it is recognised 
that the cutting of regular or irregular shapes with 
precision is now possible in an easily manipulated 
machine, new fields of service for this cutting process 
will become at once apparent. The Godfrey 
oxygen jet cutting machine was designed by 
Mr. Alfred Godfrey of the Godfrey Engineering 
Works, Boundary Road, Westbury Avenue, Wood 
Green, London, for the purpose of combining 
cutting with precision and working with any type of 
template. The manner in which the machine was 
devised to meet these requirements may be seen 
from the construction of the actual machines, two 
models of which with details of the important 
features are illustrated on this page and pages 
123, 125 and 134 of this issue. 
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Fig. 1 shows a small machine, while Figs. 2, 3 
and 4 illustrate its use in cutting the link of a valve 
motion, cutting a hornplate and making circular 
holes. The cutting blowpipe is attached at the 
end of a jointed arm made up of two aluminium 
castings, hinged together, and supported on one of 
the side members of the frame. At the top of the 
frame the drive mechanism is situated. An electric 
motor of }h.p. is all that is required to operate the 
machine, which is made as frictionless as possible 
by the extensive use of ball bearings. A main 
disc, which is driven by the motor, is provided with 
a roller attached to a shaft, which conveys the 
rotation taken from any position between the 
centre and outer edge of the disc to another similar 
dise at the other side of the frame. Here also is a 
roller to obtain an infinite speed variation. From 
this roller the motion is taken by flexible shafts to 
the two slides above the oxy-acetylene burner. 
Knock-off motions are fitted to the two slides to 
ensure easy setting for the performance of any type of 
work. All the motions for the burner are obtained 
through the main disc, and the motion can be 
controlled by the adjustment of the hand lever, 
which determines the position of the roller on the 
disc. In order that the operator may have exact 
knowledge of the speed at any moment, a calibrated 
scale is mounted below the roller and an index is 
provided for the scale by an extension of the frame 
which holds the roller. The details of this part 
of the mechanism are shown in Figs. 5, 6 and 7. 

For cutting in straight lines the longitudinal and 
transverse slides are used, movement on which is 
made possible by a flexible drive to the screws 
within the slides. The stops upon these slides are 
useful in the production of rectangular figures. 
For cutting irregular figures to template the burner 
is attached to the end of a lever, and is held by 
springs against the template which is attached to the 
spindle which passes through the centre of the 
rotary head. Templates of wood, vulcanised fibre 
or metal may be used, and as the top end of the 
burner is made to traverse round the pattern, the 
completed work is formed true to shape and 
dimensions. Some indication of the variety of 
template working which is possible is afforded by 
the illustrations, Figs. 2 and 3. The table for the 
accommodation of the work is separated from the 
main frame in order that large work may be done. 
Circular holes can be cut by housing the top end 
of the torch in a radius arm rotated by the drive, 
and graduated so that the proper dimensions may 
be obtained, Fig. 4. 

The construction of the burner and the cone within 
it may be seen from Figs. 8 and 9. The cone has 
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its main oxygen passage cut through the centre, 
while effective mixing of the oxygen and acetylene 
for heating is obtained at the junction of two 
helical grooves, through which the gases pass, in the 
coned part at the top. Further progress is made 
through helical grouves cut in the other direction, 
and the final passage to the outlet is by vertical 
slots in the cone. The circular opening for the 
heating mixture of gases is caused by the motion 
of the surrounding sleeve, which is obtained through 
movement of a graduated ring. It is therefore 
possible to open the burner to just the extent 
requisite for effective heating, and it remains in 
that position when once set. Electric ignition is 
provided for the jet as a convenicnce and a time 
saver. It will be noted from Fig. 8 that tilting the 
torch to various angles is possible, so that plates 
may be cut with a caulking angle. 

The large machine shown in Figs. 10 and 11, 
on page 134 is fitted with similar gear to that of 
the smaller model, but the location of the com- 
ponents is not identical. The small motor is 
situated in this case on the carriage beside the 
speed control gear, and the flexible shaft drive is 
carried over to the cutting equipment. In the 
body of the carriage, which runs upon rails, there is 
accommodation for many bottles of gas for use in 
the cutting work. This machine was designed for use 
in long work, such as locomotive side frames. The 


suspension of the beam system is clearly shown in. 


Fig. 10. The burner is moved to and fro by the 
motions obtained directly from the template. The 
flexible drive is taken in this case to a small suspen- 
sion link carrying the spindles of a gear wheel, which 
ean be made to drive either the longitudinal or 
traversing motions or be set in such a position that 
no movement takes place. The simple movement 
of a single smal! lever is thus all that is necessary 
to stop the motion or to start it at times to suit 
the conditions of working. The capacity of the 
machine, as far as length of work is concerned, is 
only limited by the lengths of the rails that are 
provided, and thus exceptionally long work may be 
performed on plates of any usual thickness. 

The control of the motion of the torch in both 
these Godfrey machines is so easy that perfectly 
regular cutting is made possible, and momentary 
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variation to suit the work may be made instantly 
to suit the varied shape, and so obtain uniform 
motion of the torch no matter what part of a 
curve is being cut. Indeed, the motion is so easily 
controlled and the jet, once set, works so uniformly 
that the completed work has a degree of finish 
which is quite unusual. For most purposes for 
which metal is cut no necessity will be found to 
finish in any way the surfaces left by the torch. 


HYDRO-ELECTRIC POWER DEVELOP- 
MENT IN NEWFOUNDLAND. 


Among the important hydro-electric schemes 
being carried out at the present time is an inter- 
esting one in the Humber River district of New- 
foundland, where the continuous output of 100,000 
brake horse-power will be utilised in paper mills 
of the Newfoundland Power and Paper Company, 
Limited, and for lighting and heating the new 
township of Corner Brook. The work is being 
carried out by Messrs. Sir W. G. Armstrong, 
Whitworth and Co., Limited, London, who 
are also manufacturing the turbines which will 
be installed at the site. Through the courtesy 
of Messrs. Armstrong, Whitworth we are able 
in Fig. 1, page 126, and Figs. 2 and 3, Plate XIII, 
with this week’s issue of ENGINEERING, to give 
some views of these turbines in the builder’s shops, 
while Plates XIV and XV illustrate several general 
features of the scheme, some of the electrical 
gear being illustrated in Figs. 10 to 15, Plate XVI, 
and page 127. We may mention incidentally that 
the whole development scheme forms the subject 
of an interesting exhibit in the Newfoundland 
Building at the British Empire Exhibition, where 
there is to be seen a model of one of the large turbine 
sets. 

The map, Fig. 4, Plate XIV, shows the Humber 
River district where the scheme is sited, and 
indicates its main features. The work involves 
the construction of a dam at Grand Lake, canal, 
with intake works, forebay, and pipe lines to 
power house, and further two transmission lines 
to Corner Brook, where the mills will be situated, 
the site being visible in the general view, Fig. 5, 
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Plate XIV. The area of Grand Lake, originally 
130 sq. miles, will be increased to 150 sq. miles, the 
elevation being raised from 346 ft. above sea level to 
from 370 to 377 ft. The catchment area of Grand 
Lake of 1,650 sq. miles, gives an annual average flow 
of 5,000 cub. secs. The storage now being provided, 
and amounting to 30,000,000,000 cub. ft., will 
ensure a continuous flow of 4,000 cub. secs. The 
outlet from the lake was originally by way of 
Junction River, into Deer Lake, which stands at 
an elevation of 110 ft. The natural difference in 
level between these two lakes is thus 236 ft., which 
will be increased somewhat by the storage scheme. 
The dam under construction across the Junction 
River is illustrated in Figs. 8 and 9, Plate XV. 
It will permit surplus water to flow by the old 
channel. The main canal takes off from the lake 
at a point about 2 miles west of the dam, and crosses 
a depression which has involved the construction of 
stretches of embankment. Fig. 7 illustrates the 
longest trestle fill at Glide Brook, which will be cut, 
a new lake being formed in the artificial basin thus 
formed. The down-stream eastern end of the canal 
is shown in Fig. 6, Plate XV. In order to facilitate 
the excavation and construction of the main dam, 
a temporary crib dam was constructed some 
distance up-stream of the permanent site, at a 
point, shown in Fig. 4, where the Junction River 
leaves the lake, and the water was diverted from 
the site. 

The main dam is of the hollow type, about 
1,000 ft. in length and 75 ft. high from foundation 
level. Its construction has necessitated the diver- 
sion of the Newfoundland Government Railway 
from Port-aux-Basques to St. John’s, a 3 ft. 6 in. 
gauge line. This diversion is indicated in Fig. 4. 
The line will cross the Junction River on the top 
of the dam, thus avoiding the need for a special 
bridge. The two views we give of the dam were 
taken at some months’ interval, Fig. 8 having been 
taken last year, while Fig. 9 shows the more 
advanced state of the work this season. The spill- 
way for water level regulation consists of 18 
electrically-operated sluices each 15 ft. wide. The 
maximum discharge during flood time will be 
about 26,000 cub. secs. 

Water for the power plant is conveyed from the 
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14,000 B.H.P. TURBINES FOR THE DEER LAKE POWER STATION, NEWFOUNDLAND. 


CONSTRUCTED BY MESSRS. SIR W. G. ARMSTRONG, WHITWORTH AND CO., 


Fig. 1. 


lake by open canal as far as the forebay, intake 
regulating works being provided in the easternmost 
of the two sections, into which the canal is divided 
by the new lake formed in the depression referred 
to above. The intake works comprise five sluice 
gates, each 22 ft. wide by 15 ft. high. Each is fitted 
with two bronze screws, operation being by electric 
motor arranged with automatic self-resetting limit 
switches, or by independent hand-gear in case of 
emergency. The distance between Grand Lake and 
Deer Lake is about 8 miles, and in order to take 
advantage of the best alignment the canal, as 
mentioned above, passes through a depression 
which is shown as Glide Brook Lake. This has 
necessitated the construction of two lengths of 
embankment, one having a length of about 4,400 ft. 
with a maximum height of 35 ft. (Fig. 7), and the 
other about 950 ft. long with a maximum height of 
75 ft. These have been constructed of material 
excavated from the canal. By this means the 


total length of canal excavation was shortened by 
some 24 miles. 

The forebay is situated at the down stream end 
of the westernmost section of the canal, and 
comprises seven sluices each 12 ft. square, controlling 
the supply of water to the pipe lines. The gates, 
which are of steel, are fitted with rollers and bronze 
rubbing strips, and are operated through a single 
screw by means of electric motors. Portable hand- 
gear is alsoavailable. Ice is prevented from entering 
the penstock by an overhanging curtain wall and 
steel trash rack. Each pipe line is provided with 
an automatic trip gear which operates if the velocity 
in the pipe should exceed a certain limit as a result 
of a burst, &c. Seven pipe lines convey water 
from the forebay to the power house 260 ft. below, 
arrangements being made for two additional lines 
to be laid at a later date if required. A log chute 
of steel plate and angles runs from the forehay to 
Deer Lake. 
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The pipe lines are each 4,000 ft. in length, the 
upper 2,500 ft. being of wood stave construction 
and having an internal diameter of 9 ft. 6 in., while 
the lower section is of riveted steel plate. The 
wood stave portion is carried down to the head of 
170 ft. and comprises 150,000 cub. ft. of timber 
and 2,000 tons of steel bands. The riveted pipes are 
9 ft. 6 in. at the upper end, reducing to 8 ft. 6 in. at 
the bottom. These, weighing about 4,000 tons, 
have been manufactured at the firm’s Walker 
Shipyard. 

The power station on the shore of Deer Lake is 
387 ft. in length by 60 ft. wide. The main equip- 
ment consists of seven 10,250 kw. alternators, each 
with direct coupled exciters, and driven through 
rigid flange coupling by a horizontal shaftspiral 
casing Francis turbine, designed to give 14,000 
brake horse-power at 375 revolutions per minute, 
with net head of 250 ft. An efficiency of at least 
91 per cent. is anticipated from these turbines as a 
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result of model tests. 
be placed in single line and parallel with the length 
of the power house. The turbine runners are 
each 57 in. in diameter, and consist of a cast steel 
_hub and discharge ring, with forged mild steel plate 
buckets cast into them. The spiral casing is made 
in three sections, together weighing 25 tons. A 
cast-steel butterfly valve, hydraulically operated, is 
flanged to the horizontal section. The views given 
in Fig. 1, page 126, and 2 and 3, Plate XIII give an 


The shafts of all units will | Limited, of Rugby, 


this part of the installation 
comprising seven 3-phase, 50-cycle alternators, 
step-up 3-phase transformers and 66,000 volt 
switchgear. Current will be generated at 6,000 
volts and stepped up to 66,000 volts for transmission 
to the step-down sub-station at Corner Brook. 
The transformers are being supplied by the Canadian 
General Electric Company of Toronto. The seven 
main generators have a rating of 10,250 ky.-a. at 
95 per cent. power tactor, 6,000 volts, 50 cycles. 


Fie. 15. 


excellent idea of the turbines. Fig. 1 shows the 
inlet, and the butterfly valve just referred to will be 
seen inside the pipe, while its operating gear is in 
the immediate foreground. This view also shows 
the guide vane control, while the governor gear is 
on the far side of the supply pipe. The governor is 
again shown in Fig. 2, which also illustrates the 
turbine on the side of the discharge bend. Fig. 3 is 
another view showing the guide vane gear, and, 
below, the butterfly valve operating gear. 

The turbine shaft is carried in two bearings, 
one of the pedestal type with a spherically seated 
liner, the other being mounted on the discharge 
bend, as shown in Fig. 2. This combines with the 
journal bearing a Michell thrust, bearing to take 
care of any unbalanced hydraulic thrust. Each 
unit has an automatic governor of the self-contained 
type with compensated relay valve controlled by 
the centrifugal action of a weight mounted in the 
belt pulley. Oil circulation is maintained by a 
rotary gear pump. A large pressure accumulator 
is mounted above the governor case, with which are 
cast integrally the twin servo-motor cylinders 
Operating the governor shaft. To this shaft are 
also connected the governor-operated pressure relief 
valves arranged on either side of the turbine casing. 
The connection may be well seen in Figs. 1 and 3. 
A 20-ton flywheel, 12 ft. in diameter, consisting of a 
cast steel rim and boss bolted to two boilerplate 
discs, is inserted between the coupling flanges on 
the ends of the turbine and generator shafts. Fly- 
wheels of this type are not usual in such units, the 
flywheel effect provided by the rotor of the genera- 
tor usually proving sufficient to ensure good control. 
In this particular case a flywheel was made necessary 
by the severe conditions for automatic regulation, 
resulting from the 4,000 ft. pipeline for a head of 
260 ft. The flywheel effect required was found to 
be about three times as much as would be provided 
by the alternator rotor itself. The conditions 
might have been somewhat improved by the use 
of a surge tank, but no such tank could have been 
_ sited near enough to the power house to eliminate 
entirely the use of a separate flywheel. These 
special features made the horizontal shaft arrange- 
ment imperative. The turbines and their gear have 
been constructed at Messrs. Armstrong, Whitworth’s 
Elswick works. 

The generators, switchgear, &c., have been 
supplied by the British Thomson Houston Company, 


Rotor ror 2,600-H.P. Moror ror Pup Grinper. 


They have 16 poles and run at 375 r.p.m. These 
machines are illustrated in Figs. 10, 12 and 13, 
Plate XVI. 
fastened to the central steel bub, g'ving ample 
strength even under runaway conditions of the 
turbine. Ventilating air is supplied through ducts 
in the foundations. Each alternator has its own 
direct coupled exciter, the latter being controlled 
by Tirrill regulators. The step-up transformers are 
of the 3-phase water-cooled type of the same rating 
as the alternators, one transformer being connected 
directly to each alternator to raise the voltage 
from 6,000 to 66,000 volts. Fig. 14shows one of the 
66,000 volt 3-phase oil circuit breakers which are 
of the explosion pot type. The generation of gases 
when the circuit is interrupted is confined to the 
inside of the pot, the expansion of the gases causing 
a rapid interruption of the circuit, the outer tank 
of the switch being relieved of excessive pressure. 
In Fig. 14 one of the oil tanks is lowered to show the 
contact rods and explosion pots. The power will 
be transmitted to the mill at Corner Brook, a dis- 
tance of about 32 miles, by four 3-phase 66,000 volt 
circuits. The conductors are steel cored aluminium, 
carried on lattice steel columns, with pin type 
insulators. There will be two lines of towers about 
400 ft. apart and the spans will vary between 350 ft. 
and 400 ft. 

At the mill sub-station the 66,000 volt current is 


connected up to duplicate bus-bars controlled by 


circuit-brakers and isolating switches of the same 
make and type as those in the power house. From 
the main bus-bars the power is supplied to three 


secondary bus-bars through transformers made by 


the Canadian General Electric Company. One set 
of bus-bars operates at 4,400 volts, and is supplied 
through 12 single-phase 4,000 kv.-a. transformers. 
This supplies current for electric boilers in the mill. 
Another set operating at 2,200 volts is supplied 
through six single-phase 5,500 kv.-a. transformers, 
and controls the power for nine large synchronous 
pulp grinder motors, two of which are being supplied 
by Messrs. Crompton, of Chelmsford, and seven by 
the British Thomson Houston Company. The same 
bus-bars also supply several large induction motors 
for the paper machines. The third set of bus-bars 
operating at 550 volts are supplied through three 
single-phase 2,000 kv.-a. transformers. This supply 
is used for motor generator sets for current for 
lighting and small motors, &c., atthe mill. Features 


The laminated steel poles are securely’ 


of this installation are the separate exciter bars 
supplied by three motor generator sets from the 
2,200 volt bus-bars, and a starting bus-bar supplied 
by two compensators. 

The nine large synchronous motors of 2,600 h.p. 
each, designed for 2,200 volt 3-phase 50-cycle 
current, are of the type illustrated in Fig. 11, Plate 
XVI, and Fig..15 annexed. They work at 231 r.p.m., 
and are rated at 3,100 kv.-a. at 67 per cent. leading 
power factor, in order that magnetising current 
shall be available at the mill for magnetising the 
step-down transformers, induction motors and 
other apparatus. Consequently this magnetising 
current does not flow over the ‘main transmission 
line which operates at practically unity power 
factor. By adjusting the excitation of the syn- . 
chronous motors the voltage at the mill can be 
kept approximately constant under conditions of 
varying load. The illustrations of the electrical 
gear are from photographs taken in the builders’ 
Rugby works, and in some cases show temporary 
arrangements adopted for testing purposes. 

Practically the whole of the mill, covering about 
124 acres, is built on reclaimed ground formed by 
half a million cub. yards of earth fill. The output 
of the mill will be 120,000 tons of newsprint paper 
per annum, requiring the supply of 200,000 cords of 
wood, which will be brought to the site by rail and 
water in lengths of about 12 ft. During winter as 
transport by water is impossible, in order to ensure 
continuous operation supplies will be drawn from 
large storage areas near the mill. After having 
passed through the slasher house, where the logs 
are sawn into lengths of about 4 ft., they are con- 
veyed to and from the store by belt conveyor to 
the pulp mill. Pulp will be made both chemically 
and mechanically, the two products being mixed 
in the proportion of 25 to 75. The wood-pulp 
grinders are driven by the motors illustrated in 
Figs. 11 and 15, and already referred to. 

Four 234-in. paper machines are being supplied 
by Messrs. Charles Walmsley & Co., of Bury, 
Lancashire, who are members of the Armstrong 
group of firms. For heating the rolls of these 
machines about 200,000 lb. of steam will be required 
per hour. This will be supplied by two 25,000 kw. 
electric boilers, supplemented: by four Babcock & 
Wilcox fuel-heated boilers. For subsidiary machines 
about 270 motors will be installed, ranging im 
capacity from 3 to 400 b.h.p. Two large store 
buildings having a capacity of 40.000 tons of paper 
are built on the foreshore, where two berths have 
been provided for vessels, served by railway 
sidings, &c. The housing of the operatives has 
involved the construction of a new town, which will 
contain all necessary public buildings, schools, &c. 


ALKALI WORKS IN 1923. 


In the sixtieth Annual Report on Alkali Works 
for the year 1923, Dr. T. Lewis Bailey, Chief In- 
spector under the Alkali Act, regrets that he is not 
yet able to chronicle any definite general recovery 
in the heavy chemical industry. There had indeed 
been an exceptional activity in the tin trade, but in 
the superphosphate industry and in some other 
branches the position was unfortunate. In alkali 
and copper (wet process) works only a small portion 
of the plant was in steady operation, partly because 
hydrochloric acid was more and more made synthe- 
tically from the electrolytic gases, and the export 
of cement was much restricted. The further ex- 
tension of the use of sulphur (instead of pyrites) 
in the manufacture of sulphuric acid was making 
less material available for the wet extraction of 
copper. So long as first cost and manufacturing 
advantages remain favourable, that practice is 
considered likely to continue on account of the 
increased output realisable in a given plant unit 
of the direct production of an acid practically free 
of arsenic and of the absence of troublesome resi- 
dues. New types of plant were being designed to 
reduce installation cost. One more works had 
adopted electrostatic dust deposition in connection 
with a chamber plant, thereby obtaining a perfectly 
clear Glover acid, which was hitherto impossible. 
Plant maintenance had, in general, been very satis- 
factory. Mechanical sulphur burners were coming 
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more into use, but mechanical salt-cake furnaces 
were not making much headway. 

As regards the washing of the residual gases of 
the lead-chamber process, Messrs. John Miller & Co., 
of Aberdeen, we see, have introduced a promising 
novelty. They feed the second Gay-Lussac tower 
with a limited quantity of water (360 gallons daily), 
instead of 31 tons of strong acid. Among the 
advantages claimed are less pumping of strong acid, 
diminished acidity in the exit gases and a gain in the 
recovery of sulphuric acid; an exit test of 1 grain 
acidity means a loss of more than 70 tons of strong 
acid yearly. In Scotland, low-temperature distilla- 
tion is extending fast, because the demand for tar for 
the repair of roads provides a market at the door 
while transport cost of the crude tar to the profes- 
sional distillers is high. When the tar distillation 
is completed, trouble sometimes arises from the 
coolers—the closed tanks in which the hot pitch 
cools before flowing away to the pitch bay. There 
is considerable leakage and fire risk unless the tank 
rivets are kept under constant supervision. A 
fatal accident to two men who were repairing the 
eighth tar still of a block while work was going 
on in the seventh, would not have occurred, accord- 
ing to Mr. J. W. Young, the inspector for Scotland, 
if repairs of this kind had been forbidden unless 
the adjacent still was also idie. 

The chief inspector does not consider the com- 
plaints about nuisances to have been excessively 
numerous, although strong pressure had occasionally 
to be exerted. Petroleum refineries had also become 
a source of nuisance because they discharged their 
waste gases from the distillation of crudes directly 
into the atmosphere; as in the previous year, 
moreover, six works were found operating without 
having registered under the Act. The treatment 
of the effluent from sulphate of ammonia and gas 
liquor works, which has claimed the special atten- 
tion of Dr. Bailey and his assistant, Mr. Linder, of 
late years, again forms a large portion of this year’s 
Report. There is, it would appear, a marked 
difference between the liquors from horizontal 
and from vertical retorts. Only the former liquors 
can be dephenolated in the towers which, on the 
suggestion of Dr. Bailey, were introduced at the 
‘Hornsey Gasworks, where these problems are 
being particularly investigated. The latter liquors 
contain so-called dihydric and trihydric phenols 
(i.e., benzenes with two and three hydroxyl groups, 
instead of the one hyhroxyl of phenol) and also 
much thiosulphate and thiocyanate. Such liquors 
become strongly decolorised in faintly-alkaline 
solutions and they absorb more oxygen than others, 
and for these reasons sewage, with which they are 
mixed, is not fit for ordinary biological treatment. 
It has been found at Rothamsted, however, that 
certain micro-organisms of the soil destroy these 
complex phenols and sulphur compounds. There 
would hence be no particular difficulty in treating 
town sewage, contaminated with such affluent, on 
the land ; but the chemical problems require further 
study. 


SCIENCE AT THE BRITISH EMPIRE 
EXHIBITION—V. 


THE exhibit of the Metrology Section of the 
National Physical Laboratory includes apparatus 
showing how the end standards that have to be 
used in practice for most purposes are calibrated 
with the fundamental line standard. The collec- 
tion begins with a facsimile of the standard yard in 
form and material; a bar of Baily’s metal (copper 
16, tin 24, zine 1) of 1 in. by 1 in. section, with 
lines defining the yard length engraved on gold plugs 
sunk near each end of the bar with their surfaces 
on its neutral axis (Fig. 46). The bar is supported 
on eight equally spaced rollers, and the load is 
divided equally between them by a system of levers. 

As yet no satisfactory apparatus has been devised 
for comparing directly, to the necessary order of 
accuracy, the length of an end gauge, such as must be 
used for most practical purposes, with that of a line 
gauge, though line gauges can be compared with 
line and end gauges with end. The comparison, 
therefore, of line with end gauges has to be made 
indirectly, and one of the methods i is Shown in Fig. 47. 
Tt depends essentially in preparing a composite 
gauge, which, with two movableends, can be used 


as a line gauge and with one as an end gauge. To 
express, for instance, the length of what purports 
to be a 36-in. end gauge in terms of a line standard, 
a gauge rod of length g, about 35$ in. long, with 
accurately parallel ends, has wrung on to it at 
either end two block gauges of identical length, 
which can be manufactured with an accuracy of 
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the order of 0-000001 in. Each of these block 
gauges has a line ruled across it, and the distance 
between the lines in the composite gauge is compared 
with a line standard in a line-standard comparator. 
The blocks are then turned about and the measure- 
ment repeated. The first measurement is thus 
g+6-+c, the second g-+a-+d, and the mean 
g++ (a+b) +4 ( d), or, as the two blocks 


Fig. 49. 


are of equal length, g plus the length of one block. 
The length of a composite end gauge made up 
of g with one of the blocks -wrung on to one 
end is therefore known in terms of the line 
standard, and this gauge can be used as an end 
gauge in an end-gauge comparator for measuring 
the 36-in. end gauge of which the line-standard 
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length is required. From a 36-in. gauge so cali- 
brated, end gauges measuring sub-multiples of a 
yard can be derived. Thus, three 12-in. gauges 
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can be made of equal length, to be passed when their — 


combined length is 36 in.; 4 in. can similarly be 
derived from 12 in., and so forth. 

A difficulty in making these gauges is to harden 
the ends without disturbing the internal equilibrium 
of the bar and setting up strains that may distort it. 
This has been got over by using the resistance 
furnace shown in Fig. 48. In this, the end rod 
from which the gauge is to be made is suspended 
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with most of its length dipping into a cylinder of 
water with a well containing mercury at the bottom. 
The end to be hardened stands out of the water, 
and is brought into good contact with a graphite 
block by means of tin foil. This block is in less 
complete contact with two other graphite blocks, 
the upper one being used as one electrode of the 
furnace and the mercury as the other, the electrical 
cireuit passing through the end rod and a steel 


Gn 


The total movernent l 

of the bubble is ameas- 
ure of twice thedifierence Sh 
between the two Gauges 


7 ‘A 
(8570F) 


Figs. 53 To 55. Sensitive Leven Enp-Gauce 
CoMPARATOR. 


extension of suitable length into the mercury, and 
thence back through a copper conductor. The 
rods are balanced off over a pulley by a weighted 
cord. When the current is applied, the graphite 
blocks act as resisters and heat up the top of the 
end rod till it is desired to quench, when the cord 
holding the rods is cut and the top of the gauge is 
quenched and hardened evenly to a depth of about 
} in., the remainder of the gauge remaining in 
its normalised, unhardened, and stable condition. 
The operation takes 700 amperes for one and a-half 
to two minutes. 

For measuring block gauges up to a length of 


2 in. to an accuracy of 0-000001 in. the Laboratory 
has worked out and made the instrument shown in 
Fig. 49, the magnifying systems of which are shown 
block 
is held by contact with one ball on one face and 
three balls on the other, giving a four-point contact 
that avoids the need for the surfaces to be 
If the 
rod by which the three-ball face is adjusted is 


diagrammatically in Figs. 50 to 52. The 


strictly flat or parallel with each other. 


(8570.6) 


Figs. 56 AND 57. FLATNESS AND PARALLELISM 
Txrstinag INSTRUMENT. 


set so that the long horizontal lever is at zero when a 
block of a given length is in position, the substitution 
of a longer block will distort the steel springs S 
and displace the lever, which bears a spider’s web 
at its end. By the optical system shown in Fig. 52 
the image of the web will thus be displaced on the 
The magnification is such that a difference 


scale. 
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of 000001 in. produces a displacement on the 
scale of about 0°3 in. 

An alternative apparatus, designed and made at 
the laboratory, and now being made under patent by 
the Pitter Gauge and Precision Tool Company, 
Limited, is shown in Fig. 53, while its principle is 
ilustrated in Figs. 54 and 55. In this instrument 
the gauges to be compared are wrung upright on an 
accurately finished surface plate, mounted on a level 
rotatable table, and a sensitive level with two ball 
feet rests on them. The reading of the level having 
been noted, the positions of the gauges are inter- 
changed by rotating the base table, and the level 
is again read. The total displacement of the bubble 
measures twice the difference of length between the | 
two gauges. 

An apparatus, also designed and made at the 
Laboratory, for testing the flatness and parallelism 
of gauge surfaces, is shown in Fig. 56 and its optical 
system is illustrated in Fig. 57. Here again an 
accurately finished surface plate is mounted on a 
level rotatable table, and the gauge to be examined is 
wrung on to itupright. An optically worked proof 
plane is then adjusted just above its upper surface, so 
as to give interference bands in the light from a 
helium lamp. When viewed through the optical 
system shown, these bands will appear as straight 
lines if the surface is accurately flat, but will be 
curved if it is not. They will be undisturbed 
when the table is rotated if the faces are parallel, 
but will show movement if they are not. 


THE COMPETITIVE DESIGNS FOR THE 
SYDNEY HARBOUR BRIDGE. 


We have received from Mr. J. J. C. Bradfield, 
M.Inst.C.E., Chief Engineer to the Sydney Harbour 
Bridge, a copy of his report on the tenders submitted 
for the construction cf the bridge which he prepared 
for presentation to the Under Secretary for Public 
Works of New South Wales. The specification and 
plans, issued by the Minister of Public Works and 
Railways, invited tenders for bridges of the cantilever 
and arch types in accordance with official designs, 
but subject to certain variations which were allowed 
by the specification. The tenderers were not invited 
to submit independent designs, and although tenders 
were not solicited for the suspension type of bridge 
some firms did submit proposals of this character, 
and these were given careful consideration by the 
engineer. Six firms made offers for the work, and 
between them submitted 20 tenders. Messrs. Dorman, 
Long & Co., of Middlesbrough and Sydney, sent in a 
total of seven proposals for consideration, the McClintic 
Marshall Products Company of New York submitted 
five, the English Electric Company of Australia, 
Limited, of Sydney, presented three offers, Sir Wm. 
Arrol and Co. of Glasgow, in conjunction with Messrs. 
Sir John Wolfe Barry and Partners, sent two offers, 
as also did the Canadian Bridge Company of Walker- 
ville, Ontario, while the Goninan Bridge Corporation 
of Newcastle submitted a single proposition. The 
proposals, as shown both by the illustrations of the 
designs on pages 130 and 131, and by the summary 
of tenders in tabular form, are of five general types— 
arch, cantilever-arch, cantilever, suspension and 
cantilever-suspension. It may be noted that the 
so-called ‘“‘inverted arch’ proposals of the McClintic 
Marshall Products Company and the Canadian Bridge 
Company are really suspension bridges designed in 
general conformity with the specification and are so 
referred to in the figures and the table. The summary 
given in the table gives the types of the bridges, the 
amounts of the tenders, the total tonnages of metal- 
work, the tonnages to be fabricated in New South 
Wales, the tonnaye to be imported, and the country 
of origin. It should be noted that the weights do not 
include the gunmetal plates and castings for the 
portals or the steel rails for the railway tracks. 

Messrs. Dorman, Long and Co. had associated with 
them in the preparation of their proposal, Sir John 
Burnet and Partners as architects, and Mr. R. Freeman 
of Sir Douglas Fox and Partners, and Mr. G. Imbault, 
formerly chief engineer of the Cleveland Bridge and 
Engineering Company of Darlington, as engineers. 
In their proposals the firm stated that for the main 
members of the various structures submitted for 
consideration they would use silicon steel, while 
lateral bracings, approach trusses and most of the 
deck system would be of carbon steel. The first 
tender referred to as Al in the table and illustrated 
in Fig. 1 was for a two-hinged arch bridge of 1,650 ft. 
span, with essential masonry piers and skewbacks only 
and did not incorporate the abutment towers shown 
in the official design. The southern approach spans 
were made up of five deck spans at 209 ft. centres of 
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tively low British ones. As an alternative, an inverted- 
arch bridge, which was really a stiffened eyebar cable 
suspension bridge, was also submitted for considera- 
tion, Figs. 17 and D5 in the Table. The proposed 
bridge had a three-hinged stiffening truss of novel 
outline, in that the stiffening truss filled the complete 
space between the cable and the suspended floor, 
the top chord of the stiffening truss being coincident 
with the cable. The cable was continuous from 


SUMMARY O 


the English Electric Company of Australia offered to 
obtain as much steel from the Broken Hill Proprietary 
Company as the firm was able to supply. As regards 
fabrication in New South Wales, the same firms 
offered that all the work should be done in that terri- 
tory. Of the tenders for bridges partly fabricated 
elsewhere, the lowest price submitted was that of Sir 
Wm. Arrol and Co. for their arch bridge proposal. 
For this, two-thirds of the steel work would be fabri- 


F TENDERS. 


Type of Bridge and Amount of Tender. Fabricated Mctalwork. 
| 
Firm Canti- Canti- In New Imported. 
Arch lever Canti- Sus- lever Total South 
Arch lever pension, Sus- Tons, Wales. 
pension Tons. Tons. | Country. 
£ £ £ £ £ 
Mr. . J. C. Bradfield’s | 4,339,530 = = —_ — *46,600 
Estimates ate ae — —- 4,704,840 — — +61,000 —_— = = 
Dorman Long and Co., A.1 ..| 3,499,815 — oo — — 50,626 All Nil —_— 
do. A.2 ..| 4,233,105 —_— = — — 49,146 All Nil — 
do. A.3 ..| 4,217,721 — — — — 50,288 All Nil — 
do. Bal — 3,709,686 — _— — 56,953, All Nil — 
do. B.2 . _ 3,941,728 = — _ 56,362 All Nil — 
do. Ocik - —_ _— 4,551,758 — — 65,453 All Nil — 
do. Giz oy — —_— 4,310,812 — _ 65,303 All Nil —_ 
Sir Wm. Arrol and Co., A.4 ..| 4,645,351 — — — — 40,228 | 13,682 | 26,546 | Scotland. 
do. GIS. vs —_ = 4,978,488 — — 57,653 | 18,495 | 44,158 | Scotland. 
McClintic Marshall Pro- 
ducts Company, A.5 ..| 6,053,565 ~= — — — 45,854 | 12,000 | 33,854 U.S.A. 
do. C.4 , — —_ 6,499,377 — -— 50,283 | 13,000 | 37,283 U.S.A. 
do. Cibine —_ — 5,958,356 — —_ 49,115 | 15,000 | 34,115 U.S.A. 
do. C.6 . —_ = 5,654,531 —_— — 50,191 17,000 | 33,191 U.S.A, 
do. ID = —_ — 6,047,547 — 43,059 | 15,000 | 28,059 U.S.A. 
English Electric Com- ; 
pany of Australia, D.2. — — 5,609,125 — 46,108 All Nil — 
do. D3, _— 4,943,763 46,108 All Nil — 
do. D4. _ — _— 5,109,333 _ 46,108 All Nil — 
Canadian Bridge Com- Canada 
pany, GA' i ——s — 5,313,404 — 38,064 4,230 | 33,8384 | and U.S.A 
do. D5 = = = 5,091,202 —_ 38,015 | 5,400 | 32,615 | Canada 
and U.S.A 
Goninan Bridge Corpo- 
ration, E = = == = 10,712,015 | 43,939 | 24,236 | 19,703 | Belgium. 


* Nickel steel 36-7 per cent. of tonnage. 


anchorage to anchorage, but the main span stiffening 
truss was hinged at the centre of the span and at the 
main pier, while the side span trusses were supported 
on main piers and on end approach piers which took 
the place of the anchor pier of a cantilever bridge. 
The design was unique in using a trussed floor girder 
with simple triangular bracings and verticals, pin 
connected to the main trusses. This bridge was 
designed by Mr. C. G. Emil Larsson, of the American 
Bridge Company. The tendered cost was 5,091,2021., 
lower than the other two principal proposals for the 
same type. 

The Goninan Bridge Corporation, Limited, proposed 
a bridge of the cantilever-suspension type, in which 
the central span was a straight wire cable stiffened 
suspension bridge, the cables of which were connected 
directly to the top chords of the cantilever arms. These 
took the tension from the cables and transferred the 
loads to the main piers and anchorages. On the canti- 
lever arms subsidiary trusses took the loading from 
the floor system and transferred it to the lower panel 
points of the cantilevers. The stiffened truss of the 
suspended span formed a continuation of the sub- 
sidiary truss system. This type of bridge (Fig. 18) 
was originated by the Strauss Bascule Bridge .Com- 
pany, of Chicago, but no example had yet been built. 
The price proposed was the highest submitted. 

In deciding which was the most acceptable tender 
the engineer decided that to fulfil the conditions of 
unquestionable strength and stability, maximum 
vertical rigidity under rolling loads and lateral rigidity 
under wind pressures, the arch bridge best fulfilled the 
conditions and the cantilever type came next. Although 
both the suspension bridge and the cantilever type 
were easicr of erection than an arch bridge, it was 
thought that the proposal of the arch type was 
warranted on the score of the experience in this class 
of erection of the engineers associated with Messrs. 
Dorman, Long and Co., and the proposals for erection 
they submitted, as well as Sir Wm. Arroll and Co. 
The two-hinged arch bridge met all railway require- 
ments better than any of the other proposals. As 
far as appearance was concerned the suspension 
bridge of the McClintic Marshall Products Company 
the cantilever bridges of Sir Wm. Arrol and Co., and the 
Canadian Bridge Company, and the arch bridges of 
Messrs. Dorman, Long and Co. and Sir Wm. Arrol and 
Co. were picked out as the most handsome structures. 
Making every allowance for appearance,the arch bridge 
was selected, and engineering considerations made it 
appear that the tender of Messrs. Dorman, Long and 
Co. for the arch bridge, Fig. 3, on page 130, and A3 
in the table of tenders was the most acceptable. 

It was a condition of tendering that materials suit- 
able for use on the bridge, which were manufactured 
in New South Wales should be used as far as practic- 
able. In this respect Messrs. Dorman, Long and Co. and 


+ Nickel steel 28-3 per cent. of tonnage. 


1cated in Scotland, but the-price was 427,629/. higher 
than Messrs. Dorman, Long and Co.’s tender for com- 
plete Australian fabrication. 
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Forschung und Werkstatt II. Ersatzstoffe. I. Untersuchung 
von LErsatzriemen. By G. SCHLESINGER and M. 
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Geologic and Hydrologic Reconnaissance, with a Guide 
to Desert Watering Places. By J. S. Brown. [Price 
50 cents.] Washington : Government Printing Office. 

Traité de Stabilité du Matériel des Chemin de fer. Influence 
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ContTRacts.—Messrs. Holt and Willetts, of Cradley 
Heath, have received an order for nineteen 15-ton 
overhead travelling cranes from the South Eastern 


An Introduction to General — 


Report on the Commercial — 


Julius” 


[Price 60 cents.] No. 492. Sum-- 


Construction and Power Company, Limited, in connection ~ 


with the Southern Railway Electrification. 


Tue NortHampron PoxtytEcunic InstrruTE.—The 
vacant Principalship of the Northampton Polytechnic 
Institute, Clerkenwell, caused by the death of Dr. R. 
Mullineux Walmsley, has been filled, subject to approval 
of the London County Council, by the appointment of 
Mr. 8S. C. Laws, M.A., M.Sc., who has been Principal of 
the Wigan Mining and Technical College for the last nine 
years. Mr. Laws was educated at University College, 
Nottingham, and St. John’s College, Cambridge, where 
he was an 1851 Research Scholar and worked in the 
Cavendish Laboratory under Sir J. J. Thomson. 


Tue GARVEL GRAVING Dock, GREENOCK.—At a special 


meeting on the 16th inst. the Greenock Harbour Trust — 


agreed to proceed with a scheme for the extension of 
the Garvel Graving Dock. Schedules are to be prepared 
and issued to contractors as soon as practicable. The 
proposal is to widen the dock to 65 ft. and deepen it to 
the extent of 4 ft., at a cost of 67,0007. When completed 
the graving dock will be capable of dealing with vessels 
of 16,000 tons. Messrs. Lithgow’s, Limited, of Port 
Glasgow, have offered 25,0001. towards the cost of the 
scheme, and a contribution of 11,0001. will be made by 
the Government Unemployment Grants Committee if 
the work is started at once. ' 


Tue Juty “ SKANDINAVISKA KREDITAKTIB-BOLAGET.” 
—This quarterly Report on Scandinavian business, the 
third issued this year, is chiefly notable on account 
the summary of the balance sheets of numerous Swedish 
companies for the years 1919-23, and the article by 
Professor Gustav Cassel on the ‘ Stability of the Gold 
Standard ”’ contained in it. The summary was under- 
taken to elucidate the fact that most of the Swedish 
companies whose reports for 1923 were published durin 
the first quarter of the present year showed increase: 
profits. The figures show that the average of the 
percentage dividends on their own capital taken over all 
companies fell from 7-4 in 1919 to 3-6 in 1922. In 
1923, however, it had increased to 4:1 per cent. 
In his article Professor Cassel points out the fallacy of 
the supposition that because the United States holds a 
large portion of the gold in circulation that country 
would necessarily require to face a new inflation. At 
present about 200 million dollars could be added to the 
circulation without necessarily entailing a rise in prices. 
It was to be borne in mind that an accretion of gold to 
the extent of 50 million dollars would cause a mse in the 
level of prices of 1 per cent. The dollar must now be 
regarded as a much firmer basis for the value of gold 
than it was possible to conceive two years ago. The way 
to the restoration of the gold standard now lies open for 
Europe, which, moreover, has it in her own power by 
connecting her currencies to gold to contribute still 
further to the stability of gold. 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 
Iron and Steel.—The market for raw and semi-finished 
materials reflects the quieter condition of affairs pre- 
vailing in the manufacturing branches. Few buyers can 
be induced to enter into contracts for deliveries far 
ahead, the general feeling amongst consumers being 
that, despite the reported unremunerative nature of cur- 
rent iron and steel production, the slump in the demand 
must be reflected in further price cuts. Foreign com- 
etition, judging from the drop in imports of semi-manu- 
actured materials, has suffered a check, though whether 
this will prove to be merely temporary remains to be 
seen. Belgian products are still available at 1l. 10s. to 
21. per ton below the local cost of manufacture. There is 
little sign of increased activity in basic steel output. 
Many of the local furnaces continue idle, and until more 
orders are placed with rolling mills, forges and foundries, 
this condition of things, it is feared, will be unaltered. 
Recent contracts have shown little, if any, profit, though 
producers are hoping that the completion of stock- 
taking operations and the removal of the holiday influence 
will act as a spur to buying. There is a fair measure of 
activity in the manufacture of heavy machinery for 
steel and engineering works equipment, in colliery 
machinery and appliances, and in automobile steel and 
fittings. Business with agricultural engineers continues 
depressed owing to the slump in the export demand, 
though, considering the restriction in foreign purchases, 
the output of agricultural castings, cutting parts, taps and 
dies, is on a fairly robust level. More rustless iron is 
going into use in the building and constructional trades. 


South Yorkshire Coal Trade.—In view of the all-round 
easing in the demand, and particularly having regard to 
the fall in Continental purchases, collieries have found it 
impossible to maintain official quotations on the basis 
recently fixed. Cuts varying from sixpence to two shil- 
lings a ton are announced in industrial fuel, while house- 
coal, which reflects the seasonal slump, is from Is. 6d. to 3s. 
per ton easier. Only slacks and smalls are maintained 
at their former rates, this being mainly due to the effect 
of restricted supplies and to the fairly robust demand for 
washed sorts. Revised quotations :—Best handpicked 
branch, 32s. to 33s.; Barnsley best silkstone, 26s. to 
28s. ; Derbyshire best brights, 25s. to 27s. ; Derbyshire 
best house, 23s. to 25s. ; Derbyshire best large nuts, 21s, 
to 25s.; Derbyshire best small nuts, 15s. to 17s. 6d. ; 
Yorkshire hards, 21s. 6d. to 22s. 6d.; Derbyshire hards, 
21s, to 23s.; rough slacks, 12s. 6d. to 15s. 6d. ; nutty 
slacks, 12s. to 14s, ; smalls, 8s. to 10s. 


THE Late Mr. Garpner Inexts.—The managing 
director of Messrs. G. Inglis and Co., Limited, Airdrie, 
Mr, Gardner Inglis, died at his residence, Crindledyke, 
Airdrie, on Thursday, the 10th inst. He was formerly 
chief engineer of Messrs. Gibb and Hogg, Limited, 
Airdrie, and later started the general engineering and 
boilermaking company which bore his name. He was 
the designer of the Inglis boiler and founded the Inglis 
Boiler Syndicate of Glasgow to exploit it. Mr. Inglis 
was a director of Messrs. A. Shanks and Son, Limited, 
of Arbroath, and was also chairman of the Scottish 
Tronfounder’s Association. 


SENTINEL-CamMELL Stream Rat Mozror av THE 
British |EMpire Exuipition: Errara.—We regret 
that owing to the use of a contraction the consumption 
of this coach was stated, on page 7 of our issue of July 4, 
to be 5 lb. per ton-mile, and the overall costs 6d. per ton- 
mile. The unit should have been “train mile” in 
both cases.—It is also pointed out that the figure supplied 
to us of 42 ft. 10 in. as the distance between bogie centres 
should actually be 39 ft. 4 in., while, with regard to 
braking, an expanding brake drum is fitted to one wheel 
of each axle on opposite sides of the bogies, all axles 
therefore being braked. 


MawnonesteR Enainerers Visit Dersy.—On Thurs- 
day, the 17th inst., a large party of the Manchester 
Association of Engineers travelled to Derby to view the 
London, Midland and Scottish Railway workshops. 
The visitors made a complete tour of the works and 
witnessed the various processes of carriage construction. 
An interesting feature was the complete erection of 
a corridor carriage in 25 minutes. During the afternoon 
tea, the President of the Association, Mr. Herbert Bates, 
proposed a, vote of thanks to Mr. R. W, Reid, C.B.E., the 
Carriage and Wagon Superintendent of the L.M.S. 
Railway Company, whose courtesy permitted the visit. 
The former stated that, so far as automatic production 
of railway vehicles was concerned, they had nothing to 
learn from the United States, and he paid a high tribute 
to the workmen and staff for the excellent results achieved, 
Mr. Lemon, the Works Manager, replied. 

Tae Farapay Socrery.—The annual general meeting 
of the above Society was held on July 7, the yearly report 
indicating considerable activity, as a result of which the 
accounts showed a deficit of 109]. lls. 5d. Eleven 
Meetings were held during the past year, four of which 
were general discussions on the subjects of (1) Alloys 
Resistant to Corrosion; (2) The Physical Chemistry of 
the Photographic Process ; (3) The Electronic Theory of 
Valency ; (4) Electrode Reactions and Equilibria. The 
sales of transactions and reprints amounted to nearly 
9001., which exceeded the income from subscriptions, 
the membership being 432. An appeal for new members 
was made in the annual report. Professor F. G. Donnan, 
C.B.E., F.R.S., was elected to succeed Sir Robert Robert- 
Son as president. Particulars relating to the Society 
may be had from the Secretary, Mr. F. S. Spiers, 90, 
Great Russell Street, London, W.C. 1. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


' MrppLEsBRouGH, Wednesday. 
The Cleveland Iron Trade-——The Cleveland pig-iron 
trade is characterised by extreme quietness, and, at 
present, there is nothing to indicate early change for the 
better. Hope, however, is expressed that when buying 
for autumn needs commences, transactions may be on a 
better scale than is now promised. Makers’ stocks are 
stated to be well sold, but customers are not taking out 
their full quantities, and output is in excess of current 
requirements, so that the statistical situation threatens 
to become unsatisfactory. Whilst producers are very 
loath actually to lower quotations, buyers state that they 
can obtain substantial price concessions when they have 
definite business to offer. No. 1 is quoted 92s. 6d. ; 
No. 3 g.m.b., 87s.; No. 4 foundry, 86s.; and No. 4 
forge, 85s, 


Hematite.—There is very little doing in East Coast 
hematite. Supply is a good deal more than ample, 
and prices are weak. Nos, 1, 2, and 3 are offered freely 
at 95s.; and No. 1is on sale at 95s. 6d. 


Foreign Ore.—Imported ore is almost unsaleable, 
consumers being well placed as regards supplies and 
unwilling to pay rates asked. Sellers still base market 
quotations on best rubio at 23s. c.i.f. Tees. 


Blast-furnace Coke.—Durham blast-furnace coke is in 
only very moderate request. Good medium qualities 
vary from 26s. 6d. to 27s. delivered to users in this 
district, 


Manufactured Iron and Sieel—There are continued 
inquiries for galvanised corrugated sheets for Japan, 
South Africa, South America, and Australia, but pro- 
ducers are so full of orders that they are unable to enter 
into further contracts for delivery much before the end 
of the year. For 24 gauge descriptions the export 
price is quite 187. 5s. Nearly all other finished iron and 
steel articles are slow of sale and weak in price. Manu- 
facturers are meeting with keen continental competition 
in home markets and in districts abroad that used to 
draw extensive supplies from this locality. Prices for 
overseas trade are matters of individual negotiation, 
but for home business sellers still name the following 
agreed figures :—Common iron bars, 12/. 10s.; iron 
rivets, 14/. 5s. ; packing (parallel), 97. ; packing (tapered) 
127.; steel billets (soft), 91.; steel billets (medium), 
107. ; steel billets (hard), 102. 5s.; steel boiler plates 
131. 10s. ; steel ship, bridge, and tank plates, 101. 5s. ; 
steel angles, 10/.; steel joists, 10J.; heavy sections of 
steel rails, 9/.; and fish plates, 131. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

TheCoal Trade.—Depressed conditions continued in 
the Welsh coal trade. New business remains insufficient 
to enable collieries to keep pits working regularly, and 
there is such a glut of smal! coal that the working of 
large is being restricted, because of the fact that wagons 
are held up under load with small, with the result that 
in many cases colliery undertakings have not had enough 
trucks to keep pits working. Exports of coal as cargo 
last week amounted to only 471,650 tons, compared with 
474,000 tons in the previous week, and 612,700 tons a 
fortnight earlier. Shipments to France were increased 
from 174,660 tons to 181,920 tons, and to Italy from 
61,820 tons to 76,800 tons, but to South America were 
reduced from 78,400 tons to 74,840 tons, to Spain from 
49,270 tons to 31,100 tons, and to Greece from 15,910 
tons to 6,730 tons. Exports from Newport were increased 
from 69,450 tons to 99,420 tons, but at the other ports 
were reduced, Cardiff’s total falling from 277,480 tons 
to 271,300 tons, Swansea from 60,600 tons to 54,630 tons, 
Port Talbot from 58,450 tons to 42,950 tons and Llanelly 
from 8,020 tons to 3,330 tons. “‘ The position of the 
Welsh coal trade has,” states Mr. Finlay A, Gibson, secre- 
tary of the South Wales and Monmouthshire Coal- 
owners’ Association, “ been seriously aggravated by the 
increase in the cost of production under the new national 
wages agreement. This peril was’ discredited by the 
miners’ leaders in the agitation that led to the termination 
of the old agreement and the arrangement of a new one. 
They argued that it was practicable to meet the increased 
cost of production by the raising of the prices to the 
consumer and by other methods. The fallacy of that 
argument was again and again exposed, it being pointed 
out that to attempt to counteract the economic law by 
artificial means would simply restrict the demand for 
coal, increase the irregularity of the workmen, and 
decrease the number of men employed. Every one of 
these warnings has been justified, and the export trade 
of the Bristol Channel ports in June was in volume the 
smallest since that of July, 1922.’ At the moment, 
prices generally, are weak on the basis of 28s, to 28s. 6d. 
for best Admiralty large, 25s. to 26s. 6d. for drys, 23s. 6d. 
to 27s. for Monmouthshires, and 13s, 6d, to 17s. 6d. for 
smalls. 


InpustTRIAL WELFARE.—The Industrial Welfare Society 
announces that the lecturers at its fifth annual confer- 
ence on industrial welfare, which will be held at Balliol 
College, Oxford, from September 12 to 17, will include 
the Master of Balliol (Professor Alexander D. Lindsay) 
and Miss Maude Royden. The subjects to be dis- 
cussed include education in industry, the ethical bases 
of welfare, an employer’s view of welfare, industrial legis- 
lation and the welfare worker, and first-aid and ambu- 
lance organisations. Mr. John Lee, author of several 
books on industrial organisation, will lecture on ‘‘ Dis- 
cipline or freedom—an Industrial Problem.” 


NOTES FROM THE NORTH. 
Guasaow, Wednesday. 
State of Trade.—A dull tone has recently come over 
the general trade of the country, and the majority of 
industries are experiencing a spell of quietness. The 
Glasgow Fair holidays coincide this year with those of 
Edinburgh and Aberdeen, so that the three chief cities 
in Scotland are this week on holiday. The net result is 
that there is very little business doing at present. The 
shipbuilding yards and engineering works on the lower 
reaches of the Clyde are all again in operation and quite 
a fair amount of activity is general, the shipyards in the 
Greenock and Port Glasgow area being fairly well off 
for work. The state of trade throughout the country 
during the first half of the year has only been moderate 
overall, and some industries have had a very poor time. 
For the second period of the year the prospects are not 
very encouraging, but all are hoping that a revival in 
trade may set in. Such would be very welcome in the 
pig-iron trade, where there is every likelihood of another 
four of the blast furnaces recently in operation being 
blown out meantime. 


Scottish Steel Trade.—With the steel works in the West 
of Scotland all off for the annual holidays, there is 
no business this week. A restart will be made next 
Monday, but one or two establishments will not re-open 
un'il Monday, August 4. That will give specifications 
the chance of accumulating. The closing down for the 
holidays was very quiet, as little stir for deliveries took 
place. This week a fair inquiry is reported, but little 
in the way of fresh business has been secured, and unless 
the next few days brings something forth the outlook 
for the restart is not very hopeful. Foreign inquiries 
are fair, but buyers are not placing many contracts, 
except for black and galvanised sheets, the makers of 
which are booked well on towards the end of the year. 
Prices keep steady and are as follow :—Boiler plates, 
131. 10s. per ton ; ship plates, 107. 5s. per ton ; sections, 
107, per ton ; and sheets, 3; in, to }in., 121. 10s. per ton, 
all delivered Glasgow stations, 


Malleable Iron Trade.—In the Scottish malleable iron 
trade a distinct quietness has been general for some 
months back, and order books are very poor. Broken 
time has been all too general and inquiries this week do 
not show much sign of improving. Not only has bar 
iron been in poor demand, but the re-rolled steel branches 
seem also to be experiencing similar conditions. Quota- 
tions are unchanged, “Crown” bars being quoted at 
121, 10s. per ton, delivered Glasgow stations, 


Scottish Pig-Iron Trade—In the Scottish pig-iron 
trade the re-lighting of furnaces is in most cases to be 
delayed beyond the usual holiday period, in the hope 
that an improvement in demand will be forthcoming. 
Up to the present, however, there has been little sign of 
that, and the stocks which have recently been accumulating 
would seem to be ‘quite equal to the demands of the next 
few weeks. Prices again show an easier tendency and 
are quoted to-day as under :—Hematite, 5/, per ton, 
delivered at the steel works ; foundry iron No. 1, 5/. per 
ton, and No. 3, 4l. 15s. per ton, both on trucks at makers’ 
yards. 


Cast-IRon ResEaroH AssocraTion.—The Bulletin for 
June issued by this Association has just come to hand. It 
contains interesting figures on rustless cast-iron, including 
English non-corrosive iron, the American Duriron and 
Corrosiron, and a brand made by a Swiss firm. The 
Bulletin also gives abstracts from foundry literature. 
The Council has decided that the Bulletin is to be pub- 
lished regularly each quarter. 


THe Cunarp Line.—As a souvenir of the British 
Empire Exhibition, the Cunard Line have issued an 
attractive and artistic brochure, with the title “ Hight 
Decades of Progress,’ outlining the progress in ship 
construction, as instanced in the vessels of the company 
builtfrom 1840 to the present day. The story of the great 
commercial adventure started by Mr. Samuel Cunard, 
which was destined to be such a significant factor in the 
improvement of trade and the goodwill of nations, is 
ably told by Mr. E,. Keble Chatterton, while the illustra- 
tions, in line and colour, prepared from original works 
by Messrs. T. J. Bond and C, E. Turner, add greatly to 
the value of a most exceptional publication. 


Tron anp Steet Instirure.—The autumn meeting 
of the Institute will be held at the British Empire 
Exhibition, Wembley, on Thursday and Friday, Sep- 
tember 4 and 5, at 10.30 a.m. each day. The following 
is a list of the papers that have been offered for dis- 
cussion at the meeting :—(1) L. Aitchison and G. R. 
Woodvine, “‘ Changes of Volume of Steels during Heat 
Treatment’; (2) C. Benedicks and V. Christiansen, 
‘Investigations on the Herbert Pendulum Hardness 
Tester”; (3) E. D. Campbell and G. W. Whitney, 
“The Effect of Changes in Total Carbon and in the 
Condition of Carbides on the Specific Resistance and on 
Some Magnetic Properties of Steel’; (4) C. A. Edwards, 
“Pickling :;. The Action of Acid on Iron and Steel, and the 
Diffusion of Hydrogen through the Metal”: (5) J. Newton 
Friend and W, E. Thorneycroft, ‘‘ Examination of 
Tron from Konarak’’; (6) M. A. Grossman and HE. C. 
Bain, ‘‘On the Nature of High-speed Steel; (7) Axel 
Hultgren, “Improvements in the Brinell Test on 
Hardened Steel, including a New Method of Producing 
Hard Steel Balls ” ; (8) W. Rosenhain, *‘ Present Position 
of the Theories of the Hardening of Steel’’; (9) F. C. 
Thompson and W. E. W. Millington, “‘The Effect of 
Free Surfaces on the Plastic Deformation of Certain 
Metals.”’ 
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FRIDAY, JULY 25, 1924. 


THE TRAINING OF ENGINEERING 
TEACHERS. 


In training teachers for the elementary schools, 
considerable attention is devoted to method, as 
distinct from,a knowledge of the subject being 
taught. Such questions as the maintenance of 
discipline, the acquirement of the confidence of 
the class, and the best form of presentation of the 
subject receive careful consideration, and, as a 
result, enormous progress has been made in recent 
years in the technique of teaching in such, schools. 
Stereotyped methods have to a large extent been 
abandoned, and in their place methods which 
tend to develop the individual capacity of each 
student have been substituted. The advantage to 
the pupil of these changes is rarely disputed, but it 
appears to be generally assumed that such advan- 
tages would disappear if the same methods were 
applied in higher education. This is hardly the 
place to enter into a discussion of the methods of 
teaching adopted in our secondary schools, except 
in so far as they affect students who afterwards 
follow an engineering course, but the work of such 
students, particularly in mathematics, tends to 
show that their preparation is defective. It should 
be possible for the great majority of boys in secon- 
dary schools to reach the matriculation standard 
before they leave, and if this standard were attained, 
there would be no reason for criticism. 

We are more concerned with technical education, 
whether in the university or evening class, and an 
examination of the methods of teaching adopted 
in the great majority of cases shows that they are 
purely haphazard. No recognised course of prepara- 
tion exists for teachers who propose to take up 
this branch of the profession, and as a result, each 
teacher develops his own individual methods. 
Technical teachers are, in the main, recruited from 
the ranks of university graduates, whose only 


knowledge of the technique of teaching is derived 
from an unconscious study of the methods of the 
university staff; and, as a result, they take up 
their duties with practically no qualifications beyond 
a knowledge of the subject that they are called 
upon to teach. The methods of presentation 
adopted in the university are frequently quite 
unsuitable for more elementary students, and it is 
therefore not unlikely that the teacher will commence 
with a bias in the wrong direction. Apart from 
university graduates, a number of part-time 
teachers in evening schools are recruited from the 
staffs of various commercial concerns throughout 
the country, and although such men will be probably 
better qualified to gain the interest of their classes 
and to maintain discipline, by reason of their more 
mature age and their greater knowledge of men, 
they are equally ignorant of the best methods of 
subject presentation. In either case the result 
must be unsatisfactory, and the waste of effort 
deplorable in the aggregate. It may be said that 
the beginner in every profession must be largely 
ignorant of his duties, and that certain types of 
knowledge can only be gained by actual experience. 
In most vocations the novice commences his duties 
under the strict eye of a superior, and his errors of 
inexperience are immediately pointed out to him 
and corrected. In this respect the technical teacher 
is in a peculiar position. He may be given a hasty 
introduction to his class by his principal, or, more 
frequently, is left to make his own introductions, 
and he then finds himself in an entirely isolated 
position, and is left week by week to obtain control 
of his class and to interest them in his subject by 
a process of trial and error. Possibly two or three 
times in each term he may be visited by his principal 
or by one of His Majesty’s inspectors, but such 
visits are hardly occasions on which his difficulties 
are likely to be discussed in a sympathetic spirit, 
and in the main, he is left to make his own way as 
best he can. It is most unusual for a principal 
actually to attend any of the lectures of his teaching 
staff, and many of the latter would regard it as 
a breach of etiquette for him to doso. This appears 
to be quite a mistaken attitude, as it is quite impos- 
sible for the principal to enter into his assistant’s 
difficulties effectively unless he has seen them at 
first hand. Generally there is far too little collabo- 
ration and discussion between the head and _ his 
staff, and it is the duty of the former to make 
opportunities for a more frequent interchange of 
views. If a man is left entirely isolated and is 
observant and adaptable, he will, in course of time, 
evolve a working system which will serve its purpose, 
but it would be absurd to maintain that a system 
arrived at by such means was the best possible, 
and, in any case, the teacher has learnt his lesson 
at the expense of the student. 

Two remedies seem to be called for, first, a course 
of training in method, and secondly, an opportunity 
for the interchange of ideas with other teachers. 

In the absence of recognised training colleges for 
technical teachers, it appears essential that every 
teacher should be called upon to pass an examination 
in method, and that classes in this subject should 
be held both in the university and the evening 
school. The result would probably be a temporary 
shortage of teachers, in so much as it would eliminate 
those who take up teaching merely as a stop-gap until 
such times as they are able to obtain other employ- 
ment. Although it is true that such men occasion- 
ally remain in the profession and make excellent 
teachers, yet on the other hand they are generally 
unsatisfactory, and little more than temporary 
inconvenience would result from their elimination. 

Such a regulation would not affect those already 
in the profession, although it would not be unreason- 
able to insist, as was done in the case of elementary 
school teachers under somewhat similar cireum- 
stances, that all existing teachers should qualify 
themselves within a certain time. Such a method 
could not be altogether satisfactory, as there are a 
number of men now engaged in teaching who are 
too old to change their methods, and who at the 
best would give no more than lip service to the new 
regulations, and would in all probability exert 
strenuous opposition to any such measure of reform. 

Tn the case of those now engaged in teaching, an 
extended opportunity for the exchange of ideas 
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offers a much wider hope of improvement, The 
position of isolation in which technical teachers 
stand has already been referred to, but it is not 
generally realised how entire this isolation is. The 
teacher is a member of a small staff of a college or 
university, and it is quite probable that he is the 
only man on that staff who has a specific knowledge 
of his particular subjects. By an unfortunate 
perversion of human intelligence, he is debarred 
from the discussion of his profession outside working 
hours, on the grounds that talking shop is bad form. 
His colleagues will be prepared to discuss gold ad 
infinitum, but any attempt to introduce the subject 
of their life work will be met with marked dis- 
approval. This attitude is not peculiar to the teach- 
ing profession, but whereas the members of most 
professions recognise the necessity for an institution 
in which their peculiar problems can be adequately 
discussed in their leisure time, the teaching pro- 
fession stands in this respect in a position of peculiar 
isolation. It is true that there are several associa- 
tions of teachers for various purposes, but a dis- 
cussion of the problems which arise in the course 
of their profession is not one of these. Again we 
have a striking exception in the case of elementary 
school teachers, who would appear to be the only 
teachers who take their profession seriously. It 
is difficult to know whether to class the isolation 
of the average technical teacher as tragedy or 
comedy, but we incline to the former when we see 
colleagues in the same institution using different 
systems of units and each condemning to their 
students those made use of by the others. Perhaps 
an even more striking instance is the detachment 
of the mathematical teacher, whose course of 
instruction has usually little bearing on the needs 
of engineering students. 

We hesitate to suggest the formation of still 
another institution, and probably it is not necessary. 
The art of teaching is a subject of interest to every 
engineer, and the difficulty would be met to a great 
extent if thé councils of the larger engineering 
institutions would encourage the reading of papers 
on the subject. Occasional papers have already 
been read on the training of engineers, which forms 
a pertinent introduction to the subject. As there 
is an increasing tendency for the institutions to 
decentralise, and to have the same paper read in a 
number of widely distributed centres throughout 
the country, the majority of teachers would have 
an opportunity of taking part in the discussions, and 
what would probably be of greater value, the one- 
time student who had had the opportunity of 
putting his knowledge to the test of practical 
application, would be able to express his views on 
his own technical education. As a result of this, 
the teacher would be to some extent familiarised 
with current works practice, and the student would 
derive immediate benefit in those subjects which 
bear more immediately on his future work in in- 
dustry, such as machine drawing and design. 


THE WAR OFFICE SPECIFICATION FOR 
SUBSIDY LIGHT LORRIES. 


Onze of the lessons of the war is that the standing 
army can only be regarded as a nucleus capable 
of rapid expansion, and, in view of the vital place 
taken by motor transport in modern warfare, it 
is essential that the private ownership subsidy 
scheme for motor vehicles should be on a much more 
extensive scale than it was prior to 1914. During 
the early part of the war, large numbers of non- 
subsidy vehicles were pressed into service, and 
although these were confined to minor operations 
as far as possible, numerous difficulties and delays 
arose owing to the diversity of design, and to the 
rapid development of incipient defects under the 
unusually strenuous nature of service conditions. 
To avoid handicapping the services under similar 
circumstances in the future, the use of civilian- 
owned subsidy type vehicles should be greatly 
extended ; and it is the duty of the private owner 
on the one hand to utilise vehicles coming under 
the subsidy as far as possible, and of the State on 
the other to encourage the use of such vehicles. 

The specification of the War Department for the 
30-cwt. subsidy type light lorry has just been 
issued, and presumably incorporates the experience 


in view of the object of the specification. 


each separate requirement could be fulfilled by 
one or more existing vehicles. 
secondary consideration in the case of war material, 
and there is no doubt that the price of a vehicle 
built to satisfy all the requirements of the specifica- 
tion must be relatively high. The designer who 
contemplates the manufacture of a vehicle for 
civilian ownership, but enrolled under the scheme, 
has therefore a somewhat difficult task. This 
point has evidently received careful consideration 
in drawing up the specification, as a number of 
the requirements are relaxed in contemplation of 
such circumstances. 


first covering performance, and the second con- 
structional detail, and a large part of the latter is 
applicable to all classes of motor vehicle, and may 
be studied with advantage by every designer who 
is anxious to improve his production. 
with the requirements regarding performance in 
the order of the specification, the engine must have 
a minimum swept-out volume of 3,500 c.c., and 
develop 35 h.p. at 1,400 r.p.m. It must be capable 
of being decarbonised by one man in five hours, 
and it must also be possible to remove and replace 


vehicle-miles. 


omitting this obvious fitting. In cases where 
timing chains are employed, it is stated that adjust- 
ment for wear or stretching must be provided. The 
absence of such means of adjustment is a frequent 
defect, and excessive noise and backlash are very 
common in engines with this form of timing gear. 
A jockey pulley is sometimes used, but it is doubtful 
whether this is as satisfactory as a train of gears 
which require no adjustment. 

Dealing with the engine-oiling system, we regret 
that a stand pipe for inserting the oil is not insisted 
on. There are few engines which can be filled 
from an ordinary tin without a funnel, and the 
capacity above the strainer is usually so small 
that the majority of drivers remove the strainer 
before filling up. There appears to be absolutely 
no reason why the top of the filler pipe should not 
be level with the top of the engine, and have a 
sufficient capacity above the strainer to take a 
quart can of oil. This would save endless waste of 
time over a messy job, and might conceivably save 
the engine, if not the whole car, under critical service 
conditions. 

Dynamo lighting is specified, although this is 
optional on civilian owner vehicles. It is to be of 
approved design, and we sincerely trust that many 
of the present designs, in which the terminal board 
and switches are compressed into the smallest 
possible space, will not be approved. Jt is not too 
much to ask that there should be a minimum of 
i in. clearance between each terminal screw, and 
the board should be mounted in such a way that 
any wire can be located and detached without 
difficulty. The usual practice is to place the 
terminal screws close together in, two horizontal 
rows, and the wires to the upper row shroud the 
lower terminals and make access to them most 
difficult. Considerable technical knowledge is 
usually necessary to locate the two bus-bars, which 
are generally merely two of the terminal screws, 
and there seems no reason why these should not be 
clearly marked. Each terminal might in fact 
have a distinctive letter or number, duplicated 
on the corresponding terminal on the battery, cut- 
out or dynamo. No mention is made of electrical 
starters, but it may be presumed that no objection 
would be taken to them if a non-detachable starting 
handle were fitted in addition. The use of such 
starters on commercial vehicles is at present very 
limited, but is likely to extend, as they result in an 
appreciable fuel economy. However rigid a driver's 
instructions may be, he will certainly frequently 
leave his engine ticking over unless provided with a 
starting motor. 

One of the most striking departures from com- 
monly accepted practice is in the specification of the 
radiator. This must be of the vertical straight- 
tube type with detachable top and bottom tanks, 
the tubes being not less than #-in. bore. We 
have already referred to the fact that the average 
radiator is one of the weakest points in the design 
of the modern car. It is doubtless highly efficient 
when it first leaves the works, but the efficiency 
rapidly falls off. After two or three years running 
it frequently commences to leak, and effective 
repairs can only be carried out by a specialist. A 
drain cock of not less }-in. bore is specified, in place 
of the usual inadequate 4-in. or }-in. cock, and large 
filler cap and overflow pipes are insisted upon. A 
somewhat novel item is the provision of a strong 
bar or tube attached to the car frame and bridging 
the radiator, to reduce the risk of damage in the 
event of a collision. This is very rarely fitted at 
present, and considerable ingenuity will be required 
to design a fitting which looks at all neat on a light 
vehicle. 

Neither multiple-dise nor leather-lined cone 
clutches will be accepted, and makers are thus 
reduced to the single plate, the expanding type, or 
the cone clutch lined with asbestos composition. — 
There is no doubt that this is a wise provision for a 
vehicle of this class, though we are of opinion that 
the expanding type of clutch might also have been 
barred with advantage. 

The gear-box must be of the four forward-speed 
type, and the gate must either be clearly marked, or 
a legible diagram showing the positions affixed to 
the dash. It would seem desirable to standardise 
the positions in the gate for all subsidy vehicles, as 


gained by the various authorities during the war- 
The requirements regarding performance are doubt- 
less severe, but no exception can be taken to this 
It is 
somewhat doubtful whether there is any vehicle 
at present on the market which would be capable 
of fulfilling all the requiremenis, though no doubt 


Price is rightly a 


The specification is divided into two parts, the 


Dealing 


all big-end bearings in the same period. The 
consumption is not to exceed one gallon per 12 
The temperature of the cooling water 
must not exceed 100 deg. F. above atmospheric 
after rather severe speed and _ hill-climbing tests. 
The petrol supply must be gravity fed, and be 
maintained with a nearly empty tank on a gradient 
of 1 in 43. The capacity of the tank must be 
sufficient for a 120-miles run. The car must be 
capable of stopping and restarting on a gradient of 
1 in 5 fully loaded, and must climb a gradient 
of 1 in 10 on a good surface at 8 miles per hour 
for a quarter-mile. All controls must be free from 
binding with the vehicle fully loaded, and one front 
wheel jacked up clear. of the ground. Tests will 
be carried out on rough ground, including loose 
sand 8 in. to 10 in, deep, and an 18-in. water splash 
with hard bottom. Either brake must permit of 
continual application for half a mile on an average 
gradient of 1 in 12 without overheating, and be 
capable of stopping the vehicle when fully loaded 
on a gradient of 1 in 5. 

These requirements can only be regarded as 
reasonable in view of the service to which the 
vehicles may be put, and do not call for particular 
comment. The radiator and brake tests are cer- 
tainly severe, and we doubt whether they could be 
met by many existing vehicles. They are, however, 
quite possible of attainment, and should be of 
great value in concentrating attention on two 
of the weakest points in the design of the modern 
vehicle. It must be remembered in considering 
the specification that after a civilian-owned vehicle 
has passed the tests, it is impossible for the 
authorities to keep it continually under inspection, 
and as the effectiveness of both the conventional 
radiator and the usual brake falls off rapidly with 
use, a high standard in the first instance is 
essential. 

Turning now to constructional detail, it is evident 
that very careful attention has been given to the 
specification with a view to eliminating a number of 
defects which are prevalent in modern designs, and 
it is to these points more particularly that we would 
direct attention. Dealing first with the engine, it 
is stated that in the event of a gudgeon pin working 
loose, suitable arrangements must be made to 
ensure that it cannot score the cylinder wall. To 
engineers who have not had a wide experience of 
car engines such a demand will appear somewhat 
superfluous, as they would naturally assume that 
the makers themselves would give attention to such 
an obvious point, but the defect is in fact so common 
that special methods have been developed for treat- 
ing the scored walls. The provision for a flywheel 
pointer for setting the valves and ignition comes 
in the same category, the majority of makers 
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neither of the devices referred to would be of any| 


value in the dark unless a dash lamp were fitted. 
The use of a position indicator is often deprecated 
by drivers, as they appear to consider that it is a 
reflection on their intelligence. A subsidy vehicle 
may have to be taken over in an emergency by 
a driver who is an entire stranger to the car, and 
in such a case there may be no time to experiment 
with the gears. An oil-level plug or cock in the 
gear-box is specified, but this would hardly appear 
to be an essential where an inspection cover held 
on by wing nuts is already provided. 

A somewhat novel feature is a power-driven tyre 
pump, which is optional on civilian-owned vehicles. 
We would suggest that some part of the connecting 
tube should be permanently attached to the chassis. 
Three-point suspension is specified for the engine 
and gear-box. The desirability of this form of 
mounting has long been realised, but it is very 
rarely attempted. The only practicable method of 
adopting the principle appears to be to use three 
ball joints, and this will add appreciably to the cost 
of the vehicle. The relative positions of clutch and 
brake pedals is specified, but the position of the 
throttle pedal is left optional. We believe it to be 
desirable that this position should also be stan- 
dardised, as it is sometimes placed between the 
elutch and brake pedals, and sometimes to the 
right of the latter. 

We are of opinion that few existing cars could 
fulfil the braking tests without difficulty, particu- 
larly that of continuous application of either brake 
for half a mile on a gradient of 1 in 12, the car being 
fully loaded, without overheating. No conditions 
are laid down as to the position of the brakes, and 
presumably front-wheel braking would be accepted. 
We trust that this is the case, as otherwise the 
universal use of such brakes will be retarded. This 
would be regrettable, as there must be a considerable 
number of fatal accidents each year which could 
be avoided if the additional retarding power of the 
front wheels were made available. No objection 
is raised to the transmission brake, but it would be 
difficult to design such a brake satisfactorily to 
fulfil the test for overheating mentioned, on account 
of its position preventing a free access of air to 
carry off the heat generated. We have referred in 
a previous article to the objectionable practice of 
utilising stranded wire for brake controls; this will 
not be permitted in the subsidy vehicle. 

The specification states that oil lubrication 
throughout the chassis is desired, with wick-feed 
lubricators whenever possible. An injector system 
employing a thin grease lubricant will receive con- 
sideration as an alternative. We would suggest that 
if oil lubrication is adopted, the lubricators should 
be arranged in groups as far as possible, with feed 
Pipes to the various units. Apart from the saving 
of time resulting from such an arrangement, the 
present practice of placing the lubricators directly 
on the bearing to be fed often results in their being 
placed in inaccessible positions. As a result they 
are frequently either deliberately neglected, or 
inadvertantly overlooked. It should not be neces- 
sary either to get under the vehicle, or to lift the 
floor boards, when oiling up any part of the chassis. 
The specification concludes with the requirements 
of the War Department regarding drawings and 
Spare parts, and appendices give particulars of 
standards to be adopted, of the properties of the 
lubricating oils in use by the Department, and of the 
engine acceptance test. 


THE DOMINION OF CANADA AT THE 
BRITISH EMPIRE EXHIBITION. 


EverytHine that has been used in the construc- 
tion of the Canada Pavilion except glass and cement 
was made or grown in Canada, and the whole of the 
work down to the actual installation of the exhibit, 
was done by the Canadian Commission without the 
help of sub-contractors. No pavilion in the entire 
Exhibition shows more clearly that it has been 
prepared by those who have a professional know- 
ledge of the art of exhibiting. The impression, 
indeed, corresponds with the reality. For many 
years past the Dominion Government has had an 
Exhibition Department, and what they show at 
Wembley is merely a reproduction on a larger scale 


of what they have shown many times elsewhere- 
This is doubtless at least some part of the reason 
why the Canadian exhibit was one of the very few 
that were absolutely complete when the Exhibition 
was opened, and the personal presence of Mr. A. W. 
Toulmie, the Canadian Government Exhibition 
Commissioner, has warranted the view that the 
Government has done all that the prolonged experi- 
ence of his department could suggest for the pur- 
poses it had in view. Im our issue of April 25 we 
gave some indication of the extent of the remarkable 
display that has resulted from these efforts, and we 
propose now to indicate in somewhat more detail 
of what the display consists and what interpreta- 
tion it is intended to bear. 

It may be convenient to deal first with the general 
intention of the exaibit. A notable regulation 
observed in all parts of it is that no sales of any 
kind are conducted in the Pavilion. This regula- 
tion, whatever may be the reason for it, has a 
significant bearing on the purpose of Canada’s 
participation in the Exhibition. Doubtless ex- 
tended markets are sought for its products and its 
manufactures, but this object is essentially sub- 
sidiary. What is sought primarily is on the one 
hand pioneers to open out the boundless agricultural 
territories in the Dominion that as yet are un- 
developed, and on the other hand capital to develop 
the enormous natural resources of which the large 
majority remain untouched. 

To understand the full meaning of these needs 
it is desirable to remember the Dominion’s circum- 
stances. For this purpose an accurate perspective 
view is obtained more readily by avoiding exact 
statistics and looking at round figures; and the 
figures we give are therefore intentionally sc 
expressed. The territory of Canada is larger by 
one-fourth than that of the United States, but its 
population is only just over nine million souls ; 
and of these about one-half are collected in towns, 
with the balance of the entire population left for 
its 3,700,000 square miles. Over half the popula- 
tion is of British origin and over one-fourth of 
French, and there is no native problem at all. 
The birth rate is high—nearer 30 than 20 per cent. 
—and the death rate low, averaging 10-6 per cent., 
and in the Prairie provinces ranging from 7:4 to 
8-4 per cent. These figures indicate that the 
climate is healthy, and an inspection of the figures 
of sunshine and rainfall bears out the statement 
that it is likewise pleasant, and for the most part 
favoured with a full but not torvential supply of rain. 
The actual extent of its water power, as of its 
forests and other natural resources, has been by 
no means fully ascertained, but they are known to be 
inordinately beyond anything of which the develop- 
ment has been attempted, and the use that has been 
made of them up to now has not been sufficient to 
prevent local shortages of power from time to time. 
Its primary industries—agricultural and pastoral, 
mineral, forestry, fisheries—and its manufactures, 
are not only large but almost without exception 
are steadily increasing. Great, however, as is its 
normal increase of population and production, the 
development of its natural resources is proceeding 
at a rate altogether inadequate to satisfy its national 
aspirations, and it seeks means and settlers suit- 
able and adequate to speed up this development. 

What, therefore, its exhibit of products is con- 
cerned to show, is not so much the detail of what it 
is producing as its abundance and variety. More 
than any other great Dominion, its exhibit expresses 
itself by carefully conceived panoramas, which, 
though adopting all that skilled art can do to 
beautify this style of presentation, aim at a more 
practical result than that of a merely beautiful 
effect. Fig. 1 shows an outline plan of the general 
lay-out of the Pavilion, the site of which is about 
400 ft. long by 200 ft. deep. It is shown as it 
appears from the main entrances facing the lake, 
with the cardinal points reversed. Entering by the 
main entrance on the right of the frontage, the 
visitor is led to a large trophy of agricultural 
products, behind and to the right of which are 
courts devoted to minerals. ‘T'wo fine panoramas, 
represent the operations respectively of the Hollinger 
gold mine and of a large nickel refinery, and 
illuminated transparencies form a frieze illustrating 
a variety of mining operations; the ceilings are 


supported on pillars of Canadian marble. The 
whole court, in fact, is made up of picturesque 
presentations of one aspect or other of mining. 
To those who are familiar with that industry the 
chief interest of the mineral exhibit lies, however, in 
the variety of specimens that are displayed both of 
metallic and of non-metallic minerals. These are 
taken from mines that either are or have been at 
work; and although by far the greater part of 
Canada is still unprospected, existing workings 
and the general exploration that has been made of 
its geological features show that, in addition to 
great districts already proved, it offers the prospector 
perhaps the largest area of promising mineral- 
bearing territory that remains unprospected at the 
present time. 

Though Canada ranks high among producers of 
gold and silver, these metals are not her chief 
mineral product. Her actual production of coal 
is about twice as large in value as those of the two 
precious metals put together, and that production 
is extremely small compared to the enormous 
deposits known to exist in the country. It remains 
small because markets are lacking in the neighbour- 
hood of many of the chief deposits. The size of 
the country is so great that it is found cheaper in 
the central provinces of Ontario and Quebec to 
import coal from Pennsylvania and Ohio than to 
use the deposits of the western and the extreme 
eastern districts, and, in particular, the absence of 
anthracite in the eastern coal fields causes that fuel 
to be imported even in those districts themselves. 
Numerous specimens show that bituminous coal 
and lignite are found in a variety of regions, and 
could supply huge markets yet uncreated, while 
in Alberta and probably elsewhere anthracite is 
also found, with a wholly inadequate market for its 
consumption within reasonable distance of the coal- 
fields. As it is, some 15 million tons of coal of all 
sorts are produced per year, with an estimated value 
of something under 15,000,000/., and about the same 
quantity is imported from the United States. Yet, 
apart from lignite and similar lower grade coals, 
Canada’s deposits of bituminous coal and anthracite 
are estimated at 286,000 million metric tons. 
Canada’s coal resources are, indeed, shown largely 
in her exhibits of pig iron and steel. For the most 
part the majority of her deposits of iron, so far as 
they have been tried, are of too low grade or too 
affected with impurities to be worked profitably ; 
but her ample supplies of coal, lime, and fire-clay 
have enabled her to build up a great iron and steel 
industry mainly through smelting imported ores. 

Numerous specimens are shown of gold and silver, 
including a 2-ton nugget of silver ore ; the value of 
the output of both metals is something under 
8,000,0002. Apart from them, the next most valu- 
able mineral products are copper, nickel, lead, 
asbestos, and natural gas, all round about 1,000,000/. 
each: copper rather more and the others on the 
average a little less. The specimens of nickel 
ores and asbestos are of interest, partly because 
Canada is at present the largest producer of both 
these minerals, and partly because of the peculiar 
natural alloys of nickel and the remarkable quality 
of the asbestos. Another metal, as yet of minor 
economic consequence, of which Canada is the 
largest producer is cobalt, the annual output of 
which is about a fourth of the value of the copper 
production. Hopes that cobalt will come into 
wider demand for metallurgical uses seem to be 
indicated by the exhibition in this section of two 
cases of stellite, the 75 per cent. cobalt alloy with 
chromium and a little tungsten, which is shown as 
bars, weights, solid and inserted-tooth milling 
cutters, and forming cutters. A number of other 
metallic ores are shown, including those of the rare 
heavy metals, which occur in notable proportions 
in some of the principal nickel-copper ores, and are 
largely recovered at smelting works outside the 
Dominions where the matte is treated. Consider- 
able and numerous deposits are also shown of 
economic clays, felspar, mica, and other minerals 
used in the structural, refractories, and ceramic 
trades. A general view of part of the mineral 
exhibits is given in Fig. 3 on page 139. 

Adjoining the Mincrals Court is a panorama 
representing some of the many sources of water 
power in the Dominion. Here again the history is 
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of resources much larger than are being used—a 
matter naturally of the greater economic conse- 
quence because, unlike mineral deposits, the extent 
of water power available is not reduced by the 
quantity that is used. At the present time the 
whole of the water powers available in the Dominions 
have not been measured ; but of those that have, 
amounting to over 40,000,000 h.p., turbines have 
been put in to utilise something under 6 per cent. 
The effect of the water power on Canadian industries 
and social economy is not seen separately in most 
of the exhibits. Two examples, however, show it 
clearly. As yet no commercial ores of aluminium 
have been found in Canada, though it is thought 
possible that the metal may ultimately be produced 
from some very pure native felspars ; but specimens 
are shown of aluminium ingots, bars, &c., which 
Canada exports in quantity, in addition to providing 
for a large internal manufacture and some export 
of articles made out of the metal. A variety of arti- 
ficial abrasives are also shown, both of the car- 
borundum and the aluminous types, though all the 
bauxite and much of the silica sand used in their 
manufacture has to be imported. These instances 
are merely typical of other manufactures, in which 
what is sold is mainly the product of natural power. 

Opposite the water-power panorama is another, 
which deals with agriculture. It is a good example 
of the way in which this form of exhibition is 
used to convey more serious information than is 
usually associated with it. In this panorama the 
leading economic processes used in the distribution 
of grain are clearly seen: the villages housing the 
workers, the cultivated fields, the elevators in 
which the grain is graded and stored, and the railway 
and ship communication by which it is transported. 
Other panoramas in this Court deal with the national 
parks, the harbours and the experimental farms, 
which at the present time are engaged in studying 
practically over 3,000 main experimental projects, 
most of them with sub-projects relating to practi- 
cally all branches of the agricultural and pastoral 
industries. Their operations are of the more 
interest because most of the land under cultivation 
is owned by the farmers themselves, and also 
because as yet the preservation of fruit and vege- 
tables has scarcely been begun, and the existing 
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demand for production will undoubtedly increase 
when the preservation of the products for trans- 
portation has been reduced to practice. The Court 
also contains the main timber exhibit, representing 
an annual production of some 40,000,000. value, 
and showing specimens of every commercial species 
of timber found in the Dominion. It includes 
micro-photographs showing sections of the number 
of typical Canadian woods, testing machines used 
in determining their mechanical properties, and 
samples of various distillation products. An 
interesting specimen is a wooden built-up hydraulic 
pipe armoured. with wire, and a back about 12 ft. 
diameter, both in Douglas fir. In this Central Hall 
the frieze includes panels which, like the other 
decorations of the court, are ingeniously worked 
out in grains and grasses of various colours, and 
exhibit a considerable variety of aspects of 
Canadian life. 

The eastern end of the hall—it will be remembered 
that on the plan this is to the left—is occupied 
principally with the important industries of fisheries 
and dairy products. The latter are represented 
principally by a vast display of butter, which is 
preserved by a refrigerating plant manufactured 
by the Linde-Canadian Refrigerating Company, 
limited, of Montreal, installed under the direction 
of their engineer, Mr. 8. R. Norland. This plant is 
driven by a three-phase induction motor manufac- 
tured by the Canadian Westinghouse Company, 
Limited, of Hamilton, and consists of a vertical 
enclosed-type 64 in. by 6} in. ammonia compressor, 
having a capacity of 10 tons of ice melted per 
24 hours, with a range of condenser pipes in which 
the ammonia circulates outside a 1}-in. water pipe. 
Among the features of interest in this design is a 
“safety head” arranged inside the cylinder cover 
under the control of a powerful spring, the head 
containing the delivery valve. The forced lubrica- 
tion of the cross-head is controlled by automatic 
valves within an oil jacket in the base through which 
the main shaft runs. The compressor runs nor- 
mally at a speed of 150 r.p.m. 

The industrial section is composed partly of 
group exhibits and partly of those of individual 
firms. The most striking of the group exhibits are 
those devoted to the Canadian pulp and paper 
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number of large specimens of Douglas fir are shown, — 


and an endless variety of applications of this 
and other Canadian timbers. 
ticular, on which paper-making is being conducted 
is illustrated in a reel 18 ft. 3in. wide. The standard 
Canadian machine makes strips 15 ft. 6 in. wide 
at the rate of 1,090 ft. per minute, but the latest 
machines are said to be producing strips 19 ft. 4 

wide at the rate of 880 ft. per minute, and one such 
machine has turned out as much as 196-6 tons per 
24 hours. A British papermaking demonstration 


The scale in par- 


plant in the Palace of Industry shows, as the 4 


Canadian officer points out, a strip 36 in. wide 
made at the rate of 50 ft. per minute. With these 
exhibits may be taken one by the Hoard Company 
of Victoria, B.C., which consists of a silo so built 
up out of interlocking units that it is erected firmly — 
without nails or connections of any kind. Anothe 


exhibit, by the H. R. Macmillan Export Company — 


(Fig. 8, page 140), includes a section of a tree marked 
out to show the economical care with which timber 
is cut up (on the white lines) to the best advantage. 
The steel-making industries are represented by 
two firms, the British Empire Steel Corporation 
and the Steel Company of Canada. The forme 
shows products from ore to finished steel 
and wire products, with coal, limestone and ref 
tories, and some variety of bars and sections. 
latter ranges from pig-iron to wire rods and s 
bars, with nails, bolts, galvanised pipes, drop forg 
and by-products. Prominent among the p 
engineering exhibits is that of the Canadian Ingers 
Rand Company (Fig. 7), which includes a pe 
driven portable air compressor, a belt-driv 
stationary air compressor, an air-operated forgi 
and sharpening machine, a steam-driven direct- 
acting shaft pump, a steam or air-driven portable 
hoist, designed conveniently for a variety of 
poses from those of mines to shipyards, and their 
well-known rock drills and pneumatic tools. Several 


firms from Galt (Ont.) show machine tools and 


similar products (Fig. 5). Thus the Canada Machi- 
nery Corporation show a back-geared crank shaper 
and a straight-edging saw. Messrs. Sheldons, 
Limited, show fans for ventilating, exhausting 
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shavings, and pressure-blowing for cupolas, &c., 
and a reversible fan to be used for conveying, 
exhausting, or forge-blowing. The Shurly-Dietrich 
Company show a variety of saws with a special 
design of handle, and other hardware. The 
Galt Brass Company show tanks and plumbers’ 
brass goods, and the Galt Machine and Screw 
Company automatic screw machine parts. 


Wasuinc Macutnes: Messrs. Bratry Bros, Fia. 7. 


Messrs. | 


Cowan and Co., of Galt, show a combination wood- | 
worker with rip, cross-cut and mitre saw, buzz | 


planer, borer and mortiser, and an automatic 
vertical hollow-chisel mortiser. The R. McDougall 


Company (Fig. 4) show on the same stand a 14-in. | 


engine lathe and a self-oiling pump. The Shurly 


Company, of St. Catherine, Ontario, also exhibit a| 
large variety of saws, including some of vanadium | 


steel. The Welland Vale Manufacturing Company 
show a variety of agricultural and garden tools ; 
the hay and similar forks will be observed to have 
in some patterns many more prongs than the two 
that are usual in this country. 
facturing Company, of Canada are exhibiting a 
considerable selection of their fittings for power 
transmission. including their well-known wood split 
pulleys, introduced into this country by the Gandy 
Belt Manufacturing Company. Other familiar 
fittings are the gun-metal and steel valves of Messrs. 
Jenkins Bros., of Montreal, which are shown by the 
side of similar products of the Empire Brass Manu- 
facturing Company, of London, Ontario. 

Small stationary engines are represented by the 
Brantford oil engines, exhibited by the Ker and 
Goodwin Machinery Company, Brantford, Ontario, 
and domestic light, water and power plant by the 
Caron Brothers Inc. The former, which works with 
crude oil, is of the cold-starting. solid injection type 
and being made only in small powers is started by 


hand without requiring a compressed-air store or | 


separate compressor. The Caron is a two-stroke, 
valveless petrol engine, made to give 3 h.p. and 
supplied with electric generator, pump and other 
small machines, enabling it to be applied to a 
remarkable variety of purposes, for which the 
extreme simplicity of its construction make it 
peculiarly suitable. The Canadian Linderman 
Company, Woodstock, Ontario, show, among other 
exhibits, a small combined electric power and 
light plant, as do the Delco-Light Company, 
Toronto, who also exhibit washing machines, 
refrigerators, and other articles. 

Another type of machinery is exhibited by 
Messrs. Wettlaufer Bros., Toronto, who show a 
concrete-mixing machine and concrete  brick_ 


The Dodge Manu- | 


Fie. 8. Curs 1x Towser; THE H. R. Mac- 


MILLAN EXPORT 
VANCOUVER. 


Company, Liwtrep, 


moulding machines. enabling builders to produce a 
high quality of cement brick on the site. 

Messrs. Beatty Bros. (Fig. 6) show in operation 
examples of their washing machines, working with 
electric motor and by hand, and offering a consider- 
able convenience to the user. They also show a 
variety of steel stall and stable fittings, cow-house 
equipment, and similar products. The Renfrew 
Refrigerator Company show, in particular, their 
Barnet refrigerating ice safe, in which an air circula- 
tion is set up, and prevents the contents from com- 
municating their flavours to each other. The 
Richards Wilcox Canadian Company, among a 
large variety of hardware specialities, grindstones, 
&c., show their special types of sliding door gear, 
the design of which does much to keep the doors 
tight and to offer the fullest possible ventilation 
and the freest possible passage when the doors are 
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PAVILION AT THE BRITISH EMPIRE EXHIBITION. 


Fic. 9. VistsLte Perrot Meters; Messrs. PHILip 
Gres Founpry, KITCHENER, ONTARIO. 


open. Messrs. McKinnon Industries, Limited, St. 
Catherine’s, Ontario, show a range of malleable 
cast and forged fittings for saddlery and wagons, 
with a variety of malleable castings and forgings, 
radiators, and other products. 

A number of firms show a variety of ranges 
both for gas, electricity and coal. The McClary 


Manufacturing Company, London, Ontario, shows — 


specimens of each kind, notable—as are most 
Canadian stoves—for being made largely in steel 


instead of iron, and for showing a completely — 
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enamelled internal lining in many types, removable 
for cleaning, and a well-insulated exterior. The 
electric variety has a patented heating element, in 
which the resistance wire is completely embedded in 
a clay with the same coefficient of expansion as the 
porcelain base within which it is wound. The coal 
stove has a convenient rotary arrangement of the 
bars for clearing the fire without poking. Other 
stoves are shown by Messrs. Clare Bros. and Co. 
Preston, Ontario, and the Happy Thought Foun- 
dry Company, Brantford, which show the same 
clean finish and a similar convenience of design. 
Other domestic conveniences are shown by the 
Hooyer Suction Sweeper Company, Hamilton, who 
exhibit their well-known carpet sweepers, and the 
Taylor Forbes Company, Guelph, who, in addition 
to radiators and boilers for hot water and general 
hardware, show several types of lawn mowers and 
other horticultural appliances. 

The Sheet Metal Products Company of Canada 
show a comprehensive collection of enamelled, 
galvanised, japanned, tinned, steel, copper and 
aluminium ware. The Steel Equipment Company, 
Ottawa, show an interesting line of- steel office 
furniture, distinguished for its clean finish, both 
in a plain colour and in an imitation of wood. 
Messrs. Jones Bros. & Co., Toronto, exhibit an in- 
genious system of show and warehouse cases. built 
up out of units, which go together without nails, 
and can be extended by the addition of sections, 
or can be altered in arrangement with considerable 
convenience. The Goldie & McCulloch Company 
sent a number of safes of robust and careful design, 
the details of which are exhibited. In the motor car 
industry the Ford Motor Company of Canada has a 
large exhibit showing its most recent produc- 
tions. General Motors of Canada, Limited, show 
the Cadillac, Chevrolet, Oakland and Buick cars, 
with a variety of equipment. The company turned 
out over 50,000 cars during last year. The 
Gotfredson chassis, designed primarily for chara- 
banes and similar uses, is also exhibited. Messrs. 
Willys-Overland, Limited, of Toronto, show their 
Overland and Willis-Knight cars. Tyres are 
shown by Guttapercha and Rubber, Limited, 
the Firestone Tire and Rubber Company, of 
Canada, the Dominion Rubber Company, K. and 
S. Tire and Rubber Goods, Limited, together 
with other varied rubber products, which also are 
shown by the Sterling Rubber Company. A useful 
range of appliances for distributing petro! and similar 
purposes is shown on the stand of the Gies Foundry 
(Fig. 9) by the Fry Petrol Pump Company of 
Wembley. One of their devices for distributing 
petrol or lubricating oil is seen in front. The liquid 
is delivered into a transparent container, which 
discharges through an overflow pipe consisting 
of a telescopic tube, arranged to be moved vertically 
within two glands by a handle keyed to it. This 
handle can be inserted into notches at various 
heights, previously calibrated by a Government 
Inspector to deliver specified quantities, the notches 
being then sealed. 

At each end of the main Pavilion are separate 
pavilions erected respectively by the Canadian 
National (Fig. 2) and the Canadian Pacific lines. 
Perhaps the most remarkable of the Canadian 
National exhibits is their mountain type locomotive 
of which they show a drawing, representing 16 
engines already built by the Canadian Locomotive 
Company. Its height and overhang have made it 
impossible to bring it over English lines, as was at 
first intended. It weighs with its tender over 290 
tons, has eight driving wheels 73 in. diameter, a 
maximum inside diameter of boiler of 7 ft. 6 in. 
and a length of 90 ft. for locomotive and tender. 
The cylinders are 26 in. diameter by 30 in. stroke, 
and the boiler pressure is 210 lb. The locomotives 
cost 100,000 dols. each, and are said to be thoroughly 
satisfactory. 

The main line permanent way is in their favour 
from coast to coast, the gradients being light 
even in passing through the Rocky Mountains. A 
feature of the National system is that all through 
trains are built wholly of steel. ‘The system, 
which extends over 22,000 miles, operates eight 
broadcasting stations, and every chair in its obser- 
vation car is fitted with ear-phones. The exhibit 
includes sections of the various types of compart- 
ments in the cross-country car, which illustrate 


how much convenience is at the disposal of all 
travellers, from settlers onwards. The Canadian 
Pacific Pavilion, in common with the Canadian 
National, devotes a great deal of space to exhibiting 
the attractions of the country and the magnitude 
and variety of its resources. There are throughout 
the Exhibition a number of illuminated maps, 
arranged so as to spot out the localities where 
particular resources are to be found at the same 
time as the details are given on illuminated panels. 
The Canadian Pacific exhibit includes one such 
map, which is among the most elaborate. It can 
be worked by hand, picking out whichever resources 
are in question, but normally it operates them all 
successively by an automatic arrangement. Among 
other particulars it gives the whole of the line of 
railways on the Continent, including the Canadian 
National system, its friendly competitor ; the rail 
lines and some other particulars are exhibited 
through transparencies behind small perforations 
in the map, while the legends, the cities and some 
other details are shown by little telephone lamps. 
Like everything else in the case, it was made com- 
pletely in Canada, and was erected by a Canadian 
electrician, Mr. Petitclerc. 


THE LATE SIR W. A. HERDMAN. 


Tue sudden death, on Monday, of Sir W. A. Herdman, 
for many years one of the general secretaries of the 
British Association, and its President at Cardiff in 
1920, will be widely regretted, especially by members 
of the Association, for the Toronto meeting of which 
he was to sail this morning. 

William Abbott Herdman was born on September 8, 
1858, in Edinburgh, where he received his University 
training as a biologist. He was too young to take part 
in the Challenger Expedition of 1872-76, but as assis- 
tant to Sir Wyville Thomson he published three volumes 
of one of the reports on the expedition. In 1891 he 
went to Liverpool as Professor of Natural History, and 
in 1919 he became Professor of Oceanography there ; 
the new chair, which he occupied till 1922, had been 
endowed by himself. His second wife, Miss Jane 
Brandeth Holt, who died in 1922, and he himself were 
liberal donors to Liverpool University; their first 
donation of 10,0001., was made in memory of their 
only son, who was killed in the war. Professor Herd- 
man was president of Section D, Zoology, of the 
British Association at Ipswich-in 1895. He promoted 
the work of the dredging committee of the Association, 
which his teacher, Edward Forbes, had originated in 
1839. He established the Marine Biological Station at 
Port Erin, Isle of Man, and the Sea-Fish Hatchery at 
Piel, near Barrow; and he was Honorary Director of 
Scientific Work to the Lancashire Sea-Fisheries Com- 
mittee. In 1901 the Government sent him to Ceylon to 
investigate the pearl-oyster fisheries. Plankton, the 
floating minute life of the sea, was later his favourite 
study. In 1903 he joined Major MacMahon as general 
secretary of the British Association, in whose work he 
took a very active share. In his presidential address 
at Cardiff on ‘‘ Oceanography and Sea Fisheries ’’ he 
defined oceanography as one of the two branches of 
physiography, geography being the other branch, and he 
advocated a second Challenger expedition. He was 
President of the Linnean Society in 1904, and held 
honorary degrees from Harvard University and from 
the Australian Universities, which the Association 
visited in 1914, and others. His knighthood dates 
from 1922. 


INDUSTRIAL NOTES. 


A CONFERENCE of the trades unions connected with 
the engineering trades has been called for on July 31, 
in order to discuss what action shall be taken in view 
of the inability of the employers to grant the advance 
of 11. a week demanded. It is, we think, generally 
admitted that skilled mechanics are now at a serious 
disadvantage as compared with unskilled labour, of 
which the emoluments have increased proportionately 
to a much greater degree than in the case of the skilled 
men. The fact is highly regrettable, but on the same 
basis the professional classes have a still stronger 
grievance. Ultimately no doubt matters will adjust 
themselves to relative fairness, as was approximately 
the case in pre-war conditions. In the meantime, 
however, it is not surprising that the skilled men are 
restive under the inequity of the present conditions, 
but it is to be hoped that no drastic action will be 
taken. Trade disputes must increase costs of produc- 
tion and thus make less available for distribution as 
wages. In part, the men concerned cannot be entirely 
acquitted of blame for the present unsatisfactory 
amount of their pay. For many years they resented 
the introduction of improved processes and methods of 


manufacture, oblivious of the fact that the successful 
exploitation of these would naturally and inevitably 
lead to a wage increase. The idea widely held was that 
new processes and machines were admissible only 
provided they did not diminish labour costs per piece. 
On the other hand, employers generally in the past 
have refused to share at the outset any gain thus 
achieved, so that the workman gained nothing by the 
improvement until the resultant increase of prosperity 
led to a general increase in wages. 


The engineering employers are in the present in- 
stance perturbed by the prospect of very serious 
German competition so soon as the mark is stabilised. 
Fortunately there seems a fair chance that excessive 
competition thus arising may be somewhat indefinitely 
postponed. It will be remembered that the German 
manufacturers some little time since were exulting 
in the fact that they had paid off debentures and other 
prior charges on their establishments by worthless 
paper marks. It has been stated, whether correctly 
or not we do not know, that no inconsiderable pro- 
portion of these debentures were held by non-Germans 
and that the operation in question implied the virtual 
confiscation of many millions of non-German wealth. 
The maxim that honesty is the best policy, seems, 
however, likely to be vindicated once again since it 
appears that Germany is now finding great difficulty 
in securing new industrial capital. According to a 
recent speech by Herr Hamm, rates of interest are now 
higher in Germany than in any other trading country. 
From a Swiss informant, we hear, indeed, that no less 
than 30 per cent. has been demanded for supplies of 
capital to German industrialists. From Herr Hamm’s 
statement it is further evident that Germany hopes 
by her tariff arrangements to secure means of bar- 
gaining on favourable terms with countries from which 
she requires supplies. Many of these are British 
Dominions. 


The relatively poor prospects for skilled mechanics 
in this country is leading them to emigrate in consider- 
able numbers. This matter was specifically referred 
to by Colonel O. C. Armstrong in his address last 
Tuesday to the shareholders of Messrs. Greenwood and 
Batley, Limited. He expressed the fear that when the 
tide turned, this loss of skilled hands might be severely 
felt. In the past, however, we have undoubtedly 
used our skilled men very uneconomically, effecting by 
manual dexterity work that might better have been 
done by semi-skilled labour operating machines. 
No doubt, this latter system is best suited to mass 
production. Not all demands can, however, be met by 
mass production. Many machines and engines are 
made only in small numbers, and we have undoubtedly 
gained not a little in the past by the fact that the skill 
of our workmen made it possible to produce work of 
this kind relatively cheaply. Moreover, repairs can 
only be effected by skilled men, and this fact has pro- 
bably had its influence on American practice, where, 
according to all accounts, machines which would in 
this country be repaired and kept in service are there 
discarded and replaced by new. 

In no department have we reaped more advantage 
from the skill of our workmen than in shipbuilding, 
where operations were successfully performed by hand 
that in foreign yards could only be economically 
tackled by special machines. This condition is, 
however, not without its dangers, and at a meeting of 
the Naval Architects two or three years ago a North 
Country shipbuilder, who had just returned from a 
visit to a Dutch shipyard, declared that after seeing 
the excellence of the arrangements there, he had come 
to the conclusion that he knew nothing about ship- 
building. In this connection it may be noted that on 
Tyneside considerable comment has been aroused 
by the recent placing of orders in Holland for three 
steamers at a price 11,5001. below the lowest British 
tender. In some quarters the difference has been in 
part attributed to the “‘ vexatious regulations ’’ of the 
Shipbuilding Trade Unions. Mr. John Hill, General 
Secretary to the Boilermakers’ Society, denies this, 
saying that his society has “no ‘ca’canny’ rules to 
hide.”” This observation is obviously open to more 
than one interpretation, but whether “hidden” or 
not it cannot be denied that his union has been guilty 
of such practices in the past. When, for example, an 
electric welding process wasintroduced for certain work, 
the claim was made and enforced that, as this work 
had been previously done by riveters, a complete 
riveter’s gang of four men must be employed to 
operate the new method, though only one man was 
really needed for the work. 


The threatened electrical strike is hardly calculated 
to further the projects in hand for the greater use of 
electrical power. Some few decades ago an American 
railroad magnate aroused widespread reprobation by 
the callous observation (re some proposed ameliora- 
tions in railroad conditions) that ‘‘the public be 
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damned.”’ Unfortunately, there have of late been 
numerous instances which would seem to indicate 
that this phrase has been taken as the effective, if 
unofficial, motto of the Electrical Trades Unions. 
Great concentrations of power in super-stations would 
undoubtedly put the union in a position to blackmail 
the public, and too oft “‘the sight of means to do ill 
deeds makes ill deeds done.” The recent action of 
the Union at Fulham, where they threatened to pull 
the switches unless certain proposed changes in the 
conditions of employment of the dustmen were aban- 
doned, shows clearly what the public may expect if 
it becomes dependent on super-stations for its power 
supplies. It is now definitely announced that unless 
the demands of the men are granted the strike will 
extend to the transport services, as well as to other 
electrical undertakings. The weak point of the Elec- 
trical Trades Unions lies in the fact that there are any 
number of competent yolunteers who could do the 
work, if anything, probably somewhat better than 
the regular hands, and if granted protection against 
violence, the essential services of the country could be 
carried on. 


LETTERS TO THE EDITOR. 


ERSTE BRUNNER TURBINE. 
To THE Epiror or ENGINEERING. 

Str,—In certain issues of your valued paper during 
this last year some information has appeared about 
the newly developed Erste Brunner turbine. Claims 
have been made that in designing this turbine some 
new fundamental principles have been utilised to secure 
a higher efficiency than hitherto obtained with any 
other type of turbine, These principles (among which 
is specially mentioned striving for a “ high-quality 
factor *’), however, are well known to every turbine 
designer. : : 

In consequence of the test results on a high-pressure 
turbine, the assertion has been repeatedly made that 
the new Erste Brunner turbine has not been surpassed 
as regards economy, but this is not the case. More than 
ten years ago turbines were built on the Ljungstré6m 
principle, which all show comparatively better results 
than the Erste Brunner turbine. As an example, a 
Stal-Ljungstr6m turbine delivered to Luton in 1916 
might be mentioned. At official tests carried out with 
this turbine by the engineering firm ‘‘ Mekaniska 
Provningsanstalten,” Stockholm, the following results 
were obtained :— 

Extract from the Official Report on a 3,000-kw. Stal 
Turbo-generator supplied to the Luton Corporation, 
Luton, England. 


Normal! Output 3,000 kw. 
Test number + 55 1 2 3 
‘Test lasted, minutes " 31-67 29-30 14-25 
Absolute steam pressure 

after throttle valve, kg. 

percm.2 ., a ae 9-31 6:17 1-87 
Steam temperature after 

throttle valve, deg. C. ..| 353:4 350-4 304-5 
Vacuum in turbine casing 

kg. per cm.2 3 A 0-0859 0-0585 0-0233 
Temperature of cooling 

water at outlet, deg. C. 34°17 28°16 10 

Temperature of condensed 

steam in measuring tanks, 

deg. C. an 30 io 46:17 43°36 85°25 
Steam condensed during 

test, kg. .. oh 7,300 4,264 612 
Generator output, kw. 2,720 1,594 292 
Speed, r.p.m. 16 --| 8,000 3,000 3,000 
Steam consumption, kg. per 

kw.-hour .. ae be 5:07 5-44 8-61 
Generator efficiency, per 

cent. as Ns 5s 94°5 91-9 68-4 
Thermo-dynamic efficiency 

of the turbine, per cent. . . 87-4 84-9 80°3 


MEKANISKA PROVNINGSANSTALTEN, 
(Signed) AXEL. F. ENSTROM, 

Stockholm, January 19, 1916. 

It is remarkable that an efficiency of only 84 per cent. 
to 85 per cent. was obtained with the Erste Brunner 
high-pressure turbine in question, which was allowed 
to work under perfect ideal conditions. A Ljungstrém 
turbine built for the same working conditions shows a 
corresponding figure of 90 per cent. 

For all reasons it is evident that the highest possible 
“ quality factor’? should be aimed at in building an 
efficient turbine. It is, however, astonishing that the 
designers, in spite of this rule, are employing the 
impulse principle, as the quality factor of impulse 
turbines theoretically is materially limited in comparison 
with that of reaction turbines. 

The idea of dividing the heat drop between many 
rows in the high-pressure part of a turbine is not a 
new one, This method has been employed for many 
years in the Parsons as well as in the Ljungstroém 
turbine. The precautions taken to reduce the disc 
friction in the Erste Brunner turbine are certainly 


right; a much more effective solution of this problem, 
however, is to be found in the radial-flow Ljungstrém 
turbine. The latter type of machine, by reason of its 
mechanical construction, must necessarily operate with 
less disc friction, leakage losses, bearing friction, venti- 
lation losses, and radiation losses than any turbine of 
the Erste Brunner design, as every one conversant 
with steam turbines must admit. Hence itis reasonable 
to expect a higher thermal efficiency for the former 
design, and this anticipation is borne out in practice. 

From what has been said above it is obvious that no 
new remarkable results have been obtained with the 
Erste Brunner turbine, and the assertion that new ideas 
and principles have been for the first time practically 
realised in this turbine cannot be substantiated. 

O. WIBERG. 
July 18, 1924. 


MAXIMUM POTENTIAL GRADIENTS. 
To THE EpitoR oF ENGINEERING. 


Sr,—-In Mr. Llewllyn B. Atkinson’s very valuable 
paper on the subject of cables, contributed at the World 
Power Conference, remarks were made—though I am 
sure they were not made with that object—which 
might lead one to imagine that every effort to meet the 
conditions in extra high-tension cables by seeking to 
distribute the maximum potential gradients through 
the cable was based upon insecure or, at least, question- 
able premises. 

I quite believe that what Mr. Atkinson had primarily 
in mind were the attempts which have been made— 
whether by introducing different impregnating sub- 
stances into the paper at different distances from 
the copper core, or by using materials having 
different dielectric constants—to make the potential 
gradients more uniform through the cable. Moreover, 
the allusions which he made during the discussion to 
the fact that cables having copper cores of small 
diameter had stood up without breakdown to dielectric 
stresses which, calculated according to the recognised 
formule, must have been very considerable, need not, 
I submit, cause any misgiving. 

In whatever degree practice seems to depart from 
theory as regards these effects on very small copper 
cores, the departure is all in the direction of what I 
may call the “‘safe”’ side. Hence, it follows that if, 
as I have done, cables are calculated out on the basis 
of making the maximum potential gradient a quite 
reasonable amount and one that is known to be safe 
with larger cables, no worse result will obtain than 
what has already been found, viz. that the cable will 
do its work excellently. 

The point which, however, I desire to emphasise is 
that, when we come to single-core cables intended for, 
say, 130,000 volts, in which the makers have reached 
absolutely the limit of depth to which they can satis- 
factorily impregnate the insulation, whether those 
cables have been designed on the maximum gradient 
theory or the average gradient theory is of no moment 
as regards further progress. The fact remains that in 
any case the makers have reached the limits to which 
they can impregnate. 

If now it be granted that it is possible to take away 
the cable at this stage, before the lead sheath is put 
on, and to introduce two “‘intersheaths”’ in the way 
that I propose to do for the ‘‘ Hexaphase ’’ system, and 
if these intersheaths are of such a large diameter that 
there is a comparatively small difference between their 
minimum and their maximum stresses, then a great 
gain has immediately been made, quite above any 
challenge whatever. 

The whole point at issue is whether the central 
insulation of the cable can be made to withstand two 
separate impregnations. The cable to which I alluded 
the other day proves conclusively that this can be 
done; it also proves that these intersheaths may each 
be of the order of thickness of 0-3.in. and that they can 
withstand some 35,000 volts apiece ; which multiplied 


by /3 gives 121,000 volts of transmission. This has 
been added to the original 130,000 volts, after the 
single-core advocates have confessedly reached the end 
of their tether, by the simple expedient of the two 
intersheaths, and we obtain immediately a cable, 
subject to the joint question being satisfactorily 
solved, suitable for a voltage of 250,000 volts, without 
exceeding a maximum potential gradient anywhere of 
more than 50 kv./em., and this, too, with a 0-15 
sq. in. copper core. 

As already pointed out, a cable has been made, 
designed only for 150,000 volts, which has come through 
“smiling” after a test equivalent to 338,000 volts, 
maintained for three-quarters of an hour; and, working 
on identical lines and similar calculations (which, as I 
have already shown, err on the safe side), we ought 
to be able to design a cable for 220,000 volts with an 
overall diametor under the lead of 44 in. or, say, 
5% in. over the lead, 

In any case, a cable has been made which appears to 


be thoroughly serviceable for 150,000 volts, and is only 
23 in. diameter under the lead. This, I believe, it is 
quite beyond the possibility of single-core cables to 
accomplish for equal limiting stress and for an equally 
small core cross section. 
Yours faithfully, 
A. M. Taytor, Major, 
“ Slade Lodge,” Erdington, Birmingham. 
July 18, 1924, 


PHOTOGRAPHIC SURVEYING. 


A metHop of surveying by photography, devised by 
Mr. J. W. Gordon, K.C., enables plans, elevations, 
levels and contours to be produced to any desired scale. 
The method—for which simplicity, reduction of field 
work, permanency of records, and ease of transport 
of apparatus are claimed as advantages—is based upon 
the theory of generalised linear perspective, with 
which Mr. Gordon has dealt in a book reviewed on 
page 692 of our 115th volume, It is not possible, 
in the space at our disposal, to describe the method 
in detail, but we may say that it employs a special 
form of fixed-focus camera taking 5 in. by 4 in. plates 
and mounted on a stand so that it can be levelled 
or directed to any desired angle with the horizontal. 
Arrangements are also made so that data, such as 
the station number, angle of dip, compass bearing, &c., 
can be impressed upon the plate, together with the 
image of the area of ground to be surveyed. 

One method of procedure is to take photographs 
from two points at a known distance apart, usually 
30 ft., and determine the displacement between a 
corresponding point in the two photographs due to 
parallax. From the measured displacement of the 
image, knowing the focal length of the lens, and the 
angle of dip of the optical axis, it is possible to calculate 
the level of any point, and also to locate it completely 
in the horizontal plane. Similar results can be obtained 
from a single photograph by employing ‘‘ beacons,” 
in the form of 6 ft. laths, painted white and placed in the 
required positions on the ground before making the 
exposure. A special form of comparator for measuring 
parallax and asimplifiedform of pantograph to facilitate 
the work of plotting points from a photograph on to 
a plan have been devised by Mr. Gordon, whose address 
is 11, King’s Bench Walk, Temple, London, E.C. ’ 


British ENGINEERING STANDARDS ASSOCIATION.— 
Publication No. 204—1924 on ‘‘Terms and Defini- 
tions used in connection with Telegraphs and Telephones,” 
which has just been issued, forms one of the 11 sections 
of the British Standard Glossary of Terms used in 
Electrical Engineering to be completed shortly by the 
Association.. The definitions in this section have been 
drawn up in co-operation with the American Institute 
of Electrical Engineers and the American Engineering 
Standards Committees, thus ensuring uniformity in 
nomenclature as far as possible among telegraph anc 
telephone engineers in this country and the United States. 
The list contains definitions of about 230 terms, grouped — 
into eight subsections to facilitate easy reference. ‘An 
alphabetical index is also included giving full cross- 
references. A second pamphlet, “‘ Magnetos for Internal- 
Combustion Engines,’’ numbered 5027—1924, covers four 
types of magnetos used for internal-combustion engines, — 
excluding those for aircraft purposes. The dimensions 
standardised are those which effect the interchangeability — 
of magnetos as a whole. Full particulars, with diagrams, © 
are given for the plug and ring gauges for checking the © 
taper in the magneto coupling and on the armature — 
spindle. Copies of both publications are obtainable 
from the B.E.S.A., Publications Department, 28, Victoria — 
Street, S.W. 1.; price 1s. 2d., post free. ‘a 


‘ 
AUSTRALIA.—Statistics for the quarter ending March, — 
last have been published by the Department of Overseas | 
Trade. The total value of imports from all countries — 
was 36,507,484/., the figures being 37,206,966/. for the 
quarter ended December 31, 1923, and 33,776,258/. for 
the first quarter of 1923. The following comparative 
table shows the total value of trade secured by the chief 


competing countries :— : 


March 81, | Decembe pte 
wos are) ecem ber ende 
Country of Origin. 1924.’ | 31,1923. | March 31, 
1923. 
United Kingdo .| 16,610,522 | 17,710,600 | 18,476,298 _ 
Canada ry 1,358,638 | 1,325,946 | 1,389,877 
Germany 402,985 412,471 157,982 
Japan 837,791 886,091 751,633 
U.S.A. 8,730,421 | 8,456,443 | 5,938,024 


From these figures it is apparent that the improvement 
in imports from this country in the final quarter of last 
year has not been maintained, the value having declined 
by 1,100,000/7. German and Japanese imports have 
decreased slightly, while those from Canada and the 
United States of America have registered increases. 
Complete details are available at the Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W. 1, 
and may be obtained on referring to C,X, 1085, } 
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SELF-CLOSING THROTTLE VALVE FOR PIPE LINES. 


CONSTRUCTED BY MESSRS. GLENFIELD AND KENNEDY, LIMITED, ENGINEERS, KILMARNOCK. 
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Fig. 2. 24-In. Senr-Actrinc Tarotrrte VALVE FOR 


DUNFERMLINE District WATER SUPPLY. 


Fie. 3. 49-Iy. Senr-Actinag THROTTLE FOR THE TASMANIAN Hypro-ELEctrRic SCHEME. 


AUTOMATIC SELF-CLOSING THROTTLE 
VALVES FOR PIPE LINES. 


Ty all installations making use of a high head of 
water it is desirable to introduce safeguards against 
damage arising from the failure of a main, or some 
other contingency which would result in waste and 
flooding, as well as involve risk to plant. Among the 
most important of such safeguards are automatic 


self-closing throttle valves provided at’ different 
points in the pipe lines. These operate on the water 
velocity exceeding a predetermined figure, and any- 
thing which would cause such a velocity to be attained, 
such as the racing of the turbine or the bursting of a 
main, will result in that particular line being cut out 
automatically after the passage of a certain amount of 
water. 

Typical valves of this class, manufactured by 


Messrs. Glenfield and Kennedy, Limited, of Kilmar- 
nock, are illustrated in Figs. 1 to 3 annexed, and though 
different in design the automatic action of both these 
patterns will be clear from reference to Fig. 1. In 
this illustration will be seen, at the left-hand end of 
the valve casting, a column closed at the top by means 
of a blank flange. Inside this, from the top, is hung 
an arm having at its lower end a disc, which is arranged 
across the line of flow in the pipe. The disc is counter- 
balanced by external weights, and takes up, under 
normal conditions, a certain position in which it is 
swung over to the right as in Fig. 1. Should the velocity 
of flow exceed the predetermined amount, the pressure 
on the disc will swing the arm over to the left, and 
this results in the tripping of a short double-armed 
horizontal lever, shown in Fig. 1, below the triangular 
counter-weight lever. The right-hand end of the 
double-arm lever normally holds in a raised position 
a vertical piston rod, loaded at its upper end, and at 
its lower fitted with a piston and dash-pot cylinder,. 
the bottom of which is contained in a small tank with 
ball float valve to ensure the presence of water. On 
the small lever being tripped, the piston is free to: 
drop under the action of the load against the resis- 
tance offered by the dash-pot, which is capable 
of regulation by means of a small relief valve. The 
throttle valve in the pipe will be seen to be fitted with 
an external arm, the end of which slides in a pivot 
inserted in the vertical piston rod, and on the rod 
moving downwards the throttle is gradually turned 
to the closed position. A relief valve is fitted on the 
up-stream side of the throttle. The remaining gear, 
to be seen in Figs. 1 and 2, consists of a small hydraulic 
hand pump for use in resetting. To accomplish 
this operation, the dash-pot relief valve is closed and 
the hand pump used to force water into the dash-pot 
cylinder below the piston. The piston rod is thus 
raised, and the trip levers can be reset. The small 
relief valve is held closed temporarily’ during this 
process by means of a short lever close to the pump 
handle. 

The valve shown in Fig. 3 is one of the larger 
sizes, being, in fact, a 49-in. valve, which, however, 
is not by any means the largest size made. It is 
of some particular interest at the moment, as it 
shows a type of valve made by Messrs. Glenfield 
and Kennedy for Messrs. Boving and Co., Limited, 
for the Great Lake Hydro-Electric Scheme of Tasmania, 
a description of which has recently appeared in our 
columns, through the courtesy of Mr. J. H. Butters, 
C.M.G., Chief Engineer and General Manager of the 
State Hydro-Electric Department of Tasmania. These 
valves are intended to work under a head of 200 ft., 
and are tested to 400 ft. The normal velocity of the 
flow in the pipes is 12 ft. per second, and if by any 
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mischance this increases to 17 ft. per second, the valve 
will trip and close automatically. In this instance, the 
trip engages with an inclined lever, the lower end of 
which holds back a stop on a chain pulley keyed to 
the main valve shaft. The valve is closed on this 
stop being released, by the action of the heavy weight 
below and the chain fastened to the pulley. The 
dash-pot action is provided in the horizontal cylinder, 
the piston rod being connected by chain to the valve 
spindle pulley. The rapidity of action is controlled 
by regulating the by-pass passage connecting the two 
ends of the cylinder. As a further safeguard the 
motion is slowed down as the valve approaches the 
closed position. This is effected by means of a 
long lever resting at its right-hand end on a small pin 
in the chain pulley disc, and coupled at the left to 
the timing valve of the cylinder, gradually closing 
this valve and so arresting the movement. The type 
of valve shown in Fig. 3 is also fitted with hand-pump 
resetting gear, but in certain classes of installation 
this can be dispensed with. 


THE REVERSING-CLUTCH MARINE 
TURBINE.* 


By O. A. WizEre (Sweden). 


_ Tux steam turbine has proved to be very suitable 
in many respectsforship propulsion purposes. Through 
the possibility of building units of larger outputs with 
comparatively small dimensions it means a considerable 
step forward in comparison with the reciprocating 
engine. As well known, the steam turbine, however, 
owing to its fundamental design, cannot be directly 
reversed, and it has been necessary, therefore, to adopt 
special means for this purpose. The method most 
extensively used is to instal separate astern turbines, 
which are put in service only for the reversing action. 
This arrangement, however, involves a series of dis- 
advantages among which may be mentioned loss of 
power and efficiency due to the ventilating action of 
the reverse turbine when going ahead; heating and 
expansion troubles during manceuvring, and difficulties 
in utilising highly superheated steam. 

Another cause of loss of efficiency is to be found in 
the need of ampler clearance on account of the uneven 
expansion due to the sudden variations of temperature 
when manoeuvring. If the turbine has been running 
ahead for a period sufficiently long to establish sta bility 
in respect to temperatures, the last blade row of the 
astern turbine has the temperature of the condenser. 
At a sudden reversing of the turbine, the astern turbine 
during the first seconds has to absorb the whole kinetic 
energy of the ahead turbine, the reduction gear, the 
propeller and the energy imparted to the propeller 
by the vessel’s movement. 

The heat corresponding to the whole of the energy 
must be absorbed by the only medium available, viz., 
the steam admitted to the astern turbine, and thus 
the temperature of the steam must rise instead of fall 
during its passage through the astern turbine. The 
low pressure parts of the turbine during the first 
period of the reversing process thus will be exposed 
to steam of a temperature which is generally higher 
than the admission temperature and a sudden, con- 
siderable rise in temperature of these parts is unavoid- 
able. Investigations have shown that the strains set 
up in the dise on such occasions are considerably in 
excess of the normal centrifugal stresses, even if the 
increase in temperature is less than what may reason- 
ably be expected. These strains, of course, are not of 
a nature to cause an immediate fracture and they 
ae, result merely in a slight deformation of the 

ise, 

The difficulties are of less importance if steam of 
lower superheat or saturated steam is used, and one 
of the reasons why high superheating is not recom- 
mended for marine purposes is probably to be found in 
these reversing difficulties. As is well known, there has 
been a marked endeavour in the last few years to use 
still higher temperatures and pressures for land purposes 
in order to obtain better economy in operation, and 
people responsible for the development of ship propul- 
sion machinery are also paying due attention to this 
question, 

_livery increase of 13 deg. F. in the superheating 
gives a reduction of 1 per cent. in the steam con- 
sumption, and consequently not less than about 
155 per cent. for 200 deg. ¥., and the gain in efficiency 
with increasing admission pressure is too well known 
to be more closely treated in this paper. The striving 
for higher economy has also led turbine designers 
more generally to increase the number of blade rows, 
v.€., to increase the length of the turbine. These 
factors all contribute to make the turbine more sensible 
to variations and stresses of the above-mentioned kind. 
It is, therefore, highly desirable that the marine turbine 


* Paper, abridged, contributed to Section K of the 
World Power Conference, on July 10, 1924. 


should be kept steadily running in one direction, special 
means being provided for the reversing action. 

An interesting solution of the problem is represented 
by the electric transmission, which has been adopted 
for many ships of late design. This system allows for 
a convenient selection of the speed of propeller relative 
to that of the turbines. The most efficient propeller 
speed of an ordinary cargo vessel may he set at about 
70 r.p.m., whereas the corresponding r.p.m. of the 
high-pressure turbine should not be lower than 4,000, 
if real economic operation results are aimed at. These 


A 


figures give a transmission ratio of about 60: 1, which, 
however, cannot be suitably obtained unless the 
electric transmission is combined with a mechanical 
gearing. 

Another system is represented by the Fdéttinger 
hydraulic transformer which has been used in a few 
vessels. Here the steam turbine, in principle, drives 
one or two water pumps which supply hydraulic 
energy to a turbine connected up to the propeller 
shaft. When going astern the water is led to a reversing 
turbine on the same shaft, thus forcing the propeller 
to run in the opposite direction. The speed ratio of 
the Féttinger-transmission must be kept comparatively 


low. Figures above 5:1 are not advisable on account 
of the losses entailed in the transmission. Further 
reduction of the propeller speed should be made by 
combining the transformer with some mechanical 
gearing. ; 

The losses in the electric drives as well as in the 
Féttinger transformer are considerable also when going 
ahead, which might be the reason why these systems 
have not been more generally adopted. The losses — 
in the electric transmission can be set to 10 per cent. 
onanaverage, and the Fottinger transformer also shows 
about the same losses at a speed ratio of 5: Jr 

With these points in view the author designed an 
oil-operated reversing clutch in connection with a 
mechanical reduction gear, which will be briefly des- 
cribed below. Investigations as to the use of such a 
clutch were made as early as 1909, but, as at that time 
there was not much known about the design of gearings 
and friction clutches of similar sizes, the idea was not 
pursued until 1917. Further investigations during 
this year showed, however, that such an arrangement 
could be constructed with far smaller dimensions than 
expected, and that the losses when going ahead would be 
practically negligible. 

It has been remarked as an argument against a direct 
reversing clutch that in designing internal-combustion 
engines for marine purposes a direct reverse without 
the usual reversing gear has been aimed at. As this, 
however, can be done without in any way affecting 
the efficiency of the motor simply by means of a suit- 
able design of the valve gear, such a design naturally is 
preferable to a reversing clutch. 

In principle, it might be considered that a reversing 
turbine is a special auxiliary motor coupled to the 
main motor for the purpose of going astern. When 
considering the astern turbine system from that point 
of view, this particular solution of the reversing pro- 
blem does not appear very gratifying. It is much 
easier to construct a light and cheap reversing gear for 
a steam turbine than for a Diesel engine. The latter is 
generally coupled direct to the propeller shaft, whereas 
the former, except for high propeller speeds, as a rule 
drives the propeller through one or two reduction 
gears, allowing the reversing gear to be placed on one 
of the high speed shafts. In this way the torque will 


| be reduced and dimensions and weight of the reversing 


gear will be considerably smaller. 

The reversing clutch installations hitherto built 
have heen designed in conjunction with turbines of 
radial flow double rotation type, although the design 
of the clutch allows for direct application on any usual 
marine turbine without material modifications. 

In cases where a double reduction gear is used, the 
reversing clutch is to advantage applied on the inter- 
mediate shaft. The clutch consists of a fixed outer 
casing, in which is mounted a revolving gear case con- 
taining a set of gears wheel of the epicyclic type. 
The gear case revolves with the intermediate shaft 
when the propeller is working ahead, but remains 
fixed in the outer casing when going astern. These 
two conditions are obtained by means of two sets of 
disc clutches, one inner and one outer. The mutual 
positions of the outer discs are regulated by four pistons 
to which oil can be applied on either side. 

The inner set of discs is pressed together by means 
of oil pressure on a single piston and released by means 
of a spiral spring. This spring, as well as the oil 
piston, is placed concentrically with the gear case and 
the shafting. 

The access or escape of the oil to the pistons is 
regulated by means of a manwuvring wheel fitted up 
near to the stop valve. When going ahead (see 
Fig. 1) the outer dises are released and separated, and 
the inner disc set is under pressure, causing the gear 
case to be fixed both to the driving and driven parts 
of the intermediate shaft. In this condition the gear 
acts as a flywheel, the spur wheels inside the case 
remaining stationary relative to each other. The 
power is thus transmitted direct to the pinion of the 
second reduction gear. 

When going astern the inner discs are released and 
the outer ones are pressed together (see Fig. 2). The 
gear case then becomes fixed relative to the outer 
casing, and the spur wheels inside the gear case are 
forced to revolve in opposite direction, thus also 
reversing the motion of the main shafting with the 
propeller. If both dise clutches are released, the 
propeller shafting and the second reduction gear 
become stationary, and the gear case rotates idle 
at half the number of revolutions of the intermediate 
shaft (see Fig. 3). 

With this arrangement for reversing there is evidently 
no necessity for stopping the turbine when maneuyring, 
but provision is made for automatic reduction of the 
turbine speed to 50 per cent. of its normal value. 
During a change over of the mancuvring wheel, 
which is coupled up to the steam regulating valves, 
the steam is partially shut off, and the turbine speed 
will be correspondingly reduced. A diagram show- 
ing the alterations in the turbine speeds during a 
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PALMERS’ CAMELLAIRD-FULLAGAR ENGINE PISTON 
WITHDRAWAL SYSTEM. 
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change over is reproduced in Fig. 4. Fig. 5 shows 
proportional variations in the propeller torque during 
the change. 

Three vessels fitted with this type of propulsion 
Machinery are sailing under the Danish flag. The 
first clutch turbine was installed on the T.S. Pacific, 
of Copenhagen. At official tests the consumption of 
steam exclusive of auxiliaries proved to be 8:33 lb. 
per brake horse-power an hour, under the following 
conditions : Steam pressure at the stop valve, 185 lb. 
per square inch ; temperature, 662 deg. F. ; 2,097 b.h.p. 


PALMERS’ CAMELLAIRD-FULLAGAR 
OIL ENGINE. 


Onx of the most important considerations in deciding 
the merits of any type of prime mover is the question 
of the accessibility for examination, removal or 
replacement of working parts, especially in the case 
of marine engines. In connection with the very 
large number of types of marine internal-combustion 
engines afloat to-day, little if any tendency can be 
marked towards the same degree of standardisation as 
Setin many years ago with the triple expansion steam 
engine. In the movement towards this end, which must 
inevitably take place at an early date, the question of 
accessibility will rank as of prime importance. 

é There is no part which has more important functions 
in the oil engine than the piston and its packing rings. 
In many very highly developed designs the removal of 
the piston with its rings for examination is a leading 
motive in the design of the principal parts. In the 
case of the Camellaird-Fullagar engine constructed by 
Messrs. Palmers Shipbuilding and Iron Company, 
Jarrow, which was described in ENGINEERING on 
August 31, 1923, and the trial results of which were 
detailed in our issue of March 28, 1924, some criticism 
has been made on account of the work involved in 


POSITION OF 
PISTON, DISTANCE 
PIECE REMOVED. 
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the engine room in overhauling the pistons. Messrs. 
Palmers have designed an arrangement, illustrated on 
this page, to overcome any difficulty which might be 
experienced in this direction with the earlier designs 
as previously described, and an application for a 
patent has been filed. As the engine works on the two- 
stroke cycle principle the pistons have skirts to cover the 
exhaust and scavenging air ports in the cylinder liners. 
The procedure adopted for withdrawing pistons is as 
follows :—There is a manhole in the cover of the 
scavenging air pump above the square pistons which 
forms the top crossheads, to take the thrust of the 
oblique rod connecting the adjacent top and bottom 
pistons. A hole is cast in the centre of the top cross- 
head, which is fitted with a cover plate. Through 
the manhole in the scavenging pump and hole in the 
crosshead a sling can be attached to the top main piston. 
When the piston, which it is necessary to remove, is 
at the bottom of its stroke the distance piece between 
crosshead and piston skirt is taken away. The engine 
is then barred round so that the crosshead is at the 
very top, and the piston can then be lifted by the 
overhead gear by means of a band round it attached 
to roller and trolley beams, which are supported by the 
permanent part of the end plate, and then withdrawn 
through the portable section fitted in this plate. 
Fig. 1 shows the distance piece in place in the case of 
one piston, and removed from the other. After the 
top piston is removed the bottom piston can be simi- 
larly dealt with, if desired. 

Although not shown in the illustration, arrangements 
have been made to cast rails on the top of the cylinders 
to enable a trolley, carrying the piston, to be readily 
removed through the opening made by the removal 
of the portable plate. Since larger openings are 
necessary for the withdrawal of the pistons necessitat- 
ing larger square pistons in the scavenging pumps, it 
has now been found possible to dispense with the two 
centre pumps making four scavenging pumps in place 


of six. In the case of designs, where the scavengin® 
air-pump is not fitted on top of the working cylinder» 
all that is required is the removal of the end plate: 
which is made of light steel. The seemingly smal 
improvements, such as this modification, which are 
being constantly made to the various designs of oil 
engines, greatly enhances their-attractiveness as marine 
prime movers, and must advance an already fast- 
growing industry. 


PROPOSAL FOR UNIFORM RULES FOR 
TESTING WATER-POWER PLANTS.* 


By Prorsssor G. SunpBy (Norway). 


THE guarantees provided for the delivery of water- 
power machinery are sometimes drawn up on rather 
deviating bases. This may easily lead to an unjust 
comparison of different contracts, or tenders, or at 
any rate render the comparison difficult. The guar- 
antees may also often be drawn up in such a way 
that it is unnecessarily troublesome to carry out the 
testing of the plant. In order to minimise these 
drawbacks it would be of importance to adopt general, 
if possible, international rules for testing water-power 
plants and have them formulated in such a way that 
they are synonymous and permit of convenient methods 
of testing. Further, such rules should contribute to 
the encouragement of designs which utilise the natural 
energy in the most economical manner. I have con- 
sidered it expedient to come forward with a proposal 
for rules for the testing of water-power plants. This 
proposal is generally consistent with a practice which 
has developed in Norway, although no definite rules 
have been established, wherefore deviations occur. 

Before drawing up rules for the testing of a turbine 
it is expedient to determine what parts should be 
classed as forming an integral part of the same. As 
such, it seems natural and practical to include all 
the organs necessary to make the turbine a complete 
machine, which, in fulfilment of its purpose, transforms 
the energy of the water into mechanical work. If, for 
instance, we consider a Francis turbine in casing, 
it is at once apparent that the draught tube ought to 
be counted as part of the turbine, since, on the one 
hand, part of the transformation of the energy takes 
place in the same, and, on the other hand, the measuring 
of the mean quantity of energy contained in the water 
in a certain section of the draught tube is difficult 
and intricate. Correspondingly, the casing also ought 
to be included in the turbine, because an adequate 
design of the casing will further the proper utilisation 
of the energy, and practical difficulties will at once 
be met with on measurement, if one is to decide the 
quantity of energy at any point in the casing itself. 

Nearly all modern turbines require a speed-regulating 
device, 1.e., a governor, since it is practically impossible 
to run the turbine without one. At any rate, the 
number of cases where the governor can be dispensed 
with is extremely small. It is, however, of small 
importance to the power plant to know how much 
power is spent on the operation of the organs of the 
governor. It is the performance of the installation 
as a whole which is of importance. And it is not 
correct to compare the efficiency of two turbines, 
merely by themselves, if the auxiliary machinery of 
the one consumes more power than that of the other. 
It is only by taking into account the total power 
consumption of all auxiliary machinery that the 
efficiency is ascertained, which forms the correct basis 
of comparison. 

The efficiency test, if merely the output of the turbine 
itself is to be determined, is as a rule difficult to carry 
out in plants where each turbine drives its own governor 
pump, because it is always, at any rate with large 
turbines, risky to disconnect the governor. It is only 
in rare instances that the power consumed by a flywheel 
can be determined. Thus, it must be considered the 
most correct as well as the most expedient to class all 
necessary auxiliary machinery for the turbine as 
belonging to it. ; 

The head ought to be determined in such a way as 
to express the quantity of energy at the disposal of 
the turbine per kilogramme of water, and in a general 
way the effective head Hp may be defined as the sum 
of the velocity head in a section of the inlet tube 
just before the turbine and the mean piezometric head 
in same section measured above the tail water at the 
draught tube. The velocity head is taken as velocity 
head of the mean velocity in said section of the inlet 
tube, (Q/EY 

29 

If the wheel is running clear of the tail water (as 
with turbines without draught tube or hydro-pneu- 
matic action) the head is to be measured from the mean 
point of outlet from the runner. For turbines in open 
flume which as a rule are provided with draught tube, 
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the effective head is to be taken as the difference 
between the water levels in the wheel pit and the tail- 
race. In this case the entrance velocity is generally 
small, and the corresponding quantity of energy can 
only to a small extent be utilised by the turbine. 

Losses of head in penstocks, valves, screens, gates, 
&c., should not be charged against the turbine. This, 
on the other hand, must be done with the hydraulic 
losses of head in the casing and draught tube, both 
being designed in direct connection with the turbine, 
and being able to influence to a great extent the 
economic utilisation of the water. 

By far the greatest number of turbines supplied from 
a pipe are provided with gate valves, allowing the 
turbine to be drained without emptying the pipe- 
line. It might be natural to consider this gate valve as 
belonging to the turbine. For practical reasons, how- 
ever, | have decided not to do so. On measuring the 
piezometric head in the inlet tube it is necessary to 
use a comparatively small hole in the wall of the pipe 
to obtain a correct result of the measurement, and 
before starting the tests it should be possible to make 
sure that the hole is not choked up. Accordingly, 
this opening should be located behind the gate valve, 
i.e., on the down-stream side of it, otherwise it would 
be necessary to empty the whole pipeline. Provision 
for gauging of the piezometric head ought certainly 
to be arranged for during the construction of the 
turbine in the workshops. It does, however, often 
happen that it has to be done on site, it then being 
more practical to drill a hole behind the valve than in 
front of it, especially in cases where two, or more, 
turbines are connected to the same pipe. It may only 
in a few cases be possible to measure the piezometric 
head at a straight portion of pipe of sufficient length, 
and it should then, in order that a reliable mean be 
obtained, be measured in two, or four, places on the 
circumference of the pipe. 

In defining the effective head, the deduction of the 
velocity head at the discharge from the turbine (for 
instance at the outlet from the draught tube), might 
be considered, as there must necessarily be some 
dynamic energy in the water for it to get away at all 
from the turbine. This reasoning may in itself be 
right enough, but, on the other hand, it is of interest 
to keep this velocity head as low as possible, and if one 
turbine in this respect is more favourable than another, 
this also ought to appear in the efficiency. 

The matter will appear still more unreasonable, if, 
as in the German rules, a deduction in the effective 
head is to be made for the velocity head in the tail- 
race, something being hereby introduced which has 
nothing to do with the turbine to be tested. For 
instance, let us take a turbine, the draught tube of 
which discharges into a tailrace, common to several 
turbines, at a slight angle to the direction of the tail- 
race flow. According to the German rules, the head 
shall then diminish with the velocity head in the tail- 
race flow, computed for the discharge of all turbines. 
Consequently, the greater this discharge, the smaller 
the computed effective head would be, this in spite of 
the fact that the effective head of the turbine in ques- 
tion in reality should increase with an increasing tail- 
race flow, the latter to some extent causing the pres- 
sure in the draught tube to decrease. This rule is im- 
practical also on account of the necessity of deter- 
mining separately the velocity in the tailrace. 

This way of reasoning might generally appear some- 
what more correct, if the “‘normal’’ velocity head, 
instead of the actual velocity head, in the tailrace 
during the test were introduced. In several cases, 
however, this quantity may appear somewhat arbitrary, 
unless it be chosen to make the velocity head zero, or 
in other words to neglect the quantity of energy corre- 
sponding to the discharge velocity from the turbine. 
In this way a plain, clear and unequivocal rule is 
obtained, a rule which on the whole will certainly 
be more correct than one which takes this velocity 
head into account. 

In the case of impulse turbines with the wheel 
running clear of the tail water, it will be, practically 
speaking, impossible to take into account the energy 
on account of the residual velocity at the outlet. 
With these turbines, therefore, the question eliminates 
itself, and analogical rules for both kinds of turbines 
are obtained by using the proposed way of figuring. 

In the case of impulse turbines equipped with draught 
tube there is always a loss of head on account of the 
wheel having to run in air. The size of this loss may 
vary according to the different designs of the turbines, 
the loss being dependent on the more or less adequate 
devices for the introduction of air into the draught 
tube. It will, therefore, be correct to give an expres- 
sion of this in the efficiency of the turbine, as is the 
case if the head be defined as above set forth. 

In this connection it should be mentioned that the 
elevation of the tail water may to a certain extent 
vary beyond the point where the discharge of the 
draught tube takes place. For instance, if the sectional 
area of the tailrace expands from the place of discharge 


of the draught tube onwards, the level of the water will 
rise a little. This, however, is a matter which has 
nothing to do with the turbine, or its design, and 
should not be taken into account on determination of 
the head at the disposal of the turbine. The opposite 
may also be imagined, particularly in cases of un- 
favourable discharge conditions. In either case, 
however, the elevation of the tail water next to the 
turbine is one of the factors which determines the 
head that the turbine can utilise. 

As quantity of water is reckoned all the water which 
passes through the turbine and is necessary for its 
operation. In this way account is taken not only of 
the water passing through the runner itself and the 
loss of water through the clearance of same, but also 
of the water consumed in hydraulic sealing boxes and 
expended in cooling of bearings and so forth (unless a 
special water supply for these purposes be available). 

The power output of the turbine is measured on 
the turbine shaft where it ceases, 7.e., generally at the 
coupling flange to the generator. The power required 
for all auxiliary machinery of the turbine such as 
governor pump, flywheel and so forth, as well as the 
losses in its own bearings, are to be charged against 
the turbine. Bearings common to turbine and genera- 
tor are counted as belonging to that machine with 
which it was delivered. In this way it may happen 
that no resistance of any bearings be charged against 
the turbine, except as regards such loads on the bearings 
caused by the turbine, which exceed the loads existing 
at the testing of the generator. In that case the 
increased resistance should be charged against the 
turbine on test. 

The precision of the regulation can generally be 
expressed by the variations in speed and pressure due 
to sudden load changes as well as by the degree of 
speed drop of the governor. 

The speed drop of the governor is the difference 
between the speed of the turbine at no load and full 
load, divided by the mean speed (provided no adjust- 
ment of the speed between no load and full load is 
made). 

The relative speed variation is defined as the difference 
between the maximum and minimum speed during the 
period of regulation, divided by the normal speed of 
the turbine. 

With good governors this definition will be identical 
with the one probably most generally used, which takes 
into account the difference between the maximum 
and minimum speed respectively, and the speed prior 
to the load change for decreases and increases of the 
load respectively. In cases of unsatisfactory adjust- 
ment of the governor it sometimes happens, however, 
that the speed on the first oscillation swings back past 
the original speed, and thus the definition here proposed 
possesses the advantage of taking such a case into 
account. 

By some engineers, the variation in speed is deter- 
mined by introducing the difference between the 
maximum or minimum speeds respectively, and the 
speed corresponding to the new load condition. This 
method has the disadvantage of not showing the 
actual speed variation, since it is necessary to take the 
speed drop of the governor into account to find it. 
Besides, it does not take into consideration the case 
before mentioned of the speed oscillating past the 
initial one. 

The value of the speed variation measured will 
depend on the speed prior to the load change. For this 
reason care should be taken to keep the latter as close 
as possible to the normal speed of the turbine. This 
condition is of little or no importance, however, with 
modern governors having a small speed drop. (If for 
some reason or another the normal speed prior to the 
load change cannot be reached by adjustment, a closer 
approach to correctness can be achieved by multipli- 
cation of the ascertained speed variation by the ratio 
of the speed prior to the load change to the normal speed 
of the turbine.) 

The relative pressure variation is defined as the 
difference between the highest and lowest hydraulic 
pressure head, respectively, during the period of 
regulation and the pressure head at no load, divided by 
the head at no load. When it is proposed to figure 
the variation of the pressure in relation to the head at 
no load, instead of the effective head of the loaded 
turbine, this has the practical advantage that the head 
at no load is easy to observe, since, in order to determine 
it, the velocity head in the inlet tube may be neglected. 

Generally, it will not be possible to carry out the 
tests at one and the same head, and the result of the 
observations, therefore, ought to be recomputed for a 
definite head, the quantity of water and the speed 
varying proportionally to the square root of the head, 
and the horse-power proportionally to the square root 
of the third power of the head. 

The values obtained from the governor tests, on the 
other hand, cannot be recomputed according to any 
general law. The speed drop, however, can be deter- 
mined by adjusting, for the head at disposal, the gate 


opening and the position of the governor in such a 
way that they correspond to the full horse-power at 
normal head, and then observing the speed at full load. 

On the other hand, to refigure the variations in speed 
and pressure on sudden change of load is not so easy 
on account of the designs of the turbine and governor 
in question being factors which concurrently deter- 
mine how these values will vary with the head. It 
is, however, for most plants generally a matter of small 
importance whether the speed variations by sudden 
load changes be a little greater or smaller ; since large 
momentary load changes rarely occur during the opera- 
tion of the plant, it is of no great importance to know 
the exact values of these speed variations for any head 
that is likely to be met with at the plant. It is, on the 
other hand, of more importance to determine the maxi- 
mum pressure variations which may arise, and for this 
reason it may be best to investigate somewhat closely 
how these may be assumed to vary with the head. 
Generally, it will be a very close approximation to 
figure the pressure variation, expressed in metres head 
of water, as being proportional to the water velocity 
in the pipeline, and to the piston speed of the servo- 
motor, or the governing speed. The water velocity 
at a certain admission of the turbine is again propor- 
tional to the square root of the heat, and the governing 
speed varies with the head for two main reasons. 


(a) The load change corresponding to a certain 
travel of the servomotor increases with the head, and 
so does the stroke of the slide, and consequently the 
governing speed. This influence makes itself most 
felt at small load changes, and diminishes with incre- 
ments of the load; how quickly, depends upon the 
extent to which the governing speed is reduced by the 
diaphragm, and thus the more the governor is throttled, 
the quicker this influence on the governing speed will 
decrease with increments of the load. 

(b) The resistance against the movement of the 
mechanism for the adjustment of the gateage varies 
with the head, and therewith the governing speed. 
This influence will vary during the stroke, and for the 
two directions of movement, depending upon whether 
the water pressure on the parts of the gateage is acting 
against, or with the movement. Further, the influence 
will depend upon the ratio between the accumulator — 
pressure of the governor and the excess of piston pres- — 
sure required to actuate the servomotor, and thus the 
greater this ratio is, the less the governing speed will 
vary with the head. 

Generally, and when no other previous agreement 
exists, it ought to be a sufficiently exact assumption — 
to consider as independent of the head all relative 
speed variations due to certain load changes, the same 
being the case with the maximum relative pressure 
variations. (With regard to the variations in pressure, — 
the above may often be approximate, while the variation 
in speed may probably decrease to some extent with — 
increments of the head.) > 

In those cases where it may be of importance to — 
determine the variations in pressure and speed under ~ 
another head than that available during the testing 
of the plant, the method of recomputing should be — 
agreed upon in advance, the special conditions of the 
plant and the special designs of turbines and governors” 
to be tested being taken into consideration. 4 

The degree of precision to be obtained at the testing — 
of a water power plant will, to a great extent, depend — 
upon how favourable are the conditions for taking the — 
measurement and, of course, on the care in effecting it, — 
as well as on the instruments used. Therefore, in 
general rules it is not reasonable to establish a fixed 
tolerance to allow for errors of measurement. It is, — 
however, quite important, for instance, on comparison — 
of tenders, to have a fixed rule for the establishment 4 
of the tolerance. As matters stand at present, one 
firm may claim 1 per cent. tolerance, another 2 per — 
cent., and a third may be claiming 2 per cent. tolerance — 
and also the payment of a certain fine for every additi- — 
onal (limited to two or three) per cent. that the actual — 
test results may fall short.of the guarantees. To the 
purchaser who has to view a decreased efficiency in 
relation to the whole plant, such a fine is a matter of 
very small importance, and the purchaser ought to 4 
consider the effective guarantee which may easily 
range from 1 per cent. to 4 per cent. or 5 per cent, 
below the nominal. Under these conditions the com- 
parison of tenders may easily become somewhat ar- 
bitrary, and it seems to be most natural and desirable 
to adopt the practice of the contractors entering into 
their guarantees without any kind of tolerance, in 
other words, of beforehand reducing their guarantees 
with the margin found necessary considering the test — 
methods, also decided upon beforehand for the case 
in question. 

In case the test should show results below the gua- 
rantee in one respect, a corresponding excess in another — 
ought to a certain extent be allowed to make up for 
the deficiency. As the conditions relative to this 
question may be widely different for the various plants, 
it should be decided upon beforehand as to the extent 
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such compensation should be allowed, and at what ratio 
between the different performances it should be carried 

out, for instance, a high efficiency at certain heads or 
loads, &c., being of more importance than under other 
conditions. 

As a rule, the efficiency is guaranteed for full load 
and for certain fractions of the same. If at the test 
the power capacity of the turbine proves greater than 
specified, the efficiency should still be determined in 
proportion to the capacity specified, not in proportion 
to the one obtained, unless another method of pro- 
cedure be especially decided upon in the contract, or 
_buyer as well as supplier agree upon such procedure. 

In connection with this proposal concerning rules 
for the testing of water-power plants, it may be as 

_ well to point out the advisability of introducing a 
fixed definition of the conception of “ gateage” of 
a turbine whereby this term would get a meaning 
closely corresponding to the point of cut-off of a 
steam engine. 

It is often convenient to have the performance of a 
turbine determined for certain fixed gateages, for in- 
stance in cases where the efficiency at a certain gateage 
varies with the head. It is not satisfactory to intro- 


duce directly the gate opening offa Francis turbine, 
or the travel of the needle of a Pelton turbine, as these 
quantities, on account of various constructive features, 
have no direct bearing upon the hydraulic qualities of 
the turbine. On the other hand, it seems natural, as far 
as a Pelton turbine is concerned, to base the definition 
on the diameter of the jet, or the area of the same, but 
these quantities are not directly known. It is to the 
same purpose, however, and gives a more general rule 
to base the definition upon the water consumption 
of the turbine and to define as: “‘ gateage 1,” the posi- 
tion of the gates, or needle, corresponding to the full 
output, or the total water consumption at the head 
agreed upon, and as “ gateage k,”’ the position of the 
gates, or needle, corresponding to a water consumption 
of & times the total water consumption at the same 
head. Consequently, k may then assume values 
ranging from 0 to 1, or a little above, since it is generally 
possible to move the gate mechanism somewhat past l. 

If such a definition of the gateage of turbines be 
introduced, it is reasonable for the efficiency guaran- 
tees to be drawn up in relation to the gateage, and this 
will especially be natural where guarantees are stipu- 
lated for different heads. 
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~.100-GALLON TRAILER FIRE PUMP. 


THE advantages for many conditions of a light and 
easily-handled fire-fighting unit has led to the develop- 
{ment by a number of firms of the appliance now known 
as the trailer fire pump. As its name implies, this 
pump is not mounted on a self-propelled vehicle, but, 
with the object of cutting down weight, so that it 
can be run over rough ground and manhandled into 
awkward positions, it is mounted on two wheels only 
and adapted for hauling as a rule behind an ordinary 
motor car or other vehicle. 


One of the firms which has produced a singularly 
attractive little unit of this type is Messrs. Gwynnes 
Engineering Company, Limited, of Hammersmith, 


.|W.6. This pump is illustrated in Figs. 1 to 3 annexed, 


the first two illustrations showing details of the two- 
stage pump, while the third is a view of the machine 
itself. The latter figure, however, does not do justice 
to the complete appliance in the way of general appear- 
ance, as the casing has been removed for the purpose 
of more clearly showing the features of construction. 
The complete unit is very neatly finished, and its 
smart appearance would be creditable to any fire- 
fighting organisation. 

The unit consists of an “Invincible’’ fire pump 
mounted with an 8/20-h.p. Gwynne petrol engine and 
gear box on a steel channel frame carried by two 
rubber-tyred wheels fitted with long laminated springs. 
The whole outfit weighs only 8 cwts., so that it may 
be easily handled over rough ground. The pump is 
capable of delivering 100 gallons of water per minute 
from one or two jets simultaneously, and of throwing 
to a height of 130 ft. with a single jet. It will draw 
from a depth of 18 ft. As a fire stream when throwing 
vertically the effective height is 80 ft. and horizontally 
the distance is 70 ft. The engine is a four-cylinder 
unit with detachable heads and overhead valves. It 
develops 14 h.p. at 1,800 r.p.m. The priming of the 
pump is arranged for by means of an exhauster driven 
from the spindle. Only a few seconds are required to 
get the pump to draw, after which the exhauster is cut 
out. The running costs are low, since the engine will 
run for 3+ hours on the maximum tank capacity of 
41 gallons of fuel. The storage space required is a 
length of 7 ft. 4in., width of 4 ft. 1 in. and height 
3 ft. 10 in. 

The wheels are readily detachable for replacement 
if necessary. The frame is brought in at the front, 
where a cross bar is provided and an eye for attaching to 
a drawhook on the tractor. A hinged leg is also pro- 
vided to steady the unit when working. The outfit 
is provided with the necessary suction hose, which is 
accommodated in forks fixed to the framing. The 
suction connection for the pump is 3 in. and the two 
deliveries 24in. This little appliance is to be seen at 
the stand of Gwynnes Engineering Company, Limited, 
at the British Empire Exhibition. 

The same pattern of pump is fitted by Messrs. 
Gwynnes to a self-propelled light two-seater chassis 
having an 8-h.p. engine. In this case two gear boxes 
are provided, one for travelling and one for pumping. 
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POWER FOR SHIP PROPULSION.* 
By H. G. Hammar (Sweden). 


Tue old well-known reciprocating steam engine 
with cylindrical boilers of 120 to 200 lb. pressure is 
still holding its own in ships for inland waterways, 
coasters and Baltic traders. Owners specify these 
engines also in larger ships employed in the North 
Sea and Mediterranean trades, if they intend to navigate 
them in the Baltic ice coming home during the winter. 
For ships in all other trades such as ocean liners, &c., 
the owers have found it necessary to turn their atten- 
tion to more modern and more economical prime 
movers such as turbines with direct drive, gears or 
electric drive, and also to internal-combustion engines, 
viz., Diesel or bulb engines. ; 

The main advantages of the steam turbine over the 
reciprocating steam engine are: a greater economy in 
steam consumption, less weight, and a smaller engine 
room. The steam economy of the turbine is most 
marked in the larger units, where a saving of 25 per 
cent., in comparison with the reciprocating engine, is 
easily attainable, whereas a saving of 15 per cent. or 
10 per cent. will be considered good for a unit of 
1,000 b.h.p., which seems to be the smallest size of 
unit in which it is worth while trying to secure economy 
out of steam turbines for ship propulsion. The theo- 
retical limit is supposed to be 500 b.h.p., but considera- 
tions other than those of steam consumption have 
led designers to pre!er reciprocating engines for marine 
installations of less power than 700 b.h.p. The 
tendency of Swedish turbine designers has been to 
increase the number of revolutions, to get greatest 
possible economy of steam and good power of reversing. 
The upper limit of the revolutions is practically depen- 
dent upon the design of the gearing, especially the 
pinion. 

The smaller engine-room space is an advantage 
which is of the greatest importance for the Swedish 
shipowner, as it leayes more room for transporting the 
bulky commodities of Sweden such as timber, paper 
pulp and paper, and also imported articles such as 
cotton, wool, grain, &c. Swedish designers have tried 
to utilise the smaller consumption of steam in the 
turbine by reducing the size of boilers and bunker 
space so as to leave the greatest possible part of the 
ship’s hold to cargo space, but we have to note a few 
instances where they have gone too far, with the result 
that the boilers have not been able to generate sufficient 
steam for the engines when the ship has had to work 
its way in a rough sea. 

Ljungstr6ém uses a mechanical gear instead of 
electric drive. The latest reports from ships with the 
new design seem satisfactory. The reports on coal 
consumption vary very much; I have seen bad reports 
and also very favourable ones embodying, in fact, 
record figures, which, if verified, will confirm the 
Ljungstrém turbine as the most economical of all 
turbines. It is hard to explain the causes of the vary- 
ing results, but it is very likely that carelessness and 
ignorance on the part of the engine-room staffs account 
for a considerable proportion of the bad results. 

The designers of the other Swedish steam turbine, the 
de Laval, have been using mechanical gearing all the 
time from the very first turbine made in the year 1890. 
This turbine has principally been used for power 
plants on land only. The first ship installation was 
fitted in the year 1912. The de Laval’s have from this 
date delivered a great many ship installations, which 
have all proved very satisfactory, thanks to the great 
experience the designers of this engine have gained 
during a period of more than 30 years in the construc- 
tion and machining the gearing for this turbine. 

The reports of coal consumption for ships with this 
turbine are as a rule very good. I would refer to the 
owners’ reports on the ss. Forsvik, a small cargo 
steamer of 1,800 tons d.w., 235 ft. by 37 ft. by 17 ft. 6in., 
fitted with a de Laval turbine of 650 b.h.p., the 
smallest turbine made for ship propulsion. The 
aggregate of five voyages with full load gives an 
average sustained sea speed of 9-55 knots with a coal 
consumption of 11-35 tons ordinary bunker coal per 
day. 

The most notable installation made by the de Laval 
is that in the ss. Drottningholm, a passenger liner 
running between New York and Gothenburg for the 
Sverige-America Line. The dimensions of the boat are 
520 ft. by 60 ft. by 41 ft. 2in. displacement 19,130 tons. 
She had direct coupled turbines of 250 revolutions, con- 
structed in 1903, which were taken out and replaced 
by a de Laval turbine of 10,000 brake horse-power 
geared down to 200 revolutions. Two boilers were 
taken out at the same time, thus reducing the number 
of boilers from nine to seven, and the total heating 
surface from 31,000 F? to 24,000 F2. Firing was 
changed from coal to oil burning. The result is that 
the ship, which in the year before the change made 
an average speed from port to port of 13-93 knots 


* Paper, abridged, contributed to Section K of the 
World Power Conference, July, 1924. 


with a coal consumption of 213-1 tons of coal per day, 
the year after the change made a corresponding average 
speed of 16-16 knots with an oil consumption of 
96:98 tons a day. The turbines with gearing have 
now been in hard service for two years without showing 
any signs of weakness or fault in either turbine or gear. 

Oil burning is attracting a certain amount of interest 
amongst shipowners with larger ships, but very few 
ships have becn converted for the use of this improved 
method of firing the boilers. The passenger liner ss. 
Stockholm, alternating with the Drottningholm on 
the New York line, has been converted for oil burning 
by A. B. Gétaverken, with the result that she is now 
making 14-95 knots sustained sea speed with an oil 
consumption of 193-67 tons against 13-74 knots and 


153-65 tons of coal previously. The real saving in. 


oil firing lies in the reduction of the engine-room staff, 
which was reduced from 72 to 31 menin ss. Stockholm, 
and from 96 to 35 men in ss. Drottningholm. 

In Swedish merchant ships steam is, as a rule, gene- 
rated in cylindrical marine boilers, generally known as 
“the Scotch boiler.” Water-tube boilers are only 
used for naval purposes and for very special designs 
where the saving of weight is a very first consideration. 
A shipowner in the Baltic has had one of his ships fitted 
with Babcock and Wilcox water-tuhe boilers, which 
have given satisfactory results so far. 

There is a marked divergence between the develop- 
ment of stationary steam generator installations and 
those on shipboard. Space and weight are more freely 
allowed for in landinstallations, and accordingly certain 
appliances generally used in these are not suitable in 
ships where they will be found too heavy or too bulky. 

The economiser or gas-heated feed-water heater has 
thus several times been introduced in connection with 
marine boilers, but without ultimate success, being 
too heavy and too cumbersome for marine work. 
Another well-known appliance to economise fuel 
consumption, the gas-heated air-preheater, has found 
a very wide application in connection with marine 
boilers, and especially is this the case with the well- 
known Howden forced-draught air-preheater. 

Following the same direction as Mr. Howden, whose 
pioneer work has met with such complete success, 
Fredrik Ljungstrém, chief engineer of the Aktie- 
bolaget Ljungstr6ms Angturbin, has designed a new 
improved type of air-heater, in which he hag succeeded 
in applying well-known regenerative principles in such 
a way that it works continuously and with very large 
heating surfaces concentrated within a very small 
space, thus giving the apparatus a very high efficiency, 
which makes it able to regain the waste heat in the flue 
gases more completely than has heen practically, if not 
theoretically, possible until now. Gétaverken, in 
Gothenburg, has made a first installation on ship- 


board with one of these new air-preheaters, which seems 


to be a great success. 

Comparative tests were made on the steamer Bur 
with and without the air-preheater. The tests were 
carried through in the Baltic, the steamer running 
between Sundsvall and the Kiel Canal, and show a 
fuel saving of 15 percent. According to a report made 
by the owners, still better results have been achieved 
in practice after the damper in the funnel had been 
altered to a good fit, preventing some of the hot gases 
passing by the air-heater, as seems to have been the 
case during the trial run. The owners also pointed 
out that the steamer met rough weather during the 
trials with the air-preheater and had a smooth seaway, 
when natural draught was used, which was to the 
disadvantage of the heater. 

The Swedish shipowner is not, as a rule, so very 
much interested in all these new inventions to improve 
upon the economy of the steam engines for propelling 
his ships. It is only in the larger ships that these new 
designs are used to their full advantage, but for this 
class of ships there is an entirely new prime mover, 
which has proved itself superior to the steam engine, 
especially on account of the reduced fuel consumption, 
which has so many great advantages from the owner’s 
point of view and makes the whole ship more economi- 
cal in running costs. I refer to internal-combustion 
engines, which have attracted the interest of the 
Swedish shipowner to a greater extent than anything 
else. He has had an early and very satisfactory 
experience in this class of engines for 30 years or more. 
The *‘ hot bulb ” engine has been used for fishing boats 
and small coasters in Sweden since last century, and 
holds its own to-day among this class of craft. ‘‘ Bulb 
engines” are not made for large power plants. I do 
not know of anybody in this country who has designed 
a hot bulb engine of more than 120 brake horse-power 
per cylinder, which, with six cylinders, will give some 
700 horse-power as maximum, and I should say that 
500 brake horse-power is to-day the economical limit. 

The constructors of this engine have not lately come 
forward with new and revolutionary designs. Their 
endeavours are concentrated upon the perfection of 
mechanical details, quicker starting arrangements and 
easier running. Water-injection, which has given 
excellent results in the laboratory, has been abandoned 


for use at sea, where it was introduced a few years ago 
with high expectations of success. Saving in fuel has 
not been found to compensate for the added cost of 
carrying fresh water. Water-injection has also shown 
tendencies to increase the corrosion of the engine, and 
owners say that engines exposed to hard service at 
sea will wear more rapidly with this arrangement. 

The time of starting a bulb engine has been reduced 
from the half-hour required in the first engines to about 
one minute in the modern designs. The most common 
arrangement is the electric starter. The current from 
a small electric battery is led through a glower, which 
is used for igniting the fuel, until the bulb attains its 
right temperature. The fuel injection is arranged so 
that some of the fuel is used for heating the bulb until 
it is hot, then the injection is adjusted so that all the 
fuel is used for driving the engine in a more economical 
way. 

The reversible propeller for manceuyrint the boat 
has been abandoned. The best makers and constructors 
of bulb engines are now using compressed air in the 
cylinders for manceuvring. 7.e., working the engines 
forwards and backwards. 

The compression in the cylinders for ignition is kept 
to about 15 atmospheres in the bulb engine. In two 
comparatively new designs, the Elwe motor and the 
Atlas Diesel, both high pressure bulb engines, the 
compression is forced up to 25 atmospheres, which has 
given very good results in respect of fuel consumption. 
In Sweden we call these engines “‘ Semi-Diesel ” and 
they are designed for power units up to 250 brake 
horse-power in one cylinder. No engine of this size is 
running in actual service, but experiments tend to 
show that it is very likely that this will turn out to be 
a good serviceable motor at a cheap price for power 
units below 1,000 brake horse-power. 

The Diesel engine has become the dominating engine 
for power units above 500 brake horse-power. Swedish 
engineers took up the problem of developing the Diesel 
engine at an early date. The Nobel Diesel motor may 
be said to be the pioneer for successful ship propulsion 
with Diesel engines, for ships running on the Neva, 
Volga and Caspian Sea system of navigation. 

The most noteworthy motorship now building for the 
Swedish mercantile marine is the passenger liner M.§. 
Gripsholm, ordered for the Swedish-American Steam- 
ship Company for their Gothenburg-New York service. 
She is to have two double-acting Diesel engines, 
each developing 6,000 brake horse-power or 12,000 
brake horse-power all told. This is, as far as I know, 
the first large double-acting Diesel engine ordered for 
propulsion of ships, and seems to be a very great step 
forward. The high reputation of the engine con- 
structors, Burmeister and Wain, guarantees the success 
of this new enterprise. Careful experiments have been 
made with engines of this size and construction, which 
have in all respects satisfied the expectations of the 
constructors and the requirements of the owners. ; 

The Swedish constructors of Diesel engines are using 
two-cycle as well as four-cycle motors. The shipyards 
which are building Diesel engines in their own works, 
e.g., Gotaverken, Eriksberg and Kockum, have taken 
up the construction of four-cycle engines, although 
these are heavier and more expensive to build than the 
two-cycle type. The reason is that the owners demand 
the greatest possible safety for ships running to distant 
or trans-oceanic ports. #. 

Two firms, the Atlas Diesel and the Nobel a 
build two-cycle engines. The Atlas Diesel have several 
ships running with two-cycle engines, which have given 
very satisfactory results, but as a matter of fact the 
engines are built particularly heavy and the mean 
pressure in the cylinders is kept exceedingly low, which 
makes the engine just about as heavy and costly as the 
four-cycle engine. The Nobel-Diesel have just had 
one 1,600 brake horse-power engine installed in a 
tanker of 5,000 tons deadweight built at Gétaverken. 
The trial trips are to take place within a few weeks. 
Judging from the large experience these constructors 
have had, the results are expected to be satisfactory. 
The engines are of a light but solid construction, and, of 
course, very much similar to the Continental two-cycle 
Diesel engine. The principal difference is that they do 
not work with supercharging of air in the cylinders. _ 


HarLanpd AND Wo.urr, Limrrep.—-Messrs. Harland 
and Wolff, Limited, have issued an album giving par- 
ticulars of the marine Diesel engines built by them. 
These machines, together with a large number of motor- 
ships of their construction, are illustrated. Views of 
the firm’s works and yards are also included. ; 


PERSONAL.—Messrs. Bostock and Bramley, whose new 
address is Dewsbury-road, Leeds, state that the rapid 
expansion of their business of power transmission 
engineering and the development of important American 
interests have led to changes in their organisation. 
Capt. Bramley-Moore will now reside in the United 
States, to effect a closer working with Messrs. Joshua 
Buckton and Company, Limited, with whom they are in 
association. ; 
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RESPIRATOR AND SELF-CONTAINED DIVING APPARATUS; EMPIRE EXHIBITION. 


CONSTRUCTED BY 


Fie. 1. 


RESPIRATOR AND SELF-CONTAINED 
DIVING APPARATUS. 


ONE useful feature which has followed the employ- 
ment of lethal gases in the late war has been a marked 
improvement in the means available for protecting 
workers against the effects of such gases which may be 
liberated by accident in industrial processes, and for 
enabling men to enter chambers containing noxious 
gases or vapours for the purpose of carrying out 
inspections or effecting repairs. Messrs. Siebe, Gorman 
and Co., Limited, 187, Westminster Bridge-road, 
§.E. 1, have specialised in the production of respirators 
for this class of work, and their exhibit at the British 
Empire Exhibition includes a number of examples, 
one of which we illustrate in Fig. 1, above. The 
respirators, to which the trade name “ Puretha” 


has been applied, are made in various forms, all of | 


which involve the use of an absorbent material to 
remove the noxious element from the atmosphere 
before it reaches the lungs of the user. The chemical 
nature of the absorbent is, of course, selected to suit 
the particular element against which protection is 
required. The details of the apparatus are also affected 
by the degree of protection it is necessary to provide 
for the wearer’s face. 

In the respirator illustrated, the face piece, or mask, 
is made of thick rubber and covered with an elastic 
textile fabric. The shape of the mask is such that the 
surface of contact between it and the face of the wearer 
is a maximum and the internal air space is reduced to a 
minimum, this arrangement having been found greatly 
to increase the comfort of the user. The face piece is 
held in position by a head pad, fitted with a harness 
composed of elastic bands, the lengths of which are 
readily adjustable. Eyepieces, formed of non-splinter- 
able glass, are provided, and the deposition of moisture 
on them is prevented by means of ducts, which deliver 
the colder inspired air on to the inner surfaces of the 
glasses as it enters the apparatus. Before entering, 
the air passes through purifying chemicals contained 
in a canister carried by the wearer as shown in our 
illustration ; the pocket on the right of the illustration 
is provided to hold the mask when not in use. The 
purifier is connected to the mask by means of a short 
length of special corrugated non-kinkable rubber tubing. 
The expired air passes out to the atmosphere through 
a quick-acting, non-return valve situated close to the 
Wearer’s mouth as shown in Fig. 1. No mouthpieces 
or nose clips are employed in the respirator illustrated 
—a, circumstance which further increases the wearer’s 
comfort. The purifiers can, however, be supplied 
without a face mask if desired, and a nose clip and 
mouthpiece must then be used. The life of the canisters, 
of course, depends upon the nature and degree of 
contamination of the atmosphere in which they are 
employed, but when exhausted they can be readily 
replaced by a new one. They can be supplied to give 
protection against any gas, vapour or fume, and also 
against dust or clouds of ultra-microscopic particles. 

Another of Messrs. Siebe, Gorman’s exhibits is a 
self-contained diving dress for use under water in 


MESSRS. 


ReEsPrratToR FOR Use 1n Noxious GaAszEs. 


SIEBE, GORMAN AND CO., 


LIMITED, 


ENGINEERS, LONDON. 


Fieas. 2 anv 3. 


difficult situations, where it would be impossible to 
employ an ordinary diving dress to which air is sup- 
plied by a pump. The self-contained apparatus, 
which we illustrate in Figs. 2 and 3, can be used at 
depths up to about 65 ft. of water. It is arranged 
similarly to that of the “ Proto”’ mine-rescue appa- 
ratus described on page 807 of the preceding volume; 
thus the wearer breathes the same air several 
times over, the exhaled carbon dioxide being 
chemically absorbed and the requisite oxygen being 
supplied from two steel cylinders. The latter con- 
tain 20 cubic feet of a mixture of air and oxygen 
in equal parts, compressed to a pressure of 120 atmo- 
spheres, and they are carried on the back of the diver, 
as shown in Fig. 3. They are connected to the helmet 
through a reducing valve and an emergency by-pass 
valve, shown on the left of Fig. 3. A further supply 
of mixed air and oxygen is provided in the weight 
worn on the chest of the diver, the weight containing 
two cylinders each holding 24 cubic feet compressed 
to the above-mentioned pressure. 

The carbon dioxide absorbent is carried in a metal 
chamber lined with vulcanised rubber, and strapped 
to the diver’s back as shown in Fig. 3. The absor- 
bent chamber, it will be seen, is connected to the back 
of the helmet by two flexible tubes, and through one 
of these tubes the expired air is delivered to the chamber 
from a mouthpiece worn by the diver. The air, from 
which the carbon dioxide has been absorbed, returns 
through the other flexible tube to the helmet and is 
breathed again by the diver, together with the added 
oxygen supplied to the helmet from the cylinders. 
Breathing is performed entirely by the mouth, the nose 
being closed by a clip provided for the purpose, and the 
mouthpiece, above referred to, is fitted with both 
inspiratory and expiratory valves, to prevent the ex- 
pired air from being inspired again until it has passed 
through the carbon-dioxide absorbent. The oxygen- 
air mixture is delivered to the helmet at the rate of 5 
litres per minute, and the supply is sufficient for about 
two hours’ working. It should be mentioned, however, 
that the oxygen mixture in the smaller cylinders is 
intended as a reserve and is only used to enable the 
diver to reach the surface in the event of the larger 
cylinders becoming exhausted. In these circumstances, 
the diver turns on the small valve, seen on the left of 
Fig. 2, from time to time, and thus supplies oxygen 
to his helmet through the tube shown in the illus- 
tration. 

A full equipment of ordinary diving apparatus, 
including dresses, helmets, pumps, telephones, sub- 
marine lamps, &c., is, it may be added, shown by 
Messrs. Siebe Gorman and Co., and their exhibit 
includes a large diving tank, with glass windows, in 
which demonstrations are given from time to time. 
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STANDARDISATION IN GERMANY.* 
By Dr. F. Nevunavus. 


Systematic standardisation in Germany dates back 
to the spring of 1917, when the leading engineering 
firms formed in co-operation with scientists an 
Engineering Standards Committee. The work of this 
Committee very soon overstepped the limits of 
engineering, and invaded nearly all branches of in- 
dustry. The consequence was that in December, 1917, 
the Standards Committee of the German Industry 
(N.D.I.) was established. 

The constitution of the N.DsI. is based on the 
principle that German standards should be developed 
by co-operation of manufacturers, consumers and 
scientists. It is understood that the N.D.I. should 
establish fundamental standards for all branches, and 
should be responsible for conformity of the standards 
established for the several branches by special com- 
mittees with the general standards and with each 
other. All suggested standards for the German 
industry are examined at the Inspection Department 
of the N.D.I. and are published in the Official Journal 
of the N.D.L., the ‘‘ N.D.1I.-Mitteilungen,” for criticism. 
Suggested special standards are published in the 
technical journals of the branch to which they apper- 
tain. Objections are carefully investigated and the 
suggestions which have been corrected in accordance 
with such objections, unless the objections are such 
as to require the complete remodelling of the suggested 
standards, are laid before the Board of the N.D.1. 
which causes the standards to be incorporated in the 
schedule of standards. Only after a standard has been 
so incorporated is the standard schedule passed for 
publication and general use. 

The entire German industry co-operates with the 
N.D.I. Funds for the N.D.I. are found by selling the 
standard schedules and by contributions of compara- 
tively small amounts on the part of the industry. No 
Government subsidy is given. A schedule of the 
standards that are final, and of those that are being 
prepared, is issued every quarter, so as to indicate the 
progress of standardisation. 

Obviously, it is not possible to discuss all details 
within the limits of this paper. Only the work of 
establishing fundamental standards will be described in 
detail, while the several operations of special standard- 
isation will only be briefly referred to. 

German industrial standards comprise three groups : 
fundamental] standards, dimensional standards, and 
standards concerning material. 

Fundamental standards are those which are found 


* Paper, abridged, contributed to Section N of the 
World Power Conference on July 10, 1924. 
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in all branches of engineering and must, therefore, be 
considered when establishing all other standards, 
Among the most important fundamental standards are 
thread standards. Long before the time of standard 
committees, standardisation of threads was attempted 
in the several industrial countries. The first thread 
standard was established in 1841 by the Englishman 
Whitworth. The Whitworth standards are the most 
universally adopted system and have demonstrated 
their utility. The second important system of standard 
threads is the S.I. thread (Systéme International) 
established at the Zurich Congress in 1898. The 
Whitworth Standards are established in inches, the 
8.1. thread is metric. 

Considering the widespread adoption of the Whit- 
worth system in industry, and particularly in the 
construction of heavy machinery, the Whitworth thread 
is adopted as standard for fixing screws, in strict con- 
formity with the Whitworth original thread as laid 
down in the Report on British Standard Whitworth 
Screw Threads, June, 1919 (B.E.8.A. 92—1919, 
B.S.W.). The Whitworth original thread has also 
been adopted in Switzerland,. Belgium, England, 
Austria, Hungary, Holland, Sweden and Italy, so 
that it has become an International standard, 

As a parallel to the Whitworth standard, there is also 
a metric standard, which was established for diameters 
within the range of between 6 and 68mm.; this 
system is identical with the S.I. system of 1898. For 
smaller diameters, as required for fine mechanisms, 
the diameters and pitches of the Loewenherz thread 
were adopted, but with a thread angle of 60 deg. For 
all diameters above 68 mm., the system is continued 
with an identical pitch of 6 mm. for all diameters used 
in the construction of heavy machinery. The S.I. 
thread of 1898 was adopted in Germany, Switzerland, 
Austria, France, Hungary, Holland, Sweden and 
Ttaly. 

motines these two standards for fixing threads which 
are used for normal screws, a series of systems for fine 
threads have been established which are used in the 
construction of machinery and fine mechanisms. The 
Whitworth pipe thread may be mentioned here which 
also conforms exactly to the English original given in 
the Report on Standard Pipe Threads for Iron and 
Steel Pipes and Tubes, May 1918 (B.E.S.A. 21—1909), 
which is also adopted in Switzerland, Austria, Holland, 
Sweden and Italy. 

As to the application of the two systems, we may say 
that the entire German industry will adopt the metric 
thread for diameters up to and including 10 mm. 

8 in.), as in that range the pitches of the Whitworth 
thread are too coarse in relation to diameter, and the 
screws have a tendency to work loose in operation. 
For similar reasons, the metric thread is preferred above 
2 in. diameter, so that the range of the Whitworth 
thread is $in. to2in. But even in this range, two big 
branches of industry, machine tools and motor-cars, 
use metric threads exclusively, and the adoption of the 
metric system in other branches is steadily progressing. 

Another fundamental standard for the mass pro- 
duction of interchangeable standardised parts and for 
interchangeable production manufacture generally are 
** fits,’ 7.e., the establishing of tolerances and allowances. 
These standards are of extreme importance. Before 
standardisation, two fundamentally different systems 
had been adopted in Germany, the system of unit bore, 
in which the bore is identical for all fits and the varia- 
tions in fits are in the shaft and the system of unit 
shaft, in which the shaft is identical for all fits while 
the bores vary. 

Obviously, it was desirable to establish one system 
of fits only for the entire industry, and probably there 
is no other question which was so thoroughly discussed. 
The result was that each system has such considerable 
advantages for some branches of industry that neither 
could be abandoned without decisive drawbacks, 

A fundamental difference of the fits adopted in the 
D.I.N. standards, as compared to other systems adopted 
before standardisation, is the position of the ‘‘ zero 
line,” 7.e., line of the nominalsize. These older systems 
were established on the bi-lateral principle as a rule, 
that is, the zero line was the symmetry line of the bore 
tolerance in the unit bore system and the symmetry 
line of the shaft tolerance in the unit shaft system. In 
the D.I.N. standards, the zero line is the lower limiting 
line of the bore tolerance in the unit bore system, and 
the upper limiting line in the unit shaft system. This 
is called the uni-lateral system. The advantage of this 
system is that parts may be exchanged notwithstanding 
variations in the amount of tolerances. This position 
of the zero line has been adopted by the standards 
committees of other countries, viz., Switzerland, 
Austria, Holland and America, and for British 
standards this system has recently been considered. 

The German system of fits is based on a uniform scale 
of tolerances and allowances which is given by the 
formula 
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where D is the diameter in millimetres and PE one 
fit unit. 
There are four degrees of exactitude, as follows :— 


Extra fine, tolerance equal to.... 1 PE 
Hine i Pap 1:5 PE 
Plain 5% * 3 PE 
Rough * . 10 PE 


This system of various exactitudes of manufacture 
also enables the manufacturers of heavy machinery, 
who could not work with the narrow tolerances of the 
earlier fit systems, to adopt exchangeable production. 
In each of the two fit systems, unit bore and unit shaft, 
a series of fits have been fixed for each grade of fineness. 

It was necessary to adopt a standard temperature of 
relation ; the standard of 20 deg. C. or 68 deg. F. was 
adopted. This temperature has also been adopted as 
the standard in Switzerland, Holland, Austria and 
Sweden. The U.S.A. also plan the adoption of the 
20 deg. C. temperature. 

Another fundamental standard of general importance 
is the standard size of schedules. Its object is to do 
away with the numerous variations in size and shape of 
commercial papers, printed matter, journals, drawings, 
&c. The standardisation of sizes is based on the 
following considerations :— 

Every size is to be obtained by halving or doubling 
the next larger and smaller size respectively. Also all 
sizes are to be similar. It follows that the ratio of 


sides in every size must be]: ,/ 2. The fundamental 
schedule is 841 by 1,189 millimetres, its area being 
one square metre. This area unit of the metric 
measuring system is designated by AO. By halving 
this size four times, the business letter size is obtained, 
type A4, size 210 by 297 mm. This is the size of the 
German standard schedules. Numerous companies 
have adopted this size for their correspondence and 
about fifty leading technical journals are about to 
adopt it. It has been accepted by the German mail 
and other authorities. In Switzerland, Austria- 
Hungary and Tchechoslovakia, the size has been 
adopted, and Holland and Sweden will follow shortly. 
Besides the A series, three intermediate series have 
been established on the same principle, which will be 
used for envelopes, files, raw material, &c. 

Preferred numbers are also very important, that is, 
geometrical progressions by 5, 10, 20 and 40 units. By 
means of these progressions, standards may be estab- 
lished having a uniform increase per step, and they are 
a basis for the logical establishing of all dimension 
standards. Preferred numbers have been very useful 
not only for general purposes, but particularly when 
fixing numbers of revolutions of pulleys, pressure 
stages of pipelines, performances and some dimensions 
of electrical machinery, &c. Preferred numbers are 
also an excellent means for agreement on the base of 
logical rules, if otherwise in consequence of differences 
in opinion an agreement on a uniform basis cannot be 
attained. 

A fundamental tool standard is the taper for holders 
of drills and milling cutters. For these metric tapers 
4 and 6, and in connection, Morse tapers 0 to 6 and, 
following these, metric tapers 80, 100, 120 and 140 
will be used. Standardisation of tools comprises all 
tools for machining metals, particularly twist drills, 
broaches, taps and dies, milling cutters and measuring 
appliances. 

lt is obvious that parts of machinery will occupy a 
considerable space in standardisation of dimensions. 
Of prime importance are screws, for which more than 
150 standard schedules have been elaborated and 
completed. Sizes of jaws were standardised in con- 
formity with American standards, but dimensions were 
fixed in full millimetres. The same jaw standards were 
adopted by Switzerland, Austria, Holland and Sweden. 

Other parts of machinery which have been standard- 
ised are rivets, pins, bearing sleeves, oil grooves, set 
collars, gears, keys and keyways, hand wheels and 
erank handles, handles, wire ropes, &c. Instead of 
307 cross sections before standardisation, 49 cross 
sections were considered sufficient after standardisa- 
tion. 

A number of special standards have been elaborated 
in co-operation with the interested industries. An 
international agreement has already been arrived at 
for ball bearings by the countries which are most 
concerned with the manufacture of such bearings, 
America, Sweden and Germany. Negotiations, which 
extended over a period of several years, were brought 
to a preliminary close in Berlin in October, 1923, As 
international proposals, standards of radial ball 
bearings have been published for a range of diameters 
from 4 to 450mm. In Germany, these standards have 
been adopted for diametersuptol1l0mm. In January, 
1924, proposals for international standards of thrust 
ball bearings were published in the ‘‘ N.D.1.-Mitteilun- 
gen,” and proposals for standards of combined radial 
and thrust bearings will follow shortly. These publi- 
cations are being made in conformity with the Zurich 
agreements of 1923, 


Numerous draft proposals for pipeline and fittings 
standards have been published, and will probably be 
issued this year. The feature of this standardisation is 
the establishing of standard pressure stages by means 
of the preferred numbers already referred to. “One 
pressure stage for steam and the next higher one for 
water are established for the same dimensions of the 
piping, the lower stage applying in the case of steam, 
gases and dangerous liquids, the higher one in the case 
of water and non-dangerous liquids. Standards for 
gas piping have been established in conformity with 
English standards, the cylindrical thread previously 
used having been cancelled on the suggestion of the 
Pipe Committee, only threads having a taper of 1:16 
being adopted. 

In the standardisation of flanges, the tendency was 
to stick to the bolt circle diameters of 1882 and 1900, 
but in some cases corrections were necessary in 
order to obtain a logicalsystem. The alterations could 
be made without difficulty, since it is known that the 
old standards differ from those used abroad. The 
preferred numbers of screws are divisible by four, so 
as to be able to use four-spindle drilling machines and 
to enable fittings to be secured in vertical and horizontal 
position. 

Gas and water fittings, steam fittings, heating fittings 
and appliances for measuring pressure and heat, have 
been standardised. The principal feature of this work 
is the standardisation of lengths and assembling 
dimensions, the dimensions of parts being only 
standardised where it is expected that parts from several 
manufacturers willfrequently have to mate. 

Jn transmission parts, standards for shaft diameters, 
couplings, bearings, pulleys, gears, &c., have been 
elaborated. The number of normal shaft diameters 
was reduced from 29 to 18 by standardisation, thus 
reducing considerably the number of patterns for acces- 
sories and spare parts to be kept in stock. In the 
standardisation of transmission parts as well as in that 
of pipelines, the principal feature are assembling 
dimensions. 

Mention may be made of special standards for auto- 
genous welding, fire extinction, lifting tackle and cine- 


matograph apparatus, and the work of the Association — 


of German Machine Tool Manufacturers, whose most 
important standards are threads for the ends of lathe 
spindles and fixtures for milling machines. 

Special committees have been appointed for the 
following branches, which committees work inde- 


pendently but put their standards before the N.D.L. — 


for final and uniform consideration and publication. . 
Buildings.—Standards for technical police regula 

tions, standard dimensions for bricks, timber and roof 

parts, windows and doors, staircases, canalisation, road — 


building, iron structures and bridges, equipment for 


portable railways, &e. x 


Electrotechnics.—Standards for pressure and intensity — 


stages, Edison threads, raw materials, insulating 
materials, telephony, machines and transformers, 
electricity meters, cables and accessories, &c. 5 | 

Motor Cars.—Standards for screws, gauges and tools, 
parts of engines, sparking plugs, parts of chassis, 
tyres, rims, &c. 7 

Locomotives.—Thorough standardisation of practic- 
ally all parts. 


é 


q 
: 


Railwuy Rolling-stock.—Fundamental standards for” 
mass production of interchangeable parts of cars, — 


including tolerances for many dimensions which are 
important for assembly. 

A special committee will consider standardisation 
in mining, and enother will again take up standard- 
isation of agricultural machinery. 

The third group of standards, standardisation of 


materials, comprises three divisions, viz. :—Testing of 


materials ; iron and steel; non-ferrous metals. 


In testing materials, symbols and definitions and — 


general rules for testing matarials by tensile, Brinell 
and technological tests are being standardised. 


Standardisation for iron and steel—recently any % 
wrought iron manufactured in liquid condition and — 


without further treatment has been called ‘‘ steel ?—_ 
comprises standardisation of properties, strength and 


q 


analysis, and of dimensions of rolled and drawn pro- — 


ducts, such as plates, tubes and sections and the exacti- 
tude of manufacture thereof. 


Similarly, with non-ferrous metals, the properties — 


of the several metals, such as copper, zinc, tin, alu- 
minium, nickel and their alloys, on the one hand, and 
dimensions and tolerances for stock made from such 
metals, plate, tubes, bars and wire, on the other hand, 
are standardised. 

Contrary to other countries, standardisation of 
materials has not been developed in Germany to the 
same extent as standardisation of dimensions. 
reason for this is that in Germany this matter has 
been regulated to a great extent by the authorities, 
and that the standardisation of materials on account 
of the opposing interest of producer and consumer is 
much more difficult than standardisation of dimensions. 
Work on the standardisation of materials, however, 
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has made considerable progress, and it is to be expected 
that more than seventy standards will be ready for 
‘publication in a short time. 

The N.D.I. had published 631 standard schedules 
up to April 1, 1924, 203 having been elaborated by 
special committees, while about 510 proposals are being 
prepared. 


THE PROTECTION OF UNDERGROUND 
WATER SUPPLY. 


A PAPER on this subject was read at the Annual 
General Meeting of the British Waterworks Associa- 
tion held recently at Sheffield, the author being 
Mr. A. B. Cathcart, M.Inst.C.E., waterworks engineer 
to the Brighton Corporation. 

He stated that, as a general principle, waters derived 
from underground sources were less liable to pollution 
than moorland waters collected from streams and 
impounded in open reservoirs, but the latter had the 
additional safeguard of being filtered before distribu- 
tion, which was not general in the case of the former. 
Waters flowing in known.and defined channels upon the 
surface were already protected against pollution more 
or less satisfactory by the general law, and did not come 
within the scope of the author’s remarks, but he 
desires to call attention to the necessity for extend- 
ing similar protection to underground water. Supplies 
derived from deep wells were liable to pollution from 
the moment the rain fell upon the outcrop of the 
stratum. The most prevalent, and undoubtedly the 
most serious danger to such supplies, however, was con- 
tamination which might take place after the rainfall 
had percolated into the subterranean storage formed 
by the water-bearing rock, and it was particularly 
to the necessity for protection at this stage that the 
author proposed to confine his remarks. 

Liability to pollution after percolation varied with 
different geological formations, and depended to a 
great extent upon the lithological characteristics of 
the rock, and the configuration of the outcrop. Rocks 
such as the sandstones of the Triassic formation, which 
were of considerable thickness, close-grained, homo- 
geneous and comparatively free from joints, acted as a 
natural filter. The possibility of surface contamina- 
tion in such formations, percolating to the depth 
from which supplies were usually pumped, was fairly 
remote, and danger needed therefore only to be appre- 
hended in the vicinity of faults which communicated 
with the surface. Waters derived from the limestones, 
the Hastings, Ashdown and Tunbridge Wells sands, 
and the Greensand, were less immune on account of 
the prevalent folding and jointing of these rocks and 
the presence of fissures, and waters derived from 
the chalk, with which the author is at present princi- 
pally concerned, were, in his opinion, more exposed 
to contamination than all other underground waters. 
In this formation the possibility of pollution was an 
ever-present danger. 

The upper chalk, which was the principal water- 
bearing section of the formation,,was in itself very 
compact, but usually, and particularly at high eleva- 
tions, was scantily covered with soil and traversed 
with fissures frequently of considerable width and 
extending to great depths. These fissures acted as 
the natural channels through which the rainfall which 
had percolated into the pores of the chalk passed 
through the stratum, and as such fissures not in- 
frequently communicated with swallow holes upon 
the surface, pollution’ was readily conducted into the 
lower parts of the formation. Where, asin the London 
basin, the chalk was overlaid by a more recent and 
impervious formation such as the clay, the danger 
of pollution at the wells as a result of contamination 
which had taken place upon the outcrop many miles 
away was very remote, by reason of the fact that 
purification took place to a large extent as a natural 
process in percolating so great a distance. The 
present reference to the dangers which beset chalk 
waters, therefore, applied to cases where, as in the 
South Downs, wells were sunk in the exposed outcrop. 

The most vital factors affecting the relative risks of 
pollution in the author’s opinion were the density of 
population upon the outcrop, and the question of 
whether the district was sewered or unsewered. In 
cases where the outcrop was purely ayricultural—an 
ideal condition seldom realised in connection with 
deep-well supplies—the only danger which needed to 
be apprehended was that arising from pig-styes, cattle- 
sheds, &c., dnd an occasional cesspit. Unfortunately 
in the more general circumstances of the present time, 
the outcrop of the water-bearing strata, and the 
neighbourhood of the wells, were more or less popu- 
lated, and a watchful eye had constantly to be kept 
upon the graver and ever-present danger of sewage 
pollution. Asaninstance of this, the Brighton Corpora- 
tion derived its supply from deep wells in the upper 
chalk formation of the South Downs. Four of the 
five pumping stations were in rural and unsewered 
areas, and although when the works were put down 
the surrounding downland was very thinly populated, 


the subsequent growth of the borough and of the 
adjacent towns had gradually brought the populated 
area nearer the wells, and the possibility of sewage 
pollution was one which could not now be disregarded. 
At the Patcham pumping station a very serious situa- 
tion had arisen—so serious in fact that upon a report 
which the author recently presented to the corporation, 
they had at once resolved to promote a Bill in Parlia- 
ment to obtain powers for safeguarding the supply. 

Mr. Cathcart then dwelt on the need for legal modi- 
fications to safeguard the nation’s water supply as a 
whole. He pointed out that under existing legislation 
great risk attended any attempt to secure protection 
against pollution, the onus of proof of contamination 
remaining with the water authorities. A solution 
could be found, he thought, along tho lines of actual 
presence of free impurities on the water site surface 
being accepted as proof of contamination taking place. 


CATALOGUES. 


Air Ejector.—A \two-stage, steam-operated air ejector, 
made either with or without an inter-cooler, is fully 
described in a catalogue received from the Metropolitan 
Vickers Electrical Company, Limited, Trafford-park, 
Manchester. 


Electrical Fuses, d&:c.—A descriptive catalogue and 
priced lists of ‘‘ Ventex”’ fuse units, ironclad cut-outs, 
and ironclad distribution boards, are to hand from 
Switch-gear and Electrical Productions, Limited, Ellis- 
street, Birmingham. 


Time-Limit Relays——The Swedish General Electric 
Company, Limited, 5, Chance:y-lane, London, W.C., have 
issued a catalogue describing their single-pole, overload, 
time-limit relays of the induction type for connection to 
current transformers. 


Chemical Apparatus.—A further list of stills, auto- 
claves, heaters, pans and other chemical] vessels has 
been received from Messrs. W. J. Fraser and Company, 
Limited, Dagenham, Essex, who make a variety of special 
plant for chemical manufacturers. 


Voltmeter—The Cambridge Instrument Company, 
Limited, 45, Grosvenor-place, London, 8.W., have sent 
us an illustration of their thermionic voltmeter for measur- 
ing the strength.of wireless signals, determining losses in 
insulators, measuring stray magnetic fluxes, &c. 


Steel Vessels.—Illustrations of 15 different examples 
of steel-plate work, including air receiver?, vulcanisers, 
jacketed vessels, factory chimneys, rag boilers, railway 
sleepers, &c., have been received from the Leeds & 
Bradford Boiler Company, Limited, Stanningley, Yorks. 


Electric Motors.—We have received from Messrs. 
Brittain’s Electric Motor Company, 110, Cannon-street, 
London, E.C.4, a catalogue of their alternating-current 
motors, giving particulars and prices for single-phase 
and polyphase types, and of suitable starters and 
switches. 


Lifting Appliances.—A catalogue of lifting and carry- 
ing appliances, giving illustrations, dimensions and 
prices for a very extensive variety of types, is to hand 
from Messrs. Herbert Morris, Limited, Loughborough, 
who have also sent a circular relating to their vertical 
boilers made for outputs of from one to twenty nominal 
horse-power. 


Rail Welding.—The welding of rails by the alumino- 
thermic process is fully described in a catalogue received 
from Thermit, Limited, 155, Church-road, Battersea, 
London, 8.W. The catalogue includes sections on the 
welding of rails of high-carbon steel, a repair process 
for making good worn parts of tracks, rail grinding, and 
welding conductor rails. 


Steam Fittings.—Several types of steam fittings and 
instruments are illustrated in a catalogue received 
from the Steam Fittings Company, Limited, West 
Drayton, Middlesex, and a short and clear explanation 
of the application and action of each is also given. This 
catalogue is worth filing for reference wherever steam 
power or heating are in use. 


Steam Road Rollers——Messrs. Marshall, Sons and Co., 
Limited, Gainsborough, have sent us a copy of their new 
catalogue of road rollers, which are made in weights 
ranging from five tons to twenty tons, with single-cylinder 
or compound steam engines. All parts are made to 
interchangeable gauges and are of the best material 
and workmanship, which are essential for economical 
service. 


Hydraulic Propeller—A very full account of the 
hydraulic propeller invented by Mr. D. V. Hotchkiss 
is given in a new catalogue issued by the Hotchkiss 
Hydraulic Propeller Company, Limited, 26, Martin- 
lane, London, EH.C.4. The catalogue also contains 
particulars of many small craft, both commercial and 
pleasure, in which this propeller has been successfully 
applied. 

Pressure Gauges.—Messrs. 8. A. Daniel, Limited, 
Edward-street Parade, Birmingham, have sent us a 
copy of a new issue of their catalogue of pressure gauges 
and fittings. with a list of prices. The gauges are made 
with all the usual scales and include gauges indicating 
both vacuum and pressure, the hand moving in either 
direction from the zero corresponding to atmospheric 
pressure. 


Clutches.—Messrs. Thomas Broadbent and _ Sons, 
Limited, Huddersfield, have issued a special catalogue 
of their Benn friction clutch, which is adaptable as a 
shaft coupling or for connection to a pulley or driving 


wheel. This clutch is suitable for high or low powers 
transmitted at high or low speeds, and is made in a great 
range of sizes of which dimension tables are given and 
prices are stated. 


Wire Ropes.—The economical application of stee 
wire ropes in winding and haulage is dealt with technically 
by Mr. T. Albert Taylor in a paper which has been pub- 
lished by Messrs. John and Edwin Wright, Limited, 
Birmingham, who are manufacturers of wire and fibre 
ropes. The matter is clear and practical, and will repay’ 
the attention of engineers responsible for’ selecting 
ropes suitable for various duties. 


Electrical Instruments.—Messrs. Siemens Brothers and 
Co., Ltd., Woolwich, have sent us three recently issued 
catalogues describing electric mine shaft signalling visual 
indicators, a pyrometer for measuring the temperature 
of the exhaust gases of internal-combustion engines in 
order to detect inefficient conditions, and electrical dis- 
tant reading thermometers suitable for measuring the 
temperature of cold stores, steam, feed-water, &c. 


Pulveriser.—A catalogue received from Messrs. Vickers 
and International Combustion Engineering Company, 
Limited, Africa House, Kingsway, London, W.C.2, 
describes the Raymond pulveriser for grinding various 
materials, including coal. The pulveriser is a vertical 
mill in which the rollers run on the inside surface of a 
ring and the ground material is removed by an air 
current. The machines are made at Barrow-in-Furness. 


Pressed Steel_—The increasing use of die-pressed stee 
is indicated by a large catalogue received from Messrs. 
Joseph Sankey and Sons, Limited, Wellington, Shrop- 
shire, which contains six sections dealing with wheels for 
motor-cars and other vehicles, panels, mudguards, &c. 
chassis frames, axle cases, brake drums, foundry ladles, 
barrow bodies, steel barrels, parts for railway work, ship- 
building and general engineering, furniture and storage 
bins. 


Cranes.—Messrs. Henry J. Coles, Limited, Derby, 
have issued a catalogue of jib cranes, including a very 
wide range of capacities up to 25 tons, mainly with 
steam drive, but also electrically-driven. The cranes are 
usually mounted on rail wheels, and, when required, 
are self-propelling, so that they can be used for shunting 
work, stacking timber, &c. Petrol-electric cranes, a 
steam navvy and grabs are also illustrated in the 
catalogue. 


Cranes.—Illustrations of a number of electric overhead 
travelling cranes are given in a catalogue received from 
the Anderson-Grice Company, Limited, Carnoustie, as 
examples of the work carried out by this firm. Tho 
list of standard sizes includes nine lifting capacities 
ranging from two tons to thirty tons and mentions the 
speeds of hoisting, cross traverse, and travelling for each. 
The text contains some material for consideration. in 
ordering cranes of this kind. 


Wood-working Machinery.—A bench type of universal 
wood-working machine, adaptable for sawing, boiling, 
moulding and other similar work, is described in a 
catalogue received from the De Walt Manufacturing 
Company, Bridgeton, New Jersey, U.S.A. An electric 
motor, provided with means for attaching the various 
tools, is suspended by a yoke from a radial arm pivoted 
on a hoisting pillar. The yoke allows the tools to be 
swivelled for working at an angle. 


Steel Piling.—A further catalogue of steel sheet piling 
of joist section has come to hand from the British 
Steel Piling Company, Limited, 54a, Parliament-street, 
London, 8.W.1. The joints are made either by locking 
pieces which connect the flanges of two adjacent piles or 
by shaping the flanges themselves for interlocking. The 
piling is supplied on hire, with the option of purchase, or 
sold subject to return after use at an agreed price. 
Machinery for driving and drawing the piles is also 
described. 


Aerial Ropeways.—An excellent description of appa- 
ratus for conveying material in sacks, buckets, &c., 
by means of aerial ropeways, is given in a catalogue, 
issued by Main Ropeways, Limited, 47, Victoria-street, 
London, §.W.1, who are designers of, and contractors 
for, the necessary plant. This is, in some cases, almost 
the only way, and, in many cases. the most economical 
way of conveying material from mines, quarries, &c., 
over uneven ground to a loading point in the regular 
land or water transport system. 


Electrical Machinery.—A set of catalogues issued for 
the British Empire Exhibition by the Brush Electrical 
Engineering Company, Limited, Loughborough, deals 
with turbo-generators, condensers and ejectors, trans- 
formers, alternators, frequency changers, and liquid 
starters. These catalogues contain general descriptive 
matter and illustrations of the various plant units, 
and another catalogue, relating to coal costs, gives 
calculations of the saving effected by the low fuel con- 
sumption of the 5,000-kw. Brush-Ljiingstrom turbo- 
generator. 


Electrical Machinery.—The general catalogue, extend- 
ing to over 100 pages octavo, issued by Messrs. Campbell 
and Isherwood, Limited, Raleigh-street, Bootle, Liver- 
pool, contains particulars of steam-driven electric 
generating sets, and of electrically-driven winches, hoists, 
ash hoists, saw benches, fans, &c. The catalogue also 
deals with a great variety of land and marine electric 
light fittings, cables, switches, fuses, and accessories 
for power and light, reduction gears with paper pinions, 
and portable electric drilling machines and accessories. 
The matter is carefully compiled and arranged, 
and the printing excellent, but the addition of a con- 
tents and general index would greatly facilitate reference. 
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“ ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
SBLEOTED ABSTRACTS OF REGENT PUBLISHED 


SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings ts stated 
én each case; where none is mentioned the Specification ts not 
Wustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

(he date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS, ENGINES, PRODUCERS, HOLDERS, &c. 


211,942. C. A. Brown, South Farnborough. Shutter 
Radiator Controllers. (18 Figs.) November 28, 1922.—The 
invention relates to improvements in radiators for water-cooled 
engines on aircraft and other vehicles of the type wherein the 
cooling effect is regulated as required by means of hinged shutter 
devices for controlling the air flow through the radiator core or 
tube block. According to the invention, a radiator for a water- 
cooled engine is fitted with hinged shutters of substantially 
triangular or trapezoidal form or having converging sides which 
are situate at different peripheral positions around the radiator 
fore and aft axis for controlling the air flow through the radiator 
core or tube block for regulating the cooling effect, and which, 
when closed together, present a continuous or approximately 
continuous converging or tapering deflecting surface from back 
to front of the shutter arrangement and allow the air to flow 
past in an approximately or more or less streamline path, at 
the front or the back of the radiator core or tube block, so that 
the aerodynamic resistance of the radiator is reduced and when 
opened apart do not offer any material resistance to the free 


passage of the cooling air through the radiator core or tube 
block. 1 indicates the radiator core tube or block, 2 a fore 
extension consisting of adjustable air-flow control means, and 
3 an aft extension consisting of a fixed streamline fairing. 
4 and 5 are the water inlet and water outlet respectively to and 
from the radiator casing. The front extension 2 consists of a 
number of equi-spaced converging spindles or rods 6 which are 
connected to a foundation ring 7 on the radiator casing 8 and 
to a central boss 10. On the spindles 6 are pivotally-mounted 
shutters 11 consisting of thin metal casings of tapering formation 
with bearings at each end. The shutters are operated by means 
of a central bevel wheel 13 which gears with a number of seg- 
mental bevel pinions 14 rigidly attached to the shutters. The 
bevel wheel 13 is keyed on a central shaft 15 which has a fore 
bearing on the boss 10 and passes along the central axis of the 
tube block 1 and at its aft end is adapted to be turned by a 
crank 16. The shutters may be arranged with their adjacent 
edges approximately abutting when closed or may overlap. 
(Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


211,527. G. H. Thompson, Bournville, Birmingham. 
Percussion Tools. (2 Figs.) June 25, 1923.—The invention 
refers particularly to percussion tools of the type in which a 
rotating member or cage carries one or more weights having 
limited movement in a radial direction, the weights flying 
outwards under centrifugal force and imparting impulses to 
a slidably mounted tool holder of which the inner end is arranged 
in the path of the weights. The cage for the weights is formed 
by two discs al, a2 secured upon the spindle d. The weights b 


are ring members of case-hardened steel having slightly rounded 
peripheries and are loosely mounted on the pins ¢ passing 
through the discs. The spindle d is carried on three ball bearings 
j, k,l. Mounted on the spindle is a beyel wheel o in mesh with 
a bevel wheel p on a spindle g to the outer end of which a flexible 
shaft from a source of power is connected. The anvil member e 
is slidably mounted in a bush 7 in an extension of the casing h, 
and has at its outer end a head el which engages the outer end 
of the bush and prevents the member e from moving so far 
inwardly as to foul the rotating cage. (Sealed.) 


211,939. A. E. Cooper, Stafford, and C. Jones, Lower 
Broughton, Manchester. Notching and Punching Presses. 
(5 Figs.) November 28, 1922.—According to the improvements, 
the notching press is provided with two plungers arranged with 
the overhanging head parts extending in diametrically opposite 
directions. ‘The two plungers are operated through gear wheels 
and cranks from a power shaft common to both. 4a, a@ are the 
two plungers, each with an overhead tool-carrying part a1 and 
arranged back to back. 06 is the guide common to both plungers, 
the top end of the guide extending upwards to a point above the 
plunger when in their highest position. Each plunger is supported 
by a spring c suspended by a cover d bridging the top ends of the 
guide 6. The plungers at their lower ends are connected to the 
power shafts e, e by eccentrics f and links g. To facilitate the 
stopping of either plunger while the other plunger continues to 
reciprocate, a clutch is introduced between the plunger and the 
connecting pin 7 of the links g. This clutch consists of a rect- 
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angular swivel block # arranged in a space below the connecting 
pin 7 and adapted to swivel to a position parallel with the axis 
of the pin or to a position at right angles to such axis. In 
the plunger is an elongated recess j which with the block h 
lying parallel with the axis of the pin i, allows the pin and links 
to move up and down without affecting the plunger, which at 
such time is held in its highest position by the spring c. On 
swivelling the block h to a position across the recess 7 the up-and- 
down movements of the pin and links are imparted to the plunger. 
The block h is swivelled by means of a spindle hl provided at 
its lower end with a spur pinion A2 engaging a rack k, slidably 
mounted in the plunger and projecting beyond the side of the 
plunger, where it is adapted to contact with a movable stop kl 
on the machine frame, said stop being moved into and out of the 
path of the end of the rack by hand, and the end of the rack 
being bevelled to cause it (the rack) to move inwards on meeting 
the stop, while a spring returns the rack to its normal position 
after leaving the stop. (Sealed.) : 


MOTOR ROAD VEHICLES. 


211,582. C. K. Edwards, Chingford, London, and The 
Associated Equipment Company, Limited, Westminster, 
London. Transport Vehicles. (3 Figs.) November 24, 1922.— 
The invention relates to transport vehicles of the type in which 
tractor and trailer parts are employed, the load of the latter 
being partly supported upon the rear of the former. According 
to a feature of the invention, a transport vehicle of the type 
described, wherein the load from the trailer is received by the 
tractor upon supports at each side of the vehicle extending 
down to the rear axle of the tractor, is characterised in that the 
supports, which are connected to the rear axle at points situated 
outside the frame of the tractor and immediately adjacent to 
the rear wheels thereof, and which include resilient members, 
are employed to constitute also the connection between the 
rear end of the tractor chassis and the rear axle of the tractor. 
The rear axle of the tractor is shown at 10 and a corresponding 
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road wheel at 11. The tractor chassis longitudinals are shown 
at 12 and a portion of the trailer chassis at 13. The turntable 
includes a centre pin 16 upon which is received a bush 17 on 
the trailer, these two parts being secured together when the 
vehicle parts are coupled, by a spring-controlled U-shaped bolt 18 
which can be withdrawn into inoperative position when it is 
desired to uncouple the vehicle parts. The turntable is composed 
of girders 19 arranged in plan in the form of a rectangle whereof 
two of the sides are parallel to the longitudinal centre line of the 
vehicle. The girders 19 carry on their upper surfaces plates 
20, 21 and 22 and are also braced by cross girders 23. At the 
centre of the rectangle the pin 16 is situated. The rectangle 
is supported at each of its corners by brackets 25 and links 26, 
upon the end of leaf-springs 27 secured to axle 10. ‘These 
springs 27 are situated outside the chassis member 12, imme- 
diately adjacent the wheels 11. The turntable framework 
also carries four angle brackets 28, which each receive the upper 
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end of a depending link. Carried by the rear ends of the longi- 
tudinals 12 are other angle brackets 29, one of which reaches 
under each of the brackets 28. ‘T'he brackets 29 are each per- 
forated to permit the passage through them of a rod forming: 
part of the depending link. Each rod controls a pair of opposed 
volute springs 32 and 33, which encircle it. The spring 32 
bears at opposite ends against the brackets 28 and 29, while 
the spring 33 bears against the bracket 29 and against a washer 
towards the lower end of the rod. From the foregoing it will 
be seen that the chassis longitudinals of the tractor are supported 
on the axle 10 by way of the depending links, turntable, and 
finally the springs 27, while the forward end of the trailer is 
supported upon the axle 10 by way of the turntable and the 
springs 27. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


210,933. R.A. Blakeborough, London, and G. H. Reed 
Brighouse. Operating Bulkhead Doors. (1 a) Decem- 
ber 19, 1922.—In apparatus for operating vertically sliding 
bulkhead doors on ships in which the doors are normally actuated 
by hydraulic pressure, the door is provided with a frictional surface 
adapted to be engaged by a co-operating movable surface which 
is acted upon in one direction by a spring sufficiently strong to 
cause the frictional surfaces to engage with enough force to 
sustain the weight of the door, and in the other direction by a 
hydraulic ram which, when in operation, will exert sufficient 
force to overcome the spring referred to. Failure of the hydraulic 
system, therefore, will permit the spring to operate to hold up the 
door, if the latter be in the open position when the failure occurs. 
a represents a lever mounted at one end on a fixed pivot b. The 
lever a is non-rotatably connected to the boss ¢1 of a friction mem- 
ber c slidable on a key d on the shaft e by means of which, through 


bevel gearing, the hand-operating gear is connected to the bulkhead 
door. The friction member ¢ engages a fixed friction member f 
carried by the adjoining bulkhead. The free end of the lever a 
is acted upon on one side by a spring g, the pressure of which is 
adjustable by ascrew h, to press the friction member ec into contact 
with the member f with sufficient force to sustain the weight of 
the door. On its opposite side the lever a is acted upon by a 
hydraulic ram i adapted to overcome the pressure of the spring g. 
The end of the lever ais connected by a wire j to a remote control, 
to enable the friction surfaces to be disengaged from the deck 
by hand operation, and a hand-operated screw % adapted to bear 
against the lever is provided to permit of local disengagement of — 
the friction surfaces. If the hydraulic system should fail with 
the door in the open position, the spring g presses the member ¢ 
into contact with the member f and prevents the weight of the door 
from rotating backward by the shaft e. (Sealed.) 


TEXTILE MACHINERY. 


210,990. W. Glossop, Hipperholme, near Halifax. 
Spraying Apparatus for Treating Road Surfaces. (2 Figs.) 
February 14, 1923.—The invention relates to spraying apparatus 
for treating road surfaces with tar or bitumen. The invention 
comprises a spraying device which is supported directly from the 
chassis and is movable thereon towards and away from the road- 
surface, the spraying device being connected with a part which 
maintains a substantially constant height-relationship with the 
road surface. The chassis 10 is spring-supported on the wheel- 
axle 11. From the tar-pump 12 a supply pipe 13 extends down- 
wardly and is connected through a swinging junction 14 and 
flexible hose-pipe 15 with a main nozzle-pipe 16. From the 
nozzle-pipe extend several jets 17, which are disposed within the 
customary anti-splash housing 18. The nope 16 is carried — 
by swinging links 19. Each of the links 19 is pivotally mounted 
in a frame-member 20 extending below the level of the chassis 10. 
Pivotally mounted on the chassis at 21 is a bell-crank lever, one 
arm 22 of which is pivotally connected to a link 27 which, in its 
turn, is connected at its other end to one of the swinging links 19. 
The other arm 23 of the bell-crank lever is pivotally connected to 


a nut-member 24, and the latter engages a screw-threaded portion 
of a tie-rod 25. One end of the tie-rod is rotatably mounted in a 
member 28, which itself is pivotally secured to a fixed part of the 
casing or bearing of the wheel-axle 11, so that the tie-rod can 
swing about an axis transversely of the vehicle. The other end 
of the tie-rod extends rearwardly of the vehicle and terminates in 
a hand-wheel 26. The tie-rod can rotate in the member 28, but 
is secured therein so as to be incapable of appreciable relative 
movement in the direction of the length of the tie-rod. By means 
of the hand-wheel 26 the tie-rod 25 can be rotated and the bell- 
crank thereby moved about its pivotal axis to adjust the initial 
setting of the nozzle-pipe 16 in relation to the road surface. 
As the chassis rises, for example, in relation to the wheel-axle 
ll as the load becomes lessened, the lever-system 22, 23, 27 and 
19 will tend to move the nozzle-pipe downwardly away from the 
chassis proportionately with the movement of the chassis away 
from the wheel-axle. The converse operation will take place 
when the chassis is caused to move towards the axle when, for 


example, the load on the chassis is increased by charging the 
tar-containers, (Sealed.) ‘ 


AUG. I, 1924.] 


ENGINEERING. 


153 


A RATIONAL FORM OF DRAFT TUBE 
FOR WATER-TURBINES. 


By Professor A. Mmtovicn, Moscow, Petrovskaia 
Academy. 


Ty an extremely interesting paper, published in 
ENGINEERING, Vol. cxiv, pp. 31-35, July 14, 1922, 
by Mr. Frank H. Rogers, describing the construction 
of the new Queenston Power Station, Ontario, 
Niagara, it was stated that the turbines were, for pur- 
poses of comparison, provided with two different 
forms of draft tube. The No. 2 unit was provided 
with the Moody spreading draft tube and the No. 1 
unit with a sharply-curved draft tube, of corres- 
ponding overall dimensions. As in other respects the 
two turbines are of identical construction, we can 
determine the relative efficiency of the two forms 
of the draft tube by a comparative examination of the 
performances of the units. Attempts to discover 
the most rational form of draft-tube by this direct 
experimental method deserve approbation, but in 


12-5 ft. But the change of the tube’s direction 
from the vertical to the horizontal occurs in so steep 
a manner, and the radius of curvature of its exterior 
side is so small, that—as shown in my paper 
on “The approximate formula of the loss of head 
at the curving of the tube and its consequences,” 
Wiestnik Ingenerow—Hngineering Herald, N 19, 
Petrograd, 1915—below the curving of the tube the 
flow cannot entirely fill the cross-sectional area of 
the tube, because there its breadth cannot be more 
than 5 ft., and the effective boundaries of the flow 
will have the form shown in Fig. 1 by the curve 
a b. Between the boundary surface of the real 
flow and the upper side of the tube there will be 
formed a dead-water space C filled with eddies having 
a circulation as it is shown by the arrows in 
igo: 

With a flow of this kind, the effective depth 
at the outlet will not be. equal to eg, but only 
to fg, and also instead of the calculated discharge 
area 12-5 ft. x 37:5 ft. = 468-75 sq. ft. we get an 
effective area of only 5 ft.. 37-5 ft. = 187-5 sq. ft. 


Fig.2.. 
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order that the results obtained should be decisive 
it is indispensable that the tubes to be compared 
should both have theoretically correct forms, that is 
to say, such forms as will be entirely filled with the 
flow without the formation of dead-water spaces. 
Unless this condition be fulfilled, the true cross- 
sectional area of the flow will not be equal to the 
cross-section of the tube. When this is the case, the 
real velocities of the flow may differ very consider- 
ably from velocities calculated from the tube 
section, and thus two different draft tubes may cease 
to be comparable. 

I would fix the attention of the constructors of the 
Queenston Power Station and of all engineers 
generally, on the fundamental importance of the 
foregoing considerations. There are strong theoreti- 
cal reasons for supposing that the form of the draft 
tube for the No. 1 unit of the Queenston Station, 
as represented in Fig. 1, does not fulfill the condition 
for full bore flow. Having at my disposal no 
correct data or sketches of the draft tubes in question 
I will base the observations which follow upon the 
data and the sketches given in the paper above- 
mentioned, and from these will deduce roughly the 
Tequisite data, which will be near enough to the 
truth for the purpose of the present paper. 

The turbines of the Queenston Power Station are 

_ working under a head H = 305 ft. with a discharge 
— Q = 1,750 cubit feet per second, and the theoretical 
efficiency is 92 per cent. They should therefore 
develop the power 
N = 0,103 QH = 55,000 h.p. 
The whole of the discharge passes through the 
_ draft tube, Fig. 1, which at the inlet is of circular 
section with a diameter d = 9ft, so that the area 
_ of the cross-section is 63-6 sq. ft. At the outlet the 
_ Section is rectangular, measuring 12-5 ft. x 37:5 
| ft., a gives an area of approximately 468-75 
sq. ft. 
_ Calculating the velocities of the water flow at the 
‘inlet and at the outlet of the draft tube from the 
| corresponding areas of their normal sections we 
find that at the inlet V, = 27-5 ft. per second, and 
| at the outlet V, = 3-7 ft. per second, the ratio of 
| the two being 7:4. The very considerable expan- 
sion of the draft tube occurs, in the case of the 
Queenston Station principally and quite correctly, 
in the direction parallel to the axis of the tube’s 
Pei so that the breadth of the tube at the 
outlet, 37-5 ft., is three times more than the height, 
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The velocity at the outlet of the draft tube, in 
correspondence with the real area of discharge, will 
therefore be V} = 9-3 ft., instead of the calculated 
3:7 ft. It is therefore two and a-half times more 
than supposed, and the real expansion of the tube 
is thus only 3 instead of 7-7. 

The increase of velocity at the outlet of the 
draft tube implies a loss of head 

Ue = et _ 982 — 3-72 
v 29 2x 32:18 
and a loss of power for the unit N = 300 h.p. 

From the foregoing, we see that the bad form of 
the draft tube leads to a loss of power of 300 h.p., 
and that the efficiency of the unit is thereby reduced 
to 91-46 per cent. instead of 92 per cent., which 
means a reduction of 0:57 per cent. The compara- 
tively small influence of the form of the flow in the 
Queenston station’s draft tube on the performance 
can be explained by a very high head (305 ft.) 
under which the turbines are there working. But 
the loss will be proportionately more considerable 
the less the head, and may be very considerable 
under small heads, for which the form of the draft 
tube must be determined with particular care. It 
is therefore very desirable to make the most exact 
and detailed hydrometric measurements at the 
outlet of the draft tube at the Queenston station. 
Such measurements should include a full investiga- 
tion of the velocity distribution over the cross- 
sectional area at the discharge end dg. 

If such measurements confirm the accuracy of 
the flow represented in Fig. 1, we shall have as 
a result the impossibility of making a fair comparison 
between this tube and the Moody spreading draft 
tube. 

Meanwhile a little change in the form of the tube 
in the plane of its curvature, whilst keeping within 
the same structural limits, will give to the tube a 
correct theoretical form, which is indicated in Fig. 2, 
drawn, of course, to the same scale as Fig. 1. In this 
modified tube there will be no dead-water spaces, 
and the calculated velocities will be equal to the real 
ones. Moreover, the outlet of the draft tube is 
raised in such a manner that the depth of the dis- 
charge tube is equal to the final height of the draft 
tube at the outlet, namely, 12-5 ft. In this way we 
can avoid the energy losses of the flow due to shock, 
which would occur in the case of the tube having 
the form shown in Fig. 1. 

As a final result of such a change of form of the 


= 1°12 ft. 


draft tube we shall really have the desired values of 
velocity (3:7) at the outlet. 

Such a tube can be compared with the Moody 
spreading draft tube, but it will, I believe, work 
more satisfactorily, because the flowing out of the 
water in the circular channel of the Moody tube and 
the flowing in of water in that channel are associated 
with great additional resistance to the flow. This 
resistance reduces considerably the effect of the 
theoretically correct flow in the first vertical part of 
the tube. I consider the appearance of the dead- 
water spaces below the curve of the tube as the 
most considerable effect of its construction; and 
similar defects vitiate the working of almost all 
draft tubes constructed till now. The theory of the 
curved flow gives detailed indications as to how the . 
formation of dead-water spaces may be avoided. 
If there are no dead-water spaces, the simplest 
construction of tube will give the best results in 
working. 

As to the correctness of the tube form, it would 
be also very interesting to discuss the form of the 
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spiral turbine entrances at the Queenston Power 
Station, but, unfortunately, the description does 
not give the data necessary for such a discussion. 


FIRE PROTECTION SERVICE AT THE 
BRITISH EMPIRE EXHIBITION —I. 


As has been the case in other directions, the 
fire service arrangements at the British Empire 
Exhibition at Wembley serve two purposes. They 
are intended at once to provide protection in case 
of outbreak and also to serve as exhibits of various 
manufacturers. The water supply for the service is 
provided by a circular 1,000,000-gallon reinforced 
concrete tank near the Stadium at which is arranged 
a high-pressure pumping station. This is fitted with 
three electrically-driven 7-in. four-stage high-lift 
pumps made by Messrs. Worthington-Simpson, 
Limited, Kingsway, London, W.C.2. These pumps 
are illustrated in Figs. 1 and 2, page 154, while the 
layout of the station is shown in Figs. 3, 4 and 5, 
a view of the interior being given in Fig. 6. . The 
sets have a combined capacity of 120,000 gallons 
per hour, against a pressure of 160 lb. per square 
inch, equivalent to a head of about 370 ft. Their 
speed is 1,450 r.p.m. Hach draws direct from the 
reservoir behind the pump room. The suction and 
delivery of the pumps are both 7 in. and the three 
pumps deliver into a common 12-in. main running 
above them, as shown in Fig. 4. 

The pumps are Worthington-Simpson standard 
pattern multi-stage centrifugals, composed of 
suction and discharge casings and intermediate 
sections, the whole held together by external bolts 
extending between the casing and also bolts between 
neighbouring sections. The eyes of the casings 
and sections are fitted with renewable rubbing rings. 
The impellers are of phosphor-bronze, with com- 
position bushes for the shaft between the several 
stages. An automatic hydraulic balancing device 
is provided at the high-pressure end in the form of 
a disc fixed to and revolving with the shaft. Renew- 
able liners of hard phosphor bronze are fitted, 
and the whole arrangement is outside the main 
body of the pump and easily accessible. It will 
be noticed from Fig. 1 that one side of the disc 
is under delivery pressure, by way of a connection 
through the inner bearing to the delivery casing, 
while the other side of the disc is under suction 
pressure by way of a pipe connection to the pump 
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suction. The stuffing boxes are thus at both ends | fitted with short circuiting and brush-lifting device. 


of the pump exposed only to low pressures. Water 
seal is provided at the suction stuffing box. The 
bearings:consist of cast-iron bushes lined with white 
metal and are ring lubricated. The bearings are 
entirely isolated from the stuffing-boxes. 

These pumps are direct-connected to induction 
motors by the English Electric Company, Limited, 
of Kingsway, London. The coupling is flexible, 
the power being transmitted through a number 
of steel pins working in rubber bushes. ‘The 
motors are of the English Electric Company’s 
standard induction type, with slip-ring rotor 


Special attention has been paid to the matter of 
ventilation in this type of motor, in which also 
a feature of some note is the use of heavy-type 
roller bearings, and as a consequence there is reduced 
wear, permanence of air gap concentricity, and a 
reduction in the lubricating oil required. 

Hach of the motors driving the pumps is pro- 
vided with a stator trifurcating box, attached to 
the side of the terminal enclosure on the top of the 
stator frame. ‘The starters are of the horizontal 
shaft liquid type, by means of which resistance is 
inserted in the rotor circuits at starting and gradually 


HX i 
M es 6 


SRE telen Wes 
“(seceA) a PRS) fun) Sn ny ean 


SRR Fan. § 


Fic. 6, 
GENERAL ARRANGEMENT OF PUMPING STATION. 


reduced by the immersion of a larger part of the 
contact plates in the electrolyte, until finally the 
plates are short circuited. At this stage the brush- 
lifting and short-circuiting device is operated, thus 
relieving the slip rings and brushes of unneces- 
sary wear. The supply of current is controlled 
by means of a compact switchboard of the English 
Electric Company’s ironclad draw-out type. The 
board is made up of four standard units, each con- 
sisting of an oil-immersed circuit-breaker mounted 
on a sliding carriage, an isolating switch, and bus-bar 
chamber at the back. One of the units controls 
the main incoming supply to the bus-bars which run 
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500-GALLON MOTOR FIRE ENGINE AT THE BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS. MERRYWEATHER AND SONS, LIMITED, ENGINEERS, GREENWICH. 
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along the bus chambers, the other three units 
controlling the pump motors. Each motor panel 
is provided with an ammeter and with overload 
and low voltage releases. 

Before dealing with other appliances we may give 
a few particulars in connection with the general 
precautions against fire. All wood work, it may be 
remarked, has been fire-proofed, while stand-holders 
have to provide their own extincteurs on a scale 
of one per 1,000 sq. ft: ‘The number of these hand 
appliances available, amounts to over 3,000. The 
buildings are regularly patrolled, and a look-out is 
maintained night and day on one of the Stadium 
towers. All parts of the grounds are in telephonic 
communication with fire brigade headquarters, 
situated near the south-west entrance. Here is the 
brigade’s No. 1 station, a second being situated in 
the centre of the Amusement Park. The brigade 
consists of 46 officers and men. Within two minutes 
of a call, a crew of 6 to 8 men with a motor-pump 
can reach any point in the grounds. The complete 
first turn-out strength of 3 motor-pumps and 18 
men can be mobilised at any point within five 
minutes. 

The chief units placed at the service of the exhibi- 
tion authorities consist of three large motor-pumps 
of about 500 gallons capacity, with ladders, hose 
carts; &c., and four smaller units, one of which is a. 
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mobile machine, while the others are of the trailer 
type which is now becoming so deservedly popular. 

The larger machines are by Messrs. Merryweather 
and Sons, Limited, Messrs. Leyland Motors, Limited, 
and Messrs. Dennis Brothers, Limited. The smaller 
mobile unit is by the Stanley Fire Engine Co., 
while the trailer units are again by Messrs. Merry- 
weather and Sons, Limited and Messrs. Dennis 
Brothers, Limited, the third being a four-wheeled 
appliance by Messrs. Martin’s Cultivator Co., 
Limited. 

Taking first for convenience, the motor engine sup- 
plied by Messrs. Merryweather, this is one of the 
firm’s ‘‘ Hatfield’ machines. It is housed at the 
\xhibition fire brigade headquarters and with the 
other machines is kept ready for use at any time, 
day or night. 

This machine is the first of a new tvpe, specially 
constructed by the firm for the exhibition, and 
can always be seen on application to the officer in 
charge. The essential features of the original design 
are retained, and several novel changes have been 
introduced. The fire engine is illustrated in the 
drawing, Fig. 7, in the side and rear views, Figs. 8 


and 9 on page 155. ‘Fig. 10 is a view of the pump. 


enclosed crank-case with splash lubrication. The 
mechanical efficiency of the “ Hatfield’ pump is 
relatively high, the makers claiming from 80 to 
90 per cent. 

It is interesting to note that a machine of design 
similar to the one we illustrate herewith has been 
supplied by Messrs. Merryweather to H.M. the 
King for the fire protection of Sandringham, the 
firm holding the Royal Warrant as fire engine 
builders to His Majesty. 

The machine lent to the exhibition by Messrs. 
Leyland Motors, Limited, is also of 500 gallon p.m. 
capacity. It is similar to the motor fire engine 
illustrated in Fig. 11, annexed, and is of the firm’s 
standard type. The engine fitted to the machine is 
a four-cylinder motor, rated at 55 h.p. Dual 
ignition by high tension magneto and accumulator 
is fitted. Water from the supply from which the 
pump draws is circulated through a filter and on 
to the radiator, in order that the engine may be 
kept cool when pumping at full load for long 
periods. The gear-box provides four speeds for 
the chassis, and reverse, the final drive being by the 
Leyland pattern of double-reduction back axle, 
with bevel drive to a lay shaft on which the differ- 


Fig. 11. 


The petrol motor has four cylinders, in pairs, 135 mm. 
in diameter, with a 150 mm. stroke, and develops 
65 brake horse-power at 1,150 revolutions per 
minute. The power transmission to the rear wheels 
is by roller chain, allowing of a forged steel axle 
and the maximum ground clearance possible. ‘The 
pump is of the well-known Merryweather ‘“‘ Hat- 
field’ reciprocating type, and is driven by a silent 
chain speed-reducing gear from an extension of the 
first motion shaft through the speed gear-box. It 
has a capacity of 500 gallons per minute at a 
pressure of 120 lb. per sq. in., and will deliver four 
powerful fire jets $ in. in diameter simultaneously. 

A complete “ Hatfield” pumping unit of exactly 
the same type and capacity as that installed on the 
fire engine can be seen on Messrs. Merryweather’s 
stand. This is the pump which we illustrate in the 
view, Fig. 10. It is entirely of gun-metal, with 
copper air vessels, the whole of the metal work, 
where possible, being burnished to a very high degree 
of finish. 

The essential features of the ‘‘ Hatfield” pump 
are three single-acting plungers in cylinders set at 
120 deg., and driven by a single crank. The result 
is an extremely compact design, particularly suit- 
able for fixing in an automobile chassis, and con- 
venient for operation from the motor transmission 
gear. The pump valves are fixed in a chamber 
surrounding the plungers in such a manner as to 
eliminate all possible air space without unduly 
restricting the passage of water through the barrels, 
thus allowing of a vacuum of 23 in. to 24 in. to be 
maintained on a dry pump, an important advantage 
when the requirements of the fire service call for 
maximum lifts, without having to prime the suction 
pipe. The whole of the motion runs in a totally 
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ential is mounted. The last reduction is by spur 
gears to the driving shafts. The pump is a four- 
stage Rees-Roturbo unit of the twin-impeller type. 
The pump casing is of gun-metal. The pump is 
designed to deliver 550 gallons at 120 lb. pressure 
per square inch with a lift of 10 ft. It will give a 
maximum pressure of 200 lb., and has a maximum 
lift of 27 ft. Against 160 lb. pressure it will deliver 
450 gallons p.m., while the maximum output 
(without lift) is 750 gallons against a pressure of 
80 lb. per square inch. Hmploying two nozzles, one 
1 in. and one of 1} in., with pressures of 110 Ib. 
and 100 lb. respectively at the nozzle and 120 |b. 
at the pump, the delivery has been shown in tests to 
be 570 gallons p.m. The pump is geared up from 
the engine, running at 1-75 times the engine speed ; 
it is out of gear when the machine is travelling. 
Priming is arranged for by means of a rotary air 
pump at the rear end of the main pump. The 
air pump drive is by friction gear. The standard 
equipment includes two 8 ft. or 10 ft. lengths of 
suction hose, and the 500 gallon machine is fitted 
with either two or three delivery branches. 


STRESSES DUE TO A LOADED SURFACE 
WHEN EARTH IS TREATED AS AN 
ELASTIC SOLID. 

By 8. D. Carorunrs, A.M.Inst.C.E., A.R.C.Sc. 

(Concluded from page 2.) 
Part II.—Apprnprx. 

(A) Stresses due to the weight of the earth. If we 
consider a semi-infinite solid formed by gradual 
accretion in horizontal layers it will be granted at 
once that in respect to any point within the solid 


already formed there can be no lateral movement 
due to further loading. Taking the axis of z along 
the axis of the loaded strip and y vertically down- 
wards, and remembering that the stresses now under 
consideration are those due to the weight of the 
earth only, and are quite independent of the load 
on the strip, the movements at any point may be 
written :— 


u=0, v=a+t+by+cy, w=0 
Ou Ov dw 
AS eee ey ( 
Oe! Cy ecole (7) 
=b+2cy 


This form of A is harmonic and no higher power 
of y than y? can be included in v. The stresses can 
now be written out by the well known formulz :— 
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As the stress yy is the normal pressure on any 
horizontal plane at a depth y below the surface, it 
is obvious that it vanishes at y = 0 and therefore 


6=0. From ordinary considerations it is clear 
= “a 
that yy can be expressed as yy = — w y, where wis 
the weight of a cubic unit of the material and 
therefore 2c = — w/(\ + 2u), giving :— 
ae = —rwy/(\ +2m) 
vy Tied > hae) 
z2z= —Awy/(A + 24) 
— — — 


yz2=2ue=ny=0 

(B) Stresses due to a uniformly loaded strip. 

(2) It has been shown that the stresses produced 
in two dimensional stress systems when the body 
forces are omitted, can generally be resolved into 
four distinct types. : 

Only one of these types will be required in the 
present investigation, it is :— 
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where ¢ is any plane harmonic function satisfying 
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It can be easily verified that the above values of 
the stresses, together with those given by equations 
(3), do, in fact, satisfy the equations of equilibrium 
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In the present case 

X= 0, and Y = g, 
pY=w 
where w is the weight of a cubic unit of the 
material. It now remains to determine the precise 
value of ¢ for the purpose in hand. It is quite clear 
that what is required is a harmonic function which 
when y = 0 shall be constant over an interval A B 
(equal to the width of the loaded strip) and shall 
vanish outside this interval. 

Consider the scheme of stresses under equations 


and 


(4). The normal stress on any horizontal plane is 
opie oe ok . ©) 
and on the plane y = 0 this becomes 
y= > ~~ See ee 


The shear on any horizontal plane or on any 
vertical plane is 


ey = y 0% . . . 
and this vanishes on the plane y = 0. 
There is thus obtained on the plane y = 0 normal 


stress of intensity @ everywhere, and it now remains 
to select a value of ¢ which shall be uniform over a 
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given width of strip and vanish at all points on the 
surface outside this strip. Further ¢ must remain 
finite, continuous and one-valued at all points 
within the solid and vanish at infinity everywhere. 

Suppose the width of the strip is denoted by 
AOB, AB = 2a being bisected in O, the axes being 
taken as shown in Fig. 3. 

Consider the angle AQ B =a subtended by AB 
at any point Q in the solid. If Q approaches any 
point in the surface y = 0 outside AB, such as the 
point C or D, then a approaches zero, but if Q 
approaches any point between A and B then a 
approaches 180 deg, or in circular measure a ap- 
proaches ;, and it is in circular measure that all 
the angles will be measured. Now we have in a 
a function which is finite, continuous and one valued 
throughout the whole of the solid, is equal to 7 
over the interval AB, and is equal to zero over the 
remainder of the surface. Now a would be of 
no service for the purpose in hand unless it were 
harmonic, and this it fortunately is, for it satisfies 
the equation 

ere a 0 
Ox oy 
at every point of the solid, and, in addition, it 
vanishes at infinity over the whole boundary of 
the solid. It, therefore, satisfies all the requisite 
conditions. 

If the pressure over AB is P units per square foot 
of surface, the stresses may now be written, by 
the aid of equations (4), as follows :— 
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The normal pressure over the plane y= 0 for 
all points between A and B is 

Pie 

Tv 


while for all points outside AB 


a=-P (11) 


vy = 0, 
and zy to 
everywhere on y =o. 

(3) To enable the various equations to be calceu- 
lated it will be convenient to set out the values of a, 
ce, oe, &e., in terms of the co-ordinates of any 
point. (Fig. 4.) 

Referring to the figure, 

Let O be the origin, 
B 


= 1%. 
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Let Q C be the bisector of the angle AQ B =a. 
Let Z QAN =a}, Z QBN=a@, Z QCN =8@, 
ZCQN=¢. 
It is easily seen that : 


20 = a2 + a, anda = a2 — aj. 
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From 12a it easily follows that 


y 2% = dfsin 2 a — sin 2 ay] (13) 
oy 
= sin a cos (a2 + ay) (18a) 
= sina cos 20 (13d) 
= — sinacos2 q, (13¢) 


The principal stresses are, by a well-known 
theorem, given by 
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tan 2 6; = Qey/(ex = yy) 

where p, and p, are the principal stresses and 4, 

is the inclination of one of the stresses to the axis 

ofz. There is thus obtained from equations (10) 
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It is easily seen from equations (12a) and (12b) 
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Again, from equations (10) and (14) 


ton Zev = = 2 Oe 
Qe" OY 
= 2my/ (x2 — y — a?) 
= tan (a, + a2) 
= tan 2 0 
@ = 0; = 4 (a1 + az) 


and thus the direction of the principal stress p, 
bisects the angle a at every point. 

(4) Suppose now that a smooth vertical wall is 
placed at CD as shown in Fig. 5. 

The normal pressure on CD would only be cor- 
rectly denoted by equations (10) if CD moved 
at every point in the same way as if it were a part 
of the origina] solid. If it is smooth and inflexible, 
the pressures will be greatly modified and these 
can be obtained in the following manner. 

Consider another load of intensity P placed 
over A’B’ the image of AB in the plane CD. 

The surface CD under the influence of the two 
loads would remain plane. The movement in the 
horizontal direction would become zero at CD and 
the movement in the vertical direction would be 
doubled at CD and it may be assumed, for the 
moment, that the barrier CD is removed. 


The stresses at any point P (Fig. 4) under the 


influence of the two loaded strips are: 
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where a and a’ are the angles subtended at the 
point by the lines AB and A’B’ respectively. 

Now since AB and A’B’ are symmetrically 
placed with reference to the plane CD it is obvious 
that for any point on CD, a=a’ and that 
Qa oa | @ 
ay oy” ae 
increases through CD, a diminishes at the same 
rate that a’ increases. 

The pressure at the plane CD can thus be written 


(a+a’) = 0, seeing that as x 


ee= -2P(atyS\/n 
ae 
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and these are the pressures which would be exerted 

against a smooth vertical inflexible wall placed at 

CD due to a uniform load P per unit area placed 

on AB only. 

The pressure normal to the wall is 
een —2P(atySe) jm. (21) 
oY 
and as both terms within the brackets vanish when 
y = 0 the pressure at the surface is zero for values 


of « outside the limits + a. 
It is not difficult to show that for a given value 


of x, outside the limits +a, aa is a maximum 
for that value of y given by the equation 


y= [2 w (® — a2)? — (2 — ay | /(322 + a2) . (22) 


It is easily seen that the point where a is a 
maximum is the point of contact (P) of the circle 
which touches CD and passes through the points 
A and B (Fig. 6). As a@ is constant over the whole 
of this circle, it is clear that at the point P the 
value of da/¢y = zero, giving at this point, 


ee = —2Paln (23) 
(5) Suppose now that the plane CD is brought up 
to the point B, the angle a = 7/2 when y=o 
and the pressure now becomes a maximum at the 
surface and falls off as y increases. 
At the surface y = 0 


— 


C2'= —'P (24) 


and these equations, being all independent of the 
elastic constants of the body, must be correct 
over a very wide range of materials. 

(6) Again suppose that a barrier similar to CD 
is placed at C,D, (Fig. 7) the other side of AB, and 
that OC = OC,. The two loads AB and A!B! 
would still retain the surface CD plane but the 
surface C,D, would become distorted. To remove 
the distortion from the latter, two further loads 
A,B, and A,,B,, the images of the former in the 
plane C,D, would be required, but now the plane 
CD is distorted and thus an infinite number of 
images are required to remove the distortion from 
the two planes CD and C,D, and the stresses at 
any point within the area CDD,C, are simply 
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and there is no difficulty whatever in solving these 
equations for any given case graphically or analy- 
tically. 

(7) Suppose the barriers CD and C,D, are moved 
up to B and A, respectively, the various images 
become continuous, and the result, so far as the 
region CDD,C, is concerned, is equivalent to a 
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(For Description, see Page 159.) 
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Fie. 80. Muvurti-Stacr Tursine Pump; Messrs. Honpen anp Brooke, Limirep. 
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Fies. 82 ro 85. Ventmating Pranr; Mussrs. 
Dayipson AnD Co., Limirep. 


uniform load P per unit surface extending to 
infinity giving :— 

oe = yy=—Pandsy =0 
everywhere between the two barriers. 


(8) From the third of equations (10) the shear 


at any point is = y ee which by (12b) becomes 
(4 
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=(4 =: Now consider any point on the 


plane x=a, i.e., the vertical plane under the! 
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edge B of the loaded strip. It is seen at once 
that y*/r,? =o when y =o and 7, = 2a, also 
y?/r,? = unity when y= oo and thus y?/r,? varies 
from zero to unity as y increases from zero to 
infinity. Similarly for any point in the same 
plane y =7, and y?/r,* is equal to unity for all 
values of y however large or small. Jt will thus 
hae 


72 12 


be seen that for the plane «=a, varies 


from —1 to zero as y increases from zero to infinity 
and therefore the shear on this plane varies from 


xy = — P/r at y=o0 to zy =o at y= om. The 
proof that the shear on the plane y =o is 
absolutely zero throughout, including the points 
A and B, will be left to the reader. 


THE COLLIERY AT THE BRITISH 
EMPIRE EXHIBITION. 


(Continued from page 51.) 


Amonest the chief preoccupations of the colliery 
engineer are, getting water up out of the workings 
and bringing air down to them for ventilation. 
Two examples of modern pumping machinery are 
shown below ground at the Exhibition Colliery : 
one is a combined horizontal three-throw pump and 
motor, manufactured by Messrs. F. Pearn and Co., 
Limited, of West Gorton, Manchester, and illustrated 
in Fig. 79. ‘The pump barrels are of cast iron, 7 in. 
diameter by 9 in. stroke, and the rams are also of 
cast iron, working through gun-metal neck rings and 
cast-iron glands. The pump speed is 55 revolutions 
per minute, and the capacity is 11,000 gallons per . 
hour, against a head of 600 ft., allowing 8 per 
cent. for slip. Each valve box has a separate door 
and is fitted with an air cock. The valves are of 
gun-metal of the mitre type, and the delivery pipe is 
6 in. diameter. The pump, with the intermediate 
shaft of the double reduction gear and the motor, 
is arranged on one bed-plate. The gears are machine 
cut, of cast iron, except the motor pinion, which is 
of compressed paper. The motor supplied by the 
General Electric Company, Limited, is a 45 h.p. 
three-phase, Witton slip-ring motor, constructed 
for 440 volts, 50-cycle current, running at 720 
revolutions per minute, of the type specially recom- 
mended for use in fiery mines. A G.E.C. draw- 
out, mining-type pillar, and flame-proof rotor 
starter for controlling the motor are provided in 
the equipment. 

The other pump is a multi-stage, motor-driven, 
centrifugal or turbine pump, constructed by Messrs. 
Holden and Brooke, Limited, of West Gorton, 
Manchester, capable of delivering 36,000 gallons 
per hour against a total head of 560 ft., at a speed 
of 1,450 revolutions per minute, and with an effi- 
ciency of 72 per cent. The pump is direct driven 
by a 170 h.p. electric motor, using the three-phase, 
440-volt, 50-cycle current. The horse-power pro- 
vides for an overload of 20 per cent., the power 
transmitted at the coupling at the normal duty 
of the pump being 141-5 h.p. The general design 
of the pump is shown in the sectional drawing of a 
five-stage pump of the “Sirius” type (Fig. 80). 
The construction is on the multiple unit system, 
which enables a pump to be built up of the requisite 
number of stages for the work by adding to the 
number of bodies and impellers and suitably 
lengthening the shaft and main bolts. This arrange- 
ment has the advantage that a faulty joint 
between the bodies is at once detected by visible 
leakage of water, whereas in a pump in which the 
middle bodies are fitted in a single outer casing, 
leakage may take place undetected. In order to 
ensure true running the impellers are balanced indi- 
vidually in the first instance and then collectively 
on the shaft before assembly in place. Each set of 
guide passages is cast as a complete ring entirely 
separate from the pump body, which allows the 
surfaces to be worked smooth, and gives greater 
efficiency. The bodies have large water passages, 
and in order to facilitate repair, are fitted with 
renewable ings where liable to wear caused by the 
running of the impellers. The stuffing box on the 
suction cover is of the water-sealed type, fed from 
the periphery of the first impeller so as to be free 
from grit when dirty water is being pumped. A 
special device is fitted to the suction end bearing, 
which acts as a combined oil and water thrower ; 
it prevents oil from getting out of the bearing and 
water from getting in while the pump is running, 
should the housing become flooded in consequence 
of a stoppage in the drainage pipe. The delivery 
end bearing is of an internal type, dispensing with a 
stuffing-box working under heavy pressure and 
retaining the advantages of an external bearing ; 
it is made with a renewable bush, outside which the 
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RAILWAY THIRD-CLASS VESTIBULE CAR; BRITISH EMPIRE EXHIBITION, 


CONSTRUCTED AT THE COMPANY’S DERBY WORKS; MR. R. W. REID, CARRIAGE AND WAGON SUPERINTENDENT. 


Fie. 86. 


Fie. 87. 


water passes for balancing the end thrust of the 
impellers. Any lubricant working through the 
bearing passes to the drain, and does not become 
mixed with the water going through the pump. 
The arrangement enables the overall length of the 
pump to be kept down to a minimum. 

The end-thrust in a horizontal pump, and in a 
vertical pump the weight also of the impellers and 
shaft, is balanced hydraulically, no thrust bearing 
being required. It is claimed for the turbine pump 
that it has several advantages over the reciprocating 
pump: low first cost, small floor space occupied, 
small cost of foundations, light weight, small 
running costs, flexibility in working, noiselessness, 
small cost of maintenance, and facility for direct 
coupling to an electric motor. In comparing the 
two pump exhibits, it is to be noted that though 
considerably smaller and occupying much less floor 
space, the turbine pump can deliver, to nearly 
the same height, more than three times the 
quantity pumped by the reciprocating pump. A 
general view of the pump is given in Fig. Sl 
on page 159. 

The ventilation of the Exhibition colliery is 
effected’ by a ‘“‘ Sirocco ” mine fan with connections 
to the upcast shaft and discharge chimney (Figs. 
82 to 85, page 159), constructed by Messrs. Davidson 
and Company, Limited, Belfast. on 


This fan is 63 in. diameter, 50 in. wide, of the 
double inlet type, capable of exhausting 110,000 
cub. {t. of air per minute against a pressure of 6 in. 
water gauge. Owing to the shortness of the 
workings at Wembley, the fan can only be run at a 
small fraction of its capacity, in order that the 
velocity of the air current may not get beyond 
comfortable limits. 

The design of “ Sirocco” fans has been based on 
the principle of running a fan of small diameter at a 
comparatively high speed of rotation, so that it is 
in many cases possible to instal direct-coupled 
sets driven by high-speed engines or high efficiency 
motors. An advantage of the use of high-speed, 
small-diameter fans is the substantial reduction in 
capital cost, due to the small amount of brickwork 
required in the construction of the discharge chim- 
ney and inlets to the fan. 

The legislation that requires any system of mine 
ventilation to be capable of reversal of the direction 
of flow has been a factor in the selection of fans of 
this type for the ventilation of collieries. Although 
the fan is designed essentially to work as an exhaus- 
ter, it is fitted with an arrangement by means of 
which the air current underground can be reversed 
by converting the fan into a blower. This merely 
involves the manipulation of dampers and doors 


in the fan chamber, which cut off the discharge 


Fig. 88. 


chimney and force the fan to blow down the upcast 
shaft while taking its air supply from the atmo- 
sphere. The change-over can be effected in a few 
minutes, and the direction of rotation of the fan 
wheel does not require to be reversed. 


BRITISH EMPIRE EXHIBITION; 
RAILWAY MATERIAL.—\V. 


Tue chief exhibit of the London, Midland and 
Scottish Railway is a very fine example of the class 
of accommodation nowadays provided on the 
British systems for third-class passengers. The 
car is a standard third-class vestibule vehicle for 
main line working on most of the fast trains from 
Euston and St. Pancras, and is constructed so as to 
be employed, as necessary, for the service of meals, 
when attached to a dining car. It is one of an 
order of 65 vehicles recently put through the rail- 
way company’s shops at Derby, having been con- 
structed on the mass production system of which 
we gave a full description in our issue of October 12 
last.* The article in question, if referred to, will 
be found to give a good deal of information on the 
type of construction as well as the method of organ- 
isation and erection, the actual building time in 


* See ENGINEERING, vol. exvi, page 466. 
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BOGIE FOR LMS. RAILWAY CAR AT THE BRITISH EMPIRE EXHIBITION. 


MR. R. W. REID, M.I.MECH.E., CARRIAGE AND WAGON SUPERINTENDENT. 
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the shops having been reduced by the means adopted 
to six days. 

The coach is illustrated in Figs. 86, page 160, which 
gives an exterior view, and Figs. 87 and 88 shows 
the interior, the former (Fig. 87) illustrating the vista 
when several cars are coupled together with the 
gangway doors open. The length over body is 
57 ft. 1 in., over underframe 57 ft., and over buffers 
60 ft. 8 in. The two four-wheel bogies having 
wheels 3 ft. 7} in. in diameter, and a wheel base 
9 ft., are centred 40 ft. 6 in. apart. The width at 
the waist is 9 ft., and over cornices 8 ft. 10} in., 
while the width overall is 9 ft. 1} in. The height 
from rail to top of roof is 12 ft. 5}in. The interior 
is divided into two compartments for smokers and 
non-smokers respectively, the former accommodat- 
ing 32 passengers and the latter 24. A corridor 
runs down the centre of the coach, two seats being 
placed on each side of it throughout the length 


of the compartments. At each end is a vestibule 


panelling is of mahogany. The ends are sheeted with 
vertical tongued- and grooved-jointed boards. Con- 
siderable use is made in the body framing of 6-in. 
by 6-in. by -in. pressed steel knees and brackets. 
The interior finish is in mahogany, with panelling, 
mouldings, cornice and seats of this wood, polished. 
In some of the quarter panels framed photographs 
are inserted. Above the cornice the partitions and 
ceiling are finished in glossy white, on three-ply 
veneer. The neat effect of the simple decorative 
scheme will be evident from Figs. 87 and 88. Figs. 
87 and 96 illustrate one of the main features of 
the interior. It will be noticed that the backs of 
the seats are narrowed above shoulder height. 
This arrangement has been adopted in order to 
give the maximum permissible width to the seats, 
while at the same time allowing ample room for 
attendants to move down the corridor with trays. 
The seats and backs are well sprung, the uphol- 
stering being of fawn York velvet. . Portable tables 
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Frias. 113 to 117. 


6 ft. # in. in length. Here there are doors on both 
sides of the coach, and in each vestibule is arranged, | 
on one side a lavatory, and on the other serviceable | 
shelves for luggage. 

In our two-page engraving, Plate XVII, with this 
week’s issue of ENGINEERING, we give drawings of 
this vehicle in which these features will be readily 
recognised. Of these illustrations, Fig. 89, Plate 
XVII, gives an elevation of the body, showing the 
chief features of the body framing. Fig. 90 is 
a plan of the interior. 
and sections of the vestibule arrangements are 
shown in Figs. 91 to 93, while Fig. 94 is a plan of 
one of the vestibules. 
longitudinal elevation and cross-section of part of 
the main interior, while Fig. 97 is an end elevation 
to a smaller scale. The body framing is of oak and 
teak. The whole is designed as far as possible to 
make use of standard parts. The main pillars are 
3in. wide; the standard width for the side light 
frames is | ft. 114 in., and these are placed as 
far as possible to give quarter panels 1 ft. 2% in. 
wide inside the mouldings. This is done in seven 
cases, while there is a somewhat wider one in the 
centre. The treatment between windows is uniform ; 
Special arrangements are, of course, needed at the 
vestibules, where doors, &c., have to be worked in. 
The whole of each side is composed of units, two of 
which, having a length of 12 ft. 73% in., are identical. 
Below the narrow waist panels, one long panel 


Various interior elevations | 


Figs. 95 and 96 show a; 


extends from end to end of the body, The outside 


are provided, and electric bell communication is 
carried through to the dining car with which the 
vehicle may be coupled. 

In plan the lavatory compartment and the 
luggage racks correspond, so that the interior of 
the vestibules has a well-arranged appearance. The 
lavatory compartments, Fig, 93, have a length of 
3 ft. 8 in. and width of 2 ft. 83 in., as indicated in 
Fig. 94. The lining from floor to cornice is of 
polished oak tongued and grooved boards. The 
floors are covered with sheet rubber and are coved 
all round to facilitate cleaning. A folding wash 
basin is fitted over the w.c., and is supplied with 
hot and cold water. The water supply is carried 
for each lavatory in a 35-gallon tank, housed above 
the luggage rack in the same vestibule, the tanks 
being enclosed by veneer panelling, easily removable 
for inspection purposes. The hot water is furnished 
by an automatic heater in the corner of the lavatory, 
connected with the steam-heating supply. A cock 
enables the heater to be cut out. The luggage 
racks consist of two strong shelves, the bottom one 
being 2 ft. 45 in. from the floor, with 1 ft. 7 in. 
between the two. This accommodation is intended 
for hand luggage too bulky to be placed under the 
seats, where, however, there is room for large 
suit cases, this space having been purposely kept 
clear with large openings between the seat legs, as 
will be seen in Figs. 95 and 96. For smaller articles 
double parcel racks are fitted above the seats along 
the sides and on the end partitions of the interior. 


' to take in air. 


The car is lighted by electricity, the lamps, with 
square shades of opal glass, being arranged in 
clusters of three (Fig. 87) down the centre of the 
ceiling. Single lamps in addition are placed over 
each table, with a switch close to the bell push. All 
interior metal fittings are of bronze finish. Heating 
is on the atmospheric or vapour system, the heaters 
being laid along the sides of the coach under the 
seats just above the floor, with control handles 
above the seat backs, as will be seen in Fig. 95. 
Ventilation is provided for by drop windows to 
alternate side lights, by torpedo ventilators in the 
roof, and by vertical glass louvres over the side 
lights. These louvres can be set either to exhaust, or 
The coach is fitted with collapsible 
gangway connection to the cars to which may be 
coupled, sliding doors being fitted in the coach 
ends. A detail of the method of carrying these 
doors is shown in Fig. 98. The doors in the three 
interior partitions are also made to slide. 
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MrouanicaL LUBRICATOR FOR Locomotives ; Mrssrs. GRESHAM AND ORAVEN, LIMITED. 


The underframe is illustrated in Figs. 99 to 106. 
It is entirely of steel of British Engineering Standard — 
sections, the solebars being 10 in. by 3} in. by #in. — 
channels, and the centre longitudinals 9 in. by 3 in. 
by 2 in. channels. The headstocks are of 12 in. 
by 32 in. by ? in. channels, and the main cross 
bearers of 10 in. by 3} in. by #? in. channel 
section. Flat diagonal bracing, 44 in. by ~ in. 
is provided on the top of the frame. Gussets 
are 3 in. thick. A feature of the underframe is 
the unusually deep trussing provided for the solebars, — 
of 34 in. by 3} in. by 4 in. angles, as will be seen in 
Figs. 99 and 103. This not only gives great rigidity 
to the frame, but has the additional advantage of 
allowing the accumulator boxes to be brought well to 
the front, so that they are more easily accessible 
than is usually the case. From the main 
cross-bearers the 10 in. by 34 in. by % in. 
longitudinals are splayed towards the head- 
stock, which is further stiffened by gussets. 
Cast steel side buffer brackets are provided and an 
angle stretcher carries a guide for the draw-bar. 
The draw-bar is fitted with 3 Hines indiarubber 
springs, while the side buffers have Spencer rubber 
springs with 1{ in. initial compression. 

The bogies are illustrated in Figs. 107 to 112, page 
161. They are also built up of British Standard 
sections, with solebars 10 in. by 3} in. by 28-21 lb. 
The bogie headstocks are of pressed steel. The 
main cross bearers are pressed steel members of 
%in. plate, 9 in. deep at the ends and 7% in. deep at 
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the centre, with 52 in. and 3 in. flanges. The 
longitudinals are also of 3 in. plate, 54 in. and 62 in. 
deep. The bolster is 1 ft. 1} in. wide, built up of 
two channels, 7 in. by 3 in. by 17-56 lb. section, 
with flanges facing inwards, and } in. top and 
bottom plates. The spring plank is a + in. plate 
pressing | ft. 7 in. wide, slung from the transoms 
by inclined links. The bolster springs consist of 
double helical springs on each side. Laminated plate 
springs are fitted above the axle boxes, with 
rubber spring pads for the hangers. The centre is 
of cast steel cup. Side bearers are fitted at the 
bolster ends, with corresponding plates on the 
underframe cross-bearers. 14+ in. side play is 


frame. The wheels are of the disc type with tyres 
held by retaining rings. The journals are 9 in. 
by 3} in. 

The coach is fitted with the vacuum brake, one 
18 in. cylinder attached to the main under- 
frame being provided for each bogie, the esti- 
mated power at the blocks being calculated at 


80 per cent. of the weight of the car, the latter being | advantages. In the single-wire system a weight 


Fie. 118. 


Fie. 118. Dousie-Wirt Lever FRAME. 
Post Gear; THe WeEsTINGHOUSE BRAKE AND SAxsBy SIGNAL Company, LIMITED. 


27 tons. : We are indebted to Mr. R. W. Reid, 
M.1.Mech.E., Carriage and Wagon Superintendent 
to the Company, for the facilities which have 
enabled us to illustrate this coach so fully. 
Mechanical lubricators for axle boxes and the 
cylinders of locomotives of the type illustrated in 
Figs. 113 to 117 on page 162, have been introduced 
by, and are to be seen at the stand of, Messrs. 
Gresham and Craven, Limited, at the British Empire 
Exhibition. The pumps are arranged at each side 


of the oil chamber, from which the oil is drawn’ 


into them through the gauze at the foot. The 
cylinders are supported by a shank containing the 
oil passages and held in position by a nut. The 
rocking motion given to the driving frame is obtained 
from the valve gear in a way that is described 
below. This motionraises and lowers the plungers, 
which are made of two diameters, so that double- 
acting operation is obtained. Three-ball valves 
suffice for the operations of delivery and suction 
for the two ends. As the plunger rises, oil is drawn 
into the lower end of the cylinder, while delivery is 
effected from the other end over the top of the 
second valve, and through between the ball and 
Seat of the third. On the down stroke the delivery 
partly goes to fill the top end of the cylinder and 


partly is delivered. The system of working is one | 


that ensures continuity of supply and the actual 
design is such that the parts can be got at readily 
for inspection. The free wheel type of clutch 
illustrated in Figs. 115 and 116 is used to convert 
the rocking motion taken from the valve gear (see 


| double-wire system is not in use on the railways 
allowed either way to the bolster inside the bogie ' 


Fig. 117), into a rotating one, always in the same 
direction, for the shaft. Near the two ends there 
are wider parts of the shaft, which are circular but 
eccentric with the general shaft. These parts turn 
in suitable holes in the side arms of the driving 
frame, which is thus made to rise and fall carrying 
with it the plungers of the pumps. A warming 
pipe for use in cold weather is provided at the foot! 
of the casing. 

An exhibit of distinct novelty for this country is 
that of appliances for signalling on the double-wire 
system, to be seen at the stand of the Westinghouse 
Brake and Saxby Signal Company, Limited. The 


of this country, though small tentative installations 
have been made in yards. It is, however, very 
extensively used on the Continent. The system 
devised by the Westinghouse Company is especially 
intended for British and Colonial lines. Although 
we cannot enter into a detailed discussion of the 
merits of the single and double-wire systems, it 
may be pointed out that the latter possesses many 


Fie. 119. 


Fie. 119. Dovustze-Wire Sincte-Arm Post Gear. 


is used to return the arm to danger ; sometimes it is 
necessary to put a weight on the lever to help in 
pulling the arm off. If with this arrangement, the 
wire breaks, the whole of the weight falls against 
the operator. The further the signal is away, 
the heavier must be the weights employed, necessi- 
tating great exertion on the part of the operator, 
and involving great wear and tear to the signal 
parts. In the double-wire system the arm is moved 
positively both ways by the operator, 7.e., he pulls 
the arm off and returns it to danger by hauling on 
different wires, instead of hauling for one move- 
ment and paying out only in the second, the arm 
movement depending upon the counterweight. The 
weights to be handled are thus very greatly reduced, 
permitting of the employment of much shorter and 
more easily operated levers, and also of the placing 
of posts much further from the signal boxes. The 
advantages also hold for points, which it is possible 
to operate by the double-wire method, up to a 
distance of 500 yards, thus enabling one box to 
control passing loops of 1,000 yards’ length. Inci- 
dentally in the working of points expensive rodding 
is abolished, with its accompanying elaborate 
roller stools. 

The small size of the lever frame required for 
double-wire operation may be gathered from Fig. 
118, above, which shows a 5-lever frame exhibited 
at the Westinghouse Brake Company’s stand at 
Wembley. This frame is fitted with three single 
levers and one two-lever unit. In this type of 
frame a locking trough runs along the back in 


|which are bars that, through levers, work in con- 


junction with the catch handle. The double-wire 
systems employ a drum at the lever frame, rotated 
by the lever in one direction or the other, and 
drawing in one wire while paying out the other. 
The drum in the Westinghouse frame gives a stroke 
of about 18 in. to the wire. The lever is short 
and at a convenient height. To operate, the catch 
is gripped in and the lever pulled right down to the 
inverted position, as shown in the centre of the 
frame in Fig. 118. Two badges are fixed to the 
lever so that whatever its position its function is 
apparent. 

It is obvious that the double wire system might 
be crudely installed in such a way that the signal- 
man would be unacquainted with the fact that a 
signal or point-wire had broken, and that these 
appliances bad not responded to his lever move- 
ments. Wire failures are, we believe, very rare 
where the system is in extensive use, but even 
should such occur they are effectively provided 
for and perfect protection is assured. In the 
Westinghouse system the various parts are fitted 
with suitable checks to meet this contingency. 
As we shall explain later, these are fitted to 
both the point and signal gear, while a breaking 
wire detector is embodied in each lever at the 
frame. This consists of a bent metal piece in 
connection with the wire passing over the lever 
drum. If a wire should break and become slack 
on one side or the other, the detector tilts and 
comes in contact with notches on the frame casting, 
preventing further movement of the drum. 

We propose first to deal with signal operation for 


Fie. 120. 


Fie. 120. Dovusie-Wire Dovusie-ARM 


which the double-wire system offers unique facilities. 
In addition to the simple movements of indi- 
vidual arms, the system can be readily applied to 
the operation of two signal arms for two positions 
each, or to three-position signalling. It is, in 
fact, extremely practical when applied to the latter, 
while in connection with the operation of two 
separate arms it can be usefully applied where 
outer and warner signals are on the same post, or 
for the operation of home and distant signals on 
separate posts. Taking the simplest case first 
of a single arm, the signal post gear employed in 
the Westinghouse Brake Company’s system is 
illustrated in Fig. 119. The wire is wrapt round a 
drum pivoted on the post. On the inside of this 
drum is a cam slot in which works a pin projecting 
at right angles from an arm on the curved lever 
above, to which the signal down-rod is connected 
as shown. The cam slot is so designed that when 
the drum is in the position shown the rod is in 
its lowest position and the arm set at danger. 
When the drum is revolved in a clockwise direction 
the lever pin is moved by the cam further away 
from the centre and the down-rod is raised; con- 
sequently the arm is lowered to the “ off” position. 
The drum will be seen to have fixed to it, by a bent 
lever, a heavy weight. When the arm is pulled “ off ” 
this weight is swung round into the upper left 
quadrant, in which position it remains so long as 
the signal is “ off.” Should the “ danger retaining ” 
wire (the upper one) break, as shown in Fig. 119, 
if the signal is “ off,’ this weight will swing the 
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drum round and the signal arm will be at once 
returned to danger, the wire being disengaged from 
the drum in this movement. The freeing of the 
wire is automatically accomplished by means of 
the bent clip shown. This normally lies in the 
rim of the drum, the hooked end passing under a 
pin whose position in the rim may be seen in our 
illustration. So long as both wires remain taut 
this clip works as part of the drum. If the upper 
wire breaks disengagement follows. It is, of course, 
evident that if the lower “ pull to clear” wire 
breaks no danger can arise from the arm showing 
the line to be clear. Although a weight will be 
seen to be fitted at the post, this is only of small 
size, being merely required to actuate the arm and 
down rod when unconnected from the ground gear. 
A stop is provided to prevent the weight swing- 
ing the disc too far and damaging the down 
rod lever, while the cam slot is over-run at both 
ends so that a definite movement is always given 
to the arm regardless of the actual stroke of the 
wire. 

Although three-position signalling may be con- 
sidered to be the next simplest arrangement as 


Hie. 121; 


Fia. 121. Non-TRamasiEe Point Lay-Ovr. 


actuated. The above application is for outer and 
warner signals for the same line, but the cam slots 
are easily arranged for directional indication, in 
which one’signal is used for the main line and 
the other for a loop or branch. In this case it is a 
question of giving the drum a stroke in each direc- 
tion, movement one way affecting one arm, while 
the pin for the other is stationary in a circular 
length of the cam slot, and movement the other 
way operating the second arm, the first’ remaining 
unaffected. The double lever unit may also 
clearly be applied to the operation of distant and 
home signals on separate posts, by the use of a suit- 
able drum and cam on each post. Three-position 
signalling embraces the same fundamentals. The 
double lever unit is employed, and a single cam slot 
drum similar to, but larger than, that shown in 
Fig. 119. The slot is a compound curve which 
results on the first motion in the arm being raised 
to the 45 deg. position, and, on the further move- 
ment, to the vertical. We think this will be clear 
without further detail, and as this is hardly the 
place toenter upon the subject of three-position 
signalling as such, we now propose to deal 
briefly with the Westinghouse double wire 
point mechanism. 

The Westinghouse system covers both trail- 


Fig. 122) 
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THE WESTINGHOUSE BRAKE AND SAxBy SIGNAL Company, 


far as the post gear is concerned, we will defer 
reference to that for the moment and deal with 
double Jever signal mechanisms. For double 
lever operation the special combined unit shown 
on the right of the frame in Fig. 118 is employed. 
The two levers there shown control a single drum, 
and after the normal stroke has been given to 
this by one lever, the second can be operated to 
give a further movement to the wire, thus giving a 
maximum movement of 3 ft. For double-arm 
operation, on a single post, the drum illustrated in 
Fig. 120 is employed. To the left of this figure 
is shown the drum as it appears on the post, while 
in the centre and right are shown the drum with its 
cam slots, and the two rod levers on the post. 
Part of each cam slot is circular and struck from 
the drum centre. For the remainder the radius 
is changing, so that for part of the movement 
each lever is displaced away from the centre, and 
for part, the movement is continued without effect 
on the levers. The combination will be clearly 
followed in Fig. 120. The upper slot controls the 
top arm, and the first “ pull to clear’ movement 
raises the lever for this arm, where it is held. 
During this movement the pin for the lower arm 
lies in a circular portion of the lower slot, and 
this arm is, therefore, not affected. For a further 
movement, effected by the second lever of the double 
unit in the frame, the pin for the top arm rests in 
a circular part of the slot, while the lower pin is 
displaced radially, the lower arm thus being 


able and non-trailable point lay-outs. The non-trail- 
able arrangement, as being probably of the greatest 
interest in this country, is illustrated in Figs. 121 
and 122. The lay-out in Fig. 121 shows an example 
fitted with locking bar and mechanical detection. The 
actual operating mechanism is shown in Fig. 122. 
The points are worked by an adjustable crank, the 
arm of which is seen projecting from the box, on 
the right. This crank is pivoted on the box. 
Inside the box it is given a shape somewhat resem- 
bling that of a racquet, the centre being cut out to 
a special profile to form a cam, which is worked by 
a pin attached to the wire drum or pulley. This 
pin is shown just below the block marked A in 
the upper view in Fig. 122. On the drum being 
revolved by a movement of the lever in the frame 
and the wires, this pin works the cam end of the 
crank and the points are operated. The cam profile 
arranges for escapement at either end of the move- 
ment. The locking-bar lever is worked by a pin 
on the wire pulley and rod, as can be clearly fol- 
lowed in Fig. 121, but the lay-out of this can be 
arranged to suit any particular practice. The 
plunger lock will be readily recognised, and this 
may be easily combined with mechanical detection 
in conjunction with the signal gear. Various other 
arrangements are possible, including, among the 
firm’s standard designs, electrical detection. 

A feature of the operating mechanism is the 
broken-wire detector, which is shown after a failure 
in the lower view of Fig. 122, The block A, held in 


Non-TRAILABLE Point MrcHANISM. 


the rim of the drum, is attached to the wire. So 
long as both wires are taut the block remains snug 
in its recess. If, however, the wire should break, 
the pull on the other wire cants the block so that it 
engages with a pawl B fixed in the box, preventing 
further movement. The boxes and drums are 
made to standards, so that one pattern can be 
applied in different ways. 

In trailable lay-outs each tongue is worked by a 
separate rod connection. The rods are coupled 
direct with bars passing, by way of slots, through the 
box at right angles to the track. Each rod is 
worked independently by a crank pin on the drum, 
and each tongue can be locked against the stock rail. 
In this arrangement the locking bar stands normally 
above rail level, under which conditions the points 
can be operated. The depression of the locking bar 
compresses a spring and operates a lock which holds 
the drum fixed. The locking bar is not thrown 
over as in the ordinary system, but, whichever way 
the points are thrown, merely stands slightly above 
rail level when unloaded. ; 

In concluding our notice of this exhibit of the 
Westinghouse Brake and Saxby Signal Company, 
we can refer to only one other piece of apparatus. 
This is the double-wire compensator illustrated in 
Fig. 123. This compensator is built up ofa frame 
carrying two bent levers, and pulleys. The levers 
have two arms, approximately vertical and hori- 
zontal. At the bottom of each vertical arm is a 
pulley ; at the end of each horizontal arm is a 
weight. Mounted in bearings in the frame are 


Fig. 123. 


Fig. 123. Dovuste-Wire ComPENSsATOR: 
LIMITED. 


two other pulleys, and the wires are carried over 
these and over the corresponding lever pulley, in 
the run between the points or signal and the lever 
frame. Pivoted at its lower end to the frame is a 
rectangular bar extending upwards through the 
jaws of a fitting attached to both the horizontal | 
lever arms. This bar is a loose fit in the jaws, and, | 
in the event of any expansion or contraction of the 
wires, the change is taken care of by the equal 
falling or rising of the weighted arms, the jaws of the 
clip sliding over the bar freely. When, however, a 
pull is exerted on one wire or the other, the extra 
strain on the one side draws the two wheels for the 
wire pulled in towards each other, tending to raise 
one weighted arm slightly above the other. As 
soon as this movement occurs the jaws are closed, | 
on account of the slant given to the link coupling | 
them decreasing the horizontal distance between | 
their centres. The jaws in closing in automatically 
erip the bar and prevent further movement of the 
levers. The gear is thus held immovable during | 
lever operation, but is otherwise free to perform 
its function of compensating for any change of 
the wires. 


1}-TON ELECTRIC OVERHEAD TRAVELLING 
CRANE WITH UNDERSLUNG BRIDGE. 
A TRAVELLING crane for a workshop or store with 
the unusual feature of an underslung bridge, which 
can be moved along the length of the crane to reach 
loads and deliver them outside the main bay, was) 
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brake horse-power and gives a longitudinal travel of 
250 ft. per minute. A spring loaded slipping clutch 
is fitted to the longitudinal motion, and comes into 
operation if the suspended bridge should foul the shop 
stanchions when the crane is travelling. The crab 
is a rigidly braced structure mounted on four runners, 
all of which are connected by gears to a motor of 
6 b.h.p., which gives a speed of traverse of 100 ft. 
per minute. Spring buffers are provided on the end 
frames of the crane to reduce the risk of damage to 
the structure by careless operation. To prevent the 
crab from tipping up, due to accidental overloading, 
the substructure is provided with four runners en- 
gaging with a track rail on the underside of each main 
cross girder. Cast steel wheels and forged steel pinions 
with machine-cut teeth are used throughout the crane, 
the first motion gears of which are enclosed in gear- 
cases which are flooded with oil to ensure durability 
and to eliminate noise. With the exception of the 
bevel pinions driving the cross traverse motion of the 
crab, there are no overhung gears. Like the main 
runners, those of the crab have steel tyres shrunk on 
the wheel centres, and the spur rings used to drive 
them are secured in position on the wheel centres by 
turned bolts. The axles revolve with the runners 
and are provided with self-lubricating bearings, the 
lubrication for which is effected by means of rollers 
floating in an oil bath below each bearing. The 
rotation of the axles is effected by means of an eccen- 
tric collar turned on the axle, and a corresponding 
recess bored in the boss of the runner in place of the 
usual system of key and keyway. 

The cage is underneath the crab, and at one side of 
it. This ensures that the operator has a good view 
of the load. It contains the four controllers for the 
motors and self-contained resistances which are fixed 
overhead. The controller handles are brought down 
opposite the operator’s seat so that control can be 
made with the minimum of physical exertion. Power- 
ful magnetic blow-outs are an inherent part of the 
construction of the controllers, which are of Messrs. 
Joseph Adamson and Company’s design and manu- 
facture. The magnetic field is concentrated beside 
the contacts, and the efficacy of the arrangement is 
apparent from the fact that little deterioration has been 
observed at the contacts after 10,000 reversals on 
maximum load. As the resistances are contained 
within the substantial and well-ventilated casing of 
the controller, the risk of loose external connections 
causing short circuits is eliminated. The controller 
contacts and fingers are of drop forged copper, and 
so arranged that they can be quickly replaced from 
the front of the controller without disconnecting any 
joints or dismantling any part of the equipment. 
Before being sent out the controllers are tested under 
load and are also subjected to an insulation test at 
2,000 volts pressure. 

Hoisting is effected by an electric motor of 10 brake 
horse-power at a speed of 63 ft. per minute, while the 
jenny travel is operated by a 3 brake horse-power 
motor giving a movement of 100 ft. per minute. All 
the motors fitted to the crane are of Messrs. Joseph 
Adamson and Company’s totally enclosed heavy ser- 
vice type, working from a direct-current supply at 
220 volts pressure. All the motions are fitted with 
automatic electric brakés to bring them to rest when 
the controller is thrown over into the “ off” position. 
These brakes are of the rigid arm type arranged to 
be easy of adjustment and provided with Ferodo 
brake linings. 


OreN HeartaH Siemens Sreet FurNAcE.—Messrs. 
Vickers’ Limited have just installed at their Barrow-in- 
Furness works a new open-hearth Siemens steel furnace 
of the latest type, built and designed by Wincott’s, 
of Sheftield. The capacity is between 10 tons and 20 
tons per heat, and it is now possible to get a total output 
from the steel foundries at the Vickers Barrow works 
up to 300 tons of castings per week, ranging from a few 
pounds weight each to a 20 ton casting. The first heat 
was tapped from this furnace on July 18 last, with very 
successful results, as determined from the test figures 
and analysis, and it will now be possible for Messrs. 
Vickers Limited to give special attention to inquiries 
for steel castings of every description up to 20 tons 
weight. : 


FORTHCOMING CONFERENCE ON ILLUMINATION.—A 
Conference of ‘Illuminating Engineering’? has been 
arranged to take place at the British Empire Exhibition 
on the afternoon of August 12, commencing at 2.30 p.m. 
Among other items a Report of the Proceedings at the 
Meeting of the International Illumination Commission 
held at the First International Conference on Industrial 
Hygiene, recently held in Geneva, will be presented and 
development in connection with the lighting of schools 
and factories will be discussed. A paper entitled ‘‘ The 
Illumination of Highways from the Motorists Point of 
View’ will be read by Edward H. Fryer. Further 
particulars and free tickets for the conference will be 
obtainable in due course from the Hon. Secretary, The 
Illuminating Engineering Society, Mr. L. Gaster, 32, 
Victoria Street, S.W. 1. 


LETTERS TO THE EDITOR. 


«THE TRAINING OF ENGINEERING 
TEACHERS.” 
To THE Eprror oF ENGINEERING. 
Srr,—Your article on the “ Training of Engineering 


Teachers’ in the current issue of your journal is 


very interesting, but the writer has not distinguished 
between the two types of teaching, and suggests 


remedies that will not be very effective. 


The pupils in an elementary school are very young, 
have a limited experience of life, are therefore un- 
critical and easily impressed by a teacher with an air 
of authority. To instruct these pupils, whose attend- 
ance is compulsory, the teachers have a superficial 
knowledge of a large number of subjects and the air of 
a superior person, acquired, presumably, at a training 
college. 

Technical school students, on the other hand, are 
at least 16 years of age and of a critical turn of mind, 
due to their works or secondary school experience. In 
most cases their attendance at evening classes is 
optional, and is due to a desire to obtain knowledge 
that will be of use to them in their daily work. The 
technical school teacher has the same general knowledge 
as the elementary school teacher, but if he cannot give 
the desired information the interest of his class will 
flag and discipline and attendance will suffer. 

As a remedy for this state of affairs it seems obvious 
to suggest that the teacher shall know his job. To 
ensure this no teacher of engineering should be ap- 
pointed unless he has earned his living in an engineering 
works for at least two years after graduating. The 
teacher would then come to his work with a knowledge 
that he must have something more than merely the 
ability to solve text-book problems. During these 
two years he will have time to arrange his teaching 
material on lines to show the relation between funda- 
mental principles and the cases arising in practice. By 
constantly thinking over his college-acquired knowledge 
and its application to the problems he meets during 
the two years interlude, the prospective teacher will 
find he can impart his technical information to a class 
in an jnteresting and methodical way, with no difficulty 
in maintaining discipline or attendance. He will also 
gain the confidence of his pupils in the same way as a 
properly qualified part-time teacher, and for the 
same reason, viz., because the pupils realise the teacher 
knows what he is talking about, and is not reciting 
information acquired as a bookworm. 

This suggested remedy would eliminate the stop-gap 
teacher, as you wish, and also the elementary school 


teacher who leaves his own work for the higher pay of 
technical schools. 
rises to the position of Principal, his knowledge of 
the organisation of engineering works will enable him 
so to co-ordinate and supervise his classes that the 
students will obtain a sound engineering education 
without wasting time on the hobbies of his teachers. 


When a man trained in this way 


Yours faithfully, 
W. Bootu, A.M.Inst.C.E. 
Holmeleigh, St. Georges, Salop, 
July 28, 1924. 


Luioyp’s REGISTER oF SxHIPPING.—So much of: the 
business of underwriters, shipowners, merchants, shippers, 
and others depends upon the possession of reliable 
information relating to individual vessels that con- 
siderable importance attaches to the issue each year by 
Lloyd’s Register of Shipping of the Register Book, 
which forms by far the most complete source of informa- 
tion of this kind. The 1924-25 edition, a copy of which 
we have just received, contains the usual data on 
steamers, motorships, sailing vessels, trawlers, &c., 
constituting the merchant fleets of all countries of the 
world. This alone would naturally go to form a bulky 
volume, but, in addition, numerous supplementary 
sections containing lists of vessels of special types and 
a list of shipowners and managers, are included in the 
main volume. In an appendix, issued as a separate 
volume, are given a list of signal letters, a list of changes 
in the names of ships, and a list of compound names, 
as well as lists of shipbuilders, insurance companies 
shipowners’ societies, docks, &c. The appendix volume 
also contains a vast amount of valuable statistical data 
on shipping matters, with some of which we have already 
dealt on page 98 ante. The book is issued to subscribers, 
and the rate of subscription for marine insurance com- 
panies and public establishments is 12 guineas per 
annum for a single copy and 6 guineas per annum for 
each additional copy; or if the copies are periodically 
posted with additions and corrections in type, the 
subscription for each copy supplied is 20 guineas per 
annum. or other subscribers the charge is 10 guineas 
per annum for each copy which is kept posted throughout 
the year, and 6 guineas for copies notso posted. Supple- 
ments containing the necessary additions and corrections, 
however, are issued at intervals, and are supplied gratis 
to subscribers not resident in London and not having 
their copies regularly posted. In this way, the informa- 
tion in the Register Book is kept up to date at all times— 
a feature which materially augments its utility. 


FIRE-RESISTING BITUMEN. 


For many industrial purposes bitumen has only 
found restricted application because it is very inflam- 
mable, and also is liable to soften under certain tem- 
perature and atmospheric conditions. Our attention 
was recently called by Messrs. D. Anderson and Son, 
Limited, of Lagan Works, Belfast, to the fact that their 
chemist, Mr. R. O. Child, had succeeded in the discovery 
of a treatment to change the characteristics of bitumen 
to render it fireproof and make it more stable. A 
demonstration of what the new material will withstand 
without burning was made at the Park Road Works of 
the firm at Stretford, Manchester, on Wednesday, 
July 23. For this purpose a building was constructed, 
21 ft. long, 7 ft. 7 in. wide, and with a height varying 
from 10 ft. 6 in. to 8 ft. It was divided into three 
compartments by brick walls. The roofs were made 
with tiles and slates on fireproof rafters for the two 
outer sections, and of treated bitumen roofing felt on 
plain wooden boarding for the middle one. In each 
compartment wood and other combustible material 
was piled up to the extent of one-third of its volume. 

In the first test the material in the two end sections 
was ignited. Soon the temperature in these parts of 
the building was so high that the glass of the windows 
cracked and melted. ‘The tiles of the roof broke into 
fragments and the slates of the other part suffered 
injury. Although the flames came through the roof 
in both sections the treated bitumen roof of the middle 
section remained completely intact. The application 
of water to the tiled and slate roofs led to cracking and 
extensive breakage. In the next part of the test the 
treated bitumen felt roof was subjected to direct heat- 
ing by starting a fire in the section it covered. 
Although subjected to a temperature sufficient to melt 
glass (between 3,000 and 4,000 deg. F.), the roofing 
remained intact, and, indeed, showed no effect of the 
heating. When water was poured on the roof after- 
wards it showed no tendency to melt, break or crack. — 

This remarkable demonstration, showing the good 
fire-resisting properties obtained by the treatment of a 
material which is normally highly inflammable and 
which melts at 250 deg. F., gives some indication of 
increased scope for use of a material with many valuable 
properties. It is not only in its use for roofing pur- 
poses, however valuable that may be, that the test 
showed the value of the Anderson treatment. There 
are many other purposes, such as electrical insulation 
work of various types and the treatment of road sur- 
faces, in which the properties of this treated bitumen 
may prove serviceable. It may be noted that some 
18,000 sq. yards of roofing material treated by the 
Anderson process are already in use at Wembley. 
Endeavours are being made to obtain the revision of 
old local bye-laws to permit the use of treated bitumen 
roofs for dwelling houses, for which purpose it has the 
advantage of cheapness as well as that of fire resistance. 


THE British Cast-[Ron RESEARCH ASSOCIATION.— 
A further stage in the development of the Cast-Iron 
Research Association was reached a few days ago, when 
the new laboratories at Guildford-street, Birmingham, 
were taken over from the contractors. These laboratories . 
are well equipped for the research work of the Associa- 
tion, which will, however, continue its policy of having — 
investigations conducted by prominent workers in some 
of the university laboratories and in the works of 
members. Between 6,0001. and 7,000/. is to be spent 
during the financial year, which started on July J, on 
research work on the corrosion resistance of cast iron, | 
heat-resisting cast iron, iron for electrical and magnetic — 
purposes, and other problems. 


MERCHANT SurepinG Lossus.—Returns just issued by | 
Lloyd’s Register of Shipping indicate that, during the — 
last quarter of 1923, a total of 139 steamers, motorships _ 
and sailing vessels, having an aggregate gross tonnage | 
of 147,255, were lost, condemned or otherwise removed | 
from the register. The losses of Great Britain and — 
Treland arnounted to 56,626 tons (29 ships), the tonnage 
representing 0-29 per cent. of the total owned in this — 
country. In the case of Japan, 9 vessels were lost, | 
having an aggregate tonnage of 19,243, which constitutes 
0-53 per cent. of the total Japanese merchant tonnage | 
The United States shipping losses (19,288 tons) were — 
practically the same as those of Japan, although relatively _ 
lower, owing to the larger total tonnage owned in the — 
former country ; the proportion lost by the United States | 
amounts to 0-13 per cent. of the total tonnage owned. | 
The losses of other countries in order of magnitude were 
as follow :—Germany, 11,227 tons (0-43 per cent.); - 
Italy, 8,148 tons (0-27 per cent.) ; British Dominions, 
7,096 tons (0:26 per cent.) ; Norway, 6,940 tons (0°27 
per cent.) ; and Sweden, 6,671 tons (0-55 per cent.). 
The Swedish losses, it may be mentioned, were pro- | 
portionally higher than those of any other country. We | 
should perhaps explain that the figures quoted above do | 
not include cases of breaking up, condemnation, &¢., 
which are not known to be due to stress of weather, — 
&e. A total of 168 vessels, making 389,993 tons together | 
would be included in the last-mentioned category, | 
and of these ships, 20, amounting to 54,315 tons, were — 
owned in Great Britain and Ireland. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Iron and Steel.—While the local iron and steel industry 
shows slight signs of revival, the situation on the whole 
remains practically the same as a month ago. Though 
competition from Germany and other Continental 
countries has tapered off, trade organisers in an offort 
to stimulate buying have taken contracts that have 
yielded little, if any, profit, but have merely kept staffs 
employed and machinery running. Inquiries during 
_the past week have been more numerous, especially 
from the Colonies in respect of railway steel, tramway 
trackwork of manganese steel, and agricultural machi- 
nery and electrical plant in connection with develop- 
ment schemes which, it is expected, will be entered upon 
shortly. The shipbuilding industry, which of late has 
been somewhat depressed, is showing welcome signs of 
revival, as seen in the increased demand for shipbuilding 
steel and marine castings and forgings. One of the 
busiest sections of the heavy trade is the railway depart- 
ment, where makers of axles, tyres and wheels are 
engaged on recently placed contracts and also colliery 
requirements. The call for automobile steel is fairly 
strong in spite of the dropping of the McKenna Duties, 
but it is believed that an adverse effect will be felt in the 
near future. In the lighter trades, manufacturers 
report improved business for saws, tools, files, picks and 
shovels, in which the Colonies are big purchasers, while 
Russia is taking a small quantity of saws on a striétly 
eash basis. 


South Yorkshire Coal Trade.—Business during the 
past week has been of a very restricted character in 
spite of the recent reductions made in prices. The output 
at pits continues to be in excess of the demand, and in 
consequence big stocks are accumulating at colliery 
sidings. The call for best steam hards is fairly strong 
for home consumption, though the amount going away 
for shipment is far below the average. Cobbles and 
nuts show weakness, and merchants experience diffi- 
culty in disposing of them at reduced rates. Slacks 
have improved their position, especially in the better 
grades. Business in house coal is generally flat. Foun- 
dry and furnace coke are unchanged, but an improve- 
ment is reported in gas coke. Quotations :—Best 
branch handpicked, 32s. to 33s.; Barnsley best silk- 
stone, 26s. to 28s. ; Derbyshire best brights, 25s. to 27s. ; 
Derbyshire best house, 23s. to 25s.; Derbyshire best 
large nuts, 21s. to 25s. ; Derbyshire best small nuts, lds. 
to 17s. 6d. ; Yorkshire hards, 21s. 6d. to 22s. 6d. ; Derby- 
shire hards, 21s. to 23s.; roughslacks, 12s. 6d. to 15s. 6d. ; 
nutty slacks, 12s. to 14s. ; smalls, 8s. to 10s. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
Cleveland Iron Trade.—Business in Cleveland pig iron 
is on a very limited scale, and at the moment the outlook 
is very discouraging. Though much complaint is heard 
that quotations do not cover cost of production, a 
marked downward tendency continues. Reductions in 
prices fail to bring in buyers. What trade there is 
assing is almost entirely on home account, Continental 
iron continuing to undersell the products of this district 
in markets abroad. No. | Cleveland pig-iron, though still 
rather scarce, has fallen to 9ls., and other qualities 
are plentiful and weak in price. No. 3 g.m.b. is offered 
freely at 86s.; No. 4 foundry is put at 85s.; and 84s, is 
asked for No. 4 forge. 


Hematite-—Unsatisfactory accounts are given of the 
East Coast hematite branch. Sales are difficult to 
arrange, and makers are now handicapped by quite 
heavy stocks. For Nos. 1, 2 and 3 up to 94s, 6d. is 
asked, but 94s. has been accepted. No. 1 is quoted 
6d. above mixed numbers. Early curtailment of output 
is expected. 


Foreign Ore—There is next to nothing doing in 
foreign ore, but imports against contracts are heavy. 
Nominally, market rates continue to be based on best 
rubio at 23s. c.i.f. Tees. 


Coke.—Durham blast-furnace coke is in very ample 
supply, and demand is only moderate. Good average 
qualities are on sale at 26s. 6d. to 27s. delivered to 
users in this district. 


Manufactured Iron and Steel.-—The galvanised corru- 
ty sheet department continues to be the only really 

uusy branch in manufactured iron and steel. Producers 
of sheets have about as much work on hand as they can 
deal with this year, and they report heavy inquiries 
still circulating. The export quotation for 24-in. gauge 
galvanised sheets is fully 187. 5s. There is slightly more 
doing in shipbuilding material, and one or two orders 
for steel rails have been secured. Quotations generally 
are easy. The following are the recognised market 
figures for home business : Common iron bars, 121.:10s. ; 
iron rivets, 14/. 5s.; packing (parallel), 91.; packing 
(tapered), 127.; steel billets (soft), 8/7. 10s.; steel billets 
(medium), 97. ; steel billets (hard), 91. 10s. ; steel boiler 
plates, 137. 10s.; steel ship, bridge and tank plates, 
101. 58.; steel angles, 107.; steel joists, 101.; heavy 
sections of steel rails, 9/.: and fish plates, 131. 


Crry or Lonpon CoLuEeGE IRON AND STEEL LECTURES. 
—It is announced that Mr. B. Kelly, M.I. and S.Inst., 
will conduct a course of lectures, commencing on Tuesday, 
September 30, at the City of London College, White- 
Street, Moorfields, E.C. 2, oniron and steel. The lectures 
will be specially adapted to suit the requirements of those 
engaged in export houses. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—W ork in the South Wales coalfield 
and at the docks will be suspended for half the woek 
next, week. The miners are to have Monday, Tuesday 
and Wednesday off for the bank holiday and the coal 
trimmers and tippers will be idle on Monday and Tues- 
day and work two short shifts (from 8 a.m. to 12 noon, 
and from 12 noon to 4 p.m.) on Wednesday. In the 
meantime, though available supplies of coal are more 
than sufficient to meet the demand, the undertone of 
the market generally is rather steadier and in isolated 
cases buyers have been compelled to pay an extra 3d. 
per ton. Tonnage has reached port more freely, and 
chartering, too, has been rather more actives with the 
result that colliery positions have beenimproved. Much 
more new business is, however, needed to stabilise values, 
but the reduction in output which will be effected over 
the holidays is bound to lessen the quantity of coal 
available for disposal. At present best Admiralty large 
rules-from 28s. to 28s. 6d., with Monmouthshire’s from 
23s. 6d. to 27s. Smalls are from 12s. to 17s. 6d., according 
to quality. Up to the present a new wage agreement 
embodying the terms of the national settlement, has 
not been signed for this district. Efforts to draft an 
agreement have so far proved abortive, the difficulty 
being to get the men’s representatives to agree to condi- 
tions of working which it is caloulated would reduce the 
costs of working. Thisis considered an absolute neces- 
sity. It is proposed that double shifts should be intro- 
duced, but the men seem to have a deep-rooted objection 
to this system, and already there have been strikes and 
stoppages at many collieries where the men have had the 
slightest suspicion of such a method of working being 
adopted, though the double shift is generally in vogue 
in other coalfields. Exports of coal as cargo last week 
ainounted to 487,295 tons compared with 471,647 tons 
in the previous week. Shipments from Carditf were 
increased from 271,300 tons to 314,230 tons; at Port 
Talbot from 42,950 tons to 54,570 tons, and at Llanelly 
frora 3,330 tons to 4,719 tons. At Newport, however. 
they were reduced from 99,420 tons to 66,660 tons; at 
Swansea from 54,640 tons to 46,130 tons. Shipments to 
France were lowered from 180,920 tons to 162,460 tons, 
and to South America from 74,840 tons to 70,830 tons, 
but to Italy were increased from 76,810 tons to 100,330 
tons, to Spain irom 31,100 tons to 36,020 tons, and to 
British coaling depots from 32,900 tons to 36,170 
tons. 


Iron and Steel—Exports of iron and steel goods from 
South Wales last week amounted to only 9,122 tons, 
those of tinplates and terneplates totalling 6,885 tons 
against 12,992 tons in the preceding week, black- 
plates and sheets, 1,515 tons against 3,561 tons, gal- 
vanised sheets, 394 tons against 1,980 tons, and other 
iron and steel goods, 329 tons against 773 tons. 


THE CrystaL PaLace ScHoon or ENGINEERING.—The 
retirement of Mr. J. W. Wilson from the Principalship of 
the Crystal Palace School of Engineering was recently 
announced, when it was also intimated that he would 
be succeeded by his brother, Mr. Maurice Wilson. 
Sir Charles L. Morgan, President of the Institution of 
Civil Engineers presented the certificates to the successful 
students of the School on Tuesday last, and in his address 
emphasised the important work’ done by “old students 
associations. 


Kaye’s Patent Ramway Carriace Door Locxs.— 
We are informed that the Great Northern Section of 
the London and North Eastern Railway have recently 
accepted the tender of Messrs. Joseph Kaye and Sons, 
Limited, of Leeds, for the supply of their patent locks 
for the next year. To the 29 trains, consisting of 290 
carriages now being built for service on the Great Eastern 
Section of the Company’s lines, it is also intended to fit 
these locks, orders having been received for the supply 
of 4,292 of them. The London Midland and Scottish 
Railway Company are also fitting these locks to their 
stock, 


PrrRsonaL.—Messrs. W. H. Allen’ and Co., Limited, 
of Bedford, have appointed Messrs. R. Norman, Button 
and Co., of Central Chambers, High-Street, Sheffield, 
to represent them in that district for the sale of heavy 
fuel-oil engines. The firm will be associated with 
Messrs. Allen’s Manchester office in this connection. 
—Mr. A. Fleming Browne, M.I.Mech.E., M.I.H.V.E., 
late of 33, King-street, Covent Garden, W.C. 2, has 
removed to 11, Carteret-street, Queen Anne’s-gate, 
London, S.W. 1.—Dr. Leslie Aitchison. D.Met.B.Sc., 
F.I.C., of Birmingham, has given up his practice to 
take up a position as assistant to Mr. Horace W. Clarke, 
the managing director of James Booth and Co. (1915) 
Limited, of Argyle-street, Birmingham.—Messrs. Holden 
and Brooke, Limited, Sirius Works, West Gorton, 
Manchester, intimate that from August 1, 1924, 
existing agency arrangements in London terminate, 
and request that business be transacted through their 
own office, 315, Abbey-house, Westminster, 8.W. 1, 
under the management of Mr. W. Richard.—Mr. F. 8. 
Spiers, Secretary and Editor to the Faraday Society and 
Secretary to the Institute of Physics, has moved his 
office to 90, Great Russell-street, W.C.1. (Telephone, 
Museum 5718.) The publishing office of the Journal of 
Scientific Instruments is now also at this address.— 
Messrs. W. Sisson and Co., Limited, Elmbridge-road, 
Gloucestez, inform us that they have appointed Mr. A. 
Fleming Browne, M.I.Mech.E., M.I.H;V.E., of 11, Carteret- 
street, Queen Anne’s Gate, 8.W.1, as their London 
representative. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Scottish Steel Trade.—Some of the Scottish steel works 


have made a partial start this week, but the majority 
of the works will not resume operations before next week. 
Old orders on hand are none too numerous, and bookings 
during the holiday period are not reported as anything 
like approaching heavy tonnage, so that there is little 
improvement in the trade yet. 
inquiries have been going round the market, but the 
local makers are still faced with a certain amount of 


The usual number of 


competition from the agents with Continental stuff to 
offer. Nevertheless, the outlook for the home producer is 
considered to be 2 bit better, largely because of the steady 
improvement which has taken place in the shipbuilding 
industry during recent months. The black sheet trade, 
which has heen actively engaged for some time back, has 
again restarted, and as order books are extremely well 
filled the outlook for the remainder of this year causes no 
trouble. Buyers have been placing business very freely 
for light and galvanised sheets, but there is little sign this 
week of any improvement in the demand for the heavier 
gauges. Australia, India, South Africa and South 
America have each large consignments on order, and fur- 
ther rspeats are expected. Prices are keeping steady 
and show no changes as under :—Boiler plates, 13. 10s. 
per ton; ship plates, 10J. 5s. per ton; sections, 101. per 
ton; and sheets, js in. to $in., 121. 10s. per ton, all 
delivered Glasgow stations. *'. 


Malleable Iron Trade.—Repairs and overhauling of 
plant have been general in the malleable-iron works of 
the West of Scotland during the holiday period, and now 
that the latter is over there is not a great amount of work 
to start on. Bookings have been few, and even inquiries 
are of a very limited nature. On the whole, the prospects 
are not very bright for the immediate future. Prices 
are unchanged, with “Crown ”’ bars still called 120. 10s. 
per ton delivered Glasgow stations. 


Scottish Pig-Iron Trade—There has been no 
development in the Scottish pig-iron trade over the 
week, and the demand for hematite and foundry iron 
has not been heavy. Buyers have not much outlet at 
present, and few are willing to commit themselves until 
the general prospects get a bit brighter. Furnaces are 
still idle this week, and supplies are being drawn from 
stocks which are quite ample for all requirements. 
Prices are sagging, and to-day’s quotations are given as 
follow: Hematite, 41. 16s. 3d. per ton, delivered at the 
steel works: foundry iron, No, 1, 41. 18s. 9d. per ton, 
and No. 3, 4/. 13s. 9d. per ton, both on trucks at maker’s 
yards. ' 


Shipments of Scottish Pig-Iron—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, July 26, amounted to 187 tons. 
Of the total, 90 tons went overseas and 97 tons coastwise. 
For the corresponding week of last year the figures were 
2,742 tons overseas and 181 tons coastwise, making a 
total shipment of 2,923 tons. 


Wages in the Iron Trade—The examination of the 
books in the pig-iron trade for the months of April, May 
and ‘June, shows that the average net selling price 
works out at 4J. 19s. 1ld. per ton. The Board of 
Conciliation for the regulation of wages has therefore 
intimated that the wages of the workmen will be reduced 
by 1 per cent. on basis rates. 


Shipbuilding Contract—-A contract has just been 
secured by Messrs. Fleming and Ferguson, Shipbuilders, 
Paisley, from the Crown Agents for the Colonies for a 
steamer of 750 tons gross and 950 i.h.p. This vessel, 
which will be supplied with engines by the builders, 
will be put into service on the West African coast. 


THe Gtascow Corporation TrAmMways.—In the 
thirtieth annual report of the Glasgow Tramway, 
which covers the year ending May 31, 1924, it is stated 
that the traffic receipts amounted to 2,318,699/. After 
allowing 260,168/. for depreciation, 203,319. for per- 
manent-way renewals, and other sums for sinking funds 
income tax, legal expenses, &c., the result of the year’s 
working is a net balance of 49,1997. The Corporation 
own and operate a length of nearly 253 miles of tramway, 
measured as single track. Power for the tramways is 
mostly generated at the Pinkston Station, the generating 
cost being 0:576d. per unit, of which 0- 282d. is accounted 
for by fuel. The average traffic revenue per car-mile 
decreased from 20-05ld. to 18-+772d. during the year, 
and the working expenses increased by 98,4851. 


INTERNATIONAL CONGRESS ON ARCHITECTURAL Epvu- 
CATION.—An interesting programme has been outlined in 
connection with this meeting, which is taking place 
from July 28 to August 2. The President, Mr. J. Alfred 
Gotch, and Council of the Royal Institute of British 
Architects, held a reception at their headquarters, 
9, Conduit-street, Regent-street, W.1, to welcome 
members of the Congress. A series of papers has been 
read by English, French, Italian and American authori- 
ties on the past, present and future of Architectural 
Education. Members of the Congress have visited 
interesting architectural features of the district, in- 
cluding the British Empire Exhibition, where they 
were conducted round by Sir John Simpson and Mr. 
Maxwell Ayrton, the architects to the Exhibition. 
Yesterday an informal meeting of teachers for the dis- 
cussion of matters affecting the schools of architecture 
was held. To-day an all-day visit to Cambridge has been 
arranged, while to-morrow St. Paul’s Cathedral, the City 
churches, the British Museum and Westminster Abbey 
will be visited, these visits concluding the proceedings. 
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14-TON ELECTRIC OVERHEAD TRAVELLING CRANE WITH UNDERSLUNG BRIDGE. 


ENGINEERS, HYDE, CHESHIRE. 


CONSTRUCTED BY 


8F+l2-A 


MESSRS. JOSEPH ADAMSON AND CO., 


(For Description, see Page 164.) 


Fic. 3. Crane ASSEMBLED IN THE WORKSHOP SHOWING THE BRIDGE FULLY EXTENDED. 


CENTRIFUGAL PuMPS AND INTERNAL COMBUSTION 
ENGINES FOR ARGENTINA.—The Commercial Secretary at 
Buenos Aires reports that the Argentine National Sanita- 
tion Works are calling for tenders for the supply and 
delivery of pumping machinery and internal-combustion 
engines for the pumping stations of the water-supply 
systems of the towns of Junin, Rivadavia and San Martin 
(province of Mendoza). Tenders must be delivered by 
September 11. United Kingdom firms wishing to obtain 
further particulars, should apply to the Department of 
Overseas Trade, 35, Old Queen-street, London, S.W.1, 
quoting reference A.X, 1,129. 


ALUMINIUM WHEELS FoR OmNIBUSES.—The London 
General Omnibus Company Research Department has 
been experimenting with an aluminium alloy road wheel, 
which, although only half the weight of the standard 
steel wheel, has given satisfactory results. A number of 
these wheels have now performed over 30,000 miles in 
service, and tests are being continued on upwards of 
20 routes. The scrap value of the wheel is about two- 
thirds of its original value. The wheels make a large 


reduction in the unsprung weight and minimize road 
destruction. 


GEOGRAPHICAL NAMES.—The endeavours to standard- 
ise the English spelling of geographical names, which have 
been undertaken by the Permanent Committee set up 
by the Royal Geographical Society and various Govern- 
ment Departments, are still proceeding. We have now 
received the “‘ First General List of Names in the Empire 
of India,” “‘ First List of Names in Czecho Slovakia ”’ 
and the “Second and Third General Lists of Oceanic 
Names.” These are obtainable from the Royal Geo- 
graphical Society, Kensington Gate, London, S.W. 7, at 
a price of 6d. each. 


Tue InstiITUTE OF Cost anD Works ACCOUNTANTS.— 
A Conference of the Institute of Costs and Works Accoun- 
tants was held at the Connaught Rooms, Great Queen- 
street, London, on Thursday and Friday, July 24 and 
25. Lord Leverhulme presided over the meetings, and 
the subjects dealt with were ““ Administrative and Selling 
Costs, their Nature and Distribution,’”? and ‘* The 
Function of Costing in Industrial Relations.” The Fifth 
Annual Dinner was held on Thursday, the 24th ult., when 
Sir George Paish, in proposing the toast of the Institute 


64/2-B 


Fie. 4. Vimw sHowING ARRANGEMENT OF THE CRAB AND MEtTHop or SEcuRING THE RAILS. 


referred to the present trade depression in Europe as 
not being due to economic reasons, but to the state of 
international politics. In his reply, Lord Leverhulme 
contended that there could be no great progress if 
legislative actions in the early days of an industry 
imposed restrictions. The America position in the 


motor trade was due to the freedom that country enjoyed 
in early days from such enactments as that in Britain, 
which prescribed that a motor vehicle must be preceded 
by a man carrying a red flag. Other speakers were 
Mr. W. Howard Hazell, Sir Ernest Benn, Mr. A. William- 
son, Sir John Keane and Sir William Berry. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, 
W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC | ‘‘ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NumMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 

For the United Kingdom 

For Canada— 

Thin paper copies 
Thick paper copies 

For all other places abroad— 

Thin paper copieS.............cce 
Thick paper copies.............:.::0+ £3 7 6 

Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 

When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 
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ADVERTISEMENT RATES. 

The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shilings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, altera- 
tions for standing advertisements should be 
received 10 days previous to the day of 
publication. 


All accounts are payable to ENGINEERING, LTD. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post-Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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THE SYDNEY HARBOUR BRIDGE. 


De gustibus non est disputandum is an ancient and 
generally acceptable adage, but the maxim is not 
one for all times and seasons. There are occasions 
when it is not only legitimate, but highly desirable, 
that matters of taste should be debated. Questions 
of this kind are bound to arise when works are to 
be undertaken which will serve not merely the 
present, but probably many, succeeding generations. 
Our own self-respect is involved in this, since 
scientifically and mechanically our successors are 
bound to be our superiors, but in the realm of 
art there is no reason why we should not equal 
the best to be accomplished by even the most 
remote of our descendants. It is thus most desirable 
that when monumental structures are to be erected, 
esthetic considerations should be thoroughly 
considered, and it is no longer allowable to dismiss 
inartistic proposals with the trite, but often untrue, 
observation that argument on matters of taste is 
impossible. 

In our last issue we gave particulars of the various 
proposals made for the great bridge across Sydney 
Harbour. This will have a span of 1,650 ft., and 
the structure ought to embody not merely the best 
of which the present generation is capable in the 
way of structural engineering, but ought also to 
be a permanent monument to our good taste. Those 
who have studied the designs submitted must have 
been struck by the fact that practically the same 
designs were submitted by more than one of 
the tenderers. The explanation lies in the fact 
that these reproduce in essentials the ‘‘ official 
designs,’ which were issued at the same time as 
the specifications. Quite naturally the successful 
tenderers included also proposals for structures 
differing «sthetically from that selected by Mr. J.C. 


Bradfield, M.Inst.C.E., the chief engineer, who, 
perhaps, was swayed sub-consciously by some sort 
of paternal affection for the official designs. 

Mr. Bradfield’s report is excellent on the technical 
side, but we find ourselves in disagreement with 
many of his observations on the artistic merits 
of the various designs submitted. Naturally, this 


}| is a matter of taste, and we not propose to assert that 


our own views are superior to Mr. Bradfield’s, but 
there do appear to be certain features in the recom- 
mended design, as to which reasoned criticism is 
possible. 

It is a recognised maxim in all structural design 
that function should govern form and not vice 
versa. Now, a reference to Fig. 3, page 130, ante, 
shows that the form selected for the arch is that 
appropriate to the type which is fixed at the abut- 
ments, and not that characteristic of a two-hinged 
structure. The educated observer viewing the bridge 
from a distance would quite naturally conclude 
that the arch was fixed at the springings and would 
then be pained by the obvious inadequacy of the 
towers shown, to withstand such strains as might 
be imposed by an arch of this “rigid” type. The 
towers look as if they would be overturned, since 
in a rigid arch the line of resultant thrust would be 
situated far above the level of the hinge actually 
used. . In this regard the alternative design sub- 
mitted by the successful tenderers and reproduced 
in Fig. 2 is, we think, superior to the accepted 
design, the apparent abutment being less ob- 
viously unequal to the thrust suggested by the 
form of the arch. As already indicated, however, 
appearances are in this instance deceptive, and 
the arch is really a two-hinged one, but we think 
it can hardly be denied that it is an artistic error 
to give it a misleading outline. 

There is, however, in our opinion another esthetic 
fault embodied in the official design. ‘Even a 
joke should have a meaning,” observed the Red 
Queen to Alice in her looking-glass Adventures, 
and we may paraphrase her majesty’s concluding 
words by asserting “ that a tower is more important 
than a joke.” It would, however, require an 
ingenuity rivalling in quality that of the White 
Knight to find any meaning for the two enormous 
and expensive towers embodied in the accepted 
design. The towers, in fact, have no structural 
significance whatever. They are merely enormous 
aggregations of granite and concrete, forming 
no integral part of the structure, and put in 
merely with a view to “architectural effect.’ 
Architects, however, are not good guides in the 
matter of steel work design. As the history of 
building shows, the architects of each age in which 
structural materials have changed have invariably 
long adhered to traditions inherited from the prior 
state of the constructional arts, and reproduced, say, 
in stone, features and details, which arose naturally 
and quite appropriately in the previous use, perhaps, 
of timber. In regard to steel bridges, the architect 
has not yet learnt to discard traditions inherited 
from the “Stone Age,” and in fact has had little 
opportunity of doing so, since it is his practice to 
transfer to the engineer the design of all steel work 
which presents any special difficulty. “* Lie heavy 
on him, earth, for he laid many a heavy load on 
thee,” was the epitaph suggested for Vanbrugh, 
and the subsoil of Sydney Harbour might well 
echo the sentiment so far as this mass of meaning- 
less masonry is concerned. 

Of course, only a very few engineers in each 
generation are gifted with that inherent sense 
for form which is the distinguishing mark of the 
supreme artist ; but credit for some touch of this 
constructional instinct seems due to whoever was 
responsible for the design reproduced in Fig. 4, 
page 130 ante, which Messrs. Dorman Long and Com- 
pany submitted as an alternative to the “ official 
design.” Every detail here has structural signi- 
ficance, with the result that a bridge artistically 
satisfactory has been designed. It is noteworthy 
that this design in which function has governed 
form is not merely more pleasing to the eye, but 
would cost nearly half a million less than the accepted 
plan. Mr. Bradfield condemns this alternative as 
esthetically inferior to the official type, but in this 
judgment we cannot follow him. It is somewhat 
surprising that the estimated weight of the steel 
for this “cantilever arch” is greater than for the 


170 


ENGINEERING. | 


[AUuG. fr, 1924. 


two-hinged arch. Possibly this is due to the pro- 
vision made for temperature stresses, but it is quite 
usual, and experience seems to indicate, quite legiti- 
mate to use a smaller factor of safety for these very 
occasional and very slowly applied stresses than 
for those due directly to the loading. The chief 
engineer also seems to consider the “ official ” 
cantilever design, which was of the general type 
represented by Figs. 11 and 16, page 131 as 
esthetically superior to the alternative suggested 
in Fig. 13. For our part, we prefer this to the 
“ official’ type, but, unlike the “ official” arch 
bridge, the “ official’ cantilever design is a natural 
structure, and the choice between it and the pro- 
posed alternative becomes therefore a mere matter 
of personal predilection, and opinions as to relative 
artistic values may fairly differ. 

As already mentioned, the technical part of 
Mr. Bradfield’s report appears to be eminently 
judicial, but he is perhaps a little too trenchant 
in his condemnation of the working stresses which 
Sir William Arrol and Co. proposed to adopt for 
the special steel to be used for their designs. 

It requires some boldness to state definitely 
that these stresses are excessive, since they were 
recommended by very experienced engineers. As 
a matter of fact we suspect that Mr. Bradfield 
has based his criticism on the assumption that 
the ‘limit of proportionality ” of the steel in 
question was comparable with the “ works ” elastic 
limit of nickel steel on which he would accept 
the stresses suggested. The “ works” elastic 
limit is the yield point which is, of course, commonly 
very materially higher than the ‘limit of pro- 
portionality.” In any case the elastic limit of 
a steel seems to have little relationship to its 
structural value, and it is for this reason that all 
mention of it is, of set purpose, excluded from 
the specifications for ship-building steels, prepared 
by the British Engineering Standards Committee. 

The proposed bridge is a very important structure 
indeed. The span (1,650 ft.) approximates to 
that of the Forth and Quebec bridges. and the 
structure will be the longest arched span in the 
world. The load to be carried is very heavy. 
Accommodation has to be provided for a central 
roadway 57 ft. wide between the kerbs, and .on 
each side of this there will be two railway 
tracks, and beyond these a footway 10 ft. wide. 
The main ribs are spaced 98 ft. 6 in. centre to 
centre, but the total length of the cross girders 
will be 158 ft., the outer railway tracks and the 
footways being supported cantilever fashion. The 
type of structure was partly chosen because it 
permitted better rail approaches than either 
the suspension bridge or cantilever designs. With 
the arch the sharpest curve will be of 1,200-ft. 
radius, whilst with the suspension type the pro- 
vision of anchorages would make it necessary to 
adopt approach curves of as little as 500-ft. radius. 
The arch structure again is very rigid, and on this 
factor Mr. Bradfield quite rightly lays great stress. 
In the case of the selected design the maximum 
deflection due to combined live load and temperature 
stresses will be only some II in., whilst the corre- 
sponding figure for one of the suspension bridges 
proposed exceeded 7 ft. Mr. Bradfield also points 
out that the arch type will distort relatively ‘little 
under live loads unsymmetrically distributed. 

About half the steel required will be obtained 
from Australian mills, and the bridge will be 
built in the new works which Messrs. Dorman, 
Long and Co. are constructing at Sydney. These 
new shops will be amongst the largest and _best- 
equipped in existence. One shop will be 600 ft. 
long and 149 ft. wide between centres of crane 
rails, whilst a second of the same length- will 
be 130 ft. wide between crane rails. Two of the 
electric overhead travelling cranes provided will 
be of 150 tons capacity. 

In view of the present prevalence of unemployment 
it is, from our own standpoint, unfortunate that the 
work on this large contract will not be carried 
out at home. It is, however, very natural that 
the Commonwealth should desire the credit for 
the execution of this great project with its own 
labour, and as far as possible with its own resources, 
and probably the community would at need be 
prepared to effect this even if it involved some 
pecuniary sacrifice. Messrs. Dorman, Long and Co. 


have asked for the modification of some clauses in 
the contract to provide for labour troubles, possible 
shortage of material, and tariff difficulties which 
might arise in connection with the imported material. 
They also ask for better facilities for acquiring 
temporarily the lands necessary for the works. 
In all these matters the chief engineer seems to 
have met the requests in an exceedingly reasonable 
way. 


COAST DEFENCE. 


By a singular chance, the problems of coast 
defence have been examined almost simultaneously 
in Washington and Paris. Recently the committee 
on naval affairs in the American House of Represen- 
tatives considered a proposal to buy land for a 
naval air station on the coast of Washington. 
The discussion of this comparatively insignificant 
item on the agenda led the committee to a question 
of far greater importance: If the coasts of the 
United States are attacked, what share in the 
defence falls to the navy and what to the army ? 
Highly placed officers in both services were called 
before the committee and examined, and though 
the discussion was long, rambling and incoherent, 
and reported in complicated language, it sufficed to 
show that the American high command has 
organised its coastal defence on certain well-tried 
principles. The French parliament, on the other 
hand, was not led to the problems of coast defence 
by questions of another kind. The matter has been 
explicitly studied by a committee of 40 deputies, 
and reported on by Monsieur Georges Boussenot 
with the precision of thought and language for 
which his countrymen are justly famous. 

The American system of coast defence is, evidently, 
that the navy shall deal with the floating, mobile 
forces of an attacking group; but that the army 
shall have charge of all fixed fortifications ashore, 
whether they protect naval establishments or not. 
This, at all events, is the meaning which would 
ordinarily be given to Admiral Moffet’s statement : 
“Tt is admitted by all that the first line of defence 
is the main fleet; that the second line of defence 
would be the auxiliary vessels of the fleet 
and that the third line of defence is our coastal 
fortifications.” 

The system which the French commissioners 
recommend is very different. In their opinion, 
the naval command must control both the mobile 
defence afloat and the fixed defences ashore, and 
they have added a historical review of the whole 
question to support their conclusions. For cen- 
turies the coastguard militia (milices garde cétes) 
and the local admiral were responsible for the 
defence of the French coasts; but in 1759 the 
duty of protecting the “sea frontiers and fortified 
naval bases’ was transferred to the army. It is 
open to argument whether this arrangement was 
theoretically correct or not; but it is beyond all 
question that the high military authorities, being 
perpetually occupied with continental campaigns, 
utterly neglected the coastal defences of the country. 
The administrative change of 1759 has been much 
criticised ; commission after commission has studied 
the question ; and the projet de loi is, as the com- 
missioners explain, intended to close a controversy 
which is more than a century old. 

The commissioners think that the French coasts 
may be attacked in four different ways: (1) they 
may be bombarded by light forces assisted by 
bombing and spotting aeroplanes ; (2) they may be 
attacked by submarines of the 1600-ton type armed 
with 10-in. or 12-in. guns, also assisted by spotting 
aeroplanes ; (3) the entrances to the war harbours 
may be blocked ; and (4) landings in force may be 
carried out at points of industrial or naval impor- 
tance. The first three forms of attack require no 
explanation, but the fourth must be examined 
rather closely if the report of the commission is 
to be understood. 

When a country’s neighbours have such a naval 
superiority over her that they dominate her sea 
communications, then, in theory at least, that 
country can be invaded from the sea. The com- 
missioners are, however, careful to say, that, in 
their opinion, France’s present naval weakness does 
not expose her to a danger of the kind. For reasons 
which they have not given, they express themselves 


convinced that ‘France cannot be invaded from the 


‘sea, in the strict sense of the word; but they 
‘define the dangers to which their coasts are exposed 


very explicitly: “ It can hardly be assumed that a 
real, invading army will attack our coasts; but 
it would be most unwise to say that landing opera- 
tions with a limited military or political object are 
impossible. The islands off our coasts, and 
our colonial possessions are very vulnerable points, 
Their loss might hamper our naval operations most 
seriously, and it is our duty to do everything in our 
power to protect them adequately. Rapid strokes 
by a force of from three to four battalions against 
important coastal points such as aerodromes, 
industries, and shipyards are quite feasible opera- 
tions, if prepared carefully and carried through with 
the necessary energy. Their consequences might 
be of the utmost gravity, and one would be singu- 
larly lacking in judgment and imagination if one 
ignored the possibility.” 

Attacks of this kind will be met by coastal artillery 
of all calibres, anti-aircraft guns, and obstructions 
such as minefields and explosive barrages in the 
first place ; and, in the second, by surface and sub- 
marine flotillas and the coast defence air force. 
The commissioners have taken the strictly logical 
view that these fixed and mobile defences ought not 
to be under a divided command ; and that all means 
of resisting an attack from the sea should be 
organised and set in motion by the local naval 
commander, 

This is the exact opposite of our practice, and, as 
far as can be seen, of the American system as well. 
Our rule of command, in such cases, is that a nayal 
officer is in sole charge at sea, and an army officer 
acts equally independently on land. It is worth 
while to examine the reasons behind opposing 
systems. If a country has a powerful surface 
fleet its coastal defence measures differ radically 
from those of a country with an indifferent navy. 
In the first case, attacks are dealt with by con- 
fronting the attacking naval force by another so 
powerful that all attempts against the coast have 
to be broken off. Armed landings are disposed of 
by cutting the communications of the landing force, 


. | that is, by sinking its transports, and driving off its 


naval supports. This system makes the shore 
defences relatively independent of the naval com- 
mand. The naval forces detailed to oppose a 
coastal attack, or an, armed landing, are but little 
concerned with the amount of resistance which is 
put up by the shore, as their sole preoccupation is 
to bring the attacking squadrons to action. The 
attack may be dealt with before or after it has been 
delivered, by an engagement fought many miles away 
from the bombarded town, or the place of the 
landing. The test of a successful resistance is always 
that the attacking force has not been allowed to 
complete its operations unfought. The British and 
American high commands can assume that their 
naval power will always suffice to deal with coastal 
attacks by this method, and have laid their defence 
plans accordingly. f 

To a country like France the problem is quite 
different. Her naval weakness obliges her to deal 
with coastal attacks in situ; as she cannot defeat 
or disperse them by a purely naval counter attack ; 
and the commissioners find it unreasonable to divide — 
the forces upon whom the duty of resistance falls, 
between two separate commands. The scouting 
aeroplanes, the submarines, the minelayers, the 
destroyers, the shore batteries and their supporting — 
troops are, therefore, all placed at the disposal of 
the naval commanders-in-chief of the maritime 
frontiers. ; J 

The report of M. Georges Boussenot and the | 
commissioners deal with principles only; but it 
contains one instructive passage upon the kind of | 
material which will be used in French coastal — 
defence. ‘‘ Batteries of light, very rapid firing, 
artillery are indispensable for defending nets and— 
obstructions at the entrances of large defended | 
harbours; they alone are capable of stopping 
attempts made by light craft or by engines con-) 
trolled by hertzian waves. Medium  calibred — 
artillery (5:5 in. to: 6-2 in.) is the only efficient 
means of defence against night bombardments by’ 
light cruisers and destroyers - and every | 
one of our large naval or commercial ports should be 
defended by at least two or three batteries of heavy | 
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guns (11'8 in. to 13:4 in.).” Certain theorists 
have objected that a coast can be bombarded from 
a distance of 20 miles by naval artillery directed 
from aeroplanes. The answer to the criticism is 
simple. “If a monitor can bombard a heavy 
battery from a distance of 40 kilometres, is it 
reasonable to allow her to come closer in and so 
make her bombardment more accurate and telling, 
by suppressing the heavy batteries which force her 
to operate at extreme range ?”’ 

The French nayal command has lost no time in 
training their squadrons and personnel in the 
problems which the Chamber of Deputies has been 
examining. During the last days of March vice- 
admiral Docteur, with the Diderot and nine 
destroyers, and a considerable military force, 
attempted a surprise landing near Lorient. It was 
opposed by vice-admiral Jehenne, the commander- 
in-chief of the maritime frontier, who had a con- 
siderable force of infantry and artillery placed under 
his orders. The results of the exercise are, of 
course, kept secret; but it is evident that the 
attack, and the method of warding it, off, were both 
inspired by the projet de lot sur Vorganisation et la 
défense des frontiéres maritimes, which was the 
subject matter of M. Boussenot’s able and instructive 
report. 


THE LONDON ELECTRICITY DISTRICT. 


Toss enthusiasts, political and otherwise, who 
have not yet ceased to deal in generalities about the 
beneficent effect of wholesale electrification, and 
who light-heartedly and sometimes light-headedly, 
talk of grandiose schemes covering the whole 
country might with profit study the Order “ con- 
stituting the London and Home Counties Electricity 
District and establishing and incorporating the 
London and Home Counties Joint Electricity 
Authority,” which has just been made by the 
Electricity Commissioners. It is easy to talk in 
vague terms about the advantages of generating in 
large stations and distributing from a unified system 
over large areas, but when a real attempt is made 
to deal with the question of unification in practical 
terms, difficulties are found to crop up at every turn, 
and the ablest statemanship and most untiring 
effort will at the end be found to lead to something 
much more modest than the rosy but formless 
visions of which electrical work has to such an 
unfortunate extent been made the victim. 

In the third clause of the new Order it is stated 
that ‘“‘ the scheme set out shall apply and 
have effect, and the London and Home Counties 
Electricity District shall be and is hereby finally 
determined and the London and Home Counties 
Joint Electricity Authority shall be and is hereby 
established and incorporated.” These are brave 
words which we hope may prove justified, but as 
has been the case throughout the whole story of the 
long attempt to overhaul the electricity supply of 
London, there are still obstacles to overcome. This 
new scheme, which has been reached only after 
years of negotiation and discussion, is even now 
dependent on two bills getting through Parliament, 
and if in their passage through that assembly the 
agreements with which the bills are concerned are 
modified, then the whole scheme and the arrange- 
ments of which it is based “ shall be void and of no 
effect.” There is no profit in anticipating troubles 
which may never arise, but one cannot lose sight of 
the fact that these bills form an opportunity for a 
further mobilization of the forces, which are so 
convinced of the value of great extensions of electri- 
fication in London that they have up to the present 
been able to prevent any start towards such exten- 
sions being made on the modest lines which only are 
practicable. ‘The Order assumes the passage of the 
bills to which we have referred in the Session of 
1924 or 1925, and while it is not satisfactory that 
consideration of the bills has been postponed to at 
least the end of the present session, it is some 
comfort that more than a year is yet available in 
which to get the matter through. 

As will be generally known there has for a con- 
siderable time past been no difficulty about fairly 
general agreement on the engineering features of a 
scheme of unification for the electricity supply of 
London. Administration is, and essentially always 
has been, the difficulty. The area covered by the 


District extends from St. Albans to Reigate and 


from Windsor to Gravesend, and there is no difficulty 
in realising that the authorities concerned and the 
conflicting interest in such an aggregate of towns 
and districts have made the formulation of a gener- 
ally acceptable scheme of enormous difficulty. As 
we have said, however, the difficulty is not a 
technical one. A single ably administered authority 
could handle the whole of the electricity supply in 
this area with profit to itself and with general 
satisfaction to the public. Such a single authority 
however, is not within the realm of practice, and 
the Commissioners have had to content themselves 
with a compromise. 

Briefly, the proposed arrangement is a Joint 
Electricity Authority, consisting of 31 members 
appointed or elected by local authority undertakers, 
company undertakers, the four power companies 
concerned, the County Councils, workers in the 
industry and railway companies. This body will 
administer the technical scheme and take charge 
of supply as a whole, but for very many years will 
not necessarily itself become a producer of electricity. 
The authority will have power to purchase generat- 
ing stations and main transmission lines, and it 
may be that negotiation will lead to the exercise 
of such rights at an early date, but it is impossible 
to say in exactly what direction matters will 
develop. The question of the relation between 
public authorities and the London supply com- 
panies has been met by the Bills now before 
Parliament, to which we have already referred. 
The companies have split themselves up into two 
groups. One which is conveniently referred to as 
the Ten Companies consists of the Brompton and 
Kensington, the Charing Cross, the Chelsea, the 
Kensington and Knightsbridge, the Notting Hill, 
the St. James’s and Pall Mall and the Westminster 
supply companies, with the London Electric Supply 
Corporation, the Metropolitan Company and the 
Central Electric Supply Company. The other 
sroup—the Four Companies—consists of the City 
of London Electric Lighting Company, the County 
of London Electric Supply Company, the South 
London Electric Supply Corporation and the South 
Metropolitan Electric Light and Power Company. 

At the present time the London County Council 
has the right to purchase the business of the majority 
of these companies in 1931 and in every subsequent 
tenth year, while the City of London has the right 
to purchase part of the Charing Cross Companies’ 
undertaking in 1927, and the Borough of Lambeth 
has rights of purchase over part of the London 
Electric Supply Corporation’s undertaking which 
are exercisable until 1928, and the Borough of 
Camberwell has similar rights in connection with 
part of the County of London Company’s area. 
The main purpose of the Bills before Parliament are 
to extinguish these rights of purchase and to 
substitute for them an undertaking that the material 
covered by them shall be transferred to the new 
Joint Electricity Authority on December 31, 1971. 
In addition, the companies will accept a sliding 
scale making dividend paid dependant upon the price 
at which electricity is sold, and will co-operate with 
the Joint Authority in its scheme of reorganisa- 
tion of the electricity supply of Greater London. 
The two company groups also seek powers to work 
together each as a single organisation. They are 
to start sinking funds which will automatically 
extinguish their capital by the time the property 
is transferred to the Joint Authority. 

The technical scheme, which the Joint Authority is 
to administer, selects certain stations as principal 
generating stations, which will be extended in the future 
as conditions dictate, and which may be looked upon 
as the essential points at which it is considered great 
plant capacities may profitably he placed in the future. 
Four such stations are selected : Stepney, owned by the 
Stepney Borough Council; Bankside, owned by the 
City of London Company ; Barking, the new station of 
the County Company, which is not yet in operation ; 
and Deptford, the maim station of the London Electric 
Supply Corporation. In addition, thirteen stations 
are scheduled as suitable for extension under the scheme, 
but not as being regarded as principal stations. Some 
of these are large and important, and the section 
covers, for instance, Hackney, St. Marylebone, Bow 
and Grove Road. This section covers some smaller 
outlying stations, such as those at Guildford and 


Sevenoaks, from which it may be concluded that the 
Commissioners do not anticipate any very immediate 
closing down of all small stations and the running of 
main transmission lines, fed from principal stations, 
over the whole area. In this they are unquestionably 
right. Time and future development may prove that 
seventeen stations is too many for the area, but if they 
do the matter may well be left to be dealt with when it 
arises. A further section covers forty-four stations, 
which are to continue to operate, and may even be 
extended if the Commissioners find it desirable, but 
which, we take it, may ultimately be expected to be 
closed down or mainly converted into transforming 
stations. 

Tt will be clear that no drastic attempt to close down 
stations wholesale or to build new capital stations is 
to be attempted. Thisis wise. Matters in a sense will 
continue working much as they are, but the whole area 
will be under observation and under some control from 
the Joint Authority, and the transmission lines which 
are to be undertaken as part of the scheme will un- 
questionably lead to the gradual shutting down of small 
or uneconomical stations. The whole scheme seems 
to cover a practicable method of making a real begin- 
ning on the complex problem of the electricity supply 
of London, and it is much to be hoped that the present 
Parliamentary bills may be passed substantially 
without change, and that the years of effort which have 
been expended on this question may at last begin to 
lead to some definite results. 


NOTES.: 
Tur [rattan SUBMARINES, Chass “ 0.” 


In the issue for May of the Rivista Marittima, 
Captain Vincenzo de Feo gives the following par- 
ticulars of the Italian submarine of type “ O,’’ 
designed by the Societ’ Ansaldo San Giorgio, 
Spezia :— 


Length between perpen- 73m. = 239 ft. 6 in. 
diculars. 

Extreme breadth 6°25 im. = 20 ft. Gime 

Draught ... a 4-61 m. = Jb5ft. 2 ins 

Surface displacement ... 1,020 metric tons. 

Submerged displacement IB2S 0m. - 


The armament consists of eight 533 mm. (21 in.) 
torpedo-launching tubes, with eight torpedoes in 
the tubes and four in reserve; two 102 mm. 
(4 in.) 50 calibre guns and 450 rounds; and one 
533 mm. mine-laying tube, with six mines in the 
tube and 12 in reserve. As an alternative, instead 
of two 102 mm. 50 calibre guns, there can be 
carried two 120 mm. (4? in.) shorter guns, and the 
mine-laying tube can be given a diameter of about 
1 m. (39-37 in.) with eight mines in the tube and 
16 in reserve, over and above the 12 torpedoes. 
Were the boat solely to be used as a submarine 
the number of torpedoes could be increased to 18 ; if 
it were solely to be used for mine-laying the number 
of mines could be increased to 54. The propelling 
machinery consists of two 2,500 h.p. oil engines. 
The normal quantity of oil carried is 70 metric 
tons, which could be increased to 141 tons. The 
two engines will give the boat a surface speed of 
19 knots; the normal oil supply gives a radius of 
action of 1,200 miles, or double that radius of action 
with the increased amount of oil. The surface 
speed with one engine is 15-5 knots, and the radius 
of action 2,000 miles or 4,000 miles according to 
the quantity of oil carried. With one engine, the 
cruising speed would be 8 knots, and the radius 
of action 4,500 miles, or 9,000 miles. When sub- 
merged the submarine is propelled by two 1,100 h.p. 
electric motors, supplied with current from accumu- 
lators weighing 126 tons. The maximum speed 
submerged for one hour is 11 knots; the radius of 
action submerged, at a speed of 4 knots, is given as 
110 miles. The normal buoyancy reserve is 25-5 
per cent. ; that with increased amount of oil fuel, 
19 per cent. The surface stability, metacentric 
height, is 47-5 cm. (183 in.) and when submerged 
38 cm. (15 in.). The boat could be completely 
submerged in 30 seconds. The central part of 
the boat, 38 m. (124 ft. 8 in.) in length, is circular 
in section and 6-25 m. (20 ft. 6 in.) in maximum 
diameter. It is able to resist a pressure correspond- 
ing to a depth of 100 m. (328 ft.) ; the ends are not 
designed to withstand excessive pressure. The 
machinery and steering gear is in the central portion, 
which is divided into compartments by water- 
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tight bulkheads. The two end. compartments 
serve as launching compartments and berths. The 
two ends of the boat are divided into flooding 
compartments. The pressure resisting portion of 
the submarine being limited to the centre and 
being about half the total length of the boat, the 
two ends alone being set apart for flooding, has led 
to a notable saving in the weight of the boat and 
has greatly simplified the internal arrangements. 
The essential mechanical parts being in the broadest 
portion of the boat, it has been possible to ensure 
easy operation and inspection. 


WorkmeEn’s Compensation: A New QuvuEsTION. 


WHEN an employee is injured by an accident 
and compensation is claimed from his employer, 
under the Workmen’s Compensation Acts, the 
first question which requires to be considered is, 
as a rule, whether the accident arose out of and 
in the course of the injured person’s employment. 
The Court of Appeal had to consider a case a few 
days ago (Davis v. Gwauncaegurwen Colliery 
Company, Limited), in which the widow of a 
workman claimed compensation from his employers 
—a colliery company—in respect of an accident 
which caused his death. He was a screensman 
at a colliery and worked on the front part of the 
screens for loading railway wagons. The back part 
had been disused for some years, and the workman 
had no need to go to it; but he had been in the 
habit of going into it and hanging his coat up on 
a nail and later on going there to eat his food. 
The officials of the colliery knew that he did this, 
but he was the only man who did it. There were 
cabins provided for the men, in which he could 
have hung up his coat and left his food. A few 
days before the accident the company put up a 
barrier of railings to prevent anyone from going 
into the disused part, as it was considered to be 
dangerous; but apparently, notwithstanding the 
barrier and nothwithstanding a warning from the 
carpenter who erected it, the man continued to 
go to it. He arrived at the pit before daylight 
on February 13, and apparently fell down a hole 
19 ft. deep in the disused part of the screens, and 
he died of injuries due to the fall. His coat was 
found hanging on the nail as usual. The County 
Court judge held that the accident did not arise 
out of and in the course of the man’s employment, 
because his employment did not require him to go 
into the dangerous place, and he went there for 
his own purposes only. This, however, was not 
the only question which the County Court judge 
had to decide, because the claimant relied on 
Section 7 of the Workmen’s Compensation Act, 
1923, which is as follows: “For the purposes of 
the principal Act an accident resulting in the death 
or serious and permanent disablement of a workman 
shall be deemed to arise out of and in the course 
of his employment, notwithstanding that the 
workman was at the time when the accident 
happened acting in contravention of any statutory 
or other regulation applicable to his employment, 
or of any orders given by or on behalf of his 
employer, or that he was acting without instructions 
from his employer, if such act was done by the 
workman for the purposes of and in connection 
with his employer’s trade or business.” It was 
contended for the claimant that the case was 
covered by Section 7 of the Act of 1923. Presum- 
ably it was argued that although the man was 
acting without instructions from his employer his 
act was done for the purposes of and in connection 
with his employer’s trade or business. The County 
Court judge decided that the workman was not 
doing anything in connection with or for the purposes 
of his employer’s trade or business when he met 
with the accident, but was acting entirely for his 
own purposes, and that therefore compensation 
was not ‘payable. The widow appealed, but the 
Court of Appeal agreed with the County Court 
judge. This was the first case brought under the 
new section. 


CARBONISATION OF SEAWEED.—The carbonisation of 
seaweed as a preliminary to the extraction of iodine and 
potassium salts forms the subject of the Technical Paper 
No. 9, issued by the Fuel Research Board. It can be 
obtained, at the price of 6d. net, from H.M. Stationery 
Office, Kingsway, London, W.C.2. 


SOUTH AFRICA AT THE BRITISH 
EMPIRE EXHIBITION. 


Tuer South African Pavilion has been organised 
by the Union of South Africa, though it includes 
exhibits from Rhodesia, Swaziland, Tristan da 
Cunha and St. Helena. A plan of the pavilion 
is given in Fig. 1, opposite, and a general view of 
its frontage was given in our issue of April 25 (Plate 
XXXVI), but its design differs so characteristically 
from the British buildings and the pavilions of the 
other large Dominions that a more detailed view of a 
portion of the front is given in Fig. 2. The differ- 
ence is, in fact, not immaterial to the meaning 
of the whole South African exhibit. The magnifi- 
cent structures in which the products of this 
country and of the other large Dominions are housed 
are great halls, suitable for displaying any sort of 
contents. The South African Pavilion, on the other 
hand, is designed in the style, not of a hall or of a 
palace, but of a house. It has had, of course, to 
transcend the dimensions of any real house; but 
if the length of its frontage and depth—about 
450 ft. by 170 ft.—were sufficiently reduced, the 
structure of the South African Pavilion would then 
be an enlarged copy of a characteristic type of Dutch 
South African home. This effect is carried out by 
the moderate height of the building, and the homeli- 
ness is increased by the orange and white screens that 
are stretched over the roof lights, and take off the 
glare of a summer sun, such as is more common in 
South Africa than here. The building stands in 
grounds laid out with a large collection of typical 
South African plants under the charge of an expert 
gardener from the country, also containing an 
ostrich paddock with a number of vigorous and 
handsome birds, sheep and goat houses, and a 
restaurant train, on which South African meals 
are served. At the back of the pavilion are two 
cinema theatres, devoted respectively to the 
industries of South Africa and to its history, scenery 
and facilities for travel. 

The designers of the pavilion have, in fact, been 
at pains to reproduce South African surroundings 
in every detail that is possible. Their purpose is 
expressly to use the Exhibition as a means not 
merely nor even so much of displaying their products 
and manufactures, as of making visitors better 
informed than they are of what life is in South 
Africa; what it can produce, the circumstances 
in which its population are working, and the 
advantages it offers to those who may visit or settle 
in it. Other Dominions have had a similar purpose 
in view, but probably none has so strong a reason. 
The industrial outlook, both for South Africans and 
for those who wish to do business with them, is 
related so intimately to this reason that, before 
describing the individual exhibits which are likely 
to be of special interest to our readers, it is desirable 
shortly to outline the position of the Dominion, 
and its special reason for expressing itself at Wem- 
bley in the form of a home. 

The area of the Union of South Africa—for the 
present purpose it is best to speak in round figures— 
is some 473,000 square miles, and its population 
some 7,000,000 souls. The extreme North of the 
Transvaal is within the tropic of Capricorn, and 
about one-third of the whole area of the Union 
may be regarded as lying within tropical latitudes. 
Taking a line across the country from Capetown 
at the South West to Johannesburg towards the 
North East, the mean daily sunshine is from two- 
thirds to over three-fourths of the total possible 
number of hours, as against less than one-third 
for London and less than two-thirds for Calcutta. 
But while the climate thus has the advantage of 
tropical sunshine, the elevation of the country 
spares it for the most part a tropical temperature. 
Its mean elevation is, in fact, twice as great as that 
of Australia, and one-third higher than that of 
North and South America. Except for narrow 
belts near the Coast, no part of it is less than 
1,000 ft. above sea level and more than two-fifths 
of it is over 4,000 ft., while there are no great 
mountain ranges, and the shape of the sub-Conti- 
nent gives it a long coast-line relatively to its area. 
These circumstances combine to give the Union 
a considerably lower temperature than would 
be felt in the same latitudes at the sea level, and to 


make it uniform to a remarkable degree over the 
entire country. 

To some extent, therefore, the country combines 
the advantages of tropical with those of sub-tropical 
or temperate climates, and is particularly healthy 
for Europeans, the mean crude death-rate being 
about 15 per cent. lower than that of England and 
Wales. It is, in fact, eminently a white man’s 
country ; yet of the total population of the Union 
only about a fifth are white. Over half of these, 
moreover, are in urban districts; in the rural 
districts little more than one-eighth of the population 
is white ; and, taken over all, there are about three 
white persons to the square mile throughout the 
Union. The density is extremely variable. In 
Johannesburg and Durban it is three times as great 
as the average of the United Kingdom, with almost 
as many white as coloured. 

The community of the Union furnishes, indeed, 
an instance that is probably without parallel in 
modern times, of an extensive white settlement 
having organised a great native territory in such a 
way that the natives have not died nor been squeezed 
out, as has happened in similar circumstances else- 


where, but have flourished and increased side by 


side with the civilised immigrants. So long as the 
whites continue to predominate, this symbiosis is 
eminently to the advantage of all the races in the 
State, and allows the civilised customs of the 
dominant race to be maintained. The maintenance 
of these customs is, however, of vital importance to 
the suitability of the country for immigration from 
home, and even graver questions might arise should 
the white races remain in their present minority. 
The native population as a whole is contented, 
tractable and intelligent. An interesting part of 
the exhibits of the Union displays historical features 
of the country with rock engravings and carvings, 
weapons and even tools, made by the natives before 
the European immigration. Fig. 3, for example, 
shows bellows used habitually by two tribes for 
smelting and forging iron and some tools made with 
its help. Side by side with copper anklets weighing 
123 lb. each, which are among the most precious 


possessions of persons of really aristocratic birth, 


are native works of art and other products showing 
taste and ingenuity ; and, in addition to 100 exhibits 
of this sort, a still larger number of photographs are 
shown by Mr. A. M. Cronin, of natives following their 
own practices according to their old traditions. 
With these traditions and with the influence of 
mission schools and other educational agencies, the 
inborn intelligence of the natives is being cultivated. 
The progress they make is of advantage to them- 
selves and to the many industries for which they 
provide suitable labour. If, however, the vast forces 
that they represent are to be turned to the benefit 
of the Union, and indeed not to be a danger both to 
themselves and to the white community, the increase 
of the population by the addition in large numbers 
of suitable immigrants is indispensably necessary. 
The chief purpose of South Africa’s vigorous 
participation in the British Empire Exhibition is to 
stimulate this immigration. From Fig. 1 it will 
be seen that a relatively small part of the exhibits 
are supplied by individual firms, the large majority 
being provided by Government or communal 
authorities and by a few great groups. It is 
significant that on entering by the main entrance 
the visitor is faced with the largest single stand 
in the pavilion, devoted to the fauna and history 
of the country, and has to the right and left of 
him the sections of publicity and of a bureat 
representing the South African press, while many 
stands in various parts of the building are devoted 
to showing the facilities for education and research 
of various kinds, and the results that have been 
obtained by their help. The publicity section 
indeed is by itself something approaching a complete 
library on the subject of the Union.* It contains 
an admirable catalogue, which will be of great 
help to those whom the pavilion has interested 


* An excellent summary of much of this information, 
with similar particulars regarding South West Africa, 
North and South Rhodesia, and Portuguese East Africa, 
is to be found in the illustrated Handbook to the Trade, 
Industries, Products and Resources of South Africa and 
adjacent territories by Mr. C. W. Francis Harrison. 
(Arthur’s Press, Woodchester, Gloucester). [22s. post 
free.] A new edition of this work has just appeared. 
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and seems only to lack a map and a somewhat 
more detailed index. The intention of the Exhibi- 
tion is illustrated further by the several towns— 
Capetown, Durban and Port Elizabeth—that give 
large separate exhibits devoted specially to their 
own cities. Thus Capetown has erected a striking 
reproduction of the front hall of an old Cape house, 
with furniture and brass furnishings copied from 
what was usual in the better homesteads of the 
old Dutch settlers, and some hundreds of exhibits 
that include lantern slides and paintings of Cape 


Fig.1 | 


RHODES 


&c., conveyors and transporters by which 1,000 tons 
can be loaded per hour into ships’ bunkers. An oil 
fuel station built on 70 acres of reclaimed ground 
was opened last year by the Government. , The 
British Imperial and Anglo-Persian companies have 
already erected fueling stations on it for crude oil 
and motor spirit, and the British Imperial Company 
has also established a factory for making cases and 
tins with an output of 3,000 cases and 6,000 tins 
a day. A new graving dock to be completed this 


autumn is shown in another model on a scale of 


CINEMAS 


and conveniences of the beach and marine parade. 
Port Elizabeth in various ways shows the principal 
features of the town and district. 

The immediate importance which those who have 
organised the Exhibition attach to the several 
products exhibited may be gauged presumably 
by the space they respectively occupy. A glance 
at the plan shows the great importance that has to 
be attached to agriculture and allied productions. 
Both directly and indirectly the increase of agri- 
cultural production is a matter of interest to the 
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wild flowers. The Durban exhibit consists of three 
fine models. One, on a scale of 100 ft. to the inch, 
shows the harbour and town, exhibiting the remark- 
able facilities of the harbour. With an area of 
74 square miles and (including the repairing quay 
and jetties) over 3 miles of wharfs, it can berth 
vessels up to 22,000 tons, or 90 vessels of average 
size at one time. It has over eight million cub. ft. 
of wharf shed accommodation, hydraulic cranes 
up to 50 tons, a 15-ton floating crane, and 24 
hydraulic and electric wharf capstans. There is a 
floating dock with a lifting capacity of 6,500 tons, 
and near the entrance to the harbour a large 
coaling station with bins holding 10,000 tons, 
stacking accommodation for 50,000 tons, and cranes, 


4-in. to the foot. It is situated at the head of 
the bay, about 4 miles from the entrance to the 
harbour, and is said to be the second largest in 
the world. It is 1,140 ft. long by 188 ft. wide 
and 110 ft. on the floor, with a depth on the sill 
L.W.O.S.T. of 55 ft. It is built in two compart- 
ments, the outer being 600 ft. long and the inner 
440, which can be filled and emptied independently 
or together, taking 47 minutes to fill and four 
hours to empty. It is being constructed by the 
engineers of the Railways and Harbours Adminis- 
tration, the caissons having been supplied by 
Messrs. Armstrong, Whitworth and Co., and the 
pumps by Messrs. Gwynnes. A third model on 
a scale of 16 ft. to the inch shows the beauties 
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Fig. 3. Native Minine Imecements. 


engineering trade. Agriculture cannot be carried 
on to advantage without mechanical appliances, 
and in many parts of South Africa the smallness 
of rainfall makes great irrigation works indispensable 
to vast tracts of fertile land if they are to be properly 
developed. The increase of white population, 
again, means the increase of the ‘market for the 
manufactures that South Africa imports, on 
many of which engineers are employed. Some 
part of this demand, not only for agricultural pur- 
poses, may be filled by opening branch factories, 
and some by direct importation. The exhibition 
contains examples of each. 

The exhibit of the dairy and poultry industry 
in the eastern part of the pavilion is an example of 
a demand supplied from this country, in the shape of 
the refrigerating plant and cold store, a view of 
which is shown in Fig. 4. The plant has been 
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supplied and installed by Messrs. H. J. West and 
Company, Limited, and consists of one of their 
4-cylinder vertical CO, compressors, with safety 
head and forced lubrication, direct-coupled to an 
alternating current motor running at 720 r.p.m., 
and delivering into a double-pipe counter-current 
condenser, the brine being cooled by a counter- 
current evaporator of similar design. The cold 
stores are fitted on all sides with triple glass win- 
dows, and are divided into three separate chambers, 
with an air lock, the space cooled being about 
3,000 cub. ft. No brine pipes or direct expansion 
pipes are used in the store, the cold brine from the 
evaporator being circulated by a direct-coupled 
electrically-driven centrifugal pump in the air lock, 
through brine drums situated above a false ceiling 
over the store, an electric fan in each chamber 
maintaining the circulation of the cooled air. The 
normal temperature in the store is about 25 deg. F., 
and in spite of the considerable radiation loss 
through the glass the temperature of the store does 
not rise more than 5 deg. F. at night. All moving 
parts, as well as the gland, are provided with 
forced lubrication by a pump in the crank case, and 
thus no special packing is required. The suction 
valve is in the piston head, and is operated by its 
own inertia and the motion of the piston without 
any spring. By a patent locking device the whole 
suction valve plate can be removed readily without 
removing the piston, and all valves are easily 
accessible without disturbing pipe joints. The 
cylinders and crank cases are forged from solid 
steel, and all working surfaces are precision- 
ground. 

An exhibit ilustrating a manufacture that is in 
course of being started in South Africa is that of 
Messrs. Delfos, Limited, of Pretoria, whe, near 
the exhibit of building materials, show rock drills, 
which they have arranged to manufacture in 
Johannesbueg in conjunction with the Atlas Diesel 
Company, Limited, of London. The exhibit itself 
(Fig. 5) includes a stope drill, a jack or bob hammer 
drill, and a number of spare parts for these and drills 
of other types. The most striking feature in these is 
the arrangement of the bob hammer drill (Figs. 6, 7 
and 8), by which the mechanism for rotating the drill 
automatically, which characterises such hammers, 
is arranged to operate a valve, closing the air 
exhaust valve and admitting live air from 
time to time down the centre of the hollow drill, 
so as to clear it of dust and cuttings. Other 
local manufactures are a graphic air recorder for 
measuring compressed air, designed and calibrated 
by the Rand Mines Compressed Air Department, 
exhibited by Messrs. EK. W. Tarry and Company, 
Limited, of Johannesburg, and a. 4-in. patent 
Robeson-Davidson slime pump, which is exhibited 
by Messrs. Wright, Boag and Company, Limited, 
of Johannesburg. These pumps, which are made 
from 3 in. to 14 in., were invented and designed 
on the Witwatersrand Gold Fields to deal with 
fines or well crushed material from + in. to slimes. 
The wearing surfaces are lined with white iron, and 
the stuffing boxes are protected by a clean water 
service under pressure. The inside covers of the 
pumps are drilled to enable the casing to be reversed 
when it is desired to convert the pumps from 
right-hand drive into left-hand drive. A few other 
exhibits show a small amount of miscellaneous manu- 
factures. These, however, do less than justice to 
the extent to which metal and engineering manu- 
factures have progressed in the Union. In the 
last available returns such manufactures stood at 
some 20,000,000/., of which about 9,000,000/. was 
value added to the raw materials by manufacture, 
about the same as the value added by manufacture 
to food and drink products. Allied industries 
are those of building materials—bricks and tiles, 
cement, cement boards, Hume reinforced concrete 
pipes made on a centrifugal process, asbestos- 
cement, and other asbestos products, fire bricks, 
and crucibles. 


Of the agricultural and pastoral industries the 
most important for export purposes is that of wool 
and mohair. The exhibits of these products are 
said to represent not the best that the Union pro- 
duces, but a fair average of what is actually shipped, 
and in texture, length of fibre and general quality to 
hold their own with the products of any part of the 
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world. Of these, as of other pastoral and of agri-| catalogue; as much may be said of ostrich feathers, — 
cultural products, both raw and manufactured, a| hides and skins, cotton, chemicals, and many 
very large variety is shown, the more usefully to| other products and industries. 

those interested in them by reason of the detailed (Lo be continued.) 
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THE EXPLOITATION OF AN ULSTER 
COALFIELD. 


AtrHouc#H all the coal used in the shipbuilding, 
engineering and other industries of Belfast is im- 
ported from Great Britain, there appear to be available 
coal resources in Ireland, which have received very 
little consideration in the past. Sir Samuel Kelly 
has, however, decided to undertake the development 
of an area of considerable promise in the district 
known as Coal Island near Lough Neagh. This area 
is in the heart of Ulster but is only 50 miles by rail 
or canal from Belfast. Here, in the boring operations 
conducted by experts from English and Scottish 
mines, a good bituminous coal seam was struck at 
a depth of 433 ft. It was then decided to sink two 
shafts of 12 ft. diameter to a depth of 1,070 ft. and 
62 ft. apart. The first shaft was begun in the autumn 
of 1921 and was completed last spring, while the 
second, which was begun 18 months ago, has now also 
been completely sunk. Boring was entirely done by 
compressed air rock drills, and as each 25 ft. of excava- 
tion was completed a temporary lining of timber and 
iron Tings was erected, which was replaced later by 
specially prepared blocks which now line the shafts 
from top to bottom. The junctions have been secured 
by brick side walls and steel girders, and the roadways 
have been made with circular steel girders and rein- 
forced concrete. Water difficulties have not been 
encountered to any great extent, and a triple-ram 
pump at the No. 3 level which raises the whole of the 
water to the surface could deal with much greater 
quantities than those encountered. 

As an indication of the richness of the Coal Island 
field it may be stated that within the depth of the shafts 
there are no fewer than twelve seams. The thickness 
of each of these is given in the table. 


No. Depth in feet. Name. Thickness. 
ft* in, 
i 433 Kelly 4 9 
2 476 Crow 6 ie a 4 6 
3 542 Apnagher .. an 55! 9 6 
4 570 Bone Se id Leilene eae) 
5 625 Shining 4, 2 6 
6 691 Brackaville. . 4 6 
i 761 Beltiboy 20 
8 775 Monkey 0 9 
9 806 Two Foot .. 2 6 
10 898 Rock Coal .. 0 9 
nee 950 Ten Inch .. x 0 
12 986 Derry Five Foot ee 


On the evidence afforded in the boring and shaft- 
sinking operations, Sir Samuel Kelly decided to 
obtain further extensions of the area of the coal rights 
he originally controlled up to an area of four square 
miles. 

The erection of the necessary equipment at the pit- 
head was proceeded with simultaneously with the 
shaftsinking. Two engine houses were built, as well 
as a power station between them. Overhezud equip- 
ment, screening and washing plant and an extensive 
series of mechanics’, smiths’, joiners and other stores 
and shops have also been built. Sidings amounting 
to over 5,000 ft. were made and connected to the Great 
Northern Railway. There are eight sidings in all, 
four under the screening plant, one for loaded wagons 
and three for empties. Steam is generated in three 
Scotch marine boilers for a total power production of 
2,500 h.p. In the generating station there are two 
sets, the one for the supply of electric power to work 
the pumps and the other for lighting. A Belliss and 
Morcom engine drives a three-phase alternator for 
power purposes. The air supply for the rock drills 
is obtained from an Allen and MacLellan compressor. 
Each shaft is provided with a couple of double-decked 
cages, each capable of carrying 104 cwts. of coal. 
These are controlled by a pair,of horizontal engines of 
250 h.p. provided with 12-ft. diameter winding drums. 
The cages are suspended by cables tested to carry 
50 tons, although normal working will only load them 
to one-tenth of that amount. Six steel wire guiding 
ropes for the cages are attached above to the headgear 
and weighted at the bottom with cast-iron cheeses of 
4} tons. The screening plant is operated by a 50-h.p. 
three-phase motor. All the steel work of the head 
gear, the gantry screens, the picking plant and the 
washery were supplied and erected by the Blantyre 
Engineering Company, Limited, of Glasgow. 

In the opening up of this coalfield Sir Samuel 
Kelly had the assistance of Mr. Thomas 8. Durham, 
of Whitehaven, as consulting engineer. A yield of 
abt least 100,000 tons of coal per annum is anticipated 
for a period of 40 years from the newly-constructed 
Mines, but there is much coal also available in the 
“Surrounding basin. There are at present 200 workers 
from Scotland at work in the pit, but this is to be 
augmented to 1,200 in the course of a few months. 
It may be noted in passing that Sir Samuel Kelly 


has also started earthenware, pipe and china clay 
works in the district, as well as brick works and a 
spinning mill. The town of Newtownkelly, providing 
houses for the workpeople, who are finding employment 
in these schemes, is growing up rapidly, and already 
over 100 model houses haye been built, while many 
are in course of erection. 


INTERNATIONAL COMMISSION ON 
ILLUMINATION. 


Unperr the presidency of Dr. E. P. Hyde, of the 
United States of America, the Sixth Session of the 
Commission Internationale de |’Hclairage was held at 
the Palais Eynard, Rue de la Croix Rouge, Geneva, 
from Tuesday, July 22, to Friday, July 25. Meeting 
facilities were kindly granted by the University of 
Geneva. In the opening proceedings, Mr. Filiol, 
President of the National Swiss Committee, said, 
incidentally, that electric lighting in Geneva dated from 
1887, and that the power station which served the 
canton provided for about half a million lamps, or 
3-5 lamps per head of the population affected. He 
therefore thought that they had reached the limit of 
lighting, unless new methods could be discovered which 
would contribute to a wider diffusion and further 
progress. 

The President announced that Belgium was about 
to form a National Committee on Illumination, and 
that a National Committee of the Union of South 
Africa had been recently constituted. 

The accounts of the previous three years, presented 
by the Hon. Secretary and Treasurer, Mr. C. C. Paterson, 
showed such a favourable state of affairs that it was 
proposed that the subscription from each represented 
country be substantially reduced. This was readily 
agreed to. 

The first subject considered was the adoption of a 
primary standard of light. A paper was presented by 
Mr. H. EH. Ives (U.S8.A.) and reports submitted by 
committees of France and the United States. In 
connection with the latter Dr. Sharp submitted the 
following :—(1) ** That the International Commission 
on Illumination recommends the international adoption 
as the primary standard of light of the brightness of a 
black body operated under conditions which are subject 
to accurate specification. (2) That the Commission 
recommends the national laboratories to take steps 
to formulate standard specifications for the construction 
and operation of the black body as a primary standard 
of light ; and (3) To fix upon a definitive figure for the 
brightness of such body expressed in international 
candles per square centimetre.”’ 

In the discussion which followed Mr. Walsh sup- 
ported the idea of referring the question to the national 
laboratories. Mr. Vautier thought it was advisable 
to make it clear that in this work it was not intended 
to exclude the laboratories of private bodies. 

Mr. Fabry then summarised the report on “‘ Standards 
of Light Suitable for Photographic Sensitometers,”’ 
written for the Commission by Mr. Jules Baillard. 
Dr. Crittenden said he was afraid that the hope 
expressed by Mr. Baillard of securing a definite 
specification for acetylene lamps might be disappointed. 
If one were to attempt to make precise specifications 
he. thought it would be simpler to use electric lamps. 
Mr. Paterson agreed that as a provisional measure, if a 
primary standard were to be established, an electric 
lamp might be adopted to begin with, but, he thought, 
the black body would have to be resorted to eventually. 

On Tuesday afternoon, Mr. Fleury presented the 
French National Committee’s “‘ Rapport sur les travaux 
concernant le Vocabulaire de lEclairage.” He was 
followed by Sig. Bohm, who presented that of the 
Italian. Committee. 

In discussing this subject Dr. Mailloux pointed 
out that in the preparation of vocabularies there 
were two systems available, either the alphabetical, 
or the logical and co-ordinated. The latter had the 
great advantage of placing in perspective before the 
eyes of the observer all terms relating to the same or 
cognate subjects. He recommended that each 
National Committee should send to the central body 
suggestions with regard to the different subjects under 
different headings; and that after the material had 
been assembled and co-ordinated the whole matter 
should be referred to the International Commission 
for consideration. He suggested that the work should 
be commenced at once. Mr. Bossu and Mr. Blondin 
agreed ; the latter thought it might be desirable to 
appoint an International Committee on the subject. 
Mr. Dunn suggested that matter should be referred to 
the existing International Electro-Technical Com- 
mission, but Dr. Mailloux, as its President, thought it 
would not be practicable for it to take over additional 
heavy work. He considered the best arrangement 
would be for the subject to be handled by a small 
committee of three, one of whom should be Swiss, 
and should act as permanent chairman. The Electro- 
Technical Commission would do all in its power to 


| assist. Mr. Fabry considered it would be desirable to 


add an Italian member, and Mr. Paterson suggested 
the appointment of correspondents for each country. 

Dr. Mailloux later expressed the view that if the 
matter were placed in the hands, as had been suggested, 
of the Swiss Committee only, their report would not 
be regarded as carrying as much weight as one from 
an international body; but Mr. Dunn remarked that, 
if a Swiss Committee undertook the work, their findings 
would have to be submitted to the International 
Commission for approval and adoption. They would 
thereby be given the status of findings of the Inter- 
national Commission itself. Mr. Paterson supported 
the idea of the Swiss National Committee taking over 
the work. Mr. Joye said what the Swiss Committee 
had so far really done was to translate into French 
and German the Italian vocabulary. It had not 
dealt with the material in a logical order, but merely 
alphabetically. 

The President stated that at present only four 
languages for the proposed vocabulary were contem- 
plated, viz.: French, English, Italian and German. 
The motion for the appointment of a small committee 
was then unanimously agreed to. 

Wednesday morning’s proceedings (with Professor 
Fabry, President of the International Committee of 
Heterochromatic Photometry, in the chair) opened 
with a paper on “ Heterochromatic Photometry : 
Progress of Work carried out at the National Physical 
Laboratory,” by Messrs. Brookes, Buckley and Collier. 

Mr. Jouast (France) then briefly introduced his 
paper, ‘‘ Sur l’emploi des écrans absorbants en Photo- 
métrie Heterochrome ”’; anda paper on “ The Relative 
Visibility Function ’’ foilowed, by Mr. K. 8. Gibson 
(U.S.A.). Mr. Walsh, in opening the discussion, said 
he had received from Dr. Rayner, of the British 
National Physical Laboratory, a message containing 
the suggestion that if the work of the Heterochromatic 
Photometry Committee were to be continued it would 
be valuable if the present Commission would set up 
another committee to deal with the transmission curves 
of colour filters in heterochromatic photography, 
which had a bearing also on other subjects. 

Mr. Paterson read the following resolution which he 
had drafted :—‘‘ That the Commission adopt at this 
session a provisional table of values for the visibility 
function, and request the Editing Committee to draw 
up a suitable resolution under the guidance of Professor 
Fabry, Dr. Hyde and Mr. Buckley, with power to 
co-opt.” Dr. Hyde supported this. 

Mr. Crittenden, Mr. Jouast and Mr. Joye having 
spoken in support of the resolution, it was put to the 
meeting and carried. Mr. Joye remarked that 
physicists were not very far advanced in the subject of 
colorimetry, and thought that it would be hetter at 
that stage to institute a special committee, and that 
the Committee on Heterochromatic Photometry 
should extend its field of action. 

Mr. Jouast said that it was of importance to compare 
the standards with regard to the different colours, and 
thought it might be useful to compare the results 
arrived at with given wave-lengths. According to 
French legislation, standards were calculated on the 
basis of carbon incandescent lamps, but manufacturers 
were allowed to use a tungsten lamp, Mr. Fleury 
thought it would be best to choose «s a primary colour 
that of the carbon filament lamp or the tungsten 
filament lamp and to make a choice at once. 

Dr. Hyde observed that the difficulty referred to by 
Mr. Jouast had existed for many years. For his own 
part, he would emphasise the adoption of some 
standardised method of flicker photometry. Mr. Fleury 
remarked that the colour temperature of the lamp 
would have to be agreed upon; and Dr. Hyde ob- 
served that when vacuum tungsten lamps were to be 
measured the measurements started with the use of 
vacuum tungsten standards of the Bureau of Standards 
(U.S.A.) as a basis. With gas-filled lamps, gas-filled 
standards were necessary, and those had been derived 
by comparison with the gas-filled standards of the 
Bureau, who had bridged the colour difference once 
and forall. It seemed to him that it was quite satis- 
factory to accept the Bureau’s results until a better 
value became known. 

A vote was later taken on the question of the appoint- 
ment of a committee of three persons to study all 
matters relating to Colorimetry, this proposa! being 
adopted. 


NaRROW-TYPE CONCENTRIC Piston Rines ror AutTo- 
MOBILES.—-The Specification No, 5023-1924, issued by 
the British Engineering Standards Association contains 
a schedule of standard dimensions for narrow-type 
piston rings of the concentric type for cylinder-bore 
diameters ranging from 2-in. to 6-in. in 4-in. steps and 
from 50 mm. to 150 mm. in 5-mm. steps, together with 
a series of explanatory: clauses covering nomenclature, 
formule for cylinder-wall pressure, form of joint, free 
gap, gap clearance for closed rings and intermediate and 
oversize rings. Copies are obtainable from the Associa- 


\tion’s Offices, 28, Victoria-street, S.W.1, at the price 


of 1s. net or ls. 2d. post free. 
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INDUSTRIAL NOTES. 


Tose who studied the census of production (1907) 
must have been struck with the large ratio which the 
costs of distribution often bear to the costs of winning 
It further appeared from 
the figures then published that railway rates were 
responsible for but a small proportion of the difference 
between pithead and factory costs, and the prices paid 


or costs of manufacture. 


by the ultimate consumer. This question of distribu- 


tion costs has been carefully studied in America along 
scientific lines, and, as in this country, it was shown 


that for equal service the distribution costs of co- 


operative societies were at least as high as when the 
work of distribution was carried out by ordinary 
As is well known, there have recently been 
complaints as to the large difference between the cost 


retailers. 


of coal at the pithead and as delivered to the consumer’s 
cellar, and it cannot be said that the original reply of 
the coal merchants to Mr. Shinwell’s queries was calcu- 
lated to inspire public confidence. Recognising this, 
perhaps a little belately, the Coal Distributors’ informa- 
tion department have now published some further 
particulars as to the actual costs and profits of six 
representative London coal merchants, as certified by 
a firm of chartered accountants. According to this 
certificate the average figures for the last two years 
were as follows :— 


1921-22. 1922-23. 


8. ids 8. ad. 
Average price obtained 54 6 42 64 
Average cost delivered at depot, plus 
distribution expenses 53 84 41 94 
Average profit per ton .... ORS Temes 


The distribution costs in the two years in question 
are stated to have been the following :— 


1921-22. 1922-23. 
s. d. 6. d. 

Wages of loaders per ton loaded (in- 
cluding picking out slates, screen- 
ing, tareing sacks, foreman’s fee, 

landing coal to heaps, &c.) em Peds) 1 
Wages of carmen and motormen per 
ton carted (including driving 
money, attending at stables, long 


journeys) nes cts 2114 ‘2 6% 
Cartage expenses per ton carted 3. 02 .2 5 
Sacks per ton carted = eae a AU ays 
Siding rent, weighbridge charges, 

wharf rent, demurrage, &c. 0 34 0 3 
Clerical salaries (including managers) 2 2$ 1 11% 
Establishment charges est Use 

12 ae OmSs 


No allowance is made in the above table for loss on 
small coal and deficiencies, which loss was estimated by 
the Advisory Committee to the Mines Department in 
1922 to amount to 9d. per ton. 

The Hull Corporation Tramways Committee accepted, 
on Monday last, the tender of Messrs. Bolckow, 
Vaughan and Co., Limited, Middlesbrough, for 1,500 
tons of rails at a cost of 17,9361. A German tender 
was 3,000I. less, and a Belgian tender 2,700/. cheaper 
The committee felt, however, that the work should be 
kept in this country. 


In the “ Historical Review of Coal Mining” recently 
issued by the Mining Association of Great Britain 
to supplement their interesting exhibit in the Colliery 
Museum at Wembley, no article will be read with more 
interest than that in which Mr. Frank Hodges deals 
with ‘‘The Miner and his Trade Union.”’ Mr. Hodges 
is described as First Civil Lord of the Admiralty, 
but he is better known in his relation to the Miners’ 
Federation, and his article traces very candidly both 
the evolution of that body and the aspirations he 
attributes to its members. Whether they are in fact 
held by the general body of miners, or are enforced 
on them by an active and dominant minority, they 
are sufficiently well known; but what perhaps is not 
recognised so generally is the extent of the mechanism 
by which it is hoped to realise them. ‘‘ Not content,” 
as Mr. Hodges says, “ with exerting an influence on 
the councils and conferences between themselves and 
the employers within the industry, they have stretched 
out into the sphere of politics and provided machinery 
for the influencing of Parliamentary opinion, which 
no other organisation has ever done. At the present 
moment there are 43 members in the House of Commons 
who are run exclusively under the political repre- 
sentation scheme financed by the miners themselves. 
Their expenses are paid by the miners’ organisation. 
They are in the House of Commons to influence 
legislation in favour of the miners. : 
form nearly one-fourth of the British Labour Party.” 


Elsewhere in the article it is pointed out that for 
attaining the objects in view miners are depending 


They 


largely on a development of the political outlook 
The treat- 
ment of grave economic questions by political methods 
may be open to grave objections, not least when the 
questions affect the entire community and the political 
influence is applied on behalf of a single class. Such 
influence may enable a class that is powerfully repre- 
sented in the House to procure legislation in its own 
favour at the expense of other classes or even of the 
entire community, in return not for value given to 
the community or the classes interested, but for 
support given to the purposes of a political party. 
The present miners’ group may not contemplate 
any such action, but the Parliamentary weight they 
have acquired, and the purposes for which they 
avowedly wish to use it, cannot be viewed with indiffer- 


of the workers of the country as a whole. 


ence by the community as a whole. 


In the 42nd annual report of the Ship Constructors’ 


and Shipwrights’ Association, Newcastle, Mr. Alex. 


Wilkie, the general secretary, states that unemployment 
in the shipbuilding industry was abnormally high 
With respect to new and repair 
work going to the Continent, the report pointed out 
that this was a matter which affected not only the 
employers and the workmen concerned but the country 
There should be an impartial inquiry 
into the facts and assertions made, both with regard 


throughout last year. 


as a whole. 


to wages and conditions abroad, and likewise the 
methods adopted both in this and other countries. 
If the industry was to regain its position there would 
require to be a more equitable distribution of the 
fruits, and not merely the policy of attacking wages 
every time. Experience had shown that low wages 
had not brought about that improvement hoped for, 
as by decreasing the purchasing power of the people 
it had simply accentuated the position, and therefore 
other means and methods must be adopted to preserve 
the industry which would enable it to pay adequate 
remuneration to those engaged in it. 

Some interesting, but highly disturbing figures, as 
regards our export trade, were submitted at the last 
week’s conference of engineering employers and the 
engineering Trade Unions. It was stated that accord- 
ing to the census of production for 1907, home orders 
then formed 46-65 per cent. of our total trade. In 
1922-23 the percentage in the engineering and allied 
trades was 72:52 per cent., and so far the figures for 
1924 show the home trade to be responsible for 74-11 
per cent. of the total orders. At the same time our 
imports of manufactured metals are steadily, if slowly, 
increasing. Pig-iron, it was stated, was being sold at 
nearly 1/. below cost of manufacture, and steel at 
nearly 2/. per ton below the cost of making. On some 
electrical contracts British tenders were 725,768/., but 
most of the work was secured by Swiss and Scandi- 
navian firms whose tenders for the work amounted to 
563,7311. In another case for general engineering work 
abroad, British tenders amounted to 423,445/., whilst 
the work was secured by French and German firms, who 
undertook to do the work for 283,5201. It was further 
pointed out that suggestions had been made that in 
order to facilitate the payment of reparations, Germany 
should be permitted to standardise a working week of 
more than the 48 hours provided for by the Washington 
Convention. ; 


In respect to this question of the eight-hour day, atten- 
tion might perhaps be called to the observation made 
during the week by Mr. Shaw, the Minister of Labour, 
who is responsible for the eight-hours bill, of which the 
text was published on Monday. This bill provides 
generally that all labour in excess of eight hours must 
be paid for as overtime. He says that if the employer 
wants special privileges and asks for overtime/he must 
pay extra forthat overtime. This remark would seem 
to indicate that Mr. Shaw believes that the additional 
charges he proposes will affect the employer only, and 
that he does not realise that they must ultimately 
be borne by the consumer. It is in general, the com- 
munity, not the employer, which is hit hardest by 
high prices, since the employer will not remain in 
business, or at any rate, will cease toextend and develop 
his works unless the community will consent to buy 
his goods at prices permitting a reasonable return forthe 
capital and energy expended. 


The last building trades conference broke up with 
some display of temper, and consequently it has been 


meeting. One of the points at issue is the demand that 
payment shall be made for time lost through bad 
weather. It is stated, however, that experience during 
the war years, in which this claim was to some extent 
conceded, shows that when the outdoor men were 
driven in by wet, the indoor men who were wholly 
unaffected, ceased work too, as they did not see why 
the outdoor men had any more right to be paid for 
doing nothing than the indoor men had. The unions 
declare the object of the employers is to try and 


decided to wait a few days before arranging for another 


requirements, and the chemical composition as 4 


.to perform the duties required from it. | 


establish some system of remuneration on the basis 
of work done, rather than on that of time expended. 
They declare this will lead to seamped work and jerry 
building. This declaration will, probably, not be 
taken too seriously by those who are acquainted with 
the facts. The building regulations and the building 
inspectors should be a sufficient safeguard against jerry 
building, whilst as regards scamped work it is notorious 
that no safeguard against this is secured by fixing 
payments on a time basis. This was very clearly 
shown some years since in connection with some experi- 
ments of the Royal Institute of British Architects 
on the strength of brick piers. The work being 
undertaken for scientific purposes, the men were 
paid by time and given to understand that they were 
to do their best to make a good job. It turned ont, 
however, when the piers were subjected to test that 
various kinds of scamping tricks had been practised, 
and a whole fresh series of piers had to be provided. 
In fact, the only safeguard against scamping is efficient 
inspection, and it is quite as easy to provide for this 
when men are working on piece as when they are 
working on time. 


The present shortage of labour in the building 
trades lends special interest to the suggestions made 
by Lord Weir in the House of Lords last Tuesday. 
He suggested that the Government should arrange 
for standardising three classes of house. He said 
that the only known principle under which effective 
production could be secured without skilled labour 
was by standardisation. The most suitable materials 
for the main structure of houses would be a combination 
of timber and steel plate. The use of these materials 
would eliminate the bricklayer, while a multiple 
production of timber units, with the use of jigs and 
other methods -would make them independent of 
the skilled joiner. The inner walls and partitions 
would be lined with wood or composition board, and 
no plasterers would be required. The use of either 
metallic shingles or asbestos sheets for roofs would 
not involve the employment of slaters. By standard- 
ising the layout, all the pipes and electric wiring could 
be produced by factory methods, independent of the 
plumber and electrician. By the standardisation of 
equipment and fittings the problem of baths, sanitary 
conveniences, &c., was rendered much simpler. Thus, 
the middleman would be eliminated and costs reduced. 
These principles of production had been applied with 
complete success in war time. But there was this 
difference—during the war no good men were unem- 
ployed; to-day over a million were out of work, 
many of whom would be available for his scheme. 
He had no hesitation in saying that if his scheme were 
applied on a sufficiently large scale, a three-room house 
with scullery and bathroom, but exclusive of land, 
roads, and drains could be made and erected at a cost 
of under 300I. 


A committee has been appointed by the Board of 
Trade ‘‘ to inquire into and report upon the conditions 
and prospects of British industry and commerce, 
with special reference to the export trade, and to 
make recommendations in regard thereto.” A memo- 
randum accompanying the terms of reference states 
that the first question to be settled is the present 
position and future prospects of British overseas trade, 
In the second place attention should be directed to 
our productive capacity, and in particular to the 
possibilities and-limitations,of large-scale production, 
whilst thirdly, methods of remunerating workmer 
and of avoiding trade disputes should be examined. 


_ University or Lonpon—University Con~ece.—A 
list has been issued by the Provost of the College of the 
recent awards, scholarships, prizes and diplomas i 
the Faculty of Engineering. 


iron anD Steet Castings ror AUTOMOBILES.—Th¢ 
following specifications for iron and steel castings fo 
automobiles have just been published by the Britis! 
Engineering Standards Association, 28, Victoria-street 
S.W.1, at the price of ls. net; post free Is, 2d.:— 
No. 5024-1924. Iron Castings for Air-Cooled amc 
Jacketed Cylinders; No. 5025-1924. Iron Castings fo) 
Sand-cast Pistons and Valve Guides; No. 5026-1924 
Iron Castings for Flywheels; No. 5028-1924. Stee 
Castings. The specifications include clauses relating t 
chemical composition, heat treatment, mechanical tests 
and the provision of test samples. The chemical com 
positions called for in the specifications for iron casting 


}are considered to be of less importance than th 


mechanical tests required. . The limits of the compos! 


,tions, accordingly, have been set as wide as possible 


and represent the extreme proportions of the differen 
constituents which may be present in a good and set 
viceable material. Proportions of the constituent 
outside the specified limits are considered to be incon 
sistent with the best quality of material. It is desirable 
therefore, in the use of these specifications, that th 
mechanical properties should be regarded as the mal’ 


auxiliary check upon the suitability of the materié 
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YARROW BOILERS AT LONDONDERRY 


POWER STATION. 


Iv is somewhat surprising that the Yarrow boiler 
which has for many years held an honourable position 
in Naval practice, has only recently been adopted in 
Electric Power Stations where the requirements of 
quick steaming and economy of space are analogous 
to those which obtain in warships. The merits of the 
design are, however, now becoming more generally 
appreciated on land, and as is generally known, a 
number of these boilers have been installed in the large 
Power Station at Barking, which is on the point of 
completion. Other power stations on which Yarrow 
boilers have been adopted are those at Dunston-on- 
Tyne and at Brighton. The two characteristics of 
the Yarrow boiler which appeal particularly to engi- 
neers are the large combustion space and the straight 
tubes. The latter feature is perhaps of less real 
importance than it was once considered, but more 
and more attention is being given to the design of 
combustion spaces, the tendency being in the direc- 
tion of continually greater volume than has been 
thought to be adequate in the past. On the recom- 


9 
te J 
Sicces 
By 


mendation of the City Electrical Engineer, Mr. R. V. 
Macrory, M.1I.E.K., the Londonderry Corporation was 
one of the first to order such boilers for a power 
station—two of them—tor their Power House exten- 
sion, to be constructed by Messrs. Yarrow. 

The installation of these boilers has now been com- 
pleted, and they have passed their official test under 
the supervision of Mr. Macrory with the results which 
we give below. One of the Londonderry boilers is 
illustrated in Figs. 1 to 3, above. It has a heat- 
ing surface of 3,255 sq. ft., additional to which is a 
superheating surface of 410 sq. ft. and an economiser 
surface of 1,550 sq.ft. The total grate area is 88°7 sq. 
ft. The boiler, as will be seen from the illustrations, has 
one steam drum and three water drums connected to it 
by straight tubes, and there is a superheater consisting 
of one drum into which U-tubes are expanded. ‘The 
arrangement is such that all the superheating surface 
is at the back of the boiler in the passage of the gases 
to the flue. The narrow front bank of tubes acts 
as a screen, but being exposed to direct radiation from 
the furnace, the tubes provide most valuable heating 
surface. After passing the back nest of generating tubes 
and the superheater, the gases go through a damper 
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to a separate economiser of Green’s vertical cast-iron 
type with standard scraper gear. The stokers with 
which the boilers are equipped are of the Underfeed 
self-contained type. 


Tasre I.—Trials of Yarrow Boiler at Londonderry 
Power Station. 


Particulars of Boiler. i) ist 2nd | 3rd 
Trial Trial. | Trial. 
Heating surface, generating 3,255 a ele 
3 * superheating 410 — 
ES By economiser. . x 1,550 — } — 
| | 
% 3 Total 36 Sol) eel) = = 
Grate area, 88°7 sq. ft. 
Balanced draft 
aes About | About | About 
Calorific value of fuel as received | 11,000 | 11,000 | 11,000 
Coal consumed per hour, lbs. ¢ 1,638 2,390 2,886 
Coal consumed per square foot of 
grate per hour .. 8D ae 18 27 32°5 
Temperature at chimney base .. 295 354 397 
Boiler room ve fe ot 76 81 77 
Temperature of feed water enter- 
ing economiser .. 50 30 108 91 87 
Temperature of feed water enter- 
ing boiler de hs 202 219 213 
Steam pressure ae ate 194 201 220 
Steam temperature leaving super- | 
heater .. on oe eral 543 586 622 
Total water evaporated per hour 
from and at 212 deg. .. .-| 15,683 | 22,179 | 26,821 
Water evaporated per square foot 
of heating surface per hour from 
and at 212 deg. ad ok 4-9 6:9 8-2 
Efficiency .. te na Se 89-4 87 86-2 


Table I above gives a record of the results obtained 
on the official trials. Unfortunately, the conditions 
at Londonderry were such that it was only between 
2.0 p.m. and 5.0 p.m. that the load was sufficient to 
require all the steam from one Yarrow boiler. Hence 
it was decided that two-hour tests should be taken, 
the boiler having been steaming at the same rate for 
one hour. previously. The test-periods being so much 
shorter than is desirable for boiler trials, confirmatory 
tests were made on successive days, under official 
observation, and we are informed that the Station 
Engineer was satisfied as to the accuracy of the trials. 
The makers state that they would not hesitate for a 
moment to guarantee the same results on a 12-hours’ 
trial. The class of coal used, was washed pearls, from 
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the Afton Mine, Ayr, and it had the following analysis : 
moisture, 11°5 per cent. ; volatile matter, 30 per cent. ; 
fixed carbon, 46 per cent.; ash, 12-5 per cent. The 
COz recorded on the trials was never less than 15 per 
cent. and the mean value of the readings was 15:2 per 
cent. The figure of 15 per cent. has been taken in the 
official tests. There was an entire absence of CO. 


CALCUTTA WATER SUPPLY. 


THERE are at present in Calcutta two distinct 
water supplies with separate piping systems, one of 
filtered, and the other of unfiltered, water.. The source 
of both systems is the River Hooghly. 

The intake works for the filtered water supply are 
situated at Pulta, about 17 miles upstream from 
Calcutta. At Pulta the river water is pumped into four 
large settling tanks, where the matter in suspension is 
allowed to settle, assisted during the rains by the 
addition of suitable amounts of chemical precipitants. 
The silt deposited in the settling tanks has to be cleared 
out at regular intervals, the amount removed each year 
being 1,500,000 cub. ft. The disposal of this silt is a 
problem in itself and will present even greater difficulties 
when extensions now under construction are completed. 
After settlement the water flows by gravity on to slow 
sand filters, and after filtration is pumped through two 
cast-iron mains, one 42 in. and one 48 in. in diameter, 
to Tallah. These mains can be used in an emergency 
as gravitation mains, and in these circumstances they 
can discharge 20 million gallons per 24 hours against 
40 million gallons by pumping. On reaching Tallah 
the water flows into underground reservoirs, and from 
these it is pumped into the city. At Tallah there is a 
large elevated steel tank, 110 ft. high above ground 
level. Its capacity is 9 million gallons. 

From the pumps at Tallah the water is distributed 
to the city through three main pipe lines. Two of these 
are comparatively small, the main distributor being 
the 60 in. steel main which is laid along Circular-road 
and turns westwards along Dharamtallah-street, end- 
ing at Wellington-square. The pressure in the main 
is greatest in the northern part of the City nearest to 
Tallah, and least in the south; consequently the 
northern part of the city gets more than its fair share 
of the water available, while the south gets less. 
Some attempt is made to equalise the supply by regulat- 
ing the controlling valves in the north so as to send 
more water to the south; but this is not entirely 
successful and is strenuously objected to by the people 
in the north. Better arrangements to ensure a more 
equal system of distribution will be provided in the 
new scheme now under construction. The existing 
plant was designed to supply 40 millions of gallons of 
filtered water per day, or about 40 gallons per head per 
day. It was hoped that with this quantity of water 
it would be possible to maintain a continuous pressure 
supply throughout the 24 hours; but as soon as the 
scheme was put in operation, it was realised that this 
could not be. The main reason could be traced to 
lack of civic education of the masses. Waste of water 
is considerable, and when the ordinary citizen learns 
to turn off a water tap as automatically as he turns it 
on, the solution of the problem-will be much nearer 
than at present. 

When the first installation of filtered water supply 
was introduced, it was very soon found that it was 
inadequate to meet the demands. It was then decided 
to introduce a supply of unfiltered water to be used 
for such purposes as sewer flushing, street watering 
and fire extinguishing. There are two unfiltered water 
pumping stations, one called Mullick-ghat Pumping 
Station, situated just south of the approach to the 
Howrah Bridge on the Calcutta side ; the other is known 
as Watgunge Pumping Station and is situated just 
south of the Hastings Bridge, over Tolly’s Nullah. 
Both these stations pump the river water direct into 
the distribution mains without treatment of any sort. 
Until recently both pumping stations were equipped 
with steam-driven pumping plant. The old plant, 
which was removed from Watgunge a year ago to make 
room for the new electrically-driven pumps, had worked 
for 20 years at Mullick-chat, and after being removed 
from Mullick-ghat and installed at Watgunge, had 
worked for a further period of about 26 years. The 
new plant and the old plant now working at Mullick- 
ghat had served their time and had amply repaid their 
cost. These old pumps supplied about 20 million 
gallons per day. 

When the Corporation decided, in 1920, to undertake 
a fresh scheme for the improvement of the water supply, 
they had to come to a decision on two important points 
before proceeding with designs and estimates :— 
(a) it had to be decided whether the unfiltered water 
supply system with all its disadvantages and menace 
to health, should be retained or abolished and replaced 
with a filtered water supply only ; also (b) what quantity 
of water should be provided, and for what future period 
of years the scheme should be designed to serve. 

With regard to the unfiltered water supply, the 


Corporation resolved to abandon the use of this and 
supply filtered water only. They also decided that 
the total supply of filtered water should be 110 million 
gallons per day, which was considered sufficient 
to give the City an ample supply up till the year 
1945, and on this basis the preparation of designs 
and estimates was commenced. Unfortunately, the 
Corporation did not adhere to this decision. Mainly 
on the ground of alleged economy, they rescinded 
their previous resolutions and decided not to abolish 
the unfiltered water supply, but to retain and extend 
it. The total amount of water to be provided was 
maintained at 110 million gallons per day, but divided 
into 70 million gallons of filtered, and 40 million 
gallons of unfiltered, water. 

On this basis designs and estimates were prepared, 
contracts were let and the work commenced. Then 
came the proposal last year to extend the city boun- 
daries, and it was decided that the adjoining munici- 
palities of Cossipore, Chitpore, Manicktollah and 
Garden Reach should be brought within the juris- 
diction of Calcutta. It was further resolved that 
arrangements should be made to provide these added 
areas with the same quantity of filtered and unfiltered 
water as that decided upon for Caleutta. This decision 
entailed the re-designing of the whole scheme and 
caused considerable delay. Fortunately, the original 
work had not proceeded too far; moreover, it was of 
such a nature that it could be extended to meet the 
altered conditions without much difficulty. None of 
the work already done had to be abandoned and, there- 
fore, the only loss sustained was that of time conse- 
quent upon these alterations. Briefly, the works 
required to provide the additional quantities of water 
decided upon are: (1) more pumps at Pulta to raise 
the water from the River Hooghly to the settling 
tanks ; (2) greatly increased area of settling tanks to 
deal with the increased river water; (3) more filter 
beds; (4) more pumping capacity at the pressure 
station to pump the filtered water from Pulta to 
Tallah reservoirs; (5) a larger pipe from Pulta to 
Tallah ; (6) more pumps at Tallah to pump the water 
to the city; (7) more and larger pipes to carry the 
water to the city and to distribute it as equally as 
possible. 

At Pulta the new pumping plant, instead of being 
scattered among several pumping stations located at a 
considerable distance apart, will all be collected at one 
central station situated close to the river bank. The 
new pumping plant at Pulta will include modern 
water-tube boilers, fitted with mechanical stokers and 
equipped with modern coal-handling and crushing 
plant. Each of the three new pumps will be capable 
of delivering 1,740,000 gallons per hour against a head 
of 120ft. All the auxiliaries will be electrically operated 
and will be duplicated with reserve or stand-by steam 
units. The current for the electrically-operated auxi- 
liaries will be provided in the pumping station by steam 
turbine-driven generating sets in duplicate. The four 
existing settling tanks will be modified to work in 
parallel, instead of in series, and will be used as pre- 
sedimentation tanks, any one of which will be capable 
of being put out of action for cleaning or repair without 
interfering with the supply. The outlets of the pre- 
sedimentation tanks will be connected to a large new 
settling tank, having an area of } square mile. The total 
storage capacity of the new and old settling tanks 
combined will be about 250 million gallons. The 
existing filter beds have an area of 920,000 sq. ft., 
and the new filter beds will have an area of 1,232,000 
sq. ft. The new pipe line from Pulta to Tallah will be 
a 60-in. diameter steel pipe, capable of delivering 
54 million gallons per day under the normal working 
head. At Tallah the old underground reservoirs have 
a storage capacity of 8 million gallons, and the new 
underground reservoirs will have a capacity of 94 million 
gallons. Adding the capacity of the overhead steel 
tank, the total storage capacity at Tallah will be 
26} million gallons. The new pumping machinery at 
Tallah will be similar to that at Pulta, and will consist 
of four centrifugal pumps, each pump being capable of 
delivering 14 million gallons per hour against a head of 
130 ft. The variation of delivery of water from Tallah 
to the city to meet the varying demand will be obtained 
mainly by starting up or closing down one or more 
pumping units. 

The system of distribution will be greatly improved. 
The city will be divided into a number of well-defined 
zones, and each zone will have its own arterial main 
direct from Tallah pumping station to the centre of the 
zone, with branches to sub-zone centres. There will be 
no connection with the zone mains, and no water will be 
drawn from them between Tallah and the zone centres. 
This will ensure a much more equal distribution. With 
regard to the unfiltered water supply, Watgunge 
pumping station has already been electrified, half of the 
total equipment has been installed and set to work, and 
the supply to the northern portion of the city is better 
than it has ever been before. The plant at this station, 
when completed, will consist of six direct-coupled 
electrically-driven centrifugal pumps, the total pumping 


capacity being 30 million gallons per day against a 
head of 140 ft. At Mullick-ghat the work of installing 
the new electrically-driven pumps is in progress, one of 
the four old steam engines having been dismantled and 
removed. The first of the new units is installed and was 
set to work during the summer this year, an additional 
year being required to complete the installation. When 
completed there will be five large centrifugal pumps, 
each capable of pumping 15 million gallons per day _ 
against a head of 140 ft., and two smaller units of half 
this capacity. Kach pump will be direct-coupled to a 
6,000-volt A.C. motor. The total pumping capacity of 
this station will be 90 million gallons per day. Con- 
tracts have been let for the work, which, it is expected, 
will be completed within five years. 


EXTRA HIGH-PRESSURE STEAM 
TURBINES. 


VY. Norpsrrém (Chief Engineer, the De Laval’s 
Angturbins Company, Stockholm). 


Tuer developments in steam engineering during 
recent years are, above all, characterised by efforts to 
obtain a better utilisation of the working power of 
steam by means of increased steam pressure. While 
16 kg. per square centimetre was regarded as being 
about the upper limit some ten years ago, modern 
power plants are planned for pressures of 30 kg. /em.2- 
and more, and steam pressures of from 50 to 100 kg. /em.2 
are within the range of practical possibilities. 

Theoretically, the prospects of gaining a higher 
technical efficiency by this means are very good, since 
the adiabatic drop in heat obtainable by the higher 
pressure demands less expenditure of heat for the 
generation of the steam. Some doubt has been ex- 
pressed, however, as to the possibility of utilising this — 
extended range in heat, owing to the greatly increased 
losses in the turbine. The difficulties obviously — 
become greater as the pressure of the steam is increta : 
inasmuch as the losses in the turbine discs due to 
friction and leakage are increasingly harder to control, — 
the denser the driving medium is, Fortunately, there 
is a way of getting around this difficulty ; in this case : 
as in so many others relating to steam turbine design, — 
the solution is to be found in fitting gearing between — 
the high-pressure and low-pressure sections of the 
machine. : 4 

The work of a turbine required to overcome the dise — 
friction may be approximately denoted by the formula $ 

Nf =c@uiy é 
in which dis the diameter of the disc and w its peripheral — 
velocity, y being the density of the medium causing the — 
friction. By means of introducing n for the revolutions — 


made by the turbine the equation may be given the 
following form :— : 


Nf = ¢,d? (nd)® y 
If Nfis to be kept constant at an increased y while other — 


conditions and w remain unchanged, the result will — 
plainly be as follows :— 


N= Co SY f 
As, however, 7 is approximately proportional to the 


admission pressure p the matter may also be expressed — 
in the following way :— a 


n= Cya/p. 


Thus, if it is a question of designing a steam turbine — 
for a pressure of 100 kg. /cm.? having no greater friction 
losses in the discs than a turbine of the same capacity 
designed for 10 kg. /em.? and a speed of 3,000 revolutions — 
per minute, the turbine for the higher pressure should — 
be given a speed of 3,000 ./10 or 9,500 r.p.m. 

Owing to the greater adiabatic drop in heat obtuined 
with the higher pressure, the number of discs or the — 
peripheral speed must be increased, however, in order 
to obtain the same blade efficiency. From this it 
follows, that in order to keep the friction losses down, 
the rotary speed of the turbine must be still further 
increased, and, as there is no possibility of directly 
utilising the power produced at such a high speed, the 
solution suggested by Dr. Gustaf de Laval in the early 
‘nineties must be adopted. In designing his steam 
turbine plants for 100 and 200 ky./em.2 pressure 
he evolved toothed gearing for reducing the speed, 
and the same principle has since been successfully 
employed and further perfected by the A. B. de Layal’s" 
Angturbin in designing steam turbines for high 
pressures. . 

The conditions touched upon here naturally refer 
only to the high-pressure section of the turbine, the one 
in which the friction losses are of paramountimportance. 
In selecting the speed at which the low-pressure turbine — 
section is to run, efforts must be concentrated on 
obtaining as large outlet areas as possible in the last of 
the runners, in order to get the best effect out of the 
vacuuin ; 7.¢., the rotary speed must be low, to keep the 


* Paper, abridged, contributed to Section D of the World 
Power Conference on July 4, 1924. 
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dlade velocity within reasonable limits. For turbo- 
generators of sizes from 506 kw. to 5,000 kw. the 
jimensions will as a rule be satisfactory if the low- 
wressure section is coupled direct to ihe generator, the 
ipeed of the high-pressure section being fixed indepen- 
lently in accordance with the principles stated above. 

The introduction of toothed gearing between the 
uigh-pressure and low-pressure sections cannot be 
vegarded as any real disadvantage, as its efficiency is 
»xtraordinarily high—98 per cent. and oyer—and the 


figures. 


the higher admission pressure; the greater work en- 
tailed on the feed pumps, on the other hand, has not 


the figures for the saving slightly too large.. 


kg./em.2 Steam Pressure, in Comparison with 20 kg./ 
em.” Steam pressure and 350 deg. C. Steam Tempera- 


eliability is beyond dispute when the gearsare correctly | ture 
lesigned, the material properly selected, and the ; (\ = 750 Cal.) 
nanufacturing methods perfect. buss x 
A. B. de Laval’s Angturbin have built back-pressure, . 
xtraction, and condensing turbines on this ee Conca ei feteat face eae kok cre 
or several years past, even for ordinary steam pressures, (gauge). (gauge). | 
md have gained highly satisfactory results. To 
upport this, may be cited a 600 h.p. turbine which Aamissio 
‘onsumed only 3-9 kg. steam per brake horse-power pres eee 50 | 100 | 50 | 100 | 50 | 100 
1our at 17 kg./cm.? pressure and 325 deg. C. steam = rae = 
iemperature. Per) |) Per || Per |) Per || Per | Per 
The very high steam pressures make it possible to |, = 750 Cal. a °3.5 "5 0-0 13-0 “O8 13-0 
tse a much higher temperature than that which has | 350°C.steamtemp./ 7-5 | 9:0| 9-0] 11-0] 9-0] 11-5 
een regarded as suitable heretofore. The steam eons Re ae ipa nee teen ee yee pee 
urbine must in consequence be adapted to withstand > sae ee ps 


his higher temperature, if the advantages of the high 
team pressure are to be fully utilised. Thanks to the 
mall size of the turbine when designed for such high 
peed, there are not insuperable obstacles in the way 
ff achieving this end. Special care must be exercised, 
\owever, in selecting the material for parts exposed 
o the superheated steam in the high-pressure turbine, 


TaBLE Il.—Saving in Fuel Consumption for Power 
Purposes at 50 and 100 Ig./em.* Steam Pressure in 
Comparison with 20 kg./em.2 Steam Pressure and 
350 deg. C. Steam Temperature. 


(\ = 750 Cal.). 


nd it goes without saying, that no cast iron must Exhaust 96 per cent. | 1kg./em.2 3 kg./em.2 

inder any circumstances be used. conditions. vacuum, back press. back press. 
The equipment of a turbine for high-pressure steam (gauge). (gauge). 

s on the whole, the same as for a standard turbine. 

The very high steam pressures may in the first Admission 

stance find employment in back-pressure turbines, | pressure kg./em.2 | 50 | 100 | 50 | 100 | 50 | 100 

he ee ae Ver: A es ees 

Ee re the economy of this arrangement is quite obvious. is | age || agae | agp geal) ae 

-he gain in energy expressed in per cent. is really so cent. | cent, | cent. | cent. | cent. | cent 

onsiderable that the figures are apt to be quite astound- | A = 750 Cal. vf S25) CET ob a2 48 47 53 

ag. The gain ought not to be estimated in this way, | 3507 C-steamtemp.| fo) oo) fo | 48 le oo 

owever, as this would be misleading, but should be|500¢. 2) 3. 15-0 | 16-5] 51 53 55 57 


ased on the actualfuelsaving. Looking at the matter 

1 this light, it will be found that the gain under certain 

ircumstancesjcan be quite as large for a condensing | 
lant, as for an extraction turbine, or fora combination 
f a back-pressure and a condensing turbine. The 
eciding point is, here, how high superheat can be 
mployed at the higher steam pressure. It is indeed 
lost probable that higher temperatures than those 
eretofore regarded as most suitable at standard steam 
ressure, may be used, because the greater heat capacity 
{ the high-pressure steam will reduce the difference in 
smperature hetween the superheater coils and the 
‘eam. Only experience can show, however, how far 
uperheating can be carried in excess of present 
ractice. 

_In the fellowing tables, the fuel saving has been 
iven on the basis of different assumptions as regards 
eam temperature at higher steam pressures. The | 
gure adopted for comparisons is 20 ky. pressure and | 
50 deg. C. steam temperature. It has been assumed | 
1 case of extraction turbines that the gain in power 
ue to the higher pressure is exactly sufficient to make | 
1€ condensing section superfluous. The gain for this | 


| 


If the saving is determined in per cent. of the fuel 
consumption for energy production, the result will be 
economy to the extent shown in Table IT. It should, 
however, be borne in mind, that these figures refer to a 
smaller amount of fuel than the corresponding figures 
in Table I, and that the product of the said amounts 
and the percentage gain are in both cases equal. 


«BROOMASTER” PORTABLE AIR 
COMPRESSOR. 


AN air-compressing set of considerable novelty 
| and interest, of which an example is being shown at 
the British Empire Exhibition, is illustrated in the 
figure above. The set is manufactured by Messrs. 
Broom and Wade, Limited, of High Wycombe, and, as 
will be seen from the figure, belongs to the portable 
class. Portability is indeed a special feature of the 
combination which has been designed throughout 
from that point of view. Many portable compressors 
are nothing more than the assemblage on a truck 


THE 


type of turbine, therefore, is expressed in maximum 
Proper consideration has been given to a 
certain loss of efficiency in the turbine as a result of 


been estimated, which, in most of the cited cases, makes 
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of a standard paraffin or petrol engine with a small 
air compressor, but in this case a special design of 
these elements has been developed to suit the parti- 
cular conditions. The great departure from orthodox 
designs lies in the fact that the engine and compressor 
are combined in a single unit. This unit, as will be 
seen from the figure, has four cylinders. Of these two 
are engine cylinders and two are compressor cylinders. 
This arrangement results not only in a considerable 
reduction in weight, but also a considerable curtailment 
of the space occupied. The set has a swept capacity of 
92 cub. ft. of free air per minute, which is sufficient 
for two pneumatic picks. It is mounted on a frame 
built up of riveted angles and carried on three unsprung 
wheels. An air receiver of 12 cub. ft. free air capacity 
is carried at the back of the frame. It can easily be 
dismounted if desired for transport purposes. The set 
is designed for a working pressure of 120 lb. per square 
inch and the receiver is tested to twice the working 
pressure. The overall height of the whole is 5 ft. 3 in. 
It is 7 ft. 6 in. long and 2 ft. 10 in. wide. 

The four cylinders of the machine are of 92 mm, 
bore with 140 mm. stroke, and the speed is from 1,200 
to 1,400 r.p.m. They are cast in one block, of close- 
grained cast iron and are water jacketted. The pistons 
are of aluminium alloy, each with three rings, while 
the connecting rods are H-section steel stampings, 
with split big end bearings made of bronze and lined 
with white metal. For the gudgeon pin end a solid 
bronze bush is fitted. The inlet and exhaust valves 
on the power cylinders are mechanically operated 
and are made from nickel-steel stampings. They 
are placed side by side, the stems being enclosed 
behind oil-tight doors, ensuring cleanliness and silence. 
The compressor valves are concentrically placed 
directly over the pistons, the inlet valves being of the 
mushroom type mechanically operated, and the delivery 
valves of the spring-loaded plate type. The camshaft 
is machined from steel bar and is hardened and 
ground. All the power cylinder valves and the com- 
pressor inlet valves are actuated from this shaft, 
which is driven from the crankshaft by enclosed 
skew-gear pinions running in oil. The governor is of 
the centrifugal type, actuating the throttle on the 
inlet. The mechanism is enclosed in an oil-tight case 
and can be adjusted while the engine is running. The 
governor can be relied on to prevent settled speed 
variation exceeding 3 per cent. to 4 per cent. from 
full load to no load. 

Forced lubrication is used, a gear oil-pump driven 
from the crankshaft being fitted. Oil is drawn from 
the crankcase sump through a filter, and is forced 
through ducts cast in the crankcase which eliminate 
any need for oil pipes. The oil flows to the main 
crankshaft bearings, and thence to the connecting rod 
big-ends by way of the crankshaft, which is drilled. 
A water circulating pump of the centrifugal type is 
fitted, driven in tandem with the magneto. A large 
multitubular radiator is fitted for cooling the engine 
and compressor. It is provided with a fan driven 
from the engine. For running on petrol a single 
jet mechanical-type carburettor is fitted, and for 
running on parafiin there is an Aster patent vaporiser. 
Ignition is by means of high-tension magneto. A 
petrol tank with a capacity of 16 gallons is mounted 
on top of the air receiver, where it is very accessible. 
The air receiver is fitted with a relief valve and pressure 
gauge. As will be clear from the figures, the whole 
power and compressor unit is enclosed by means of 
a hinged bonnet. It is claimed that, owing largely 
to the special valve gear design, this compressor has a 
volumetric efficiency greater than that of an ordinary 
compressor of equivalent capacity and running at 
400 r.p.m. The petrol consumption is low, the tank 
capacity of 16 gallons being sufficient for 17 hours’ 
running under full load. The low consumption is 
stated to be largely owing to the governing system, 
the engine and compressor being both governed. 
There is a pneumatic control on the carburettor which 
enables the engine to tick over immediately the air 
reaches a predetermined pressure in the receiver, and 
at the same time lifts the suction valves of the com- 
pressor from their seats. An impulse starter is fitted 
to the magneto, ensuring easy starting without swing- 
ing the engine, while the controls are arranged on a 
control board, and the set can be started and run 
without opening the bonnet. The truck wheels 
are removable, to allow the set to sit on its runners 
without fouling the axles or any part of the machinery. 
The set is termed the ‘“‘ Broomaster”’ by its makers, 
Messrs. Broom and Wade. 


Motor GENERATOR Smuts ror SypNEY.—--The office of 
H.M. Trade Commissioner at Sydney reports that the 
Postmaster-General’s Department, Sydney, are calling 
for tenders to be presented by September 15, for motor 
generator sets. A copy of the specification and blue 
prints can be inspected by British firms at the Depart- 
ment of Overseas Trade (Room 52), 35, Old Queen-street, 
London, 8.W.1. 
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SWITCHGEAR AND INDUCTION 
REGULATORS. 


THE increasing use of high voltages in the electrical 
industry renders the provision of satisfactory switchgear 
of the utmost importance. 


Exhibition, where a large variety of types are on view. 
Typical examples are shown by Messrs. Switchgear and 
Cowans, Limited, of Old Trafford, Manchester. One 
of the exhibits is illustrated in Fig. 1, which shows a 
three-panel board for pressures up to 3,300 volts 
and line currents up to 60 amperes. The board is 
made up of three ironclad units, while extension 


end caps are fitted to permit of the ready addition | 


of extra circuits. Fitted with a complete system of 
interlocks and draw-out isolating plugs with oil 


. . . : . : } 
immersed switches, the design is suitable for use in 


collieries as well as above ground. Each switch is 
provided with three series wound over-load coils 
and transformer-operated ammeter, all actuating 
coils, trip mechanism, and meter transformers being 


contained within the oil tank preventing derangement | 
At 


by dirt, mechanical damage, or interference. 
supplementary sealing gland is supplied with ali 
cable boxes by which it is possible to seal up a bitumen 
cable below the point where the cores are splayed out 
to fill up any cracks in the bitumen insulation. One 


panel is fitted with a core balance transformer and | 


relay designed to trip the switch when on three-phase 
load the leakage current to earth exceeds 5 per cent. 
of the normal. A watt-hour meter carried on a 
swinging panel is also fitted. 

The example shown in Fig. 2 is one of the firm’s 
oil-immersed gate-end switches fitted with time-limit 
over-load protection, the oil tank being lowered to 
show the internal parts. The device -is strongly 
made, steel skids serving to facilitate movement. 
The switchgear comprises an automatic oil-immersed 
circuit-breaker having three poles each with two 
breaks, while three overload trip coils enable all fuses 
to be dispensed with. 

All coils and tripping mechanism are completely 
immersed in oil, the break actually taking plave 
under a good head of oil. The switch is intended to 
work in conjunction with the Williams-Rowley system 
of earth protection, which ensures adequate earth 
continuity up to the coal-cutter or other machine. 


TronciAD OiL-IMMERSED SWITCHGEAR. 


The realisation of this | 
necessity is clearly demonstrated at the British Empire | 


Fie. 3. 


All pressure on the motor and trailing cable is cut off 
in the event of the earthing becoming inefficient, the 
cable being damaged or attempts made to withdraw 
the pommels from either coal-cutter or gate switch. 
An ammeter registering up to 100 units is fitted on 
| top of the switch. 

The draw-out truck type switchgear, shown in 
Figs. 3 and 4, is designed for three-phase working and 
is fitted with isolating plugs of the spring self-aligning 
type, oilswitch, transformers, voltmeter and ammeter. 
‘By means of a cam operated by the switch lever 


Truck Type SwitcHGeaR: Sipe Virw. 


Fic. 4. Rear Virw or ['Ruck. 
mounted on the front panel rapid action of the swi 
blades in both closing and opening is assured. 
framework is made up of iron sections and two £ 
of wheels are provided, one bottom set for transport 
the truck when removed from the casing, and 
other set to engage with the horizontal bars of 
casing to assist sliding into place. An automé 
shutter to screen off the live parts is provided, : 
interlocks are fitted. A potential transformer 
carried at the bottom of the framework, and is provi! 
with spring-type fuses. Time-limit fuses are fit 
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) the oil switch. The voltmeter and ammeter read 
) 11,000 volts and 300 amperes respectively. 
Modern electric distribution from large unit gene- 
tors through a number of feeders necessitates some 
rm of control for these latter. Such an instrument 
provided in the induction regulators shown in 
ig. 5, which are equally serviceable for testing 
oparatus in mines. They are single-phase variable- 
tio transformers, suitable for use in all cases which 
quire a variable pressure, applicable gradually. For 
se in testing extra high gear the regulators are 
sually employed on the primary side of a step-up 
ansformer by which means the test pressure can be 
pplied from zero to the maximum at a constant 
ite of increase with a straight line characteristic. 
hey may be operated either by immediate or remote 
mtrol, by hand or motor automatic gear, and per- 
it of pressure regulation to within ] per cent when 
1e rotor or movable core is adjusted by a relay- 
ontrolled motor. In each model the same principle 
revails throughout, a worm, operated by the hand- 
heel shown in the figures, actuating a horizontal 
orm wheel which controls the position of the internal 
nil on the vertical shaft, clearly visible in the first 
odel. The machines of smaller capacities are air 
ooled, while the others are oil cooled. The primary 
nd secondary windings are separate, the former 
tating with its core. In the larger types the oil tanks 
re provided with circulating pipes. The electrical 
ficiency is very high in all cases. The possibility 
f a sudden rise of pressure at any point is eliminated, 
nce the rise or fall of pressure, exactly in proportion 
) the movement of the rotor, can only take place 
radually. The larger sizes in our illustration show 
he plug holes, primary connections to the left, and 
scondaries to the right. For three-phase working, 
hree regulators may be connected up with switchgear 
nd control board exactly as in cable-testing plant. 
ests by the Manchester Corporation on the wave 
orm of the 240 volts supply of 50 periods, and on 
hat of secondary pressure of the regulator up to 
500 volts at 50 periods, revealed very close similarity. 
n the illustration capacities are 23, 10, 25 and 50 
v.-a. respectively. Modified designs include a 10-kv.-a. 
sgulator with flame-proof oil tank and packed cable 
lands, for colliery work, and a combination unit for 
ressure and current testing especially suitable for 
railing cables. 


Stanparp Sreets ror AuTomosiLes.—The following 
ublications on automobile steels have recently been 
ublished by the British Engineering Standards Associa- 
ion :—No. 5005-1924, Wrought Steels; No. 5006-1924, 
told Worked Steel Bars and Strip; No. 5008-1924, 
Talve Steels; No. 5009-1924, Steel Tubes. The speci- 
ications cover the chemical composition, heat treat- 
aent, mechanical properties and margins of manufacture 
f sixteen wrought steels, seven cold worked steels, 
our valve steels, and four classes of steel tubes commonly 
sed in the automobile industry. Each publication also 
ontains a serie# of general clauses relating to heat 
reatment definitions, method of carrying out the mecha- 
ical tests, preparation of test samples, and particulars | 
f the standard tensile, bend and notched bar impact 
est pieces. A similar publication on sheet steels for 
utomobiles (No. 5007-1924) has just been completed 
nd will be published within the next few weeks. Copies 
f these publications may be obtained from the B.E.8.A. | 
-ublication Dept., 28, Victoria-street, London, S.W.1. 
rice 1s. 2d. each post free. 


INDUCTION REGULATORS. 


HIGH-PRESSURE WATER TUBE BOILERS.* 
O. A. WiBEerG, Pinspong, Sweden. 


Tur demand for high economy in steam-generating 
plants has been a very predominant feature of the in- 
dustrial development during the last two decades. 
This tendency leads to the utilisation of stil! higher 
steam temperatures and pressures. Experience shows 
that the same durability and factor of safety as com- 
monly used can be easily obtained also in the case of 
high-pressure boilers without going to impractical 
dimensions. 

As regards the elasticity of boilers with straight tubes 
the sectionalised water tube boiler has appreciable 
advantages. In comparison with other boiler types 
this boiler retains a predominating position owing to 
\its safety, facility of standardising, transporting, etc. 


N 


It cannot be denied, however, that the sectional boiler, 
in comparison with other well-known types, suffers 
from a serious defect, viz., the restrained circulation, as 
the tube area between the headers and the main steam 
and water drum is very narrow. As it is hardly pos- 
sible to arrange more than one return tube for the sink- 
ing water column between the main drum and the 
beader, the area of this tube will be inversely propor- 
tional to the number of tubes in the section. This 
arrangement means a very small water connection in 
case the number of boiler tubes per section is com- 
paratively large. 

In addition, it may be mentioned that the headers 
themselves of many boiler types tend to restrain the 
wuter circulation on account of their form. In order 
to get the tubes in the characteristic staggered position 
the headers are usually given a sinuous curvature so 
that each tube end requires a very sharp bend in the 
header. In the design of a new sectional type high 
pressure boiler of Swedish manufacture described 
below, due attention,seems to have been paid to these 
points of view. In this the headers are applied in 
two separate rows in a staggered position. By this 
means the sections can be kept closer; the distance 
between the sections can be considerably diminished, 


* Paper, abridged, contributed to Section D of the 
World Power Conference on July 4, 1924. 


so that the number of sections and also the number 
of connections for the water circulation will be 
increased for a certain width of the boiler. Owing to 
this arrangement the area of the connections between 
the boiler drum and the sections will be 40 per 
cent. to 50 per cent. more ample than in a corre- 
sponding sectional boiler of the usual type, provided 
that the tube diameter and the floor space required 
are the same in hoth cases. 

The double-row headers also allow for a staggered 
spacing of the boiler tubes, the mutual position of 
which is selected so as to afford a constant velocity of 
the vases as far as possible. This velocity has been 
determined to obtain the highest possible heat trans- 
mission and a comparatively low loss in head of draught. 
As the distance between the tube rows is decreased 
the tubes could easily be so arranged that the gases 
come into contact with practically the whole circum- 
ference of the tubes. This will be clearly seen from 
the cross section in the accompanying figure. The 
area of the circulating tubes being increased, and thus 
the resistance decreased, it follows that the circulaticn 
will be more free and rapid, and consequently the 
evaporative capacity and efficiency of the boiler will 
be increased. The risk of local overheating also will 
be minimised. The boiler is in all other respects 
identical with other well-known makes of steam genera- 
tors. This boiler is built in all usual sizes and for 
pressures up to 800 lh. per square inch. 

A boiler designed for 600 lb. per square inch and 
750 deg. I’. temperature has been in use in the STAL- 
Company’s works since 1920. The following is an 
extract from report on tests made with this boiler on 
November 13 and 14, 1923. The tests were carried 
out by the Swedish Boiler Owners’ Association (Mellersia 
och Norra Sveriges Angpannefirening). 


Heating surface of the boiler 154 m? 
ip a >, superkeater 70 m? 
economiser 89 m? 


There is also provided an air-preheater for combus- 
tion air. Grate : automatic Dano-stoker. 

Test I.—Before this test the boiler was swept, and 
the furnace was cleaned of ashes and slag before it was 
fired up. The boiler was under fire for about 44 hours 
before the test, during the last hour of this time at the 
same load as when testing. 

Test [I.—Commenced 46 minutes after the first test 
had been terminated and without any previous cleaning 
or sweeping. 

Test III -vas commenced 6 hours after firing up. 
The furnaces were cleaned from slag before firing up, 
but no sweeping had taken place. 


Results of Tests. 


| 
Number of test .. a0 i. ne | ET: 
Duration of test, hours -.| 6:02 2-11 4-5 
Coals, effective calorific value ..| 7130 7,080 7,080 cal. 
Steam pressure (abs.) .. «| 20-25 21°3 |38-6kg/cm.?2 
Temperature of superheated 
steam .. as nis AG 349 367 390 deg. C. 
Kg. steam per hour and m2 30-45 49-3 28-73 
boiler surface .. oe a 
Kg. steam per m2? boiler heating 
surface (reduced 0—100 deg.) 35°5 58-2 33°2 
Temperature of water at econo- 
miser inlet an eS ical 4-7 4-8 deg. C, 
Do. at economiser outlet 67-5 60-7 UPTRy Ps 
Temperature of flue gases at 
boiler outlet ae 253 292 BIR 97 
Do. at economiser outlet .. 132 157 BEVS oss 
Air temperature at air-heater 
inlet F “ ae 40 40 AT sss 
Do. at air-heater outlet 70 75 SG wa. 
Efficiency of boiler, including 
superheater Mal tes 79% ted oe 
Do. including economiser ..; 86°19, | 85°3% 84-6% 
Do. including air heater 87-5% | 86°8% 86-°6% 


During Test II the boiler was overloaded so that 
the rate of evaporation reached 58-2 kg./m*, though 
the boiler had been running for 11 hours without 
cleaning grate or tubes. A considerably greater 
evaporation would certainly have been reached if 
time had permitted soot blowing and cleaning of grate 
before the start. 


ROYAL METEOROLOGICAL SOCIETY. 


A sumMMER meeting of this society was held at the 
Rothamsted Experimental Station, Harpenden, on 
Friday, July 18. In the course of the meeting the 
following papers were read :— 

1. “* Adaption of Variety to Climate,” by Mr. R. A. 
Fisher, M.A. This paper stated that one of the main 
problems attacked by the statistical laboratory at 
Rothamsted in recent years has been to ascertain 
numerically the effect of weather on the yield of farm 
crops. The Rothamsted data give the yield of wheat 
on thirteen plots which have been under uniform 
manurial treatment since 1851, and the rain records from 
a large gauge set upin 1853. From these series of values 
it has been possible to evaluate the actual gain or loss 
of each consequent upon an additional inch of rain at 
any time during the harvest year. A comparison of the 
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different response of the different plots to rainfall shows 
the possibility of the farmer adapting his manurial 
treatment to season and to climate, especially in 
relation to nitrogenous fertilisers. The work has 
involved a detailed analysis of the distribution of rain- 
fall through the year for each year since 1853, some of 
the results of which are of interest. 


evidence that the fluctuations are not at haphazard, 
but that at two periods centred about 1879 and 1914 
there has been a prolonged spell of significantly in- 
creased rainfall. On the other hand, one feature of the 
rainfall distribution has shown a steady and apparently 
uniform change throughout the seventy years. This 
involves increasingly wet Decembers, and perhaps drier 
weather in spring and autumn. Data on this point 
from other stations would be of great interest. 

2. “A Comparison of Three Different Types of 
Radiation Recorder,” by Mr. W. B. Haines, B.Sc. This 
paper deals with a comparison of the readings taken at 
Rothamsted with three types of radiation recorder. 
The first of these is a recorder of the Callendar pattern 
depending upon the difference in temperature between 
a black and a bright resistance exposed to the sky. 
These readings are taken as standard. The second 
instrument (Wilson integrator) reads the amount of 
alcohol or other volatile liquid which distills from a 
bulb exposed to the radiation into a similar shielded 
bulb. The third set of data is the record of hours of 
bright sunshine from the widely-used Campbell-Stokes 
apparatus. Reference is also made to a fourth set of 
data, that given by an evaporimeter of the porous 
candle type, since the readings of this instrument are 
correlated to the amount of radiation. A diagram 
made by plotting the data to suitably-adjusted 
units, brings out the following points :—(1) The 
alcohol integrator gives readings much too low 
during the winter months. The readings could be 
correlated for the effect of temperature upon the vapour 
pressure of alcohol, but there is a large random error 
which makes it impracticable to advance a correction 
formula to deduce the true radiation. (2) The hours of 
bright sunshine should be corrected by a factor de- 
pending upon the time of day and year (7.e., upon the 
sun’s altitude). A formula deduced by Angstrém from 
the Stockholm data, for calculating total radiation 
from hours of bright sunshine, is examined and found 
fairly satisfactory for the Rothamsted data. It is 
concluded that such a formula, based upon the data at 
one station, could, with due caution, be adopted for 
another station. The evaporimeter results follow the 
hours of sunshine very closely, but some care is needed 
in the choice of a site for this instrument. 


THE THOMAS GAS METER. 


DespirTe the fact that a gas is matter in the simplest 
state, considerable difficulty has usually attended 
accurate measurement outside the laboratory. This 
is mainly due to the necessity for reducing results to 
some standard temperature and pressure, by calcula- 
tion, from the data recorded by the various instruments 
usually used. _ This added work, however, is not 
required when the Thomas gas meter, shown in Figs. 1 
and 2, above, is used to measure quantities of gas pass- 
ing through it, since such quantities are automatically 
recorded directly in terms of cubic feet at standard 
pressure of 30 in. of mercury and saturated temperature 
of 60 deg. F. The fundamental principle of the instru- 
ment is based on the fact, demonstrated by experiment, 
that the specific heat for all gases occurring in practice 
is very nearly constant. It follows that if a gas 
flowing through a duct provided with a heater is raised 


The total rainfall | 
fluctuates greatly from year to year, but there is some | 


imeter to a source of current supply. 


b) 


Fig. GENERAL VIEW. 


‘ 


Fie. 4. Tar Recutator; Front Vinw. 


in temperature by a fixed and constant amount, the 
quantity of heat supplied is a measure of the amount 
of gas passing. Advantage of this is taken in the 
design which will be clear from Fig. 1. A heater 
unit A, constructed of transversely placed resistance 
wires is connected through a rheostat and a watt- 
In front and 
behind of this heater are placed resistance thermo- 
meters, ¢, and t,, which form the two arms on one side 
of a Wheatstone’s Bridge, the coils a and b making up 
the other side. The galvanometer g serves to indicate 
when there is a balance, which condition exists when 
there is exactly 2 deg. F. temperature difference between 
the gas at inlet and outlet, attainable by suitably 
adjusting resistances a and b. The question of water 
vapour present in the gas to be measured requires 
consideration. If some form of compensation were 
not possible the meter would read incorrectly when 
the temperature of the approaching gas changed from 


Fig. 3. SwircHBoaRD PANEL. 


Fic. 5. Tor Reauiator; Back VIEW. 


normal conditions. For example assume we haye| 
1,000 cub. ft. of gas saturated at normal temperature 
and pressure. If this is heated through 2 deg. F., the 
normal range of the instrument, a certain amount of | 
wattage will be consumed. The wattmeter is calibrated | 
to record that this amount of wattage represents 1,000, 
cub. ft. of gas, and since the specific heat of gas and its | 
water vapour at 60 deg. F. is constant, changes in the 

temperature and pressure do not change the heat 

energy required to raise the mixture 2 deg. F., nor do 

they change the reading of the wattmettr. Should the 
gas be taken at a higher temperature, however, and 
be saturated at that temperature, it will contain more 
than the normal quantity of water vapour, and addi- 
tional energy will be required to heat up this water) 
vapour through the range of 2 deg. F., which, ie al 
compensated for, would be read as an additional 
volume of gas passed. To correct for this the tem- 
perature, and consequently the heat energy introduced, 
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must be diminished in the same proportion as the watt- 
age, required to heat the gas with the normal amount 
of moisture, is increased. This is accomplished in the 
instrument automatically by the nickel and manganese 
thermometers upsetting the bridge balance when too 
much water vapour is carried in the gas. The galvano- 
meter needle then deflects to one side or the other, 
engaging with a connection to the motor-driven regu- 
lator shown in Figs. 4 and 5, which it controls. The 
necessary adjustment of the heater then takes place. 
A great advantage of the meter is that continuous 
records may be inspected at any convenient point, 
though at a considerable distance from the plant. The 
graphic instruments for the purpose, together with the 
galvanometer for the temperature control system, are 
mounted on a panel, as shown in Fig. 3, which entirely 
controls the whole arrangement. The meter is designed | 
to standard pipe specifications and has a capacity of 
300,000 cub. ft. of gas per hour. The apparatus is 
constructed by the Cambridge Instrument Company, | 
Limited, 45, Grosvenor-place, London. r 


HISTORICAL NOTE ON THE KAPLAN 
TURBINE.* 
By Dr. J. Kwurpt. 
Tue following paper refers to a new type of water 
turbine suitable for medium and low heads. The 
Kaplan, or rather the Storek-Kaplan turbine, which 


was originated and constructed in the territory of 
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More machines followed and in the construction of 
these with higher specific speed many difficulties had 
to be overcome. 

The Czechoslovakian Government taking an interest 
in the new type of turbine had a machine made for 
trial and the Ministry of Public Works selected a site 
originally built for the reception of a Francis turbine 
at Podebrady on the Elbe. 

The dimensions were as follows :— 


1,800 mm. 

275 max. b.h.p. 

2:5 metres, 
min. 1-5 m. 

10 cu. metres 
per second. 


Diameter of runner 
Power mS 
Head maximum 


Discharge maximum 


In Fig. 1 are shown the results of the tests at Pode- 
brady. * 

In 1921 the representatives of a German firm made 
certain tests in Storek’s testing station on experimental 
turbines having a diameter of 300mm. By comparing 
the test curves of Velm, Podebrady, and laboratory 
tests of turbines equipped with similar runners, it can 
be seen that the Kaplan turbine conforms with the law 
of development of Professor Camerer. f 

In order to investigate the cavitation produced by 
high-speed runners a Kaplan turbine was mounted for 
trial at the power plant of Mr. F. Schmitt, of Iserthal, 
in a setting having window panes in the suction pipe. 

The wonderful results obtained at Podebrady and 
at Iserthal led to the installation of other plants. At 
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Czechoslovakia, has movable runner blades and the 
advantages gained by its use are, that, compared with 
the Francis turbine usually employed under similar con- 
ditions, a much higher relative speed can be attained, 
and an efficiency achieved which remains practically 
constant under varying discharges and heads of water. 

Much work had to be done before these advantages 
were obtained. During 1908-1911 Professors Kaplan, 
Mieses and Hamel, all of the German Technical Uni- 
versity of Brno, elaborated the theories of multi- 
dimensional flow. Later, Professor Kaplan, anxious 
to put those theories to practical test, asked Mr. Storek 
to supply him with a testing station at the Technical 
University. After experimenting on a small scale, 
Kaplan intended to elaborate his ideas on a large 
installation. 

Mr. Storek gave the necessary facilities and supplied 
a small turbine having a runner of 100 mm. diameter 
with which Kaplan made his experiments by the aid 
of glass suction pipes, &c. 

The outcome of those investigations was the Kaplan 
turbine which has been patented in all the principal 
countries. 

In 1918, Mr. Storek, having acquired the rights of 
manufacture, constructed the first turbine having 
movable runner blades, for Hofbauer Witeve, Velm, 
Austria, the tests on which were carried out by Professor 
Budau, of Vienna, in 1919.f The dimensions of this 
machine were as follows :— 
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CoMPARISON WITH THE KROMERTZ RUNNER OF 


NS. = 1,000-1,100. 


Gorizia two Kaplan turbines were erected for the 
Colonoficio Irieslina Brunn, §.A., each having the 
following dimensions :— 


Diameter of runner 1,800 mm. 
Power 1,000 b.h.p. 
Head 5 metres. 
Discharge 20-5 cub. m 
per second. 
Speed 315 r.p.m. 


In the power house of Kromertz on the March, tur- 
bines of the following sizes were erected :— 


Diameter of runners 2,200 mm. 
Power 1,000 b.h.p. 
Head 4-4 metres. 
Discharge 23 cub. metres 

per second. 
Speed 214 r.p.m. 
Specific speed ee 2, £00; 


Official tests have not yet been made and private 
tests cannot be published. The efficiency curve, how- 
ever, will resemble that of Podebrady. 

The above information will, it is hoped, be sufficient 
to show that in Czechoslovakia a pioneer movement of 
great importance to water-power development has 
been initiated. 


ALL-BrITISH WIRELESS EXHIBITION, 1924.—The 
second great Exhibition, devoted exclusively to the 
development of wireless, and organised by the National 
Association of Radio Manufacturers, will this year be 
held at the Albert Hall, Kensington, from September 27 
to October 8, inclusive. 


* See Professor Dr. Hybl in Zpravy verejne sluzby 


Diameter of runner 600 mm. 
Power 35 b.h.p. 
Head 3 metres. 
Discharge 1,100 litres 
per second. 
Speed... 480 r.p.m. 
Specific speed 700-800. 


*Paper contributed to Section B of the World Power 
Conference on July 4, 1924. 

+ The results of the braking tests of this turbine are 
published in Die Wasserkraft, 1919, No. 17. 


technicke, vol. 4, No. 4, and a German translation of this 
treatise in Die Wasserkraft, 1922, Nos. 12 and 13. See 
Strojnicky Obzor, 1923, Nos. 2,4, 5. Ing. Losef Linsbauer 
skusebni turbina Storek-Kaplanova v Podebradech. 

+ See Dr. Camerer, Vorlesung uber Wasserkraftmas- 
chinen, p. 415-416, 


CATALOGUES. 


Crank-shafts—Mr. J. Hamilton Gibson, 3, Central- 
buildings, Westminster, London, §8.W., has issued a 
booklet describing the ‘‘ Unity” built-up crankshaft 
which is suitable for heavy work. 


Blow-prpes.—Blow-pipes for glass working, with single 
or multiple jets, are dealt with in a catalogue issued by 
Messrs James Keith and Blackman Company, Limited, 
27, Farringdon-avenue, London, E.C. 4. 


Efectrical Machinery—The English Electric Company, 
Limited, Kingsway, London, W.C., have sent us illus- 
trated reprints of articles on a 15,000 h.p. water turbine 
for the Tata Hydro-electric Supply Company, and a 
three-high plate mill for the Clydebridge Works of Messrs. 
David Colville and Sons, Limited. 


rm 

Gear-Tooth Calipers.—Messrs. David Brown and Sons 
(Hudd.), Limited, have issued a card illustrating their 
gear-tooth vernier caliper and fixed-jaw gear tooth 
caliper. An illustration of a worm broken to show the 
depth and uniformity of the case-hardening obtained 
with the carburiser manufactured by the firm has also 
come to hand. 


Electrical Machinery.—Messrs. Brown, Boveri and 
Co., Limited, Switzerland, and Trafalgar House, Water- 
loo-place, London, 8.W., have sent us a copy of a recent 
issue of their House Journal, containing descriptions of 
their electric motors for driving ring-spinning frames 
and hoisting winches, and also including a number of 
articles of a practical character. 


Electrical Machinery.—A catalogue describing the 
Morkfos-Solbergfos Power Station, Norway, and an 
automatic regulator for generators, and another catalogue 
dealing with electrically-driven blowers and _ braking 
devices for the lowering motion of electric lifting plant, 
are to hand from Messrs. Oerlikon, Limited, Switzerland, 
and 34, Norfolk-street, Strand, London, W.C. 


Scaling Tool.—Messrs. F. Gilman (B.8.T.) Limited, 
Grange-road, Smethwick, Birmingham, have sent us a 
catalogue of the ‘Skatoskalo” electrically-driven 
appliance made by them for removing scale from boilers 
and boiler tubes. Mlustrations are given of all the 
parts and the various cutters, brushes and other acces- 
sories which may be used with the tool, including grinding 
and polishing wheels and rotary brushes. 


Driving Chains.—New editions of two of their cata- 
logues have been issued by Messrs. Hans Renold, Limited, 
Didsbury, Manchester. One takes the form of a series of 
practical notes and tables on the selection of chain gear, 
and is intended to assist designers in selecting the most 
suitable chains and wheels for any given drive. The 
other deals with the application of the chain drive to 
machine tools and gives a number of successful examples, 
including grinding machines. 


Bookbinding Machines.—We have received leaf cata- 
logues of two stitching machines from Messrs. R. Hurner, 
Limited, 121, Rosebery-avenue, London, E.C.1, who 
are agents for Messrs. Brehmers, the makers. One 
machine is for wire stitching books, magazines, &c., up 
to $ in. thick, and the other is for stitching and knotting 
with thread or cord, or inserting and knotting a loop 
for suspension. The catalogue states that 8,400 of the 
first-mentioned machine have been sold. 


Electric Motors for Rolling Mills—A long list of 
installations of electrically-driven rolling mills carried 
out by the Metropolitan-Vickers Electrical Company, 
Limited, Trafford-park, Manchester, has been received. 
The list contaims a dozen illustrations of motors and 
mills, including a motor of 16,000 horse-power driving 
a 42-inch reversing mill. In recent years the firm has 
supplied motors developing 150,000 horse-power under 
normal working conditions and 300,000 horse-power on 
peak loads. ‘ 


Gear-Tooth Grinding.—A catalogue dealing specially 
with the grinding of toothed gears for electric traction 
work is to hand from the Gear Grinding Company, 
Limited, Handsworth, Birmingham. The specification 
of the company covers maximum errors of the following 
order: back lash, 0-007 in.; parallelism, 0-001 in. in 
5 in.; tooth to tooth index, 0-0005 in. ; eccentricity, 
0-005 in. on 30 in. diameter, and 0-002 in. on 12 in. 
diameter. The advantages of grinding, which is carried 
out after hardening by a wheel formed to the tooth space, 
are fully discussed. 


Guns.—A catalogue of guns from Messrs. William 
Beardmore and Co., Limited, Glasgow, contains illustra- 
tions and some descriptive text of 4 in. and 6 in. naval 
guns, 40 mm. and 57 mm. light field guns, an 18-pounder 
field gun, 6 in. and 9-2 in. howitzers, and an anti-aircraft 
mounting for two 4-in. guns. Some particulars of 
machine guns of rifle calibre and views of the largest 
naval guns in the machine shop are also included. The 
mechanisms and methods of transporting and training 
the guns are of considerable mechanical interest, and the 
catalogue is well printed and illustrated. 


Brass Work.—A new catalogue of 140 quarto pages, 
issued by Messrs. Hattersley (Ormskirk), Limited, 
Ormskirk, Lancashire, who have acquired the business 
of the United Brassfounders and Engineers, Limited, 
forms an excellent example of British engineering trade 
literature. The various sections deal with gun-metal 
valves, heating fittings, cocks, boiler mountings, injectors 
and ejectors, fire fittings, water fittings, cast-iron valves, 
condenser ferrules and brass nuts, and, finally, with 
brass and bronze and other alloys in rods, extruded 
sections and ingots. Practically all pipe fittings, instru- 
ments and accessories are included in a full range of 
sizes, of which clear specifications and tables of prices 
and dimensions are given. The catalogue will be 
particularly useful as a reference book, 
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“ ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. . 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italies. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed” is appended. 


Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


212,072. J. Davidson, Tutbury, Burton-on-Trent. In- 
ternal Combustion Engines. (3 Vigs.) February 14, 1923,— 
The invention relates to internal combustion engines wherein a 
plurality of working pistons is connected to a pump piston which 
reciprocates with the working pistons. According to the inven- 
tion, there is provided between the pump piston and each working 
piston a floating connection which allows each working piston to 
move laterally relatively to the pump piston, whereby the work- 
ing pistons and pump pistons can move relatively to one another 
into the positions best suited to the working conditions. 1, 1 
are the working pistons sliding in the working cylinders 2, 2 
which are in open communication at both ends. 3 is the pump 
piston sliding in the pump cylinder 4. Each working piston 1 
rests with one end on the end of the pump piston 3. The working 
pistons 1, 1 are hollow and are each provided at that end which 


a 


kezzzezereaeeee bage 


SSS 
Or 
SY 


h LTRs = 
aera TRI LETEERETIT PLEPIIIST yO 


(272 072) 


rests on the pump piston 3 with an inwardly directed radial an- 
nular flange 5. Hach working piston 1 is connected to the pump 
piston 3 by means of a member 6 with an undercut edge. The 
member 6 is secured to the pump piston 3 by means of a nut 9 
and a screw bolt 10 passing through the member 6 and through 
the end of the pump piston 3 and the bolt 10 bearing with its 
head against the member 6. The screw bolts 10 are also employed 
to secure a tubular pin 12 to the pump piston 3 for the piston rod 
13 to oscillate on: When the parts are assembled, the lip on the 
member 6 engages the annular flange 5 on the working piston 1 
and thereby connects the working piston 1, 1 with the pump piston 
3. The member 6 is of such size and the extent of the undercut 
is such that the working piston 1 is free to slide laterally in any 
direction on the pump piston 3 against the friction set up between 
the lip on the member 6 and the annular flange 5. (Sezled.) 


MOTOR ROAD VEHICLES. 


212,141. Bentley Motors, Limited, London, and F. T. 
Burgess, London. Brakes. (2 Figs.) April 14, 1923.— 
The invention relates to brakes for use on motor vehicles, and 
it has for its object to provide a very substantial pivotal attach- 
ment of the brake shoes upon the anchor plate. According to 
the invention, the plate is formed with a radial web which is 
spaced slightly from the wall of the plate, and the anchor pin 
for the shoes is mounted in this web, projecting at both sides 
thereof. The anchor plate A is dished and is formed with a 
large central hole, around which it is faced for attachment to 


(212,141) 


a flange on the axle B. The plate A is dished so that the edges 
lie considerably to one side of the plane of attachment, and 
at the bottom the plate has formed integral with it a depending 
web C, which lie in the plane of the centre of the plate. This 
web is spaced slightly from the rim of the plate, and it is formed 
with bosses G to receive the anchor pins E for the shoes F. The 
pins may also enter bosses H in the dished elge of the plate A 
and be fixed there by a split pin. The shoes F are forked at their 
pivotal ends, and these forked parts pass one each side of the 
web C and are held in place by the anchor pins E. (Sealed.) 


212,112. Deighton’s Patent Flue and Tube Company, 
Limited, Hunslet, Leeds, C. A. Millington, Hunslet, Leeds, 
and W. J. Lewin, Hunslet, Leeds. Motor Wagon Oil-Fuel 
Furnace. (2 Figs.) March 9, 1923.—The invention has for its 
object the provision of a new or improved oil-fuel furnace for the 
boilers of steam motor wagons. According to the invention, the 
base plate 3 of the boiler is fitted with a depending stationary 
casing 4 provided with a depending wall 5, which carries at its 
base a stationary pan 6, whose base plate is provided with a 
burner 7. The casing 4 is formed around its inner wall with a 


water-jacket-9 fitted with a pipe-coil 10 coupled to the burner 7 
by a pipe 13. Within the firebox 1 is a pipe-coil 15, whose one 
end is connected to the upper part of the casing 4, while its other 
end is coupled to the burner 7. The burner 7 is surrounded by an 
upstanding funnel 18 and in the annular space between the funnel 
18 and the vertical wall 5 of the pan 6 cotton waste soaked in 
paraffin is inserted, while air ducts 19 formed in the vertical 
wall 5 adjacent to the inserted waste are made adjustable through 
the medium of an encircling hit-and-miss damper. The jacket 
9 is coupled to the water space 21 and the steam space of the boiler 


(not shown). In order tofget up steam, the paraffin soaked waste 
is lighted, when the water within the jacket 9 becomes heated to 
boiling point, the steam therefrom passing into the pipe-coil 
15, where it becomes superheated and from thence it passes to 
the burner 7, while the heated water within the jacket 9 simul- 
taneously heats up the oil passing through the pipe-coil 10. 
In this way, superheated steam and heated oil become fed to the 
burner 7 in a very short space of time and ensure the quick 
generation of steam in the boiler, the continuity of which is 
effected by the burner 7 in the ordinary way by passing steam 
from the boiler to the jacket 9. (Sealed.) 


212,066. Roadless Traction, Limited, Hounslow, and 
S. Penn, Wandsworth Common, London. Endless 
Track Vehicles. (20 Figs.) February 9, 1923.—The inven- 
tion relates to endless track vehicles. According to the invention, 
bogie frames having two or more rollers are employed, the rollers 
either being arranged in pairs or tandem. The bogie frames, 
according to the invention, are mounted so as to allow of move- 
ments about transverse horizontal and vertical axes or about 
transverse horizontal, vertical, and longitudinal horizontal axes 
to allow of universal movement. 10 is a bogie frame supported 
on rollers 11, which carry the weight of the vehicle and run on 
a track 12. The track 12 is carried on sprocket wheels 13, 14, 
the sprocket wheel 13 being driven and mounted on the chassis 


Fig. /. 


15. 14 is an idler sprocket wheel. In Fig. 1 the sprocket wheel 
13 turns on an axis in a bracket 29 rigidly fixed to the chassis 15, 
whilst the idler 14 is mounted at the end of a laminated spring 30 
on whose other end is the bogie frame 10 pivoted on a vertical 
point 17. The spring 30 is pivotably mounted on a bracket 31 
fixed to chassis 15. In Fig. 2 the axis of the sprocket wheel 13 is 
slidably held in bearings 32 by a laminated spring 33 fixed to 
the chassis 15. The spring 33 also engages with a lever 34 on 
whose downwardly turned end is a spherical bearing engaging 
with a sphere 18 on the bogie frame 10. To the other end of the 
lever is rotably mounted the idler 14, the extreme end of the 
lever 34 embracing a guide 35 fixed to the chassis 15. (Sealed.) 


PUMPS. 


211,963. K.A.B. Gilfillan, London. Raising of Liquids. 
(1 Fig.) November 30, 1922.—The invention relates to apparatus 
for raising liquids in which use is made of a convenient source 
of pressure or suction and in such apparatus, according to the 
invention, a mechanically-operated piston valve has a valve rod 
around which are coiled two springs, between the adjacent ends 
of which the end of the piston rod is slidable relatively to the 
valve rod, the piston valve being retained in its alternative 
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positions by the co-action of a spring-loaded ball with peripheral 
grooves in the piston valve. The device is constituted by a 
cylinder a and a piston b caused always to tend to move towards 
one end thereof by a helical spring ¢ situated between the piston 
and the opposite end (hereinafter termed the engine end) of the 
cylinder a. That end of the cylinder a towards which the piston 
b tends to move (hereinafter termed petrol end) is in communi- 
cation with a petrol tank through a non-return valve d@ permitting 


only the entry of petrol to the petrol end of the cylinder a and 
with a carburettor through another non-return valve e permitting 
only the passage of petrol from the cylinder a to the carburettor. 
The piston b has a short piston-rod f projecting towards the 
engine end of the cylinder a in which are two ports g and h 
communicating respectively with the induction pipe (not shown) 
and with the ambient atmosphere. ‘he ports g and h are con- 
trolled by a piston valve j through a piston-valve-rod & by the 
movements of the piston b. ‘The piston valve j is slidably 
mounted in a valve chamber m into the opposite ends of which 
lead the ports g and h, and the free end of the piston rod f is bent 
at right angles to its length as at i and bifuracted so as slidably 
to embrace the piston-valve rod k, between two washers also 
slidable thereon, against which washers abut the adjacent ends 
of two springs p, qg, the other ends of the springs abutting res- 
pectively against the piston-valve j and against a nut adjustably 
screwed on the piston-valve-rod k. he piston-valve j is formed 
with two peripheral grooves s, t into which a ball w is pressed 
alternately by a spring v. Leading from the cylinder a to that 
end of the piston-valve-chamber m with which the port g com- 
municates is another port w and the construction is such that 
when the piston b moves, say, towards the petrol end of the 
cylinder a under the influence of the helical spring ¢ the piston- 
rod f slides on the piston-valve-rod & until the spring g is com- 
pressed to such an extent as to overcome the opposition due to 
the engagement with the groove ¢ of the ball w under the action 
of its spring v, whereupon the piston-valve j is moved rapidly 
towards the petrol end of the cylinder a@ until the groove s is 
engaged by the ball wu, thus closing the port # and placing the 
port g in communication with the cylinder a through the piston- 
valve-chamber m and the port w just before the end of the stroke 
of the piston b. The suction in the induction pipe of the engine 
thereupon evacuates the engine end of the cylinder a, thus caus- 
ing the piston b to travel back against the action of the helical 
spring ¢ towards the engine end of the cylinder a, and to draw 
up petrol into the petrol end of the cylinder a through the non- 
return valve d, the piston-rod f meanwhile sliding on the piston- 
valve-rod k and compressing the spring p until just before the 
end of the stroke of the piston 6, the opposition due to the 
engagement with the groove s of the ball w under the action of 
its spring c is overcome and the piston-valve j is moved rapidly 
to close the induction port g and open the atmospheric port h. 
The piston 0 is then free to return towards the petrol end of the 
cylinder a under the influence of the helical spring c thus pumping 
petrol through the other non-return valve e to the carburettor. 
When the piston 6 has reached a pre-determined position, near 
the end of its stroke, the induction and atmospheric ports g and h 
are respectively opened and closed and the cycle of operations 
is repeated. (Accepted March 12, 1924.) 


SHIPS AND NAUTICAL APPLIANCES, 


210,813. Flannery, Baggallay and Johnson, Limited, 
London, A. Harker, London, and the Hon. A. McDonnell, 
Westminster. Barges. (4 Figs.) September 7, 1922.—The 
invention relates to transporting vessels of the kind in waich 
the hull includes tanks adapted to be flooded with water at 
the same time as air is exhausted therefrom, in order that, for 
dumping purposes, the vessels may be restrainedly tipped or 
tilted at a suitable point in their transit so that a deck load, 
as distinguished from a hopper load, can be discharged. The 
barge, which has a flat bottom, is provided with two lateral longie 


tudinally arranged top side semi-scuttling tanks a and b and with © 


a central longitudinally arranged closed hold d. The hold d is 
in free communication with lateral air spaces or holds f and fl 
formed below the top side tanks a and 6. Each scuttling tank 
a and b is provided with a water inlet and outlet pipe g that 
extends through the hull of the barge and is controlled by a sea- 


cock hf, and with an air outlet and inlet valve i opening into the 


hold d. Each sea-cock h is arranged to be opened and closed 
by a rod j actuated by a hand-lever. The air valvei for each 
scuttling compartment is operated by a rotary rod o and lever 
arms from the rod Jj of the corresponding sea-cock hk. The deck 
comprises battens r laid upon plating s, which surmounts the 
several frames ¢ of the hull, tanks a and b and hold d, so that such 
battens occupy positions coincident with the top member of the 
frames ¢, longitudinal timbers being in turn secured to the 
battens. On this deck rubble may be loaded, the amount being 
determined by the natural angle of repose of such material. In 
the example shown, the deck has a longitudinally arranged flat 
horizontal central portion and two flat upwardly and outwardly 


inclined lateral portions. On arrival at a tipping site, a barge 
constructed as described, and having a deck load of rubble, will 
be moored over the point at which it is desired to deposit the rubble 
and the sea-cocks and air valves i of the semi-scuttling tank a or 
6 on that side of the barge towards which it is desired to tip the 
load will be opened. As the water enters the tank, the barge will 
commence to list, causing the deck to assume a continually 
increasing angle to the horizontal until it reaches the angle at 
which the deck load will slip from the deck and be dumped on the 
required site. The barge will then right itself to such an extent 
that the surface of the water in the semi-scuttling tank a or 5 
used wil] be above the level of the water outside the barge. The 
water will consequently commence to flow from the semi-scuttling 
tank through the sea-cocks and become discharged into the sea, 
and as the bottom of the tank will be above the flotation level 
of the barge when light, the tank will ultimately empty itself. 
A barge such as described, whilst more especially intended for 
dealing with materials such as are used in harbour constructions, 
has great advantages over hopper discharging t of lighters 
in that, by reason of its watertight construction, it can, on com- 
pletion of the harbour works, be used for general purposes, 
including the carrying of oil in bulk. When used for carrying 
oil the barge may be provided with a pipe line or lines com- 
municating with the several compartments of the top side tanks 
a and 6 and with the hold d and its lateral extensions f, f1 below 
the top side tanks. (Sealed.) 
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THE SOCIAL REACTIONS OF CHEAP 
POWER. 


By F. A. Macauisten, K.C. 


One of the features of industrialism on the 
Continent is its combination with rural life. A 
little factory is in nearly every village. The 
workers have their bit of land to grow their own 
food on their own time and to keep them employed 
in slack times. They are near to their work and 
can walk to and fro for their meals, and their 
employers dwell amongst them. In Britain the 
workers are concentrated in masses in industrial 
towns, in towns like Glasgow, piled in tenements 
on the top of each other. Housing schemes to 
add more houses to such towns will merely add to 
the clamant evil of density of population. Working 
men cannot afford to live out of town and travel 
to and fro and feed in clubs and restaurants, and 
working women cannot be expected to prepare 
an evening dinner in addition to the children’s 
midday meal. Even employers who seldom dwell 
among their own people, as in France, but live in 
the west end, or travel thirty miles or more into 
country districts, are finding the trouble of the 
evening meal increasing ; the difficulty of domestic 
service is getting more and more upon their wives’ 
nerves. The workers, left to themselves entirely, 
without their natural guardians, their employers, 
and owning nothing but their sticks of furniture in 
a two-roomed highly-rented house, are unhappy and 
an easy prey to agitators and Bolshevist propa- 
ganda. 


Britain was the pioneer of rail transport which 
concentrated the people in the big towns, and by 
taking advantage of the early prejudice against the 
locomotive on the highway, the railway com- 
panies secured that steam transport thereon 
was forbidden by Parliament. Had steam road 
transport, already nascent, been allowed, indus- 
tries would have gone to population instead 
of population to industries, the agricultural 
population would have been interwoven with the 
industrial, the consumer and the producer from 
the land, would have lived side by side, the middle- 
man and the retailer who engross the main proceeds 
of agriculture would have been less like the locusts, 
and the happiness and standard of life of the people 
would have been more secure. The problem of 
roads for the internal-combustion vehicle would have 
been solved long prior to the advent of the motor 
car. It is, however, no use “‘jobbing ” backwards. 
The problem is how best to repair and how to 
avoid repeating the errors of the past. There is 
grave danger of doing the latter in these times. If 
power, heat and light can be provided cheap enough 
the evils that I have described can be abated, 
the population can be de-urbanised to a great extent, 
with lasting benefit to the health and social con- 
dition of the people. The puzzle is how to begin. 
A false step now will put us on the wrong road for 
all time. I believe we will make a false step if 
we merely erect power stations and wait for custom. 
They will be burdened with heavy oncost and 
capital charges before they get it, and will never 
produce power at the cheapest rate. 

Tf a rubber planter is fortunate enough to have 
located land with a climate not only apt for rubber 
but capable of yielding catch crops of maize, cotton, 
hemp, tobacco or other tropical crops, yielding 
revenue during the decade when his rubber trees 
are growing to full fruition, his capital outlay on 
his rubber estate at the end of the decade will 
be 75 per cent. less than it would if he had merely 
planted his trees and waited. He can with con- 
fidence and with the same capital exploit a 
larger area than is possible without these earlier 
erops. Can the same mercantile principle not be 
applied to the question of power - production ? 
It is a maxim of industry that cost depends upon 
turnover. With a small turnover, overheads and 
profits may constitute a very substantial percentage 
of the price, while a vastly increased turnover may 
reduce these constituents to a very small amount 
of it. 

The Ford car is the classic instance. Ford did 
not ask what it would cost to make a car, but 
rather what are the majority of Americans able 
and willing to pay for a car. A question in these 


latter terms does not appear to me to have yet 
been put to themselves by the power producers 
of this country. They are not in a position to 
put it. For power stations are costly, and they 
have to fix a price which will cover the cost of 
production, and supply only the limited and slowly 
accruing market which is able and willing to pay 
that price. They naturally go where the population 
and the industries are, and build up a clientele. 
Tf the latter was to hand, ready at once to consume, 
they could erect a plant a little in excess and get 
immediate revenue, like the catch crop rubber 
grower, and they could dump their excess at such 
a price that custom would spring up overnight. 
The clientele is to hand in the railway companies. 
I am told, in an address by an eminent American 
electrical railroad expert, that an electric railroad 
is three times more efficient than a steam railroad, 
while the terminals—in this country so large in 
some places as to be unmanageable—are, when 
electrified, six times more efficient. It must pay 
them to electrify. But they will insist on doing it 
themselves, as the London District and Tubes do. 
They will not be the vassals of power companies. 
I believe one railway does buy power, but it is 
not considered a provident arrangement in railway 
circles. Having been electrified, and so carrying 
power for their own uses into every town, village 
and hamlet in the kingdom, is it not a natural and 
economical sequence that they should sell power 
to the districts through which their systems run ? 
Could they not sell it at prime cost and without 
any addition for overhead and management charges, 
already provided for in making for their own 
needs. 

No power company would carry a cable to any 
district unless assured of custom in the immediate 
future. But the railway cable will be there whether 
or no, and any custom, however small, is a find for 
them, and they would in the course of nature 
keep their rates to the figure that would secure it. 
I mean no mischief to the power companies, for 
they would function as at present; but as a part 
of the railway enterprise, which would take 
them over on liberal terms. Their experts would 
carry on their daily job with greater security 
and with increased emoluments arising -out of 
the increased magnitude of their task. New 
little communities would spring up in the sparsely, 
relieving the congestion in the’ densely, popula- 
ted centres. If cheap enough, the housewife 
would lighten her task by cooking and heating 
from the railway supply. Power would be applied 
to agriculture as well as to industry. Even the 
motorist, mistakenly regarded as the rival instead 
of by dispersion of population the creator of new 
rail transport wants, would no longer need to 
change gears but would change standardised 
batteries at any railway station instead of filling up 
with petrol. That there would be difficulties 
I have no doubt, but I have sufficient confidence 
in our electrical experts to believe they can solve 
them. Both the railway and the electrical workers 
of so immense and vital a public utility as would 
be created, would need to come under legal con- 
ditions similar to those of the police and gas and 
water undertakings, and the prices charged would 
be regulated by some tribunal. 

I am not writing as an’expert electrician, being 
neither an electrical engineer nor a railway man, 
but as a member of the public, and as a politician 
and student of the social condition of the people. 
I was fiercely attacked by an ex-president of the 
Institution of Electrical Engineers as one of the 
“sineularly ill-informed members of the public,” 
for daring to give expression to the above views 
in a popular newspaper. He took the erroneous 
view that in so doing I was attacking the dignity 
and status of his profession. Precisely the contrary 
is the case. By vesting them at once with the 
enormous custom of the railway companies as 
the wayleave to the still greater clientele of the 
whole community, they will become the creators 
of new and happier conditions when field, factory 
and workshop will be brought into close com- 
munion, the town and the country will at once 
be garden and hive of industry, instead of being 
sundered and antagonistic as now. Surely, in 
endeavouring so to do I, as St. Paul said of himself, 
seek to magnify their office, 


THE NAVY AT THE BRITISH EMPIRE 
EXHIBITION.—III. 


Ty the main avenue of the Palace of Engineering 
is the exhibit of Sir W. G. Armstrong, Whitworth 
and Co., a firm which owes its existence chiefly to 
the efforts of Lord Armstrong, Sir Joseph Whit- 
worth and Sir Andrew Noble, three pioneers in the 
development of modern artillery. Started in 1847, 
its business rapidly developed, and at the present 
time the firm’s extensive works are capable of 
building the largest size of warship complete with 
the necessary armour, armament and propelling 
machinery. The activities of the firm are not by 
any means confined to war material, for all types of 
mercantile vessels from the stately passenger liner 
to the ordinary tramp steamer are built and com- 
pletely equipped at their two shipyards on the 
Tyne. A thorough inspection of their extensive 
exhibit reveals many other important branches of 
engineering in which the firm is engaged. 

One of the firm’s exhibits is of some historical 
interest not only as marking an important stage 
in the evolution of artillery, but also as being the 
first notable armament production of Armstrong, 
the former Newcastle solicitor, and one which 
started the builder and his firm on the high road to 
fame and fortune. It is known as No. 1 Gun, and 
its successors from the same works must by now be 
numbered in tens of thousands. The Battle of 
Inkerman was fought in November, 1854, and in 
the following month, shortly after dispatches relat- 
ing to the operations had been received, Mr. Arm- 
strong had an interview with the Duke of Newcastle, 


a 


the Minister of War. As a result No. 1 gun was 
designed, constructed and ready for trial in the 
following June. Its trial results were so successful 
that an order for a large number was given to the 
firm and the Army and Navy supplied with them. 
It is a three-pounder gun, with a bore slightly less 
than 2 in. in diameter. The barrel is of steel, 
strengthened with coiled iron cylinders shrunk on 
to the barrel and over one another. It is rifled, 
was made for breechloading, and it fired an elongated 
projectile, as now used, in place of the round shot 
then generally employed. The simple and efficient 
breech mechanism rendered it also a relatively 
quick firer, Rifling and elongated bullets had 
previously been adopted for small arms, but although 
experiments had been carried out, rifled guns of 
larger calibre had not been a success. Breech- 
loading had been used four centuries previously; 
as in the peterara in the Government Pavilion, 
but had been abandoned by the end of the 16th 
century. No. 1 gun was thus a reversion to type. 
Like the old gun, it has a recess in its breech end, 
and into this there is shipped vertically a light 
portable block containing the vent and termed the 
vent block (Fig. 9). This block has a conical pro- 
jection on its face which fits into a corresponding 
recess at the breech end of the bore, the fitting 
surfaces being covered with copper sheet. The 
block is forced into position, and held firmly when 
the gun is fired, by a screwed spindle working in a 
nut formed on the breech end and turned by a 
lever and handle. The spindle of the screw is 
hollow, the hole through it beimg of sufficient 
diameter to allow of the projectile and charge 
passing through into the bore with which the 
spindle is in line.. When loading the gun the vent 
block is lifted out, the projectile and charge passed 
through and rammed home, the vent block replaced 
and forced into position by the screw, and the gun 
is ready to fire. 

The rifling is entirely different from the systems 
previously tried to give the necessary spin to the 
projectile. and is very similar to-that now used. 
The cylindrical surface of the projectile was cased 
with lead, which as the shot moved along the bore 
was forced into the rifling which imparted the 


[Aua. 8,.1924. 


ENGINEERING 


ORDNANCE AT THE BRITISH EMPIRE EXHIBITION. 


ARMSTRONG, WHITWORTH AND CO., LIMITED, ENGINEERS, NEWCASTLE-ON-TYNE. 


CONSTRUCTED BY SIR W. G. 


BREECH ENpD or ‘No. 1 Gon.” 


Fia. 11. 


Fia. 12. 
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rotation required. The gun gave excellent results, 
the range and accuracy far surpassing all previous 
types of ordnance. The lead casing on the pro- 
jectile, although eminently satisfactory for the 
purpose for which it was intended, sometimes 
stripped while the projectile was in flight, and be- 
came a source of danger to the infantry who were 
in front. The copper driving bands now fitted on 
the bases of projectiles were not introduced until 
many years later. ‘No. 1 gun” thus was a very 
important departure and the type proved of great 
use at the time. For some reason, which is now 
difficult to understand, muzzle loaders were later 
reverted to, and it was not until the eighties that 
the breech loader was again adopted. Fig. 10 shows 
the breech end of the gun and the elevating gear 
with which it is fitted. 

Next to it, and useful as indicating the progress 
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in ordnance over a period of nearly seventy years, 
is a 43-in. howitzer firing a projectile of 35 Ib. with 
a muzzle velocity of 1,450-f.s. The length of bore 
is 90 in., and the weight of the howitzer is nearly 
15 cwt. It has a nickel steel barrel wound with 
steel ribbon to strengthen it. The breech block is 
of the interrupted screw type, mounted in a carrier 
hinged to the breech end, and one movement of a 
lever is sufficient to turn the block and open the 
breech. No.1 gun had no special recoil arrangement 
fitted ; that of the howitzer is on the pneumatic 
principle, in which a piston during the recoil forces 
liquid out of one cylinder through a valve into 
a second charged with compressed air, whose pressure 
is further increased, so that the energy of recoil is 
thus absorbed and used to run out the weapon 
after recoil. The cylinders are placed immediately 
below the howitzer. 
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A third type of artillery is shown in a short six- 
pounder tank gun, weighing about 5 ewt. The 
breech block mechanism is different from the 
howitzer in being of the type in which the block 
slides in a transverse direction (see Fig. 11). The 
three weapons are an interesting study, not only 
in breech mechanisms, but also in the methods and 
devices used for elevating and depressing and in 
sighting. 

The exhibits already referred to represent that 
branch of the firm’s activities which is principally 
connected with the Armstrong or Elswick side, but 
there are others and amongst these must be noticed 
two which appertain to Whitworth and the Open- 
shaw works. Whitworth, to whom we are primarily 
indebted for those methods and instruments of 
precision which rendered scientific engineering 


possible, was also a leading metallurgist, and his — 
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researches and investigations resulted in a great 
improvement in the qualities of British steel, and 
especially that for armour and gun construction. 
Precision instruments made by the firm are on view, 
and there are also exhibits in which an improved type 
of steel is employed, indicating that Whitworth’s 
work has been steadily and successfully continued. 
The steel referred to is named “* Vibrac ” and has 
as a constituent, molybdenum. It is produced in 
the acid open-hearth furnace and has an ultimate 
tensile strength of 61 tons, a yield point of about 
47 tons and an elongation of 84 per cent. in 2 in., 
compared with 46 and 34 tons and 17 per cent. 
elongation obtained with nickel steels hitherto used 
in gun construction. It is claimed the new and 
stronger material is just as readily forged and heat 
treated, more easily machined and more uniformly 
hardened than nickel or chrome steels. Moreover, 
the material is less liable to distortion and stressing 
during the various operations of gun making, gives 
better and more uniform results under impact tests, 
and is more suitable for purposes in which high 
stresses and sudden shocks are experienced. 
In addition to its employment in gun construction 
it has been used for other purposes. A large forging 


With the limits to displacement of capital shipS 
and aircraft carriers imposed by the Washington 
Treaty, and with rumours of another conference to 
discuss limits to other types of warship, any economy 
in weight which can be secured in one direction can 
be utilised to improve the offensive or defensive or 
other qualities of the vessels. ‘There are many uses 
to which a material such as Vibrac can be put in 
warships and thereby a saving in weight effected. 
Guns have already been referred to, but it appears 
practicable to extend its use to torpedoes, air bottles, 
gas flasks and similar fittings subjected to high 
pressures and stresses. 

Another exhibit is the Armstrong swash-plate 
“engine,” which is extensively used for gun- 
mountings and is also being adopted for steering, 
capstan and winch installations. A working model 
is on view (Fig. 13), which shows that it embodies 
the same general principle, somewhat differently 
applied, as the Williams-Janney speed gear described 
in Article II. In the model, fourteen small pistons 
work in cylinders drilled axially in a fixed circular 
plate concentric with the shaft. The ends of the 
piston rods are secured to an inclined circular disc, 
which cannot rotate but which is fitted with two 
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of this material, intended for the rotor of a steam 
turbine, is exhibited, as also are various portions of 
lathes and other shop machines. One recent and 
interesting application of the material is for the 
oxygen flasks supplied by the company to the 
latest Mount Everest expedition. It was necessary 
the flasks should be as light as possible and at the 
same time contain the maximum amount of the gas. 
A strong and homogenous material, capable of being 
easily forged, welded and machined was therefore 
necessary, and Vibrac was employed. Several of 
the flasks which have been tested are on view. 
They are about 4 in. diameter and 2 ft. long and 
weigh, when empty, 6 lb. Each was tested to 
2,750 lb. per square inch by air pressure, and one 
tested to destruction withstood 4,200 lb. per square 
inch before bursting. Tested by hydraulic pressure 
the elastic limit was reached at 1-4 tons per square 
inch and the bursting pressure at 1-83. A bullet 
fired at another bottle passed through without 
cracking or splintering. Another charged to 
1,500 lb. per square inch was placed under a weight 
of 88 lb. which had fallen through 30 ft. and, although 
flattened, remained tight. Sections of a flask cut 
through longitudinally are exhibited and illustrate 
the uniform thickness of the material and the high 
quality of the welding. The outside surface shows 
that the material is one which is easily machined. 
The flasks are illustrated in Fig. 12. 


trunnions, which slide in two horizontal slots at the 
opposite side of the casing. Bearing against its 
back is a cast member keyed to the shaft. Water 
from a hydraulic pump is led to a port at the cylinder 
end of the shaft and the rotation of the latter with 
the supply port, causes the pistons to be forced in 
and out, giving a curious motion to the inclined 
plate and resulting in a rotary motion of the casting 
bearing against it and thereby the shaft. A discharge 
pipe leading from a rotating port serves as a return 
for the water to the hydraulic pump. The mec- 
hanism, when used as a hydraulic motor, is double- 
ended, two inclined plates being fitted at the middle 
(see Fig. 14). 

As is well known Messrs. Armstrong have built 
a very great number of warships of all sizes and 
types, but space can evidently only be found on 
the stand for a model of one of these, the super- 
Dreadnought Malaya, a very suitable model for 
an Empire exhibition as she was presented to the 
Government by the Malay States. The ship was 
ordered in 1913 and completed in February, 1916. 
Of the Queen Elizabeth class, she is 600 ft. in length 
with a beam of 903 ft. and a draught of 283 ft., 
giving a displacement of 27,500 tons. Her speed is 
25 knots with the engines developing 75,000 shaft 
horse-power. Her main armament consists of 
eight 15-in. guns in twin turrets, two forward and 
two aft, one pair at each end being super-imposed 


over the other pair. The secondary armament is 
made up of fourteen 6-in., two 3-in. anti-aircraft, 
and some lighter guns, the torpedo armament being 
four 21-in. submerged tubes. The belt armour is 
13 in. thick. This class of capital ship was the 
first to carry oil fuel only, previous vessels 
carrying both coal and oil. The total quantity of 
oil which can be carried is 3,400 tons. Amongst 
other models of ships built by the firm is one of an 
ice breaker, and another of an exceedingly finely 
moulded yacht—the Erthogroal—built for the 
Sultan of Turkey in 1905. With a displacement of 
900 tons she attained a speed of 20 knots on trial. 

Another interesting exhibit is a model of the 
naval airship R33, sister vessel to R34. She was 
designed by the Admiralty in 1916 and was a modi- 
fication in some important respects of a German 
Zeppelin which came down at Wigborough, Essex, 
after being damaged by a projectile from an anti- 
aircraft gun. R33 was erected at Messrs. Arm- 
strong’s airship shed near Selby, the girders and 
other details being assembled at Elswick. Five 
airships—R25, 29, 33, 35 and 39—were ordered from 
the firm, the first three were completed and the other 
two cancelled after the Armistice. R33 is still in 
existence in one of the Air Ministry’s sheds, and 
will probably be reconditioned for the research 
work recently approved by the Cabinet. She has 
a length of 640 ft., a diameter of 79 ft. and a volume 
of 2,000,000 cub. ft. Five engines are installed 
each of 350 h.p. giving a maximum speed of 55 
miles per hour. The Government Airship Scheme, 
recently announced in Parliament, includes the 
building of two airships of 5,000,000 cub. ft. capa- 
city each. If of similar shape to R33 these vessels 
would be 870 ft. long and 107 ft. diameter. Some 
idea of the bulk of such a vessel is conveyed by its 
displacement if submerged in salt water, which 
would be 143,000 tons or three and a-half times that 
of the Hood and nearly twice the latter’s total 
volume. 

Between the spaces allocated to Messrs. Vickers 
and Armstrong is that of Messrs. Beardmore, which 
in variety of exhibits is a worthy rival of the two 
other firms. Their warship construction is repre- 
sented by a model of the Benbow, which was com- 
pleted in October, 1914. One of the Iron Duke 
class, she is 580 ft. in length, 90 ft. beam, 28 ft. 
mean draught and displaces 25,000 tons. With 
engines of 29,000 shaft horse-power, she attained 
a speed of 21} knots. The main armament is five 
pairs of 13-5-in. guns, two forward and two aft, 
and one pair amidships, whilst the secondary 
armament includes twelve 6-in. guns. Four 21-in. 
submerged torpedo tubes are fitted. The belt 
armour is 12 in. thick and that protecting the 
barbettes 11 in. The 6-in. guns are placed in a 
battery on the upper deck and protected by 6-in. 
armour, a system followed in the Queen Elizabeth 
class—the next after the Iron Duke class. Benbow 
and her sister vessels were the last British capital 
ships arranged to carry coal and oil fuel. Of the 
former 3,250 tons and of the latter 1,050 tons can 
be stowed. The Ramillies, of the Royal Sovereign 
class, is a later capital ship built by the firm and 
completed in September, 1917. Lack of space has 
prevented her model being included. 

Messrs. Beardmore did not commence the manu- 
facture of armour until some time after other 
firms, but soon proved their capabilities in this 
important branch of armaments. They exhibit 
two samples of armour manufactured by them, one 
a 4-in. communication tube and the other a plate 
of a maximum thickness of 9 in. but diminishing 
at the top to about 3 in. Both have been tested 
by firing projectiles at them. The plate was proved 
with 9-2 and 12-in. projectiles, the smaller calibre 
being fired at the portion at which the thickness 
was 6 in. and the larger projectile, at the thickest 
part of the plate. Both sizes of projectile were of 
the armour piercing capped type. ‘The striking 
velocity of both sizes was from 1,340 to 1,400 ft. 
per second. The damage inflicted on the face 
of the armour, even from the 12-in. capped shot, 
appears trifling (Fig. 15). The photograph repro- 
duced is no longer ‘‘ confidential.” ‘The material 
of the plate in the vicinity of the damage is well 
worth inspection, as it indicates the extreme hardness 
of face which has been secured by the treatment to 
which the steel has been subjected. The tube was 
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tested with 6-in armour piercing capped shell 
with striking velocities of from 1,230 ft. to 1,525 
ft. per second and successfully withstood the tests. 
The activities of Messrs. Beardmore on the 
ordnance side are extensive and varied. During 
the war the output was no less than 5,000 guns and 
howitzers. One exhibit is the worn inner A tube 
of a 15-in. naval gun such as is mounted in the 
Queen Elizabeth class of capital ships. This tube 
was removed from the gun and replaced by another 
constructed and machined by the firm, a striking 
example of their work in gun construction. 
Another model shows a mounting for a pair of 
4-in. guns which are intended for use against 
aircraft (Figs. 16 to 19). The guns are separately 
operated and can be elevated to the vertical or even 
to 10 deg. beyond. The two are trained together 
around the central pedestal. They are 55 calibres 
in length, and fire a projectile of 25 lb. with a muzzle 
velocity of 3,200 ft. per second, an appreciable 
higher velocity than that of ordinary guns. A 12- 


pounder field gun is also exhibited, and is fitted with 
a special recuperating device on its recoil system 
which has been designed by the firm and gives good 
results on trial, 15,000 rounds having been fired with- 
out the least sign of any defect. Machine guns of 
various types and sizes are also on view. 

The naval airship R.34, which made the voyage 
to and from the United States in 1919, is represented 
by her model. This vessel, which was a sister ship 
of R.33, the particulars of which have been given 
above, was erected by Messrs. Beardmore at the 
airship shed at Inchinnan on the south side of the 
Clyde and about two miles from their shipbuilding 
works at Dalmuir. The major portion of the 
girder work and other details was completed at the 
shipyard and transported to the shed. R.24, R.27 
and R.36 were other airships built by the firm during 
the war. Of the four only one, R.36 remains, 
R.33 having been wrecked, fortunately without loss 
of life, in 1921, and the other two dismantled 
after service, to make room for later and improved 
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types. R.36 was completed for commercial pur- 
poses, but has not been so used. She is 33 ft. 
longer than R.34 and has 140,000 cub. ft. greater 
capacity. Due to the policy—or lack of policy—on 
the part of successive Governments in connection 
with rigid airships, the erecting shed at Inchinnan 
has since been partially dismantled. 

. Parkhead Forge is the establishment at which the 
major portion of Messrs. Beardmore’s steel work is 
carried out, and here a great number of the largest 
steel castings used in the construction of British 
warships have been produced. Several models of 
these castings are exhibited, one of these representing 
the rudder of H.M.S. Hood (Fig. 20). This steel 
casting was 26 ft. long and 25 ft. high, its weight 
being about 45 tons. It was transported along the 
public roads for the nine miles between Parkhead 
and Clydebank, where the vessel was built. Three 
engines were required for hauling it, and the journey 
had to be started after midnight when the trams 
had stopped and the roads were clear. 

Opposite to Messrs. Beardmore’s space is the 
exhibit of Messrs. Hadfields, the famous steel makers 
of Sheffield. Amongst many other items of war 
material are shown specimens of various types and 
sizes of projectiles used in naval and other guns, 
many of these being of the capped variety used for 
the attack of armour. Amongst the capped projec- 
tiles is a model of one standing about 8 ft. high and 
of which an actual shell would weigh two and a-half 
tons. The calibre is 21 in. (Fig. 21). The muzzle 
energy of such a shell is 250,000 ft.-tons or approxi- 
mately 24 times that of the 16-in. and three times 
that of the 15-in. projectile. It would penetrate 
30 in. of hard armour at a range of 10 miles. But 
for the Washington Conference it is quite probable 

firing such projectiles would have been 
mounted in the largest warships. The firm also 
exhibit gun shields and armour plates made of 
their celebrated ‘‘ Era” steel. One of the shields 
is shown on a 6-in. gun, a mounting for which 
it was intended, and has been severely tested by 
the British Government, at their proving ground, 
under the attack of 6-in. common and lyddite shell 
which produced little effect even at high velocities ; 
also under the attack of 6-in. capped armour- 
piercing projectile. The shield, and also the cast 
steel armour plate, show how well the “‘ Era” steel 
has withstood the severe firing tests. 

Messrs. John Brown and Co., Limited, of Clyde- 
bank and Sheffield, are represented by a very 
modest exhibit which includes models of two of 
the many warships built by them, the Repulse 
and the Ceres. The former with the Renown, built 
by the Fairfield Company, were the last capital 
ships ordered by Lord Fisher when First Sea Lord, 
and who in a letter to Sir Eustace d’Hyncourt, 
dated December 19, 1914, referred to them as 
the Rhadamanthus design.* They were ordered 
as a sequel to the successful part taken by the 
Invincible class—recommended to be built by 
Lord Fisher’s Design Committee in 1906—in the 
Battle of the Falkland Islands, which had taken 
place eight days before the date of the letter 
referred to. Laid down on Lord Fisher’s birthday— 
January 25, 1915—the Repulse was completed in 
August, 1916, a fine record for building a ship of a 
displacement of 26,500 tons. As built, the vessel 
was 794 ft. long 90 ft. beam and 25} ft. draught. 
With engines giving a shaft horse-power of 112,000 
a speed of 32 knots was obtained. The normal 
amount of oil carried is 1,000 tons, but over 4,000 
can be stowed. Three pairs of 15-in. guns are 
carried, two pairs forward and one pair aft. The 
secondary armament consists of seventeen 4-in. guns, 
of which 15 are mounted in five triple turrets. 
The belt armour is 6 in. thick continued between 
main and forecastle decks by a 14-in. thickness. 
The barbette armour is 7 in. thick. The firm 
also built the Hood, the capital ship which em- 
bodies the experience gained in the war, and which 
so long as the Washington Treaty is in force will 
remain the largest capital ship in the world. 

The Ceres, represented by the other model, is 
a light cruiser ordered in April, 1916, and com- 
pleted in June, 1917. Of 4,200 tons displacement, 
the length is 450 ft., beam 43} and draught 14 ft. 


* This letter was reprinted on page 709 of our issue of 
May 30, 


A speed of 29 knots was obtained with the engineS 
developing 40,000 shaft horse-power. The arma- 
ment consists of five 6-in. guns all on the middle 
line, three being mounted on the forecastle deck, 
one forward, one amidships and one aft. The 
last-mentioned fires over a similar gun mounted 
on the upper deck aft, whilst the fifth is on the 
forward superstructure firing over the foremost gun 
on the forecastle. Four 2l-in. twin revolving 
torpedo tubes are fitted at the sides on the upper 
deck. The sides of the vessel are fitted with 
2 in. of protective plating secured to a 1-in. thickness 
of steel. 

Messrs. Cammell Laird and Co., Limited, perhaps 
one of the oldest of our great shipbuilding firms, 
and the builders of many famous warships, have 


no exhibits which are of interest from the naval 


point of view. They are now busily engaged in 


the construction of the battleship Rodney, a design 


which is too recent to be exhibited in model form. 
They show pictures of some of the fine merchant 
ships constructed at their Birkenhead works, but 
most of their space is allotted to various exhibits 
of railway material, a branch of engineering which 
is also a feature of all the shipbuilding firms which 
have been mentioned. 
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The Modern Soap and Detergent Industry, including 
Glycerol Manufacture. By Grorrrey Martin, D.Sc., 
Ph.D., F.1.C. In three volumes. Vol. I.—Theory 
and Practice of Soapmaking. London: Crosby, Lock- 
wood and Son, 1924. [Price 36s.] 

Tus is a portentous work. Three volumes will 


be required for its completion, of which we see 
only the first. The outlook of the author or 
compiler is wide, and his ambition far-reaching, 
for he aims at producing a more complete work 
on soap than any that has yet been published at 
home or abroad, and one that shall record all 
recent discoveries and progress. The fulfilment of 
this aim will certainly produce a big book, whether 
it will produce an edifying one will be better 
determined when the whole scheme has been 
presented. To collect the details of patents, 
whether successful or unsuccessful, to extract the 
researches of experts from technical journals, 
to summarise the experiments of chemists and to 
repeat the arguments of recognised authorities, 
demands very considerable industry. The power 
of the master, however, is shown in discriminating 
selection, in careful sifting and criticism, and the 
exercise of sound judgment. These qualities are not 
too conspicuous in this instalment. The facts are 
all there, no doubt; the collection and arrange- 
ment must have demanded much time and entailed 
enormous labour, and to the energy éxhibited we 
should wish to do justice. But we are not sure 
whether Dr. Martin intended that the work should 
be regarded as a book of reference, to be consulted 
on emergency, or as a book to be read from cover 
to cover. If the former, it has not the terseness 
and convenience of an encyclopedia; if the latter, 
the want of arrangement and consecutiveness is 
forbidding. Of one matter, slight but important 
in a work of reference, we can speak without 
hesitation. The pagination is inconvenient and 
annoying. In this first volume there are seven 
sections, varying in length from perhaps a dozen 
to a hundred pages, and each section begins at 
page 1. This want of continuity is the more 
irritating because no indication is provided to 
show the section in which one is reading, and if 
reference is made to another section one may 
turn all over the book to find the particular one 
required, No index to this volume is attempted, 
and the construction of an adequate index that 
will give the volume, the section and the page of 
that section will be a matter of no small difficulty, 
but it will have to be accomplished, for such a book 
unindexed would be almost valueless from a 
practical point of view. 

Having expressed some disapproval of the 
general arrangement we may turn with the greater 
pleasure to the contents, and in the first place 
ask whether the work was worth doing, whether 
the time and labour were justified. The answer 
must be in the affirmative, though many well- 


known works—of which perhaps that of Dr. Lew- 
kowitsch is the most prominent—cover much of 
the same ground, have received the criticism of 
many experts and become acknowledged classics. 
It is necessary, therefore, to see what precise 
position the book hopes to occupy in the literature 
of technology. It evidently aims at addressing 
a smaller class than is contemplated in the prepara- 
tion of such works as those referred to, but to 
put that class in possession of every detail that 
can be of service. The contributors to learned 
societies and technical journals do not regard 
themselves as speaking to a small and select 
audience, but hope that their work may reach 
and benefit the whole industry, that it will be 
tested and criticised, and made the means of further 
improvement. Anyone who assists in the dissemina- 
tion of a knowledge of carefully-prepared memoirs 
and descriptions of researches is doing good work, 
and the author, by bringing scattered, or it may be 
forgotten, facts before a wider public, facilitates 
fresh inquiries and suggests further experiments. 
We believe that the spread of accurate and tested 
facts is likely to fructify. Dr. Martin, however, 
in his preface takes another, but perhaps equally 
defensible, view. After remarking that great 
technical successes have been preceded by a long 
series of failures on somewhat similar lines, he 
decides that the ventilation of impracticable 
processes is justifiable, because the failure of the 
original proposer may suggest to the technologist 
new ideas and new methods that will lead ta 
commercial success. For this reason he proposes 
to discuss, presumably in future volumes, the 
use of other detergents than soap. A fortunate 
discovery may find some material—mineral or 
organic—that will surpass the salts of fatty acids 
in detergent power, and he considers that it is 
to some lucky accident, the consequences possibly 
of past failures, that we must look for the future 
development of the cleansing industry. 

In estimating the direction of future development 
the author bases his views on the possible shortage 
of fat in the near future, owing to the increase of 
population and the imperative demand that will 
arise to reserve this valuable product for more 
urgent purposes than soap manufacture. The 
chemist, compelled to find substitutes, may look 
to petroleum and hydrocarbon oils to supply 
the deficiency, and the next great chemical achieve- 
ment affecting the production of fatty acids may 
result from experiments on petroleum. ‘This is 
an interesting suggestion, but we should doubt 
if it is well founded. The chemical treatment of 
the hydrocarbons of petroleum oils have hitherto 
given more trouble than profit, and if the chemist’s 
ingenuity is successful the scheme may not be 
economically possible. While fats are constantly 
being renewed, and the supply of vegetable and 
fish oils that can be converted into hardened 
fat by catalytic hydrogenation is practically 
inexhaustible, the quantity of petroleum from the 
oil fields is strictly limited, and there are not 
wanting signs that a large proportion of the natural 
store is exhausted. There are hydrocarbons which 
might be recovered from waste products, and these 
may constitute the sources upon which Dr. Martin 
is inclined to rely. To convert these into fatty 
acids and glycerides, however, presents great diffi- 
culties from the chemical side, though in war time 
the Germans claimed that methods they adopted in 
similar processes proved successful. 

There are, as already said, seven sections dealing 
more or less closely with the materials used in 
soap making, and with the methods of use. The 
number of oils and fats at the command of the 
manufacturer has greatly increased, while the 
scenting of soaps by perfumes, synthetic and 
natural, has become an art to be followed by an 
expert. In fact, the soap-making industry has 
undergone a complete revolution, and old-fashioned 
household soaps have to a large extent, like the 
famous mottled soap once so popular, given place 
to more approved oil soaps, with a large proportion 
of rosin, Into the commercial and technical details 
we have no intention of entering, but in the large 
mass of collected materials many interesting points 
connected with phenomena are raised that come 
under daily observation and, notwithstanding, have 
successfully resisted all attempts at complete 
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explanation. For instance, the practical value of 
soap lies in its detergent action, and yet we are 
unable to say in which of the chemical or physical 
characteristics lies this peculiar quality. The 
author dismisses as many hypotheses as he sets 
up, and it is difficult to see which way victory les 
on the stricken field. We think, however, that 
all disputants will allow that for soap or similar 
compound to have cleansing properties, an acid 
soap and a free alkali must be present. The action 
of colloidal clays and similar detergents is probably 
mechanical. The soap may have the power of 
emulsifying the greasy matter, the usual accompani- 
ment of dirt, while the formation of a foam-like 
lather capable of entangling dirt particles is a 
factor of some importance to many writers. Then 
there are rather fanciful hypotheses such as the 
formation of adsorption compounds, and action 
akin to Brownian movement causing the movement 
of minute particles. There are many other sug- 
gestions from which the curious may make a 
choice, but we believe the untrained and unsophis- 
ticated will insist that friction, vigorous friction, 
and heat are necessary. Advertisements may and 
do state that if their soap is used no labour is 
required, but those who use the soap are inclined 
to look upon this assertion as a kindly sophism. 

The second difficulty for which we should like 
to ask an explanation is wherein lies the lathering 
power. Experiment has taught us how to produce 
a soap that will or will not lather, but the reasons 
are hard to seek. Emulsification plays a part, as 
seen in stirring oil and water vigorously together, 
and the small spherical particles are seen to coalesce. 
But surface tension supplies another clue, for it is 
known definitely that when surface tension exceeds 
a precise number of dynes per centimetre all 
lathering ceases. Here the work of Willard Gibbs 
comes to our assistance, and we are able to penetrate 
this mystery a little further, for we can measure 
the surface tension of soap solutions and predict 
their behaviour. With sodium myristate, for some 
reason, we have the maximum lowering of surface 
tension, while hardened whale and fish oils give 
very poor material for soap making. Other 
authorities insist that the difference of behaviour 
between castor oil soaps and cocoanut oil soaps 
is explained by the relations of these oils towards 
electrolytes. But such an explanation is purely 
experimental, and advances the inquiry very 
little further. The reference to these two enigmas 
shows that many interesting subjects are discussed 
in this volume, to more of which we would refer 
if space permitted. 


Oil Engines. By A. L. {Brrp, M.A., [4.M.Inst.C.E. 
[Price 12s. 6d. net.]. 


London: Methuen & Co. uy 

‘HE engineering advances of recent years render 
the task of the technical author one of increasing 
difficulty. From the purely business point of view 
a book is required to suit a large number of readers, 
while modern training makes it natural for the 
engineer to pursue a highly specialised course of 
study. Again, the same advances preclude the 
inclusion of a long section dealing with the ele- 
mentary foundations of the work if the volume 
is to be of reasonable size. This inevitably means 
that the abilities of the author, as instructor, are 
more severely tested than ever before, partly due 
to the difficulty of most advantageously selecting 
material for treatment from the mass of it at his 
disposal. Such difficulties are well known to many 
writers but, unfortunately, are appreciated suffi- 
ciently only by a minority of them. Mr. Bird, 
however, belongs to this minority. He omits 
elementary material on heat engines which might 
possibly have occupied quite one-third of his 
three hundred pages, yet makes demands of the 
lightest description on the readers’ previous know- 
ledge. The work is modern and not lacking in 
originality. It is described as suitable for both 
university students and practical engineers. This 
phrase has found great favour in recent years, 
loubtless as a stimulant to sales, but since the best 
engineers are usually produced by a sound practical 
training, after college work, it is obviously quite 
impossible for a book of the type under discussion 
to suit such men during both periods of their work. 
Nevertheless Mr. Bird’s primary object of instruct- 
ing engineering students is admirably fulfilled. 
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The mathematical development of the subject, 
covering barely twenty pages altogether, is really 
good. This was to be expected of a Cambridge 
writer, but what is distinctive is the fact that the 
matter is quite readable by a student of evening 
school attainments in the calculus. One or two 
errors occur in the working, which, however, are 
not likely to mislead the careful reader. There are 
numerous references to original papers, which latter 
those specially interested should read. The W. J. 
Walker references are worthy of the attention given 
to them in the book in view of the reliability of the 
results of this worker. 

In Chapter I a distinction is made between the 
Diesel, hot bulb, and injection types of “ heavy ” 
oil engines, which practical engineers will consider 
a little academic. Chapter II, headed “ Cycles of 
Operation,” commences with the deduction of a 
cumbrous general formula for the efficiency of a 
“combination ”’ cycle, which has the advantage, 


however, of being readily adapted to the two, 


special cases of the gas and Diesel engine. A 
graph supplied considerably assists in using the data. 
Up to this point the hypothesis of constant specific 
heat is utilised. The internal energy of a gas in 
an engine cylinder is discussed with the aid of an 
original curve. In this graph ordinates represent 
internal energy and abscisse represent temperatures. 
The slope of the curve at any point gives the 
specific heat at that point from which R, the gas 
constant, and y, the ratio of the specific heat at con- 
stant pressure to that at constant volume, may be 
deduced. Tables are given for conditions before and 
after fuel injection, followed by a good introduction 
to the theory of variable specific heats. Examples 
on flame temperature, and the Hopkinson method of 
calculating the true theoretical efficiency for gas 
engines, are fully worked outin the text. A prac- 
tical consideration of the cycles in a real engine, 
with some illustrative timing diagrams, follow, 
and concluded the chapter. The logical develop- 
ment of the book would have been enhanced if this 
chapter had followed the succeeding one, Chapter 
il. 

This latter section is devoted to a consideration 
of oil fuel and combustion, and contains some of 
the graphical formule of chemistry, upset by the 
printer in one instance. It is, however, one of the 
most satisfactory chapters of its kind we have read, 
containing the desirable worked example, tables, 
and information, with efficient economy of space. 
Still, an important point must not be overlooked 
regarding heavy oils. Owing to the very rapid and 
extensive increase of refining plant to-day, especially 
in America, economy in the near future will not 
require the use of the lowest grade oils. 

“Charging the cylinder” is the subject of 
Chapter IV, and its fundamental importance is 
realised by the author. The method of treating 
the speed of entering air is valuable. It depends 
on the approximation v= ,/2gh, where h is the 
“head” of air. This is then used in conjunction 
with the usual time-area diagram. An original 
treatment is offered in dealing with “ scavenging,” 
based on the principle of dynamic similarity. 
One meets this principle now-a-days variously 
applied to problems in hydraulics, aviation and 
chemistry. The large diagrams in this part of the 
treatise greatly facilitate the following of the text. 

Chapter V is the most important one in the book ; 
it is on injection and ignition of the fuel. Eleven 
different arrangements for treatment are first 
classified, and the methods in use in each case are 
described in detail, with the aid of practical draw- 
ings. This large number of arrangements arises 
from the fact that the book undertakes to treat 
Diesel modifications, as well as the standard types. 
In connection with the comparison of solid with 
air injection, a detailed piece of analysis is carried 
out. Using the results of H. S. Allen, Millikan and 
Stokes, together with the mechanical ideas on 
resisted motion, the study of atomised oil drops 
is satisfactorily completed. The chapter concludes 
with notes on flame injection and ignition of refrac- 
tory fuels. 

Chapter VI is a short summary of available data 
for the comparison of the performance of engines, 
in order to estimate their efficiency. The effects 
of varying both load and speed are indicated. On 
page 169 the performances of. different engines, 


tabulated in such a manner as to show at a glance 
the important results, should prove a most practical 
addition. 

Chapter VII is on mechanical details peculiar 
to oil engines. An abbreviated sketch of the 
principles of design is attempted which will form an 
excellent introduction for the student to the works 
specialising in this field. A new geometrical 
construction is given for the finding of the accelera- 
tion of the injection valve lift, and it deserves to 
become popular from its simplicity. Pumps and 
air compressors are treated in a satisfactory manner, 
while notes on intercoolers, controls, engine revers- 
ing, and Gumbel’s construction for critical speeds 
complete the section. Chapter VIII deals with the 
application and development of engines using oil 
fuel, and contains a number of large-size plate- 
diagrams, very suitable for the drawing-office. 
The claims of transport, locomotives, and ships on 
these agents are not exaggerated. Latest tendencies 
are mentioned, and a useful index completes the 
book. 

Summarising, the student will be much the 
better for a study of the volume, while many 
practical engineers will find therein a good com- 
pensation for their lack of a sound early training. 


THE COLLIERY AT THE BRITISH 
EMPIRE EXHIBITION. 


(Continued from page 160). 


ALTHOUGH electric transmission has the advant- 
age of a greater radius of application for the same 
loss than other systems, the use of its predecessor, 
compressed air, has by no means ceased, and for 
many purposes it still finds much favour in mines 
on account of the special advantage it possesses of 
increasing the ventilation, particularly in clearing 
the workings where blasting operations are per- 
formed, and because any damage to the conduits 
can only result in loss of air pressure and leakage. 
In the mine at Wembley there are two examples of 
air compressors, one a fixed permanent plant on the 
surface, and the other a small self-contained plant, 
capable of being installed temporarily at any con- 
venient distance from the pit. Not only is com- 
pressed air. considered by many to be the most 
suitable means of driving percussive drills, but 
improvements in small turbines have rendered its 
use more practical than heretofore for driving coal 
cutters and conveyors. In the case of various 
types of coal-cutting machine that have been 
designed, the compressed air drive is interchange- 
able with the electric drive, the actual gear in the 
cutting heads remaining the same for both kinds 
of power supply, and the joint between the driving 
and driven halves of the machine being so designed 
and constructed as to ensure interchangeability. 

Installed in the surface buildings, there is a hori- 
zontal two-stage machine, capable of compressing 
1,000 cubic feet of free air per minute at sea level toa 
pressure of 80 lb. per square inch. It was manu- 
factured by Messrs. Walker Bros. (Wigan), Limited, 
of Pagefield Ironworks, Wigan, and is ilustraaaa | 
in Figs. 86 to 90 on pages 191 and 192. 

The cylinders of the compressor are comple 
surrounded by water, the covers being also water- | 
cooled. An inter-cooler, shown in Fig. 88, fitted | 
with brass tubes with a view to increasing the | 
efficiency, is fixed over the top of the engine for | 
cooling the air on its passage from the low pressure | 
to the high-pressure cylinder. The cylinder dimen- | 
sions are: L.P., 20 in. diameter; H.P., 13 in. 
diameter ; the Brake of the pistons being 18 in.) 
in both cases; and the normal revolutions 180 
per minute. 

The air supply is drawn through a Visco air filter. 
consisting of a screen filled with short pieces of small 
brass tube, placed outside the engine house, and. 
ensuring a clean air supply at low initial tempera- 
ture. The compressed air is delivered into 2) 
vertical receiver 4 ft. 6 in. diameter by 10 ft. high, 
constructed for a working pressure of 100 Ib. per 
square inch by Messrs. H. and T. Danks (Netherton), 
Limited. The working parts of the compressor are 
totally enclosed and the main bearings, crank pins | 
crosshead pins, and slides are lubricated unde 
pressure from a positively-driven pump operated by 
the engine. In order to ensure proper lubricatior 
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of the working parts before the engine is started, 
a novel feature in the use of forced lubrication 
has been introduced in the form of a hand- 
operated gear for the’pump, by the use of which the 
lubrication of the working parts can be ensured 
before the compressor is set to work. 

The compressor is driven at constant speed by an 
electric motor of 186 h.p. constructed by the English 
Electric Company. This motor is of the induction 
slip-ring type, constructed for 440 volt, three-phase, 
50 cycle current, and running at a speed of 586 
r.p.m., of which mention has been made in 
ENGINEERING (vol. cxvii), June 20, 1924, page 795. 
The equipment comprises a standard liquid starter 
and control pillar of the mining type, as well as an 
oscillating phase-advancer. The motor drives the 
compressor through a flexible coupling and a single 
reduction gear of the turbine type, constructed by 
Messrs. David Brown and Sons (Huddersfield) Ltd., 
shown in Fig, 86. The gear is completely enclosed 
and has forced lubrication. 

The motor being constructed to run at constant 
speed and the gear being permanently in mesh, a 
special arrangement of valves has been provided in 
order to enable the supply of air to the compressor 
to be regulated in accordance with the demand, and 
thus to permit the motor to develop only so much 
power as is required for the demand. ‘The valve- 
operating mechanism is worked in the following 
manner: on starting the compressor, the main 
valve of the unloader is closed by means of the 
hand wheel; after the set has reached its normal 
speed, the main valve is gradually opened, and the 
output of the compressor is controlled automatically 
by the valve gear, which makes use of a Walker 
relay valve. The working of the compressor may 
be easily understood by reference to the indicator 
diagrams (Fig. 91), in which two different conditions 
are shown. Diagrams numbered 1 are taken from 
the compressor at full load. In the diagrams 
numbered 2 the unloading gear is in operation, and 
the amount of air admitted to the compressor 
cylinders is practically nil. A back-pressure valve 
provided between the high pressure cylinder and the 
receiver closes when the engines are running un- 
loaded, thus preventing the air from returning 
from the receiver into the ports of the high-pressure 
cylinder. The diagrams give evidence of the small 
amount of power wasted in the cylinders due to 
compression and expansion when running under no 
load. 


The installation also contains a self-contained 
compressor plant, of the standard vertical type ““ D” 
twin cylinder, 7 in. by 7 in. by 8 in., with mechani- 
cally-operated suction valves, direct coupled to a 
22 brake horse-power, 440-volt, three-phase, 50- 
cycle explosion and flame-proof motor, constructed 
by E. Brook, Limited, of Huddersfield. This com- 
pressor, which is illustrated in Fig. 93, was con- 
structed by Messrs. Broom and Wade, Limited, of 
High Wycombe. It has a capacity of 130 cub. ft. 
of free air, compressed and delivered at a pressure 
of 100 lb. per square inch per minute, and runs at a 
normal speed of 420 r.p.m. The compressor has 
water-jacketed cylinders with water-jacketed heads ; 
it is fitted with mechanically-operated poppet suction 
valves and plate-type delivery valves, and has forced 
lubrication to all bearings, including crank pins and 
gudgeon pins. The makers claim that by adopting 
the multi-cylinder form of construction they obtain 
a compression more nearly isothermal than adia- 
batic. 

An inbye compressor for drilling shot holes, that 
is to say, a compressor designed for working under- 
ground at a distance from the shaft, and capable of 
being shifted from place to place, should under ideal 
conditions be as portable as a full tub of coal. It is 
with this object that the portable compressor, 
installed by Messrs. Mavor and Coulson, Limited of 
Glasgow, has been designed. The underframe, 
wheels, and brakes form an integral part of the 
desisn. The compressor is of the single-stage, 
double-acting type, having a capacity of 55 cub. ft. 
of free air per minute compressed to 70 lb, per 
square inch (at which the safety valve blows off), and 
running at 480 r.p.m, The compressor is water 
cooled, and the circulation is effected by a rotary 
gear pump, driven by chain from the crankshaft. 
The circulating water is contained in a tank forming 
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part of the set, and the consumption is stated rarely 
to exceed 1 gallon per shift (Fig. 92). The ball 
bearings of the compressor are lubricated under 
pressure by means of an oil pump positively driven 
from the crankshaft. The capacity of the set is 
more than ample for one hammer drill of the size 
and type most frequently used at the coal face, and 
as such drills are usually intermittently used, it is 
found in practice that the compressor is frequently 
capable of supplying air for driving two drills. 

The motor is of the totally-enclosed type, of the 
same size as fitted to the drive of the electric shaker 
conveyor, the stators of these three-phase motors 
being interchangeable. The motor is rated at 
15 h.p., and the switch of the three-phase set, 
interchangeable with the shaker conveyor switch, is 
fitted as a component. A chamber formed on the 
crank-case, between the motor and the compressor, 
contains a case-hardened speed-reduction gear 
running inoil. A flange spigot registered on the end 
shield of the motor enables alinement to be retained 
independently of the outer structure. The flitting 
truck on which the set is mounted is fitted with 
wheels rotating on stationary axles. The weight of 
the whole outfit is just over 1 ton. The total height 
above the rails is 3 ft. 6 in., the length 3 ft. 10 in., 
and the width 2 ft. 4 in. 

Messrs. Holman Bros., Limited, Camborne, 
exhibit two air compressors in the Palace of 
Engineering. The larger of these is a two-stage 
compressor having cylinders respectively 74 in. 
and 12 in. diameter by 7 in. stroke, running at 380 
r.p.m. and absorbing about 60 brake horse-power 
at the crank-shaft when compressing to 100 lb. 
per square inch. The machine is of the vertical, 
totally enclosed, double-acting type with forced 
lubrication to the crank-shaft journals, connecting 
rod ends and guides. The cranks are set at 180 
deg., to ensure balance of the reciprocating parts. 
An intercooler of the multiple-tube type, with large 
cooling surface, is fitted in a cast iron body which 
carries the pressure gauge, safety valve, air cock 
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and drain cock, The compressor is direct-driven 
by a squirrel-cage induction motor of 58 brake 
horse-power, taking current at 440 volts, three- 
phase, 50 periods, and running at 410 r.p.m., con- 
structed by the Lancashire Dynamo and Motor 
Company, Limited, of Trafford Park, Manchester. 
The smaller plant consists of a twin-cylinder, 


piston inlet, single-acting compressor, the cylinders 
being 63 in. bore by 7 in. strcke, and absorbing about 
26 brake horse-power when compressing to 100 Ib. 
per square inch. In this design the whole of the 
top of the piston is devoted to the inlet, while the 
outlet valve is similarly treated in the cylinder 
cover, with the result that the arrangement is 0 
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effect that of a uniflow type engine, in which the 
air passes through the cylinder from the bottom to 
the top. The inertia of the piston causes the inlet 
valve to open at the commencement of the down 
stroke. The compressor has forced lubrication, 
An automatic centrifugal clutch coupling is fitted, 
which enables the motor to start up entirely with- 
out load, the load being automatically transferred 
to the motor as the speed is accelerated ; when 
the normal speed has been reached, the drive is 
positive. The motor drives through a pinion having 
a fabroil face with mild steel end plates. 

The maintenance of the proper pressure in the 
mains in the case of air supply is a source of difficulty 
between the men working at the face and those at 
the compressor station. It is therefore of great 
importance that a check should be kept upon the 
pressure at which the air is delivered, its quantity, 
and the pressure at which it is actually used in the 
mine. In the colliery workings and in the surface 
plant several types of air meter, manufactured by 
Messrs. George Kent, Limited, of Luton, are in use. 
The output from the Walker air compressor is mea- 
sured by a Kent mercury-type air meter (Fig. 94), the 
moving parts of which consist of the mercury in a 
U-tube, one limb of which contains a float, the move- 
ment of which actuates the pen-arm and counter. 
The Broom and Wade air compressor is fitted with 
a meter of the “boiler load indicator’’ type, a 
description of which has already appeared in 
ENGINEERING (vol. cxv) of February 23, 1923, 
page 234. 

The 2-in. air supply to the Diamond coal cutter 
has a 2-in. shunt-type meter, illustrated in Figs. 95 
and 96, which is driven by a turbine mechanism of 
identical size, whatever may be the diameter of 
the main to which the meter is fitted. The only 
parts of the meter that vary are the body casting 
which contains the orifice, the orifice itself, and the 
change wheels, which are fitted in the counter train. 
The meter is designed to register down to one-tenth 
of the nominal maximum flow, and up to 40 per cent. 
above it, the pressure loss being about 1 lb. per 
Square inch at the specified maximum flow. The 
meter registers on the counter the actual volume of 
compressed air passing at the temperature and 
pressure existing in the meter. 

The air to the Climax and Siskol rock drills is 
measured by }}-in. Kent “gate” type air-flow 
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indicators, a type of indicator that consists essen- | 


tially of a light hinged gate, working in a circular 
cavity and controlled by aspring. Ports are formed 
in the walls of the cavity, of such shape that the 
movement of the gate is proportional to the flow. 
The whole of the working parts are carried on one! 
plate, so that they may be easily removed for 
inspection or cleaning. These indicators are 
designed for a pressure drop at full load of approxi- 
mately } lb. per square inch. In the case of meters 
of this size, it is necessary to allow a capacity of 
1 to 2 cub. ft. by the provision of a sufficient length 
of pipe line or by a receiver in the air connection 
between the meter and the tool that causes pulsa- 
tions in the air flow. A larger capacity of from 
3 to 5 cub. ft. is required in the case of 24 in. meters, 
the larger or smaller of these figures being dependent 
upon the rate of pulsation. 

The pipes and joints, both for-water and com- 
pressed air, have been supplied by the Victualic 
Company, Limited, of 28, Victoria-street, S.W. 1. 
We have already illustrated joints of this type in 
ENGINEERING (vol. exvii) of February 15, 1924, 
page 205, in connection with their ability to stand 
positive and negative pressures, that is to say, 
pressure or vacuum on the same joints. We now 
give (Fig. 97) two sections of pipe showing the 
adaptability of this jointing system to pipes as 
carried on the wall on the pit shaft, with some 
portions of the length butting and some hanging. 
Where the water and compressed-air pipes are 
carried horizontally underground, they are suspended 
from the roof girders or timbers by the convenient 
‘“*Munzing ”’ pipe hangers and brackets, with screw 
adjustments, which provide for adjustment of the 
height of the pipe, and calliper hooks that permit 
the pipes to be put into place or removed rapidly. 


(To be continued.) 
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A HUNDRED YEARS OF ELECTRICAL 
ENGINEERING.* 


Proressor G, W. O. Hown, D.Sc. 


Tus Section of the British Association, over which 
I haye the honour to preside, is concerned with the 
whole field of engineering, civil, mechanical and 
electrical. Asan electrical engineer, I felt that Ishould 
be expected to deal with some branch of electrical 
engineering—indeed, I should not feel competent to 
discuss any other branch—hbut, in view of the facts to 
which I have referred, I decided not to deal in detail 
with any single section of the subject, but to review the 
past development and present position of the subject as 
a whole. 

If any one event can be regarded as the birth of 
electrical engineering, it is surely the discovery by 
Faraday in 1821 of the principle of the electro-motor ; 
that is, that a conductor carrying a current in a mag- 
netic field experiences a force tending to move it. 
It is noteworthy that ten years elapsed before Faraday 
discovered, in 1831, magneto-electric induction ; that 
is, the principle of the dynamo. Four years later, 
Sturgeon added the commutator or ‘‘ uniodirective 
discharger,’’ as he called it, and in 1845 Cooke and 
Wheatstone used electromagnets, which Sturgeon had 
discovered in 1825, instead of permanent magnets. It 
was during the years 1865-1873 that the shunt and 
series self-excited dynamo, using a ring’or drum 
armature and a commutator of many segments, finally 
evolved. 

One of the earliest applications of the dynamo was 
for lighting arc lamps in lighthouses. In 1863 Thom- 
son, writing to a friend on the relative merits of the 
Holmes direct-current and the Nollet alternating-cur- 
rent lighthouse machines, says, ‘‘ Thus Nollet escapes 
the commutator, a great evil, and gets a fame which 
does not burn one of the points faster than the other. 
The reverse of each proposition applies to Holmes. The 
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commutator is a frightful thing . . the thing 
to be done at the requisite speed is appalling. How- 
ever, Holmes does it successfully. But I believe it 
cannot be done except theoretically without great 
waste of energy and consequent burning of contact 
surfaces. But I believe a large voltaic battery 
will be more economical than any electromagnet 
machine. I am not quite confident about this, but 
shall be so soon, as I am getting a large voltaic, and 
I shall soon learn how expensive its habits are, and 
multiply by the number required for a lighthouse.” 
This was thirty-two years after Faraday had discovered 
the principle of the dynamo. 

In after years Kelvin lost his dread of the commu- 
tator and championed direct against alternating current 
on every possible occasion. In 1879, when giving 
evidence before a Select Committee of the House of 
Commons on Electric Light, he even assured them 
that there would be no danger of terrible effects from 
the employment of electric power, because the currents 
would he continuous and not alternating ! 

The fifteen years following 1863 saw a great develop- 
ment of the dynamo, and in 1878, when a paper was 
read before the Institution of Civil Engineers on the 
improvements introduced by Siemens, Thomson made 
a remark, following a suggestion by Dr. C. W. Siemens, 
that showed that he had by this time thoroughly 
grasped the possibilities. He said that he believed 
that with an exceedingly moderate amount of copper 
it would be possible to carry the electrical energy for 
one hundred or two hundred or one thousand electric 
lights to a distance of several hundred miles. Dr. 
Siemens had mentioned to him that the power of the 
Falls of Niagara might be transmitted electrically to a 
distance, and he need not point out the vast economy 
to be obtained by the use of such a fall as that of Nia- 
gara or the employment of waste coal at the pit’s mouth. 


In his evidence before the Select Committee, referred | 


to above, he gave an estimate of the copper required 
to transmit 21,000 horse-power from Niagara to a dis- 
tance of 300 miles. 

In 1881, Thomson returned to the subject in his 
Presidential Address to Section A at York, and said, 
‘“High potential, as Siemens, I believe, first pointed 
out, is the essential for good dynamical economy in the 
electric transmission of power.” He mentioned 80,000 
volts as a suitable voltage. Ina paper before the Sec- 
tion he developed the now well-known Kelvin Law 
of the most economical cross-section of the conductor. 
In 1890, the American promoters of the project for 
utilising the power of Niagara turned to Thomson for 
his advice, and he became a member of the Commission 
of Experts. He was throughout stubbornly opposed 
to the use of alternating currents; he wrote, “I have 
no doubt in my own mind but that the high-pressure 
direct-current system is greatly to be preferred to 
alternating currents. The fascinating character of 
the mathematical problems and experimental illustra- 
tions presented by the alternating-current system and 
the facilities which it presents for the distribution of 
electric light through sparsely populated districts 
have, I think, tended to lead astray even engineers, 
who ought to be insensible to everything except esti- 
mates of economy and utility.”” He was in a hopeless 
minority, however, in this view, and the Falls of 
Niagara were harnessed to two-phase alternators with 
an output of 3,500 kw. each. Kelvin was present at 
the meeting of the British Association held in this city 
in 1897, and shocked many people by saying that he 
looked forward to the time when the whole water of 
Lake Erie would find its way to the lower level of Lake 
Ontario through machinery; ‘‘I do not hope,’ he 
said, ‘‘that our children’s children will ever see the 
Niagara Cataract.” Although he was apparently 
very much impressed with the success of the Niagara 
system, he was not converted from his allegiance to 
direct currents, for at his last appearance at the Insti- 
tution of Electrical Engineers, in 1907, he said, ‘“‘ I 
have never swerved from the opinion that the right 
system for long-distance transmission of power by 
electricity is the direct-current system.” 

One of the earliest complete house-lighting installa- 
tions was put in by Kelvinin 1881. A Clerk gas-engine 
was used to drive a Siemens dynamo, a battery of 
Faure cells was fitted up, and every gas-light in his 
house and laboratory at Glasgow University was re 
placed by 16 candle-power Swan lamps for 85 volts. 
He had to design his own switches and fuses, &c., 
for such things were almost unknown. 

Returning to the development of the direct-current 
dynamo, it may be noted that the drum armature, now 
almost exclusively employed, was invented in 1872 by 
von Hefner Alteneck, and gradually displaced’ the 
ring armature of Pacinotti and Gramme. Although 
Pacinotti’s original ring armature was slotted, smooth 
armatures were preferred for many years, until the 
mechanical superiority of the slotted armature caused 
the disappearance of the smooth core with its wdoden 
driving pegs, which were employed to transmit the 
turning moment from the core to the conductors. * The 
commutator and brushes were a great sonrce of trouble, 


but, by the gradual elimination of unsuitable material 


and by better design and methods of manufacture, the 
commutator has been made a most reliable piece of 
apparatus. The difficulties of commutation, and 
especially the need of continual adjustment of the 
brush position, were largely overcome by the invention 
of the carbon brush by Professor George Forbes in 
1885. It should be pointed out that the commutating 
poles, which have come into use so much in recent 
years, were originally suggested in 1884, and are, 
therefore, older than the carbon brush. 

The realisation of the idea of supplying electric 
current from a power station for lighting houses in the 
neighbourhood owed much to the energy and business 
ability of Mr. Edison. He exhibited his first ‘‘ Jumbo ” 
steam-driven dynamo in 1881, and installed two sets at 
Holborn Viaduct in the following year to supply current 
to neighbouring premises. The output of these sets 
was about 90 kw. at 110 volts, which was so much 
larger than anything previously constructed that the 
name ‘‘ Jumbo” was applied to these sets. About 
1890 the multipolar type began to replace the bipolar 
type for the larger sizes. The size of the single units 
employed in power stations gradually increased with the 
increasing demand, and by 1895 dynamos of 1,500 kw. 
had been installed. 

The alternator has had a more varied development 
than the dynamo, mainly because of the absence of the 
commutator, The necessity of keeping the brush gear 
stationary and accessible, and therefore allowing the 
commutator and armature to rotate, led to an early 
standardisation of type in the direct-current machine. 
In the alternator there was no such limitation, and 
whether the field system should be inside or outside the 
armature and which of the two should rotate were 
largely matters of choice. The design of alternators has 
been controlled to a large extent by the development 
of the prime mover. On the Continent of Europe the 
slow-speed horizontal steam-engine led to the construc- 
tion of alternators of enormous diameter in order to 
get the necessary peripheral speed, the axial length being 
consequently reduced to afew inches. In England the 
high-speed marine-type engine was generally preferred, 
and consequently the alternators had a smaller number 
of poles and a smaller diameter. All this has now been 
modified by the development of the steam turbine. 

Ferranti was apparently the first to suggest that the 
power station should be outside the city, at a point 
convenient for fuel and water supply, and that the 
power should be transmitted into the city by high- 
voltage aiternating currents. In 1890 he built the 
Deptford station for the London Electric Supply 
Company, and installed 1,000-kw. 10,000-volt alter- 
nators. This was the pioneer high-voltage underground 
cable transmission, and much was learnt concerning 
the peculiarities of alternating currents when trans- 
mitted over cables of considerable capacity. The 
following year, 1891, saw the first long-distance trans- 
mission by means of overhead conductors in connection 
with the electrical exhibition at Frankfort-on-Main ; 
three-phase power was transmitted, at 8,500 volts, from 
a water-power station at Lauften to Frankfort, a distance 
of 110 miles. 

This development of the use of high-voltage alter- 
nating currents followed the development of the 
transformer. Gaulard and Gibbs patented a system 
of distribution involving transformers in 1882, and, 
although their patent was upset in 1888 on the ground 
of its impracticability, the present method of using 
transformers for the distribution of electrical power 
was introduced in 1885, and shown at the Inventions 
Exhibition in London in that year. Although from 
1890 onwards there has been a steady increase in the 
size of alternators and transformers and in the voltage 
employed for long-distance transmission, the last few 
years have seen a really amazing increase in the size 
of the units employed. In 1913 the largest two-pole 
turbo-alternators had an output, at 3,000 r.p.m., of 
about 7,500 kw.; such machines are now made up 
to 30,000 kw., and four-pole alternators are running at 
1,500 r.p.m., with an output of 60,000 kw. This 
increase in size and in peripheral speed has been made 
possible by improvements, both in the material and 
in the design. With a bursting speed 25 per cent. 
above the running speed, the peripheral speed can 
now be raised to 150 m. per second. Improved 
methods of cooling and a better understanding of the 
various causes of loss in the armature have enabled 
the materials to be used at higher current and flux 
densities. 

This great increase in the size of units is not con- 
fined to the steam turbo-generator, as can be seen 
from the water-turbine sets recently added to the 
Niagara installation. Whereas the original Niagara 
turbines were of about 5,000 h.p., the new ones have 
an output of 70,000 h.p. at the low speed of 107 r.p.m. 

The importance of cheap electric power has led to 
this great increase in the size of the units in the genera- 
ting stations. Any slight difference of efficiency 
between a 10,000-kw. and a 60,000-kw. alternator is of 
little importance, and would certainly not counter- 


balance the decreased factor of safety due to concen. 
trating the whole power supply in three or four large 
units, instead of distributing it between a dozen or 
more units. 
smaller number of large units lies almost entirely in 
the decreased capital cost per kilowatt of plant. 


The reason for the adoption of the 


In connection with the conversion of alternating to 


direct current, mention should be made of the mercury 
are rectifier. 
in recent years, especially in Switzerland, and a number 
of high-power arcs have been installed in sub-stations, 
Although they have the advantage of doing away 
with running machinery, the modern rotary-conyerte1 
is such a reliable piece of apparatus that it is very 
questionable whether it will be replaced to any con- 
siderable extent by the mercury-are rectifier. 


Great improvements have been made 


Until recently, the only means of producing a large 
amount of high-voltage direct-current power was by 


connecting a large number of carefully insulated 
dynamos in series, as in the well-known Thury system 


of power transmission. Within the last two or three 


years another method has been developed, viz., the 
so-called transverter, which consists of an arrangement 


of transformers and a system of rotating brushes 
whereby a three-phase alternating-current supply i: 
converted into an almost steady continuous current 
The first apparatus of this type to be exhibited is 
installed at the British Empire Exhibition at Wembley. 
and is designed to deliver continuous current at 
100,000 volts. It can also be used for the reverse 
process. It would thus enable a three-phase generatin, 
station and a three-phase sub-station to be connectec 
by a direct-current transmission line, thus avoidins 
not only the maximum voltage of 1-4 times the effective 
voltage, which was one of Lord Kelvin’s objections tc 
the alternating-current system, but also all trouble duc 
to the capacity and inductance of the line. Whether 
the disadvantages of the transverter, when it is fully 
developed—it is yet in its infancy—will more thar 
outweigh these advantages remains to be seen, but, 
apart from the transmission of power, the device maj 
have many applications. 

Electric traction represents one of the most impor 
tant branches of electrical engineering. It shares wit! 
the petrol motor the distinction of having absolute) 
revolutionised the methods of transport within 4 
single generation. In its origins it is nearly a century 
old, for attempts were made in the ’thirties to appl) 
Faraday’s newly discovered principle to the propulsioi 
of vehicles, but, with very primitive motors anc 
primary batteries, these attempts were doomed t 
failure. The development of the dynamo and moto 
in the ’seventies opened the way to further experiments 
and at the Berlin Exhibition in 1879 a line one-thir 
of a mile long was shown in operation, a locomotiy) 
drawing three cars. The first regular line was opene( 
to traffic near Berlin in 1881; it worked at 100 volt 
and the current was collected from an insulated rail 
Toronto was the scene of one of the earliest experiment 
in America; C.J. van Depoele, after some experiment 
at Chicago in 1882 and 1883, ran an electric locomotiv 
in 1884 between the street-car system and the Exhib) 
tion in Toronto, | 

Although 500-volt D.C. supply has been standardise 
for street tramways, the relative merits of D.C. an 
A.C. for electric railways has been a burning topi 
for over twenty years, and is now perhaps more burr 
ing than ever. It is somewhat akin to the battl 
of the gauges in the early days of steam railways, t 
it involves, in many cases, the problem of throug 
running, if not now, in the not very distant futur 
Although the three-phase system was successfull 
installed in Northern Italy, it has grave disadvantage 
and the battle now is confined between direct currel 
at an increased voltage of, say, 1,500 to 2,000 volt 
and single-phase alternating current. In the latt: 
case, there is, moreover, a further question as to tl 
best frequency to adopt, this being usually either +) 
or 163. The development of the A.C. commutatc 
motor to the stage where it was applicable to tractic 
took place during the first few years of this centur 
and, although it is inferior to the D.C. motor, it intr | 
duces so many simplifications and economies in t} 
transmission of the power from the generating stati 
to the train that experts are very divided as to tl 
relative merits of the two systems for main-line ele 
trification. | 

I turn now to what may be called both the earlie 
and the latest application of electricity ; that is, — 
use for transmitting intelligence. One of the greate 
factors in the development of our modern life b 
undoubtedly been the network of wires and cabl 
which has spread over the whole earth, making — 
almost instantaneous transmission of intelligence 2 
interchange of opinions. In the early days of ek 
trical science, the discovery of a new property of ele 
tricity was followed by attempts to utilise it for t) 
purpose. As early as 1746 there are records of the v 
of frictional electricity for the purpose, and distan? 
up to four miles were tried. In 1774, Lesage, | 
Geneva, proposed 26 wires in earthenware pipes W} 
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pairs of pith-balls at the end of each wire, which flew 
apart when the conductor of a frictional machine was 
brought near the other end of the wire. A current of 
electricity was unknown until Galvani’s discovery in 
1789, and Volta’s pile was first constructed in 1792. 
Carlisle, in 1800, found that water was decomposed by 
passing the current from a Volta pile through it, and this 
was the basis of the telegraph proposed by Sémmering in 
1809, in which 26 wires ended in 26 metallic points 
arranged in a row along the bottom of a kind of 
aquarium. By means of a lettered keyboard at the 
sending end the current could be applied to any wire, 
and a stream of bubbles caused to rise from the appro- 
priate point, each point being duly labelled with its 
appropriate letter. The magnetic effect of the electric 
current was discovered in 1819, and immediately 
replaced the previous methods in efforts to develop 
an electric telegraph ; except for the attempts to make 
a high-speed chemical telegraph, all subsequent tele- 
graph systems have employed the magnetic effect of 
the current. A great many of the fundamental inven- 
tions of telegraphy were made in the ’thirties ; the list 
includes the needle instrument of Cooke and Wheat- 
stone, the sounder of Henry, the dot-and-dash inker 
of Morse, and the use of the earth as a return by 
Steinheil. Although the needle instrument is now 
obsolete, the sounder and Morse inker are still com- 
monly employed. Many have been the devices for 
increasing the amount of traffic which ean be worked 
over a single line, either by the simultaneouS use of the 
line by a number of operators, as in the quadruplex 
and multiplex systems, or by punching the messages 
on paper tapes, which can then be fed into an auto- 
matic transmitter working at a speed ten to twenty 
times that attainable by a manual operator. In the 
most up-to-date systems, the perforation of the tape 
is done by the operators working -an ordinary type- 
writer keyboard, and the received message is printed 
in ordinary type, a single wire carrying eight messages 
simultaneously, four in either direction, at a speed of 
40 words per minute. 

The first cable was laid across the Atlantic in 1858, 
and, although in the light of our present knowledge we 
know that it could not have had a very long life, its 
failure after a few weeks of preliminary communica- 
tion was primarily due to misuse owing to the ignor- 
ance of those in charge. Although much costly experi- 
ence had been gained in the laying of cables in various 
parts of the world since this first attempt to span the 
Atlantic, the success of the second Atlantic cable, in 
1866, was largely due to the scientific ability of Kelvin 
and to his enthusiastic and untiring application to 
the project at every stage of the manufacture and 
laying of the cable. In addition to this, he not only 
designed the receiving instruments, but superintended 
their manufacture in Glasgow and their installation 
and operation. The success of the Atlantic cable was 
to a large extent a personal triumph for Lord Kelvin. 
Although numerous improvements have been made in 
the details of cable manufacture and in the transmitting 
and receiving apparatus, no outstanding change has 
been made in recent years in the methods of submarine 
telegraphy. 

Turning to another branch of electrical communica- 
tion, it is no exaggeration to say that modern business 
life has been revolutionised by the telephone, which 
will shortly celebrate its jubilee, for it was in 1876 
that Graham Bell invented the magnetic telephone 
receiver, although others, notably Reis, had been 

working at the problem since 1861. Bell showed 
his telephone in operation at the Philadelphia Centen- 
nial Exhibition in 1876, and Kelvin, who was one of the 
judges, brought one back with him and demonstrated 
it to Section A of the British Association, at its meeting 
in Glasgow in the autumn of 1876. 

A successful telephone system requires much more 
than efficient transmitters and receivers, and the 
great development which has taken place has been 
largely a matter of improvement in the design of the 
many elements that go to make up a telephone exchange. 
The modern manual central-battery exchange, in 
which one has only to lift his receiver to call the 
operator and be connected in a few seconds to any one 
of 10,000 other subscribers, is a marvel of ingenuity 
and construction. But this is now gradually being 
replaced by the greater marvel of the automatic 
system, in which the operator is eliminated and the 
Subscriber automatically makes his own connection 
to the desired subscriber. Attention should be drawn 
to two outstanding inventions in the actual transmission 
of telephony over long distances, viz., loading and 
repeaters. It was Oliver Heaviside who, in 1885, 
proposed to improve the range by increasing the 
inductance of the line. Although this revolutionary 
“suggestion fell on deaf ears for fifteen years, it ultimately 
proved to be one of the great inventions of telephony ; 
it is of special importance in underground and sub- 
marine telephone cables, the electrostatic capacity of 
which otherwise seriously limits the range. The 
other, outstanding novelty is the introduction of 
repeaters at intermediate points in long telephone lines. 


These repeaters are specialised types of low-frequency 
amplifiers; they were made commercially possible 
by the invention and perfection of the three-electrode 
thermionic valve. 
arriving at the end of a section.of line are amplified, 
and thus given a new lease of life before being passed 
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executives. On consideration of these reports, it was 
decided that the unions agree, by resolution that they 
will act jointly and unitedly in pressing the claim to a 
successfulissue. It was also agreed that a committee of 
one representative from each union, with the chairman 
(Mr. Brownlie) and the secretary (Mr. Frank Smith), be 
appointed to examine the statements made by the 
employers and report to a further conference thereon 
when further action shall be determined. The first 
meeting of the committee is to be held in London on 
the 12th inst.” 


The attenuated speech currents 


on to the new section. By using a large number of 
such repeating stations, telephonic communication 
has been established between New York and San 
Francisco. But in addition to making such long- 
distance communication possible, the use of repeaters 
enables medium distances to be bridged by relatively 
cheap lines of high attenuation. 

Turning now to radio telegraphy and telephony, one 
cannot but marvel at the rapidity of its development, 
and the inroad that it has made during the last two 
or three years on the domestic life of the whole civilised 
world. The theory of Clerk Maxwell in 1864, and the 
laboratory experiments of Hertz in 1888, found their 
first practical application in Marconi’s Italian experi- 
ments in 1895 and his demonstrations in England 
during the following year. Much of the rapid progress 
was due to his perseverance, vision, and courage in 
perfecting apparatus for short-distance work, and simul- 
taneously experimenting over long distances, and 
thus, in the year 1901, settling by actual demonstration 
across the Atlantic the vexed question as to whether 
the waves would pass around the earth over distances 
of several thousand kilometres or go off into space. 


The dispute in the building trades remains unsettled. 
A conference at the Ministry of Labour was held on 
Wednesday, under the chairmanship of Sir David 
Shackleton. There were present representatives of the 
National Allied Building Trade Employers, including 
representatives of the Liverpool Employers’ Associa- 
tion, representatives of the National Federation of 
Building Trades Operatives and representatives of the 
Liverpool Operatives. The conference was adjourned 
until yesterday. It was agreed that, in the meantime, 
a meeting should take place between the Liverpool 
employers and operatives, both sides to report to their 
respective bodies before the adjourned conference. 


, The Ministry of Labour states that during the 
first half of June there was a decline in employment, 
the Whitsuntide holidays having been extended in 
many cases. In the second half of the month there 
was a recovery, and at the end of June the number 
of workpeople unemployed was about the same as 
at the end of May. 

There was, on the whole, a further rise in wages in 
June. In the industries for which statistics are avail- 
able, the changes in the rates of wages reported resulted 
in an aggregate increase of nearly 103,000/. in the weekly 
full-time wages of 595,000 workpeople, and in an 
aggregate reduction of 11,000/. in those of over 150,000. 
There was an increase of ls. per day, or 6d. per half- 
day, in the wages of dock labourers ; seamen, firemen, 
&c., in the merchant shipping service obtained in- 
creases of 10s. or 15s. on monthly rates and 2s. 6d. 
to 3s. 3d. on weekly rates ; and the majority of shipyard 
workers in the principal shipbuilding centres received 
advances amounting to 3s. per week in the case of 
piece-workers and the higher-paid time-workers, with 
smaller amounts in the case of lower-paid time-workers. 
Other workers whose wages were increased included 
iron puddlers and millmen in the Midlands and the 
West of Scotland, and heavy chemical workers and brick 
makers in various districts. The principal groups of 
workpeople whose rates of wages were reduced included 
coal miners in Northumberland, iron ore miners in 
Cumberland, steel sheet millmen and chainmakers. 

During the first six months of 1924 the changes 
reported to the Labour Department have resulted in 
net increases equivalent to about 580,000/. in the 
weekly full-time wages of over 2,900,000 workpeople 
and in net reductions of 23,0001. in the weekly wages 
of 317,000. On July 1, the average retail prices of 
commodities was approximately 70 per cent. above 
that of July, 1914, as compared with 69 per cent. both 
a month ago and a year ago. 

The number of trade disputes involving stoppages 
of work reported to the Labour Department as beginning 
in June was 57. In addition, 35 disputes which began 
earlier were still in progress. The total number of 
workpeople involved in all disputes in June was 
approximately 50,000 as compared with 36,000 in 
the previous month. The estimated aggregate duration 
of all disputes during June was about 356,000 working 
days as compared with 398,000 during May. 


INDUSTRIAL NOTES. 


A cia submitted by the Boilermakers’ Society to 
the London, Midland and Scottish Railway for the 
restoration of extra payments to the charge hands and 
boiler examiners in some of the company’s running 
sheds was decided upon on Monday by the Industrial 
Court. The Boilermakers’ Society claimed that 
previous to the Award No. 728, an allowance of 4s. per 
week was paid to the charge hand boilermaker at 
Newton Heath, and allowances of 2s. per week to the 
boiler examiners in some sheds, but after the award 
the allowances were reduced, in the case of the charge 
hand, and withdrawn in that of the examiners. The 
company replied that in the case of the charge hand 
the allowance was adjusted on the analogy of Award 
No. 826 dealing with charge hand fitters in running 
sheds, and that the work of the examiners had been re- 
organised prior to the issue of Award No. 728. The 
Industrial Court decided that a case had not been made 
out for interfering with the present rate of the leading 
hand, and, as regards the boiler examiners, it found that, 
as the work for which an allowance was paid previously 
to them was not now being performed by them, the 
claim had not been established. 


A special Tribunal, under the presidency of Sir 
William Mackenzie, formed to consider an application 
from tramway workers for higher wages, concluded its 
sittings in London last Friday. The decision arrived 
at, on the employers declaring their inability to pay 
more, and in view of the undesirability of raising the 
fares, was to recommend to the National Industrial 
Council the suspension of the notice for improved wages 
conditions for a period of three months, during which 
period the present rates of pay are to continue, thus 
giving the Tribunal time to arrive at a settlement. 


With reference to our note on page 141 ante, a 
statement was issued last Friday by Mr. W. J. Webb, 
secretary of the trade union side of No. 10 Area Council, 
saying that the trade union side of No. 10 Council, 
Greater London Area, for the electricity supply industry 
(comprising the Electrical Trades Union, the Amalga- 
mated Engineering Union, the Workers’ Union, the 
National Union of Enginemen, Firemen, and Electrical 
Workers, and the National Union of General and 
Municipal Workers), had been informed of the decision 
come to at the meeting of the executive councils of the 
unions which are parties to the National Joint Industrial 
Council for the electricity supply industry in respect of 
the national claim for a 10s. per week advance to 
workers employed in electricity undertakings; they 
had notified the employers’ side of No. 10 Council that 
they were supporting the decision of the executive 
councils, and that unless a satisfactory settlement in 
respect of this claim were arrived at by August 15, all 
the workpeople employed in electricity undertakings in 
the Greater London area, including tramways and 
railways, would be instructed to cease work. 

The conference of the unions connected with the 
engineering trades took place on July 31, as announced 
in our issue of July 25. The following statement, 
issued at the close by Mr. J. T. Brownlie, president, and 
Mr. Frank Smith, secretary, explains the present 
position :—‘‘ Representatives of the 41 unions con- 
cerned in the application for an advance in wages of 
20s. per week, as made to the Engineering and Allied 
Employers’ Federation, met. in conference at the 
St. Pancras Hotel, to receive the reports of the respective 


Speaking at the thirty-third annual general meeting 
of Messrs. Furness, Withy and Co., Limited, the 
chairman, Sir Frederick W. Lewis, Bart., referred to 
foreign competition in the matter of coal, steel, &c., 
and instanced various recent contracts which had been 
lost to this country. The chief factor, he said, was 
the cost of labour, and in reckoning the cost of labour, 
regard had to be had to the number of hours worked 
and the amount of work produced; this, he added, 
was the crux of the whole situation. At the leading 
Continental ports, dockers’ wages were, on the average, 
about 40 per cent. less than those prevailing in United 
Kingdom ports, and the total cost of delivering a cargo 
at the Continental ports averaged about 38 per cent. 
less than at the principal British ports. The average 
of seamen’s wages on the Continent, 7.e., averaged 
over the whole of our Continental competitors, was 
about 30 per cent. less than those paid to British 
seamen. On top of these disparities this country had 
to bear greater internal costs in rates and taxes. 
Sir Frederick expressed his satisfaction at the decision 
taken by Government to appoint a committee to 
enquire into these matters; he hoped it would be 
possible to evolve some satisfactory scheme for reducing 
the cost of living and the cost of labour, the effect of 
which, he felt sure, would be a speedy revival in our 
foreign trade, 
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THE CABLE-LAYING AND REPAIRING STEAMER “EDOUARD SUENSON.” 


CONSTRUCTED AT 


THE 


ROYAL DANISH DOCKYARD, COPENHAGEN, DENMARK, 


THE CABLE-LAYING AND REPAIRING 
STEAMER “EDOUARD SUENSON.” 


For cable laying a steamer must be constructed 
so that she can carry heavy loads of cable and the 
gear for its handling, and in addition must have large 
bunker accommodation and water tanks as she must 
remain at sea for long periods. These conditions make 
the design different from that of other vessels, but the 
additional loads may be so distributed as to remove 
the necessity for excessive strength in any section. 
In the illustration above is shown the cable ship 
Edouard Suenson, a vessel in which the load distri- 
bution throughout the length has been very well 
thought out. She was built for the Great Northern 
Telegraph Company of Denmark at the Royal Danish 
Dockyard (Orlogveerftet), Copenhagen, under special 
survey by Lloyd’s Register, and classified 100 A1, for the 
type of vessel, with awning deck and freeboard. Pro- 
vision had to be made for the carrying of 700 tons of 
cable, 100 tons of cable gear and operating engines, 
280 tons of liquid fuel or coal and fresh water for at 
least 30 days, as the vessel is intended for service in 
the Baltic, the North Sea and the North Atlantic Ocean. 

The Edouard Suenson is a steel vessel of 1,552 tons 
gross, with an awning deck, and propelled by an engine 
of 1,100 h.p. through a single screw. Her stern is of 
the cruiser type. The rudder post, the stern post and 
the lower part of the stem are somewhat stronger 
than is customary in this class of ship and are all 
made of cast steel. To the flat keel of the vessel there 
is riveted a false one made up of steel sections. A 
constderable amount of flare is noticeable at the bow 
(see Fig. 1), which is necessary in order to obtain a 
good working platform at the fore part of the awning 
deck. The stern, which carries two bow sheaves, the 
forepart of the vessel generally, and the plating above 
and below the waterline, where there is a cable tank, 
which carries approximately 300 tons of cable, are all 
made of substantial dimensions, not only to satisfy 
the load requirements but to resist wear from the cables 
and possible injury from ice. Bilge keels are fitted 
amidship, and there is a system of chafing bars provided 
in the forepart from the keel to the water line. The 
hull is. subdivided by transverse bulkheads into seven 
watertight compartments. A double bottom of 
cellular construction extends the whole length of the 
ship except under the boilers. Fore and aft peak 
tanks are provided for use in trimming. The after one 
has a capacity of 78 tons while the fore one has accom- 
modation for 19-4 tons and beside it is situated a 
deep bottom tank which holds 79 tons, 


AER wl 


The hull and machinery of the vessel, excepting 
the cable gear and the auxiliaries, were constructed 
by the Royal Danish Dockyard. In Fig. 1 an illus- 
tration is given of the ship at sea from which her lines 
may be appreciated. The sectional elevation in 
Fig. 2 on Plate XVIII, and the deck and hold plans 
in Figs. 3 to 5, afford information on the lay-out of 
the machinery, cable tanks and bunkers, as well as 
the accommodation for the officers and crew. The 
principal dimensions are :— 


Metres. Ft. 

Length between perpendiculars .. 71:5 (234-6) 
Breadth moulded 2 Ye ee) LOA (Sori) 
Depth moulded up to awning deck .... 7-36 (24-14) 
Depth moulded up to main deck ... 5:11 (16:76) 
Draught loaded .... e) Mis -. 4:83 (15-85) 
Displacement at loaded draught in sea- 

water of 1-015 density .... 2,520 tons. 


The speeds specified to the constructors were 10 knots 
as the normal and 11 knots as the maximum, which 
the vessel was expected to maintain for several days. 
On the trials, with the ship nearly fully loaded, a 
maximum speed of 11-5 knots was obtained with an 
indicated horse power of 1170. During the trials 
the ship fulfilled the requirements of the owners, and 
her first voyage was made in heavy weather in the 
North Sea when her seagoing qualities were well 
demonstrated. 

The captain’s accommodation, consisting of a saloon 
and sleeping cabin, is beside the radio room and the 
chart room on the midship deck. A large test room is 
provided immediately below in the deckhouse, beside 
which there is accommodation for the chief electrician. 
The position of the test room is well suited to effective 
oversight of the cable work which is done on the 
fore deck. In the after deckhouse there are three 
cabins for use of the six quartermasters and separate 
mess rooms for them, for the stokers and for seamen 
and cable hands as well as a carpenter’s workshop. 
On the main deck amidship are situated the dining 
saloon and the officers’ mess with adjacent pantry, 
and cabins for the chief engineer, officers, engineers 
and assistant electricians. There are also four cabins 
for passengers. All these rooms are effectively venti- 
lated and well furnished. Additional accommodation 
for the crew is provided forward and aft on this deck. 
There are four lifeboats of 22 ft. length, a 24 ft. 8 in. 
motor boat and a dinghy provided, for which davits 
are available on the boat deck. The motor boat is 
built of oak and has an 8-h.p. Hera engine, Mills’s 
release gear is used for all these boats, 


Three cable tanks are provided on the vessel, the 
fore one of which is of 7-2 metres (23-6 ft.) diameter, 
the main one is larger, being of 8-3 metres (27-2 ft.) 
diameter, while the aft one is of 7-5 metres (24-6 ft.) 
diameter. In all, these three tanks have a capacity 
to the tops of the cones of 16,000 cub. ft., and can 
store 700 tons of cable. ‘The fore and the main tanks 
rest upon the top of the inner bottom plating, and 
are carried up to the level of the main deck, but the 
after tank is put on the top of the shaft tunnel and 
carried up to the awning deck. The cable hatches 
are provided with girders carrying bell-mouths. Hach 
tank is provided with a crinoline and has a centre 
cone in which fresh water is stored. Immediately 
forward of the after tank is the engine room in which 
the main engines are accommodated. The cable engines 
are erected forward on the main deck and their con- 
struction will be referred to later in this article. 

Drawings of the main engine are reproduced in 
Figs. 6, 7 and 8 on Plate XVIII. The engine is a simple 


triple-expansion one, with the cranks set at 120 an 


The cylinder dimensions are: H.P., 430 mm. (16-9 in. 


) 
I.P., 720 mm. (28-4in.) and L.P., 1,160 mm. (45-6 in.), | 


and the stroke is 800 mm. (36-6in.). When the engine 
is running at 120 r.p.m., with the steam supplied from 
the boilers at a pressure of 13 kg. per square centimetre 
(185 lb. per square inch), and with the superheat 
obtained from the Schmidt superheater, 1,100 i.h.p. 
is generated. The construction of the engine is 
clearly shown in the illustrations. The cylinders are 
erected on cast columns, which also carry the crosshead 
guides, at the back and on tubular steel pillars at the 
front. 
Stephenson gear is fitted with the usual weigh shaft 
and weigh bar for the adjustment of the individual 
link systems to suit any desired condition of distribu- 
tion of power between the cylinders when running 
ahead and yet giving the standard power relationship 
when running reversed. For reversal a simple worm 
and worm wheel, operated by hand, serve to give the 
requisite turning of the weigh shaft. Piston valves are 
fitted to the H.P. and I.P. cylinders, but a balanced 


flat valve is used for the L.P. and is provided with a | 


balance piston above to relieve the operating link ~ 
motion of the weight of the valve and its rod. In 
Fig. 9 the setting of the cranks and the time of opening | 


to steam and exhaust of the three valves when running | 


under normal conditions is clearly indicated. From 


the crosshead of the H.P. cylinder motion is taken by | 


levers to operate the air pump and two bilge pumps. — 
These with the main condenser are mounted on the | 


engine frame, The thrust block is of the Michell | 


The crosshead guide is of the closed type. — 
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THE “RAILODOK” ELECTRIC PASSENGER 
CAR. 


AttHoucH for some years a popular method of 
moving materials in engineering shops, railway stations, 
&c., the electric truck, operating from storage batteries, 
appears to have been employed for the first time for 
extensive passenger transport in connection with the 
British Empire Exhibition. A constant service is 
maintained around the grounds by means of a fleet of 
cars numbering some two hundred. Hach is con- 
structed with a standard iron frame on which wooden 
boards are mounted to form a flooring, the whole being 
carried on two axles. At one end of the bed frame'a 
vertical iron-supported panel carries the electrical 
control gear, the arrangement being due to Messrs. 
G. D. Peters and Co., Limited. Between the axles, 
underneath the flooring, 21 D.P. Kathanode batteries of 
the T.R.15 type, specially designed for use with electric 
vehicles by the D.P. Battery Company, of Bakewell, 
are mounted on the car. These have a capacity of 
168 ampere-hours at the five-hour rate and supply 
current to a 3-h.p. motor, supplied by Messrs. 
Drake and Gorham, Limited. The motor operates 
through a gear, having a four-to-one ratio, to the 
wheels, which are of cast-iron and have solid rubber 
tyres. The frame of the car has mounted upon it a 
body having seating accommodation for 12 pas- 
sengers, and is equipped with a canopy affording head 
cover to both passengers and driver. The latter’s 
seat is affixed to a pillar carried on a floor extension 
projecting in front of the control panel, while a folding 
step runs the length of the vehicle, operated by a lever 
onthe panel. The object of this is to secure a minimum 
travelling breadth. The driver’s seat on all “ Railodoks” 
is hinged and sprung, and so mechanically and electri- 
cally interlocked with the brake and _ controller 
that immediately the driver’s weight is removed 
the brake is automatically applied and the current 
cut off. 

The charging equipment for the car batteries is 
interesting. . The electricity supply available is direct- 
current, three-wire, 440 volts between outers taken 
from the local power station in the Exhibition, while 
the voltage required for each of the vehicle batteries 
is approximately 55. It is necessary that any 
number of batteries from one to one hundred should be 
able to be charged at the same time. ‘To enable this to 
be done, three copper conductors corresponding to the 
two outers and neutral of the supply are carried over- 
head down the centre of the charging garage. Between 
the outer and neutral on each side of the system three 
additional copper conductors of smaller section are laid, 
and a five-wire balancer introduced on each side of 
the neutral to take care of the out-of-balance 
current. 

For the purpose of regulating the current supplied to 
individual vehicles, charging panels are provided and 
connected to the appropriate conductors, each being 
fitted with an ammeter, iron-clad switch fuse, regula- 
ting switch and resistance, and an indicating lamp of 
distinctive colour. These colours are arranged so 
that each corresponds to one group of vehicles, and, 
as all the charging panels are placed along an overhead 
gallery, the attendant can, by glancing along the row 
of panels, ascertain which of his charging circuits 
are operating and how many vehicles are on each. 
Any difference in the total current taken by the 
Kathanode batteries connected between the same pair 
of leads as compared with the amount required by 
those between any other pair is dealt with by the 
balancers previously mentioned, care being taken to 
keep this out-of-balance current as small as possible 
by placing the vehicles, as they come in, in the most 
suitable position, having regard to the state of the 
particular battery and the charging current required. 
As the balancers have a capacity which is greater than 
the normal charging current of a single battery, it is 
possible to charge simultaneously any number of 
vehicles, from one to the full number with which the 
plant is capable of dealing. The current is led from 
the charging panels to the vehicles by special insulated 
flexible leads fitted with charging plugs suspended from 
the garage roof immediately over positions taken up by 
the cars, so that they can be put on charge quickly. 
During the period when the Exhibition is closed the 
trucks are put on charge in two relays and the batteries 
fully charged. By day, while the services are running, 
the trucks return to the garage in batches and receive 
“boost charges” at intervals, which are made to 
correspond as far as possible with the periods of 
minimum traffic demand. During the boost charging 
the rate is several times higher than normal, and the 
lead battery used is capable of withstanding this 
treatment. The Kathanode batteries used are also 
fitted on the electric locomotive in the Coal Mine, on 
a Giant electric truck, and on a normal-gauge locomo- 
tive in the Palace of Engineering. These T.R. 15 
batteries under discussion are on view separately at 
the Exhibition on the stand of Messrs. D.P. Battery 
Co,, Limited, in the Palace of Engineering. ; 


LETTERS TO THE EDITOR. 


SYDNEY HARBOUR BRIDGE. 
To Tuk Eprror or ENGINEERING. 

Srmr,—I have read with much interest your article 
on the designs for this bridge, and although as an 
engineer I cannot criticise, from an engineering point 
of view, designs put forward by members of our 
profession, vet I feel quite at liberty as a member of 
the public to give my views on the esthetic side. 

In the first place, let me say I am in accord with 
the writer of the article when he says in effect that 
there is, or may be, a profound difference between a 
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structure which (1) is obviously artistic, z.e., pleasing 
to the generality of educated people, and (2) one which 
is “functionally” artistic, 7.e., beautiful only to 
those who are specially educated to view each part 
as essential to the stability of the whole. It is un- 
fortunate that in a monumental work such as the 
bridge in question the site cannot be chosen to suit 
the bridge and not the bridge the site, as all the designs 
bear evidence of being cramped for space, and except 
Nos. 13 and 14, have a truncated appearance, and these 
two are so entirely on the side of “‘ functional ’’ art 
that they cannot be criticised except on expert 
engineering lines. 

There is no doubt the arch (whether circular, 
eliptical or parabolic) is less severe in appearance 
than the straight line, and probably pleases the 
greater number, but we have numbers of ancient 
temples and our own Britannia bridge showing what 
can be done without the arch. Unless the arch can 
be supported by piers of substantial dimensions 
which are really assisting to support the work, it 
ceases to belong to category (1) and must be treated 
as coming under category (2), and in so doing may 
miss the essential esthetic features of both. 

Owing to my being merely one of the general public 
in this matter, I am without full details of the factors 
to be taken into consideration, but if the additional 
expense of arranging suitable curves of approach on 
the northern side is not great in comparison with 
the total expenditure, I venture to suggest a far more 
pleasing appearance would be obtained somewhat on 
the lines of the enclosed sketch, in which full advantage 
is taken of the arched form without introducing the 
“hybrid ” appearance caused by mixing arched girders 
with horizontal approach girders and masses of 
masonry. 

I have, &c., 
J. A. Sanger, M.Inst.C.E. 
Northwich, Cheshire, August 4, 1924. 


PULVERISED COAL. 
To tHE Eprror or ENGINEERING. 

Sir,—In the eighteen-twenties George Stephenson 
proposed making a steam locomotive to draw pas- 
senger carriages at a speed of 12 miles per hour. 
Contemporary records indicate the amount of ridicule 
poured upon this innovation by many “ Eminent 
Engineers ”’ of the day, one of whom hoped “that 
he might not be confounded with those hot-brained 
enthusiasts who maintained the possibility of carriages 
being driven by a steam engine on a railway at such 
a speed as 12 miles per hour.” The “ Rocket” 
subsequently developed a speed of 29 miles per hour. 

Stubborn ridicule is just as prevalent to-day as it 
was 100 years ago, and I personally experienced 
just such a deprecatory remark at the World Power 
Conference, a remark made by, I am thankful to say, 
an “Eminent British Engineer.” The continued 
correspondence in the technical press about the 
“ash fallacy’? in connection with the burning of 
pulverised fuel under steam boilers is, in my opinion, 
only wasting valuable space, for the vicious circle is 
making its appearance. 

Just as the “ Rocket’ eclipsed the critics of its 
day, to such an end the plant increase of 5,000,000 
tons capacity per annum of pulverised fuel during 
the past year or so, the outstanding bids for perhaps 
2,000,000/. worth of further plant in America, the 
orders now placed for several stations in Great Britain 
and the unpreventable introduction of this ‘‘inno- 
vation ” into the iron and steel industries, will prove 
to be self-evident confirmation of the claims reasonably 


put forward for the burning of fuel in pulverised 
form. 
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That progress in Great Britain in this direction 
cannot be stifled is plain when one considers that 
two of our engineering “Household names” are — 
irretrievably committed to the courage of their con- 
victions, else would they not have undertaken this 
doubtful process. I refer to Messrs. Vickers Limited, 
and to Messrs. Babcock and Wilcox, Limited. More- 
over, progress in this direction and in the causefof 
general fuel economy is now likely to grow apace 
for, to use a Cabinet Minister’s recent expression, 
the ‘“‘ wily politician ” is likely to lend a hand. 

If the ‘‘ash”’ from a boiler stack when pulverised 
coal is used is bound to be a general nuisance then 
one might reasonably ask why the Hammersmith ~ 
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plant has not been shut down? That a stoker-fired 
boiler plant can be a very decided nuisance in the 
discharge of grit from the boiler stack is on evidence 
in the injunction obtained of recent years against 
one of the London Borough Councils. No, Sir, con- 
scientious advocates of the use of pulverised fuel 
have sufficient consolation in the fact that time alone 
can be the means of either converting or eliminating 
the obstructionist disbeliever, for this has been the 
experience through all the ages. 
I am, Sir, Yours faithfully, 
Lronarp Harvey. 
28, Victoria-street, Westminster, S.W. 1. 
July 31, 1924. 


Maximum PorTeNTIAL GRADIENTS: ErRratom.—tIin 
Major A. M. Taylor’s letter on this subject published in 
our issue of July 25 last, on page 142, the diameter ot the 
cable over the lead given near the bottom of the middle 
column as 5fin., should have been stated as 4Zin. The 
error, however, is fairly obvious, since the diameter under 
the lead is correctly given as 43 in. 


PrRsonaut.—Mr. John Horne, A.M.I.E.E., who was 
for many years with the Metropolitan Vickers Electrical 
Export Company Limited, and the British Westinghouse 
Company Export Department. London, and latterly | 
with the Westinghouse Electrical International Company, 
has now joined Messrs. Johnson and Phillips, Limited, as 
export sales engineer. His headquarters are at 12, 
Union-court, Old Broad-street, E.C.2.—On August 1 
the Cardiff office of the Brush Electrical Engineering 
Company Limited, Loughborough, was transferred to 
22, Dumfries-place, Cardiff. The telegraphic address 
(‘‘ Falcon,” Cardiff), and telephone number (3464 
Cardiff) remain unchanged. 


NETHERLANDS PRIZE COMPETITION FOR BRIDGE PLANS. 
—The municipality of Rotterdam have announced their 
intention to hold an international prize competition for 
plans for the reconstruction of the Koninginne Bridge, 
which spans the narrower of the two branches of the 
Maas River encircling Noorder Hiland in the city of 
Rotterdam. It should be noted that the competition 
is in no sense a call for tenders for the construction of 
anew bridge, but is instituted for the purpose of obtaining 
plans which could be utilised for the purpose of con- 
structing a bridge. The first prize offered amounts to 
the sum of 10,000 guilders. British firms’ plans may 
be drawn up in English. United Kingdom firms inter- 
ested may apply by letter to the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W.1 (Reference 
A.X. 1169), for a loan of the documents, which are in 
Dutch, and which will be lent in order of application. 


Contracts.—The Vickers Spearing Boiler Company, 
Limited, of 20, Kingsway, W.C.2, have this week been 
successful in securing a large contract with the St. 
Pancras Borough Council for a complete boiler houce 
plant, including pulverised fuel plant equipment for 
their electricity works.—We are informed that the D.P. 
Battery Company, Limited. of Bakewell, Derbyshire, 
have secured a contract for the supply of two batteries 
for the telephone exchanges at Gloucester and Newport 
the capacity in both cases being 4,993 ampere-hours at 
the 9-hour rate. Provision will be made so that the 
capacity of these batteries may he increased to 9,986 
ampere hours and 8,812 ampere-hours respectively.— 
The London Midland and Scottish Railway Company 
have issued a list of the machinery orders they have 
placed with British firms between February 18 and 
June 30 this year. These orders amount in value to 
120,089/., and include a concrete mixing machine, a 
petrol-driven compressor plant, a large variety of machine 
tools, gas works plant, electric machines, &c.—The 
Power-Gas Corporation, Limited, Stockton-on-Tees, state 
that they have recently booked four contracts for three 
waste heat boilers for the Synthetic Ammonia and 
Nitrates Limited, Billingham; a coke gas producer 
plant for the same company ; a coal gas retort generator 
plant with direct by-product recovery for the Yokohama 
Gas Works ; and a complete gas power plant for Rhodesia. 


SHEFFIELD, Wednesday. 

Tron and Steel.—The present industrial position all 
round continues to show weak features, with outputs 
substantially below those of four or five months 
ago. Manufacturers are hoping that the removal of 
the holiday influence will induce fresh interest in 
buying, and that efforts made over a long period 
to attract home and overseas consumers into the 
market will at least prove partially successful. Mean- 
while evidence is afforded of the difficulties with 
which trade organisers are faced in their efforts to carry 
on. The closing down of steelworks at Bolton run by a 
Sheffield concern, and the intention of an old-established 
firm of tool makers to develop a business which they have 
purchased in Vancouver so that they may have an 
alternative base from which to operate should manu- 
facturing conditions in this country become prohibitive, 
are disturbing signs of the times. The unequal operation 
of tariff policies also causes a good deal of anxiety. 
Business with British makers of automobiles, though 
still one of the most active sections of local industry, 
has declined some 30 per cent. to 40 per cent, since the 
Government decided to abolish the McKenna duties. 
A further blow at the special steel trade is aimed by 
the proposal of the French Government to revise its 
classification of tariffs. One of the most serious features 
of this contemplated revision is the suggestion that the 
duties on alloy steels shall be paid in gold, and not, as 
hitherto, in francs. This would mean an increase of 
approximately 200 per cent. in the case of mining 
machinery, spring steel, and fine tool steel, and so far 
as Sheffield’s connection is concerned, would virtually 
put an end to business with French buyers. Movement 
in the heavy steel and engineering sections is still greatly 
restricted. Rolling mills are only operating intermit- 
tently on hand-to-mouth orders. An improvement in 
shipbuilding requirements is reflected in the conditions 
prevailing at the steel foundries, but production in the 
mainis much below the capacity of the big plants. Tool 
makers are doing rather better. Producers of hack-saws, 
by paying special attention to quality, are making 
headway against American competition. 


South Yorkshire Coal Trade.—While no further change 
of importance has been made in official quotations, the 
gross demand is anything but robust. Collieries are 
well able to meet requirements from outputs restricted 
by short time working. Business in the export of hard 
steams continues satisfactory, while the home demand 
inclines to be sluggish. Cobbles and nuts are a shade 
firmer than a fortnight ago, while there is a moderate 
market for best quality slacks. Gas coke is more active 
but furnace and foundry sorts are distinctly dull. 
Business in best quality housecoal has slightly im- 
proved. Quotations :—Best branch handpicked, 32s. 
to 33s. ; Barnsley best Silkstone, 26s. to 28s. ; Derbyshire 
best brights, 25s. to 27s. ; Derbyshire best house, 23s. 
to 25s. ; Derbyshire best large nuts, 21s. to 25s. : Derby- 
shire best small nuts, 15s. to 17s. Sd. ; Yorkshire hards, 
21s. 6d. to 22s. 6d.; Derbyshire hards, 21s. to 23s.; 
Rough slacks, 12s. 6d. to 15s. 6d.; Nutty slacks, 12s. 
to 14s. ; Smalls, 8s. to 102. 


Murray River Bripce Trenpers.—It is intimated 
that the New South Wales Department of Public Works 
have invited tenders for the manufacture, supply and 
delivery of metal work for one steel lift span, four steel 
truss spans, and steel superstructure for nine approach 
spans, for a bridge over the Murray River. United 
Kingdom firms in a position to supply British materials 
can obtain further particulars of this enquiry on appli- 
cation to the Department of Overseas Trade, 35, Old 
Queen-street, London, §.W.1, quoting reference A.X. 
1175. 


Watkato ELecrric Power ScHEME.—A specification, 
with drawings, dealing with section 52, Spillway Regu- 
lating Gates at Wellington, New Zealand, for which the 
Public Works Department is inviting tenders, has been 
forwarded to the Department of Overseas Trade, 35, Old 
Queen-street, London, 8.W.1, where copies may be had 
on loan, or be examined, by any British firms interested. 
The work consists in the supply and delivery of the whole 
of the metal work and operating mechanism, together 
with complete working drawings, for regulating gates 
of a spillway weir about to be built. Tenders will 
close on September 23, 1924. 


CavatLa Harsour ADJuDICATION.—It is announced 
by the President of the Cavalla Harbour Committee that 
an international tender will be invited for the con- 
struction of works according to specifications drawn up 
by the engineer, Mr. A. Ghinis. The estimated cost is 
76 millions of drachmas (290,0001.). The adjudication 
will take place in the offices of the Harbour Committee, 
Cavalla, Greece, at 11 a.m. on December 1, 1924, and 
sealed tenders must be submitted by that date, accom- 
panied by a certificate of the contractor’s ability to 
carry out such works, this certificate to be signed by the 
Chamber of Commerce and the consular authorities, 
respectively. The guarantee deposit is Drs. 600,000 
(2,3001.), and this deposit will be returned within three 
days of the decision to unsuccessful competitors, In 
the event of equal tenders, decision will be made by lot 
drawing. The carrying out of the works will be under 
the supervision of the Harbour Executive Committee, 
with whom the contractor will negotiate. The decision 
of the Harbour Committee must be ratified by the 
Ministry of Communications. Full details of require- 
ments can be seen at the offices of the Harbour Com- 
mission, Cavalla, and also at the Municipal Offices and 
Chambers of Commerce at Athens and Salonica, 
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FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIppLEsBRouGH, Wednesday. 

The Cleveland Iron U'rade.—Cleveland pig iron stocks 
at makers’ works are rather large, but, though customers 
are not taking out full supplies, the accumulations are 
stated to be very well sold. At the same time production 
is now more than sufficient for current needs, and conse- 
quently some apprehension is felt as regards the future. 
Home sales are on only a moderate scale, and export 
markets are closed to this district by the comparatively 
cheap Continental iron offered to customers abroad. 
Quotations continue to follow a downward course. 
No. lis 90s.; No. 3 g.m.b., 858. No. 4 foundry, 84s. ; 
and No. 4 forge, 83s. 


Hematite.—The statistical position in the East Coast 
hematite branch is unsatisfactory. Stocks are heavy 
and are steadily increasing. Foreign competition cannot 
be met. French hematite is reported selling abroad 
to firms that used to draw considerable supplies from 
this district at about 10s. per ton below figures at which 
makers here can offer iron. Prospects are very dis- 
couraging. Whilst producers are reluctant to follow 
fall in values further drop is threatened. Nos. 1, 2 
and 3 are weak at 94s.; and No. 1 is put at 6d. above 
mixed numbers. 


Foreign Ore.—Imported ore is extremely slow of sale, 
and it is difficult to ascertain on what terms contracts 
might be arranged. Sellers still base market quotations 
on best rubio at 23s. c.if. Tees. 


Blast Furnace Coke.—Durham blast Furnace coke prices 
are easy. Good medium qualities are offered freely at 
26s. 6d. delivered to local users. 


Manufactured Iron and Steel.—Steel makers are 
running at full capacity, and are so heavily booked 
that they hesitate to negotiate for further deliveries 
this year. The export price for galvanised corrugated 
sheets (24 in. gauge), in bundles, is now fully. 187. 10s. 
Some firms are fairly busy on shipyard specifications, 
and a few orders for steel rails are reported, but in 
most other branches manufacturers are getting well 
through work on hand, and they experience considerable 
difficulty in securing orders to follow on fast expiring 
contracts. Export prices vary a good deal, but the fol- 
lowing rates are still named for home business ; Common 
iron bars, 12/7. 10s.; iron rivets, 141. 5s. ; packing 
(parallel), 92.; packing (tapered), 12/.; steel billets 
(soft), 82. 10s.; steel billets (medium), 9/.; steel billets 
(hard), 92. 10s.; steel boiler plates, 137. 10s.; steel 
ship, bridge and tank plates, 10/. 5s. ; steel angles, 10/. ; 
steel joists, 10/.; heavy steel rails, 9/.; and fish plates, 
13i. 


Shipments of Iron and Steel—oOfficial returns give 
the July shipments of iron and steel from the Tees 
ports at 73,686 tons, 32,524 tons being pig iron, 1,737 
tons manufactured iron, and 39,425 tons steel. Of the 
pig iron shipped 20,161 tons went abroad, and 12,363 
tons went coastwise. Of the manufactured iron loaded 
945 tons went overseas, and 792 tons coastwise, and 
of the steel despatched 31,580 tons went to foreign 
destinations, and 7,845 tons coastwise. Scotland with 
an import of 9,061 tons was the largest customer for 
pig iron, and among the other principal receivers were 
Belgium, 5,705 tons; Italy, 3,491 tons; France, 2,519 
tons; Germany, 1,975 tons; and Denmark, 1,795 tons. 
Hong Kong was the biggest buyers of manufactured iron, 
taking 325 tons. India was, as usual, the heaviest 
purchaser of steel, receiving 9,287 tons; whilst Hong 
Kong imported 2,972 tons; Japan, 2,367 tons; New 
South Wales, 2,039 tons; Victoria, 2,034 tons; the 
Argentine, 1,709 tons; Natal, 1,545 tons; Egypt, 
1449 tons; and Kenya, 1,300 tons. 
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NOTES FROM THE NORTH. 
Giascow, Wednesday. 

Scottish Steel Trade.—The state of the steel trade in 
Scotland at the present moment is not encouraging, 
and the outlook is far from satisfactory. The delay in 
re-opening a number of the works after the holidays 
would seem to he justified because of the poor demand 
on the part of buyers. There have been few contracts 
placed during the past few weeks, and inquiries even 
have become scarcer. Specifications from shipbuilders 
are not as good as they were expected to be at this 
time, and although an improved demand was con- 
sidered a certainty by the close of the holidays there 
are few indications of this yet. A change for the better 
may take place in the near future, but general conditions 
do not meantime point to this much-wanted improve- 
ment in business. The brightest side of the industry 
is still black and galvanised sheets for which there are 
again good inquiries in the market. Delivery before 
the closing months of this year can scarcely be promised 
by any of the makers so well are they booked forward. 
The price also shows a hardening tendency and galvanised 
sorts have already beenrising. The following are to-day’s 
market quotations :—Boiler plates, 13/. 10s. per ton ; 
ship plates, 107. 5s. per ton; sections, 10/. per ton; and 
sheets # in. to }in., 12/. 10s. per ton, all d/d. Glasgow 
stations. 


Scottish Pig-iron Trade.—A dull tone is general in the 
Scottish pig-iron trade, and foundry grades in particular 
are very quiet, but a few inquiries are in circulation. 
The actual demand is extremely poor and there is not 
much sign of any buying movement yet. Hematite 
iron is just moving slowly and there is only a limited 
demand. Prices continue weak and the following 
may be taken as to-day’s quotations ;—Hematite, 
4], 16s. 3d. per ton, d/d at the steel works; foundry 


Malleable Iron Trade.—No change of any kind has 
taken place in the West of Scotland malleable iron trade 
during the week and the outlook is still very uncertain. 
There seems to be little disposition on the part of buyers 
to come into the market and inquiries are also of a very 
meagre description. Quotations are being maintained, 
and ‘‘Crown”’ bars are called 127. 10s. per ton, d/d. 
Glasgow stations. 


Shipments of Scottish Pig-Iron.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 2, amounted to 635 tons. 
Of the total, only 190 tons went overseas and the major 
portion of 445 tons went coastwise. For the correspond- 
ing week of last year 1,312 tons went overseas and 138 
tons coastwise, making a tota] shipment of 1,450 tons. 


Shipbuilding.—The shipbuilding returns for the past 
month are rather below the average monthly output for 
the other six months of the year, and, with the exception 
of last year, are under the average July figures since the 
war. This is somewhat disappointing, when it was 
thought that the industry was gradually improving. 
The following is the output of new tonnage from the 
various districts in Scotland for the month of July :— 


Vessels. Tons. 

The Clyde ... Foe ae Ape 15 27,835 

The Forth ... hae Boe aa 1 2,775 

The Tay <2: sar Eee 3 2,900 
The Dee and Moray Firth — = 

Total ... Ae ane 19 33,510 


While the Clyde figures are the second lowest monthly 
output this year, they help to bring up the year’s total 
to 133 vessels of 282,202 tons, which is the highest 
tonnage for the first seven months of any year since 1920. 
This in itself is satisfactory, and is always tending in the 
right direction. On the other hand, the number of new 
contracts placed during the past month has not been at 
all satisfactory, and less than half a dozen have been 
reported. Labour troubles in the industry are smoothing 
themselves out and this may have some influence upon 
the placing of fresh orders, but a speeding up in the giving 
out of new contracts would be most acceptable. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—With work in the South Wales 
coalfield and the docks at a standstill for half the week 
because of the intervention of the August Bank Holiday 
the Cardiff Coal and Shipping Exchange was also closed 
and new business was virtually at a standstill. It is, 
however, hoped that the loss in production occasioned 
by the holidays would have a steadying effect on prices 
which generally were on the basis of 28s. to 28s. 6d. 
for best Admiralty large, 23s. 6d. to 27s, for Monmouth- 
shires, 25s, to 27s. for drys, 50s. to 52s. 6d. for Big Vein 
large anthracite, 57s, 6d. to 60s. for French anthracite 
nuts, and 12s. to 17s. for steam smalls, according to 
quality. Exports of coal as cargo last week amounted 
to 467,590 tons compared with 487,290 tons in the 
previous week. Shipments from Cardiff totalled 289,640 
tons against 314,230 tons, from Newport 87,230 tons 
against 66,660 tons, from Swansea 61,870 tons against 
46,130 tons, from Port Talbot 24,210 tons against 
54,570 tons and from Llanelly 4,630 tons against 5,700 
tons. Exports to France amounted to 175,170 tons 
against 162,460 tons, to Italy 44,910 tons against 
100,330 tons, to South America 95,820 tons against 
70,530 tons, to Spain 28,980 tons against 36,020 tons, 
and to Portugal 36,190 tons against 14,620 tons. 


Big Anthracite Combine.—There is good reason for 
stating that a movement is on foot for an amalgamation 
of the present two big anthracite combines together 
with two of the largest independent companies. _ At the 
moment the scheme is in an initial stage and details 
have not leaked out. The two public combines are 
the Amalgamated Anthracite Collieries, Limited, with 
an issued capital of 1,789,507/., of which Sir Alfred Mond, 
Bart., is chairman, and the United Anthracite Collieries, 
Limited, with an issued capital of 1,675,000/.. of which 
Sir Samuel J. G. Hoare, Bart., is chairman. The output 
of the two companies is about 1,500,000 tons per annum, 
which represents nearly 40 per cent. of the total yearly 
anthracite production of South Wales. 


20,000 Kw. Turso-ALTERNATOR FOR WHITE Bay 
Power Houss, New Sours Wates.—The office of H.M. 
Trade Commissioner at. Sydney reports that the New 
South Wales Government Railways and Tramways 
Department is calling for tenders, to be presented by 
October 15, for a 20,000 kw, turbo-alternator. Copies 
of the specification, general conditions of tender, and blue 
prints can be inspected by British firms at the Depart- 
ment of Overseas Trade (Room 52), 35, Old Queen- 
street, London, 8.W.1. 


Hypro-Execorric Prant ror Menpoza, ARGENTINE.— 
The Commercial Secretary at Buenos Aires reports that 
the Argentine National Sanitation Works Department 
are calling for tenders, to be presented by October 6, for 
the supply and delivery of machinery for a hydro-electric 
station to be installed in the town of Mendoza. The 
plant required includes horizontal turbines, 3-phase 
generators, switchboard, pipes, &c., and spares. A copy 
of the specification and conditions of tender, in Spanish, 
can be seen upon application at the Department ot Over- 
seas Trade (Room 52), 35, Old Queen Street, London. 
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ELECTRICAL RECORDING: INSTRUMENTS; BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS.. EVERETT, EDGCUMBE AND CO., LIMITED, HENDON. 


(For Description, see Page 207.) 


Fic. 1. SwrrcnpoarD Tyre REcoRDING POWER 
Factor METER. 


Fig. 2. Pen Mecuanism oF Recorping Powrr Factor METER. 


Fie. 3. PorTABLE RECORDING PowER Factor Fie. 4. 


PLANIMETER FOR AVERAGING REcoRD CHARTS, 
METER. 


Fie. 6. TRANSMITTER FOR SPEED INDICATORS 


Fic. 5. Recorpina INstRUMENTS FOR ELECTRIC TRACTION WoRK. 2 AND RECORDERS. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, 
W.C.2. , 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC | “ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NumMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 
“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 


stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 


For the United Kingdom ow... £3 5 0 
For Canada— 
Thin paper copies ..........cc.ccccesee0e- £2.18 6 
Thick paper copies............c.0cc0000. £3 3 0 
For all other places abroad— 
Thin paper copies.............cccc00 £3 3 0 
Thick paper copies............c.ec.e-0- £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 


communicate the fact to the Publisher, together with 
the agent’s name and address, 

When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shilings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in, in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, altera- 
tions for standing advertisements should be 
received 10 days previous to the day of 
publication. 


All accounts are payable to ENGINEERING, LTD. 
Cheques should be crossed ‘‘ The National Provincial 
Bank, Limited, Charing Cross Branch.’ Post-Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 


AGENTS FOR “ ENGINEERING.” 

AUSTRALIA; Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane ; Perth. Angus and Robertson, Limited, Sydney, 
N.S.W. TT. Willmett and Co., Townsville, North Queens- 
land. W. C. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels: E. F. Satchell, 86, Rue du Tabellion. 

CANADA, Toronto, Ont.: Wm. Dawson and Sons, Limited, 

87, Queen Street, East. 

EDINBURGH: John Menzies and Co., Limited, Rose-street. 

FRANCE, Paris: Boyveau and Cheyillet, 22, Rue de la Banque 
For Advertisements, Office de Publications Commerciales 
167 Rue Montmartre, Paris (2e). 

GERMANY: Hermann H. Fromm, Potsdamerstr 105A, Berlin, 
W. 35. A Twietmeyer, Leipzig. 
GLascow: William Love, 221, Argyle-street. 

Co., Limited, West Nile-street. 

InpIA, Calcutta: Thacker, Spink and Co., Bombay; Thacker 
and Co., Limited. 

Iraty: U. Hoepli, Milan. Anonima Libraria Italiana, Torino 

And any post office. ‘ 
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MECHANICAL ENGINEERING AND THE 
WAR OFFICE. 


Iv is a matter of common knowledge that the 
mobilisation of our industrial resources during the 
late war left a great deal to be desired. Plans had 
been prepared beforehand by military experts for 
the concentration of troops, the calling up of 
reserves and the enlistment and training of recruits 
which would be necessary in case of serious national 
emergency, and on the whole these plans worked 
satisfactorily. The professional soldiers knew their 
business and expanded our fighting strength from its 
almost insignificant nucleus into an army of millions 
in a manner which left little to be desired. To enable 
such an army to carry on warfare under modern 
conditions necessitated an equally great and sudden 
expansion of our munition-making resources, and 
this, the military authorities were quite unable to 
organise. They had neither the mechanical 
knowledge nor the experience of manufacturing 
conditions essential to the performance of a task 
demanding qualifications totally different from, 
but in no way inferior to, their own. The tragic 
shortage of shells in the early part of the war led 
to the formation of the Ministry of Munitions, whose 
duty it was to make good this defect in our organi- 
sation and relieve the military authorities from 
work which they did not understand. Their actions 
were often rightly criticised by engineers but they 
eventually attained their end, and the blame for the 
cost at which it was reached must be looked at in the 
light of the confusion existing from the lack of any 
scheme thought out in advance. 

It was hoped and, indeed, confidently believed, 
that the experience of trying to get a sudden and 
satisfactory output of totally unfamiliar products 
from firms without the necessary tools, jigs, gauges 
or knowledge for the purpose would have taught the 
Army Council the obvious lesson, namely that the 


permanent staff must comprise engineers with a 
status and authority sufficient to ensure that such’ 
conditions should never occur again. But with the} 
coming of the Armistice and the subsequent 


dissolution of the Ministry of Munitions the import- 
ance of engineers and their work to national defence 
appears to have been forgotten, so far as can be 
judged by the absence of their adequate representa- 
tion in the army organisation. The military man, 
pure and simple, will never be able to mobilise the 
resources of industry, for he knows nothing about 
industry, and even less is he fitted to make the 
detailed and comprehensive plans which must 
be prepared in advance, if the immediate assistance 
of private firms is to be relied on for urgently 
needed munitions. 

In the case of the last war it is poor satisfaction 
to ourselves to know that a similar lack of prevision 
with regard to munitions, found the United States 
unable to equip their own armies, when they 
undertook hostilities. They had mechanics, skill 
and machines in abundance, and repetition work 
was a feature of their engineering industry, yet they 
failed as badly as we did in getting the immediate 
production of unfamiliar products which the army 
demanded. The reason was the same on both 
sides of the Atlantic namely the lack of any scheme 
for mobilising manufacturing resources to the best 
advantage. The Americans have learned their 
lesson, at any rate partially, and remote as is the 
probability of another war the American War 
Department has taken steps to ensure that the 
industrial mobilisation of the United States shall 
be prompt and effective. The scheme is based upon 
the division of the country into fourteen areas, 
according to nature and density of population. In 
each district such manufacturers as will be required 
to participate in the war programme, are provided 
with drawings, specifications and information on the 
production of the items assigned to them, so that 
when required by the War Department they can 
turn over directly to munitions. Every district 
also contains the nucleus of a munitions committee, 
consisting of a prominent business man who serves 
voluntarily, a regular army ordnance officer and a 
clerk. 

The sensible and thorough way in which the 
United States are taking steps to protect themselves 
against a munition crisis in any future war were well 
indicated in a paper, entitled “The Role of the 
Engineer in Industrial Mobilisation Planning,” read 
by Capt. E. E. MacMorland, of the United States 
Ordnance Department, at the recent spring meeting 
of the American Society of Mechanical Engineers at 
Cleveland, Ohio. Capt. MacMorland, not only had 
war service in France and Russia, but was awarded 
the D.S.O. from our own Government for con- 
spicuous service. His present duty is concerned 
with the plans for the mobilisation of industry 
discussed in his paper, the object of which is primarily 
to enlist the co-operation and goodwill of the 
American Society in the work which he has at 
heart. His case, which is, of course, that of the 
American military authorities, is presented so 
clearly and convincingly that no doubt can exist as 
to the appreciation of the central facts of the position 
on the part of the American War Office. They look 
to industry to supply 95 per cent. of the munitions 
required in any future war, and appear to be adopting 
the only efficient method of ensuring that they shall 
be forthcoming when wanted. 

Capt. MacMorland’s paper deserves the close 
attention of all who are interested in the defence of 
this country, for his arguments are equally applicable 
here. He points out that the knowledge of munition 
making is disappearing, the men who were skilled 
in it are passing away, and the records of the 
methods employed are fragmentary. The pre- 
servation of particulars as to the details of manu- 
facture adopted by the most successful munition 
firms has been recognised as of the greatest import- 
ance, and the American Ordnance Department is 
gathering and collating this information. The 
final result will be the preparation of a series of 
books giving the fullest possible particulars of every 
process, together with details of the machines, 
fixtures; tools and gauges used, and the speeds and 
feeds found most effective. There will be a book 


‘dealing with the manufacture of every major item 


of munitions. We have more than once advocated 
the preparation of exactly similar books by our own 
authorities, but their value does not seem to be 
appreciated by the regimental mind. It is, however, 
realised by the Americans that such books cannot 
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fail to start the war contractor of the future on his 
production work with the least possible delay and 
experimentation. The American Society of Mecha- 
nical Engineers are invited to criticise these books 
as they appear, so that every edition shall embody 
the best and latest practice. 

The preparation of such books giving details of 
recommended manufacturmg processes for all 
munitions wanted in quantity, would not only 
enormously expedite output in the early days of 
a war but the cost of their production would be 
insignificant in comparison to the financial savings 
they would effect. Not only would they enable a 
firm to know exactly how to set about the manu- 
facture of the articles required without wasting 
valuable material and invaluable time in trying 
all kinds of ineffectual methods, but by giving the 
standard times required for the performance of 
every operation required to produce the finished 
article they would necessarily provide simultaneously 
standards of output and cost. If a firm did not 
feel in a position to quote a firm price for a quantity 
of some unfamiliar articles, the Government would 
be in a position to say “If you choose to adopt 
the methods which are here described in detail, 
your output will be so many per machine per week, 
and consequently we will pay you so much per 
piece and no more. If you can improve on the 
methods suggested you are free to do so.” Such 
a procedure would be infinitely more businesslike 
and efficient than the demoralising practice too 
often adopted during the late war, namely, that of 
paying “time and line” or cost plus so much 
per cent., which was almost a direct incentive to 
waste and inefficiency. 

In addition to assisting manufacturers to get into 
quick and efficient production, the American 
scheme provides for munition work to be carried 
out with a view to the minimum transportation of 
raw and finished material. We in this country 
have had experience of trainloads of billets for 
12-in. shells, each weighing half a ton, being sent 
from Glasgow to London to be forged, back to 
Newcastle to be machined and then possibly to 
South Wales to be filled, all on their way to 
France. 

The great waste of time and labour in handling 
and the strain on the depleted staff of our congested 
railways which all such to-and-fro transportation 
involved could mostly have been avoided by 
forethought in time of peace, such as the Americans 
are giving to the problem. The American military 
authorities are also asking advice from manufac- 
turers with regard to specifications and designs, 
with a view to approaching commercial standards 
as nearly as possible, knowing that the less un- 
common are the requirements the greater the 
chance of quick and satisfactory production by 
ordinary firms. 

We have said enough to show how earnestly the 
Americans are endeavouring to profit in the future 
by the lessons of the war-period. The cost of their 
plan is not great, and, indeed, is negligible, beside 
the saving it will bring about if ever another war 
is declared. The more exposed and vulnerable 
position of this country makes equally intelligent 
preparation for the rapid mobilisation of industry 
even more imperative. No reasonable person 
anticipates another war, but very few reasonable 
people, even in positions of special knowledge, 
seem to have anticipated the last. There is no 
harm in being ready to protect ourselves, and the 
most ardent pacifist could find nothing provocative 
in a plan for making use of our defensive resources 
in the most efficient way. The preparation of such 
a plan can only be properly carried out by men 
with full knowledge of manufacturing problems and 
industrial conditions ; in other words, by experi- 
enced mechanical engineers. The Army fortunately 
for itself still contains a few such men, but in the 
absence of any professional outlook in the Service 
they are a diminishing quantity. Until the 
mechanical engineer is recognised as distinct and 
necessary a part of the Army organisation as the 
Medical Officer or the Veterinary Surgeon, and like 
them can attain a rank and authority commen- 
surate with his responsibilities, we can only trust 


that the military defence of the country will never 


be put to the supreme test. 


REGULATIONS FOR THE ELECTRICAL 
EQUIPMENT OF BUILDINGS. 


Ty the early days of the use of any improvement 
in lighting, heating and power, consideration was 
not always given to the important question of 
safety. Only after troubles were experienced were 
any endeavours made to ensure that in the future 
the faulty arrangements which made them possible, 
would not be tolerated. Ever since the earliest 
times, however, when electricity was applied to 
practical work in domestic and industrial build- 
ings, electrical engineers showed forethought in 
estimating the potentialities of danger and made 
preparations to prevent their developing. It is 
true, however, that wiring work was not always 
undertaken by men with a thorough knowledge of 
electricity and its effects and consequently rules 
had to be formulated to which compliance was 
essential before an electricity supply could be 
obtained. The Institution of Electrical Engineers 
gauged the requirements in the then existing 
state of knowledge, and prepared, as far back as 
1882, their first publication on the subject, which 
was entitled “ Rules and Regulations for the Pre- 
vention of Fire Risks arising from Electric Light- 
ing.” Modifications of these were issued at various 
times as progress was made and new developments 
necessitated the extension of the rules. Since 1916 
these wiring rules have until now remained un- 
changed except for an amendment made in October, 
1919, relating to cables which were then specified 
in terms of the number and actual diameter of each 
wire rather than by the Standard Wire Gauge. This 
modification was made when the standardising 
authorities decided upon the reduction of the number 
of standard sizes. The fire insurance companies 
and the supply undertakings were also interested 
in the question of safety of electric installations and 
formulated rules of their own. In consequence of 
the multiplicity of rules which had to be adhered 
to in any specific installation it was, of course, 
necessary to meet the most rigid requirements of 
the series for every part of the installation. Under 
such conditions it soon became evident that a 
unification of rules was essential and an endeavour 
was made to meet the requirements of all. Where 
interests were so conflicting, compromises were neces- 
sary. The work has, however, been successfully 
accomplished, and this is evident from the new set 
of rules now made available to the electrical public. 
These are embodied in a publication with the 
title “ Regulations for the Electrical Equipment 
of Buildings,” which is now obtainable from Messrs. 
EK. and F. N. Spon, Limited, of 57, Haymarket, 
London, or from the Institution of Electrical 
Engineers. 

The new rules have been adopted by practically 
all the large insurance companies and such organisa- 
tions as the Incorporated Association of Electric 
Power Companies, the Incorporated Municipal 
Electrical Association and the Provincial Electric 
Supply Committee of the United Kingdom, which 
represent the supply undertakings. It is a matter 
for congratulations that this unification has been 
obtained, and credit must be given to the men who 
were responsible. In this respect special mention 
must be made of the valuable services of Mr. C. H. 
Wordingham as Chairman and of Mr. Ll. B. 
Atkinson as Vice-Chairman. It should be said that 
the I.K.E. Wiring Rules Committee, which carried 
through the scheme, was not made up entirely from 
the Members of Council of the Institution, but was 
largely composed of representatives of the 
various sectional interests.- No sectional interest 
was left out and, consequently, success was ensured. 
Details may require modification as experience 
grows, but it must be acknowledged that the work 
has been thoroughly well done. We note in the 
regulations that if it is desired at any time to use 
cables insulated in ways other than those specified, 
tests of samples, by such authorities as the National 
Physical Laboratory, must be submitted for con- 
sideration by the Institution of Electrical Engineers, 
with a view to their use being permitted, if found 
satisfactory. As it is impossible to forecast with 
absolute accuracy the lines of any new development, 
we are glad to see this statement included, but we 
trust that some means will be preserved of bringing 


the various authorities together to ensure general 
recognition of the findings, by all the interests 
involved. Not only in cables may changes be 
anticipated, and therefore, similar provisions should 
be incorporated which will permit the early framing 
of regulations for the use of any improvements which 
might be made in connection with any item in a 
complete installation. 

As the regulations are not merely a modification 
of the old I.E.E. Wiring Rules, but embody many 
matters on which the fire insurance companies have 
stronger views than those held by many electrical 
engineers, it serves but little purpose to make com- 
parisons between the old rules and the new. All 
that is necessary is to take the rules as they are, 
and no one can study them without appreciating 
the care taken in ensuring that absolute safety will 
result from their application. From now we have 
one set of rules only, and if they are complied with 
the various authorities interested will accept the 
work as meeting their individual wishes. The 
study of the rules in detail shows up one thing 
strikingly, that there are many old installations to 
which supply is at present given which comply with 
no reasonable standard of safety requirements. A _ 
close reading of the regulations will cause surprise 
to many people, regarding the faulty arrangements 
which are present in their electric installations and 
that knowledge may help them to decide whether 
the risks entailed, or the extra insurance premiums 
which must be paid, are comparable with the small 
expense involved in ensuring perfect safety. 


THE LATE SIR GEORGE BEILBY. 


WE regret to record the death of Sir George 
Beilby, F.R.S., which took place at his house at 
Hampstead on the Ist inst. He had been ill for 
some little time, but the seriousness of his illness 
was not realised until shortly before he died. He 
was born in Edinburgh in 1850, and was thus in 
his 74th year. 

Educated privately and at Edinburgh University, 
George Thomas Beilby went into the service 
of the Oakbank Oil Company in 1869, and from 
then was engaged continuously in technical 
industry, until he retired from it early in the 
war through pressure of mational work. To the 
general public, and perhaps even to most of 
our readers, he was best known by what he did 
in the last ten years of his life; but, eminent 
as were his public services during that period, his 
previous career had been distinguished and success- 
ful alike in his private and his public activities. His 
chemical knowledge and insight enabled him to 
introduce into the Scottish shale oil industry 
improvements in the processes of distillation, 
such as that by which he converted spent material 
into a valuable source of ammonia. He made 
prolonged investigations about the same period 
into the distillation of shale at a relatively low 
temperature in a current of steam. Little profit 
was obtainable on each product and _ success 
depended on cumulating the small profits on a 
well-balanced aggregate of useful commodities. 
He was not less successful in the other industrial 
enterprises with which he was associated, notably 
the Castner Kellner and Cassel Cyanide Companies ; 
and as far back as 1910 he was engaged in experi- 
menting at the Maryhill works of the latter com- 
pany on carbonising coal at from 400 to 500 deg. C. 
and on briquetting the coke. 

His private industrial enterprises and technical 
work did not, however, exhaust his energy and 
interests, though in many matters they added 
special authority to his influence. He became, for 
example, a prominent and trusted supporter of the 
Glasgow and West of Scotland Technical College, 
which in 1886 amalgamated Anderson’s College, 
the College of Science and. Arts—the first Mechanics’ 
Institute in the country—and the Atkinson Institu- 
tion. He was a governor of this ancient foundation 
up to his death, and its chairman for many eventful 
years, during which it became in 1912 the Royal 
Technical College, Glasgow, and in 1913 was 
affiliated to the University of Glasgow. It is 
housed in buildings that provide over 7 acres of 
floor space, and with equipment cost some £400,000, 
and it has a development fund of over £60,000 


Aue. 8, 1924.] 


ENGINEERING, 


203 


for the prosecution of research. The buildings are 
well equipped and provide facilities for the work of 
the College unequalled in Great Britain, especially 
in the Engineering and Technical Chemistry De- 
partments. Last year, in its 127th session, it was 
attended by over 1,200 day students and over 
5,000 evening students, of whom the majority 
were over 19 years old. It is no secret that 
in all this remarkable development, even to the 
skilful designing of the new buildings by which 
the natural difficulties of the site were not only 
faced but turned to useful account, the College 
was indebted to Sir George more than to any 
other individual. Apart from his personal con- 
tributions from his own means, he gave it without 
stint unwearied labour, unfailing tact in prolonged 
and sometimes difficult negotiations, and the benefit 
of his wide experience of scientific and industrial 
matters. 

The scope of the College is by no means confined 
to Glasgow, for over half its day students and nearly 
a third of its evening students come from other 
parts of Scotland, and over 100 come from England 
and other parts of the world. Sir George did not 
confine his public activities to the College. Apart 
from his personal work in chemistry and microscopy, 
he had wide scientific interests, and when in 1900 the 
National Physical Laboratory was instituted, under 
the control of the Royal Society and the direction of 
Sir Richard Glazebrook, he was a member of its 
first committee, and exerted an active and useful 
influence in procuring for it a fair start. He was also 
on its committee when its administration was taken 
over in 1918 by the Research Department, and 
remained a member until his death. In 1903 he 
reported at some length to the Royal Commission 
on Coal Supplies, with considered and valuable 
estimates of consumption of coal in the several 
services in which it is used, and of the order of 
magnitude of the economies that seemed possible in 
each by the adoption of improved methods. He 
was a member of Lord Fisher’s Commission on 
Fuel and Engines for the Navy in 1912-13. Though 
he was thus a well-known figure in scientific and 
administrative circles in London, his chief work was 
done and his life and recreation were centred in 
Glasgow, until he became absorbed in the public 
duties that he assumed during the war. 


His help in war matters seems to have been asked 
on the occasion of the first gas attack, when the 
leaders of German civilisation introduced the use 
of poison into international warfare. He gave it 
immediately and ungrudgingly. All the wide manu- 
facturing knowledge that he possessed or that was 
among the trade secrets of his companies was placed 
unreservedly and without charge at the disposal of 
the Government. With Sir Joseph Thomson and 
Sir Charles Parsons, he became a member of Lord 
Fisher’s Board of Inventions and of the Trench 
Warfare Committee. In 1915 when the Privy 
Council set up its Committee for Scientific and 
Industrial Research, and he was asked to act as one 
of its first members, he gave up his Glasgow home 
and for the rest of the war and long after resided in a 
London hotel. From the outset his work, especially 
on trench warfare, occupied seven long days a 
week; but the fuel situation was causing the 
Government the gravest anxiety, and Lord Crewe, 
just before his retirement, in 1916, from the Presi- 
dency of the Privy Council, asked him to undertake 
the organisation of the Government’s fuel programme 
on a national basis, instead of leaving it to the unco- 
ordinated co-operation of the industries. No man 
saw more clearly than Sir George that even the re- 
sults of co-operative research would be of small 
service to the great industries unless the fuel position 
were put on a sound basis. When to this assured 
general conviction was added the urgent need for 
home supplies of fuel oil for the Navy, he recognised 
that the subject was of much greater importance to 
the safety of the country even than those on which 
he was engaged, and accepted the Government’s 
invitation to become chairman and director of a 
Fuel Research Board, of which Sir Charles Parsons, 
Sir Richard Redmayne, and Sir Richard Threlfall 
were to be the other members. The institution of 
the board was followed rapidly by the decision to 
erect the Fuel Research Station, in the design 
every detail of which Sir George was personally con- 


cerned. Within a year of its completion he had 
worked out to a practical result his method of 
making coals from unsuitable seams serviceable for 
low-temperature carbonisation by blending them in 
appropriate mixtures, and had produced a retort 
in which, effectively if not economically, the method 
could be applied in practice. The end of the war 
made it unnecessary to apply it; but the result of 
this work was that, if the war had continued, the 
whole of the coal supplies could have been converted 
into low-temperature coke before being used, and a 
large part of the fuel oil required by the Navy could 
have been supplied without importation. 

It is hardly necessary in these columns to recite 
again the work that the Fuel Research Board has 
done through Sir George Beilby’s inspiration. The 
need. for fuel oil was, indeed, the immediate occasion 
of its inauguration, and it is still pursuing both the 
scientific and practical investigations, and the 
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qualitative as well as quantitative survey of national 
coal resources that he initiated. But, as has 
appeared abundantly in these columns from time to 
time, the Board’s work extended to many other 
subjects—carbonisation in vertical retorts with 
steam and the sale of gas by its heating value, are 
prominent examples—and his work extended 
to details as well as to the original conception. 

Part, indeed, of his personal equipment was his 
rare ability to combine a wide and sensitive imagina- 
tion with a tenacious and clear-headed attention 
to the practical details by which it might 
be made use of in the best possible way. This 
doubtless was a valuable gift, but it imposed 
on him a vast amount of work that men of less 
ability would not have undertaken. It seems, 
however, to have been directly responsible for the 
unusual success that attended his work in the 
many varieties of activity he undertook. It 
involved, of course, a strict economy of his personal 
time. He was a distinguished microscopist, whose 
investigations led him to the theories of the aggre- 
gation and flow of solids, developed in well-known 
papers and re-stated in 192] in his work under that 
name. ‘These theories are in part accepted and in 
part controversial ; but the microscopic work from 
which they resulted was adopted as one of his 
pursuits, because it could be fitted in to odd 
intervals of his other occupations. He was an 
accomplished musician, distinguished by singular 
expression as an executant; he built his organ— 
all but the pipes—with his own hands, and when 


recently he disposed finally of his Glasgow house 
and set up his new home in London, he took the 
organ down himself, and had already begun to 
re-erect it and to add to the many devices with 
which he had graced it when he was taken ill. 
Incidentally, he was an expert in colour photo- 
graphy, an art in which his natural sense of beauty 
led him to remarkable results. ea 

A notable feature of the great work he did during 
the last nine years was the fact that he did not 
accept any sort of remuneration, or even the reim- 
bursement of his personal expenses. On the contrary, 
the trade information that he gave and the patents he 
took out were all transferred to the Government gra- 
tuitously. He was often to be seen on bitterly cold 
mornings sitting with a principal officer of the 
Research Department in a Greenwich omnibus 
on his road to the Research Station, because 
he declined to allow a Government car to be 
placed at his disposal, or even to use his own 
because of the scarcity of petrol. He had a 
sensitive appreciation of the abilities and aspira- 
tions of other men, and incidents without number 
have leaked out—for on such matters he was utterly 
reticent—testifying to the generous sincerity with 
which he would give help in every form to those to 
whom he thought it would be of service and to 
movements for their benefit. 

Knighted in 1916, he was a Doctor of Laws of 
Glasgow and Birmingham, a Doctor of Science of 
Durham, a past president of the Society of Chemical 
Industry, the Chemical Section of the British 
Association, of the Institute of Chemistry, and of 
the Institute of Metals, and an Associate Member of 
the Institution of Civil Engineers. He died within 
a few days of the announcement that the Govern- 
ment had decided to press on with the coal survey 
he had instituted and with the testing of promising 
plant in private hands, as is now known, by an 
additional grant of 30,0007. on next year’s estimates. 
By a coincidence, the first visit of a party of Members 
of Parliament to the Fuel Research Station was paid 
on the day he died. 


NOTES. 
INDUSTRIAL FATIGUE. 


Iy a recent issue (June 13, page 769) we set 
out the suggestion, made in the fourth annual 
report of the Industrial Fatigue Research Board, 
that many of the results disclosed by its investi- 
gations should now be tried in industry under the 
direction of a small representative committee. 
This suggestion is repeated in a short report, 
* Results of Investigation in certain Industries ” 
(H.M. Stationery Office, 6d. net), which purports 
to give a complete summary of the recommendations 
relating to specific industries that the Board has 
published, and commends them to the consideration 
of the industries concerned, in the hope that they 
will find means for testing many of them in practice. 
The Board’s recommendation will doubtless be 
considered by these industries, and a prudent 
decision reached. It may be doubted, however, 
whether for most of the investigations the Board’s 
suggestion is not premature. Industries cannot 
afford repeated experiment on their methods of 
manufacture, and in a subject so important as the 
economy of energy, or the efficiency with which 
it is used, more than the present evidence seems 
to be wanted that the best means have been recom- 
mended. Apart from reports of which the methods 
are open to such criticism as we have offered from 
time to time, most of the Board’s investigations 
have suffered from two weaknesses. They have not 
been planned and carried out by men familiar at 
first hand both with the industries and with scientific 
method, and they have not taken due account of 
the results of previous workers. -In particular no 
attempt seems to have been made to ascertain, by 
inquiry from men with the necessary qualifications, 
what hasbeen the outcome of the methods advo- 
cated in the United States by Taylor and _ his 
followers. It would be interesting to know what 
has become of these methods and their results ; 
what works have continued to practise them; 
and whether the original standard of perform- 
ance has been maintained, improved, or lost. 
Up till now the Board’s work seems to have been 
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done without reference to previous experiments, 
It'is easy to imagine that with restricted resources, 
and a membership and staff without the practical 
experience that is necessary for forming a judgment 
of any practical value, the Board has preferred to 
get on with such work as it could regarding the 
results of its investigators as pioneer discoveries. 
Such an attitude is the more intelligible because of 
the generally unsatisfactory form in which the 
American results have been presented. Now, 
however, that the Board contemplates inducing the 
industries to enter on practical trials it is time that 
the results of previous experiments with a similar 
object should be brought to light. 


Anti-AIRCRAFT DEVICES. 


War would be a much less uncertain adventure 
if one could be assured that the party of the second 
part would not do a little thinking on his own 
account. The Germans, for instance, had devised 
an impregnable system of defensive lines on the 
Western Front, provided always that their opponents 
made no alterations in their methods of attack, 
and the ‘“ unrestricted” submarine campaign 
would have achieved its end if che Admiralty had 
not reintroduced the convoy system. This particular 
counter move was, of course, an old plan revived, 
but the counter to the machine gun, the pill box and 
extraordinarily elaborated defences of the Hinden- 
burg lines, was found in the tank, with the result 
that though, during the summer and autumn 
of 1918 our own men were largely outnumbered 
by the defending forces, the latter were driven from 
“impregnable” position to “impregnable ”’ posi- 
tion, and at last forced into the open, where their 
destruction would have been complete had the war 
lasted but a few weeks longer. We have heard a 
great deal of late of the extraordinary offensive 
powers of aircraft, and glowing accounts have 
appeared of the sinking of battleships by aeroplane 
bombs in certain elaborate, and unquestionably 
very important experiments carried out in 
American waters. The aeroplanes had to find their 
target, which was in one case about 100 miles 
out at sea, and then to sink it, and succeeded 
in effecting this mission. In a highly interest- 
ing paper, published in the April issue of ‘“‘ The 
Coast Artillery Journal,’ Lieutenant Colonel 
H. C. Barnes of the United States Army, makes 
the comment on these tests that the targets 
were anchored and passive, and that the suc- 
cessful bombs were dropped from heights far 
lower than could possibly have been approached to, 
had the targets been firing back. He gives some 
particulars of the new anti-aircraft guns now being 
produced in the United States. Of these, four types 
are in course of development there. One is a 
gun having a calibre of $ in. Its horizontal range 
is 27,000 ft., and its vertical range between 9,000 
and 12,000 ft. Its rate of fire is 500 rounds per 
minute. Fire control is maintained by means of 
“tracer’’ ammunition visible by night up to 
7,500 ft., and by day up to 6,000 ft. The second 
gun is a machine gun with a calibre of 37 mm. 
firing high explosive shells which have fuzes 
so delicately adjusted that though quite safe to 
handle before firing, contact with balloon fabric is 
sufficient to explode them once they have left the 
gun. The rate of fire with this weapon is 100 to 
120 shots a minute. The “straight up” range is 
about 14,000 ft. and ‘“‘ tracer’? ammunition is 
provided which is visible up to 10,000 ft. Another 
anti-aircraft gun is a 3 in. weapon on a mobile mount. 
This is effective up to an altitude of 21,000 ft., and 
has a rate of fire of 15 shots per minute. The 
fourth gun of the series is of 4-7 in. calibre. It 
fires a 45 lb. shell and is effective up to an altitude 
of 30,000 ft. It also is to be mounted on a mobile 
carriage. As a supplement to these weapons 
schemes of indirect aiming are being worked out, 
which will give greater accuracy, whilst employing a 
smaller personnel than hitherto. Col. Barnes 
contends that such weapons will make it very 
difficult for an aircraft to hit with their bombs 
any mark as small as a battle ship. 


Tue InstTiruTION OF ENGINEERS, AUSTRALIA.—The 
quarterly bulletin of this Institution for April, the second 
issue, gives information on the Institution’s spring con- 
ferences and on the visits of members to a numbor of 
works and places of interest in Brisbane and its environs. 


SOUTH AFRICA AT THE BRITISH 
EMPIRE EXHIBITION. 


(Concluded from page 174.) 


Or the mining industry, with the metallurgical 
works that are arising in connection with it, gold 
mining has been till now by far the most important, 
representing an output of some 36,000,000. a year ; 
diamonds rank next, varying from 3,000,000/. to 
15,000,0002. ; and then coal, with a steadily increas- 
ing production, which in the last available figures 
(1921) exceeded 5,000,000. The considerable num- 
ber of other metals and minerals found and worked 
in the country are shown in a large variety of 
specimens. The gold mining and diamond-washing 
industries are represented by models, which exhibit 
present practice in some detail. A model is shown 
in particular of the lay-out of the gold recovery plant 
situated at the circular shaft of the New Modder- 
fontein Gold Mining Company, Limited, at Wit- 
watersrand in the Transvaal, from which province 
nearly half the world’s gold production in 1919 was 
derived. In the Rhodesian section is another model 
of the workings and lay-out of the Shamva mine, 
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in addition to one of the workings of the Globe and 
Pheenix mine, about five years ago. The Modder- 
fontein mine is now down to 2,000 to 2,300 ft. 
below surface, but it carries about 50 per cent. more 
gold to the ton of rock milled than the average for 
the Rand, while the Shamva mine, which is prac- 
tically all open cast work from a quarry on a hill, 
carries only about half the average of Rand mines. 
Each, however, worked in the manner shown in the 
models, is very profitable. 

In the Modderfontein mine the ore is rough 
crushed in the workings, and filled into 6-ton trucks 
which are hauled to the surface of the shaft in a 
cage, from which a pneumatic piston pushes them 
on to a graded railway leading to the storage bin, 
into which they are tippled, the empty truck being 
carried back by a creeper chain to the shaft cage 
level. The waste rock from the workings is simi- 
larly raised and traversed down to the sand dumps. 
From the bins the ore is taken on conveyor belts 
to the sorting and crushing station, 38 ft. above 
ground level. Here they are delivered into cylin- 
drical screens, in which they are sprayed with water. 
The fines are thus washed out for treatment at a 
later stage, while the bulk of the ore is discharged on 
to shightly-inclined and continually moving picking 
belts, from which sorters pick out the barren or waste 
rock as the belts pass, and drop them through holes 
in the floor into bins, to be trammed and dumped. 
The sorted ore is crushed in four Gates gyratory 
crushers, each driven by a 60 h.p. motor, which at 
the same time delivers pebbles for use in the tube 
mills. Conveyor belts carry the broken ore to 
bins 45 ft. above ground level, feeding 56 Nissen 
stamps, each dealing with 30 tons a day, and the 
pulp is laundered into cone classifiers, from. which 
the slimes pass to the slime plant and the coarsé 
runs into tube mills—20 ft. horizontal cylinders, 


revolving at 28 r.p.m. with the pebbles from the 
crushing station. The comminuted pulp is passed 
over amalgamating tables—copper plates coated 
with mercury—at the foot of the tube mills, and 
there about half the gold is arrested as amalgam 
for recovery in a refinery. The pulp stream is then 
drawn into sand pumps, each lifting 1,300 tons per 
hour 65 ft., whence it is discharged into further 
cone classifiers. After the oversize has been there 
rejected for regrinding in the tube mills, the pulp 
passes through yet other cone classifiers. From 
these the slimes gravitate to settling tanks—Dorr 
thickeners—and the sands pass through a concrete 
conduit to a sump, whence they are pumped up to 
the sand plant, consisting of eight steel tanks, 
524 ft. diameter by 104 ft. deep. The thick slime 
from the thickeners is mixed with sodium cyanide 
solution and laundered to the main pump house, 
whence it is lifted to agitating appliances—Brown 
cylindrical tanks—and the resulting slime cyanide 
run into a storage tank 60 ft. diameter, where it is 
stirred and allowed to feed a Butters vacuum filter 
plant. The filtrate from this contains practically 
all the remaining gold, and flows to the extractor 
house along with filtered extract of other cyanide — 
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solution which comes from the sand tanks. The 
barren slimes pass through a pipe line to the slimes 
dam, and the sands are trammed on an endless rope 
haulage to the sands dump. The extraction is done 
by means of zinc shavings in steel boxes, each 
5 ft. by 39 ft., the gold being thrown down on the 
zinc surfaces, and the zinc is ultimately separated 
from the gold in furnaces, in which pure molten 
gold is left. Adjoining the shaft head gear a Ward 
Leonard winder, driven by a 5,000 h.p. motor 
generator set, revolves on a 24-in. shaft. The large 
end of its drum is 24 ft. diameter, and by its 
Whitmore brake control it can be stopped in 15 
seconds when hoisting or lowering as fast as 4,000 ft. 
aminute. Air for the workings and drills is supplied 
by a plant of 6,500 cub. ft. per minute capacity, 
compressed to 112 lb. per square inch. The Rand 
Mines Power Supply Company delivers electricity 
at 20,000 volts to a transformer house, where it is 
transformed to 200, 500 and 115 volts for various | 
installations. The plant described above is a little 
over a third of the total plant on the mine. 
The processes adopted at the Shamva mine are 
generally similar, but vary in some details, always 
in the direction of a necessary economy. The 
result is sufficiently remarkable. With a mine 
461 miles from the coast by rail, an ore going on 
the average just under 3-4 dwt. to the ton, and coal 
delivered at 39s. a ton, the working expenses in 
1922 were just below 9s. a ton, including 6d. a ton 
for development and about 33d. for royalty. In 
part, this is due to the extreme care with which 
assay results are taken and recorded throughout 
the workings and prospecting drives. This accuracy 
in records is illustrated by the construction of the 
model itself, a sketch of which is given in Fig. 9. 
It is made up of a series of layers representing 
contours of the several levels, some 115 ft. apart. 
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The model is on a scale of | in. to 200 ft. for both 
vertical and horizontal distances, and on the surface 
of each of these layers a plan of the workings at 
the level in question is drawn to scale ; a method 
that exhibits the progress of the workings with 
unusual clearness. Assay values, similarly, are 
entered on plans only for samples going as high as 
0-1 dwt., but other sample points are shown by dots, 
thus throwing positions with appreciable values 
into special relief. Not only for correct connec- 


greater cost both ‘for construction and running.| diamonds and allows other materials to be carried 


The introduction of the Crowe vacuum process of 
deerating the weak cyanide solution, used in this 
plant, has prevented the formation of zinc hydrate 
precipitate during extraction, and reduced both the 
consumption of zinc and the amount of gold lost 
to the sand dump and slime dam. The general lay- 
out of the plant is in other respects indicated by the 
figure. A detailed account of the working of this 
mine has been given by Mr. Cyril E. Parsons, its 
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tions but also for obtaining well graded levels, 
_ great care is taken in surveys, which are made mostly 
with the tacheometer; a marked difference is 
found in the tonnage hauled out of the two levels 
_through which ore is extracted, due solely to the 
better grading of the lower one. The surface incline 
shown in Fig. 9, which is operated by electric 
motor, serves to convey workers and distribute 
_ stores, while ore is taken from the second and fourth 
levels to the mill by the gravity hoist. Among the 
economies effected in the working, as compared 
with normal practice, is the use of inclines and 
_ endless wire rope haulage for raising ore from depth 
instead of putting in a vertical main shaft at a 


chief engineer, who has been Jargely responsible 
for its design. (Trans. of Inst. of Mining and 
Metallurgy, March 20, 1924.) 

The exhibit of the De Beers Consolidated Mines 
includes a diamond-washing plant at work (Fig. 
10), erected and operated by the Diamond Pro- 
ducers of the Union. The process will be understood 
from the figure. The blue ground is suitably 
crushed to a size at which it can be fed to the jig, 
in which a concentrate including the diamonds, 
settles in the usual way under the pulsating action 
of water to which it is subjected during its travel 
through the jig. This concentrate is passed over 
on a grease table, where the grease holds the 


away. Specimens are shown of various types, 
both of a blue ground and of country rock in which 
it is found. In an adjoining stand Messrs. M. L. 
Van Moppes and Sons have a working exhibit of 
cutting and polishing diamonds, with specimens 
of the various industrial tools in which they are 
used. 

These include truing abrasive wheels, this 
being probably their most important application, 
die-plates for drawing fine wire, drills for optical 
and similar work, the larger diamond-faced 
crowns for rock drilling and boring, and the less 
generally known type of diamond form cutters, 
such as are used in the manufacture of fountain- 
pen parts, &c., for truing materials such as 
ebonite to a close accuracy and high finish. 

An exhibit that summarises in itself a large part 
of the activities of the Union is that of the 
Vereeniging Estates, Limited, and the Associated 
Industries, Vereeniging, near the middle of the 
east half of the pavilion. It includes samples of 
coal and ironstone, steel in various forms, bricks 
and earthenware, maize and maize products, 
timber, fruit, grain and fodder and wool, with 
heads of game still running wild in the district. 
specimens of game birds and a considerable collec- 
tion of photographs. Vereeniging is situated on 
the river Vaal, nearly 5,000 ft. above sea level, 
40 miles away from Jchannesburg. 

It has large deposits of coal, clay and lime actually 
in work, besides large, but as yet undeveloped, 
deposits of hematite ore in the neighbourhood. A 
forest, mostly of coniferous trees, began to be planted 
less than 30 years ago, and its 20-year old trees 6 ft. 
up the trunk measure from 12 in. diameter for oak 
to 13in. for pine and 18 in. for eucalyptus. Cattle, 
sheep, orchards and grain all have done well, and 
grain elevators and a flour-milling plant have been 
erected with modern machinery for extracting and 
refining maize oil. The Brick and Tile Company 
have 19 down draught kilns, making high-class 
building and paving bricks, and 18 making salt- 
glazed stoneware, silica, magnesite and fireclay 
bricks, &c., fireclay and proof ware. Pipes up to 
6 in. are made to a hydraulic test of 100 lb. per 
square inch, and sewerage pipes are shown up to 
15in. The exhibition stand itself is worth notice 
for the ingenuity with which the steel sections and 
other metal products are worked into its design. 
Fig. 11 is a photograph of a model giving a general 
view of the estate and its principal activities. 

The steel works were founded to work up enormous 
Government dumps of scrap, and to investigate 
the suitability of native ores for iron and steel 
making. Much remains to be done in the latter 
respect, though large likely deposits exist not far 
off. In the meantime a steadily increasing pro- 
duction has been developed, now amounting to 
some 1,500 tons per month, produced by 
open-hearth furnaces and a Héroult electric furnace, 
with three rolling mills up to 22 in. and appropriate 
reheating furnaces and incidental equipment. The 
output doubtless is not yet large; but the works 
were only started in 1912, and with their complete 
and well-considered equipment, their rapid pro- 
gress, and the increasing market when trade again 
becomes normal, no doubt can be felt that their 
production will not stop where it is. The Victoria 
Falls and Transvaal Power Company has a station 
in the district, from which it supplies both the 
estate and the Witwatersrand Goldfields some 
45 miles away. 

The basic problem of the Union of South Africa 
appears even more strongly in the remainder of 
British South Africa. Its area is more than double 
that of the Union, its population less than a third, 
and of that population not one soul in 30 is of 
European extraction. The most actively-organised 
part of this immense area is Southern Rhodesia. 
Small as is its proportion of white population 
—about | in 25—it is much larger than that of any 
other part of British South Africa outside the 
Union and South West Africa. It only became a 
self-governing Colony in October last, and has 
therefore joined in the Exhibition at short notice. 
Its exhibit represents an area of 152,000 square 
miles, with a population of under 900,000, of whom 
something under 35,000 are white. Both for 
agriculture and for pasturage it has great. natural 
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resources—a fertile soil, a good rainfall and cheap 
native labour. Its mineral resources are consider- 
able and various. Most of the occupied territory 
is from 3,500 to 5,000 ft. above sea level, and 
though it is geographically wholly within the 
tropics, its climate is much more nearly temperate. 
Its death rate in 1922 was only just above 10 per 
1,000, and white children thriye well. 

The exhibits include mineral agricultural, indus- 
trial, zoological and native sections. Of these the 
most complete and representative are those of 
minerals and agriculture. Gold is, of course, the 
chief mineral industry. In addition to the models 
of the Globe and Phoenix and Shamva Mines, to 
which reference has been made above, numerous 
specimens of gold-bearing rocks are shown from these 
and others. Of the many other minerals proved to 
exist the most important as yet are asbestos and 
chromite, of which Rhodesia is among the prominent 
producers of the world, and coal. Not only of these 
but of other minerals the resources are quite 
imperfectly explored, and the development that has 
been made is trivial compared with what remains 
to be done. The industrial section includes cast- 
ings and machine work from the iron and brass 
foundry of Mr. W. 8. Craster at Salisbury. The 
Beira and Mashonaland and Rhodesia Railways 
show films illustrating the modern plant of their 
workshops. Like the Union, Southern Rhodesia 
issues a good catalogue, and other well-written 
publications. They are all directed to giving 
accurate information in support of the material 
purposes for which the exhibit is made: to attract 
capital and suitable settlers for the development of 
mineral and agricultural resources, to extend 
markets for agricultural and mineral products, and 
to invite the visits of tourists and sportsmen. 
These doubtless are among the objects of many 
exhibiting colonies ; but in none does their attain- 
ment seem more likely to offer an extended market 
for the products of the British engineering trades. 


HUNGARIAN PRACTICE IN HIGH SPEED 
TURBO-ALTERNATOR DESIGN.* 
By E. WixiczEex, Budapest. 

THE purpose of this paper is to present some methods 
adopted in high-speed turbo-alternator design, of 
which very little information has been published. 
The alternators in question have been built to the 
designs of Dr. O. T. Blathy. 

Rotor.—The two- and four-pole rotor designs have 
received materially different solutions, both of which 
were studied with the purpose of obtaining the greatest 
reliability in operation. 

The two-pole rotor (Fig. 1)} is of the parallel slot 
type, the slots being milled into the harrel-formed rotor 
body parallel to the axis of the alternator. The in- 
herent advantages of the parallel slot rotor are: (a) 
Very economical machining work. (6) The slots are 
cut not only in the sides but also across the ends of the 
poles, so that the front parts of the exciting coils are 
embedded in the field core throughout their whole length 
and secured by it against the centrifugal force. There- 
fore neither supporting caps nor banding wire are used. 
As the winding heads are secured by the rotor core 
itself against relative movements, no packing pieces 
are required. (c) All the coils—consisting of flat 
wound copper strips—may be wound very tightly on a 
lathe, the mica insulation between the turns being 
inserted at the same time. The mechanical method 
of winding makes it possible to work under constant 
pressure and to make the coils so hard that, when 
finished, they give a metallic ring and constitute a 
very substantial piece of manufacture. (d) The coils 
having no surfaces of double curvature—as is the 
case with the coils of the radial slot rotor—may be 
insulated along their whole length and also between 
turns with pure hard mica. 

The advantages peculiar to the special type of two- 
pole parallel slot rotor here considered are :—(1) The 
flange-shafts made each of one high-grade steel forging. 
(2) The steel slot-wedges. (3) The self-ventilating 
arrangements. 

1. In order to secure the maximum possible num- 
ber of ampere-turns, it is necessary to arrange the 
winding near the central portion of the core-ends, 
where otherwise the shaft would project. With this 
design separate shafts have to be provided, bolted on 
to the rotor body by means of attaching dises or flanges. 

At the beginning of the development of this turbo- 


* Paper, abridged, contributed to Section G of the 
World Power Conference on July 4, 1924. 
+ The illustrations are diagrammatic only. 


rotor design and even many years later, the necessity 
of avoiding magnetic shunting of the core flux by using 
driving flanges of non-magnetic material between 
the rotor body and shafts was considered indisputable. 
According to this arrangement, the shafts had to be 
attached to these interposed discs, and the rotor was 
in this way built up by assembling five main parts. 
Dr. Blathy had found by 1909 a substantially diffe- 
rent solution. He designed the driving flange and shaft 


of one forged steel piece with a form which kept the. 


leakage flux within reasonable limits and securing at 
the same time quite a mechanically satisfactory layout. 
This arrangement does away with the non-magnetic 
material of less satisfactory and also less reliable mech- 
nical qualities, and reduces the number of the main 
rotor parts from five to three, substantially increas- 
ing the reliability of this part of the alternator. 

2. The side parts of the coilseare held in place by 
wedges generally made of non-magnetic material. 
Researches directed towards further development in 
the quality of the material led in 1914 to the change 
from such slot wedges to those made of high-grade 
steel. The form of the wedges has been designed so 
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as to obtain the greatest possible mechanical strength, 
combined with a very small leakage section (Fig. 2). 

The loss by both flange and wedge leakage fluxes 
is made up for by slightly lengthening the rotor body, 
which constitutes a far sounder and cheaper solution 
than the use of non-magnetic discs and wedges. 

3. The self-ventilating character of the rotor is 
attained by designing flanges and rotor body so that 
they take care of the whole air supply (Fig. 3). 

Neither built-on nor separate fans are used. 
Although none of these devices have caused much 
disturbance of service, it is certain that doing without 
them means an increase of reliability. The air supply, 
in consequence, entails an increase of ventilation work, 
but the gain in security by far out-weighs the slight 
decrease of the alternator efficiency caused by this 
arrangement. 

The four-pole rotor design is substantially different 
from the two-pole type. Shaft and cylindrical pole- 
bodies are of one forged steel piece (Fig. 4). Steel 
sleeves are slipped on to the pole-bodies. The field 
coils are firmly secured between the pole-shoes and 
rings bolted on to the bottom of the sleeves (Fig. 5). 
The sleeves are fixed on the pole bodies by means of a 
large number of bolts, sunk half-way into the pole 
body and the sleeve. This method of securing the 
field coils offers the greatest safety of all designs in use 
at present. The coils are edge-wound, in one single 
layer. Their cooling is rendered more effective by a 
large number of ventilating holes parallel. to the coil 
axis, bored through the whole length of each coil 
(Fig. 5). The air-cooled coil surface is more than 
doubled by this solution, 

The cylindrical shape of the coils renders exact 
manufacturing possible. The wound coils are baked 
under high pressure, so that copper and insulation 
between turns form a compact mass on which neither 
heat nor centrifugal force will causé any change of 
form. The coils are also safe from any effect of 
moisture. No breakdown has ever been caused by 
these coils on the four-pole turbo alternators, some of 
which have been in operation for two. decades. This 
type of rotor is also self-ventilating, __ i 

The rotors are made of mild steel or of nickel steel, 
The present limits of rated speed are :—If mild steel is | 
used: 135 m/sec. for two-pole rotors, and 125 m/sec. 
for four-pole rotors. For nickel steel rotors: 150) 


m/sec. in the case of two-pole, and i40 m/sec. in the 
case of four-pole types. 
Stator Winding and Bracing Arrangement.—The 


stator core is built up of mild steel sheets—containing 


about 2 per cent. silicon. Half-open slots are used. 


The slot insulation has always been made of hard ~ 


mica even in case of low voltage turbo-alternators. 
Where mica insulation tubes cross the ventilation ducts 
they are completely protected by distance pieces so 
that no mica parts are exposed to high velocity air. 
The possible maximum of parallel circuits per phase 
is even at present generally considered to be equal to 
the number of poles. The lowest machine voltage 
thus arrived at is, in case of large alternators, far from 
meeting the usual requirements. 
problem led to a better solution of meeting all practical 
conditions. The first machine with more than 2p. 
(number of poles) parallel circuits per phase was built 
in 1911. Figs. 6 and 7 show the scheme of connections 
for a two-pole turbo-alternator with four parallel 
circuits per phase. The E.M.F.’s of the parallel 
circuits are equal, 
of 16 minutes between the two pairs of resultant 
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but there is a phase angle 


stator-winding by this difference amounts to such alow — 


percentage or the full load current,* that the supple- 
mentary I?R losses entailed by it are insignificant. 
Windings with 6p. and 8p. parallel circuits per phase 
may be designed on similar lines. In these cases 
neither the E.M.F.’s nor the phase angles of the parallel 
connected circuits are equal, but the difference is of 
no account whatever. On this scheme, even large 


alternaters may be designed with an adequate number — 


of slots per pole for obtaining a good pressure wave 
and also for keeping the amperes per slot within reason- 
able limits. 

The large turbo-alternators manufactured for com- 
mercial voltages have generally one or two bars per 


slot, each insulated by a separate hard mica tube for — 


the full machine voltage. 


The head windings at both ends of the stator consist — 


of evolute connections. 


The bars projecting from the stator slots as well as 
the end connections are supported by specially designed © 


bracing arrangement, protecting the machine against 
the effects of short-circuits. The solution adopted is 
such that each kind of stress is met by a separate part 
of the supporting assembly. The bracing arrangement 
contains three devices with separate duties, viz.: (a) 


The supporting rings “‘ A” (Fig. 8), made of insulating 


ol 


material, with number and distribution according to 
the arrangement of the end-windings, protecting the — 


bars.on their whole projecting length. (6) The bolts, 


marked B-B, tangential to the base circle of the 


evolute and connections (Fig. 9), securing the latter 
against relative movements; and finally (c) the 
axial bolts, marked C-C (Fig. 8), locking the layers of 


the end-winding together and securing them in their — 
position relative to the press ring of the stator core. — 


Each connecting evolute being supported separately, 
a considerable part of the end winding surface is 
exposed to the yentilating air, and the cooling there- 
fore is most effective. 

Ventilation.—The rotor is designed for delivering the 
necessary cooling air without any mounted or auxiliary 
fan, giving to it ventilation which is mainly axial 
(both inner and surface cooling), to the stator bore an 
axial system of ventilation, but to its core a purely 
radial ventilation system. This scheme has often been 
used on moderate-sized alternators: with more or less 
variation in design. Its inherent advantages are: (a) 


* With 15 per cent. inherent reactance about 3 per 
cent, of the full load current. 
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Least number of changes in air direction and simplicity 
of castings. (6) The air passes through the stator core 
ducts after taking up the heat losses of all the other 
parts of the machine. This is quite a natural scheme, 
eae stator core is the least liable to suffer by heat 
etfects. cS 


Fig. 
ee? 10 Pe, / 


Fig.7. SCHEME OF CONNECTIONS OF ATWO-POLE 
ALTERNATOR WITH FOUR PARALLEL CIRCUITS 
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Difficulties have, with this scheme in general, arisen | 
in the case of long machines, where air supply towards 
the middle of the stator core was inadequate. 


The axial borings through the rotor body with their | 


radial exit holes constitute a radical remedy to this 
drawback. Careful measurements of air velocity at the 
stator ventilation duct exits have shown that the quan- 
tity of air passing between the stator packets attains 
its maximum at the middle of the armature. An 
approximately uniform temperature of the stator core 
and bars is thus arrived at. 

Particular care has been exercised in providing for 
the cooling of the head windings, these being the only 
parts of the alternator where the insulation consists 
partly of fibrous material. The bracing arrangement 
used is such that a great part of the surface of each 
evolute connection is exposed to the ventilating air, 
ensuring a most effective cooling to the head windings. 

A comparatively small quantity of air is sufficient to 
keep the temperature of the different parts of the 
alternator within the standard limits. 

Efficiency.—The self-ventilating design of the rotor 
increases slightly the windage of these alternators. 
Fig. 10 shows the efficiency curves of a 15,500 kv.-a., 
6,600 v., 50 ~, 3,000r. p.m. machine, established on the 
basis of all actual losses (load losses included) measured 
in the course of most careful tests. The difference 
between the efficiency and that of similar alternators, 
caused by the completely self-ventilating design is of 
no account when the improvement in safety is taken into 
consideration. 

Failures.—No breakdown has been experienced with 
the four-pole rotor design described, of which forty- 
four—all built before 1916—-are running. One rotor of 
this type burst in 1912 in consequence of a turbine 
governor failure causing the set to speed up to twice 
its rated number of revolutions ; but an exact copy of 
the machine was ordered by the power supply company 
operating it, and has been in satisfactory service ever 
since 1913. 

No bursting or similar breakdown has ever happened 
with the 160 two-pole rotors, of which the majority 
were built before 1918. Since 1918, five two-pole 
rotors, having between them sixty-four years of service, 
have been rewound in consequence of insulation 
failures. ; 

The four-pole statorfailures which have occurred since 
1918 are of a slightly larger percentage than the two 
pole stator breakdowns given below. They have 
mainly been experienced on some large machines after 
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| many years of service, these having been built at a 


period when the skin effect was not so completely 
taken into consideration as in later years. 

Seven stator failures have been experienced since 
1918 with the 160 two-pole alternators, these repre- 
senting a total of about 900 machine-years of operation 


Fig.8. LONGITUDINAL 
SECTION OF BRACING. 


Fig. 9. 
END VIEW OF BRACING. 
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Ftg.10. EFFICIENCY CURVES OF A I5,SOOKVA,,6600V, 
50~, 300O0RPMALTERNATOR. ’ 
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for the period under consideration. he leading point 
in establishing the foregoing designs was the importance 
ascribed to safety in operation. 


Norta or Eneuanp Institute oF MINING AND 
MrcHAaNICAL ENGINEERS.—The annual general meeting 
of the unembers of the North of England Institute of 
Mining and Mechanical Engineers will be held in the 
lecture theatre of the Institute, Newcastle-upon-Tyne, 
at 2 o’clock, on Saturday, August 9. 


Tre INTERNATIONAL Lirn-BoaT CONFERENCE.—IJn 
our issue of July 4 it was stated that the Dutch lifeboat 
Brandaris was fitted with a semi-Diesel opposed twin- 
cylindered de Booy engine of 90 h.p. This is not the 
case ; the engines fitted are two standard 45 h.p. single- 
cylinder Kromhaut semi-Diesel ones, manufactured by 
Messrs. D. Goedkoop, Jr., Limited, of Amsterdam. 


Srmam TURBINE FoR Canapsa.—A report has been 
received from H.M. Trade Commissioner’s Office at 
Toronto to the effect that the City of Toronto Depart- 
ment of Works is calling for tenders for the supply and 
installation of one 400 h.p. steam turbine for the 
water supply of Toronto. Tenders close on August 19. 
United Kingdom firms in a position to supply British 
materials can obtain further particulars on application 
to the Department of Overseas Trade, 35, Old Queen- 
street, London, S.W.1, quoting reference A.X. 1150. 


Tue InstiruTion oF ExLecrricaL ENGINEERS.—The 
pext examination of associate membership of this 
Institution will be held on October 30 and 31, and 
November 1 of this year. Candidates must be either 
students or graduates of the Institution or must have 
lodged with the secretary a duly completed form for 
election as associate member. Entry forms for the 
examination, whick must be filled in and returned by 
September 1, can be obtained on application to the 
Secretary, The Institution of Electrical Engineers 
Savoy-place, Victoria Embankment, W.C. 2. 


Repucep TraMwAy Reorrprs.—According to the 
official returns of 34 of the principal tramway under- 
takings in the United Kingdom, as published in The 
Tramway and Railway World, the total receipts for the 
week ended July 5 last were 346,222/., or 8,2511. less 
than for the corresponding week of last year. The total 
length of single-line track covered by the returns was 
1,948 miles, so that the current receipts per mile work 
out at 1771. 14s. 8d., as compared with 1811. 19s. 4d., 
which was the corresponding figure for a year ago. 
The reduction in the receipts thus amounts to 41. 4s. 8d. 
per mile for the week in question, or about 24 per cent. 


ELECTRICAL RECORDING INSTRUMENTS 
AT THE BRITISH EMPIRE EXHIBITION. 


On of the factors that has contributed to the rapid 
development of electrical engineering is the comparative 
ease with which accurate measurements of the quanti- 
ties involved can be obtained. For the same reason it 
probably follows that measuring instruments are 
employed in electrical work to a greater extent than is 
the case in any other branch of engineering. The 
manufacture of the necessary apparatus has now become 
a very extensive business, which is usually carried on 
either by specialist firms or by separate departments of 
the larger electrical manufacturing organisations. Both 
classes of instrument makers are well represented in 
the electrical section of the Palace of Engineering at the 
British Empire Exhibition, and it is with some of the 
products of one of the specialist firms, viz., Messrs. 
Everett, Edgcumbe and Co., Limited, Collindale 
Works, Hendon, N.W.9., that we now propose to deal, 

For many purposes a knowledge of the value of the 
voltage, current, or other electrical quantity at any 
particular time, such as is supplied by an indicating 
instrument, satisfies all requirements, and the greater 
part of the instruments in common use are of this type. 
There is now, however, an increasing demand for instru- 
ments giving a continuous record of quantities over 
a long period, such records then being available for 
reference at any time, and supplying useful information 
as to the fluctuations which have occurred at times 
when the instrument was not under observation. The 
records can also be used, of course, for determining 
the mean value of the quantity recorded over any 
given period. 

Continuous records are now frequently employed by 
power-station engineers for the purpose of checking the 
consumer’s power factor, in order to find some method 
of improving it. Figs. 1 and 2, on page 200, illustrate 
a recording power-factor meter of the switchboard 
type, made by Messrs. Everett, Edgcumbe for this 
class of work, and included in their exhibit at Wembley. 
The principle upon which these instruments operate is 
now well known, but attention may be called to the 
recording mechanism of which a large-scale photograph 
is reproduced in Fig. 2. The marking arrangement 
commonly employed in recording instruments, consists 
of a pen and small ink reservoir attached to the end of 
the pointer. This arrangement gives satisfactory 
results when the load is steady, but when the pointer 
is subjected to large and continuous fluctuations the 
ink supply is rapidly exhausted, while if a larger 
reservoir is fitted, errors are introduced owing to 
inertia. These disadvantages are overcome in the 
instrument illustrated by keeping a comparatively 
large supply of ink in a stationary well, into which 
dips one end of the pen arm. The latter is in the form 
of a fine tube, and the ink drawn up by capillary action 
flows along the tube to the other end, which is fitted 
with a small nozzle and rests lightly on the paper. 
The tubular pen arm is fixed to a horizontal bar, the 
ends of which are formed with knife edges and rest in 
grooves on the upper ends of two uprights, clearly 
visible in Fig. 2. ‘These uprights are carried by the 
moving system of the instrument, so that their move- 
ment is imparted to the pen arm. Two adjustable 
balance weights, also shown in the illustration, are 
provided to enable the pressure of the pen on the 
paper to be varied at will. The capacity of the ink well, 
we understand, is sufficient to enable a complete 
record to be obtained on a roll 65 ft. in length with one 
fillmg, even with extremely fluctuating loads. It 
should also be mentioned that since the opening 
through which the pen tube passes into the ink well 
is only just large enough to give sufficient clearance 
for rotation, evaporation of the ink is practically 
prevented. 

A similar instrument, in portable form, so that 
it can be taken from place to place and, if necessary, 
temporarily installed in the. consumer’s premises, is 
illustrated in Fig. 3, which shows the instrument 
with the back cover removed to expose the mechanism. 
The latter, it will be noticed, is easily accessible. For 
averaging up the records obtained from power-factor 
meters and other recording instruments, Messrs. 
Everett, Edgcumbe have put upon the market the 
special form of planimeter illustrated in Fig. 4. The 
mean height of the record, and consequently the average 
value of the quantity recorded, could, of course, be 
obtained by an ordinary planimeter by measuring the 
area and dividing by the length of the base line. The 
whole area would, however, have to be circumscribed 
by the tracer point of the planimeter, an operation 
which would be impracticable in the case of a record 
65 ft. in length. In the instrument illustrated, it is 
unnecessary to return to the starting point along the 
base line, since the recording wheel is so arranged 
that its plane is at right angles to the base line when 
the tracing point is on the line. The area is thus 
obtained by starting from the base line and moving the 
tracer arm along one of the curved ordinates ‘until the 
curve is reached, tracing out the curve by moving 
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the paper along as required, and then returning to 
the base line along the last curved ordinate. The 
reading of the wheel is then a measure of the area 
under the curve, and the mean height can be obtained 
by dividing the area by the length of the record as 
indicated by the number of divisions of the base line 
passed over. It will be obvious that the result 
obtained will be precisely the same as would have been 
the case if the tracer point had been actually returned 
to the starting point, since no rotation of the wheel 
would occur while it was being drawn along the base 
line. 

Accurate continuous measurements of speed, current 
voltage, power, and other quantities are particularly 
useful in investigating the working of electric railways, 
tram cars, and battery vehicles, but special precautions 
must obviously be taken in the design of recording 
instruments for this class of work owing to the vibra- 
tion to which they are subjected in use. Messrs. 
Everett, Edgeumbe have designed a complete series 
of recording instruments to comply with the condi- 
tions existing in traction work, and we illustrate one 
of these instruments, as an example, in Fig. 5. The 
instrument illustrated, it will be noticed, is arranged 
to give three simultaneous records on separate charts, 
but similar instruments are supplied to give any number 
of records up to five. The mechanism, as shown, is 
enclosed in a box suspended on springs inside a skeleton 
framework of wood, this form of suspension serving to 
minimise the effects of vibration. The most important 
feature of the apparatus, however, is the method 
adopted for driving the paper and pen gear. For 
this purpose, a small constant-speed motor is employed, 
the motor driving all the charts in complete synchron- 
ism. A paper speed of 3 in. per minute is usually 
employed for railway work, but, by means of change 
wheels, speeds of 1 in. and 6 in. per minute can be 
obtained at will. Moreover, the speed of any one of 
the charts can be changed independently of the others, 
a feature which is often of considerable utility. 

The recording pens are not operated directly by the 
moving system of the instruments, but by screw 
mechanism driven by the small motor above referred 
to and controlled by relays. When the pointer of one 
of the instruments moves in one direction, it makes a 
contact permitting a current to flow through a small 
electromagnet, which brings the edge of a friction disc 
into contact with a disc mounted on a shaft driven by 
the motor. The friction disc is connected through 
gearing to a screw on which the pen is mounted, and the 
rotation of the screw moves the pen along in the same 
direction as the motion of the instrument pointer. 
The contact is moved simultaneously with the pen, 
and aS soon as it is separated from the pointer the 
motion of the pen ceases. If the pointer moves in the 
opposite direction, another electro-magnet is energised, 
drawing the opposite edge of the friction disc into 
contact with a disc on the motor-driven shaft, and by 
this means the pen is also moved in the opposite 
direction. It will be understood that, with this arrange- 
ment, the moving system of the instrument is relieved 
of the work of moving the pen, the power for which 
operation is supplied from the small motor. A large 
ink reservoir can thus be mounted on the pen without 
affecting the accuracy of the record; the latter, it 
should be mentioned, has rectilinear co-ordinates. The 
makers claim that the pen responds instantly to any 
changes in the quantities being measured, and that the 
movement is free from any tendency to hunting or 
swinging. They also state that the records are quite 
unaffected by the vibration and shocks to which the 
instruments are subjected in use. 

To obtain a speed record with the instruments 
described above, the transmitter illustrated in Fig. 6 
is employed, although it can also be used in connection 
with indicators and recorders in many other applica- 
tions. It consists of a specially-designed magneto 
generator, enclosed in a water-tight case and driven 
by roller chain, or other means, from the axle of the 
vehicle. The electro-motive force of the generator is 
directly proportional to the speed of rotation of the 
armature, so that by connecting it electrically to a 
suitably graduated voltmeter, a direct indication, or a 
record, of the speed can be obtained. Any speed, high 
or low, can be measured by employing a suitable gear 
ratio between the axle, or other rotating shaft, and 
the generator. 

The firm’s exhibit includes a number of protective 
relays, which are shown in actual operation ; examples 
of their ‘‘ Superscale ’’ ammeters, voltmeters and watt- 
meters which have exceptionally long and open scales ; 
a convenient portable testing set for alternating-current 
work; extra high-tension electrostatic voltmeters, 
which have been standardised up to 300,000 volts; and 
radio-frequency ammeters for measuring currents up 
to 500 amperes at frequencies up to 1,000,000 cycles per 
second orover. Another of Messrs. Everett, Edgcumbe’s 
exhibits, viz., their ‘‘Cube”’ photometer for deter- 
mining the mean sperical candle power of electric 
lamps, has already been illustrated and described on 
page 543 of our last volume. 


DIAGRAMS OF THREE MONTHS’ FLUCTUATIONS IN PRICES OF METALS. 


(Specially Compiled from Official Reports of London Metal Markets.) 
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Norr.—In the diagrams the figures plotted for tin and copper are the official closing cash quota- 
tions of the London Metal Exchange for fine “ foreign” and “ standard ”’ metal respectively. The prices 
shown for lead are for English metal, whilst those for spelter are for American metal. Middlesbrough 
prices are plotted for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices 
given, in the case of steel plates are for ship, bridge and tank qualities, and those for steel rails are for 
heavy sections. The pig-iron prices are for East Coast hematite and Cleveland iron, both of No. 1 
quality and for home consumption. The price of quicksilver is per bottle, the contents of which 
vary from 70 Ibs. to 80 Ibs, The price of tin-plates is per box of I.C. cokes f.0.b. at Welsh 
ports, but in other cases the prices are per ton. Each vertical line in the diagram represents @ 
market-day, and the horizontal lines represent 11. each, except in the case of the diagram relating to 
tin-plates, where they represent 18. each. 
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RECTANGULAR TUBE AIR HEATER APPLIED TO WATERTUBE BOILER, 


CONSTRUCTED BY MESSRS. 


Fig.1. 


SECTIONAL ELEVATION. 


Removable Panels to give 
access tor Cleaning. 


= Inlet of Gases 
& From Boilers. 


EK. GREEN AND SONS, LIMITED, ENGINEERS, 


WAKEFIELD. 


undue restriction of 
the draft. Hach ele- 
ment consists of four 
rectangular tubes cast 
in one piece and con- 
nected together by a 
flange at each end. 
The flange is 10 in. 
long by 54 in. wide. 
The tubes are 30 in. 
long, 4 in. deep, 1 in, 
wide, and are 14 in. 
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RECTANGULAR TUBE AIR PRE-HEATER. 


Tun considerably increased efficiency of a boiler 
plant when the air for combustion is heated before it 
enters the furnaces has been amply demonstrated, and 
consequently a good deal of attention is being paid 
to the design of air-preheating apparatus. The ad- 
vantages due to the use of such apparatus are greater 
- than the mere recovery of the heat, which would 
otherwise go to waste. Hot air is more active than 
cold air in promoting combustion, with the conse- 
quence that low-grade fuels can be burnt more readily, 
and it appears likely that with heated air the arches 
usually found necessary with chain grate stokers can 
be much shortened, even if not altogether dispensed 
with. Any step in this direction is highly beneficial, 
for not only are arch troubles minimised or eliminated, 
but the screening of the heating surface of the boiler 
from the radiant heat of the burning fuel, which any 
arch construction causes is also very much reduced. 
For these and other reasons modern power station prac- 
tice is tending more and more to the use of air pre- 
heating, especially as the higher steam pressures now 
being employed, and the policy of inter-stage feed 
water heating, are diminishing the field for econo- 
misers, thus indicating the necessity for some other 
method of utilising the heat of the flue gases. 

Messrs. E. Green and Son, Limited, of Wakefield, 
whose name is so well known in connection with econo- 
misers, have now developed an air-heater which can 
be used either in conjunction with, or in substitution 
for, economisers. The general practice in connection 

_with air heaters is to employ either steel tubes or thin 
plates of sheet metal as the heat transmitting surfaces, 
but Messrs. E. Green and Son, no doubt guided by 
their economiser experience, have adopted cast iron 
throughout in their design. The Green air pre-heater 
is built up of a number of elements grouped together 
in series and in parallel in such a manner as to provide 
the heating surface required in any case without an 


apart, the complete 
element haying 9-46 
sq. ft. external heating surface and 8-33 sq. ft. 
internal heating surface, The flanged faces of the 
elements are finished by machining or grinding and 
are held together by bolts, 

The final flanges on the air inlet and outlet sides are 
bolted to an airtight sectional framework with a con- 
verging mouthpiece opposite each tube, in order to 
prevent undue eddying of the air. Each element 
weighs about 80 lb., and though naturally heavier 
than a sheet metal construction of the same heating 
surface, the use of cast iron is expected to give a con- 
siderably longer life under the conditions in which 
air heaters have to work. Each element occupies a 
space of 1 cub. ft., and a series of elements which, 
with their casing, need not occupy a greater height 
than 3ft. or 4ft., can be arranged to supply the re- 
quisite quantity of heated air to the grate of a water- 
tube boiler, as shown in Figs. 1 and 2 above. It will 
be seen that the whole surface of the boiler setting is 
covered by the elements, the result being a shallow 
arrangement, all parts of which are readily accessible 
for cleaning or inspection. The flue gases sweep the 
flat surfaces of the tubes transversely, passing through 
the heater in streams 1} in. thick and 29 in. wide. 
The air passes longitudinally through the inside of the 
tubes, in streams 4 in. by | in., in cross section. The 
contra-flow principle has been adopted, the air passing 
from the cooler to the hotter portion of the heater on 
its way to the furnace. 

Messrs. E. Green and Son, Limited, have carried out 
a number of very careful experiments to determine the 
rate of heat transmission through heating elements 
of the type in question. These show that the number 
of British thermal units transmitted per hour per 
degree difference in temperature between the gases 
and the air, varies from 1-8 for an air velocity of 
1,000 ft. per minute to 3-3 for an air velocity of 2,500 ft. 
per minute. These rates are said to be practically the 
same as, if not higher than, the rates obtained with 
sheet iron heaters now on the market. Air-heater 


sections of the type we have described are to be seen 
on the stand of Messrs. E. Green and Son at the British 
Empire Exhibition, and the excellence of the foundry 
work which they embody is worthy of commendation. 


STATE versus PRIVATE MANAGEMENT OF 
POWER PLANTS.* 


By Arrutr Twisina Hapiey, Ph.D., LL.D. 


Unit recent years, there was little call for state 
ownership of power plants as a measure of national 
policy. Even when distributing agencies, like street 
railways or electric lighting plants, were managed by 
municipalities, they frequently preferred to buy their 
power from some private company instead of producing 
it themselves. But in the present century two causes 
have combined to foster a sentiment in favour of 
making electric power production a government enter- 
prise. In the first place, the increased use of water, as 
a source of power, in itself fostered such a demand. 
Private companies which used water appeared to many 
people to be getting their power at public expense, 
because the government had given them control of a 
natural monopoly. The general public did not under- 
stand how much capital and intelligence were needed 
to make water power available for use. And in the 
second place, it has gradually become evident that the 
different power plants of the country could no longer 
be regarded as wholly separate operating units. They 
must work together as an organised nation-wide system 
if they are to deliver and sell their product to the best 
advantage. Any government is always inclined to ke 
jealous of a nation-wide organisation which it does not 
itself make and control. . 

Under such circumstances the question of public 
versus private management tends to become one of 
sentiment rather than of business. Even if you can 
show a large number of instances where state manage- 
ments costs more than private management, or has 
involved higher rates, or has been given up by com- 
munities which have tried it, you do not make much 
impression on the advocates of government ownership. 
‘*The new democracy is passionately benevolent and 
passionately fond of power.’’ Many voters are prepared 
to pay whatever price may be necessary to protect 
them against the dangers which they apprehend from 
predatory wealth. Every new form of industrial 
combination is likely to be made an occasion for 
extending state ownership unless overwhelmingly strong 
fej OS a i ee ee eee 

* Paper, abridged, contributed to the World Powe 
Conference, July 3, 1924, 
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general reasons can be urged against such a policy 
from the public standpoint. : 

To judge of the probable effect of state ownership of 
power plants, we have two methods at our command. 
First, we can examine the effect of state management 
in the past in lines of industry most nearly similar to the 
electric industry of to-day, and see what lessons can be 
drawn from that experience; second, we can analyse 
the proposals of those who now advocate state owner- 
ship of power plants, and see whether they are econo- 
mically sound; whether their application is likely to 
conserve or to injure the public interests. Industries are 
of two kinds; the standardised and the progressive. 
In the standardised type, of which the Post Office, the 
telegraph or the municipal water supply are examples, a 
large part of the work is a matter of routine. Honest 
administration and faithful performance of service are 
of the all-important conditions. The capital invested is 
either small in proportion to the year’s business, as in 
the Post Office, or subject to easily calculated deprecia- 
tion charges as in the water supply. The necessity 
rarely arises for making radical changes of method to 
keep abreast of the times or scrapping plant before it is 
worn out because new inventions have rendered it 
obsolete. The year’s budget can therefore reflect the 
year’s operations pretty accurately and show whether 
there is a real profit or a loss concealed under the 
appearance of a profit. In the progressive industries 
all these conditions are reversed. The success of the 
work depends upon something more than the perfor- 
mance of routine duties. The amount of capital 
involved is large. Depreciation cannot be accurately 
calculated. New inventions and new methods often 
render plant obsolete before it is worn out. The year’s 
budget does not and cannot accurately reflect the 
year’s conditions. A delay in scrapping a group of 
machines which modern improvements have put out 
oi date may convert a real loss into an apparent profit. 
A successful experiment which is going to be highly 
profitable in the long run may create a present loss, 
which will only be repaid by profits in the budgets of 
future years. 

The history of state-owned industries in the nine- 
teenth century shows that government does relatively 
well with standardised industries like the Post Office, 
and relatively ill with progressive ones like the railroad. 
The difference is particularly marked where the admin- 
istration is under the control of a legislative assembly. 
They look with disfavour on experiments which if 
unsuccessful will be made a campaign issue against 
them, and if successful may simply redound to the 
credit of the other party after it has got into power. 
They are reluctant to substitute new methods for 
old ones when the success of the new method involves 
writing off from the capital account an asset which 
was handed down to them by their predecessors, and 
spending current funds on something from which 
their successors will reap the advantage. 

Among the large industries of the present day, the 
one which is least standardised and most progressive 
in its character is the electric power industry. Among 
those of the nineteenth century, the one which was 
least standardised and most progressive was the railroad 
industry. Amid all their external differences, the 
things which affect the relations of these two industries 
to the government are singularly alike. The history 
of state railroad management in the last century 
should therefore indicate with a good deal of accuracy 
what results we may expect to reach, and what dangers 
we have to fear if electric power development should be 
placed in government hands. 

In the first place, state railroads have habitually 
proved unprofitable. Though every great country 
with the exception of Great Britain has made experi- 
ments in state railroad operations, only two—Prussia 
and the South African Dominion—have succeeded in 
earning the full amount of interest on the capital 
invested. The hopes of lightening the burden for 
future generations by sinking funds, which were 
frequently cherished at the outset, have not been 
realised. In the second place, no operating improve- 
ment of importance has ever had its origin on a govern- 
ment railroad system. Telegraphic train orders, inter- 
locking switches and signals, air brakes, automatic 
couplers, all had their origin on the private railroads 
of England or America. Government railroads gradu- 
ally introduced them after they had been tried out on 
private lines, but they did not originate them. Im- 
provements in equipment and traction, by which 
traffic could be carried at low unit cost, have almost 
always been due to private initiative. ‘This absence 
of initiative in method is peculiarly striking in the 
case of Prussia because it was manifested at a time 
when every form of private business in that country 
was getting ahead of the rest of the world instead of 
falling behind it. In the third place, the state roads 
were equally backward in commercial improvement. 
The thing that made it practicable to reduce railroad 
rates so rapidly during the latter half of the nineteenth 
century was the development of a system of tariffs 
which made a large traffic in cheap goods possible, 


which encouraged long-distance shipments, and which 
utilised the invested capital to the fullest extent. 
The advantages of this system for the public as well 
as the railroads were fully recognised by German 
political economists; but the Prussian Government, 
and other Governments, were slow in accepting it, 
preferring to adhere to the equal mileage principle at 
the sacrifice of traffic and traffic economy. 

Forty-five years ago an Italian Commission made 
an able and dispassionate investigation of the whole 
subject of European railroad management. Though 
appointed under a radical minister which was favour- 
able to state ownership and operation, the Commission 
reported that this system had not proved satisfactory ; 
that state management was more costly than private 
management; and that the State was much more apt 
to tax industry than to foster it. In the years which 
have elapsed since the report of the Italian Commission 
there has been no other investigation of comparative 
railroad administration which was so comprehensive 
andso careful. But publications like those of Acworth 
or Yves Guyot just before the war, and experiences 
like those of Italy or of the United States in the years 
just after it, indicate that what the Commission found 
true in 1881 still holds true to-day. 

Such have been the results of ninety years of state 
management in the industry which, in its progressive 
character, and its problems of making rates to develop 
the kind of traffic which will utilise the plant economi- 
cally, most nearly resembles the electric power industry 
of to-day. How do the advocates of state ownership 
of power plants try to rebut the presumption created 
by these facts? In the first place they admit the bad 
effect of national politics upon business management 
wherever it is allowed to enter, but they think that 
they can keep it out of electric industry to a greater 
degree than has been possible in railroad industry. 
They propose to make the work of selling electricity 
to the public in various parts of the country a matter 
of municipal administration and to treat the system 
of power plants as a co-operative undertaking for the 
municipalities under a permanent chief, independent of 
political control by the legislative body. All these 
points are good as far as they go, Municipalities are 
likely to manage industry better than the national 
government for two reasons. The municipality is 
organised to do business as its primary object, not to 
legislate ; and it can be more closely watched by the 
people with whom and for whom it does business. A 
state power plant has an important advantage over a 
state railroad, in the fact that the actual selling to the 
consumer is done by separate local agencies and not by 
a national agency. The idea that the chief of the 
power plant should be regarded as the agent or trustee 
of a group of municipalities which want cheap power, and 
not as a creature of the legislature, is also thoroughly 
sound. The one question is this: How many men 
are strong enough to assert their independence when 
there is a fundamental difference of opinion between 
them and the legislative assembly as to what ought to be 
done? ‘The nineteenth century has given us instances 
of a few such men, but there have not been anywhere 
near so many as we needed. Is the twentieth century 
better off in this respect ? 

I am content to leave this as a query, and pass on 
to a more important part of our subject. Assuming the 
administration to be thus organised and the chief to 
have this power and this permanence, what policy do 
they propose to pursue? What advantage will their 
system offer the community if successful ? The answer 
generally is that they propose to give lower rates to 
the consumer either now or in the future than private 
companies can afford to give. They claim that they 
are able to do this by their exemption from taxation 
and by the fact that they are not trying to make a 
profit as private companies do, but are content to pay 
interest and perhaps contribute to a sinking fund. 

The proposal to exempt a large group of industrial 
investments from taxation is always open to grave 
criticism. The cost of electric light or electric power 
is not done away with by such exemptions. It is 
merely shifted to other shoulders than those of the 
producer of electricity. The taxes for the support of 
the government in general have to be paid by somebody. 
After making all due allowance for the things which a 
state-owned power plant might do to reduce the budget 
of municipalities which it serves, the fact remains that 
the exemption of all new capital engaged in electric 
production from its share of the burden of taxation 
must mean heavier burdens on everybody else—higher 
rates of taxation for the land owner, higher rates of 
interest for the borrower, and too often higher surtax 
rates for the man of initiative and energy. In his 
recent book on taxation, the United States Secretary 
of the Treasury has shown how dangerous is this 
added burden under present conditions and how severe 
is the resulting loss to the country. This kind of 
exemption also has a bad effect on the morale and 
efficiency of a government industry. If the manager of 
a private company has to pay interest and taxes in 
order to show a balance on the right side and the 


managers of a government property can do so by 
paying interest alone, the latter tends to over-estimate 
the excellence of the work he is doing and content 
himself with a lower standard of efficiency and economy. 

It is sometimes said that the exemption of a public 
enterprise from taxation is offset by the requirements 
of contributions to a sinking fund to which it is sub- 
jected. I doubt whether this is generally a sufficient 
offset to post-war taxes. But even if it were sufficient 
in amount, there are good reasons from the accounting 
standpoint against treating a sinking fund contribution 
as an offset to a tax exemption. A tax is a current 
expense; it represents a contribution made by the 
electric industry, in common with other industries, to 
the general expenses of the Government for a year. A 
sinking fund is not, except constructively, a current 
expense; it is an investment of capital which you — 
guess will prove a good one fifteen or twenty years 
hence; and my objection to treating it as an offset 
to taxation is that the Government nearly always 
guesses wrong. In the long history of Government 
railroad operation there is scarcely an instance where 
a sinking fund really produced the effects intended— 
where the public really got a valuable property free, 
or substantially free, of debt. The maintenance of a 
Government sinking fund has usually been accom- 
panied by an inadequate depreciation charge; or 
perhaps it is better to say by a reserve account which 
covers depreciation only and makes little or no allowance 
for that much more fruitful source of loss, obsolescence. 
A Government makes proper allowance for the rate 
at which capital wears out; it seldom makes proper 
allowance for the probability of its being superseded 
by new inventions. 

The second method by which it is proposed to reduce 
costs of Government enterprise is by foregoing profits. 
In the light of the history of railways in the previous 
century, it would, perhaps, be sufficient to say that 
this offers no prospects at all. If Government enter- 
prises have been barely able to pay current expenses, 
how can they make rates lower by renouncing a profit 
which they never had? But the objections to this 
idea can be put on broader grounds. Let us assume 
that twentieth-century governments know more about 
managing industry than nineteenth-century govern- 
ments; that they could make a profit if they tried. 
but that they deliberately decide to operate at cost. 
I hold that in the case of a progressive industry, as 
distinct from a standardised one, this attempt is 
unsound in principle and will hurt the public instead 
of helping it. In an industry where rates are kept at 
a reasonable figure, either by competition or by the 
action of public service commissions, profits are made 
in two ways—by developing new business which 
allows the plant to be better utilised, or by introducing 
new machines or methods which cheapen the direct 
cost per unit of traffic. In neither case is there any 
loss to the public: in the first there is an immediate 
public gain in the form of a larger service; in the 
second there is a possibility of public gain which becomes 
an actuality as soon as the use of the new method 
becomes general. For the experience of every industry 
with large fixed capital shows that a reduction of 
unit costs makes a reduction of rates not only possible, 
but profitable. This is the way progress is made. 
This is the way in which new ideas are introduced and 
developed which mean big gains for the public. If 
we can get a real improvement of machinery or of 
method, the price paid in the form of profit is always 
small in comparison with the general gain to the 
community. , 

In his remarkable work on “ The State in its Relation 
to Trade,” Lord Farrer, for many years Permanent 
Secretary of the British Board of Trade, has shown 
the folly of attempting to reduce rates by limiting 
profits. The laws controlling the gas companies of 
England, which were based on this idea, had the 
opposite effect to that which was intended: they 
prevented reduction because they took away the motive 
for reduction. If dividends were limited to a fixed 
amount, there was no longer any stimulus for intro- 
ducing new methods which would lower costs and 
increase sales, Now this disability, which was imposed 
upon the gasworks of England in the nineteenth 
century, and which people are trying to impose upon 
the railroads of America in the twentieth (to the great 
public detriment in either case), represents a chronic 
condition in government-owned industries which 
claim to operate at cost. Those in charge are given 
neither the motive nor the means to handle progressive 
industry by the most progressive methods on either 
the operating or the commercial side. 

The question whether a new method will work 
commercially is always a doubtful one. There are 
more failures than successes. ‘The immediate financial 
effect of trying a number of experiments simultaneously 
will appear to the auditors of the year’s accounts to be 
bad. Not until you know which of them is going to 
work will you be able to show good results; often not 
until several years later. The more revolutionary 
the success of the experiment in reducing cost to the 
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THREE-THROW HORIZONTAL SEWAGE PUMP, 


CONSTRUCTED BY MESSRS. 
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public, the more old plant you have to scrap because 
you cannot use it under new rates and new conditions. 
If the producing plants are owned by private capital, 
individuals or groups of individuals have the chance 
to try these experiments at their own risk, The 
gambling instinct is sufficiently strong in human nature 
for each man to be ready to back his own guess as to 
what he can do with all the money that he can himself 
afford, or get his friends to supply him with. Most of 
this is lost. The profit on the invention that succeeds 
or on the method that proves useful seldom equals the 
aggregate loss on the inventions or methods which 
look good in theory but prove bad in practice, but 
the companies gain, and the communities gain, largely 
in the long run from finding out which invention is 
successful and utilising it, It is very difficult, if not 
actually impossible, for a state-managed industry to be 
free to try this sort of experiment. It is not because 
the chief insists on pecuniary rewards for himself. If 
he is a man of the right sort the ambition to do public 
service will be even stronger than the ambition to make 
money. But he cannot try all the experiments at 
once on the public account; and in the light of the 
way governments have treated inventors, he finds it 
very hard to get other people to try the experiments at 
their own risk. He has to confine himself to a very 
few experiments under the advice of an expert : and in 
railroad history, at least, it has not generally been the 
scientific experts, either in physics or political economy, 
who have first shown the way to the big results... Private 
ownership encourages experiment; state ownership 
encourages stabilisation. . 


3. 


Such are the economic reasons which underlie and 
explain the fact that government management has been 
fairly successful on standardised industries, and 
habitually unsuccessful in progressive ones. As the 
electric industries constitute a field where there is 
exceptional room for progress in the immediate future, 
both on the operating and on the commercial side, 
it seems most undesirable that electric power genera- 
tion should become a government monopoly at the 
present juncture. If a particular group of munici- 
palities believes that it can get its light and power 
cheaper by organising a co-operative agency, let it 
do so; or if the government thinks that it can develop 
some of the nation’s water power to better advantage 
than private companies, let it do so. But let it go 
into the competition on equal terms with private com- 
panies as to taxation and regulation. In this way, and 
in this way only can it prove whether it is really cheaper 
and better for the community. The history of state 
management of progressive industries in the last 
hundred years creates a strong presumption against the 
encouragement of government-owned electric plants 
by special privileges. Our brief experience with the 
electric industry itself has, in the opinion of the National 
Association of Railroad and Utilities Commissioners of 
the United States, tended strongly to confirm that pre- 
sumption. 

Under conditions like this the policy of exemp- 
ting government-owned plants from taxation is an 
unwise one to continue, and the proposal to create a 
Government monopoly is’ wholly unwarranted by past 
experience. 


[HORIZONTAL SEWAGE PUMP. 


We illustrate in Figs. 1, 2 and 3 on the present 
page, a large horizontal sludge pump, built by Messrs. 
Hollings and Guest, Birmingham, for the Birmingham 
Drainage Board. The pump is of the three-throw hori- 
zontal single-acting type, having three pistons 15-5 in. 
in diameter, with an 18-in, stroke, capable of delivering 
1,000 gallons of sludge per minute to a sewage farm 
situated at a distance of five miles. The pump is 
motor-driven through chain-gearing, arranged to give 
two speeds of 15 and 30 r.p.m., when delivering and 
circulating respectively. 

The normal duty, when delivering, is 500 gallons 
per minute, against a total pressure head of 50 lb. per 
square inch, plus 10 lb. per square inch suction lift ; 
when circulating, the pump works against a total 
pressure head of 25 lb, per square inch, plus 10 lb. per 
square inch suction lift. The maximum starting 
pressure, due to the viscosity of the sludge or tem- 
porary blockage of the mains, has been taken at 
100 lb. per square inch, plus 14 lb. per square inch 
suction lift. The first reduction from the motor to 
the intermediate shaft is by an inverted tooth chain, 
and the second reduction from the intermediate to the 
crankshaft, is by triplex roller chain ; the use of these 
chains results in very quiet running. 

The crankshaft and the intermediate shaft are of 
steel, running in gun-metal bearings; the connecting 
rods have gun-metal bearings at each end. Special 
attention has been given to the valves; these are of 
gun-metal, and are designed to give an entirely clear 
way for the sewage. The opening through the valves 
is 8 in. in diameter; the suction and delivery pipes 
are 12 in. in diameter. The pump plungers although 
single-acting, are of the piston type, the rods passing 
through a gland in the usual way. The inside ends 
of the barrels are vented, and are provided with a 
drain to carry away any sludge that may leak past 
the piston packing, making it practically impossible 
for any trouble to arise through leakage into the pump 
house. 

The electric motor which drives the pump is a 
60 brake horse-power machine, of the pipe-ventilated 
type, fitted with slip-rings, taking three-phase, 50-cycle 
current at a pressure of 415 volts. 

The whole is mounted as a cast-iron base, machined 
to receive the pump bodies, guides and crankshaft 
bearings. The castings are exceptionally heavy for 
their work; ample bearing surfaces are provided and 
all parts are easy of access for maintenance and 
repairs. 


VARIABLE-SPEED WINCHES. 


Tue combination of a pump, so arranged that it will 
give a variable delivery when run at a constant speed, 
with a reversed pump, used as a motor unit, has proved 


an economical and efficient means of obtaining variable 
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VARIABLE-SPEED ELECTRIC BOAT WINCH; BRITISH EMPIRE EXHIBITION, 


CONSTRUCTED BY MESSRS. VICKERS LIMITED, ENGINEERS, BARROW-IN-FURNESS. 
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speeds from a constant speed power unit. One of the 
best known devices of this type is the Williams-Janney 
hydraulic variable-speed gear of The Variable Speed 
Gear Limited, of Broadway Court, Broadway, West- 
minster, an associated company of Messrs. Vickers 
Limited. Within the pump unit there is a cylinder 
barrel mounted upon the shaft which has a number of 
small cylinders bored in it having their axes parallel 
with that of the shaft. Ineach small cylinder there is 
a grooved trunk piston which is provided with a con- 
necting rod, having spherical ends, connected respect- 
ively to a spherical seating in the piston and to one of 
a series of similar bearings in a socket ring mounted on 
the shaft. The ring is driven from the shaft by means 
of a universal joint and runs in two sets of roller bearings 
mounted in aninclined housing. The latter is mounted 
on trunnions so that its inclination may be changed. As 
the pump shaft is revolved, the cylinder barrel and 
socket ring rotate with it and a reciprocating motion 
is given to the small pistons. There are openings on the 
cylinder faces which are successively brought into 
communication with two ports cut through a valve 
plate. Through the first port oil is drawn into the 
cylinders, and there raised in pressure and then dis- 
charged through the other port. The stroke of the 
pumps and therefore the amount of oil dealt with may 
be varied at will by tilting the socket ring toa greater 
or less extent. When plane of the ring is adjusted 
to be at right angles to the shaft the pistons have no 
travel, and consequently there is no delivery of oil. 
Further tilting reverses the direction of motion of the 
oil. At the other end of the variable-speed gear there 
is a motor unit constructed in a similar, manner to the 
pump, but with the enclosed housing which holds the 
socket ring, permanently fixed. As the motor unit 
receives its oil from the pump, the delivery of which 
may be varied in direction and magnitude, variable 
running in both direction and speed is obtained. 
This variable-speed gear has been applied to the 
drives of many different types of machines where 
variable speeds of working are essential, and on this 
page and the one opposite are illustrated two examples 
of winches in which jit is incorporated. These form 
part of the exhibit of Messrs. Vickers Limited, at the 
British Empire Exhibition. 

The first series of illustrations, Figs. 1 to 4, show 
a boat winch of the horizontal type, which will exert 
a pull of 30 cwt. at a speed of 90 ft. per minute. In 
this the power is obtained from a direct-current 
constant-speed motor of watertight construction, 
which develops 18 h.p. when running at 600 r.p.m, 
It is supplied with current at a pressure of 220 volts. 
The starter for the electric motor, which is of the 
contactor type, may be placed in any convenient 
sheltered position, and as it is operated from a double- 
push button mounting on the winch the operator need 
not leave his control position for starting up. A 
centrifugal brake is interposed between the electric 
motor and the pump unit of the variable-speed gear. 
As may be seen from Fig. 2, the pump unit is mounted 
on above the motor unit. The delivery from one to 
the other is effected by steel pipes. From the motor 
unit the drive is taken by a forged steel shaft, which 
has a worm cut on it. This worm drives a cast-iron 
worm wheel, which is provided with a phosphor-bronze 
rim. The entire worm 'gear is enclosed in a cast-iron 
oiltight gear case, designed to embody the bearings 
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provided a warping drum of 12 in. diameter and 12 in.|served from the consequences of excessive loading 
length outside the flanges. The whole design as may! through the operation of an overload device. 

be judged from Fig. 4 is exceedingly compact, the| Another example of the use of the Williams-Janney 
operator has the push-button control for the motor at | gear, and one which shows the same characteristics 
his hand and the variation of speed and direction of | of compact design and ease of control, is provided by 


for the worm and main shaft, and in the base of which 
provision is made to take the end thrust of the worm. 
On the main shaft at each side of the gear box there is 


running may be easily and rapidly effected by altering | the cargo winch illustrated in Figs. 5 to 8. This is of 
the setting of the pump socket ring, by the use of the | Messrs. Vickers’ horizontal type, and can handle loads 
hand wheel, situated in a convenient position above | ranging from 1} tons at 150 ft. per minute, to, approxi- 
the variable-speed gear. The electric motor is pre-| mately 3} tons, at 60 ft. per minute. The lay-out in 
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VARIABLE-SPEED ELECTRIC CARGO WINCH: BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS. VICKERS LIMITED, ENGINEERS, BARROW-IN-FURNESS. 
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this case is quite different from the previous example, 
as the barrel being long is set with its axis parallel 
with the electric motor shaft. An electric motor, con- 
nected to a 220-volt direct-current supply, is provided 
and it develops 30 h.p. when running at the constant 
speed of 500 r.p.m. As the service to which these 
winches are put is one in which they are exposed, and 
therefore liable to the presence of water, the electric 
motor is of watertight construction. A motor starter 
of the contactor type is also used in this case for putting 


the motor into operation, and can therefore be placed in 
any position where it can be properly sheltered. Push 
buttons on the winch put it into and out of action. An 
overload device prevents the imposition of excessive 
loads on the electrical equipment. The drive from the 
motor is taken to the pump unit of the variable speed 
gear, a centrifugal brake being placed between them 
on the motor shaft. In this winch also the pump unit 
of the variable speed gear stands over the motor 
unit, but in this example the contro] wheel is not erected 


above the gear, but the spindle is made long enough to 
be carried through to the other side of the winch drum 
for convenience of operation. 

The power obtained from the motor unit of the 
Williams-Janney equipment is carried through to the 
shaft on which the drums and barrel are mounted by a 
worm drive, which is clearly shown in Fig.6. The worm 
and its shaft are formed from a single billet of forged 
steel and are effectively supported in ball bearings at 
each side of the foot of the gear casing, while a thrust 
bearing ensures the counterbalancing of end thrust. 
The worm wheel is a composite structure in which a 
phosphor bronze rim surrounds a cast-iron wheel. 
A barrel, 164 in. diameter and 37 in. long, measured 
inside the flanges, occupies the central position on the 
main shaft, and there are drums 164 in. diameter and 
22 in. long at each end of it. For the support of the 
main shaft the bearings at the worm wheel serve at the 
one end, while a pedestal bearing erected between the 
drum and barrel meets the requirements at the other end. 
Beside the gear casing a powerful brake is provided, 
which has a Ferodo lining and is arranged for pedal 
operation. ; 

Both of the equipments described are items in the 
range of standard winches made by Messrs. Vickers 
Limited, in which the Williams-Janney gear is used, 
and the components are all standardised and made to 
templates or to standard gauges. 


EXPORT OF ELECTRICAL POWER FROM 
NORWAY.* 


By 8S. Knoumann (Director of A/S Norsk Aluminium 
Company). 

THE question of export of energy from Norway has 
for several years been discussed both in Norway 
and in our two neighbouring Scandinavian coun- 
tries, Sweden and Denmark. Switzerland already 
exports considerable quantities of energy, and other 
countries might perhaps advantageously be supplied 
with power from Norway. When the Danish Govern- 
ment asked the Norwegian Government about the 
possibility of transmitting power from Norway to 
Denmark, a Scandinavian Commission was appointed 
by the Norwegian, Swedish and Danish Governments, 
comprising prominent engineers. The conclusions of 
the work of the Commission are summarised in a paper 
contributed to Section G of the Conference by Messrs. 
A. R. Angelo and W. Ring.} oF Flares 

In the Commission’s report the upper limit of the 
prospective power transmission is assumed to be 
100,000 kw., when the cost of energy will amount to 
180 Danish kroner. The calculation has been based, 
however, on a rather high price, which presumably 
will fall, while the transmission of still larger quan- 
tities of power would further considerably lower the 
unit price of energy. : 

It seems, therefore, that the transmission of power 
from Norway to North Germany might offer consider- 
able economical advantages to these two countries. 
Points of a political and social economic nature must 
be considered in the treatment and estimation of this 
particular case, and the political difficulties and 
opposing interests undoubtedly form a greater obstacle 
to the realisation of the idea than those of a technical 
and directly economic nature. 

There are in Norway considerable political interests 
working to prevent the export of energy, in order to 


* Paper, abridged, contributed to Section G of the 
World Power Conference on July 7, 1924. 
+ See page 114 ante. 
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keep it within the borders of the country to cover its 
prospective civil requirements, for development of our 
industry, and as a substitute for our coal consumption, 
&e. 

How much power should be reserved in Norway for 
this it is very difficult to estimate. From data at our 
disposal it can be seen that Norway may reserve | kw. 
or more per inhabitant on the assumption that its 
present population will be doubled, and furthermore 
reserve a considerable part of the water power on the 
West Coast for the electro-chemical industry, and still 
have, say, about 1 to 2 millions horse-power left for 
export. 

Utilisation of the total water power of Norway 
within the borders of the country would only be con- 
ceivable in the case of a gigantic development of our 
electro-chemical industry. Against such a rapid and 
enormous development very strong social objections 
might be raised, as liable to result in greater social 
evils and disturbances than economical and other 
advantages. It would necessitate a transformation of 
the character of the population of the whole country, 
which would exceed the limits of possible realisation. 
Most of the technical and industrial men, who have 
investigated and studied these questions, have there- 
fore arrived at the conclusion that it would be most 
advantageous for Norway to reserve for its own re- 
quirements the necessary suitable water power, and 
otherwise be open for negotiations with foreign coun- 
tries of Northern Europe, which might want to import 
electrical energy in order to compensate for their 
insufficient water power and coal supply. 

The general view of the civil requirements of a 
country is that these are very low, because the estimate 
is usually based on the small development up to the 
present time. That this development has been small is 
due, however, to the production of power by means of 
coal, and consequent expense. It is the general view 
of Norwegian engineers that this development is also 
to a great extent dependent on the metering system. 
In Norway, with its permanent water-power source 
behind its distribution networks, the power is usually 
rented on the basis of what is called the balance-beam- 
meter system (‘‘ Vippesystem”’). Each consumer 
rents a certain number of watts or kilowatts per year 
and pays an annual rent for this. An automatic 
balance beam cuts off the current the moment when 
this amount is exceeded, and turns it on again only 
when the consumption has been reduced to below the 
given maximum. 

While this system may be said to cause certain diffi- 
culties for the consumers, such inconveniences are con- 
sidered to be slight and easily overcome. This system 
has been responsible for the introduction of heat- 
accumulating cooking apparatus, which not only 
gives very satisfactory results from the culinary point 
of view, but has also considerably stimulated the intro- 
duction of cooking with electrical energy and the 
employment of the latter for heating as well as for 
a number of other purposes. 

It is the general opinion in Norway that the exten- 
sive development of electrification, the large demands 
for energy, and the many advantages to home and 
industry which have accrued, are essentially due to 
the balance-beam-system, with its educating influence 
on the consumers, and to the lowering of the price 
at which the works can sell the energy when the con- 
sumption becomes more even and the peaks are re- 
duced, to the advantage both of the producers and of 
the consumers. 

It is clear that if electrical energy is to be advant- 
ageously transmitted over long distances and through 
large transmission networds, the peak load must be 
reduced as much as possible, and the consumption and 
utilisation of the energy must be as even as possible ; 
in this way the transmission and distribution expenses 
will be correspondingly reduced. In Norway there 
are exampes of as much as 76 per cent. utilisation of 
the rented energy in comparatively recently-connected 
districts. 

Export of electrical energy from Norway to North 
Germany, for example, might advantageously be carried 
on in the form of a more or less constant load which 
would be transmitted to large distribution networks, 
which would receive additional energy from steam 
power stations, the latter being responsible for the peak 
load. In some cities, as, for instance, Stockholm, 
the introduction of such a system has been consider- 
ably facilitated by means of the use of electrical 
auxiliary boilers which keep the steam power station 
ready for operation without coal-firing during those 
parts of the day and night in which they are not re- 
quired; thus the station can step in with additional 
power immediately or at very short notice, 

The import of power to North Germany and perhaps 
also to Holland, while local steam power stations 
could step in to equalise the load and carry the peak 
loads, would thus offer many and great advantages. 
The frequent strikes in the coal-mining industry also 
seem to call general attention to the importance of a 
power supply from a permanent source which is not 


dependent on such conditions. The coal supply 
released in this way might then be used for other dis- 
tricts situated more to the south. 

As one of the findings of the Danish Committee, I 
have mentioned a price of kr. 180 per year for a trans- 
mission of not more than 100,000 kw. delivered at five 
different centres of distribution in Denmark. The 
import of larger quantities of power into North 
Germany would not involve very much greater trans- 
mission distances. And if this quantity were raised 
to at least 200,000 or 250,000 kw., which is assumed 
to be the suitable initial quantity for transmission to, 
for instance, the districts around Hamburg or the 
Baltic, the latter transmission would not involve any 
increase on such a price. On the contrary, at the 
present prices and with such an increase of the quantity 
of power, the price would be lower. 

Good steam coal with a heating value of about 6,000 
calories costs 16s. 6d. per ton (= kr. 26) in Germany, 
and in England 15s, 9d. per ton (= kr. 24-50). Assum- 
ing that on the average about 7 to 8 tons of coal are 
consumed for the production of one horse-power year, 
the consumption of coal alone of a steam power 
station costs as much as the total price of the trans- 
mitted electrical energy. A coal power station requires 
a continuous supply of fuel, and the price of this fuel 
is steadily increasing. A steam power station has also 
far greater upkeep costs. 

Once a water power station is erected, the water is a 
permanent source of power, and the upkeep costs of 
the plant are at a minimum, at all events as far as 
concerns Norwegian water power. Such plants are 
amortised in the course of thirty to forty years. Thus, 
after the elapse of forty years the production price of 
the water power will have been reduced to include only 
the upkeep costs or only a fraction of the original 
production costs, whereas the coal steam power would, 
after forty years, cost very much more, on account of 
the continually increasing prices and the decreasing 
currency value. 


CATALOGUES. 


Induced Draught.—Several installations of induced 
draught are illustrated and described in a catalogue 
received from Messrs. James Keith and Blackman 
Company, Limited, 27, Farringdon-avenue, London, 
E.C. 4. The plant is simple and easily fitted to any 
chimney, and is advantageous in economy of fuel and in 
reducing the emission of black smoke. 


Electric Motors.—Messrs. T. Harding Churton and 
Company, Limited, Leeds, have issued an excellently 
printed catalogue of induction motors, giving tables of 
dimensions, capacities and prices. 


Hardening.—Messrs. Fluxite, Limited, Bevington- 
street, Bermondsey, London, 8.E.16, have issued a new 
leaflet explaining the use of Fluxite soldering paste in 
hardening and case-hardening tools. 


Machine-Shop Equipment.—Messrs. F, Pratt and 
Company, Limited, Halifax, have sent us a neat cata- 
logue of lathe chucks, and supplementary leaflets showing 
sets of chuck jaws for bolting to face plates ; additional 
sizes of independent and geared scroll chucks are also dealt 
with on separate sheets. The catalogue gives particulars 
of drill chucks, taper sleeves, lathe centres, steadies, 
angle plates, surface plates, machine vices, &c. In all 
cases prices and capacities are stated. 


Clutches.—Messrs. Thomas Broadbent and _ Sons, 
Limited, Huddersfield, have issued a folder showing the 
application of their centrifugal clutches to a number of 
machines. These clutches pick up the drive gradually 
and slip at any given overload. 


Pipes, &c.—Messrs. Cochrane and Company, Limited, 
Middlesbrough, have sent us a list of their products 
which include coal, pig-iron, coke and coke-oven by- 
products, iron castings up to 20 tons, and rust-proof 
pipes. The pipes are of three classes: cast-iron from 
1% in. to 60 in. diameter, lined centrifugally with con- 
crete; mild steel up to 70 in. diameter with inside 
and outside concrete coverings; and centrifugally spun 
concrete from 3 in. to 60 in. diameter. Other linings are 
also applied instead of concrete. 


Cycle Carriers—From Messrs. F. and H. Melen, 
Limited, Birmingham, and 314, Gray’s Inn-road, London, 
W.C., we have received a folder showing carrier bicycles, 
tricycles and motor tricycles fitted for various trades 
and also illustrating a number of trucks and hand carts. 


Paint.—A folder describing their ‘‘ Bowranite ”’ paint 
for preventing rust has reached us from Messrs. Rohert 
Bowran and Co., Limited, 4 St. Nicholas-buildings, 
Newcastle-on-Tyne. This paint, which, we understand, 
has stood severe tests, is made in black, red, grey and 
green colours. 


Steel.—An interesting catalogue, specially issued for 
the British Empire Exhibition by the Cargo Fleet 
Tron Co. Limited, Middlesbrough contains a series of 
illustrations of their steel rolling and cutting plant, 
blast furnaces, gas plant, power station, pit-head plant, 
&e., and also gives a brief description of the operations 
of the firm and its subsidiary companies. 


Sluice Valves.—A catalogue illustrating the details 
of construction of their sluice valves and comparing 
them with older methods of construction, has come to 
hand from Messrs. J. Blakeborough and Sons, Limited, 
Brighouse, Yorks. 
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Steel.—The South Durham Steel and Iron Co., Limited, 
West Hartlepool, have sent us a copy of a catalogue 
prepared for the British Empire Exhibition, giving 
illustrations of their steel-making and rolling plant and 
the related processes. The illustrations of the rolling, 
shearing, lifting and other machinery are of particular 
interest. 


Electric Motors.—The Metropolitan-Vickers Electrical 
Company, Limited, Trafford Park, Manchester, have sent 
us a catalogue of high-speed induction motors with 
squirrel-cage and wound rotors, and ranging from 100 h.p. 
to 5,000 h.p. The machines, which are suitable for 
two-phase and three-phase circuits up to 11,000 volts, 
are fully described, as also are the special conditions 
under which they are particularly advantageous. 


Conveyor Chains.—W hat is claimed to be a new depar- 
ture in conveyor and elevator chains—viz., the provision 
of stee] links in place of malleable iron links—is the 
subject of a catalogue recently issued by Messrs. Hans 
Renold, Limited, Didsbury, Manchester. A general 
technical discussion of the subject is followed by sections 
dealing with the sizes of the new chains, the attachments 
manufactured, sprockets, &c. Horse-power tables, prices 
and an appendix dealing with the application of 
block and other chains to conveying and elevating are 
also given. The new chains have hollow studs and 
pierced side plates. 


Water Turbines.—Turbines for developing power from 
small waterfalls are described in a new catalogue, entitled 
“The Estate Water Turbine,” issued by Messrs. Sir 
W. G. Armstrong, Whitworth, and Co., Limited, 51, 
Victoria-street, London, 8.W. 1. The standard sizes of 
these turbines develop from 3 h.p. to 50 h.p. from heads of 
6 ft. and upwards. 


Electrical Machinery—The revised edition of their 
general catalogue which has come to hand from Messrs. 
Bruce Peebles and Co., Limited, Edinburgh, contains an 
illustrated description of their works, an illustrated list 
of the large range of generators, motors, motor-converters, 
and rotary converters made by the firm, as well as a 
section. relating to the industrial applications of elec- 
tricity, showing several machines with electric motor 
drive and several electric power stations. We have also 
received a leaflet catalogue of the Peebles-Reyrolle 
automatic sub-stations. 


Centrifugal Castings —Those interested in centrifugal 
casting, which has made so much progress since 1916, 
will find some useful information in a catalogue recently 
issued by the Sheepbridge Stokes Centrifugal Castings 
Company, Limited, Chesterfield. The catalogue contains 
notes describing the process and some microphotographs 
comparing the grain of castings made by ordinary sand 
moulding and by the centrifugal process. Drum castings, 
in a full range of sizes, for producing piston rings are 
now held in stock for immediate dispatch. 


Railway Repair Plant.—A series of excellent illustra- 
tions of the repair and overhaul workshops of the Chilean 
State Railways at San Bernardo appears in the “ Progress 
Reporter ” issued by the Niles-Bement-Pond Company, 
New York, U.S.A., and 25, Victoria-street, London, 8.W., 
who furnished the plans and machine tool equipment. 
The workshops deal with the upkeep of 300 locomotives 
and the corresponding passenger and goods rolling stock. 
Copies of the publication are issued in French, Spanish 
and Italian in addition to the English version. 


Tin.—The Straits Trading Co., Limited, 11, Colyer- 
quay, Singapore, have sent us a pamphlet illustrating 
their tin refining works and plant, and giving particulars 
of the trade in tin ore and refined tin. The capacity of 
the works is 60,000 tons of refined tin a year, and the 
sales last year amounted to 45,500 tons, although in 
1920 and 1921 they were below-30,000 tons. In twelve 
years, the aggregate sales have been 435,000 tons and the 
total value 100,000,000/, giving an average value of 
about 230/. per ton. 


Structural Steelwork—Two booklets received from 
Messrs. Dorman, Long and Co., Limited, Middlesbrough, 
containing descriptions and lists of their products, and 
prepared more especially for the British Empire Ex- 
hibition, are of particular interest. There is a repro- 
duction of a water-colour drawing shown at the exhibition 
of the new’ bridge for Sydney Harbour ; illustrations of a 
number of large public buildings erected or in course of 
erection; and some particulars of the pipe lines for the 
Bombay water supply, for which the company is making ~ 
80,000 tons of steel plates. The exhibits include samples 
or specimens of coal, coke, by-products, firebricks, and 
chemical productions, in addition to a full range of steel 
rails, plates and sections. We note from the list that the 
company is producing plates from } in. to 2 in. thick, 
from 15 in. to 45 in. wide, and up to 90 ft. in length, all 
of which are simultaneously rolled on the sides and 
edges. 


Tue Burma Rattway Company.—Somie figures rela- 
ting to traffic returns of the above company have recently 
come to hand. A comparison of the figures for the week 
ending June 14, 1924, with those the same week last 
year indicates an all-round increase for the same amount 
of track open, viz., 1,342 miles. Coaching and sundries 
have risen from Rs. 2,82,522 to Rs. 2,96,249, an increase 
ot Rs. 13,727, or 9801. In the case of goods receipts 
Rs. 3,35,539 compares with Rs. 3,89,020, an increase of 
Rs. 53,481, or 3,8001., making the increase in receipts 
Rs. 67,208, or 4,7801. The receipts per mile increased 
from Rs. 461 to Rs. 511, a difference of Rs. 50, or 31. 13s., 
while the average earnings per mile per week improved 
from Rs. 552 to Rs. 570, that is, by Rs. 18, or Ll. 5s. 
The total revenue from April 1 until June 14 last year 
was Rs. 81,95,822 as compared with Rs. 79,41,078 for the 
current year, an increase of Rs, 2,54,814, or 18,2017. 
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\ MODIFIED TEMPERATURE-ENTROPY 


DIAGRAM FOR A GASEOUS WORK- 
ING SUBSTANCE. 


By Professor G. E. Scuotss, Liverpool University. 


Tue customary form of the temperature entropy | 


chart for one pound of a gaseous working substance 
involves the construction of several constant- 
pressure and constant-volume lines, and the number 
of these lines is considerable. In locating a point 
on the T¢ chart, the knowledge required is that 
of the pressure of the gas and its volume per pound. 
The point on the T¢ chart is then obtained by 
determining the point of intersection of the corres- 
ponding constant pressure and constant volume 
lines: ¢.g., if the pressure is 300 lb. per square inch 
absolute and the volume 2 cub. ft., the correspond- 
ing point on the T¢ chart would be at the inter- 
section of the constant pressure line of 300 Ib. per 
square inch absolute and the constant volume line 
of 2 cub. ft. In practice, the accurate determina- 
tion of the point of intersection of these lines is not 
easy, for two reasons :— 
1. The value of the pressure necessitates inter- 
polation. 
2. The constant pressure and -constant volume 


If, for example, the T scale is such that 1 in. = 
100 deg. C., then the corresponding pV scale is 
such that 


11 


iin. = is x 100 = 68-75 pV units. 


Again, for T = 400 


Aci 


pV = — X 400 = 275. 


This information enables the pV scale to be con- 
structed and placed correctly relatively to the T 
scale. 

‘Since the horizontal position of the point may be 
fixed from a knowledge of the pressure or volume, 
it is necessary to decide which of these functions 
should be used. The volumes per lb. of gaseous 
working substances as used in internal-combustion 
engines, lie between 1:0 and 20 cub. ft., and the 
author uses on the modified T¢? chart a constant 
volume line of 1-Ocub. ft. This is the only curve on 
the chart, and*with this is used a simple logarithmic 
volume scale, shown below. In order to determine 
the position of a point on the T¢ chart, it is now 
necessary to know the pV product and the value 
of V. The pV product fixes the height of the 


point, and the V value its position with reference |’ 


2 3 
@ Ranks 


lines approach each other at a slight angle and the) to the 1-0 cub. ft. constant volume line, using the 


position of the point of intersection is a matter of 
doubt. 

Since, in order to locate a point on the Tp chart, 
it is necessary to have simultaneous ordinate and 
abscissa values, i.e., corresponding values of T and ¢, 
‘the author investigated whether the information 
available, viz., that of the pressure and volume per 
pound of the gas would be adequate to determine 
these values. If the ordinate value be known, then 
the height of the plotted point on the chart is fixed, 
and it would only remain to fix its abscissa value. 
If, further, the volume or pressure is known, then 
the abscissa or value can be found by simple 
logarithmic interpolation from any one of the con- 
stant volume or constant pressure lines, respectively. 

In the equation PV = RT, the product PV is 
proportional to T, and hence a corresponding PV 
seale may be plotted in addition to the T scale. 
Generally, pressures are measured in lb. per square 
inch absolute, and volumes in cubic feet. 


Then if R = 99 ft.-lb., the Centigrade scale of | 


thermometry being used— 


PV = 99T, where P = pressure in lb. per! 
square ft. absolute 
or 144 pV = 99T where p = pressure in lb. per 


square in. absolute, 


and T absolute temperature 


deg. C. 


From this relation the corresponding scales to be 
cused for the T and pV scales may be determined, 
and the corresponding value of the pV product for 
any value of T. 


V = volume per lb. in cub. ft. | 


logarithmic scale to locate the point. 
Construction of the Chart—Il{ the working sub- 


stance be assumed to have specific heats which are 


functions of the absolute temperature, and if 


K, = a+sT — uT2 
Ky, = 6 + sT —uT2 


PY = J (kp — Bt i) Re 
Then 
dH = KjdT 4 Ape 
do =k, 22 ean 
TF 
= Ky TD a cre Ae 
T V ij 


= (b + ST —uT?2) _ +AR oe and integrating 


2 
¢ = blogeT +ST— pee + AR loge V+ constant 


bite Gre Olen: z +82 -T)- 5 (2 —- Ty) 


+ AR log V2 . 
Vi 


(1) 
For a constant volume line V, = V, and 


go — $1 = b loge z HS(Es a Ty) — T= Ti), 2) 
al) 


uU 
D 

For any assumed temperatures T, and T,, ¢2 — ¢1 
is the same, no matter what constant volume line 
is considered; 7.¢., all constant volume lines are 
identical in shape. 

If the temperature is constant, ze. T, = T,, 
then 


bp-= pea logs a: Gey % 
vi 


and, at the same temperature, the change in entropy 


(3). 


for a volume change from V, to V, is AR log, ” 


% 


eg., if V, =1, and V, =7, the increased entropy 
due to this increased volume at any constant 
temperature is AR log, 7. This value thus gives 
the horizontal displacement on the T ¢ chart of 
the point V = 7 from the constant volume line of 
1-0 cub. ft. The logarithmic volume scale is con- 
structed and marked such that the distance 
between the zero of the scale and the particular 
volume marked V, is AR logeV units of entropy. 

To calculate the entropy values for V = 1:0 
cub. ft., some condition of the gas has to be chosen 
for which the entropy is assumed to be zero, The 
author has taken the values of the specific heats 
due to Stodola, as given in the paper “ An Energy 
Diagram for Gas Mixture and Some of its Uses,” 
by Wm. Alexander, Proceedings of the Institution 
of Mechanical Engineers, May, 1917, and has assuméd 
that the entropy of the gaseous working mixture is 
zero at atmospheric pressure and at a temperature of 
300 deg. C. absolute. The values of K, and K, so 
given are 

K, = 0-2377 + 0-000062 T — 0-725 x 10-8 T2 
Ky = 0-167 + 0-000062 T — 0-725 x 10-8 T2 

For zero entropy p= 14-7 lb. per square inch 
absolute, T = 300 deg. C. absolute and 


y = F(0-2377 — 0-167)T 


14:7 x 144 
— 799 x 300 
14-7 x 144 


14-02 cub. ft. 


At any given temperature, therefore, the differ- 
ence of entropy for V = 14:02 and V = 1-0 will 
be ° 

AR log. foe = 0°187 Ranks, 


If in equation (2) ¢, be put zero for T, = 300, 
then the values of the entropy of the gas for the 
constant volume 14-02 cub. ft. can be calculated 
for any temperature. Equation (2) then reduces 
to 
uT2 


b 
2 


and since ¢y =1) is 0-187 Ranks less than ¢(y =14-02) 
we have ; 


T2 
ESE aSh 


Over ijia 2 DOB sY aA <0, 2) 


From this equation (5) corresponding values. of 
T and ¢ may be obtained and are here calculated. 


T (deg. C. abs.) ¢ (V = 1-0 cub, ft.} 
, “ee: de 0-2219 
1,800 0-1942 
1,600 0-1646 
1,400 0-1331 
1,200 0:0958 
1,000 0:0546 
800 0- 0082 
600 — 0:0532 
400 — 0:1326 
200 — 0:2603 


The T ¢ chart may now be plotted to any suitable 
scale, as in the diagram. 

Transference of Indicator Diagram to T ¢ Chart.— 
For a detailed method of the preparation of the 
indicator diagram prior to the transference to the 
T @ chart and for the information obtainable from 
the transferred diagram, the reader is referred to 
William Alexander’s paper previously mentioned. 
By this method, the corresponding pressures in 
pounds per square inch absolute and volumes in cubic 
feet per pound, are determined, the volumes being 
expressed in whole numbers. From this informa- 
tion the product pV is obtained for each point. 
From the pV and V values the diagram is quickly 
and accurately plotted, the time saved being appre- 
ciable compared with previous methods. 

The author claims for the modified chart a 
greater simplicity in construction and use, com- 
bined with a-considerable saving in time. In 
teaching it has the advantage that each student 
constructs his own chart, and benefits by the 
increased knowledge so obtained as compared with 
the use of a chart which he has not constructed. 
It may be pointed ont that the single constant 
volume line used may be done away with by the 
use of an additional entropy scale on the logari- 
thmic volume scale, but it is not thought desirable 
to suggest that this should be done. 

Experiments carried out to predict the thermal 
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PUMPING MACHINERY AT THE BRITISH EMPIRE EXHIBITION. 
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éfficiency of an internal-combustion engine from an 
indicator card by calculating the thermal efficiency 
given by the transferred indicator diagram on the 
T ¢ chart have proved satisfactory, the agreement 
between the actual test and the predicted thermal 
efficiencies being very close. 


BRITISH EMPIRE EXHIBITION: PUMPS 
AND PUMPING MACHINERY .—III. 


THe exhibit at the stand of Messrs. G. & J. 
Weir, Limited, of Cathcart, Glasgow, embraces a 
wide range of pumps, condensing plant and com- 
pressors, the variety being increased by the presence 
at the stand of several examples of pumping 
plant constructed by Messrs. Drysdale and Co., 
Limited. ; 

The examples shown by Messrs. Weir include a 
large number of their well-known pattern of direct 
acting boiler-feed pump, with which most engineers 
are now familiar. Examples of pumps for oil fuel 
transfer, oil fuel pressure, and for water service are 
also exhibited, as well as the specially compact 
type of feed pump which Messrs. Weir have developed 


in connection with feed water heating on loco-| 


motives. This pump and the multiflow-type of 
heater, in conjunction with which it is used. were 
described and illustrated in ENGINEERING, vol. 
exii, page 150. 

Another class of reciprocating pump shown by 
the firm covers motor-driven two-throw double- 
acting pumps, of which an example is illustrated 
in the accompanying Fig. 38. A 5-in. by 6-in. 
pump is shown at the exhibition, the motor being 
fixed on the top of the pump entablature, making a 
very compact design, occupying a minimum of 
floor space. In addition to its advantages from 
this point of view, which are especially valuable in 
marine work, the motor in this position is well out 
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ofthe way of splashed oil or water. The pump 
barrels are cast in one block with a large rectangular 
base. Liners of gun-metal are fitted in pumps for 
water service, cast iron being exclusively used for 
oil. The valve box is cast separate and bolted to 
the pump body casting. The main entablature is 
carried directly over the pump barrels by very 
stout steel columns, the whole forming a very rigid 
structure. The crosshead guide brackets are 
securely bolted to the columns. The connecting 
rods and crossheads are of special malleable cast 
iron. The crankshafts, of open hearth mild steel, 
have cranks set at 90 deg., and run in gun-metal 
bearings, fitted with automatic grease cups. The 
countershaft entablature is arranged directly over 
the main entablature and carries the intermediate 
shaft with double reduction gearing. It is sur- 
mounted by the motor. The gearing is of the 
straight-spur type, with the first reduction pinion 
on the motor shaft of raw hide. The spur wheels 
are of cast iron, the countershaft pinion being of 
steel. A special form of tooth has been adopted for 
these gears, giving a very silent running train. 
The tooth loads are low and the life, therefore, long. 
The motor controller is fitted on the left side of the 
columns, all electric cables between the :controller 
and motor being enclosed in ducts. Where height 
is a consideration of moment with the larger sizes of 
pumps of this type, the motor is set directly over 
the valve box, bringing the countershaft and crank- 
shaft to the same level. Another variation is the 
provision of worm reduction gear. 

Fig. 39 illustrates Messrs. Weir’s popular turbo 
boiler-feed pump, which also forms part of the 
firm’s exhibit. This pump, of the single stage 
centrifugal type, is driven by an impulse turbine, 
having one pressure and several velocity stages, 
and is designed for the use of highly superheated 
steam. The general arrangement will be clear 
from the section, the shrouded impeller with 
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labyrinth rings being seen at the right, while the 
turbine surmounted by its governor is shown in the 
centre, the shaft being carried in two ring-oiled 
bearings. All rotating members are carefully — 
balanced, and are readily accessible for examination 
and overhaul. The turbine casing and bearings are 
split horizontally, the lower portions forming part 
of the general bed of the unit. 

This bed is extended at one end, as shown, to 
form a flange, to. which the pump casing is fixed. 
The impeller is thus carried on an overhung length 
of the turbine shaft, an arrangement characterised 
by compactness and ensuring good alignment. 
The turbine casing being exposed only to exhaust 
steam pressures and temperatures, is made of 
close grained cast-iron. The nozzle-box and the 
throttle are of cast steel. The shaft is of nickel 
chrome steel, fitted with a non-corrodible sleeve 
where it passes through the pump gland. The turbine — 
stuffing boxes are provided with carbon packing, 
which can be removed without lifting the top half 
of the casing. 

The admission of steam to the turbine is primarily 
regulated by a stop valve of the screw-down disc — 
type. By means of a spring-loaded piston and 
dashpot, arranged on the valve spindle and on- 
trolled by a trip gear working in conjunction with an 
emergency governor in the end bearing housing, 
this valve is used as an emergency or safety stop 
valve as well. The emergency governor mounted 
on the end of the shaft consists of an unbalanced 
ring kept in a concentric position by means of a 
spring. When a predetermined speed is attained, 
the resistance of the spring is overcome, and the 
ring takes up an eccentric position. It then, in 
rotating, strikes a trigger, which immediately 
releases a lever holding back the spring-loaded 
piston of the stop valve. The valve, thus freed, 
closes instantaneously under the action of the 
spring. The nozzle box is designed so that. 
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Fic. 40. Emercency BmcGrt Pumper: Mgssrs. 
DRYSDALE AND Co., LimiTED. 


when the; pump is lightly loaded no auxiliary 
nozzles are needed, but at full load and overload, 
one or more auxiliary valves are opened:-as 
required. 

The pump casing is of bronze, with labyrinth 
tings of a special bronze alloy, the impeller being 
of Monel metal, which has proved itself especially 
suitable to withstand the erosive action of water at 
the high velocities required to generate 400 lb. 
pressure in one stage. The impeller is in automatic 
hydraulic balance, thrust bearings thus being 
obviated. The thrust collars shown in the inner 
bearing are for location purposes during starting 
and stopping and do not carry end load. 

The pump discharge pressure is normally con- 
trolled by a governor which maintains a constant 
pressure at the pump discharge, regardless of 
ordinary fluctuations in the steam pressure or in 
the quantity of water discharged. The governor 
performing this function is mounted above the 
throttle valve casing, and comprises a spring- 
loaded piston operated by the pump, and directly 
connected to a balanced throttle valve controlling 
the supply of steam to the turbine according to the 
load on the pump. The discharge pressure may be 
varied by adjusting the spring pressure. This is 
accomplished by turning the hexagonal head of 
the spring adjuster immediately below the spring 
case. The set is self-regulating for all ordinary 
changes in either water or steam conditions. When 
the latter are decidedly adverse, auxiliary nozzles 
may be brought into play by means of auxiliary 


Fia. 41. 
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4-IncH Satvace Pumprna SET; 


valves in the nozzle-box and the supply of steam 
is augmented. The set shown at the firm’s 
stand has a capacity of 20,000 gallons per hour. 
Sets are made up to 50,000 gallons per hour 
capacity. 

The “‘ Paragon ”’ air pump of Messrs. Weir, also 
to be seen at Wembley, is a new design of wet 
pump having the advantage of being more compact 
for the same weight than former models. This is a 
twin pump combined with an ejector augmentor. 
The model shown is steam driven, the two pumps 
being worked by a single overhead steam cylinder 
and rocker gear. The pump can be arranged for 
electric drive. The two pump barrels are fitted 
to a common base and top. The pump crossheads 
and guides are arranged centrally back to back. 
The steam cylinder is carried directly above one 
pump cylinder on steel columns. The condensate 
is led from the main condenser to the pump base 
and is handled by both barrels. The augmentor is a 
vertical inverted steam ejector mounted in the centre 
of a horizontal tubular condenser. The latter is 
supplied with the pump condensate discharge. 
The air and non-condensible gases are withdrawn 
from the main condenser, and discharged, by the 
ejector into the augmentor condenser, where their 
heat is given up to the water passing to the hot well, 
and the ejector steam is condensed. The condenser 
water makes two. passes through the condenser, 
while the ejector discharge is also forced to take a 
long path among the tubes, by deflectors. A large 
tee-piece couples the augmentor condenser with 
a valve box containing a Kinghorn type non- 
return valve on each barrel, the discharge from the 
augmentor entering the pump cylinders alternately. 
The ejector is of the multi-nozzle type, designed to 
operate with a steam pressure of 100 lb. per 
square inch. The set is specially intended for 
use with steam turbine installations with ‘high 
vacuum. 

We mentioned above that. Messrs. Drysdale and 
Co., Limited, have an exhibit which is combined 
with that of Messrs. G. and J. Weir. Messrs. 
Drysdale’s exhibit includes centrifugal pumps of 
several forms and sizes, and several special types of 
pump including vertical spindle centrifugals, a 
vertical centrifugal two-stage extraction pump, a 
vertical bilge pump, and a small salvage set. The 
examples shown also include a 36-in. twin parallel 
dock pump, a dock leakage pump, six-stage high 
lift centrifugal, an 8 in. sand dredging pump, and 
others. The vertical spindle pump has a divided 
casing, split on the vertical centre line, the front 
half being detachable, while the back half is embodied 
in the casting forming the base and column, above 
which is mounted the vertical spindle motor direct 
connected with the pump. A hand hole is provided 
in the front half of the cover. The pump is designed 
primarily for work on board ship, but is not recom- 
mended for purposes requiring suction lift. The 
impeller is shrouded on one side only, the thrust 
being in an upward direction, reducing the load 
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taken by the thrust bearing. The thrust bearing is 
situated at the top of the motor. It is of the double 
thrust-ball type. The bottom motor bearing is also 
of the ball type. The shunt-wound motor is com- 
pletely enclosed in a drip proof casing. 

The firm’s “§.0.S.” emergency bilge pump is 
illustrated in Fig. 40 on this page. This is of the 
submersible type and a development of Messrs. 
Drysdale’s Centrex pump, of which a 4-in. example 
is also shown at the exhibition. In the Centrex 
pump any air is separated from the water and 
handled separately. The vertical spindle centrifugal 
pump in the emergency bilge pump is placed in 
the base of the bottom casting, which, as in the case 
of the upright centrifugal, combines a large circular 
foot with a short epen-fronted column, above which 
the direct-coupled motor is mounted. The column 
further embodies, at the back, suction and discharge . 
passages, andyan air-separating chamber. The 
motor is{ housed in a welded-steel bell, tested 
to withstand a pressure equivalent to 70 ft. head. 
A hand hole is fitted in the upper part, so that the 
commutator and brushes of the motor may be 
attended to, The pump is of the single-impeller 
type, shrouded on one side. The thrust is upward. 
The casing is split in a vertical plane and the 
impeller and spindle can be removed after taking 
off the front portion, without disturbing pipe joints. 
For priming and drawing off air which may come 
through the suction two small high-speed reciprocat- 
ing air pumps are arranged, housed in front of the 
column. These are driven by worm gear from the 
main spindle. If air is present in the separating 
chamber at the back of the column it is drawn off 
by the pumps through pipes leading from a float 
valve chamber. If no air is present the separating 
chamber will be full of water and the float valve 
closes the communication to the air pumps. The 
air pumps have no suction valves, the pistons simply 
over-running ports. The discharge valves are of 
the metallic disc type. By withdrawing four bolts 
the air-pump gear can be removed. When working 
unsubmerged fresh air is drawn through openings 
into the bell and passed through the motor by a 
fan mounted on the armature. The pump can run 
submerged to such a depth that if the compartment 
in which it is mounted is completely filled with water 
the motor will not be flooded. The design is 
approved by the Board of Trade as satisfying the 
Regulations for Emergency Bilge Pumps. This 
pump is made in sizes ranging from a delivery of 
50 tons to 200 tons of water per hour. 

Messrs. Drysdale’s ““ Pervac”’ pump is an elec- 
trically-driven centrifugal on somewhat similar 
lines to the foregoing, i.e., the pump is arranged with 
its spindle vertical and one-half of the casing is 
integral with the column, which has a foot below 
and a flange to which the motor is fixed, above. 
This pump is a high-vacuum extraction pump for 
condensate. It is of the two-stage type, the lower 
impeller being designed for securing the best 
vacuum and the upper for dealing with head, and 
capable of producing a discharge at a pressure up 
to 20 lb. per square inch. The suction connection 
from the condenser joins the pump at the lowest 
possible point, close to the base, the condensate 
being delivered to a chamber at the back of the 
column, provided with an air trap. The latter is 
connected by an air vent to the condenser. Air 
separating out of the condensate at the eye of the 
first impeller is led to the trap, and does not pass 
through the pump. The suctions of the two 
impellers are opposed. Above the second stage is g 
pressure-sealing chamber, into which the discharge 
passes before leaving by the discharge connection. 
The spindle has only one gland, 7.¢., that situated 
above the sealing chamber under pressure, so that 
no air leakage through the gland can occur. A 
bearing is provided between the two impellers and 
an external bearing between the gland and motor. 
As in the previous models, the front half of the casing 
can be removed without breaking pipe joints. The 
motor is fitted with an adjustable thrust bearing, 
under a canopy or cover, which protects the upper 
end of the motor from drips, &c. All these models of 
vertical-spindle pumps have the advantage of 
occupying a minimum of floor space, while the 
alignment of pump and motor is unaffected by any 
bolting-down strains that may be set up. 
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We can only refer to one other of Messrs. Drys- 
dale’s exhibits, namely, a 4 in. salvage pumping 
set, which we illustrate in Fig. 41 on page 217. This 
set comprises a two-cylinder V-type petrol engine 
and direct-coupled centrifugal pump mounted on a 
wooden frame provided with lifting chains and rings. 
The engine is bolted to a-strong gun-metal bracket, 
which in turn is connected to the pump by means 
of three strong steel distance bars. The pump 
casing and impeller are of gun-metal and the shaft 
of phosphor bronze. The engine is capable of 
developing up to 8 brake horse-power, at a maximum 
speed of 1,800 r.p.m. to 1,900 r.p.m., but normally 
works at from 1,200 r.p.m. to 1,500 r.p.m. The 
maximum delivery is from 80 tons to 90 tons per 
hour. The engine is fitted with magneto ignition. 

_ It is arranged for hopper cooling. The tank for 
holding the water supply has connections carried 
to an annular space in the pump suction cover for 
cooling purposes. The set can easily be carried 
by two men, its weight being about 2 cwt. 

In our issue of July 4, p. 2 ante, we dealt with 
some of the pumps exhibited at the stand of Messrs. 
Gwynnes Engineering Company, Limited; in 
Figs. 42 and. 43, above, we illustrate a further 
exhibit by this firm, in the form of a steam turbine 
boiler feed pump. The combination is mounted on 
one bed plate. The pump casing, of cast steel, is 
split horizontally and vertically, the former allowing 
the impeller and rotor to be lifted out on the shaft, 
while the latter enables a better finish to be given to 
the volute and also allows the impeller to be drawn 
off independently of the rotor. The impeller is of 
bronze and of the double-entry type, end thrust 
being thus eliminated. The shaft is supported in 
ring-oiled bearings on both sides. The casing eye is 
fitted with gun-metal rubbing rings giving sufficient 
clearance for handling hot-well water up to 200 deg. 
F. The steam turbine is of the two-stage impulse 
type with ring-oiled bearings, casing and bearings, 
being split horizontally. The unit is non-condens- 
ing. The main stop valve has a safety trip which 
operates if the load is suddenly released. An 
automatic regulator is also fitted to control the speed 
according to variation of boiler pressure, being 
operated by the steam pressure acting on a dia- 
phragm. Primary and secondary nozzles are uti- 
lised. The set runs at from 4,000 r.p.m. to 6,000 
r.p.m., with a boiler pressure of 250 1b.. The 23 in. 
size shown delivers 60,000 Ib. of water per hour 
against 250 lb. boiler pressure ; other sizes capable 
of delivering 150,000 Ib. and 250,000 Ib. per hour 
are also made. 

In connection with the pumping of sewage and 
other liquids containing solids, Messrs. Gwynnes 
have introduced the Gwynne-Pennell rotary trap, 
which may be used with centrifugal pumps of 
high efficiency. The low efficiencies of pumps with 
impellers with large passages are thus avoided, while 
for sewage the apparatus can replace the ejector 


Fig. 44. Tut GwyNNrE-PENNELL Rotary Trap; Messrs. GwyYNNES ENGINEERING 9 
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system. The latest arrangement of the Gwynne- 
Pennell trap as exhibited at the firm’s stand at 
Wembley, is illustrated in Figs. 44 to 49, above, and 
on page 219. Of these, Figs. 45 and 46 show the com- 
plete installation with vertical spindle centrifugal, 
trapand motor. Fig. 44 is a view of the set without, 
however, the motor, which is mounted on the cir- 
cular column base to the right. Fig. 47 shows a 
section of the trap, while Fig. 48 is a diagram set 
out so that the operation may be readily followed. 
Fig. 49 is a trip gear to prevent the trap being 
jammed by large solids, as will be explained later. 
Both trap and pump are driven by the motor, the 
former having a speed of about 5 r-p.m. to 10 r.p.m. 
The pump draws through the trap and delivers back 
into the trap. Any solids are caught in the trap 
and prevented from entering the pump, but are 
delivered again to the discharge stream and carried 
away. 

The trap consists of a spider mounted on a 
shaft and enclosed on each side by circular screens. 
This revolves inside a casing fitted with two side 
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covers. The latter contain ports and passages, in 
conjunction with connections to and from the pump. 
The liquid drawn in through the suction enters the 
body of the trap. Everything able to do so is 
passed through the rotating side screens to the 
passages in the covers connected with the pump suc- 
tion. Solids are held in the pockets inside the re- 
volving trap between the spider arms. The liquid, 
after passing through the pump, is returned through 
the second set of passages in the covers, and the 
revolving screens, to the interior of the trap, through 
which they pass to the discharge. In the mean- 
while the revolving spider has brought trapped 
solids opposite the discharge also, and these are 
swept away by the stream delivered. The screen, 
in revolving, is thus constantly cleared of fibrous 
and stringy material which may be clinging to the 
bars from the first straining. The arms prevent 
direct communication between the suction and 
delivery ports, the clearance allowed only permitting 
a negligible amount of leakage. The screens consist 
of a number of concentric rings of approximately 
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triangular cross-section with the apices of the 
triangles outwards, so that it is difficult for solid 
matter to pass between the rings, but any which 
actually do so is immediately cleared, while on the 
pressure side the entering liquid has the maximum 
scouring effect. All the screen rings are free and inde- 
pendent of each other. They are allowed con- 
siderable play in the grooves in the cages in which 
they lie, and in working are subject to a good deal of 
vertical and horizontal movement, which, of course, 
tends to keep them clear. The trap will work equally 
well with any type of pump. When mounted on 
a combined unit with an electrically driven centri- 
fugal as shown, it is worked off the main spindle by 
worm gearing. This drive is best seen in Fig. 45, 
and can be followed in Fig. 44 as well, though in 
the latter it is partly hidden by the trip gear. 

The trip gear is at the end of the trap shaft, 
and is shown at the right-hand end*in Fig. 45. 
The gear is illustrated in half-section in Fig. 49. 
The object of this fitting is to prevent damage 
due to blocking of the trap by solid matter 
obstructing the movement of the revolving arms. 
The gear provides for a short backward kick or 
reversal in event of the spider jamming, giving 
the solid a short time in which to clear. The 
kicks are repeated at close intervals until the 
spider is free to move forward again. This can 
be followed by the aid of Fig. 49. In this illus- 
tration A is the worm wheel of the reduction gear 
driving the trap. It is keyed to a revolving 
shrouding B, which in turn is keyed to a sleeve C, 
revolving on the shaft. At the right-hand enlarged 
end the shroud B has an annular plate fixed to it. 
The latter carries a bevel gear rmg in mesh with 
small bevel pinions one of which is shown at D. 
These small bevels are carried on a mounting E 
which is held stationary by a key under the cover F, 
the latter being bolted to the frame of the gear. The 
part E also supports a bevel ring G, which is free to 
revolve upon it. As the shrouding B, driven by the 
worm, revolves in one direction, the bevel ring G, 
driven by the bevel D, revolves in the opposite sense. 
It will be noticed that G has a projecting cone rim. 
This forms one part of a clutch, the mating part 
of which H is carried by a sleeve revolving with, 
but capable of sliding longitudinally on, the shaft. 
The faces between the sleeve on which H is mounted, 
and C are finished with a number of bevelled 
depressions which match. Normally, these two 
parts are held in close contact by a strong helical 
adjustable spring. surrounding the shaft, and 
revolve together. If, however, the trap is jammed, 
the revolution of the shaft is interrupted, while the 
part C is still forced forward by the motor drive. 
The bevelled edges between the two faces then 
ride up on each other, H is forced to the right 
against the action of the spring, and for a small 
portion of a revolution the two sleeves are held 
apart by raised flats on their faces. While in 
this position the cone H engages with the clutch G, 
revolving in a direction opposed to that of the 
sleeve C, and the shaft is therefore given a jerk 
in this new direction, the movement terminating 
when the raised flats on the sleeve faces, instead of 
being in contact, mate again with correspondingly 
shaped depressions, and the parts are closed 
together again by the spring. The sleeve faces 
are furnished with a series of hollows and raised 
parts, and if at the first kick the trap does not 
clear, the motion is repeated quickly and continues 
until the spider is again free to revolve. The 
adjustment of H with regard to G is made to 
suit the relative longitudinal movement of the 
two sleeves when the bevels over-ride. The sleeve C 
has to be capable, therefore, of being initially 
correctly set, and this is accomplished by pins 
projecting through the casing B and controlled 
by a nut on the smaller outside diameter of B, 
close to the worm wheel. 

The Reed-Cooper “ Electrosubmersible ” pump 
is shown.in operation at the stand of Messrs. J. 
Samuel White and Co., Limited, East Cowes, 
Isle of Wight, who are sole licensees for this appliance 
for Great Britain and other parts of the Empire ex- 
cept Canada. This pump was fully described, when 
it was first brought out in 1920, in our columns,* 
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and in principle has remained unchanged in the 
interval. It has met with good success, having 
been adopted by the British Admiralty and the 
Japanese Navy. A reference to our former article 
will show that many interesting features are 
embodied in the design, which is very compact 
and of a form little liable to damage, with a minimum 
of projecting parts. The pump is combined with 
a three-phase induction motor with squirrel cage 
rotor. The latter surrounds the hollow shank of 
the impeller which *is developed close in to the 
stator at one end. The volute or scroll is mounted 
on the end of the stator frame, two bearings serving 
for both revolving parts of the apparatus, situated 
between. The stator windings are enclosed in oil, 
a thin cylinder of special alloy passing through 
the air gap and being jointed to the stator frame. 
The rotor laminations are not protected from water. 
The impeller and rotor can readily be withdrawn 
for inspection by unbolting a cover at one end. 
Connection is made with current supply by way 
of a watertight plug and socket bolted to the 
yoke casting. 


QUEENSTON-CHIPPAWA DEVELOPMENT OF 
THE HYDRO-ELECTRIC POWER COM- 
MISSION OF ONTARIO.* 


By F. A. Gasy. 


Dunrine the proceedings of the great World Power 
Conference, there were presented a number of state- 
ments referring to the work of the Hydro-Electric 
Power Commission of Ontario—the organisation which 
supplies electrical energy to over 360 municipalities in 
the Province of Ontario. The municipalities thus 
served include practically all of the cities, towns and 
larger villages in the more populous sections of the 
Province. The growth in the demand for electrical 
energy for municipal, industrial and domestic purposes, 
has been so marked that the Commission has been 
compelled to exercise special foresight and to adopt 
heroic measures in order to provide adequate supplies 
of electricity. 

The demand for electrical energy has, in fact, been 
such that the Commission, in 1917, felt justified in 
commencing construction upon the largest single hydro- 
electrical power plant in the world, the Queenston- 
Chippawa development. This development is situated 
on the Niagara river and utilizes the maximum develop- 
able head available between lake Erie and lake Ontario. 
The power house is situated in the Niagara gorge just 
south of the town of Queenston, Ontario. 

It will, it is believed, be of special interest to present 
for your consideration some of the outstanding problems 
involvedin the construction of this Queenston-Chippawa 
development, and it is proposed, therefore, in this 
paper, to present a brief outline of a number of salient 
engineering and other features involved in the design 
and construction of the Queenston-Chippawa develop- 
ment. 

Throughout the period of preliminary study and 
later as the design progressed, continuous use was made 
of models of the various structures in order that the 
mathematical analyses might be augmented by actual 
demonstrations under the assumed conditions. Models 
were made for the studies of the intake, the bends in 
the canal, the transitions, that is, points where change 
of section occurred in the Canal, the diffuser at the 
mouth of the forebay, and of the draft tubes and station 
substructure. It is believed that the beneficial results 
of such studies and of the care taken in the design of 
what are often considered minor elements of a power 
development have been demonstrated by the results 
obtained. Such tests as have already been made indi- 
cate conclusively that there has been secured at least 
as high an over-all efficiency as has every before been 
obtained. ; 

True conservation of the waters of the Niagara River 
for power purposes demands that practically the whole 
fall of about 327 ft. between Lake Erie and Lake 
Ontario be utilised. The various power plants now 
operating at Niagara Falls utilize heads of from 130 ft. 
to 210 ft. only and with widely different degrees of 
efficiency. The Queenston-Chippawa power develop- 
ment, the first unit of which was placed in operation 
during December, 1921, will have a normal operating 
head varying from 294 to 305 ft. when the installation 
is complete. The conservation of head effected by 
the reduction of hydraulic losses to a minimum, and 
by refinements in the design of the various essential 
elements of the project as a whole, has resulted in a 
power development which-is believed to represent the 
best in modern engineering practice. 

The present installation will consist of eight 55,000 


* Read before the Section G of the British Association 
at Toronto, August 8, 1924. 


to 60,000 horse-power turbine units operating at| 
187-5 revolutions per minute. The generators are of | 
45,000 to 55,000 kv.-a., capacity at 12 ky., 3-phase,) 
25 cycles. The electrical energy is transformed from | 
12 kv. to 110 ky. for transmission. Eventually, the | 
plant will consist of ten units, with an ultimate capacity | 
of from 550,000 to 600,000 horse-power. Six of the | 
units are now in service developing 350,000 horse- 

power, which is being delivered to the existing 110 ky. 

system known as the Niagara System, including the 

Municipalities of Toronto, London and Windsor 
(opposite Detroit), Sarnia and intermediate munici- 

palities. 

On the map, Fig. 1, on page 221, is shown’ the 
relation of the various works comprising the develop- 
ment. Water is taken from the Niagara River about | 
one mile above the Falls, is conveyed through the 
improved section of the Welland River, a distance of 
44 miles, thence by a canal 84 miles long, to the forebay 
and screen house on the Niagara River about one mile 
south of the village of Queenston. From the screen 
house, steel penstocks encased in concrete conyey the 
water down the cliff to the power house, from which it 
passes to the lower Niagara River. 


INTAKE. 


One of the great obstacles to be overcome in order 
to secure continuity of service is the entry of ice into | 
the Canal. Great fields of ice, formed in Lake Erie 
with its shallow bays and shores, are discharged 
down the Niagara River every spring, and at frequent 
intervals during the winter. The river itself never 
freezes over, but considerable anchor and frazil ice 
are developed at times of low temperature. 

The site of the intake of the Queenston-Chippawa 
power development, at the mouth of the Welland 
River, is favourable in that floating ice does not 
ordinarly follow the shore lines at this point ; but the 
smooth gradient of the river surface, and the com- 
paratively shallow water with its low velocity, is 
unfavourable to the proper handling of ice. 

The removal of water in large quantities from a river 
heavily charged with ice is always a difficult problem, 
but is greatly simplified when a natural break in the 
river surface, accompanied by a sudden drop, gives 
a source of power for the separation of floating ice, 
and for its continuous disposal. The use of a horizontal 
diaphragm to skim the surface water with its burden 
of ice from the lower strata, thus permitting the upper 
water layer to be accelerated and removed clear of the 
intake without objectional eddies, while the lower 
layer, free of ice, is changed in direction and flows 
through the intake into its new channel, gives a positive 
and satisfactory solution. 

When the natural conditions do not permit such an 
arrangement, radically different measures, as in the 
present case at Niagara must be taken. To confirm 
certain ideas developed as a result of many years of 
experience and observation by the Commission’s 
engineers in connection with the present plant operating 
on the Niayara River, an extended series of tests 
and experiments were made on large-size models. 
These models duplicated to scale the topographical 
conditions at the site of the intake. The result of 
these experiments contributed to the preparation of 
a design which, it is expected, will operate in such 
a way as to keep the plant free of this ice menace. 
The last two years of actual operation have proved 
successful. 

Figs. 3 to 6 show the physical nature of the intake 
design. The complete intake structure is about 1,100 ft. 
in length and is made up of an entrance with lock gates 
for navigation, a bulkhead section and the intake 
proper, the latter combining two forms of intake. The 
conventional or surface intake consists of a concrete 
barrier or boom with fifteen openings each 18 ft. in 
width, having normally 8 ft. of submergence, which, 
however, by means of drop gates can be increased to 
any amount up to the full depth of water, or 35 ft. 
The submerged intake consists of six gathering tubes 
or draft distributors, aggregating 675 ft. in length. 
Water enters the tubes on the upstream side through 
slots along a distance of 500 ft. These tubes are con- 
trolled by gates similar to those on the surface intake. 
The tubes comprise an outer tapering section wherein 
the velocity is maintained constant, with a longer 
inner section of 20 ft. diameter wherein the velocity 
increases regularly with respect to distance along its 
axis. Diffuser sections are situated at the inner end 
to reduce, with as little loss as possible, the velocity 
to correspond with that in the Welland River section. — 

The slot on the upstream side of the tubes varies 
in width from 1 ft. at the shore end to4 ft. at the outer 
end. A restricted section, shaped somewhat like a 
bathtub, forms a mouthpiece for each tube, its 
function being to give the required initial impulse 
to the sucking slot. 

The head at any point on the tube, causing flow 
through the slot, is the resultant of three components 
(a) the initial loss due to the primer, (b) the total of the 
induced losses due to the increments of angular flow 
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through the slot, and (c) the total cumulative friction 
head in the tube, including velocity head. 

' The designed rate of total inflow through each slot 
is 2,500 cub. ft. per second along the axis of the tube, 
The rate of inflow per lineal foot of slot has not been 
chosen uniform, however, because the river feeds more 
water at the outer end of the tubes than nearer the 
shore. This variation has been chosen in the ratio 
of four at the outer end to three at the inner end of the 
slot, a factor which agrees with the natural flow dis- 
tribution under present river conditions. The total 
loss of head in each gathering tube to the end of the 
diffuser, with a flow of 2,500 cub. ft. per second in 
each tube, will be only 0:3 ft. 

During the greater part of the year, when no ice is 
running in the river, the intake gates of both the sur- 
face and the submerged intakes will be open. The 
navigation channel will also be open and the velocity 
through the intake at any point will, therefore, be 
very low, so that the loss of head under ordinary con- 
ditions will be negligible. 


Tur CANAL, 


For many miles above its mouth the Welland 
River is a sluggish stream, meandering slightly in a 
depression that can hardly be called a valley. This 


Fig..2 
\e —_ River Section (Trapexoidal) 


Gre 00119 


MM Ws 


(8596.c.) co 


RIVER SECTION. 


Fig.3. PLAN. 


COT 


struction started, this old channel was the course 
of a small stream having its outlet at the Whirl- 
pool. The ravine crossing is made on a fill and the 
ravine itself proved a convenient disposal area for 
about 1,500,000 cub. yards of excavated material. 
Where the canal section again enters the rock cutting 


rock Section (Rectangular) ------$-« 
© ; 


The cost of each of these canals was calculated, and 
a curve was plotted showing the relation between low- 
water velocity and cost. From this curve the tangents 
were scaled for various low-water velocities. For low 
velocity the canals will be deep and therefore costly. 
For very high velocities the canals will be shallow, but 
the slope so steep that the cost will be greater than 
for moderate velocities. The canal of minimum cost, 
however, is not necessarily the most economical. 

Enlargement will reduce the friction loss and, 
consequently, increase both the head and the power 
output at a cost which, up to a certain point, is both 
justifiable and economic. The determination of the 
economic size is based, not on low water, but on the 
mean water conditions. For each of the canals thus 
tentatively designed, the profile of the water surface 
corresponding with mean water level in the Niagara 
River is computed, thus determining the friction loss 
and the lost power at mean water stages. Tangents 
were scaled from a “‘ lost power curve” plotted from 
these results and were divided into the tangents from 
the “‘ lost power curves ” for each low water velocity. 
The dividend in each case is the cost per horse-power of 
the power gain at the particular velocity to which the 
results respectively apply. These dividends are next 
plotted against low-water velocity, thereby developing 
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stream for 4} miles forms the first reach of the canal, 
and its low banks provided a suitable disposal area 
for much of the material excavated in the process of 
straightening and deepening the channel. -The radius 
of curvature of some of the bends is increased in the 
new alignment, but the old channel location is largely 
followed. The velocity under full-load conditions will 
be low, being limited by the scouring velocity for the 
clay soil through which the improved channel is cut. 
Leaving the river channel near the crossing of the 
Michigan Central Railway the canal takes a course 
almost due north for over three miles, as shown in 
Fig. 1. The earth over-burden is quite heavy for the 
whole of this portion of the canal, the bottom grade 
of the earth section of the canal meeting the rock 
surface one mile from the Welland River. The maxi- 
mum rock elevation is not coincident with the maximum 
earth surface elevation, but the profiles of rock and 
earth surface are roughly parallel to each other. Just 
beyond Lundy’s Lane the maximum bend in the canal 
occurs, having a deflection of 51 degrees, and, at 
intervals, of a little over a mile each there are two 
other bends of 27 and 31 degrees. The earth over- 
burden continues fairly uniformly (Fig. 2) for three 
miles beyond Lundy’s Lane until Bowman’s Ravine 
is reached. (See Fig. 12 to 14, Plate XIX). 

The ravine is apparently an old river channel 
through which, in pre-glacial times, the Niagara River 
flowed towards Lake Ontario. At the time the con- 


beyond the ravine, the earth over-burden becomes very 
light, in some places amounting to only a foot or so. 
Two deflections are made in the remaining two miles 
of the canal. one of 33 and the other of 47 degrees. 
A quarter mile beyond the second of these curves the 
forebay (Fig. 7above and Fig. 16, Plate XX) is reached. 

The Design of the Earth and Rock Sections.—Long- 
continued investigations were made of available infor- 
mation on factors of roughness for large canals in earth 
and rock—with and without concrete lining. One of 
the conclusions reached was that the ‘“‘ Kutter ”’ for- 
mula should be used. The roughness factors used in 
the hydraulic studies were 0-033 for the river section 
and 0-012 for the concrete-lined rock section. 

Economy Studies.—The procedure in determining 
the economic proportions of the canal will briefly be 
outlined. It is essential that the canal carry the full 
quantity of water required under the lowest conditions 
of water level in the Niagara River. A series of tenta- 
tive canals were designed, each of 48 ft. width and 
capable of carrying the required supply of water with 
uniform flow and on the assumption of low water in 
the Niagara River at Chippawa. The first of the 
series was of such a depth that the velocity would be 
4 ft. per second, and the designed slope of the bottom 
and water surface was the requisite slope for uniform 
flow, the others being designed for higher velocities. 
The width of 48 ft. above mentioned was determined 
after study of the excavating plant available. 


H (Sta. 452+89-172 


an ‘‘ economy curve ’’ from which the economic velocity 
may be selected. 

Slight changes in the head give increases in power 
without appreciable change in operating or maintenance 
costs, and the only essential charge against power 
gained by slight enlargements of the canal is the interest 
charge on the cost of enlargement. The economic 
velocity, therefore, is one corresponding on the 
“economy curve’”’ to a total cost per horse-power, 
considerably higher than the total average cost of the 
whole development. 

In the computation of the profile of the water surface 
of the various canals studied, the surface slope in nearly 
all cases was different from the profile of the bottom of 
the canal. The conditions thus existing were those of 
non-uniform flow. As numerous computations of the 
profile of water surface were to be made, a rapid and 
conyenient method of computing these profiles became 
anecessity. The method, while involving nothing new 
in principle, may perhaps be of interest and value on 
account of the details of procedure. In the cases con- 
sidered, examples of both backwater and dropdown 
curves were met. Only a minor change in procedure 
is necessary to change from one to the other. 

The various channels for which a surface curve is 
computed are divided into a series of reaches, in each 
of which the depth-change is equal although small— 
for example, one-tenth of afoot. The lengths of these 
reaches will be different, but the change in length will 
vary consistently from reach to reach, and within each 
reach, the depth change being slight, uniform flow 
may be assumed to apply. The relation between the 
lengths of these various reaches and the change in 
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depth determines the surface curves. As the changesin 
lengths vary consistently from reach to reach, it is 
necessary to compute only four or five values of the 
lengths for different depths and plot the lengths against 


the corresponding depths. 


increases because the height of the concrete lining is 
less than the depth of water in the canal. 

If the discharge and depth are such as to demand a 
slope of water surface greater than the slope of the 
bottom, the case is that of the drop-down curve. The 
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L = J ength of section for increase in depth of 0°1” at various 
depths; Q = 13,000; n = °012 in concrete; *033 in 
rock; depth at beginning, 32°711; distance to reach 


82'°8 = 5g x 1872 = 1666: 


These distances scaled from curve on 
left for depths increasing by 0-1’ ’ 
; 1,790 12,601 
1,775 
1,760 


Distance from station, 65 + 00 to station 200 + 00 
= 13,500’; in 12.601’ depth has increased to 33°45 
remaining distance to station, 200 = 899’ ; increase 


; 899 
in depth = 775 x ‘1 = °051; depth at station, 
200 = 33°451. 


An example of the computation of a surface curve is 
shown in igs. 10 and 11. In connection with this it 
should be explained that Kutter’s formula has been 
used and the roughness factor m has been varied to 
make allowance for increasing roughness as the depth 
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calculations will start with a depth somewhat greater 
than that at the beginning of the part of the channel 
being investigated ; otherwise the procedure is quite 
similar to that already used for the backwater curve 
example, 

Control Works.—An electrically-operated roller sluice 
gate of 48 ft. clear span—the full width of the rock 
section—is located at station 97 + 00, which is near the 
beginning of the rock section (Fig. 17). The use of 
two gates with a central pier was considered, but the 
single gate was found to be the more advantageous, as 
it provided an unobstructed waterway, with a conse- 
quent reduction in friction losses. The gate, which is 
supported on steel towers, with a concrete sub-struc- 
ture, weighs about 100 tons, and is provided with two 
hoisting mechanisms and two counterweiyhts. When 
the gate is at the top of its run it is high enough 
above the water surface in the canal to permit a tug 
to pass beneath. 

Whirlpool Section.—Bowman’s Ravine, situated 
west of the whirlpool, was crossed on a rock fill, the 
cross-section of the canal being changed from a rect- 
angular section 48 ft. in width, to a trapezoidal section 
with 10 ft. bottom width and side slopes of 1 in 14. 
This cross-section was designed to give as great a 
cross-sectional area as the rock section has at the 
extreme minimum water level. The whirlpool section 
is lined with reinforced concrete. In order to withstand 
the pressure of the back water when the canal is 
emptied, the lining is provided with vents of sufficient 
size to drain the fill as quickly as the water can be 
drawn down in the canal. 

Concrete Lining—Economic considerations prompted 
the lining of the canal with concrete. The height of 
the lining was fixed slightly lower than the profile 
of the water surface existing when the load conditions 
on the plant are at a maximum and the flow in the 
Niagara River is at a minimum. Thus, at all times, 
the lining wili be protected by submergence against 
the action of frost. The thickness of the lining varies 
according to the rock over-break but averages about 
20 in., and where necessary, steel dowels are used to 
anchor the concrete lining to the rock. 

Extreme smoothness of surface is not the only 
determining factor but precise alignment is also a most 
important element in the reduction of hydraulic losses. 
Great care was taken to obtain a smooth surface by 
the use of steel forms, and for this purpose a positive 
and rigid method of form setting was devised. This 
insured almost perfectalignment. Theresults obtained 
were excellent, and it is expected that when opportunity 


offers to test the efficiency of the lined section of the 
waterway an extremely low factor of roughness will 
be realised. 

The Forebay.—The kinetic energy of the waterjat 
the end of the canal and at the entrance to the forebay 
had to be considered. In the forebay the velocity 
of the water would be so greatly reduced as to make 
its velocity head negligible, and some means, there- 
fore, would have to be found to regain the energy in 
the water as its velocity decreased. The same difficulty 
is experienced here as in any transition in which 
velocity is being reduced, namely, that the stream-ines 
tend to follow paths of their own course, unless the 
design is carefully studied and the angle of divergence 
properly fixed. i 

A great mass of experimental data on diverging 


10 deg. angle of flare is the most efficient. 
to confirm, for this particular case, the conclusions 
arrived at from other experiments, a model of the fore- 
bay was built in the Hydraulic Laboratory of the 
University of Toronto, and tested with nineteen tran- 
sitions of various angles and lengths. These experi- 
ments confirmed the conclusions reached from ether 
available data, and also, in their quantitive results, 
provided a basis for the economic design of a transi- 
tion that would cost no more than was justified by the 
gain in power from reclaimed head. These experi- 
ments involved measurement of extremely small 
differences of water level, necessitating observations 
to thousandths of an inch as the velocities in the model 
were only one-twelfth cf the corresponding velocities 
in the full sized structure. Notwithstanding this 
exacting condition, the results were, with very few 
exceptious quite consistent and resulted in the design 
of the “‘diffuser”’ structure inserted in the forebay 
transition. This provided two entrance passages into 
the forebay, each with a diverging angle of 10 deg. 
(Fig. 7). The diffuser is a wedge-shaped structure 
221 ft. long and 37 ft. wide at the downstream end. 


The sides are vertical, straight and smooth and extend — 


28 ft. above the bottom of the forebay. An opening 


16 ft. by 20 ft. in the end wall assures about equal. 


pressures on both sides of the walls. 

Through this diffuser expedient, the high velocity 
at the end of the canal is gradually reduced and its 
kinetic energy recovered, with the result that the eleva- 
tion of the water in the forebay will be higher than at 
the mouth of the canal. For a flow of 15,000 cub. ft. 
per second, and mean water level at Chippawa, it is 
estimated that the reclaimed head will amount to 
approximately 1 foot. Observations made some 
months ago with a flow of 6,818 c.f.s. showed a water 
surface elevation at the screenhouse 0-21 of a foot 
higher than at the end of the canal. 


ScrEEN Hovse. 


At the lower end of the forebay, and serving as a 
dam for the same, is located the screen house. This 
structure forms the entrance, and the control, for the 
penstocks. The entrance to each of the main pen- 
stocks is a modified bell-mouth consisting of three 
openings 12 ft. 8 in. wide and 29 ft. high at the rack 
supports. These three openings gradually converge 
into one opening 16 ft. in diameter at the point of 
connection to the penstocks. In designing these water 
passages, particular care was given to the securing of 
smooth stream lines and consistent changes in velocity. 


tubes for air and water is available indicating that a — 
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The bell-mouth entrances are sealed by a concrete 
curtain wall extending down to elevation 542-0 which 
gives a depth of 28 ft. above the floor of the forebay. 
Immediately behind the curtain wall steel-lined gate 
checks are provided to support structural steel gates. 
These provide a means of unwatering in case it is 
necessary to inspect the lower sections of the racks, 
or the penstocks. The intake is divided into three 
waterways in order that the spans for the yates may 
be of convenient size and also to permit the use of 
racks of a somewhat new design. The racks, which 
_ consist of 3 in. by 3 in. bars on edge, 5 in. centres, are 
fastened rigidly to a structural steel supporting frame 
held in checks in the concrete walls. The whole of 
the rack structure is removable and is split horizontally 
into two sections for convenience in handling. A 
specially designed rack follower with an automatic 
latch arrangement is provided to facilitate the removal 
of the racks, the bottom section being a considerable 
distance below the floor of the screen house. The 
bars and the supporting structure of the racks are 
designed to withstand a head of 10 ft. with a stress 
of 20,000 lbs. per square inch on the steel. This type 
of construction removes the danger of serious shut- 
down due to the collapse of rack structures, as in the 
event of blocking by ice or other foreign matter, the 
failure of one section would immediately relieve the 
others. The broken section can then readily be re- 
placed with a spare one without serious interruption 
to operation. 

A trash trench of liberal dimensions extends across 
the bottom of the forebay immediately in front of 
the screen-house piers to collect any debris or foreign 
material which may travel along the bottom of the 
forebay. The piers dividing the main unit entrances 
are 6 ft. in thickness, while the two intermediate 
piers in each unit are 3 ft. thick. The main dividing 
piers are designed for full water pressure on each side 
in order that any unit of the intake may be unwatered 
while the adjacent units are in operation. An opening 
in the main floor immediately behind the racks provides 
a means of disposal of trash into a trough, which 
empties into the ice chute. The screen house, as 
constructed, provides for nine main units, a service 
unit and an ice chute, and is arranged so that a 
peter unit entrance may be added at the north 
end. 

The entrance to the service unit is similar to the 
main unit, except that it consists of one bay only, 
and the entrance to the penstock itself is a true bell- 
mouth instead of the sectionalised transitions in the 
main unit entrances. The ice chute bay has a clear 
width of 25 it., and is provided with a roller-type 
sluice gate, which is lowered to pass surface water 
carrying ice. After passing the gate the water and 
ice enter a concrete pipe 10 ft. in diameter and pass 
down the cliff, out beneath the power house, into 


the Niagara River. Stop log checks are provided 
ahead of the gate for use in an emergency, or for 
inspection purposes. 

The screen house is located near the edge of the 
escarpment, only a narrow ledge of rock heing left 
between it and the gorge. Owing to the disastrous 
results which would follow a failure, the screen house 
substructure was designed to resist the full head 
exerted by the water in the forebay. The super- 
structure is built with reinforced concrete walls and 
a roof with a structural steel framework, and is equipped 
with a 25-ton capacity electrically-operated travelling 
crane for handling the racks and gates. At the south 
end of the screen house proper, an enlargement of 
the building provides for administration offices, and 
an entrance to the elevator and the tunnel, which give 
access to the generating station. 


PENSTOCKS. 


From the screen house the water is carried to the 
turbines in steel penstocks (Figs. 8, 9and 15). The first 
five unit penstocks are 16 ft. in diameter for approxi- 
mately two-thirds of their length, and are then reduced 
by a taper section to a diameter of 14 ft. The remain- 
ing penstocks are 16 ft. in diameter for their complete 
length. In the penstocks there are two bends, one 
located-at the top and one at the bottom. These 
elbows are held in massive concrete anchor blocks, 
the one at the upper bend forming a foundation for 
the piers supporting the sidewalk and , roadway 
extending along the edge of the escarpment. 

Each penstoek ring is made up of two plates with 
longitudinal joints on the horizontal centre line. 
The joints are all double butt, varying from double 
riveted at the top to quadruple riveted at the lower 
end. The circumferential joints are also single butt, 
double riveted with the butt strap on the outside. 
The longitudinal joints are calked on the inside, but 
the circumferential joints are made watertight by 
electric welding. This type of circumferential joint 
gives a much better alignment to the inside of the 
pipe than can be obtained with the usual outside and 
inside course with Jap joints. The penstocks were 
designed for a stress of 12,000 lb. per square inch. 
The internal pressure, used for the design, was taken 
to be the static head, plus the pressure rise due to 
a complete closing of the turbine gates in 1} seconds. 
This increase in pressure was taken as a maximum 
at the turbine gates and varying uniformly to zero 
at the racks. 

The plates vary in'thickness from 4 in. at the top 
section to 1} in. at the lower section. The longitudinal 
butt straps are }in. thick with two rows of { in. rivets 
for the lightest joint and 4% in. thick with four rows 
of 1% in. rivets for the heaviest. The efficiency of 
the longitudinal joints at the heavy section is about 
85 per cent. In the erection of the penstocks, a new 
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departure was made by the use of electric rivet 
heaters. The penstocks are covered throughout 
the entire length with a concrete envelope, having 
a minimum thickness of 24 in. which protection 
will increase the life of the steel pipes. The per- 
stock for the service units follows the same align- 
ment as the main penstocks, and has a diameter of 
5 ft. 6 in. As friction loss in this pipe was not 
such an important factor, lap joints and inside and 
outside courses were used. 


(To be continued.) 


BALANCED MANOMETER. 


WE illustrate in Figs. 1 to 3 above, a manometer 
which is being shown at the stand of Messrs. George 
Kent, Limited, at the British Empire Exhibition. The 
appliance is intended for measuring and recording the 
flow of air and gases through orifices, or by the use of 
a Pitot tube or other means of obtaining differential 
pressures. The manometer consists of two closed 
vessels containing liquid, and connected together at 
the bottom. The vessels are balanced about a knife 
edge, a screwed counterweight being provided for 
adjustment purposes. Each vessel is coupled by 
flexible tube to a cock, which in turn is connected 
with one side of the orifice or one orifice of the pitot 
tube. The difference of pressure which results in the 
two vessels when any flow takes place, causes the 
liquid to be transferred from one vessel to the other in 
an amount corresponding to the difference produced. 
The centre of gravity of the balanced part is thus 
altered, and the indicator pointer moves across the 
scale until conditions of equilibrium are brought about. 
The balance gear is provided with an arm projecting 
upwards into a case in which is a clockwork-recording 
drum, and its upper end is furnished with a pen, which 
accordingly traces on the chart a curve indicating the 
flow of gas. The instrument is designed to work at 
ahead of 2-in. water gauge. . The counterpoise is used 
to set the indicator to zero. 


Gear Muasurement.—A pamphlet giving full par- 
ticulars of the measurements they are prepared to make 
on gear wheels of all descriptions has been prepared 
by the Metrology Department of the National Physical 
Laboratory and is obtainable from the Director of the 
Laboratory, Teddington, Middlesex. For some time past, 
the subject of gear measurement has been receiving 
attention: at the Laboratory and a special machine 
has been designed and constructed for this work. The 
machine, we may mention, was illustrated and fully 
described in our issue of July 27, 1923, on page 104. 
The methods employed are such that the errors in all 
the various elements of the gear dimensions are deter- 
mined separately, so that the cause of any unsatisfactory 
working can be traced to its source in the cutting process. 
The measurements made are explained in detail in the 


pamphlet, and particulars of the fees charged are given, 
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THE COLLIERY AT THE BRITISH 
EMPIRE EXHIBITION. 


(Continued from page 193.) 


In the mine at Wembley there are exhibited in 
their working positions, various makes of coal cutter 
of the disc, chain and bar types, either arranged for 
working by means of compressed air or electricity. 
There are also several makes of conveyor, com- 
prising the shaker and belt types, as well as a gate- 
end loader for filling the tubs; some of these 
machines are driven by compressed air either by 
reciprocating engine or turbine, and others by elec- 
tricity. Other types of these appliances are shown 
in the Palace of Engineering, and whereas the com- 
pressed air machines require no special installation 
below ground beyond the supply pipe and valves, 
the electrically-driven machines require their supply 
to be branched to each. As the coal cutters require 
some 25 to 35 h.p. each, the total, including other 
auxiliary appliances, may amount to some 60 h.p., 
which requires its own switchgear adjacent to the 
face. Some examples of switchgear are to be found 
in the mine itself, and others are to be seen in the 
Palace of Engineering. 

A mechanically worked face comprising an elec- 
tric coal cutter, a conveyor, a gate-end loader, and a 
small putter (an appliance for short distance haul- 
age) require the supply from one common cable 
to be sub-divided by switch units to, each sub- 
cable. A four-panel enclosed, flame-proof, three- 
phase board with switches and fuses, with bus-bars 
the entire length of the board, would be required 
for such a plant, but in some cases even larger 
boards are required below ground ; the illustration 
(Fig. 98 on Plate XXI) shows a nine-panel board 
of this type constructed by Messrs. Mavor and 
Coulson, Limited, of Glasgow. The feeder cable 
comes to one end of the bus-bars, and branch circuits 
are tapped from the bus-bars through switches and 
fuses. Provision is made for taking armoured 
cable, and the gear is rendered safe to operate, 
being so constructed that the covers cannot be 
opened before the switches are closed, and the current 
cannot be switched on while the covers are open. 
The casing construction consists of heavy castings 
with broad, machined, flanged joints and relief 
valves fitted to prevent excessive internal air pres- 
sure. 

In addition to the various machines, it has been 
found advantageous in some cases to instal a coal 
face lighting equipment, at present only made for 
non-fiery (naked light) mines, in which a single- 
phase transformer, protected by switch and fuses 
on the primary side, is connected to the main 
supply. This transformer reduces the voltage to 
25 volts. The lamp fittings are of the detachable 
type, and plug into adaptors arranged for con- 
centric cable wiring. Cable of the “cab” tyre 
type is used for this lighting equipment. 

Messrs. Mavor and Coulson have on view in the 
Palace of Engineering, control equipment suited to 
large installations, and they exhibit three different 
types of controllers suitable for fiery mines. Hach 
embodies a mechanical detent for preventing too 
rapid reversal. This consists of a mechanical inter- 
ruptor, which involves a stop being made by the 
operator at the “off” position before the con- 
troller can be switched over to reverse. These 
controllers embody the usual] special features in the 
casing to render them flame proof. 

Some engineers now use an air-break controller on 
alternating current because it is cleanly and free 
from carbonisation of oil, and tests show that the 
contacts have a longer life. The resistances used 
with the controllers are of the stamped unbreakable 
grid type, built up on steel rods with mica insulation 
and enclosed in flame-proof or ventilated cases. 
The appliances comprised in the control unit, that is, 
the controller, the resistance, and the main switch, 
can either be separate or mounted together on an 
inverted channel-iron frame. In the latter case, 
all inter-connections are incorporated, and a terminal 
chamber is provided for the incoming mains and the 
outgoing cables to the motor. A controller of the 
oil-immersed type for 40 h.p., and of Messrs. Mavor 
and Coulson’s manufacture, is shown in Fig. 99 
on Plate XXI, coupled to a resistance for use with 
an A.C. motor, and is fitted with lever-operating gear. 


A hand-wheel operated controller of the oil- 
immersed type for 120 h.p. by the same firm (Fig. 
100) is also fitted with a mechanical detent. The case 
has an oil gauge, and provision is made for drainage. 
The gear is so arranged as to overcome the neces- 
sity for loose connections or cables. It is impossible 
to open or close the cover unless the controller is in 
the “ off ” position, which is ensured by a mechanical 
interlocking device. In all cases, glands may be 
fitted for taking all types of armcured cable. 

The firm’s pillar type of control gear for non- 
fiery mines (Fig. 101) comprises a main switch and 
fuses for direct-current circuits, and an oil switch 
with automatic trips for alternating current cir- 
cuits. The pillar is complete with an air-break hori- 
zontal controller, and unbreakable resistances. All 
inter-connections are made and brought out to a 
terminal chamber mounted at the rear of the pillar 
and fitted with a protecting cover. Arrangements 
can be made for various types of armoured cable or 
pipes. Hinged sides are fitted to permit of easy 
inspection, and ammeters can be added if required. 
Flame-proof starting panels for direct-current motors 
consist of a cast-iron pedestal having mounted 
thereon a face-plate starter, fitted with overload and 
no-volt trips, and switch and fuse box or automatic 
circuit breaker to control the supply. 

Messrs. Mavor and Coulson’s three-phase alter- 
nating current rotor starter, of the flame-proof 
pattern, specially designed for installation in fiery 
mines, is shown in Figs. 102 and 103 on Plate XXI. 
It is of the oil-immersed type, fitted in a cast-iron 
tank, the cover of which has broad, machined, flanged 
joints and the usual excess pressure relief valves. 
The face-plate is mounted at the top of the tank, 
and ensures that the switch (Fig. 103) is operating in 
the upper and cleaner part of the oil. The contacts 
are removable without necessitating the lowering 
of the oil level, and may be inspected by merely 
removing the cover. A panel switchboard for a 
non-fiery mine, the switch and fuse units having 
packed joints, is also exhibited. In this type, a 
protective cover is fitted over the switch to prevent 
accidental contact when renewing the fuses. The 
switch and fuse units are fitted with a 45 deg. 
angle adaptors for the cable glands. This arrange- 
ment gives, with the same gland, four positions— 
upwards or backwards, inclined backwards and 
upwards to the left or to the right—this facili- 
tates the approach of the cable and saves 
bends. 

There is probably no part of the electrical equip- 
ment of a coal-cutting plant which fulfils such an 
important purpose as the gate-end box. Fig. 104 
illustrates the Mavor and Coulson three-phase 
gate-end box, and shows the arrangement of the 
internal parts. The construction of the case is 
similar to that of the flame-proof switchgear, but 
in this instance both case and cover are heavily 
ribbed to ensure against damage that may be caused 
by falls of the roof or coal. The gear is mounted on 
mica-insulated steel rods and is of very robust 
construction. A special feature is the fitting of a 
terminal box for taking the supply cable which 


enables the gate-end box to be advanced by the 


insertion of a junction box without disturbing the 
filliny of the existing armouring gland. The trailing 
cable is taken to the machine through a plug and 
socket known as a pommel. The interlocking is 
such that the pommel cannot be withdrawn nor the 
cover of the gate-end box opened unless the switch is 
in the “off” position. The gate-end box is manu- 
factured either with feet as illustrated or mounted on 
skids. 

Signalling equipment exhibited consists of a 
transformer enclosed in a flame-proof case, flame- 
proof bell pushes and bell pulls, and general 
signalling accessories. This apparatus is required 
where signalling from the main alternating current 
supply is intended to supersede the old accumulator 
battery system. The transformer is provided with 
tappings covering 5 to 25 yolts by increases of 
5 volts. The case is fitted with the usual cable 
glands and relief valve. The bell pushes and bell 
pulls are designed to be proof against accidental 
operation. Cable joint boxes are installed of neat 
and compact design, fitted with substantial clamping 
arrangements for the armoured cable and provided 
with connectors, mounted on an insulated bar, for 
joining up the conductors. Provision is made for 


compound filling, and the design is such that the 
joint box can be supported in the same manner as 
the cable, thus obviating the necessity of providing 
brick pillars. 

The Diamond Coal Cutter Company, Limited, of 
Wakefield, exhibit a flame-proof, six-way, three- 
phase switch and fuseboard, arranged to control 
machines exhibited in the Palace of Engineer- 
ing. All parts are extremely accessible, and the 
switch covers are so interlocked as to prevent their 
being opened while the switch is in the on 
position, and conversely, the current cannot be put 
on while the switch cover is open. Examples are 
also exhibited of this firm’s oil-immersed switches, 
fitted with overload coils, and, where desired, also 
with no-volt coils. A three-phase junction box on 
similar lines to a standard gate-end box is also 
exhibited ; it is fitted with a small bus-bar chamber, 
so that a branch may be tapped off the main cable, 
and a switch is embodied in the construction in 
accordance with the regulations. An oil-immersed 
form is also manufactured. A further useful 
accessory is shown in the trailing cable reel, fitted 
with flame-proof, totally enclosed slip rings for use 
at the coal face, an appliance which considerably 
increases the life of the trailing cable. 

Coal-cutting machinery may be divided generally 
into three classes, according to the arrangement 
and drive of the actual cutters or picks. The first 
and oldest type is the disc cutter, a form of hori- 
zontal circular saw, capable of being drawn along 
the face, and so arranged that it cuts to a depth 
of more than half the diameter of the saw, a pecu- 
liarity that involves very special features of design. 
As the saw cuts in a horizontal plane, and the area 
of the saw covered by the coal that is being cut is of 
considerable dimensions, it follows that difficulties 
may be produced by want of flatness in the strata 
from which the coal is being won. 

The second type of machine, known as the chain 
type, carries the cutters, secured in the links of a 
chain which passes over a pulley at the end of a jib; 
the width of this jib is much less than the width of 
the disc, and it is consequently possible to make the 
cut, and to support the coal that has been cut nearer 
to the actual cutting face than in the case of the dise 
machine. The chain form permits of another 
arrangement, the inversion of the head, so that the 
cutter can work at the top of the seam instead of at 
the bottom, a feature that is sometimes of import- 
ance. In its most recent developments, the chain 
cutter has found another use in driving headings in 
coal, the cutter being then arranged in the form 
known as the Arewall cutter. 

The third type of coal cutter is the bar. It is a 
machine that has been very highly developed in 
recent years, and is so made that it can work under 
conditions in which either the disc or chain would be 
at a disadvantage. The bar machine consists of a 
long taper bar pierced with holes, in which cutters 
are secured so as to cover effectively the working 
length. In the Universal type of machine, the bar 
can be swivelled about a vertical axis in the body of 
the machine, the lower part of the gear head being 
somewhat similar to that of the chain type, and 
known as the “banjo” in both cases. 

In the evolution of machines of these classes, a 
great step has been made towards standardisation 
by arranging the cutting portions of the machine 
as separate units from the driving portions, the 
two sets of units being connected together so as to 
form one complete machine. The introduction of 
electric power to coal cutting, supplanting the use 
of compressed air in many cases, has led to the 
further development of making the driving portions 
of the machine of the same external form, and 
interchangeable with each other in the drive and 
in the connection to the cutter mechanism. It is 
in fact, possible in this way to substitute a Universal 
bar head for a chain head on the same driving 
gear. 

Yet another variety of coal-cutter is afforded by 
the percussive type, mounted on a vertical pillar, 
and capable of being traversed about the axis of 
the pillar at any desired height ; or in some cases. 
by the addition of a second worm quadrant having 
its axis at right angles to the pillar, vertical cuts 
can be made as well as horizontal, which may be of 
a great advantage in driving headings. 

A brief mention has previously been made in 
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ENGINEERING, of May 25, 1923 (vol. cxv, on pages 
649-50, with an illustration on page 656), of the 
Samson disc coal-cutter. The first disc coal-cutter, 
made by Messrs. Mavor and Coulson, was constructed 
some fourteen years ago, and the design of the 
type has been steadily improved through the 
succeeding years. ‘The machine consists essentially 
of three main components; the motor, the gear- 
case, comprising the haulage gear and the controller 
box, and the jib bracket and jib which support the 
dise wheel. 

The driving of a disc coal-cutter by means of an 
electric motor, is a problem that has presented some 
difficulty on account of the severity of the service. 
The necessity for complete enclosure and the 
restriction of dimensions, particularly in height, 
require the sacrifice of the normal characteristics of 
an electric motor, and the machine must necessarily 
embody compromises between the desirable and the 
obtainable. The main difficulty is to provide the 
maximum power within the given limit of height, 
and most of the troubles in the past with the electric 
motors of dise machines have been due. to conceding 
too much to the limitation of height, and thereby 
sacrificing the space necessary for safety and relia- 
bility in the windings and their insulation. A 
special feature of the Samson disc machine is the 
flat floor of the motor casing, and the large space 
between the coils and the floor for lodgment and 
drainage of oil that may gain access to the motor 
casing. 

The standard three-phase disc machines have 
motors of the slip-ring type, with controller and 
starting resistances. Though it would be possible 
to use squirrel-cage motors for disc machines, they 
would involve complication in the driving gear, 
because they cannot be relied upon to give adequate 
starting torque under all conditions of service. 
Proper mechanical provision is made in the motor to 
secure rigidity in the windings when subjected to 
vibration, and to avoid relative movements which 
might cause abrasion of the insulation. In the case 
of air-driven machines, the air turbine motor is 
identical with that described on pages 649-650, and 
illustrated on page 656 of the article quoted above. 

Although the disc coal-cutter is still manufactured, 
it is to-day far outnumbered by the other types, 
which have certain advantages over it. In the 
chain-type coal-cutter, for instance, as manu- 
factured by the Diamond Coal Cutter Co., the 
distance from the solid coal to the point at which 
a wedge can be driven to support the coal, is less 
than 2 ft. as against several feet in the case of the 
disc-cutter, with the result that the risk of coal or 
overlying strata breaking up and falling on to the 
cutter wheel and its support, thereby causing 
stoppages, is diminished. In the chain-type 
machine, the cutter picks are fixed into a flexible 
chain that runs in fixed runners round a jib or 
cutter arm, enabling the distance over the cutting 
points to be reduced to less than 24 in. in the direc- 
tion in which the cut is taken. The placing of 
sprags can consequently be effected at this distance 
from the solid coal with increase of safety where 
the roof is not sound. 

In the early designs of the Diamond chain-type 
coal cutter, the jib was fixed in the centre of the 
machine, so as to make it suitable for cutting in 
either direction, and this required the cutting away 
by hand of a “stable” at each end of the face 
similar to those required for the disc machine. It 
was subsequently found an improvement to design 
the machine so that the jib was placed at the end, 
where the cutting chain was more accessible to the 
operator and gave facilities as mentioned above for 
fixing the sprags and props close up to the cutters. 
A further advantage in placing the jib at the end 
of the machine is that it is possible to provide 
means for slewing the jib into and out of the cut by 
power. The jib is also made to slew to either side 
of the machine, so as to suit either a right or left 
hand coal face. This arrangement also affords 
greater facility for converting the machine from 
the under-cut to the overcut type by fitting a 
different gearcase to the driving mechanism of the 
machine, this, together with the hauling or travelling 
mechanism, remaining unaltered. 

In normal work, the machine cuts on the floor 
level, but sledges can be provided when it is required 
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to cut above the floor level. The design of this type 


of coal-cutter is such that it can be fitted with either 
a compressed air turbine motor as shown in Fig. 
105 on Plate XXII, or an electric motor, using either 
direct’ or alternating current. The hauling gear 
and the cutting chain portions of the machine are 
interchangeable independently of the drive. The 
hauling of the machine along the face can be effected 
by either of two types of traction, rope or chain ; the 
latter is shown in the illustration and is arranged to 
work at either side of the machine. In practice, it 
is usual to set the cutting chain jib slightly forward, 
so that the machine draws itself in to the coal face 
when cutting, and thus does not tend to kick out 
when cutting, and displace props. This is an 
advantage where the roof is tender and it increases 
safety in working. 

The reduction gears from the driving mechanism 
to the hauling chain sprocket are contained in a 
totally enclosed steel gearcase, forming a reservoir 
to which the oil is returned after circulation to all 
parts by means of an oil pump. All the gear 
wheels are steel, machine cut and case hardened, 
and wherever possible they are mounted on squared 
or castellated shafts so as to avoid the use of loose 
keys. These shafts are of high carbon steel ground 
to size, running in bronze bearings for low speeds, 
or in roller bearings for high speeds. The chain 
hauling drive is arranged through a friction clutch 
which can be set to slip at any desired pull, and 


—-—=—~ 


\ 
\ 
\ 


— eet 


~ 


(8657.P) 


Fie. 111. Draarammatic PLAN OF ARCWALL 


WORKING. 


act as a safety device in the event of the machine 
getting jammed whilst cutting. Two haulage speeds 
are provided for hauling the machine light, at fast 
speed along the face for flitting, and at slow speed 
for jibbing in or cutting along the face. Change 
gears are provided for the feed, to suit the nature of 
the material being cut. In the rope haulage, 
however, a wide range of speed is embodied in the 
design, together with a high flitting speed of about 
30 ft. per minute. 

A feature of the machine is the method of 
mounting the shafts, enabling the machine to be 
run with the top covers removed, and permitting 
the examination and testing of the driving gear, 
whilst running, and readily permitting also the 
setting of the friction clutch for the desired load. 
The arrangement has the further advantage of 
providing rigidly fixed bearings for the shafts, 
independent of the top covers. A hardened steel 
clutch, operated by a handle outside the gearcase, 
is fitted on the main driving shaft for disengaging the 
cutting chain sprocket when desired—for example, 
when moving the machine into position or for flitting. 

The jib is provided with a bearing on each side 
of the cutting chain sprocket, and can be readily 
adjusted for tightening or slackening the cutting 
chain, and is fitted with hardened steel guide runners, 
for the cutting chain, which can be readily replaced. 
A locking pin is fitted to secure the jib in the central 
position when flitting, and the same pin secures 
the jib at either side of the machine in the working 
position. The cutting chain can be adjusted with- 
out withdrawing the jib from the cut. The cutters 
are of simple design, easy to forge, and secured in 
position by means of screws, which can be fixed in 


the box-links on either side. Three different angles 
of box-link are generally used, giving a five-position 
chain, so that with the same type of cutter pick a 
width of cut is obtained which gives ample clearance 
for the jib. 

The machine illustrated is fitted with a com- 
pressed-air turbine of approximately 40 h.p. at 
50 lb. per square inch pressure. Its electric counter- 
part has, for alternating current, a squirrel cage 
motor of the totally-enclosed flame-proof type, 
capable of standing overload for a long period, whilst 
the direct-current motor is compound wound with 
interpoles. The rotors are mounted on heavy roller 
bearings, and great care has been taken in designing 
the housings for the bearings to prevent leakage of 
oil from the machine gear-cases to the motor. The 
controlling switches have contacts fitted, which on 
test have successfully stood up to 40,000 operations 
under full load conditions, whilst mica or similar 
insulation is adopted throughout. The cable 
pommel for attaching to the trailing cable is inter- 
locked with the barrel, so that it cannot be entered 
or withdrawn except when the barrel is in the off 
position, The starter is of the star-delta type, 
fitted with a reversing type barrel, whilst the direct 
current is a similar switch of the controller type. 

The Arewall method of working a coal seam 
probably owes its development to the use of the 
Universal bar type of machine, but the chain type 
has been adapted to this work with great success, 
and a machine of this type, of Messrs. Mavor and 
Coulson’s manufacture, is shown in Fig. 106 on 
Plate XXII. In work, the Arcwall coal-cutter is 
generally carried on wheels and run forward on a 
track laid in the centre of the working,.and never 
leaves the rail track. It is run to the face of the 
heading, and with the machine in place on the rails, 
the jib is slewed round to undercut the coal in an 
are. The width of the cut, if taken through the full 
sweep of the jib, 180 deg., depends upon the length of 
the jib (Fig. 111, on this page). Where it is 
desired to drive a heading narrower than the dia- 
meter of the circle swept by the jib, the rails should 
be laid on one side, and the jib sumped into the coal 
along the rib side at the required angle, while the 
machine travels at its cutting speed along the rails. 
When the full depth is obtained, the jib is slewed 
round till the full width is obtained, when the 
slewing is stopped, and the machine cuts out, 
leaving the cut of the desired width. 

This method has the advantage that in cases of 
bad roof, no timber at the face need be disturbed to 
allow the coal-cutter to work the undercut. For 
this work, the track requires to. be well laid, of heavy 
section rails, with carefully-designed curves. The 
limitations of the machine are that the cut cannot 
be made on the natural floor of the seam. With 
10-in. wheels, the height from the top of the rail 
to the bottom of the cut is 8 in., thus, allowing for 
the thickness of rail and sleeper, the height from 
the floor to the bottom of the picks is some 13 in. 
or 14 in. 

The Universal bar type of coal-cutter, made by 
Messrs. Mavor and Coulson, and based on twenty- 
five years’ experience of the application of coal- 
cutters, has achieved great success by its suitability 
equally for long wall, short wall, and heading 
service. “Not only can the banjo revolve round a 
vertical axis, enabling the bar to perform work 
similar to that done by the general type of cutter, 
but the head carrying the banjo can also be tilted 
in a plane at right angles to the length of the 
machine, thus giving an inclination to the plane of 
action of the cutter bar. This machine has been so 
fully described in ENGINEERING of May 18 and 25, 
1923 (vol. exv, pages 614-616 and 648-649), that 
further notice here is unnecessary. 

The Siskol coal-cutter or heading machine, 
(Fig. 107, Plate XXII), constructed by International 
Channelling Machines, Limited, consists of a per- 
cussive machine carrying a drill and supported on 
the bar by a head carrying a sector of a worm wheel, 
into which gears a hand-driven worm. ‘This enables 
the drill to be traversed across the face in a plane at 
right angles to the stretcher bar. A base is fixed 
to the machine, under which chocks can be placed 
to lift the wheels off the floor. The later model, 
called the Siskol scalloping machine, is fitted with 
two worm sectors, enabling the cutting point to be 
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traversed at will in either of two planes at right 


angles to each other. By means of this arrange- 
ment, it is possible to put in a horizontal cut about 
the middle of the seam, and a sheer or vertical cut 
through it if necessary ; then, exchanging the five- 
pronged cutting bit for a pick with a single point, 
and directing this to any desired point at the face 
of the heading, and feeding the tool forward, the 
coal can be broken out in lumps without the use of 
explosives. 

Conveyors for removing the coal from the workings 
may be divided generally into three classes: (1) 
the belt conveyor running continuously and dis- 
charging the coal at the end into tubs or on to 
another conveyor running at any desired angle ; 
(2) the shaker or jigger conveyor, driven by an elec- 
tric or compressed air motor which may be coupled 
te the shaker either directly by a bar or by a rope, 
the latter arrangement being used where there is a 
sufficient gradient to ensure a gravity return; (3) 
another form of conveyor is the creeper, or scraper, 
of which the gate-end loader is anexample. In this 
case, the coal is received from another conveyor 
and raised to a sufficient height to drop into 
the tubs which are successively placed under its 
loading end. 

An example of an electrically driven coal-face 
belt conveyor is that installed by the Mining 
Engineering Company, Limited. This conveyor 
comprises a steel-plate conveyor-head on which are 
mounted three drums, two of which are driven and 
one an idler. These drums are mounted on solid 
shafts running on ball bearings, driven through a 
gearbox containing the reduction gear and attached 
to the head. The drive is of the balanced worm 
type (eliminating end thrust) arranged with two 
sets of spur reduction gears. The variations in the 
load on the driving drums are equalised by means of 
two small pinions fitted at the bottom of the gear- 
box. The worm shaft is connected by a flexible 
coupling to a 74 h.p. flame-proof motor running at 
750 r.p.m., and controlled by a reversing drum 
type controller, mounted on the conveyor head. The 
belting used is 20 in. wide, of solid woven cotton, 
with hardened surfaces and edges. It is made up in 
25 yd. lengths and coupled with Meco belt fasteners 
specially designed to avoid breakage at the joints. 
Light roller frames constructed of steel framework 
with wooden rollers 5 in. in diameter, are used at 
intervals of 6 ft. to 7 ft. At the far end of the 
conveyor, the belting is carried over a drum, 
to which tension is applied by means of a sylvester, or 
by tension screws, attached to the pit props. 

The conveyor in the mine has a capacity of 50 
tons per hour. The advantages claimed for this 
type are that only four brake horse-power is required 
to run 200 yd. of belting. The gears are totally 
enclosed and run in an oil bath, so that the machine 
works practically noiselessly, and the coal can be 
carried on any inclination not exceeding 1 in 4, 
up and down and over floor undulations, without 
interfering with the output. The machine is also 
sufficiently light to enable it to be moved from place 
to place by a gang of two or three men in a few hours. 
An arrangement is provided to keep the belt clear 
from small coal, by removing it at the tension end, 
so as to obviate caking under the drum and damage 
to the belt. This has been done by means of a 
rotary brush set at an angle to the belt and positively 
driven by means of an enclosed skew gear attached 
to the tension drum shaft, so that the brush rotates 
in the opposite direction to the movement of the 
belt. A deflector plough fitted in front of the brush 
threws off large pieces of coal, and the brush itself 
clears the small material from the belt. 

A shaker conveyor has been installed in the col- 
liery on No. 5 face by Messrs. Mavor and Coulson, 
for working under conditions in which it would be 
inconvenient to accommodate a rope transmission 
in the roadway. It comprises a low-type driving 
gear (Fig. 108, Plate XXII), which can be accom- 
modated within the height of the 2 ft. seam, and is 
coupled direct to the conveyor trough. The arrange- 
ment is shown diagrammatically in Fig. 109 on 
Plate XXII. The direct-coupled driving gear is elec- 
trically driven through double reduction gear, the 
pinion on the motor shaft being of the silent type, 
and the other gears machine-cut from mild steel 
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on the second reduction gear, engages with the lower 
pin in the rocking arm, and is forked to receive the 
coupling rod, which can be attached either by this 
pin to give the maximum stroke of 9 in. or can be 
driven through the upper pin, giving a stroke of 
only 5 in., the latter being used for steep inclinations 
and the former for low inclinations or flat seams. 

A larger and more powerful gear, Fig. 112 above, 
exhibited in the Palace of Engineering, is of 
similar construction, but arranged with a rope 
drive and three changes of position for the pin engag- 
ing the rope shackle with the rocking lever. The 
shortest stroke is 6 in., and the alternative longer 
strokes are about 9 in. and 12 in., respectively. 


forgings. The connecting rod, driven from a pin|'This type of driving gear is frequently placed in a 


road adjacent to the conveyor, and operates through 
a quadrant or bell-crank, shown diagrammatically 
in Fig. 113 above, carried on an adjustable swivel 
prop. By this arrangement, the driving gear may 
remain stationary for two or three weeks, the rope 
being extended as the face advances. For operating — 
on the level, or with suitable material against low 
gradients, a spear connecting rod of pitch pine may 
be used instead of the wire rope, to connect with 
the quadrant, the direction of running of the motor 
being reversed or the link inverted, and the trough 
pushed against the direction of delivery. With this 
arrangement, it is found that loose material will . 
travel quite easily against low gradients. The 
shaker type of conveyor can be readily shifted from 
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one place to another, the trays being light and ; 
easy to handle. 

A different pattern of shaker or jigging conveyor 
is that made by the Diamond Coal Cutter Company, 
of Wakefield, illustrated in F ig. 110, on Plate XXII. 
The conveyor itself, in this case, consists of a plain 
trough made in 9 ft. or 10 ft. lengths and jointed 
in a simple manner. The troughs are mounted on 
rollers which run on cradles designed to grip the 
floor, keeping their position when the conveyor is 
working, but easily removable sideways when the 
conveyor is being moved to a new position. Four 
sizes of troughing are made and used according to 
requirements of delivery. The conveyors may be 
driven either by electric driving gear, as in the 
previously described examples, or by a compressed- 
air engine, one type of which is shown in the illu- 
stration. The conveyor engine is single acting, 
pulling the troughing quickly up the gradient of 
the cradles, and causing the coal to slide forward, 
the troughing falling by gravity on the return stroke, 
and thus bringing the piston back to its starting 
position. The conveyor engine is readily adjusted 
for position by means of a chain and _ sylvester 
prop withdrawer, whilst stay props prevent the 
engine from turning or getting out of position. The 
special feature of these engines is the remarkably 
low air consumption per ton of coal conveyed, as 
proved by repeated tests at the coal face. 

A third variety of conveyor is the gate-end 
loader, of the scraper or creeper type, one of which 
has been installed by Messrs. Mavor and Coulson 
at the end of No. 5 face in the colliery. It serves 
to receive the coal from the shaker or belt conveyor, 
and to elevate and load it into tubs successively 
placed under its end. This machine, of crocodile 
shape, is illustrated in Fig. 114 on page 226, and 
carries the coal by an endless creeper chain up the 
inclined portion of the loader to a horizontal length 
projecting over the tubs into which the coal is to be 
discharged. The machine is carried permanently on 
wheels and remains on the rails, a switch being 
arranged in the track under the upper horizontal 
projecting length, so that the empty tubs may be 
brought from the end of the side road and filled 
and placed successively in the train of full tubs 
accumulating on the road that leads from the 
loader. The advantages claimed for this form of 
loader are that floor ripping is unnecessary, and the 
preferable roof ripping can be employed instead. 
Also, it is unnecessary to drive an advance heading 
in the solid coal at the end of the loading road. 


(To be continued.) 


Fic. 2. Macuinr TEMPERATURE 
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AUTOMATIC SUB-STATION FOR THE 
HENDON-EDGWARE EXTENSION RAILWAY. 


One of the most interesting features of the extension 
of the London Electric Railway from Hendon to 
Edgware, which opens for traffic on Monday next, is 
the sub-station which supplies electric power for 
operating the trains. This sub-station is unique in 
being not only the largest automatic sub-station in 
Great Britain, but also the first to be installed for 
electric traction purposes. The sub-station building 
has been designed to accommodate three 1,200-kw. 
rotary converters with their control gear and accessories, 
and at the present time two equipments are in opera- 
tion. The complete plant has been designed, manufac- 
tured and installed by the British Thomson-Houston 
Jompany, Limited, of Rugby, with the exception of 
the main and auxiliary transformers ; the former were 
supplied by the Metropolitan—Vickers Electrical Com- 
pany, Limited, and the latter by the Brush Electrical 
Engineering Company, Limited. We illustrate some of 
the plant installed in- this sub-station in Figs. 1 to 4 
above and on page 230. 

Before proceeding to a detailed description of the 
plant and its method of operation, a general outline 
of the scheme will be of interest. A three-phase high- 
tension supply at 10,500 volts, 334 cycles, is provided 
from the company’s power station at Lots Road, 
Chelsea, to the new sub-station, which is situated at 
Burnt Oak, about one mile from the Edgware terminus 
and four miles from the nearest manually operated 
sub-station, situated at Golders Green. The high- 
tension supply reaches Burnt Oak sub-station by 
means of two three-core cables from Golders Green 
sub-station, where control is effected by manually- 
operated oil circuit-breakers. The only high-tension 
switchgear at Burnt Oak consists of change-over 
isolating switches so arranged that, for normal opera- 
tion, each rotary is connected to a separate feeder. 
Upon the closing of a feeder oil circuit-breaker at 
Golders Green, the rotary to which it is connected at 
Burnt Oak starts up automatically and takes load, 
subsequently being entirely under the control of the 
automatic gear, 

Five brick and stone cubicles of the London Electric 
Railway Company’s standard type are provided to 
house the high-tension ’bus-bars, to which the two 
incoming feeders are connected through single-pole 
isolating switches. The ’bus-bars are in two sections, 
change-over isolating switches being provided between 
the two sections, and between the ’bus-bars and the 
transformers, so that either rotary can be operated 
from either feeder, or, in the event of a breakdown on 
one feeder, both machines can be operated from the 
sound feeder. The high-tension cell-work occupies a 
central position at one end of the building, and imme- 
diately in front of it are mounted the main transformers. 
These consist of two three-phase banks, each com- 
prising three 440-k.va., single-phase, air-blast trans- 


formers, delta connected on the high-tension side and 
double-delta on the low-tension side. Cooling air for 
each bank is supplied by a centrifugal blower through 
a duct formed in the transformer foundations. The 
squirrel-cage induction motor driving this blower also 
drives the small auxiliary generator which is used to 
fix the polarity of the rotary at starting. A small 
single-phase transformer mounted on the floor adjacent 
to the blower set gives a low-tension alternating- 
current supply for the control circuits, and this, 
together with the blower motor, is connected direct to 
the low-tension side of the main transformers. 

In front of each bank of transformers is the auto- 
matic starting panel. This is of polished slate with 
angle iron supports, and carries, in addition to the 
starting and running contactors, three small contac- 
tors for controlling the fields of the rotary and auxiliary 
generator, Each rotary converter, one of which is 
shown in Fig. 4 on page 230, is rated at 1,200 kw., 
500 r.p.m., 600-630 volts, is compound wound and 
equipped with a self-synchronising starting motor and 
over-speed device. It differs from a manually-operated 
machine in being provided with an auxiliary field 
winding to determine the polarity, and arranged with 
protection against bearing overheating, starting motor 
overheating, and earth leakage. The bearings are 
fitted with flood lubrication in addition to the usual 
oil rings, the oil being supplied to the bearings from a 
storage tank in the basement by a small gear-type 
pump driven by a squirrel-cage induction motor con- 
nected in parallel with the blower motor. 

The direct-current switch-gear, shown in Fig. 3, 
comprises two machine panels and a feeder board with 
their accessories. All the panels are of polished slate 
mounted on angle iron. Each machine panel carries 
an ammeter, voltmeter, reactive volt-ampere indi- 
cator, alternating-current and direct-current watt- 
hour meters, the relays required for controlling 
and protecting the machine, and standard lever-type 
isolating switches. A multiple change-over switch 
and three small control switches are also provided to 
enable the machine to be operated manually if desired. 
The feeder board controls four circuits, and, in view of 
the fact that an insulated return rail is used, circuit 
breakers are provided on both poles. All direct-current 
circuit breakers are of the high-speed type, and are 
in general mounted on the floor behind the panels. 
Their design was illustrated and described in an article 
appearing on page 13 of our issue of July 4 last. In 
the case cf the feeder board, a gallery is provided to 
carry some of the breakers. A general view of the 
direct-current switch gear is given in Fig. 3, and 
the arrangement of the feeder board can be clearly 
seen from Fig. 4. 

When it is required to start up a rotary converter 
at Burnt Oak, the attendant at Golders Green closes 
the appropriate high-tension feeder circuit-breaker, 
thus giving a high-tension supply to Burnt Oak. This 
energises the main transformers, which, in turn, 
energise the control transformer, the blower motor 
and the oii-pump motor. The two latter machines 
start up, but before any further operations can take 
place, the auxiliary generator attached to the blower 
motor must build up its. voltage. As soon as this 
happens (indicating that the blower is up to speed 
and the transformers are receiving a supply of cooling 
air) the rotary may take load. Providing that the 
master controller, which is mounted behind the direct- 
current panel, is in the “ off”’ position, a master-control 
contactor now closes. Should the master controller 
not be in the “ off’ position, it must first run to this 
position before the contactor can close, thus ensuring 
that the complete sequence of switching operations 
must be gone through at each start. 

In order to attain this, the master-control contactor 
is fitted with a normally-closed contact which provides 
a circuit for the controller motor when the contactor 
is open. On reaching the “off” position, the con- 
troller stops automatically and waits for the contactor 
to close. The closing of, the master-control contactor 
makes alive the control.”bus-bars and sets in motion 
the motor-operated master controller. The first action 
performed by the latter is to close the starting contactor, 
thus connecting the starting motor to the transformer, 
and the rotary converter then starts up. At the 
same time, the auxiliary field winding on the rotary 
is connected to the auxiliary generator, thus ensuring 
that the machine will build up the correct polarity, 
and the main field winding is connected to a tapping 
on the field rheostat, so as to give the correct field 
strength for synchronising. At this point, the con- 
troller stops and waits for the machine to synchronise. 
When the rotary is in synchronism, the controller is 
retarded by a synchronous-speed indicating relay 
and closes the running contactors, thus short-cireuiting 
the starting motor and connecting the converter direct 
to the transformer. The controller, continuing its 
travel, next opens the starting contactor, changes 
over the main field of the rotary from the tapping 
previously mentioned to the field rheostat arm, and 
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disconnects the auxiliary field winding from the 
auxiliary generator. The field rheostat arm is left 
normally in the position which gives full voltage on 
the rotary, but provides a means for raising or lowering 
the machine voltage, should occasion arise. 

It will be noted that the machine is not yet connected 
to the direct-current *bus-bars, so that there is no 
possibility of the polarity of the auxiliary generator 
being reversed by short circuits or heavy overloads 
which may react on the auxiliary field winding of 
the rotary. Further motion of the controller closes 
the machine-line contactor and high-speed circuit- 
breaker, and the rotary then picks up its load. At 
this point, the controller again stops and remains 
stationary as long as the rotary is in operation. 

The feeder-breakers close automatically as soon as 
the “bus-bars are energised, but as it may sometimes 
be desirable to feed through the sub-station to the 
Burnt Oak Edgware section of the track without 
running up a rotary at Burnt Oak, the two-feeder 
cireuit-breakers supplying the Burnt Oak Golders 
Green section are arranged to close either from track 
voltage or ’bus-bar voltage, whichever appears first. 
Once these two breakers are closed, the Burnt Oak 
*bus-bars are, of course, made alive through them, and, 
the remaining circuit-breakers close automatically 
from the *bus-bar voltage. To shut down the machine, 
the high-tension feeder circuit-breaker at Golders Green 
is opened. This de-energises the main transformers, 
with the result that the master-control contactor opens 
and the machine shuts down, the master-controller 
returning automatically to the “off” position in 
readiness for the next start up. 

Protection is afforded to the machines against 
practically all contingencies by the automatic devices 
explained below. On overload or short-circuit, the 
high-speed circuit-breaker opens, inserting a resistance 
in the machine circuit, and by means of an interlock, 
opens the line contactor, thus disconnecting the rotary 
from the ’bus-bars. After a short interval, the line 
contactor and high-speed circuit-breakers close again. 
If the fault has disappeared, normal operation is 
resumed, but, if the short-circuit persists, the sequence 
is repeated until, after a predetermined number of 
operations, the breaker is locked open pending the 
investigation and removal of the fault. Similar 
protection is provided for each track feeder, except 
that the resistance is omitted and that the breakers 
can be re-set electrically from Golders Green after 
locking out. The track circuit-breakers are adjusted 
for three operations and the machine-breakers for 
four. With thisadjustment, a fault on a feeder which 
trips both the feeder-breaker and the machine-breaker 
will lock out the feeder-breaker on the third operation, 
after which the machine is free to be reconnected to 
the *bus-bars to supply the remaining sound feeder. 
A part of the machine relay panel, showing the 
repeat-action relay and time-delay relay, controlling 
the machine high-speed circuit-breaker, is shown in 
Fig. 1 on page 227. 

An over-speed device fitted to the shaft of the rotary 
converter opens its contacts if the machine attains a 
speed greater than that for which the device is adjusted. 
The operation of the device de-energises the master- 
controi contactor and shuts down the equipment, which 
cannot restart until an inspector has visited the sub- 
station to reset the device. If the alternating-current 
voltage should be below a pre-determined value when 
the oil circuit-breaker at Golders Green is closed, an 
under-voltage relay fails to close its contacts and the 
machine will not start up. If the voltage falls off 
while the machine is running, this relay opens its 
contacts and the equipment will shut down after a 
pre-determined time interval. The object of this 
time-delay is to prevent the machine from shutting down 
due to momentary fluctuations of the supply voltage. 
As soon as normal voltage is restored, the under- 
voltage relay again closes its contacts and the equip- 
ment starts up, reconnecting the machine to the direct- 
current “bus-bars. It should also be mentioned that 
unless all three phases of the incoming high-tension 
line are energised, it is impossible for the equipment 
to start up. Should the equipment, through any cause 
whatever, fail to complete its sequence within a pre- 
determined time, a sequence-timing relay will operate 
and shut down the plant. This relay must be reset, 
and it is therefore necessary for an inspector to visit 
the sub-station, ascertain and remove the cause of the 
trouble, and reset the relay before the machine can 
again be put into operation. 

Each rotary converter is protected against over- 
heating by means of a machine-temperature relay, 
illustrated in “Fig. 2, and designed to have the same 
heating and cooling characteristics as the rotary con- 
verter. If a given overload be maintained for a longer 
period than that for which the machine is designed, this 
relay will de-energise the master-control contactor, 
thus shutting down the plant. As soon as the machine 
has cooled to a safe temperature, the relay automatically 
resets itself and the equipment starts up. A tempera- 


ture relay is also located in the exhaust opening of each 
transformer, and in the event of the temperature of the 
exhaust air attaining the value for which the relay is 
set, the equipment is shut down and cannot restart 
until the trouble has been investigated and the relay 
reset manually. 

If the auxiliary generator fails, the machine line- 
contactor and high-speed circuit-breaker will open, due 
to low voltage. At the same time, the direct-current 
low-voltage relay opens its contacts and shuts down 
the machine by de-energising the master-contro] con- 
tactor. In this case also, the machine cannot re-start 
until the station has been visited and the cause of the 
trouble removed. Should the blower motor fail, thus 
cutting off the air supply from the transformers, there 
will be no direct-current supply available for the con- 
trol circuits, since the auxiliary generator is also driven 
by the same motor. It is therefore impossible to have 
a load on the transformers when the bloweris shut down. 
If the machine should flash over to earth or if the wind- 
ings should break down to the frame, the earth relay 
fitted to the bed plate of the rotary will open its con- 
tacts, thus de-energising the master-contro] contactor 
and shutting down the machine. This relay is also of 
the hand-reset type and consequently the equipment 
cannot restart until the cause of the trouble has been 
removed and the relay reset by hand. 

It has already been pointed out that the auxiliary 
generator is entirely disconnected from the rotary 
converter before the latter is connected to the direct- 
current *bus-bars, and it is therefore impossible for the 
rotary to build up with wrong polarity. There is, 
however, the possibility of the auxiliary generator 
connections being reversed after an overhaul, and 
although this contingency is very remote, provision is 
made for it by a polarised relay which must be excited 
in the right direction before the machine can be con- 
nected to the direct-current ’bus-bars. Each bearing 
of the rotary converter is fitted with a thermostat, 
which, in the event of a bearing overheating, will 
open its contacts, thus de-energising the master-control 
contactors and shutting down the machine. After a 
shut down due to this cause, it is necessary for an in- 
spector to visit the sub-station and correct the trouble 
before the equipment can restart. In the event of the 
overheating of the starting motor, due to too frequent 
starting or failure of the machine to synchronise pro- 
perly, temperature relays embedded in the windings 
will shut down the equipment in exactly the same 
manner as those fitted to the bearings. An extremely 
sensitive reverse-power relay is provided which will 
shut down the plant in the event of the rotary attempt- 
ing to run inverted. This relay is self-resetting, and 
the machine will therefore restart immediately the 
relay has reset itself. 

In conclusion, we may remark that, although the 
automatic sub-station described above is the first 
to be employed in traction work in this country, a 
considerable number of them are already in use for 
this purpose in the United States, where the prevailing 
conditions are generally more favourable for their 
employment. There is no doubt, however, that the 
use of automatic substations will extend in this country, 
both for traction work and for other applications, 
and, for this reason, the results obtained in practice 
with the installation at Burnt Oak will be watched 
with more than usual interest. 


Bripcs Burtt iy 30 Hours.—In the short time of 30 
hours a condemned bridge spanning the four-line track of 
the London Midland and Scottish Railway just south of 
Boxmoor was demolished and a new bridge erected. 
The work comprised the removal of the roadway from 
the top of the old bridge, the removal and loading up of 
the old bridge, the erection of the new bridge, and the 
relaying of the roadway over the new bridge. All work 
was accomplished without interfering with the regular 
train service. 


Contracts.—Messrs. Siemens Brothers and Co., 
Limited, of Woolwich, have secured contracts for the 
manufacture and laying of some 3,200 miles of submarine 
telegraph cable to connect the Cape Verde Islands with 
Rio de Janeiro touching at the Island of Fernando 
Noronha, off the northern coast of Brazil. The first sec- 
tion is to be completed by the end of January, 1925, and 
the whole scheine should be.in working order by the end 
of May, 1925.—We learn that the Br‘tish Vacuum Cleaner 
Company, Limited, of Parsons Green-lane, London, 8.W.6 
have received orders both from the London Midland and 
Scottish Railway Company, Derby, and the Nottingham 
Corporation Electricity Supply Department for supplying 
their boiler-flue cleaning installation.—The Yarrow patent 
type of water-tube boiler has been selected by the 
Municipality of Rotterdam for the extension they are 
making to their electric power station. The boilers will 
be built by Messrs. Yarrow’s licensees, the Koninklijke 
Maatschappij de Schelde, Flushing, who are building 
Yarrow boilers for other Dutch power stations. Messrs. 
Yarrow supply the boiler plates pressed to shape. The 
boilers are of Messrs. Yarrow’s latest type, with Yarrow 
air heater and steam superheater. One of the boilers 
will be fired with pulverised fuel. 


THE GERMAN IRON AND STEEL TRADES. 


We learn from the Department of Overseas Trade 
that in Germany, during the week ending August 8, 
the iron market was very dull and only during the last 
few days were there any signs of improvement. Orders 
then slightly increased, but, on the whole, employment 
at the works remained insufficient and reports as to 
the closing down of works were increasing. Various 
departments of the Phcenix at Hoerde were to be 
closed down, while employment at the various works 
varied considerably. In general, orders on hand would © 
hardly suffice for three weeks. Moreover, conditions, 
and particularly those concerning prices, were in such 
a state of confusion that manufacturers had to exercise | 
the greatest precaution in accepting new orders. In — 
fact, it was noticeable that there was little inclination 
to do so, in spite of the great need of employment. 
Prices dropped still further during the last few days. — 

The scrap market both in the Occupied and Un- 
occupied Territories, was dull. Owing to work restrie- 
tions, the works of Occupied Territory had almos 
ceased to buy, and only occasionally did one hear of ~ 
a small contract on the basis of 50 mks. for steel — 
scrap, free works, being concluded. No quotations — 
were given for the inferior qualities of scrap, such as — 
filings, sheet scrap, &c., which indicated that no bus: 
ness was being done, these conditions being common to — 
Central Germany and Upper Silesia. The purchas 
organisations of the works had almost suspended I 
activities. The North German scrap market was also 
stagnant, heavy scrap being quoted at 35-39 mks. 
per ton. ‘. 

At the recent general meeting of the Phenix A.G. — 
fuer Bergbau und Huettenbetrieb at Duesseldorf, 
Director-General Dr. Fahrenhorst discussed the 
nomic position, and stated that the present position 
of the heavy industry was one of extreme difficult 
Germany was in the midst of the symptoms of the 
deflation crisis which was making itself acutely apparent 
in a shortage of capital and credit. The consequences 
were a general disinclination for business, an i 
ciency of running orders, and the holding back of new 
orders. The orders on hand at the works were th 
constantly diminishing, and owing to the increase 
the costs of production, caused by the decreas 
employment, coupled with the unfavourable prices | 
the inland and export market, steel production cou 
only be carried on at a direct loss. It was necessa 
therefore, to decide upon the closing down of some 
their works. Owing to the geographical position, th 
Ruhrort department would, as far as possible, be } 
fully employed, but their Hoerder Verein departme 
would be chiefly affected by the closing down of wor 
Under these conditions it was only natural that 
works of the concerns in the whole of Occupied Terri 
tory at present required financial assistance for which 
the restricted Reichsbank credit was insufficient a 
which would require to be covered by other credi 
All manufacturing works were experiencing the di 
culty that they had to use their credits for the greater 
part for their customers, who declared that unless they _ 
were granted a respite they were not in a position either 
to place orders or to accept goods. So far, the Phoenix 
had always succeeded in obtaining credits and they h: 
been able to use a part of their Dutch credit of 1¢ 
million florins, obtained last year by the increase of 
their share capital by 300 million marks and by deposit- 
ing these shares in Dutch hands, for the construction 0! 
new buildings, which were urgently required. But 
burden on the works caused by the interest on the 
credits was extremely great and coupled with the 
increase of the costs of production, rendered competi-— 
tion on the world market very difficult. Further draw- — 
backs were the export duties from Occupied Territory 
and the high freight, and, above all, the Micum 
burden, which burden was at least equal to the former 
net profit in good business years. Nothing definite 
could be said of future prospects in view of the 
certain conditions prevailing. Eve 
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rything would 
depend upon the issue of the London conference. — 
Dr. Fahrenhorst then went on to say that an essential 
factor for Germany’s recovery was that particular 
interests should be put aside and that the heavy 
industry should join together in associations to ensure 
the most economic working and to form a basis for 
co-operation with similar industries abroad. p 


University or BristoL.—A prospectus of the Faculty 
of Engineering, which is provided and maintained by the 
Society of Merchant Venturers in the Merchant Ven- | 
turers’ Technical College, Bristol, has just reached e, 
Courses of study are available at the College for persons 
intending to engage in civil, mechanical, electrical, 01 
automobile engineering, and particulars of these co af 
are given inthe prospectus. The ordinances and regula- 
tions relating to degrees and diplomas in engineering 
subjects are included, together with particulars of the 4 
Bristol sandwich system of training engineers. The 
prospectus can be obtained from the Registrar of the 
Merchant Venturers’ Technical College, Bristol. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Steel Output.—According to the figures just published 
the output of steel from Sheffield for June was 74,600 
tons, showing a falling off of 35,400 tons, as compared 
with the output of May, and a decline of 25,400 tons as 
eompared with the corresponding period last year. Of 
the total 38,200 tons were basic steel, 27,200 tons 
acid steel and 3,600 tons Bessemer steel. A similar 
state of affairs was experienced in Lincolnshire, where 
the output was 34,800 tons, as compared with 42,500 tons 
in May, and 50,000 tons in June last year. 


Iron and Steel.—While the iron and steel trades of 
South Yorkshire show slight signs of revival, the immedi- 
ate outlook is one of uncertainty. Inquiries on the 
whole are more numerous, but the amount of actual 
business passing is very limited, and prospective buyers 
are inclined to withhold purchases until the disturbing 
elements in political and international affairs are satis- 
factorily settled. The agreement with Russia was 
received in Sheffield with a certain amount of hostility, 
for local trade organisers are of the opinion that the 
amount of trade we should obtain from that direction 
would not be of the value to warrant a loan. With a 
falling-off in competition from Germany and other Con- 
tinental houses, the demand for finished and semi-finished 
articles is expanding. There is a strong belief that the 
Solingen manufacturers are adopting a waiting attitude 
until the deliberations of the Allied Conference have 
finished, and then, if the Dawes Scheme is put into opera- 
tion, will flood the British markets with cheap inferior 
goods. The call for automobile steel is increasing, 
especially for the Midlands, but now that the McKenna 
duties have been abolished an adverse effect will be felt 
in the nearfuture. Of the heavy steel trade the railway 
department is the best employed, and makers of axles, 
tyres, wheels and other spares report good business and 
full time. More work, however, is required to replace 
expiring contracts. The Colonies continue to purchase 
large quantities of tramway track work and agricultural 
implements, while the call for mining requisites and elec- 
trical plant is on a slightly increased scale. In the lighter 
trades manufacturers report a slight improvement both 
for home consumption and for export to overseas markets. 


South Yorkshire Coal Trade—The closing down of 
pits for two days’ holiday has resulted in a big decline in 
output. On the whole, business is very quiet, and col- 
lieries have big surpluses to dispose of before normal 
output can be restored. The call for best steam hards is 
very weak both on home and export account. Cobbles 
and nuts show improvement, but continue far below the 
average. Slacks are firm, especially the better grades, 
while inferior sorts are only moderate. House coal 
represents an improvement in regard to country pur- 
chases, but town demand has declined. The output of 
furnace and foundry coke is very small owing to the re- 
quest being weak. Gas coke is firm. Quotations: 
Best branch handpicked, 32s. to 33s.; Barnsley best 
silkstone, 26s. to 28s.; Derbyshire best brights, 25s. 
to 27s. ; Derbyshire best house, 23s. to 25s. ; Derbyshire 
best large nuts, 21s. to 25s. ; Derbyshire best small nuts, 
15s. to 17s. 6d.; Yorkshire hards, 21s. 6d. to 22s. 6d. ; 
Derbyshire hards, 21s. to 23s.; rough slacks, 12s. 6d. 
" 15s. 6d.; nutty slacks, 12s. to 14s.; smalls, 8s. to 
10s. 


SUBsIDIspD TRANSPORT.—The War Office announces 
that until further notice vehicles may be enrolled 
under the War Department subsidy type light lorries 
scheme for the full period of three years. This will 
ensure the payment to owners of 120/. per vehicle, at 
the rate of 40/. per annum, subject to the mechanical 
efficiency and condition of the vehicle when inspected 
half-yearly. Where, however, it is anticipated that a 
vehicle fitted with alternative wheel equipment in lieu 
of giant pneumatic tyres is likely to be subjected to 
particularly arduous employment, the period of initial 
enrolment may be limited to one or two years at the 
discretion of the War Department. Where it is desired 
to include the body in the terms of the agreement, the 
ordinary commercial type body will be accepted provided 
the available platform area is sufficient to take the 
War Department load of 30 ewt. For this purpose a 
platform area of not less than 54 sq. ft. is normally 
required, 


Tue Later Mr. THomas LumspeN.—The founder of 
the Lumsden Machine Company, Limited, of Gateshead, 
and a prolific inventor of devices for use in grinding 
operations, Mr. Thomas Lumsden, died at his residence 
at Gateshead on July 17, at the age of 56 years. He 
received his early training under his father and uncle, and 
later worked as a millwright in Messrs. Armstrong’s works 
at Newcastle, where he acquired very useful experience 
in erecting heavy plant. After returning to the machine 
shop he devoted much of his time to gauge making 
and cutting tools. On giving up his post as leading 
hand on cutting tools with Messrs. Armstrong, he 
commenced business for himself, specialising on lathes 
of 34-in. centres for model makers. In 1906 the 
Lumsden Machine Company, Limited, was started by 
him, and he remained as the managing director until 
his death. This firm, as is well known, devoted special 
attention to grinding machines and makes use of his 
many patents. Of these the oscillating tool grinder is 
perhaps the most notable, and his name will always 
be associated with this valuable appliance. During the 
European War he originated the idea of a National Tool 
Factory for making shell tools by grinding pro- 
cesses, and when the project was started he was 
appointed its director under the Ministry of Munitions. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEsBRouGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig iron is not 
over plentiful. Makers’ stocks are stated to be well sold, 
and though at present output is rather in excess of 
current needs recent fairly good home sales prevent the 
accumulations at makers’ yards growing to any con- 
siderable extent. Export business is still almost 
impossible. Values are still on the downward curve, 
though producers are very reluctant to follow the 
movement and are hinting that values have about touched 
bottom. No. lis put at 90s., butis said to be obtainable 
at sixpence to a shilling less. No. 3 g.m.b. is quoted 
84s. to 84s. 6d.; No. 4 foundry, 83s. to 83s. 6d.; and 
No. 4 forge, 82s. to 82s. 6d. 


Hematite.—East Coast hematite is plentiful and slow 
ofsale. In this branch also the business that is passing is 
almost entirely confined to sales for home purposes. 
Mixed Nos. are 93s. and No, 1 is 93s. 6d. 


Foreign Ore.—The position as regards foreign ore 
shows little or no change. Consumers continue to hold 
off the market, and sellers still base quotations on best 
rubio at 23s. c.i.f. Tees. Contracts could no doubt, 
however, be arranged on lower terms. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
only moderate request. Good average qualities are 
quoted 26s, to 26s. 6d. delivered to local users. , 


Manufactured Iron and Steel.—Continental competition 
in semi-finished steel continues keen, but purchases of 
foreign material are not very heavy. Most descriptions 
of manufactured iron and steel are still slow of sale, and 
as orders on hand are being well got through, a good deal 
of apprehension is expressed as regards the near future. 
Sheets are in heavy request, and makers, being well sold 
to the end of the year, are very firm in their quotations. 
The export price for No. 24 gauge galvanised corrugated 
descriptions is fully 187. 10s. In other branches overseas 
trade is difficult to put through and quotations vary 
considerably, but for home business the following are the 
recognised market figures ; Common iron bars, 121. 10s. ; 
iron rivets, 14/. 5s.; packing (parallel), 9/.; packing 
(tapered), 12/.; steel billets (soft), 82. 10s.; billets 
(medium), 97. ; billets (hard), 97. 10s. ; steel boiler plates, 
132. 10s. ; steel ship, bridge and tank plates, 100. 5s. ; 
steel angles, 10/.; steel joists, 10/.; heavy steel rails, 97. ; 
and fish plates, 134. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.——Exports of coal as cargo from 
South Wales in July amounted to 2,301,800 tons, which 
was the largest quantity shipped in any month since 
November last, and was 390,000 tons in excess of the 
volume of trade in June. There were, however, 27 
working days in the past month compared with only 23 
in the previous month. The volume of the trade in 
July forms a welcome surprise, for day-to-day business 
in the open market was very limited, and it is evident 
that most of the coal shipped in July was exported on 
contract account. Compared with July of last year, 
shipments were greater to all markets except those 
of Continental Europe. Shipments to Italy were in- 
creased from 360,700 tons to 364,400 tons, to South 
America from 353,800 tons to 387,330 tons, to Spain 
from 145,870 tons to 176,360 tons, to Portugal 
from 74,990 tons to 89,090 tons, to Greece from 
10,680 tons to 30,990 tons, Canada from 24,150 tons 
to 31,980 tons, and to unclassified countries from 
85,310 tons to 131,910 tons. On the other hand, 
those to France were reduced from 1,092,880 tons to 
817,900 tons, to British coaling depots from 214,730 
tons to 186,320 tons, Belgium from 73,810 tons to 
19,860 tons, Holland from 50,860 tons to 20,270 tons, 
and to Germany from 73,490 tons to 5,090 tons. Com- 
pared with the corresponding period of a year ago, 
exports from Cardiff at 1,416,480 tons showed a reduction 
of 21,670 tons, from Newport at 370,290 tons, a fall of 
115,600 tons, from Swansea at 275,370 tons, a loss of 
42,300 tons, from Port Talbot at 213,950 tons, a decrease 
of 48,130 tons, and from Llanelly at 25,700 tons were 
31,750 tons lower. Meanwhile, though new business is 
still insufficient to absorb the outputs, the tone of the 
market generally is steadier,.due chiefly to the loss of 
production caused by the holidays and also to the fact 
that stoppages on account of unremunerative business 
have been frequent and numerous. Workmen employed 
at the Cambrian collieries, which turn out about 13,000 
tons a week, have been given a fortnight’s notice to ter- 
minate contracts because of the uneconomic selling prices 
available. Best Admiralty large coal is steady at 28s. 
to 28s. 6d., and supplies are becoming less plentiful, 
while seconds are round 27s, 6d., with Monmouthshires 
from 24s. 6d. to 27s. and smalls from 12s. 6d. to 17s., 
according to quality. 


Sournport’s ARTERIAL New Roap.—This new road, 
Waterloo Road extension, was recently opened by 
the Rt. Hon. Harry Gosling, M.P., Minister of Transport, 
accompanied by Sir Henry Maybury, Director-General, 
Roads Department, Ministry of Transport. The con- 
struction of the road was carried out to a large extent 
by unemployed labour so as to provide relief for the 
distress which would otherwise have existed in the town. 
The surface of the road is 13-in. lithocrete laid on 7-in. 
concrete, reinforced with B.R.C. Fabric Reference No. 9, 
made by the British Reinforced Concrete Engineering 
Co., Limited, Manchester, 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—There has been little movement of 
any consequence in the steel trade of Scotland during 
the past week and business has been of a restricted 
nature. The lull in buying which has been all too 
prevalent for some months back, is still in evidence and, 
owing to the unsettled state of the world’s markets, 
buyers cannot see their way clear to commit themselves 
in any way whatever. The current demand is so poor 
that it is old contracts which are mainly responsible for 
keeping up the limited amount of employment at the 
works, and only a portion of the plant is running. The 
improvement which was talked of as very likely in the 
autumn has yet to put in an appearance, and up to the 
present there are few signs of any change for the better. 
Shipbuilding demands are almost sure to improve to a 
limited extent, but inquiries for shipment lots do not 
amount to any volume. The black sheet trade continues 
active, and light gauge sheets and galvanised sorts are 
still being inquired for, but delivery can only be promised 
for the back end of the year, so well filled are most order 
books. Heavy gauge sheets are not in much request. 
Home prices are steady but export rates are easier 
inclined. ‘The following are to-day’s market quotations : 
Boiler plates, 13/7. 10s. per ton; ship plates, 10/. 5s. per 
ton; sections, 10/. per ton; and sheets, ;*; in. to $ in., 
127. 10s. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—No change for the better can 
yet be reported in connection with the malleable iron 
trade of the West of Scotland, and much difficulty is 
being experienced in keeping plant moving. Buyers are 
very little in evidence, and the lots being placed are 
mostly for immediate requirements and seldom amount 
to an appreciable tonnage. Prices are being maintained, 
with ‘‘ Crown ” bars at 127. 10s. per ton, delivered Glasgow 
stations. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade the position shows little change, but there is an 
under current of opinion that some improvement is very 
probable soon. Such would be most acceptable, but 
inquiry fails to find any ground for the idea. The home 
market is buying sparingly, and consumers abroad are not 
taking up much of the local make, partly because of the 
foreign competition which our pig iron is meeting. The 
output at the moment is very small and may even be 
further curtailed yet. Prices are easier and to-day’s 
quotations are as under: Hematite, 4/. 16s. 3d, per ton, 
delivered at the steel works; foundry iron, No l. 
41. 18s. 9d. per ton; and No. 3, 4/. 13s. 9d. per ton, both 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 9, amounted to 1,062 tons. 
Of that total 944 tons went foreign and 118 tons coast- 
wise. For the corresponding week of last year the figures 
were 377 tons overseas and but 15 tons coastwise, 
making a total shipment of 392 tons. 


Tue Busk StupENTSHIP IN AERONAUTICS.—We are 
informed that the Trustees of the Busk Studenship in 
Aeronautics, which was founded in memory of Edward 
Teshmaker Busk, who lost his life in 1914 in an accident 
to an experimental aeroplane, have appointed Mr, John 
Cowan Stevenson, of Glasgow University, to the vacant 
studentship. 


Tue Late Mr. Joun H. Duntar.—We note with 
great regret the death of Mr. John H. Dunlap, the 
secretary of the American Society of Civil Enginoers, 
in his 42nd year, and offer our sympathy to the Society. 
Mr. Dunlap was severely injured in a train accident 
near Buda, Illinois, on June 30, and, in spite of the 
attention and care he received in the Presbyterian 
Hospital in Chicago, he died on July 29. He was 
formerly Professor of Hydraulics and Sanitary Engin- 
eering in the State University of Iowa, Iowa City. 
The work of the secretaryship of the Society of American 
Civil Engineers has been undertaken by no less than 
three men—Mr. Herbert 8. Crocker, Mr. Elbert M. 
Chandler, and Mr. Dunlap—since 1920, when Dr. 
Charles Warren Hunt vacated the office. 


Motor Suip “ Swanuey.’’—-We understand that the 
motor ship Swanley, the first vessel to be fitted with 
double-acting Diesel engines of British construction, 
has just completed her maiden voyage from Cardiff to 
Colombo without a hitch. This vessel, of 9,300 tons 
deadweight, was built by Messrs. Barclay, Curle and 
Co., Limited, Whiteinch, Glasgow, for Messrs. Harris and 
Dixon, of London, and is engined with a single-screw 
three-cylinder two-cycle double-acting Diesel engine made 
by the North British Diesel Engine Works, Limited, 
also of Whiteinch, Glasgow. Following her trials on the 
Clyde at the beginning of last month, the Swanley 
proceeded to Cardiff and loaded a full cargo of coal for 
Colombo. She arrived at Colombo on the 5thinst., having 
made a non-stop passage with the exception of the 
Port Said call on the passage through the Canal. From 
Cardiff to Port Said her speed was just under 10 knots, 
with the engines running at an average of 83-5 r.p.m., 
while the oil consumption amounted to 6 tons a day 
for the main engines and about 2 tons for the donkey 
boiler for auxiliary purposes. On her passage through 
the Canal the manoeuvring qualities of the engine gave 
complete satisfaction to the Canal pilots. Between Suez 
and Colombo the vessel averaged 10 knots on a fuel 
consumption of 6} tons for the main engines, the revo- 
lutions being 85 per minute. The engines used on the 
motor ship Swanley have been illustrated and fully 
described in ENGINEERING (vol. exv, page 794). 
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AUTOMATIC SUB-STATION, FOR THE HENDON-EDGWARE EXTENSION RAILWAY. 


CONSTRUCTED BY THE BRITISH THOMSON-HOUSTON COMPANY, LIMITED, ENGINEERS, RUGBY. 


(For Description, see Page 227.) 


Fia. 3. GENERAL VIEW OF DirECT-OURRENT SWITCHGEAR. 
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PETTERS’ COLD-STARTING “ § Tyre Orn ENcINE.— 
This engine, manufactured by Messrs. Petters, Limited, 
of Yeovil, has been awarded the silver medal of the 
Staffordshire Agricultural Society. Exhibited at Wal- 
sall, the engine is of the medium-compression type and 
appears to have been favourably received on account of 
its quick starting properties, as it also secured the silver 
medal of the Royal Agricultural Society of England at 
Newcastle last year. 


Tse InstircTiIon or AWRONAUTICAL ENGINEERS.— 
Minutes of Proceedings, No. 9 of this Institution, reprints 
a paper on “‘ The Loth Leader-Cable System for Steering 
Aeroplanes,” by Mr. J. Gray, and a paper entitled, 
“Reminiscences of the Early Days of Aviation at 
Brooklands,” by Mr. L. Howard-Flanders, together 
with the discussions on those papers. Copies of the 
Proceedings can be obtained from the Secretary of the 
Institution, 60, Chancery-lane, W.C. 2, price 1s. 6d. 


THE PROFESSIONAL CLAssEs Atp Councin.—The object 
of this organisation, which was founded in October, 
1914, as “‘ The Professional Classes War-Relief Council,” 
and has been continued since 1920 under the above- 
mentioned title, is to st men and women normally 
engaged in the engineering, scholastic, legal, medical, 
and all other professions and specialised callings, in 
times of adversity, arising from illness, unemployment or 
other causes. An important part of the Council’s work 
consists in bridging over temporary financial difficulties 
while assisting applicants to obtain permanent employ- 
ment, but much help is also given in the form of advice. 
Pecuniary aid is usually given in connection with the 
education and training of young persons or to cover 
expenses in connection with illness and convalescence. 
Representatives of most of the great professional bodies, 
of which we may mention the Institutions of Civil, 
Mechanical and Electrical Engineers, the Institution of 
Naval Architects, and the Institute of Metals, are 
included on the Council, and some particulars of its 
activities during the year ended April last are given in 
the annual report now available. Persons interested 
in the work of the organisation can obtain a copy of the 
report and balance sheet from the offices of the Council 
at 251, Brompton-road, S.W. 3. Fie. 4. Rorary ConvertER AND Track FEEDER Boarp. 
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35 and 36, Bedford Street, Strand, London, 
W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
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newsagent in town and country and at railway book- 
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THE PROGRESS OF CIVIL AVIATION. 


THOSE of us who are convinced of the ultimate 
success of the aeroplane as a means of transport, 
although still unsatisfied with the rate of progress 
made, have no reason to be discouraged by the 
results achieved of late. With one exception, each 
year completed since British civil aviation was 
inaugurated in May, 1919, has shown steady 
increases in the number of flights made, the mileage 
covered, the passengers carried and the goods 
transported, and there appears to be every likeli- 
hood that the rate of progress will be accelerated 
in the future now that the organisation has been 
simplified by the formation of Imperial Airways, 
Limited. This company, it will be remembered, 
now operates air transport services in Great 
Britain and Europe, carrying passengers, mails 
and goods on routes previously worked by four 
separate British concerns, viz., Handley Page 
Transport, Limited, the Instone Air Line, Limited, 
Daimler Hire, Limited, and the British Marine Air 
Navigation Company, Limited. For the first four 
years, commencing April 1 last, the new company 
has undertaken to complete an average minimum 
annual mileage of 1,000,000 in regular service 
flights, with an actual minimum mileage in each 
of these years of 800,000 and of 1,000,000 miles 
per annum afterwards, until the Government 
subsidy has been repaid.. The subsidy agreed 
upon is of 1,000,000/.,. payable to the company by 
decreasing annual sums over a period of 10 years. 

The annual report of the Director of Civil Aviation, 
which has just been issued by the Air Ministry, 
covers the year ended March 31 last, during which 
period the British commercial air services were 
operated by the four companies above referred to. 
In the year under consideration, over 5,000 flights 
were made for transport purposes and over 
1,000,000 miles were covered, as compared with 
4,000 flights and 778,000 miles for the previous 
year. The corresponding figures for the number 
of passengers carried are 15,013 and 11,460 for 


the year covered by the report and for the previous 
year, respectively, while the cargo carried between 
April, 1923, and March, 1924, viz., 427-1 tons, was 
nearly double the figure for the year ended March, 
1923, which was 216-4 tons.. A useful development 
in the volume of traffic has thus taken place, and 
it is interesting and important to add that 88 per 
cent. of the total flights commenced were completed 
within the time allowed under the terms of the 
subsidies. 

In analysing the causes of involuntary landings 
in respect of flights made by the subsidised British 
firms during the. year recently completed, the 
report shows that, of a total of 4,033 flights com- 
menced, only 351, or 9 per cent., were interrupted. 
The interruptions were mainly due to weather 
conditions, which were responsible for 213, or 
61 per cent., of the forced landings, while engine 
or installation failures accounted for 91, or 26 per 
cent., of the stoppages ; 47 landings, 13 per cent. 
of the total, were due to other causes. In prac- 
tically all cases, these forced landings did not result 
in any injury to the passengers or crew, but they 
are nevertheless important, since some risk is 
always present in landing on unsuitable ground 
and in conditions of bad visibility. Actually, with 
the exception of one fatal accident which occurred 
on an established air route, no person carried in 
aircraft registered in the British Islands and flying 
for hire or reward was injured’ to any serious 
extent during the year covered by the report. 

It will: be remembered, that under regulations 
issued in 1922, all accidents arising out of, or in 
the course of, air navigation which occur in Great 
Britain, or which occur elsewhere to machines 
registered in Great Britain, may be investigated by 
the Inspector of Accidents. A total of 26 accidents, 
six of which resulted in loss of life, have accordingly 
been investigated during the year under review. 
Only five of these accidents occurred on the estab- 
lished air routes, the remainder having happened 
in the hire services or in short passenger flights, 
constructors’ trials. competitions, training schools 
or in private flights. An analysis of the causes of 
these accidents seems to indicate that the human 
element is rather more often at fault than is the 
machine. Just half the accidents investigated were 
ascribed to errors of judgment on the part of the 
pilot or crew, this being given as the cause of the 
one accident, above referred to, which resulted in 
the loss of passengers’ lives. In this particular 
case, the pilot stalled the machine at a low altitude 
when maneeuvring to land in consequence of bad 
weather, and all the occupants, including a second 
pilot and three passengers, received fatal injuries. 
The weather was thus the primary cause of the 
accident although the pilot’s error was the imme- 
diate cause. Actually, of course, the occasions on 
which the pilot is able by his skill and resource 
to prevent accidents which would otherwise result 
from mechanical failures or unfavourable condi- 
tions must be considerably more numerous than 
those on which he is in any way at fault. Such 
cases, however, can hardly be covered by statistics. 

Of the remaining accidents, two, neither of 
which occurred on the established air routes, 
were due to defects in aircraft structure or 
controls, eight to defects in the engine or power 
installation, one to weather conditions, and two 
to other causes. Most of the engine failures 
originated in comparatively trifling defects, three 
of the number being ‘connected with the petrol 
system. In one case, a piece of paper in the 
oil tank, by interfering with the lubrication, 
caused the engine to seize, and another accident, 
which occurred during a test flight of a racing 
machine, was due to the complete failure of the 
engine probably owing to a fracture of a part of the 
timing gear. Three other accidents investigated 
were due, respectively, to an ignition defect, to a 
fatigue failure of a connecting rod, and to the 
warping and consequent seizure of the valves. 
None of the engine accidents had fatal results, 
except the last mentioned, and, in this case, the 
pilot, after alighting successfully on the sea, was 
drowned in attempting to swim ashore. 

Amongst other matters of interest in connection 
with the progress of civil aviation, the report deals 
with the various exhibitions, competitions, &c., 
held during the year, particular reference being 
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which took place at Lympne in October of last year. 
Some particulars of these trials will be found on 
page 502 of our 116th volume. As a result of 
the trials referred to, the report states, the British 
aircraft industry has gained the leading place in 
light aeroplane construction, and this position, we 
may remark, is likely to be strengthened by the 
trials of light two-seater aeroplanes to be carried 
out at Lympne next month. In connection with 
these trials the Air Ministry has offered prizes 
to the value of 3,000/. for machines primarily 
suitable for training purposes. The Air Council 
is evidently greatly impressed, and as we think 
rightly so, with the possibilities of the light aero- 
plane, and, with a view to encouraging the develop- 
ment of this type of aircraft, have just announced 
the fact that they are prepared, with the aid of 
local authorities, to assist in the formation of ten 
light-aeroplane clubs in different parts of the 
country. The Air Ministry proposes to make each 
club an initial grant for the provision of approved 
types of light aeroplanes and an annual grant, for 
two years, towards the expenses of maintenance, 
&c. Certain conditions must be complied with by 
the clubs, each of which, for instance, must employ 
one or more qualified air pilot instructors and ground 
engineers, but, in addition to the financial assistance 
already mentioned, a grant will be made in respect 
of each member qualifying, in club aircraft, for the 
issue of a private pilot’s licence. 

Whether or not the scheme can be put into 
operation in the near future depends largely upon 
the results of the forthcoming trials of light two- 
seater machines, but it should, we think, appeal 
to all interested in the development of British 
aviation as a possible method of materially aug- 
menting existing facilities for the preliminary 
training of pilots. At first it is hoped to secure the 
formation of flying clubs in the leading commercial 
centres of the country, and, as far as the London 
area is concerned, the Royal Aero Club has already 
undertaken to answer inquiries and receive proposals. 
In the meantime, the scheme outlined above gives 
an added interest to the results of the new trials, 
although the interest would, perhaps, have been 
more usefully stimulated if the announcement of 
the policy with respect to flying clubs had been 
made somewhat earlier. 


THE COAL SURVEY. 


THE Mines and Research Departments have 
announced that the Government has decided to 
speed up the chemical and physical survey of coal 
deposits on which the Fuel Research Board has 
been engaged for some time, and to take measures 
for offering further encouragement to likely processes 
of low-temperature carbonisation that have reached 
the stage of commercial production. At the present 
time the survey is being conducted in the Lancashire 
and Cheshire and the South Yorkshire districts, with 
the co-operation of local committees formed by the 
Board, and it is to be assumed that an early step 
in its extension will be to form similar committees 
in other coal-bearing districts. The conditions on 
which sufficiently promising processes can be 
examined with the help of public funds and of the 
staff of the Fuel Research Board are to be announced 
shortly. 

Little difference of opinion will be felt as to the 
wisdom and essential economy of these steps. While 
coal surveys were merely geological, or at best were 
coupled with chemical information in the form of 
proximate and ultimate analyses, which seldom 
meant much more than that a good deal of time had 
been spent on their preparation, the more exact 
survey of so heterogeneous a substance as coal was 
not an attractive enterprise for hard times. The 
Fuel Research Board’s practice of examining coals 
for their behaviour on carbonisation, facilitated by 
its development of the Gray-King assay process, has 
given the survey a more practical meaning. Its 
records now show not only the position and extent 
of deposits, but also approximately the respective 
amounts of useful products they yield on being 
carbonised at a temperature of about 600 deg. C. 
It may be that with further use the method will be 
developed so as to give information of similar 


exactness for carbonisation at higher temperatures ; 
but, in any event, the knowledge of the yield of a 
coal at a temperature to which it must certainly be 
exposed in any carbonisation process gives the 
survey a practical value that must be well worth 
its cost. 

The decision to give active encouragement to 
promising processes of low-temperature carbonisa- 
tion may be not less important. It is just on thirty 
years since Parker made the first practical proposals 
in modern times for such treatment of coal. Even 
at that date he saw clearly and stated accurately 
enough the important results it could yield both in 
producing a smokeless fuel and in obtaining valuable 
bye-products, and investors have spent considerable 
sums of money in erecting plants for carrying out 
his proposals and those of later inventors. Yet up 
to now no generally marketable products have 
resulted. The processes turned out to be of that 
class in which serious difficulties are found when it 
becomes necessary to translate small-scale work 
into large, and many of them seem to have been 
abortive, not because they have been shown to be 
impracticable or worthless, but because those con- 
cerned have not been able or willing to make the 
necessary experiment on a large scale before em- 
barking on commercial exploitation. As a result 
many of these processes have been frustrated by 
engineering difficulties, which the exploiters had 
not the means of overcoming; and, although 
from a chemical point of view, the process of low 
temperature carbonisation is now sufficiently 
understood, these mechanical difficulties will have 
to be overcome with a completeness corresponding 
to the vast scale on which the industry is contem- 
plated before it cam be adopted safely on that 
scale as a means of providing essential products and 
finally abolishing the waste and mischief of smoke. 

The Government has acted wisely in now placing 
the matter in the hands of the Fuel Research 
Board and in providing, as its announcement 
seems to imply, the funds necessary to enable it to 
take effective action. In common with the other 
bodies instituted by the Department of Scientific 
and Industrial Research, and indeed with that body 
itself, the Fuel Research Board had adopted a 
settled policy of co-operating with those who are 
engaged in work similar to its own, and not 
undertaking on its own account work that it can 
get done as well by others. From the date of its 
institution it appears to have kept in close touch 
with the developments of private industry, and its 
reports have taken due account of their results as 
well as of those obtained at its own Fuel Research 
station. It has, moreover, never shirked the diffi- 
culties involved in translating experimental results, 
even on a large scale, into practical manufacture. 
It may be believed, therefore, with confidence that 
it will not certify a process as fit and ready for com- 
mercial working until it has obtained demonstra- 
tive proof that it is so. Such proof in the nature 
of things cannot be had without facilities for work- 
ing on a”scale of which at least the units are of 
commercial dimensions and with an accuracy 
that is seldom or never required in commercial 
works. The Board has such facilities, and will be 
able to apply them to processes that offer a suffi- 
cient prospect of success. The result may be 
awaited with the assurance that the best is being 
done to end the gross burning of raw coal, if it is 
technically and economically possible to do so. 

So far as concerns the coke to be produced by 
low temperature carbonisation, it is to be observed 
that as yet no large scale trial seems to have been 
made of the extent to which it can be freed from ash. 
In any use to which the coke may be applied this 
seems to be a matter of considerable consequence. 
It is a matter of figures to determine whether the 
cost of separating incombustible matter, with the 
loss of combustible constituents of coal that it may 
involve, is more or less than the value of the heat 
spent in heating inert substances in the fuel and of 
removing them from the furnaces or wherever 
else the ash may be deposited. For domestic uses, 
however, the presence of a considerable percentage 
of ash is likely to have further consequences, which 
may impede the use of an otherwise suitable fuel. 
Coke, by what process it is made, is more voluminous 
than coal for a given weight of combustible, and a 
larger volume will have to be burnt to give the same 


amount of heat, and the percentage of ash is neces- 
sarily higher in a similar proportion. If this excess 
of ash is not removed from the coal before it is 
carbonised the presence of this excess of ash will in 
itself be disliked ; but what is of more consequence 
is that grates which are of the right size for the 
rooms in which they are placed when used for burn- 
ing coal may be too small when they are used with 
coke, and may have either to be replaced or to be 
replenished at inconveniently short intervals. The 
question does not seem to be one that would arise 
in the early stages of a carbonisation process, but 
it may be hoped that it will receive attention before 
it is sought to place low temperature coke on the 
general market. 


ITALIAN THEORIES OF SUBMARINE 
CONSTRUCTION. 


ADMIRAL THAON DI REVEL’s programme of naval 
construction allowed for 16 submarines, of a class 
which was not specified ; and these boats, if added te 
the four already being built, would give the country 
a submarine fleet of 63 units in 1928. For various 
reasons the building of these 16 additional boats 
has not yet been authorised; and, whilst the 
matter is still in suspense, two very interesting 
contributions to the theory of submarine design 
have been published by Italian naval officers. 
Signor G. Sechi, in his “reflections upon sub- 
marines,” insists upon their intrinsic limitations. 
He admits that the larger type of submarine cruiser 
may do great damage to commerce, but argues 
that it is only by leaving her submarine charac- 
teristics behind that she does so. If a submarine 
is to operate successfully against commerce on the 
ocean highways, at a great distance from her base, 
she must rely upon gunfire for destroying her 
quarry; this means that submarines of this 
kind will more and more approximate to surface 
cruisers which have the power to submerge. There 
is an important corollary to this. No submarine 
cruiser will ever have a total combatant power 
anything like equal to that of a surface cruiser. 
The larger types therefore tend to become hybrids 
both in conception and design. They will be bad 
submarines owing to their size; they will be bad 
surface cruisers, because their gun power will neces- 
sarily be low, and their range-finding apparatus will 
be handicapped by its proximity to the water line. 
In all this Signor Sechi practically repeats the 
brilliant arguments of Captain Castex, the author of 
“Synthese de la guerre sousmarine” ; but he applies 
his conclusions to the Italian building programme. 
Powers with relatively low financial resources ought 
to concentrate upon torpedo-carrying submarines of 
moderate displacement, and use them as a first 
line coastal defence. It is a pity that Signor Sechi- 
did not push his inquiries a little further to examine 
a question which is of the first importance to naval 
powers of medium strength such as Italy. The 
question is, simply, the degree of protection which 
ocean-going submarines can give to convoys of 
merchantmen which are likely to be attacked by 
surface cruisers and battle cruisers. If a type of 
submarine can be devised, which will safely escort 
fleets of merchantmen to harbour in the face of 
attacks from powerful surface ships, then, some of 
the most elementary assumptions of naval strategy 
will,need revision. It should also be said that 
many British officers believe to-day that sub- 
marines can give convoys of merchantmen the 
necessary protection, either by delaying the move- 
ments of the attacking force, or by so damaging it 
that the loss or dispersal of the merchant fleet is 
a good exchange in military values. 

The second contribution to the subject comes 
from Captain de Feo, who deals with the question 
by suggesting a special design of submarine, and 
by discussing its merits and defects. An “O” type 
submarine—which is the name he gives to it— 
would displace 1,020 tons, and be armed with two 
4-in. anti-aircraft guns, and eight 21-in. torpedo 
tubes, for which she would carry 450 projectiles 
and 12 torpedoes. She would be fitted as a mine- 
layer with a store or 18 mines ; but if, for any reason, 
it were decided to arm her simply as a torpedo 
carrier—that is, if the mines were removed—the 
number of torpedoes could be raised to 18. Her 
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normal fuel capacity would be 71 tons, but this 
could be nearly doubled. Her radius of action 
moving at economical speed, which is 8 knots, 
and with a maximum load of oil, would be 9,000 
miles. Her highest speed would be 19 knots, 
and she could maintain it for 2,400 miles with a 
full cargo of fuel. 

The peculiarity of the design is that all the 
flooding chambers are placed right ahead and right 
astern, and that the vital organs—motors, living 
quarters, batteries, &c.—are grouped between the 
two. The result of this is that only this central 
part of the submarine need be built to resist 
pressure. Captain de Feo claims that by thus 
reducing the specially strengthened part of the 
hull he economises displacement which can be 
devoted to combatant power. The advantages, 
taken in order, are as follows: (a) that, given 
equality of tonnage and resistance to pressure, 
the “O” type submarine has-a lighter hull than 
any other type; (b) that, by its design, the “O” 
type submarine is 50 per cent. less vulnerable than 
any other. On this point the designer’s argument 
is that a submarine must protect herself princi- 
pally from mines and depth charges, as superior 
gunfire can generally be avoided by diving. 

Dealing with each of these dangers in turn, 
Captain de Feo argues that, when a submarine 
passes through minefields, she generally strikes 
them in her fore part; so that, by placing the 
flooding chambers right forward, the design inter- 
poses a non-resisting section—which can be damaged 
without losing the submarine itself—between the 
danger and the vital organs. Similarly, depth 
charges will only do irreparable damage if they strike 
the central, resisting, part of the hull, which means 
that the vulnerable target is reduced by half. (c) 
That it is not necessary to put ballast along the keel 
line of an ““O” type submarine, as it maintains 
sufficient metacentric height without it. Captain 
de Feo’s proof of this point is necessarily long and 
intricate: he claims, however, that his submarine 
would have a metacentric height of fifteen inches 
when submerged, although the engines and batteries 
are higher placed than in other types. (d) That 
the “ O ” type submarine would be able to increase 
her speed and fighting power at a greater ratio 
for every ton of displacement than any other class. 
The first part of the claim follows from the economy 
of weight which is at the basis of the design, the 

_second needs explanation. If a submarine’s meta- 
centric height is to be maintained, the weight of 
additional armament, being always placed above 
the centre line, has to be compensated by placing 
additional weights below it. These additional 
weights are paid for by lower battery power, and 
less resistance to pressure. The British M type, 
for instance, has paid for its armament of 12-in. 
guns by only being able to resist pressure up to 
100 ft. Captain de Feo claims that an “O” 
type submarine, with its great metacentric height, 
could mount a 12-in. gun without adding compen- 
sating weights along the keel line, which means that 
she could do so without loss of speed or capacity to 
submerge deeply. Captain de Feo might, with 
advantage, have been slightly more explicit on this 
point. He means presumably that an “O” 
type submarine can mount a 12-in. gun without 
loss of anything but metacentric height, that is, of 
stability: he would, however, have done well to 
support his contention by calculation. (e) That 
the centralising of all vita! organs and manceuvring 
mechanism is an advance on all other types. The 
sub-division: and compartments of all submarines 
of the “ double hull” type make it difficult for the 
commanding officer to communicate his orders 
rapidly and effectively to all parts of his vessel. (f) 
During the war it was found that the slightest leak 
in the accumulator chambers created poisonous 
gases, as the water had immediate access to bat- 
teries. By being able to place the accumulators 
relatively high up, as he can do owing to the high 
stability of his vessel, Captain de Feo claims that he 
has secured a great factor of safety. (g) By keeping 
the flooding chambers at each extremity, the ship 
maintains a big transversal metacentric height 
whether she is on the surface or submerged. The 
designer’s other claims more or less follow from 
those already enumerated, and need not be des- 
cribed. 


The criticisms which could justly be levelled 
against the design are that the “O” type would 
lose protective strength by having only one hull ; 
that the chambers at either extremity would not be 
easy to flood; and that the position of the accu- 
mulators is not satisfactory in that it leaves them 
insufficiently isolated. 

Captain de Feo’s design seems to be the outcome 
of a theoretical principle which developed during 
the war. In 1918 and 1919 it was generally stated 
that submarines, being slow, without vision and 
very vulnerable, could not possibly survive the 
means of destroying them which had been devised 
during the course of the war. There is a great 
deal in this contention ; and it has to be admitted 
that, in spite of its mechanical development, the 
latest German U-boat had not really overcome the 
inherent limitations of the first Holland boats. 
Submarines will only make real advance if designers 
strive earnestly to get away from the “ congenital 
defects” of the existing type. 
doubtless regards his ““O” boat as a first contri- 
bution. 


NOTES. 
Tue WHITWORTH SCHOLARSHIPS. 


THE regulations which will govern the examination 
for Whitworth scholarships in 1925 have now been 
issued, and can be obtained from H.M. Stationery 
Office, Imperial House, Kingsway, post free for 
24d. The scholarships are divided into two grades. 
Of the lower grade six will be awarded, of an annual 
value of 125/., tenable for three years. Candidates 
for these must be under 21 years of age on May 1, 
1925. In addition they must have attended a 
regular technical school, those who are living in a re- 
mote village and have had to attain their knowledge 
of mechanical principles by private study being 
definitely barred by the requirement that laboratory 
note books certificated by a teacher must be sub- 
mitted. This meticulous care for the vested in- 
terests of the teachers is also shown in the regula- 
tions for the senior scholarships. Of these, two will 
be awarded of an annual value of 250/. tenable for 
two years. Candidates for these must be under 26 
years of age on May 1, 1925, and the standard of 
attainment required will correspond to that neces- 
sary for a University honours degree in Engineering. 
It is stated that in both grades the examiners will 
attach special importance to a clear understanding 
of fundamental principles. Judging from the 
syllabus a fairly extensive mathematical knowledge 
will be required from candidates for the senior 
scholarships. The Board of Education will not 
allow successful candidates in either grade to hold 
other scholarships or exhibitions without their 
written consent, and no appeal will be allowed from 
their decision should this consent’ be inexplicably 
withheld. 


CARBONISATION OF SEAWEED. 


In various parts of the country seaweed used to 
be collected for kelp burning, and afforded an appre- 
ciable amount of employment in districts where it 
was and stillis badly wanted. The system of burn- 
ing was crude and primitive, involving the loss of a 
large part of the available products ; but dry sea- 
weed contains anything from a twelfth to a sixth 
of its weight of chloride of potash, besides about 
6 to 8 lb. of iodine to the ton, and this would 
doubtless be worth having if it could be extracted 
at a suitable cost. The Fuel Research Board has 
just published some trials of the effect of substitut- 
ing for the somewhat barbarous practice of burning 
the weed in order to recover its salts, or so much of 
them as are not lost in the operation, the more 
rational process of carbonising it in a closed retort, 
collecting the products of distillation, and dissolving 
out the salts from the residual charcoal (‘‘ Car- 
bonisation of Seaweed.” H.M. Stationery Office). 
The results seem to show that the gas evolved 
in the process would, with the combustion of 
the residual charcoal, provide heat enough to 
effect the carbonisation in addition to assisting the 
previous air-drying, and a fair yield of tar. These 
results are derived partly from laboratory assays 
on the useful Gray-King method and partly from 
larger scale carbonisations in the low-temperature 
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retorts of the Fuel Research Station. Further trial 
would be necessary, as the report points out, to 
verify the economical soundness of the process. 
The question could, however, be settled without 
great cost, and having regard to the not over plenti- 
ful supplies of potash and iodine available in the 
country, the desirability of cheapening potash for 
agricultural purposes, and the advantage of reviving 
an old industry that seems to have been crowded 
out by the imperfection of its methods, the trial 
seems worth making. 


THE SALVAGE OF THE GERMAN 
AT SCAPA FLOW. 


In June, 1919, it will be remembered, the German 
residual crews on the naval vessels in Scapa Flow, 
opened the sea cocks and caused all the ships to 
fill with water and sink. If they ever imagined then 
that the vessels would eventually be raised, there can 
be no doubt that they never contemplated the 
possibility of one of their own floating docks being used 
for the purpose. The enterprise of a very resourceful 
organisation in salvage work and shipbreaking has, 
however, made this possible, and to-day what was once 
a floating dock, used for testing submarines by the 
German naval authorities, is in commission raising 
the various units of the ex-German fleet. We are 
enabled, through the courtesy of Messrs. Cox and Danks, 
Limited, of 168, Regent Street, London, the well- 
known shipbreakers who have the work in hand, and 
who demolished the dreadnoughts Orion and Erin at 
their yard at Queenborough, Sheppey, in compliance 
with the terms of the Washington Treaty, to show 
how the erstwhile floating dock was converted for 
use in its new service and to illustrate the first example 
of the work done with it. 

The floating dock in question was referred to in an 
article entitled ‘‘ Floating Dock for Testing Submarines ”’ 
which appeared in our issue of February 25, 1921, 
when many of its constructional features were 
illustrated. Further illustrations of the dock were 
given in our issue of October 5, 1923, accompanying 
an. article on “ Shipbreaking at Queenborough.” When 
Messrs. Cox and Danks, Limited, undertook the work 
of salving the German vessels at Scapa Flow, it 
was decided to convert the old submarine dock into 
two pontoons for use in the operations. In its general 
construction the dock was similar to other floating 
docks but had a cylinder, some 380 ft. long, erected 
along the middle length. This was provided with 
doors for the admission of submarines, and in it the 
submarines were tested under external pressure. For 
the new work it was decided to remove one of the side 
walls and to remove the long testing cylinder. This 
work is seen in progress in Fig. 1, page 234, which 
shows that a large part of the near side of the floating 
dock has been removed. The demolition continued 
until all the side had been cut down and the tube 
had been dismantled and the parts removed. In this 
state the structure is shown in Fig. 2. Shafting of 
6-in. diameter and substantial pulleys for chains or 
wire ropes were erected along the new face of the 
pontoon and it was then towed to Scapa Flow. 

In Fig. 3 the dock is shown as it appeared when 
being towed to its new sphere of service. Although 
it was not intended to use the dock in this state, it 
was kept whole in order that the expense of towing 
should be kept downto a minimum. Only whenit was 
transferred to the place of its use was it cut:into halves 
to obtain two pontoons of about 200 ft. length and 
80 ft. breadth. Each of these had ten sets of winches, 
by the use of which the wire rope of a block and tackle 
may be taken up in order that the chains or main 
ropes placed under a vessel, which is to be raised,,;may 
be pulled up. 

Some idea of the method of using the two pontoons, 
with one at each side of the sunken craft, may be 
obtained from an examination of Fig. 4. This illus- 
trates what the equipment looked like at the time of 
the first endeavours to raise a torpedo boat destroyer. 
It will be noticed that for lifting purposes both chains 
and wire ropes were used to pass under the vessel, and 
that they received their motion from the winches 
and tackle on the two pontoons. This first attempt 
proved unsuccessful as there was a very bad weld 
in one of the chain links, which were made of 34-in. 
metal. When:the vessel was raised a few feet, this 
link gave way and its collapse was followed by that 
of links of the other chains. The effect of this upon 
the shafting, which was of 6-in. diameter, is shown in 
Figs. 5 and 6, After this experience Messrs. Cox and 
Danks, Limited, decided to replace all chains by wire 
ropes to obtain greater safety in working, and make 
success certain. These wire hawsers were widened out 
at the centre to obtain a flat belt-like surface at the 
places where they come into contact with the vessel. 

The new arrangement is illustrated in Fig. 7, where 
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the raising of torpedo destroyer V 70 is shown in 
progress. It will be noticed that the two pontoons 
are maintained in association with one another by the 
use of timbers lashed to each. The winches are of 10 
tons capacity, and are treble geared and operated by 
hand. The rope from the winch is passed round 
pulley blocks with 5 or 6 sheaves, and, to the block near 
the pulley on the edge of the pontoon, the main or 
lifting rope is connected. Wire ropes are used through- 
out, that passing through the blocks being a 4-in. one, 
while the main one is of 9-in. size. The main pulleys 
are of 3 ft. 6 in. diameter and, having been made ori- 
ginally for chains, they have lips at the sides of the 
rims in addition to grooves made in them where the 
lower parts of the chain links were previously accommo- 
dated. In the actual operation, after the load was lifted 
a certain amount, it was necessary to take up 'some 
of the lifting rope in order that the blocks could be 
reset at the maximum distance apart for further work- 
ing. It was found that this could be successfully 
and easily accomplished, one rope at a time, until 
the whole series had been satisfactorily adjusted, when 
the lifting could be resumed by working all the winches. 
~ On August'l the first successful lift was accomplished, 
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The ten main ropes had been previously placed under 


the torpedo destroyer V 70 by divers, and at dead low | 
tide, 4 a.m., the operations were begun by making all |, 


the ropes taut. The rise of the tide was thus used to 
assist in drawing the vessel out from the position it 
had taken up five years previously when it was scuttled 
and sunk. Hauling was started and was accompanied 
by the continuous rise of the tide. By 11 a.m., the 
pulleys for the main lifting ropes had been given 
a complete turn, so that the vessel had been raised 
through a distance of over 10 ft. relative to the pon- 
toons. The torpedo boat destroyer was then about 2 ft. 
below the surface of the water. The effect of the 
suspended load acting at the edges of the pontoons 
is shown by the slight tilting observable in Fig. -7. 
While the destroyer was thus suspended the two 
tugs Ferrodanks and Lyness, belonging to the firm, 
towed the pontoons a distance of 14 miles and got 
her into shallow water at Mill Bay on the island of 
Hoy. Photographs of the vessel were taken by 
The Times, and it is through an arrangement they made 
with: Messrs. Cox and Danks, Limited, that we are 
enabled to reproduce Figs. 8 and 9, page 236. When 
the destroyer was deposited its deck was awash, but 
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Fig 9 shows its appearance when the tide is down. 
From this location the vessel will be taken to the Admi- 
ralty Pier for breaking up. After five years’ immersion 
the craft is naturally covered with barnacles, moss 
and seaweed. In this undignified state the vessels of 
the German Navy are being recovered merely for the 
sake of the metal they contain. 

As a salvage operation, the speed with which the 
work was accomplished is worthy of emphasis. The 
‘use of the pontoons made the work comparatively 
light, and it cannot be denied that it forms a splendid 
example of how resources may be turned to the success- 
ful and easy accomplishment of what might otherwise 
have been a formidable task. The torpedo boat $8.53 
was also successfully raised yesterday morning (Thurs- 
day), and is now at Mill Bay. Further operations 
will follow, and we trust that these early successes 
are an index to the results that are to be attained in 
the complete endeavour. 


Tue INSTITUTION OF GAS ENGINEERS.—Mr. J. Fer- 


| guson Bell, M.Inst.C.E., Engineer and General Manager 
| of the Derby Gas Company, has been elected President 
of the Institution of Gas Engineers for the year 1924—25. 
He has also been elected an Hon. Member of the Société 
Technique de l’Industrie du Gaz en France, for the same 
period. The Institution at its recent meeting elected 
/to Hon. Membership the President of the French Society 
and also the President of the American Gas Association. 


Locomotives ror Porrucan.—A confidential report 
on the market for locomotives in Portugal has been 
prepared by the Department of Overseas Trade from 
information received from H.M. Consul at Lisbon, and 
is issued to firms whose names are entered upon its 
special register. United Kingdom firms desirous of 
receiving a copy of this report, together with full par- 
ticulars of the special register service and form of appli- 
cation for registration, should communicate with the 
‘Department, 35, Old Queen-street, London, 8.W. 1. 


Tur Institution or Pusiic Licutinc ENGINEERS 
AND SUPERINTENDENTS.—The first annual meeting of 
this Institution takes place in Glasgow on September 
16 and 17. On September 16 the members and delegates 
| will be received by the City Corporation of Glasgow and 
entertained to luncheon in the City Chambers. On the 
|same day the President (Mr. Langlands) will give his 
| presidential address. Papers will be read on both days. 
| Further information can be obtained from Mr. W. J. 
Liberty, Lighting Inspector’s Office, Guildhall, London 
E.C. 2. 


““ANUARIO DE Minerta.’—The annual directory of 
mines, metallurgy, electricity and other works and 
establishments in Spain, vol. xxiv, for the current year 
is now available. It is edited by Mr. A. Contreras and 
Mr. R. Oriol, and is published by the ** Revista Minera, 
Metalurgica y de Ingenieria,” Madrid, at the price of 
12 pesetas. It contains lists of all the Spanish mines 
classified according to metals and provinces, also of the 
mining, metallurgical, electrical and chemical under- 
takings, with their address, capital, administrative 
boards, &c. \ The information given contains the fees of 
the School of Mines’ laboratory for examining and 


analysing ores, customs duties, and other business data. 
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THE MOTOR TANKER “ BRITISH AVIATOR.” 


Tue builder’s trials of the latest vessel to be added 
to the fleet of the British Tanker Company, Limited, 
have just been carried through with completely satisfac- 
tory results. Trials of the machinery were made at the 
builder’s works under the direction of Engineer-Com- 
mander Hawkes, and the results obtained were pub- 
lished in our issue of March 28 of this year (page 409.) 
The vessel is of the two-deck type, with poop, bridge 
and forecastle, and has been built on the longitudinal 
system of framing. The leading dimensions of the 
British Aviator are length between perpendiculars 
439-8 ft.; beam, 57-1 ft. ; moulded depth, 33-92 ft. 
The displacement is 14,160 tons; the gross tonnage, 
6,998-3, and the register tonnage, 4,135-8. The 
vessel was built and engined by Palmer’s Shipbuilding 
and Iron Company, Limited, of Hebburn and Jarrow, 
and is fitted with a single-screw Palmer oil engine 
(built under the Camellaird-Fullagar patents); com- 
plete drawings of this engine appeared in ENGINEER- 
ine on August 31, 1923. 

On the sea trials the maximum indicated horse- 
power developed amounted to 38,720 and the shaft 
horse-power to 2,950 at 82-5 r.p.m., which corresponded 
to afuel consumption per shaft horse-power of 0-408 lb. 
of Anglo-Persian Diesel oil, of a calorific value of 
18,900 B.Th.U. The fuel oil was not passed through 
the separator. The speed attained under these condi- 
tions was 11-7 knots. At a slower engine speed of 
72-8 r.p.m. the shaft horse-power was 1,920, and the 
consumption was 0-404 lb. per shaft horse-power with 
a speed of 10-58 knots, The exhaust gases were used 
in the by-pass to one of the boilers in the first trial and 
raised steam, which is used for steam heating, cooking, 
&c., to a pressure of 9 lb. per square inch. A great 
feature of the system is that the boilers are already 
under steam on arrival in port, and the requisite pressure 
for steaming out the tanks, working auxiliary compres- 
sors and other purposes, can be obtained by the use 
of the oil burners in a few minutes. On Monday and 
Tuesday, the 11th and 12th, further tests were carried 
out at sea by the Marine Oil Engine Trials Committee. 


THE INSTITUTE OF PATENTEES. 


THE objects of the Institute of Patentees are to 
assist its members in developing and exploiting their 
inventions by giving technical and legal advice, and 
also to advise them as to whether or not inventions 
are likely to be of commercial value. In pursuance 
of its policy the Institute organises each year an 
exhibition of members’ inventions, to which manu- 
facturers and others interested in the acquisition of 
new inventions are invited. This year’s exhibition, 
which was opened on Monday last at Aldwych House, 
Aldwych, W.C. 2, and will close to-morrow, includes 
drawings, models and examples of about 200 inventions, 
many of which, as might be expected, relate to 
domestic labour-saving appliances, furniture, toys and 
games, clothing, advertising devices, and miscellaneous 
articles which are quite outside our scope. 

We noticed among the more technical exhibits, 
however, a simple and apparently effective device for 
bending the Simplex conduit used for electric wiring 
installations. For this purpose, curved-steel formers 
having a semi-circular groove on the convex surface 
and arranged so that they can be screwed on to the 
edge of a bench, are provided. The tube, which is 
placed in the groove and held in position at one end by a 
ring, is bent round the former by hand, its collapse 
being prevented by inserting a closely-coiled helical 
spring formed from stout steel wire. 

In another device which may be usefully applied, the 
stroboscopic principle is employed for the observation 
of rapidly rotating or vibrating bodies, which can be 
made to appear to be moving quite slowly or to remain 
at rest. In this instrument, known as the Ashdown 
Rotoscope, the moving object is observed through 
slots formed across the body of a cylinder which 
rotates about a horizontal axis parallel with the 
observer’s eyes. The cylinder is driven by clock- 
work mechanism, provided with~ change-speed gear- 
ing and a centrifugal governor, so that its speed 
of rotation can be varied over a wide range. 
The whole of the apparatus is mounted in a casing 
provided with a handle, somewhat similar in form 
to an ordinary stereoscope, so that it can be 
easily carried from place to place and used for deter- 
mining the speeds of rotating bodies as well as for 
investigating their motion. We were informed that 
it could be employed over a speed range of from 150 
r.p.m. to 40,000 r.p.m. We should, perhaps, explain 
that the effectiveness of the device depends upon the 
design of the slots, two of which are provided in the 
rotating cylinder—one for each eye. The slots contain 
a number of thin parallel plates of metal{placed about 
zy in. apart, so that, when these plates lie in the line 
of sight, a comparatively large aperture is available 
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for the passage of the light. The light, however, is 
completely cut off by a very small angular movement 
of the rotating cylinder, so that the period of vision is 
extremely short, and good definition is thus obtained. 

Electrical apparatus, although usually given con- 
siderable attention by inventors, was not greatly in 
evidence at the exhibition, but we noticed a device 
for indicating, by means of a buzzer, when an electric 
lamp, such as is used for the tail light of a motor 
car, is extinguished. A complete list of the exhibits 
and particulars of any of them can be obtained from 
the secretary of the Institute, Mr. G. Drury Coleman, 
44, Great Russell-street, W.C. 1. 


Ivternationan ConrerENceE on HigH - TENSION 
Etecrric Disrrinutton.—We are informed that the 
organisation of the third session of the above conference 
to be held in June, 1925, is now being proceeded with. 
The conference has for its object the study of problems 
connected with the production of electrical energy from 
hydraulic and steam sources, the distribution of power 
from the main to the sub-stations and the utilisation of 
high tension supply from the conductors. 


TRANSFORMERS FOR TANANAKI Exnecrric Pownr 
Boarp, New ZEALAnp.—TIt is announced that the 
above board are calling for tenders for transformers to 
be received up to October 7. A copy of the specifica- 
tion and general conditions of tender are available for 
inspection at the Department of Overseas Trade (Room 
52), 35, Old Queen-street, Westminster, 8.W. 1. 


WarreRE Hypro-Etecrric InstaLtnarion.—It is 
reported that Wairere Electric Power Board, New 
Zealand, is calling for tenders for the supply of a small 
hydro-electric plant. Tenders will be received up to 
October 7. A copy of the specification and general 
conditions of tender are available for inspection by firms 
desirous of offering British made supplies at the Depart- 
ment of Overseas Trade (Room 52), 35, Old Queen- 
street, Westminster S.W! 1. 


CuIte Wrovucut-IRon Tusr Marxer.—A confidential 
report on the market for wrought-iron tubes and fittings 
in Chile has been prepared by the Department of Over- 
seas Trade, and is issued to firms whose names are entered 
upon its special register. United Kingdom ® firms 
desirous of receiving a copy of this report together with 
full particulars of the special register service and form 
of application for registration, should communicate with 
the Department of Overseas Trade. 
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INDUSTRIAL NOTES. 


THE joint committee formed of one member from 
each of the engineering trade unions interested in the 
national application for an advance in wages of 20s. 
per week, met in London on Tuesday, the 12th inst., 
as announced in our last issue, to consider the policy 
to be adopted in view of the employers’ refusal to 
make an offer. The meeting was held in private. 
Tt is reported that a sub-committee was formed to 
consider the situation further and to report to the 
joint committee. 


There is no progress to report in the building trades’ 
dispute, notwithstanding repeated conferences at the 
Ministry of Labour. The Liverpool operatives still 
stand in the way of an agreement being reached, since 
they maintain their claim for separate treatment. 
The conferences held on Wednesday and yesterday 
would, however, seem to have brought the difficulty 
closer to a settlement. ; 


Events seem to be moving towards a national strike 
in the electricity supply industry. The employers’ 
side of the National Joint Industrial Council issued 
last Friday a statement saying that they wished the 
public clearly to understand that, after the fullest 
consideration had been given to the application by 
the trade unions for a general increase of 10s. per 
week, and the decision had been arrived at that no 
case had been made out for the increase, they offered 
to submit the matter to arbitration in the terms of 
the following resolution: ‘‘In view of the great 
importance of public utility undertakings, and bearing 
particularly in mind the strong recommendations of 
the recent Court of Enquiry in the tramways industry 
that arbitration should be resorted to in all matters of 
failure to agree, this Council, having failed to agree 
on the claims of a flat-rate increase of 10s. per week 
for all grades of employees, proposes that the matter 
be referred to arbitration.”” The employers added that 
this offer of theirs still held good; the Whitley 
Council had operated successfully for the past five 
years, and they regretted to think that its existence 
was now in peril by the refusal of the unions to 
accept arbitration. We understand that the strike 
notices were to be issued to-day, the strike to com- 
mence in a fortnight if the 10s. advance be not 
granted ; it is hoped that it will not be of a national 
character. 


It is announced that the railway companies have 
unanimously declined to entertain the applications made 
on behalf of the railway shopmen by the craft unions 
for advances in wages varying from 10s. to 12s. per 
week. The companies state that the standard time 
rates paid to railway shopmen conform very closely 
to those generally paid in the non-railway engineering 
industry, and since July, 1922, railway shopmen have 
been receiving an extra war wage of 6s. 6d. higher 
than that paid in non-railway engineering shops. So 
long as this anomaly continues the companies cannot 
find any ground for entertaining any general application 
for increased wages. The companies are willing to 
submit the claim of the craft unions to the Industrial 
Court, provided their own claim for the removal of 
the 6s. 6d. war bonus be also referred to the same Court. 
This question of the railway shopmen’s wages is to be 
considered at a conference of all the craft unions to be 
held in London on the 22nd inst. It is understood that 
representatives of the National Union of Railwaymen 
are to be invited to attend. 


It is announced that Messrs. Spear and Jackson, 
Limited, Aitna Works, Sheffield, whose interesting 
display at the British Empire Exhibition formed the 
subject of an article in our issue for May 23, have 
purchased the establishment of the Aitna Saw Company, 
Vancouver. These works are to be extended and 
operated under the name of Spear and Jackson (B.C.), 
Limited, and will supply the Canadian market with all 
the specialities of the firm. 


The Board of Education has issued a Report by H.M. 
‘Inspector on Education in relation to Foundry Work, 
which gives a brief historical outline of the trade, a 
table on the distribution of foundries in Great Britain 
and Ireland, an indication of the subdivisions in the 
trade, followed by considerations on foundry work and 
a statement of the measures recommended for further- 
ing the trade. The report states that in spite of the 
slightly higher pay accorded to foundry workers there 
is considerably less competition to enter foundries than 
other branches of the engineering and allied industries. 
This is no doubt due in part, the report adds, to the 
nature of the work and to the uncongenial conditions 
in which it is frequently carried out, but it is also due 
to the limited possibilities of advancement in the 
occupation, and to the lack of systematic schemes of 
instruction leading to the higher posts. The report 


gives suggestions for improving recruiting, and reviews 
various schemes for educating and training young 
moulders. It should be widely distributed throughout 
the schools of the country. We should like, however, 
to remark here that the possibilities of advancement 
in the foundry trade do not appear to us to be less than 
those in many other trades connected with the engineer- 
ing industries. Further, numerous foundries built 
during the last twenty years or more can bear com- 
parison with the other departments in a works. 


We are glad to note from the report for July now 
issued by the United Patternmakers’ Association that 
their 5 per cent. unemployment figures of June have 
been reduced to 4 per cent. in July, the total figures 
being 480 as against 598, and, like the secretary of the 
association, we hope the improvement will continue for 
many months to come. 


Mr. Alfred Short, M.P., Mr. W. A. Appleton and Mr. 
Birchenough, representing the General Federation of 
Trade Unions, called last week on Mr. T. Shaw, the 
Minister of Labour, to place before him a resolution 
of the Federation asking that the Industrial Courts Act 
be amended in such a way that, on the request of any 
one party to a dispute, the Minister of Labour shall 
order an inquiry. As the Act now stands the matter 
is one for his discretion. It is considered probable that 
the Government will take the application into con- 
sideration. 


The International Miners’ Congress at its recent 
sittings in Prague has unanimously decided in favour 
of a resolution, put forward by the British and French 
delegates, and providing that in the event of a war 
being threatened the Miners’ International Committee 
shall be immediately summoned and practical steps 
be taken to prevent war from being declared by the 
governments concerned. 


Major-General Sir Frederick Sykes, the member for 
Hallam, Sheffield, has asked the Parliamentary 
Secretary to the Overseas Trade Department whether 
his attention had been called to proposals made in 
France to increase the French tariff duties on imported 
steel products and other goods by means of new classi- 
fications and by the adoption of a gold basis for the 
payment of the duties; whether he was aware that 
these proposals, if put into operation, would have a 
damaging effect on the British steel trade and employ- 
ment in that trade ; if he would state what representa- 
tions had been, or would be, made to the French 
Government in the matter and what steps the Govern- 
ment were prepared to take, in the event of the pro- 
posals being adopted to secure markets for the steel 
products affected. Mr. Lunn replied that no official 
information was at present available as to the proposed 
rates of duty, and it was therefore not yet possible to 
form an opinion as to the effect of the new tariff on 
British trade, but the matter was being carefully 
watched and would continue to be. Representations 
had already been made to the French Government 
regarding certain changes in the tariff classification of 
steel which were reported to be under consideration by 
that Government. 


A wages dispute has arisen among the men, number- 
ing about 6,000, employed by Messrs. Steel, Peech and 
Tozer, Limited, Rotherham, the Park Gate Iron and 
Steel Company, Limited, Rotherham, and Messrs. 
Samuel Fox and Co., Limited, Stocksbridge. The men 
belong to the following unions: the Amalgamated 
Engineers; Electrical Trades; Blacksmiths, Boiler- 
makers and Enginemen; National Union of General 
Workers ; Workers’ Union. It is reported that the 
skilled men on plant maintenance decline to work on 
a sliding scale instead of at district rates, as proposed 
by the employers, whilst the semi-skilled men are dis- 
satisfied at the refusal by the employers to concede 
district rates of wages instead of the sliding scale now 
in use for this class of men. We understand that the 
steel smelters are not directly involved, but they may 
have to cease work should a strike of the maintenance 
men be declared. 


The Federation of British Industries in its 
Bulletin for the 12th imst., quoting from its corre- 
spondent at Valparaiso, gives the result of a recent 
tender for locomotives for the Chilian State Railway. 
The Belgian and German offers were respectively 4,700/. 
and 4,750/. for each unit, whilst American manu- 
facturers quoted 7,500/. and British 9,6201. 


On page 176 ante we stated that the Hull Corporation 
Tramways Committee had ordered 1,500 tons of rails 
from Messrs. Bolckow, Vaughan and Co., Limited, 
notwithstanding lower offers for Belgian and German 
rails. News now comes to hand to the effect that the 


Hull City Council has reversed the decision of the 
Tramways Committee, and has placed the order with 
the Equipment and Engineering Company, London, 
whose tender, it is said, was 3,500/. cheaper. The 
rails are to be manufactured in Germany. It is 
further stated that the labour members of the City 
Council took the initiative in opposing the Tramway 
Committee’s recommendation, and claimed that the 
rails would eventually be paid by exports. 

The rails now to be purchased from Germany may 
very probably not be equal in quality to the British, 
and they may in consequence last less long, thus 
cancelling a large portion of the apparent saving. 
The loss in wages to this country is another considera- 
tion of great importance. Orders should never be 
allowed to go abroad, especially at the present period 
when the whole country is suffering from unemploy- 
ment and the dole system, without weighing beforehand 
all the circumstances of the case. The fact that the 
labour members of the Hull City Council overruled 
the former decision in this instance would be passing 
strange were it not known that too many labour 
leaders appear to be friends of every other country 
rather than of their own. 


EXPERIENCES OF INDUSTRIAL WELFARE 
SCHEMES. 


UnperR what are now termed Industrial Welfare 
Schemes many interesting experiments have been 
made, which have given very valuable results. These 
included the provision of good working conditions in 
factories, the establishment of canteens where satis- 
factory meals can be obtained by the workpeople, 
the installation of first-aid facilities, the development 
of schemes for the education of the younger employees, 
and for the encouragement of initiative, the inculcation 
of thrift among the workers, the financial help in the 
erection of clubs and the laying out of recreation 
grounds. All of these activities have proved to be of 
great service in the creation of confidence between 
employers and their workers, and a practical aid in 
management. The Industrial Welfare Society has, 
during the six years of its existence, done much 
valuable service in propaganda work relating to these 
schemes—and its success has been due in large measure 
to the influence of its President, H.R.H. the Duke of 
York, and the Chairman of Council, Lord Inyernairn. 

While it might be accepted as axiomatic that any 
improvement in the condition of workpeople would 
be productive of contentment and result in smoother 
working between the various people in an industrial 
organisation, there are employers who like to base their 
decisions not on mere theory but on the actual 
experiences obtained in practical applications. The 
Society has, therefore, prepared a pamphlet entitled 
“Industrial Welfare: Opinions of Manufacturing 
Firms,”’ in which is stated the considered judgment, 
based upon actual working, by many different organi- 
sations. If this testimony is indicative of the general 
experience, there can be no doubt of the value of welfare 
work as an important factor in good management. 
There are many engineering firms who have adopted 
the system, and what it means to them may be judged 
by their statements. Messrs. W. H. Allen, Sons and 
Co., Limited, are confident that the extension of the 
welfare movement throughout the country will go 
far towards solving the many problems of the 
times, and they strongly urge firms who have not 
instituted a scheme already, to do so without delay. 
It was found by Messrs. Beyer, Peacock and Co. 
Limited, that a welfare scheme was instrumental 
in creating a better type of apprentice, who took a 
keener and more intelligent interest in his work and 
had greater pride in the firm. The co-operation on 
the basis of mutual trust between workers and employers 
through welfare work had, said the representative 
of the British Thomson-Houston Company, Limited, 
removed the suspicion of ulterior motives, which had 
hitherto proved an obstacle to successful work. These 
quotations are few, but the pamphlet contains many 
from body-builders, electrical machinery manufacturers, 
marine engineering, and shipbuilding companies, 
steel workers, and in fact representatives of every 
phase of engineering work. ‘This pamphlet, issued 
from the offices of the Industrial Welfare Society at 
51, Palace-street, Westminster, London, §%.W. 1, 
deserves wide circulation, and its careful study will 
well repay the reader. 


SoutH Arrican STEAM TuRBO-CENTRIFUGAL PUMP.— 
It is announced that the Rand Water Board are calling 
for tenders to be presented before noon on Friday, 
October 3, 1924, for the supply, delivery and erection 
of one steam turbo-centrifugal pump, with condenser, 
piping and all accessories. United Kingdom firms in a 
position to supply British material can obtain further 
particulars on application to the Department of Overseas 
Trade, 35, Old Queen-street, London, 8.W. 1, quoting 
reference A.X. 1230. 
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NOTES ON NEW BOOKS. 


THE railway literature of this country has, as we 
have often pointed out, been lacking in certain directions 
along which American authors have worked very suc- 
cessfully. A number of works on the locomotive, on 
railway signalling and certain phases of operation, 
rate making, &c., have emanated from our publishing 
houses, but for works on the engineering side of railway 
economics we have to go to America. Authors in that 
country were given a good lead by Wellington, and 
much of what has been subsequently written has been 
an elaboration of particular phases of the subject as 
treated by that pioneer. Many of the later works have 
a distinct value of their own—some elaborate in one 
direction and some in others, the object of all being, 
to adopt the words of a volume before us at the moment, 
to raise railroad location from a trade to a profession. 
The fact that our literature is wanting in this manner is 
probably due to the fact that railway extension practi- 
cally ceased here before the economics came to be 
studied very carefully. More attention was paid to 
operation than to location, while, in America, extensions 
continue still, under favourable conditions, on a large 
scale. The study of economics from the location 
point of view is therefore of moment to engineers in 
that country, and it has long been recognised that the 
younger officials should grow up with an appreciation 
of fundamentals. It is to this end that books like 
W. G.' Raymond’s ‘‘ Railroad Engineering’? (Messrs. 
Chapman and Hall, Limited, London, price 22s. 6d. 
net) were introduced. This book, now in its fourth 
edition and reaching its eleventh thousand, is too well 
known even here to need commendation. Making 
allowance for differences between English and American 
practice, the work is useful to students in both coun- 
tries. It has behind it the best authority, the author 
having had the assistance of such eminent railroad 
officials as G. W. Kittredge, W. J. Wilgus, and others. 
It will assist those fortunate enough to be involved 
in new work, as well as those whose object in life is 
the most profitable operation of existing systems. 


Judging from recent publications on the subject of 
automatic telephony, the public would appear to be 
taking considerable interest in the details of the very 
complex mechanism involved. The difficulty of follow- 
ing such mechanism from diagrams is considerable, 
and it is doubtful if anyone, having no opportunity 
for studying a full working model will be able fully to 
understand all the details and the way they operate. 
There are none the less probably many who will be 
interested in Mr. Ellson’s small work on “ Automatic 
Telephones”’ (Sir Isaac Pitman and Sons, Limited, 
London, 1924, price 5s. net), in which he claims to 
have furnished an introductory treatise, dealing with 
the fundamental principles, methods, and advantages 
of automatic telephony. The explanation of funda- 
mental principles is reduced to a minimum, and the 
contents may be better defined as a description of the 
operation and mechanisms in the  best-recognised 
systems. The author, who is thoroughly at home 
with the different methods devised by the Automatic 
Telephone Manufacturing Company, the Western Elec- 
tric Company, the Siemens Company, and others, 
describes them accurately, but those who approach 
the subject without previous preparation must be 
prepared to read the matter very carefully, and it is 
only the expert who will fully perceive and appreciate 
the relative advantages and disadvantages of the 
various designs. The advantages of automatic tele- 
phony are not only a great saving in time to the 
public, but by placing the work of calling subscribers 
on the user, instead of on paid officials, it is hoped to 
make a considerable saving on the annual charge, to 
he able to dispense with the services of many 
operators, and by occupying smaller premises to 
economise in rent. 


The safety and comfort of passengers is of vital 
importance to the railway engineer, and, during the 
last few decades, much thought and time have been 
devoted to the improvement of conditions of travel. 
That the stability of rolling-stock moving at express 
speeds is, to a large extent, dependent on the condition 
and method of laying of the permanent way, is obvious, 
but M. Georges Marié, in his book, “* Traité de Stabilité 
du Matériel des Chemins de Fer, Influence des Divers 
Eléments de la Voie,” states that locomotive, rolling- 
stock and track should be considered together, instead 
of being treated as separate entities. This is a fact 
which, he says, has not always been borne in mind. 
The author, who has been many years with the Paris, 
Lyons & Mediterranean Railway Company, has written 
a number of papers bearing on the present subject, 
and these form the framework of this treatise now pub- 
blished. The various types of vibrations and oscilla- 
tions set up within a moving train arising from irregu- 
larities in the track or bends in the road, as well as 
those due to such internal forces as inertia and gyros- 


copic influences, are treated as mathematical problems, 
and formule are worked out for each particular case. 
The author, quite logically, divides his subject. into 
eight sections, the first six of which are devoted to the 
calculation of specific problems. In sections seven 
and eight, he descends from theory to practice, shows 
how to apply the formule obtained, and devotes a good 
deal of space to the interpretation of results generally. 
Altogether, the book will prove highly useful to all 
those interested in railway engineering. Many of the 
problems are viewed from a new angle, and the author 
claims that, with the exception of a stated few, all 
the formule given are his own. Like only too many 
French books, it has not an alphabetical index. The 
publishers are Librairie Ch. Beéranger, 15, Rue des 
Saints-Péres, Paris. The price is 58 francs, or post 
free to England, 65 francs 50 centimes. 


Mr. H. Goitein, of Gray’s Inn, who was recently a 
distinguished student and is now a barrister-at-law, 
has written a concise little book, “The Law as to 
c.t. f. Contracts’’ (Effingham Wilson, London, 4s. net), 
on the special law governing those commercial trans- 
actions which are known as “‘c.i.f. contracts.”’ The 
book deals with the nature of c.i.f. contracts, the 
requisites of their performance, the documents to be 
tendered, the cases where performance is excused, the 
passing of the property in the goods, and the rights 
and duties of buyer and seller. The author states 
the law in fifty-eight short paragraphs, which are 
followed in almost every case by short synopses of— 
or extracts from—the cases and judgments on which 
his statements are based. The book should be ex- 
tremely useful to lawyers in commercial and shipping 
practice, both as containing a clear statement of the 
law and as a guide to the leading cases ; but we think 
it would have been even more useful if the author had 
not set himself so severely to achieve brevity rather 
than a full and self-explanatory exposition of the 
subject. He seems to.have cramped himself un- 
necessarily by his desire to observe what he considers 
“the necessary limitations of a text writer,” and the 
book would have gained if it had been written more 
confidently and less cautiously. Although shipping 
law and shipping terms soon become familiar to 
lawyers who are engaged daily in shipping practice, 
there are many lawyers in general commercial practice 
who have only occasionally to deal with shipping 
matters, such as c.i.f. contracts, and a little explana- 
tion often goes a long way to help them over their 
dificulties. For instance, at the foot of page 41 there 
is a reference to “usual f.p.a. insurance,’ but the 
reader, if he does not know, is left to imagine what 
“usual f.p.a. insurance’? means. On the same page, 
after a quotation of the contention of the buyers in a 
certain case, the author says : “‘ The learned judge then 
goes on to show why this contention was untenable ”’ 
—but why not give the Judge’s reasons? And in 
other instances the synopsis of the case is so brief 
that one has almost to grope for the reasons for the 
decision. Of course an author is entitled to choose 
his own manner and to set and observe such limits as 
he thinks fit (if, indeed, these are not set for him by his 
publisher), and our criticisms are made merely by way 
of encouragement to the author of an excellent book. 
It is happily free from the over-punctuation which 
spoils so many law hooks; and perhaps in his next 
book Mr. Goitein will avoid such solecisms as “‘ must 
necessarily ’ and “‘ the question as to whether.” 


We have noticed several books by Dr. Friedrich 
Miinzinger on boilers and steam storage. His latest 
contribution to this subject, “‘ Héchstdruckdampf”’ 
(Berlin: Julius Springer; price 1-85 gold mark) 
was only completed a few days after the death of 
Wilhelm Schmidt, who successfully took up the appli- 
cation of superheated steam when the problem was 
practically abandoned by others, and is appropriately 
dedicated to him. 
discusses particularly the economical and technical 
aspects of the generation and utilisation of steam at 
very high pressures. By that term he understands 
pressures from 30 atmospheres upward; his deduc- 
tions have necessarily to start from ordinary pressure 
ranges. He makes clear at the outset that no reliance 
can be placed, for high-pressure conditions, on the 
usually accepted strength-data and approved boiler 
constructions. In order to ensure efficient heat trans- 
ference in the economiser, he would avoid long flues, 
dead corners and high flue-gas speeds, in the boiler 
the stresses should, as far as possible, be uniformly 
distributed over large surfaces. He does not anticipate 
particular trouble from the water circulation, and 
advises the use of not more than two nests of tubes 


of relatively small diameter keeping the number | 
and | 


and dimensions of the steam drums small, 
utilizing Ruth’s storage boilers on the low-pressure 
side. The 120 diagrams of the volume of 140 pages 
illustrate both theoretical and constructive features. 
Dr. Miinzinger advocates high pressures, combined 


In this new volume Dr. Minzinger | 


with intermediate heating, especially in plants for 
both heating and power. With regard to the theory of 
the Emmet binary-fluid turbine he refers to our 
columns. 


It is very difficult to say what a “‘ Chemical Ency- 
clopedia: A Digest of Chemistry and Chemical In- 
dustry ’’ should contain, and what may be considered 
dispensable. Completeness would be an impossibility, 
even if there were no restriction on the number of 
volumes and their size. We will not discuss the ques- 
tion, whether or not a chemical encyclopedia should 
at present be condensed into one volume. But we 
think that Mr. C. T. Kingzett, F.1.C., gives a great deal 
of good and useful information in the 606 pages of 
his one volume of this title (Bailliere, Tindall and Cox, 
8, Henrietta-street, W.C.2; price 30s. net). We 
have found most of the many items we have looked 
up, including dyad, celtium, hafnium, atomic number, 
ester value and fusain. Hardness and softness are 
missing, but we find permutit and, under it, doucil (mis- 


‘spelt doncil, one of the very few misprints we haye 


noticed). Activation is only explained in a good 
article on charcoal and its activation; similarly the 
word floridin is missing, but fuller’s earths from Florida 
are duly mentioned. Trade names are included, some- 
times as in the case of “‘novit”’—a proprietary amor- 
phous carbon—with a rather surprisingly large space 
allowance. Lithium hydride, interesting because it 
liberates its hydrogen at the anode, is not described, 
nor is it stated that the alkali hydrides look like salts 
and not like metals. But that brings us back to the 
fact that the author must restrict himself often against 
his will. The volume represents the third edition of 
what was previously published as “The Popular 
Chemical Dictionary.” We learn this from the preface, 
which is written in a style that would be more appro- 
priate to the former than to the present title. 
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25-ron Exectric LEVEL-LUFFING CRANE : ADDENDUM. 
—With reference to our description of the crane under 
the above heading on page 104 of our issue dated July 18, 
1924, we are informed that this crane was manufactured 
under the supervision of Messrs. Humby and Partner, — 
Consulting Engineers, of 13, Victoria-street, West- 
minster, London, 8.W.1. 
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THE DEVELOPMENT OF THE ST. LAWRENCE 
RIVER FOR POWER AND NAVIGATION.* 


By R. 8. Lra, M.Inst.C.E. 


Tue boundary line between Canada and the United 
States passes through the Great Lakes and their 
coanecting rivers, and down the St. Lawrence to 
Cornwall, whence it continues eastward along the 
45th parallel of latitude. Below Cornwall, the river 
is wholly within Canadian territory. 

The St. Lawrence River, so-called, flows from Lake 
Ontario to the Gulf of St. Lawrence, a distance of about 
600 miles, though its drainage area, which includes the 
entire basin of the Great Lakes, extends almost to the 
middle of the Continent. It is made up of three 
stretches which are very different in character. The 
first 60 miles, from Lake Ontario to Prescott, in which | 
the current is very slow and the fall almost imper- 
ceptible, may be regarded as an extension eastward of 
the lake. It is generally deep, in some places over 
100 feet ; and as the minimum depth of the channel is 
30 {t., only a small amount of dredging, to remove a 
few projecting shoals, is required to provide for 30-foot 
navigation. / 

The lower stretch, from Montreal to, the Gulf, is 
tidal for nearly its entire length of upwards of 400 miles. 
From Montreal to Quebec City, a distance of 160 miles, 


development. An interior view of the same plant is 
shown m Fig. 4. Each of the 18 units has a capacity of 
nearly 11,000 h.p. 

The large-scale schemes which have been proposed 
within recent years, have been either (a) by certain 
power interests for the primary purpose of water power 
development on a scale necessitating the utilisation of 
the flow of the whole river, with provision for present 
and future navigation requirements, or (6) as a Govern- 
ment scheme for securing deep-draft navigation suffi- 
cient for ocean-going vessels, with the incidental creation 
of opportunities for the development of power. The 
second scheme is part of a more extensive undertaking, 
to enable ocean shipping to reach the head of the 
Great Lakes. It has already been investigated and 
approved as a whole by the International Joint Com- 
mission of Canada and the United States, which is a 
permanent body empowered by treaty to deal with all 
questions arising out of the use of houndary waters ; 
and it is being further studied at the present time by 
representatives of the Governments of the two countries. 
From either point of view the works proposed are of 
exceptional magnitude and importance, the minimum 
ultimate depth proposed for the locks and navigation 
channels being thirty feet, and the total power when 
fully developed amounting to from four to five million 
horse-power, with individual plants having capacities 
of from 600,000 to 1,500,000 h.p. 


the discharge of the St. Lawrence is directly governed 
and measured by the elevation of the water surface of 
Lake Ontario, and the relation between the two has 
been very accurately determined by a long series of 
measurements and observations. 

The resultant effect of the combination of conditions 
above referred to, in producing uniformity of outflow, 
is shown by the records and observations of nearly 
65 years. The average recorded discharge of the river 
during this period is about 247,000 cub, ft. per second, 
which is however, considerably less than the true 
average because of the diversion, during the last 20 
years or so, of an unknown quantity of water from Lake: 
Michigan into the Mississippi through the Chicago. 
Drainage Canal. At the present time this is estimated 
to be about 10,000 second feet, and as a result, there is 
a serious reduction in level in all of the lakes and river 
channels from Lake Superior to the Lower St. Lawrence. 
In this whole period the highest and lowest recorded 
(monthly mean) elevations were 248-95 and 243-41 
respectively, or an extreme range of about 5} ft. The 
corresponding change in the volume of flow was from 
193,000 to 320,000 second-feet, equivalent to an average 
increment of discharge of 22,700 second-feet per foot 
rise in lake level. It is not quite uniform, but for the 
greater part of the time a change of 1 ft. in lake level 
will cause a change in the river discharge of from 22,000 
to 23,000 second-feet. 
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it averages about 2 miles in width, except for a shallow 
expansion about 7 miles wide and 30 miles long, known 
as Lake St. Peter. This lake is worthy of notice 
because of its effect in shortening the season of navi- 
gation to Montreal both in spring and fall, a point 
which will be referred to later on. The channel has 
been deepened where necessary from time to time, until 
at present a depth’ of 30 ft. at ordinary low water has 
been provided. It is proposed to continue this work 
until a minimum low-water depth of 35 ft. has been 
secured. 

In the third or intermediate stretch of 120 miles, 
Fig. 1, the river falls from akout Lake Ontario level at 
Prescott to harbour level at Montreal, through a total 
height of some 225 ft. It is with the projected develop- 
ment of this portion of the river that the present paper 
principally deals, because many of the works, including 
the necessary river improvements, can be utilised for the 
joint purposes of navigation and power, the cost of such 
work being divided, with mutual advantage, between 
the two projects. The whole stretch, including the 
rapids, is navigated down-stream by passenger steam- 
boats of 6 or 7-foot draft, and 14-foot navigation is 
provided for in both directions by a system of Canadian 
Government Canais around the rapids, which has been 
available for many years as indicated in Fig. 2. 
Power has also been developed at different points 
along the river to the extent of about 350,000 h.p., 
partly in a small way in connection with the Canals, 
but mainly in three or four plants which derive their 
power by diverting for themselves a portion of the 
flow of the river. An aeroplane view of the latest 
and largest of these, the Cedars Rapids plant, with a 
capacity of about 200,000 h.p. under a 30-foot head, is 
shown in Fig. 3, which indicates the general method of 


- * Read before Section G of the British Association at 


Toronto, on August 8, 1924. 


It will be convenient at this point to refer briefly 
to certain interesting, and in many cases unique, 
characteristics of the Upper St. Lawrence, which have 
an important bearing on the design, construction, and 
operation of the development works. 

Uniformity of Flow.—This “‘ power reach” of the 
river is not a river at ali in the sense that its discharge is 
directly dependent upon the precipitation on its 
adjacent drainage area. The watershed of the entire 
basin of the Great Lakes, including the Lakes them- 
selves, down to the head of the first rapids where the 
river virtually emerges from Lake Ontario, amounts 
in round numbers to 300,000 square miles. From this 
point down to its junction with the Ottawa, the tribu- 
tary drainage area of the river is so small as to be 
negligible. Hence, for all practical purposes, the 
“« nower reach ”? may be regarded as nothing more than 
an overflow channel for Lake Ontario, and, therefore 
for the whole system of the Great Lakes, which con- 
stitute a system of enormous natural storage reservoirs 
whose combined surface area is 95, 000 square miles, or 
nearly one-half that of the tributary land whose run-off 
they serve to regulate. 

Of the total drainage area just referred to, about 
one-ninth is directly tributary to Lake Ontario, whose 
main supply flows into it through the Niagara River, 
which is subject to the natural regulation of its own 
storage and that provided successively by the Lakes 
above. Lake Ontario itself, with its 7,500 square miles 
of surface, provides sufficient storage capacity to 
receive the entire average inflow from the Niagara and 
the run-off from its own watershed, with a rise of a 
little over one inch per day, even with the discharge 
down the St. Lawrence entirely stopped. 

The outflow from the lake is controlled by a ridge 
of rock crossing the bed of the river about 5 miles 
below Prescott, which acts as a submerged weir with 
an average depth of water upon it of about 15 ft. Hence, 


Briefly summarised, the mean range of level over the 
whole period is less than 2 ft.; the range in any one 
year is rarely as much as 3 ft., and has been less than 
1 ft.; and for years at a time has varied between | ft. 
and2ft. Translated into terms of discharge this means 
that on the average, and for the greater part of the time, 
the rate of discharge in any one year varies less thar 
10 per cent. either way from.the average of that year ; 
that the average discharge in any year seldom differs 
by more than 10 per cent. from that of the preceding 
year; that in the worst single year the minimum is 
about three-quarters of the maximum; and that for 
the whole period the minimum is six-tenths of the 
maximum. The fluctuations of river level follow closely 
those of the lake, the range being at some points a 
little more and at others a little less, depending upon 
local conditions as to cross-sectional area, slope, &c. 

Such natural uniformity of level and flow is, of course, 
never even approached in any other river, whether 
subject to artificial regulation or not, and, indeed, 
would be extremely difficult to attain in any artificial 
channel, however elaborate the system of control. In 
this respect the St. Lawrence stands absolutely alone, 
and always will. 

For purpose of comparison, reference may be made 
first to the Ottawa, which, next to the St. Lawrence, 
is the largest river in. Eastern Canada, in which, as 
rivers go, there is a high degree of natural regulation ; 
and, second, to the Susquehanna in Pennsylvania, 
which is a river subject to great fluctuations of flow. 
In the former the discharge varies from a minimum of 
about 10,000 second-feet to a maximum of 250,000 
second-feet, with an ordinary flow of 16,000 to 18,000 
second-feet ; in the latter the range is from a minimum. 
of 2,400 to a maximum of 550,000 second -feet, with a 
frequent high water discharge of over 300,000 second- 
feet. 

It is also interesting to note that the changes in 
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discharge from one month to another, and often for 
much longer periods, could not be detected by an 
actual measurement. The canal gauges, however, have 
had their readings carefully related to the discharge 
by long series of accurate observations carried out 
by both the Governments of Canada and the United 
States. Hence, from most of them the river discharge 
can be determined at any time far more accurately 
than it could be obtained by any single measurement, 
however carefully made. As they have been read con- 
tinuously since 1860, they furnish data both as to 
discharge and slope, of the greatest possible value in 
detail studies in connection with various hydraulic 
problems arising out of the proposed development. 
These gauges have been supplemented by many others, 
set up for this special purpose, and a great number of 
measurements and observations have been made, 
giving interesting and valuable information in connec- 
tion with the hydraulics of the river. 

Volume.—The fact that the total drainage area of 
the St. Lawrence at its mouth is nearly 500,000 square 
miles, places it at once among the large rivers of the 
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world, although it is far from being the largest. The 
watershed of the Missouri, for example, is 528,000 
square miles ; of the Mississippi, 1,245,000 square miles ; 
and of the Nile, 1,500,000 square miles. The Upper 
St. Lawrence watershed is only 300,000 square miles, 
yet so far as its low water flow is concerned, it ranks 
among the largest, and it is probably correct to say 
that its dependable flow is incomparably greater than 
that of any river in existence which is adapted to power 
development. There is no need, therefore, to dwell 
further upon the unique position of the St. Lawrence 
among rivers in respect to volume and dependability 
of flow. 

RegulationRemarkable as is this regularity of 
flow, it can be easily improved, and many important 
advantages thereby secured. It is quite feasible, 
and indeed it is an essential feature of the proposed 
development’ of the river, to control the discharge at 
the uppermost dam so as to keep it within extreme 
limits of 210,000 and 280,000 second-feet. This will 
have an important effect in diminishing the quantity 
of channel excavation necessary to secure suitable 
navigation velocities at all points along the river, 
and to utilize the available fall for power to the greatest 
extent practicable. It will also benefit navigation in 
the lower river by maintaining a greater and more 
uniform depth in Montreal Harbour and in the Ship 
Channel below, and in considerably lessening the 
excavation necessary to secure the proposed 30 ft. 
depth at low water. By reason of the slow response 
of the level in Lake Ontario to any change in the 
supply, even when the run-off from the local watershed 
is excessive, it is not difficult to devise a reliable schedule 


of operations by which the regulated flow for each 
month will depend upon the records of the preceding 
month. Such a system of regulation has been worked 
out and, tested by the records of the last 64 years, it 
will, while restricting the maximum elevation of lake 
level to its present height, maintain a mean level 1 ft. 
higher than the present mean, and a minimum level 
2 ft. higher than under present conditions. It will 
also provide an ample margin of storage always available 
for flushing ice and other contingencies. 

Physical Features.—Throughout the “ power reach ” 
of the river between Prescott and Montreal, the river 
flows in a north-easterly direction over, rather than 
through, a district composed of glacial drift, largely 
boulder clay, underlaid by compact rock. As this 
stretch of the river has only been in existence, geo- 
logically speaking, for a comparatively short period of 
time, it has had no time to wear out anything in the 


way of a well-defined valley for itself; and as its | 


maximum discharge is only fractionally greater than 
its ordinary flow, its channel approximates the dimen- 
sions of an artificial canal intended to carry a more or 


less unvarying volume of water. With low banks, its 
general width averages rather less than a mile, and its 
mid-depth varies generally between 35 ft. and 50 ft., 
being shallower, of course, in the rapids. Its steady 
flow and entire freedom from suspended matter, 
abrading or otherwise, as it flows out of the lake, has 
resulted in an extraordinary condition of permanent 
stability of banks and bed. The territory across which 
it flows has a slight northward slope from the Adiron- 
dack Mountains in northern New York, towards the 
Ottawa Valley, so that, especially in the upper half, 
the Ottawa River divide is never far from the St. 
‘Lawrence, and such tributary drainage area as there 
is, is on the south side of the river. 

In the direction of flow, however, the land falls more 
rapidly in a series of three main steps or terraces, with 
comparatively level benches between. These terraces 
intersect the river, in a generally north and south 
direction, at the Long Sault Rapids, at the rapids 
above Lake St. Louis, and at the Lachine Rapids near 
Montreal. Down as far as the head of the Long 
Sault, a distance of about 30 miles, the fall of 40 ft. or 
so takes place more or Jess gradually, and to the foot 
of these rapids the profile of the adjacent land on 
either side closely follows that of the river. 

As a result of these topographical conditions, the 
total fall takes place in three distinct reaches, separated 
by the river expansions of Lake St. Francis and Lake 
St. Louis which occupy the intervening benches. 
(See Fig. 2). These reaches extend, (1) From the head 
of the Galops (the first rapids) to the foot of the 
Long Sault; (2) From the head of the Coteau 
Rapids to the foot of the Cascades; (3) From the 


head of the Lachine Rapids in Lake St. Louis to 
Montreal Harbour. 

In the upper reach from Prescott to Cornwall, a dis- 
tance of nearly 60 miles, there is a total fall of a little 
over 90 ft. About half of this takes place in the Long 
Sault and the remainder in Farran’s Point, Rapide 
Plat, and Galops Rapids, and in the swiftly flowing 
intervening stretches of the river. Between 80 ft. and 
85 ft. of this fall can be utilised for power development. 
Between Lake St. Francis and Lake St. Louis, in a dis- 
tance of about 15 miles, there are three rapids—the 
Coteau, Cedars and Cascades, with a total fall of about 
82 ft., of which about 78 is available for power. Between 
Lake St. Louis and Montreal Harbour the total fall, 
including the Lachine Rapids, is about 45 ft., and of this 
only about 35 ft. can be developed for power at a reason- 
able cost, under present down-river conditions. 

The land bordering Lake St. Francis and Lake St. 
Louis is so flat that it is impracticable to raise the water 
level above the present maximum. The only improye- 
ment, therefore, to be made in these lakes, in connec- 


| tion with navigation, is a moderate amount of dredging 


we 
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here and there where necessary for the deeper draft 
proposed, and no further reference to them would be 
required except for the difficulties they give rise to, in 
connection with the operation of the power plants durin 
the winter. ’ 
In the upper stretch as far down as Cornwall, the land 
adjacent to the river, especially on the south side, has 
such a pronounced slope in the direction of flow that 
thé tributaries tend to follow a course parallel to, and 
at no ‘great distance from, the river itself; so that, 
towards the lower end it is impossible to raise the river 
level to any considerable extent, without extensive 
lateral dams and dykes to prevent overflow into its 
own tributaries which enter it below the Long Sault. 
A large number of deep borings have been made at 
different points along the river to determine the position 
and character of the underlying rock, which is never 
exposed except in the vicinity of the crest of the rapids. 
In every case sound bed-rock has been found parti- 
cularly well adapted to provide solid and impervious 
foundations, and for the most part at convenient 
depths. The steady and dependable character of the 
flow eliminates the construction difficulties due to sud- 
den freshets, usually met with in river work. It is also 
of course, of the greatest value in connection with the | 
operation of the works. On the other hand, this 
very constancy of flow gives no opportunity to take 
advantage of periods of low water to instal cofferdams 
and do other early construction work; and at the 
stations selected for certain of the dams and power 
houses there is difficulty in finding room for the 
necessary diversion of part of the flow during con- 
struction. The development of such a large flow under 
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the moderate heads available, requires. power houses 
of unusual dimensions and capacities ; and, on account 
of the great depths, high velocities, and ice effects, 
the placing and maintaining of some of the coffer dams 
will involye work of considerable magnitude and 
difficulty. 

Winter Conditions.—From the foregoing it is obvious 
that as regards the flow in the open water months, the 
conditions in the St. Lawrence for constructing or 
operating a power plant or navigation system are 
almost ideal. During the winter season, however, 
this is often by no means the case. Ice troubles are 
common enough in all Canadian rivers, but with a river 
whose regular winter flow is ten to twenty times that 


of any of the other large power rivers of the country,! even when the weather is only moderately cold. 


when it practically ceases. Ice of a different kind, 
however, continues to form in the open water stretches, 
throughout the winter. Frazilice forms in open water 
during periods of intense cold, particularly at night 
and in cloudy weather. This is the local name for 
a kind of ice which forms at the surface of slightly 
under-cooled water, especially when agitated. It 
occurs as fine spicules or detached crystals which are 
disseminated more or less throughout the body of 
the water by its motion, and which never freeze 
together to form sheet ice. Anchor ice forms on the 
bottom in clear cold weather, and when the conditions 
are favourable to terrestrial radiation. In the rapids 
of the St. Lawrence both kinds of ice form very unde 
n 
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and as great or greater than the flood flow of most of 
them, and where, quite apart from the rapids, mid- 
channel velocities run from 5 ft. to 10 ft. per second, 
the difficulties from ice are also on a much greater 
scale and often of quite an unusual and complex charac- 
ter, As a matter of fact, ice is the crux of the problem 
of power development and operation, especially where 
the flow of the whole river is involved. 

The upper river as far down as Prescott usually 
freezes over early in the winter and remains so till 
spring, when the ice melts in place, or comes down in 
‘such a disintegrated condition that it can be handled 
without difficulty. Below Prescott the river nowhere 
freezes across except in the expansions of Lake St. 
Francis, Lake St. Louis and Lake St. Peter, and if it 
were not for them it would remain open throughout to 
tidewater, and the period of navigation to Montreal 
would be considerably lengthened at both ends of 
the season. A large field of ice may bridge the open 
channel, but this has only taken place with serious 
effect once in eighteen years in the stretch above 
Montreal, and could easily have been prevented or 
dislodged if the proper measures had been taken. In 
the tidal portion of the river above Quebec, this is more 
difficult, but not impossible. f 

These lake expansions freeze over early, while the 
main channel from above the Galops to below the 
Long Sault Rapids remains open. A considerable 
area of bordage ice forms in the bays and subsidiary 
channels, and where slack water and eddies occur in 
the lees of the islands. Beginning early in December 
this ice, unless interrupted by thaws accompanied by 
high winds, gradually extends outward, encroaching 
upon the main channel till a point is reached where 
the surface velocity is from 2 ft. to 3 ft. per second, 


bright sunshine and with rising temperature the anchor 
ice loosens its hcld on the bottom and rises to the 
surface, often in lacze quantities. Fragments of 
bordage ice detached by winds and currents, and 
drifting snow, add intermittently to the floating burden 
of anchor ice and frazil. At one time, ice of this kind 
gave considerable trouble in the operation of power 
plants by adhering to and blocking the racks and 
runners, but with the large capacity single runner 
vertical wheels of the larger installations, and with 
greater experience in the design and location of these 
plants, these difficulties have been practically 
eliminated. It may, therefore, be said generally, 
and of the St. Lawrence particularly, that it is in the 
river channels above and below the plants that the 
principal difficulties with ice are likely to be met 
with. Where the river can be kept open this slush 
ice is therefore of minor importance, but when it 
meets an ice cover as at the head of Lake St. Francis 
or Lake St. Louis, it is either drawn under by the 
current or, where this is not sufficiently strong, it 
builds back or ‘‘ packs’? upstream. In the former 
case it tends to rise and adhere to the under side of 
the ice cover, especially when it reaches a point of 
lower velocity. There it accumulates in great masses 
called ‘‘ hanging dams,” sometimes to a depth of 
69 ft. or more (see Fig. 5). The jams thus caused 
raise the level and back the water up on the rapids 
next above. When the ice packs it forms a very 
rough and irregular cover of tilted ice cakes, masses 
of anchor ice and frazil, which greatly restricts the 
fow, and which in itself at once causes a much steeper 
slope and a consequent rise in water level. ‘The ice 
cover in the Ship Channel between Lake St. Peter and 
Montreal is always formed by the packing of the ice. 


Jams caused by these “‘ hanging dams’ form in 
thé river opposite Montreal sometimes to a height 
of 16 ft. or 18 ft., and back the water up on the 
Lachine Rapids just above. Similar jams form at 
the head of Lake St. Louis, but not to the same extent, 
though one year the water rose as much as 11 ft. 
above normal level. More serious jams occur at the 
head of Lake St. Francis, and in the river channels 
upstream to the Long Sault Rapids, where a rise of 
15 ft. is not unusual, and where in 1918, at the foot 
of Barnhart Island, the site of one of the proposed 
power plants, the water rose 27 ft. above summer 
level. 

These are the results of ice jams as they exist at 
present, and where practically nothing has been done 
in the way of prevention or protection, except at 
Montreal, Considerable study is being given to these 
problems, and there is no doubt that much can be 
done to improve the conditions by taking measures 
and carrying out works which will tend to decrease 
the jams and to assist the river in its natural tendency 
to keep itself clear. 


(Lo be continued.) 


THE PART WHICH BIO-AERATION MAY 
YET PLAY IN PURIFYING SEWAGE.* 


By Joun D. Watson, M.Inst.C.E. 


SEWAGE bacteria beds built in the form of contact 
beds only fifteen years ago are now, in England, being 
replaced by the treatment called by Dr. Fowler 
“ Activated Sludge,” and by Mr. Haworth ‘“‘ Bio- 
aeration.’ This method reduces very greatly the 
area needed for installation, and it has the merit of 
greater freedom from smell than any other process 
hitherto adopted. 

The name Activated Sludge has come to be as- 
sociated with the air-blowing process, and Bio-aeration 
with mechanical agitation. The flocculation process 
essential to the success of both is very much the same, 
although brought about in different ways. The 
gelatinous film is generally lelieved to be the real seat 
of purification. Whether it surrounds the media in 
bacteria beds or creates the floc in a tank, it is brought 
into intimate contact with both air and sewage, either 
as the result of mechanical agitation or of blowing air 
through the liquid. ‘The author looks favourably upon 
both methods, and thinks that so long as the principles 
laid down by Fowler, Arden and Lockett are adhered 
to, the method of carrying on the process may vary 
within wide limits. In one case the site available for 
constructing and actuating a purification plant may be 
better suited for the employment of deep flocculating 
channels in which the mixing is done by compressed 
air, and in another case the site may be more suitable 
for wide shallow channels using gas, oil, or electricity 
as «a motive power for mechanical agitation. The 
responsibility rests upon the consulting engineer (who 
should not be interested in one patent more than 
another) to recommend the best and cheapest method 
for the purpose, always bearing in mind that even 
the best designed plant is dependent upon good manage- 
ment for good results. 

Where suitable land of ample area is available 

ithin a reasonable distance of a great town—which is 
not common—land irrigation may still claim the premier 
position, not only as a natural and reliable method of 
purifying sewage, but as one which almost defies mis- 
mangement. It should be recognised quite frankly, 
however, that in dealing with the wastes of great cities 
which in themselves are more or less artificial, the sys- 
tems of purification are by their very size bound to 
depart from Nature’s methods, but that very departure 
from Nature may supply a felt want. For instance, 
it is now possible to provide smali units of purification 
plants in populous districts without creating nuisance 
in the vicinity. 

The contact bed, it must be admitted, has had its 
day, but where it has heen built and continues to 
function, it may be greatly improved if it is worked 
in conjunction with a bio-aeration plant. The percola- 
tion bed is reliable in its results ; it is comparatively 
easily accommodated as regards site, if the area re- 
quired is limited ; it is cheap where suitable building 
material is obtainable, and it is not costly either to main- 
tain or to manage. But it may give off objectionable 
odours, it may breed flies and mosquitoes, and its 
surface may clog with colloidal matter not readily 
oxidisable. All these are serious objections, but, 
nevertheless, the percolation bed is a permanent institu- 
tion, capable of performing good work. If, however, 
it is made to work in harmony with bio-aeration, it is 
sure to produce a more efficient and generally more 
economical plant than either the one or other 
separately worked. 

Until 1923 all the activated sludge and bio-aeration 


* Read before Section G of the British Association at 
Toronto, August 13, 1924. Abridged. 
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plants had been built to perform the complete purifica- 
tion process, and with very few exceptions (e.g., Wor- 
cester, Mass., where the volume of inhibitory trade 
waste was inimical to the process) they were successful 
as regards the production of a good effluent, but they 
have all failed to deal with the sludge problem, and 
they all produced an increased volume of sludge con- 
taining not less than 99 per cent. of water. At one 
time the production of this sludge, which admittedly 
contained 6 per cent. of nitrogen, was lauded'‘as one 
of the advantages sought, but this attitude appears to 
have become less popular. In any case, the disadvan- 
tage associated with it more than offsets the advantage. 
The author affirms that it is a mistake to produce this 
highly nitrogenous sludge merely to get rid of it. To 
necessitate reversion to land treatment merely to utilise 
sludge cannot ordinarily be profitable. The aim of the 
engineer in designing the plant should be to limit 
the production of aqueous sludge to what is absolutely 
required for carrying on the bio-aeration process. It 
will be found that, as compared with the bulk of liquor 
in the flocculation tank, the organic matter required 
for complete nidification of the living organisms need 
not be more than 5 per cent. of the volume, provided 
always that every particle is brought to the surface of 
the liquid and exposed momentarily to the air not once 
or twice but many times, as in the air-blowing method 
of treatment. If only 5 per cent. or less is needed 
to carry on the process, as the author has found after 
prolonged trials on a large scale, it is obvious that the 
ordinary mechanical methods of abstracting solids from 
sewage need not be interfered with, because there will 
be more organic matter left in the sedimentation tank 
effluent than is needed to build up the nidus required 
to produce successful flocculation. 

Without going fully into the question of sludge 
treatment and disposal, it is enough to say that sludge 
obtained from sedimentation tanks usually contains no 
more than 90 per cent. water, and that activated 
sludge on the other hand generally contains 99 per 
cent. of water. The volume of sludge to be treated in 
the latter case is, therefore, enormously greater than 
in the former. At Birmingham, where the sewage 
from a population of one million people is treated, the 
sludge eliminated from the liquid is changed by bac- 
terial digestion, following principles laid down by 
Drs. Travis and Imhoff, into a much smaller volume of 
inoffensive residuum. This residuum, which is used 
as an organic base in the preparation of a fertiliser, 
yields a reasonable return. Apart from the unwisdom 
of building up a great volume of aqueous sludge which 
has to be de-watered, it is well to bear in mind the 
undesirability of employing motive power to move solids 
which are not essential to the process. In judging 
the relative merits of several different types of installa- 
tions by initial cost, bio-aeration should be accorded 


” 


mepeter a Os eee ae 


the first place, but when running costs and interest on 
capital outlay are added together ; and, compared simi- 
larly with a bacteria bed installation, it will be found 
that the latter is the cheaper, unless indeed motive 
power can be obtained for less than one penny per unit 
of electrical energy, and restricted in use to not more 
than 30 brake horse-power per 24 hours per million 
gallons treated. Apart from questions of cost, how- 
ever, there are at least two factors in the comparison 
which are in favour of the bio-aeration plant, and those 
are freedom from smell, and freedom from the mos- 
quito and fly nuisance. 

The results accruing from efficient flocculation plus 
settlement in upward flow tanks, such as the author 
recommended for Toronto in 1909, are so certain in 
preventing smell that no engineer can ignore them in 
designing new installations. The author can recall 
several cases where bacteria bed installations were 
proposed for populous districts, and where they would 
probably have been efficient but for the smell and the 
fly nuisance associated with them. One conspicuous 
case was at New York in 1912 when the author advised 
the Metropolitan Sewerage Commission not to think of 
erecting 1,000 acres of bacteria Leds on Barren Island 
in view of the smell which might have been caused. 
In bio-aeration we have a powerful ally capable of 
comhating successfully just such difficulties. 

However objectionable malodours arising from septic 
sewage may be, it is difficult to induce a local authority 
to spend money to cure a nuisance which recurs only 
at long intervals, but the knowledge that it is now pos- 
sible to do so will change the attitude of the average 
citizen towards questions of this kind, and place local 
authorities in a different position as regards their res- 
ponsibility in the eyes of the law. 

It is difficult to exaggerate the importance of the 
discovery that it is possible to reduce by about 60 per 
cent. the amount of impurity in a tank liquor after one 
hour’s agitation; not only does that limited treat- 
ment deprive the liquor of those compounds which 
produce smell, but it all but frees it of its colloidal 
matter which is the bughear of all who are responsible 
forthe management of bacteria beds. The Birmingham 
experience proves that a bacteria bed is capable of 
oxidising two or three times as much flocculated liquor 
as it can of sedimentation tank liquor, thus proving 
that by the help of bio-aeration, the bacteria bed 
may be reduced to a third of its normal size without 
impairing the quality of the final effluent. 

The bio-aeration plant at Birmingham which was 
constructed on the author’s advice two years ago 
emphasises several features of outstanding significance, 
when contrasted with typical Manchester and Sheftield 
plants, both of which combine in one operation the 
two essential features of the process. The Birmingham 
plant aims at separating the physical operations required 
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to condition the gelatinous film or nidus, provide the 
air essential to the process, and effect efficient mixing of 
the sewage liquor and nidus. It has shown that the 
motive power necessary to provide air in some cases 
need not be more than 1 to 5 as compared with the 
power required for efficient mixing; this indicates 
one way to economise by better co-ordination of the 
mixing and aeration intensities. It has proved that 
it is very easy to remove objectionable smell-producing 
compounds from sewage before it is sprayed or other- 
wise distributed over the surface of a bacteria bed. 
It has proved also that by eliminating the colloidal 
matter from sewage, it is very much easier to oxidise 
it on a bacteria bed. 

The design of the plant necessitates the provision 
of a reconditioning tank, which costs money, but it 
draws marked attention to the advantage of main- 
taining a separate store of activated sludge available 
to recharge the flocculation tank in the event of its 
being upset by incoming sewage, which everyone 
knows is liable to change as the result of rain falling 
or of sudden and unexpected rushes of inhibitory _ 
trade waste, both prejudicial to the emission of an 
unvarying effluent from a biological process. It has 
no doubt been inferred that the author does not 
espouse any mechanical form of air-blowing of agita- 
tion, for he is satisfied that the last word has not been 
said on that subject, nor can it be said that the scientific 
side of the question has been completely explored by 
the biologist and chemist, but he is sanguine that 
we have reached the stage of knowledge which under 
the direction of a wise Ministry of Health will induce 
a proud self-respecting people to demand better and 
cleaner rivers. 


COAL MEASURING APPARATUS. 


Wr illustrate in Figs. 1 to 3 on the present page 
the dust-proof coal measurer complete with hopper 
and delivery shoots built by Messrs. Edgar Allen and 
Co., Limited, Sheffield. Fig. 3 shows three measurers 
installed at an electric power station. An example of 
the appliance is to be seen at the British Empire Exhi- 
bition. Messrs. Edgar Allen manufacture this appara- 
tus in three sizes, having a capacity of 2 ewt., 3 to 34 
ewt. and 44 to 5 cwt. Figs. 1 and 2 illustrate the 3 
to 34 cwt. apparatus. The measurer comprises two 
balanced valves, marked A and C in Fig. 1, connected 
together by a chain working over sprocket wheels, 
fitted to the valve spindles. The position of the valves 
is set so that when one is open the other is closed. The 
coal, or other material to be measured, is admitted 
through the top valve A until the chamber B is full, 
when the top valve A is closed and the bottom valve 
C is opened to allow the coal to pass to the boiler 
hopper, or the other material to be delivered where 
required. A regulating plate is provided (Figs. 1 and 
2), whereby the quantity of material delivered into the 
chamber B can be adjusted. A self-registering counter 
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fitted to the side of the apparatus is operated by a lever 
eonnected to a gear wheel working the valves. By 
this means every charge is recorded and the quantity 
of material which has passed through the measuring 
box can be ascertained at any time. é 


ELECTRICITY IN COAL MINES.* 
By Roxserr NELson. 


COAL-MINING was an old-established industry with 
many fixed traditions long before electricity made its 
appearance, and the electrical engineer had, in fact, 
tothrust himself and his equipment, almost uninvited, 
into the field and insist upon taking a more or less 
prominent part in the further development of the 
industry. Some education of the reluctant mining 
engineer was necessary and some important problems 
had to be solved before the mining engineer and the 
electrical engineer appreciated each other’s aims, but 
a practical and satisfactory solution was gradually 
evolved, based upon the requirements of coal-mining 
as the coal faces receded from the shafts and upon the 
limitations imposed by conditions on the one hand, 
and the character of the electrical plant available on 
the other. The object of this paper is to indicate the 
obstacles to the use of electricity in mines which have 
been overcome, partly by what is often called “* horse- 
sense’ and partly by research and experiment. 

The convenience of using electricity for power and 
light underground was soon recognised. So far as 
can be ascertained the first electric motor to be set to 
work below ground in a coal mine was at Trafalgar 
Colliery, Drybrook, Gloucestershire, in January, 
1883. Thirty years later—that is to say, in 1913— 
the total horse-power of electrical plant in use under- 
ground was 316,667, but the next ten years saw this 
last-mentioned figure a good deal more than doubled, 
for by the end of 1923 the total horse-power of electric 
. motors installed below-ground had reached 753,138, 
in itself a moderate figure having regard to the total 
horse-power of all forms of motive power in use in the 
mines, but indicating a greatly accelerated rate of 
growth during recent years. There is no doubt that 
this increased rate of growth has been directly due to 
increased confidence in the safety of electricity, quite 
apart from its convenience and reliability and_ the 
improved design of the’ apparatus available. Elec- 
tricity is the perfect medium for distributing power 
below-ground, practically and economically, but of 
immediate importance is the safety point of view, 
and in order that this aspect of the matter may be 
regarded in its true proportion it is here desirable to 
give the statistics of electrical accidents so far as these 
are available. Electricity is used for three main 
purposes in coal mines, namely: (1) motive power, 
(2) light, and (3) telephones and signals, and there are 
three classes of fatal accident for which the use of 
electricity below-ground may be primarily responsible, 
namely (1) explosion, (2) fire, and (3) shock. 

Experience indicates two conclusions both of which 
are somewhat remarkable. The first is that, taken over 
a long period, electric shock has caused more than 
two-thirds of the deaths attributable to the introduc- 
tion of electricity below-ground, and the second is 
that until a very neat and clean-cut research solved 
the problem in 1915, electric-signalling circuits in 
use at mines were at least as likely to initiate an 
explosion as the very much heavier current-carrying 
power and lighting circuits. The statistics for under- 
ground electric-shock accidents are given in convenient 
form in the table. 


H.P. of Electric 
: " Deaths per 
oenee Deaths from | Motors in Use 
ome Electric Shock | Below Ground FOO ees 
Z Below Ground. | at End of Each Tnstalled 
’ Period, i 
1910 
1911 Lic 31 316,667* 9-8 
1912 ; 
1913 
1914 25 468,628 5:3 
1915 
1916 
1917 12 548,592 2°2 
1918 
1919 a 
1920 10 644,905f Ea 
1921 


- * The figures in this column were first available at the end of 
the year 1912. : 

+ The ,corresponding figure for 1923 has been given above as 
753,138 h.p. 


As regards the other dangers, namely, those of fire 
and explosion, such accidents as have happened have 


* Paper, abridged, read at the Empire Mining and 
Metallurgical Congress, held at the British Empire Exhi- 
bition, June 4, 1924. 


occurred at very irregular intervals, but taken over 
the whole period and confining the statement to power 
and lighting circuits, the sum-total of the loss of 
life under both heads has been about one-half of the 
total loss from electric shock. The striking improve- 
ment in the standard of safety as regards the risk of 
electric shock which the table shows has been mainly 
due to the common-sense application of improved 
methods in electrical distribution and the adoption of 
so-called “‘iron-clad ”’ construction in apparatus used 
below ground. 

From this summary it may be judyed that the results 
are creditable to both mining and electrical engineers, 
and, not least, to electrical manufacturers. Al! the 
parties mentioned have contributed in their various 
ways towards the high degree of immunity from certain 
classes of accidents, which, with ordinary care, can 
now be attained. But before this position of com- 
parative security was reached “ Electricity in Mines ” 
passed through a critical period. From early days 
down to those of ten years ago, in the then condition 
of affairs gloomy fears and predictions of disaster 
were frequently heard. If their views were correctly 
voiced by the Miners’ Federation officials—and there 
is no reason to doubt that they were—the coal-miners 
individually strongly objected to the free introduction 
below-ground of ‘‘ this new and mysterious agent.” 
They feared not so much the risks of shock and fire 
as the risk of explosion, and their fears were far from 
being altogether unfounded. In a succession of mining 
disasters between 1909 and 1913 the electrical plant 
was, and not without reason, suspect, and it then came 
to be realised by those immediately interested that to 
discuss whether this agency or that was the cause of 
a disaster was in fact to condemn equally both agencies, 
whichever might ultimately have to bear the blame 
of guilt as the result of investigation. It was felt 
that to call for a decent minimum of precautions would 
not in this case relieve those concerned of responsi- 
bility, and that the risk of these sudden and appalling 
disasters demanded the wide adoption of every possible 
precaution that ingenuity and science could suggest. 
It will be remembered that in appraising the situation 
as regards fire and explosion the figure indicated refers 
to power and lighting circuits only. The further 
danger of sparks from signalling bellg and wires was 
not at first generally realised, and if it can be said that 
the number of accidents clearly chargeable against the 
use of electricity below ground is, in ali the circum- 
stances, surprisingly few, nevertheless it should not 
be overlooked that in the case of the greatest disaster 
in the history of British coalmining, the electric 
signalling circuits were not free from well-founded 
suspicion. This explosion occurred at Senghenydd 
Colliery, South Wales, on October 14, 1913. It is 
interesting to note in passing that the challenge of 
this situation was at once accepted. Following a 
line of investigation which is of the genus of Davy’s 
classical experiments preceding his invention of the 
safety-lamp,- Professor W. M. Thornton, of Newcastle, 
enunciated and proved a safe and satisfactory solution 
of the problem presented. 

The point it is here sought to make is that the 
outlook of electricity in mines was at one time doubtful. 
Now, on the contrary, the position is quite secure. 
Nothing is heard of the miners’ opposition of ten or 
twelve years ago, and mining engineers in increasing 
numbers are beginning to regard the still comparatively 
new and the still mysterious agent as what in fact 
it is—the right arm of mining development. In the 
succeeding paragraphs it is the intention briefly to 
outline the scientific and other investigations which 
have contributed to a situation which, qud electricity, 
can be regarded as satisfactory in view of what has 
been done and—so far as can be seen at present— 
in view of the comparatively little that remains. It 
has been said that diminution of the risk of electric 
shock required no more than the common-sense appli- 
cation of well-established principles of construction. 
The same applies in a large measure to diminution of 
the risk of underground fire. It was in connection 
with the elimination of the risk of explosion that new 
and improved apparatus and scientific investigation 
and research found their opportunity. 

The first investigation of safety problems below- 
ground with regard to the use of electricity was that 
of the German Firedamp Commission of 1881. This was 
really an inquiry preliminary to the then contemplated 
introduction of electricity underground; and explosive 
mixtures of pit-gas and air were ignited experimentally 
by electricity in various ways. The practical conclu- 
sion was negative. It was established that under the 
contemplated conditions of use and with the appliances 
then available, electricity could not be regarded as 
other than a potential, if not an active, danger. The 
early introduction of electricity below ground was 
made possible not so much by improvement of method 
and apparatus as by the efficiency of mine-ventilation, 
with the result that electricity could only be used 
below ground in early days where the conditions 


approximated to surface conditions. The plant in 
general use at that time below ground was plant 
designed for surface work. This surface plant was 
sometimes altered and adapted for use below-ground, 
but more frequently this was not done, and it was not 
until the early years of the present century that a 
serious attempt was made to investigate the conditions 
required to be met for safe working underground. 
In 1904 the Home Office appointed a Departmental 
Committee to inquire into the matter, and this com- 
mittee must be given credit for having conducted a 
few tentative but inconclusive experiments. Later— 
that is to say, in 1906—the Mines Department of the 
Belgian Government conducted a series of experiments 
with motors of different types, and the conclusion 
reached was that the so-called ‘ plate-ventilated ” 
type of motor was safe to use in gaseous mines, but 
this conclusion did not receive general support. In 
Great Britain three great colliery disasters—these at 
West Stanley in February, 1909, Hulton in December, 
1910, and Senghenydd in October, 1913—forcibly 
directed attention to prevailing weaknesses in con- 
nection with colliery electrical equipments. In a paper 
before the Institution of Mining Engineers in May, 
1909,* following the West Stanley explosion—where the 
cables were at one stage the suspected cause—it was 
proposed to apply the then recently developed system 
of balanced leakage protection to colliery cables and 
to render switch-gear explosion-proof by means of 
wide metal-to-metal flanges. Both suggestions have 
since amply proved themselves in practice, though 
the first was merely an application to the distribution 
and use of electricity in coal-mines of an idea which 
had been developed in another field. Nothing was 
known at that time of the influence of the voltage and 
frequency of the current and the capacity and induc- 
tance of the circuit in relation te the ignition of fire- 
damp by electric sparks. It was known that, generally 
speaking, electric sparks were dangerous, but there 
was no precise knowledge, and no attempt had been 
made to find the critical limits in respect of the quan- 
tities just mentioned. Professor W. M. Thornton, of 
Newcastle-upon-Tyne, had, however, been closely 
engaged in investigating the colliery explosions just 
referred to, and he subsequently entered alone upon 
the laborious task of measuring the current and voltage 
that just caused ignition, all the other factors—such 
as the frequency and inductance of the circuit, the 
percentage, of firedamp in the explosive mixture, the 
metal of the poles, and the condition of turbulence or 
otherwise of the mixture, and so on—being systemati- 
cally varied. This important research occupied 
Professor Thornton, first and last, over twelve or 
thirteen years. A list of his papers} on the subject of 
the limiting conditions for the ignition of firedamp 
and coal-dust and the influence of the presence of gas 
on the inflammability of coal-dust is in itself impressive, 
and I doubt whether his work has received from elec- 
trical and mining engineers the recognition which it 
richly deserves. As lately as January last Professor 
Thornton summed up the results he has attained before 
the Institution of Electrical Engineers in a paper 
entitled ‘‘Some Researches on the Safe Use of Elec- 
tricity in Coal Mines,” and he was able to make a 
very remarkable claim. Speaking of the beginning 
of his own investigation, he says, “‘ The alternative to 
such an investigation is to wait for the event, hold an 
inquiry, and then act upon the finding. The cost in 
life and material of such a method is high, and so far 
as electricity is concerned need never be paid, for if 
the human element of carelessness could be ‘for ever 
removed, to each possibility of electrical risk there is 
a simple and effective preventive.’ This claim is not 
based upon theoretical possibility but upon practical 
tests, and, having regard to its source, it is naturally 
in no degree an over-statement. 

It has been said that a high standard of safety in 
respect of heavy-current machinery has been, secured 
below-ground mainly by the application of common- 
sense methods of construction to the electrical plant, 
combined with the application of leakage current 
protective devices to mining conditions. The risk 
of open-sparking due to damage of an armoured cable 
protected by a leakage-trip is now so slight as=to be 


* R. Nelson, “* Electricity in Coal Mines,” T'ransactions 
of the Institution of Mining Engineers, 1909, vol. xxxvii. 

+ W. M. Thornton and E. Bowden, ‘“‘ The Ignition of 
Coal-dust by single electric flashes,’ Transactions of 
the Institution of Mining Engineers, 1910, vol. xxxix. 

W. M. Thornton, ‘‘ The Influence of the Presence of 
Gas on the Inflammability of Coal-dust in Air,” Paper 
read before the British Association, 1913. 

“The Electrical Ignition of Gaseous Mixtures,” 
Proceedings of the Royal Society, 1914, vol. xc, p. 272. 

“A New Battery Signalling Bell,” Transactions of 
the Institution of Mining Engineers, 1915, vol. 1, p. 19. 

W. M. Thornton and R. V. Wheeler, “‘ Electric Signal- 
ling with Bare Wires,” Home Office Report, 1916. 

W. M. Thornton, ‘The Ignition of Gases by Hot 
Wires,” Philosophical Magazine, 1919, vol. xxxviii, 
p. 613. 
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almost negligible, and the further condition that there 
should be present at the same moment a mixture of 
firedamp and air containing between 5-6 and 14-8 per 
cent. of firedamp—the limits between. which firedamp 
is inflammable—makes the possibility of an explosion 
from this cause extremely remote. As new methods of 
protection and improved apparatus began to establish 
themselves the Home Office appointed a Committee to 
investigate the working of the regulations governing the 
use of electricity in mines—regulations which had been 
established in 1904—and to make suggestions for their 
improvement. Building upon the work of its predeces- 
sor this Committee recommended a revised code of 
regulations which in its results has been very success- 
ful. It was referred to in a recent paper before the 
Institution of Electrical Engineers as ‘“‘ the Reform Bill 
of Electricity in Mining so far as British practice is 
concerned.” This code was established at the mines 
in 1912 and it has undoubtedly assisted materially in 
attaining the present relatively satisfactory position. 

The work of Professor Thornton is directly applicable 
to the lighter apparatus in use below-ground, that is, to 
the cables and fittings for electric lighting circuits, 
to telephone and signalling apparatus and to all cables 
used in conjunction with such apparatus. It is now 
clear that greater risk attached to the use of apparatus 
of this character than was at first generally realised. 
The methods which have secured comparative immunity 
from accident with heavy-current machinery might 
clearly have been applied, though at considerable 
expense, to the lighter apparatus and this suggestion 
was seriously made,* but Professor Thornton’s con- 
clusions remove the need for the added expense whilst 
providing an improved technical solution of the 
problem. Briefly stated, Professor Thornton’s method 
has been the method of experiment and J may 
here attempt to summarize the general character of 
his investigation. He has examined the electrical 
ignition of gas alone and of coal-dust alone and of 
mixtures of the two, with direct-current of yaried 
voltage and with alternating-current of varied voltage 
and frequency. He has established the limiting 
electrical conditions under which ignition of coal-dust 
and firedamp may occur. His broad conclusions are 
that ignition by alternating-current arcs is more 
difficult than by direct-current up to about 1,000 volts, 
beyond which voltage they are much the same, and, 
as might have been anticipated, ignition, at low fre- 
quency is more difficult than ignition at high frequency. 
One important practical application of this series of 
experiments may be mentioned. At the standard 
periodicity of 50 cycles per second it requires a- current 
of 25 amperes in a 50-volt circuit to ignite a mixture of 
methane and air. A lighting circuit on a 50-period 
50-volt system could therefore be made to supply 
half-a-dozen lamps with an ample margin for safety 
under any set of conditions likely to be met with in 
practice below-ground.’ Such a result brings the 
effective lighting of in-bye roadways and even coal- 
faces within the ,xegion of early development, with 
important economic possibilities quite apart from 
improved safety conditions. 

In connection with his work on signalling apparatus 
Professor Thornton has been associated with Professor 
R. V. Wheeler of Sheffield University. Professor 
Thornton first indicated the general lines of successful 
approach to the Home Office, and he subsequently com- 
municated the results he had attained to the Institution 
of Mining Engineers. Meantime, in September, 1914, 
the Home Office appointed a committee, consisting of 
Professor Thornton and Professor Wheeler, and the 
author, to investigate the practical application of 
Professor Thornton’s research. The author was 
unavoidably prevented from continuing the investiga- 
tion, but Professor Wheeler and Professor Thornton 
submitted a report on the subject, which is a model 
from the point of view of a clean-cut and readily- 
understandable solution of the problem submitted for 
their consideration. 

The direct-current signalling bell used in mines is an 
improved form of the ordinary trembler bell with 
magnetically-operated make and break. Sparking 
occurs both at the point where the signal is made 
(either-by means of a push-switch, or by bringing 
together bare galvanised iron wirer running along the 
roadway), and at the trembler contact. Attention was 
forcibly directed to the danger of the sparks in signalling 
circuits at the inquiry following the Senghenydd disaster 
in October, 1913, and it was found that both sparks— 
that at the point where the signal is made, and that at 
the trembler bell—could ignite gas. What Professor 


* R. Nelson, “ Electricity: The Continuation of a 
short paper addressed to Colliery Managers,” Trans- 
actions of the Institution of Mining Engineers, 1914, 
vol. xlvii, p. 115. 

+ R. V. Wheeler and W. M. Thornton, Home Office 
Report on “ Electric Signalling with Bare Wires so far 
as regards the Danger of Ignition of Inflammable 
Gaseous Mixtures by the Break Spark at the Signal 
Wires ”’ (1916). 


Thornton proposed was to suppress the inductance 


voltage of every signal circuit at break by connecting 
across the ends of the magnet-winding a non-inductive 
resistance of value sufficiently low to act as a shunt. 
The magnitude of such a spark-damping resistance 
depends upon the inductance of the magnet-windings, 
but resistances from 10 to 20 times that of the coils are 
usual. Professor Thornton and Professor Wheeler 
showed that, so long as the pressure across the trembler 
contacts does not exceed 25 volts, a bell can be made to 
ting freely in the most explosive mixture of methane 
and air without any fear of igniting it. Another means 
of damping the spark at break is the use of a short- 
circuited winding connected in parallel with the coils. 
Alternating current bells have usually no make-and- 
break spark, but they have highly inductive windings, 
and the spark at the signalling point where the circuit 
is made and broken is dangerous unless suppressed. 
In this case the damping is effected by arranging 
between the wires a high resistance which is brought 
into circuit by a double contact whenever a signal is 
made. The net result is that ‘‘ safety bells’ are now 
available as well as safety Jamps. The practical out- 
come of the whole series of experiments is that: electric- 
lighting apparatus and cables, and signalling apparatus 
and cables, without armouring or any other form of 
protection, can now be specified so that inflammable 
gas shall not be ignited in any possible circumstances of 
their normal use. 

Earlier in this paper, the view has been expressed that 
in the present situation few, if any, fresh fields of re- 
search remain unprospected. Experience may suggest 
an adjustment here and there, but practically everything 
is known about the requirements of safety in connection 
with the different types of apparatus in present use, 
and that any research in the immediate future will, or 
can, disclose results comparable with those I have tried 
to outline is extremely unlikely. Professor Douglas 
Hay and Mr. I. C. F. Statham recently gave an interest- 
ing account of investigations carried out in the Mining 
Department of the University of Sheffield into the 
flame-proof design of casings for electrical apparatus.* 
All kinds of apparatus were submitted for test—motors, 
controllers, switches, coal-cutters, gate-end boxes, and 
cable joint-boxes—and Professor Hay and Mr. Statham 
in the end were able to report as follows : ‘ It is satis- 
factory to record that very few failures have occurred 
under test ; in fact, with one exception, such failures as 
there were took place under abnormal conditions 
imposed to determine the limits of safety, so that failure 
was anticipated.” 

Tt is not held that no unsatisfactory mining electrical 
plant is now offered for sale, but it can, I think, be said 
that electrical manufacturers have amply proved their 
readiness to meet requirements, if and when these are 
clearly expressed by the coal-mining industry. 

At the end of their paper Professor Hay and Mr. 
Statham sum up their views regarding the risk to be 
apprehended from the use of electrical mining apparatus 
at present available in these words: “* With the 
continued improvement in the standard of design and 
maintenance of electric plant, it is obvious that in the 
future the risk of danger arising from the installation 
and use of electricity will be almost negligible. Side by 
side with this advance, there is also a steady improve- 
ment in the standard of ventilation in mines, and a 
progressive diminution of risk from the presence of 
coal-dust. It must be believed that the risk of failure 
of apparatus coinciding with the presence of dangerous 
conditions due to fire-damp and coal-dust will be 
remote, and this fact must tend towards an increasing 
use of electricity underground.” I agree with them. 
The opportunity offered for future research with the 
object of securing greater safety in connection with the 
use of electricity in coal mines is at the moment almost 
non-existent. What is desirable. is that knowledge 
already gained should be everywhere applied. 


PortaBLeE X-Ray Equrement.—To render more con- 
venient the employment of X-ray apparatus for the 
examination of welded joints and manufactured objects, 
such as automobile parts, rubber tyres, aluminium- 
alloy castings, aircraft structural details, &c., a complete 
equipment for radiography designed by Professor A. M. 
Low and Mr. D. Douet, has been mounted on a motor- 
car so that it can be transported easily and rapidly from 
place to place. Power is supplied by an alternator 
located over the bonnet of the car and driven by chain 
from the engine crankshaft, the current being passed 
through a step-up transformer to a Coolidge tube. The 
control gear, and the developing apparatus for the radio- 
grams, are carried on the car, which thus forms a com- 
plete radiographic unit ; it is, of course, equally suitable 
for medical work. Full particulars of the system can 
be obtained from Mr. J. C. Wilson, of Messrs. Portable 
Radiographs, 11, Ruvigny-gardens, Putney, S.W. 


* Douglas Hay and I. C. F. Statham, “‘ Flameproof 
Design of Casings for Electrical Apparatus : An Account 
of Investigations carried out in the Mining Depart- 
ment of the University of Sheffield,” Transactions of the 
Institution of Mining Engineers, 1924, vol. Ixvii. 


CATALOGUES. 


Electric Fans.—A priced list of small electric fans for 
ventilating rooms in offices, factories, &c., is to hand from 
Messrs. Veritys, Limited, Aston, Birmingham. 


Shears.—Mr. Henry Pels, 40, Great Marlborough- 
street, London, W. 1, has sent us a catalogue of shears. 
in various sizes for the cold cutting of rounds up to 8 in. 
diameter. 


Small Electric Motor.—A small electric motor weighing 
about 7 lb. and developing about zy h.p. is illustrated in 
a catalogue received from the Metropolitan - Vickers 
Electrical Company, Limited, Trafford-park, Man- 
chester. 


Ball Bearings—A range of ball bearings and roller 
bearings is listed, with particulars of sizes, loads, 
weights and prices, in a catalogue issued by the §.R.O. 
Ball Bearing Company, 115, Southwark-street, London, 
8.E.1. 


Anti-Friction Metal.—A catalogue of ‘‘ Eel” brand 
anti-friction metal for bearings, received from the makers, 
Messrs. Thermit, Limited, 155, Church-road, Battersea, 
London, §.W. 11, contains figures of hardness and running 
tests, and directions for casting. 


Chemical Works Machinery.—Messrs. Manlove, Alliott 
and Co., Limited, Nottingham, have sent us a card 
illustrating some of the pressses, evaporators, dryers. 
and other machines produced by them for the chemical 
and allied manufacturing industries. 


Bearings.—Messrs. Hyatt, Limited, 56, Victoria-street,. 
London, 8.W.1, have issued two leaf catalogues showing 
their designs for toothed gear bearings, comprising axle. 
bearings for worm, bevel, pinion and lay shafts, and 
internal bearings for compound and idler gears running 
on fixed shafts. 


Sawing Machines—A number of sawing machines 
with single and multiple blades are illustrated in some 
leaflets received from Messrs. Charles Wicksteed and Co., 
Limited, Stamford-road, Kettering. Centreing and bar- 
straightening machines, and tools fer cutting and working 
boiler tubes, are also shown. 


Boiler Mountings, &c.—A catalogue prepared for the. 
British Empire Exhibition, and containing views of their 
works and particulars of high-pressure steam valves, 
safety valves, water gauges, steam pressure gauges, 
draught gauges, stop valves, reducing valves and mine- 
signal indicators, is to hand from Messrs. J. Hopkinson 
and Co., Limited, Huddersfield. 


Thermometers.—A catalogue of thermometers with 
dials on which the temperature is indicated by a hand 
moved by a Bourdon tube has come to hand from the 
Cambridge Instrument Company, Limited, 45, Grosvenor- 
place, London, 8.W.1. The instruments are made in 
eight calibrations up to 550 deg. F., and with a variety 
of flange and screwed connections. 


Electric Motors.—An illustrated descriptive catalogue. 
of induction motors up to 22 h.p. at 1,500 r.p.m., with 
tables of dimensions and of outputs at various speeds, , 
is to hand from the A.C.E.C. Company, of Brussels, 
whose London office is at 56, Victoria-street, S.W.1.. 
We understand that, at the company’s Brussels works, 
a production of these machines exceeding 1,000 a month. 
has been attained. 


Refrigerating Machinery.—A catalogue received from 
Messrs, Peter Brotherhood, Limited, Peterborough, | 
contains a simple statement of the principles of the 
mechanical production of cold together with a deétailed 
explanation of the machinery made by the firm for re- 
frigerating, and also of some of the processes employed in 
the various industrial applications. Messrs, Brotherhood. 
manufacture all the necessary plant, and will furnish. 
particulars for any specific industrial installation on 
application. 


Automatic Regulators.—The Steam Fittings Company, 
Limited, West Drayton, Middlesex, have issued two» 
leaf catalogues showing some useful devices for the. 
automatic regulation, by gas, water, oil, air or steam 
pressure, of valves, switches, dampers, &¢c., and suitable. 
for working at distances up to 150 ft. Temperature 
regulators, and a fitting for geysers which shuts off the 
gas automatically when the water is turned off by hand 
and prevents the gas from being lighted until the water 
has been turned on, are also dealt with. 


Oil Engines —The medium-power oil engines made- 
by Messrs. Tangyes, Limited, Birmingham, are illus- 
trated and described in a catalogue recently to hand. 
from that firm. The engines are of the cold-starting type, 
governed by variable admission of fuel, and normally 
consume residual or refined oils, but may be arranged for: 
running on tar oils, alcohol, &c. They can also be 
made to consume liquid or gaseous fuels interchange- 
ably. The lists of standard sizes give particulars of 
13 single-cylinder engines ranging from 18 brake horse- 
power to 125 brake horse-power, and 11 coupled engines. 
developing from 50 brake horse-power to 250 brake 
horse-power. All the engines listed can be supplied 
specially arranged for driving generators for electric 
lighting: 


CuristcHURCH Pumping Puant TENDERS.—A call: 
for tenders has been published in connection with the 
Christchurch (New Zealand) installation of electrically- 
driven pumping plants. Tenders close at noon on October’ 
21. United Kingdom firms in a position to supply British 
manufactured plant can obtain further particulars regard-. 
ing this call for tenders on application to the Department- 
of Overseas Trade, 35, Old Queen-street, London, S.W.1, . 
quoting reference A.X. 1220. 
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THE WORK OF THE FATIGUE PANEL OF 
THE AERONAUTICAL RESEARCH COM- 
MITTEE.* 


By Professor C. F. Jenkin, C.B.E., M.A. 


SHORTLY after the war, the Aeronautical Research 
Committee appointed a panel to investigate the problem 
of fatigue in metals. It.is not intended in this paper 

to give a complete account of the work done by that 

panel, but to describe the nature of the problem it is 
endeavouring to solve and the various lines of investi- 
gation which are being followed. The problem is not 
. yet solved; the many interesting facts which have 
been discovered have upset the theories from time to 
time suggested without, at present, giving any certain 
guide as to where the true solution lies. 

The main problem with which the panel is dealing 
may be stated in a series of questions :—Why does it 
require a large number of alternations of strain to cause 
a fatigue fracture ? Does this failure originate within 
a crystal or between the crystals; if within a crystal, 
does it begin in the middle or at a boundary? Does 
the failure occur in tension, or by shearing ? How is 
the plane of the initial failure related to the axes of the 
principal stresses and to the crystal lattice (if it occurs 
within a crystal)? How is fatigue failure connected 
with hysteresis in elasticity ? Till these fundamental 
questions are answered there exists no theoretical 
basis to guide us in the more practical problems, such 
as the methods by which the fatigue limit can be 
raised or the strength of over-fatigued metal restored, 
or to suggest how better alloys can be made. 

One of the first questions dealt with by the Panel 
was the standardisation of nomenclature. This led to 
the clarification of our ideas and to the realisation of 
the importance of keeping a clear distinction between 
stress and strain. It is common practice to reduce 
measured strains in rather an arbitrary manner to 
' corresponding stresses. Dr. Griffith pointed out 
serious errors which arise from this practice, and called 
attention to the fact that some fatigue machines really 
test the sample at defined stresses and some at defined 
strains and that the results may be expected to differ, 
which has since been confirmed experimentally. The 
panel now quotes fatigue limits in terms of strain rather 
than stress in many cases. ‘Two initial difficulties 
have been overcome. There is no longer any need to 
doubt the reality of a finite fatigue limit. The results 
of early experiments gave no certain indication that 
the fatigue limit might not decrease continuously with 
the increase in the number of alternation of stress, but 
the recent long duration tests made in America and 
England leave little doubt on this point, and the fact 
that the metal is actually stronger (i.e., has a higher 
fatigue limit) after a long test than it had at the beginn- 
ing appears to clinch the matter. Again, the manner in 
which an initial microscopic failure spreads across the 
test piece has been fully explained mathematically by 
Mr. Southwell, so that the only problem to be solved is 
how the initial failure starts. Southwell’s theory has 
been experimentally confirmed at the National Physical 
Laboratory by tests on samples with very small holes 
drilled in them to represent initial fatigue failures. 

One of the practical difficulties in studying fatigue is 
that it takes such a long time to determine a fatigue 
limit. A single test, when run at the ordinary speed of 
2,000 alternations per minute, requires 34 days con- 
tinuous running, and as 4 or 5 tests are needed to fix 
the limit the test may last a fortnight, though, with 
experience, this time may be reduced considerably. 
Search was, therefore, made for quicker methods of 
finding the limit. A successful method was found by 
Mr. Gough at the N.P.L. It consists in finding the 
limit of proportionality for a rotating test piece 
(Woehler), i.c., the stress at which the deflection of the 
rotating test piece ceases to be proportional to the load. 
A mirror is fixed on the end of the Woehler test piece 
and accurately adjusted so that its plane is normal to 
the axis of rotation. A telescope and scale fixed in 
front of the mirror, and ata considerable distance from 
it, enable the deflections to be accurately observed. 
Gough found that the limit of proportionality deter- 
mined in this way corresponded very closely with the 
fatigue limit determined by long runs in the ordinary 
way. The whole test can be completed in an hour, 
on a single test piece. Subsequent investigations, how- 
ever, have shown that this test does not always give 
true results. : gs 

Another method of quickly finding the fatigue limit 
was then investigated. Hopkinson had pointed out 
that there should be rapid rise of temperature of the 
test piece when the fatigue limit was passed owing to 
hysteresis, so Mr. Gough, Professor Haigh and 
Dr. Griffith made experiments on these lines. The 
results were quite unexpected. It was found -by 
Haigh, when nickel was tested in this way, that there 
were a series of “heat bursts,” or sudden evolutions 
of heat which rapidly died away again, as the load 


* Read before Section G of the British Association at 
_ Toronto on August 11, 1924. 


was steadily increased. The same phenomenon 
was afterwards observed with other metals, ¢.g., 
in hard steels, though not so strongly marked. Griffith 
found that in Armco iron heat was generated at quite 
low stresses, and that there was no marked increase 
when the fatigue limit was passed. Gough also found 
that the heat generated gave no clear indication of the 
fatigue limit. These results confirmed earlier tests 
by Rowlett, who had shown that there was elastic 
hysteresis at quite low stresses. Griffith’s method of test- 
ing is particularly elegant, as it enables him to photo- 
graph the load strain hysteresis loops while running the 
test and simultaneously to measure the heat generated. 

A third investigation, on somewhat similar lines, has 
been made by Professor Mason, though with a rather 
different object. Mason measured the amount of 
work being put into the Woehler test piece by an 
extension of Gough’s method of measuring the 
deflection. If work is being put into the test piece, 
its deflection will not be exactly vertical, but slightly 
to one side. The sideways deflection measures the 
arm of the couple doing work on the specimen. Mason 
measured this sideways deflection. His results confirm 
the fact that there is no sudden change in the work 
being done on the test piece at the fatigue limit. No 
general method has so far been found for quickly 
finding the fatigue limit, though Gough’s method can 
be used successfully in many cases and the high-speed 
tests referred to later require only about an hour each. 

Whilst experimenting with Gough’s mirror apparatus, 
Professor Lea found that the limit of proportionality 
could be raised (some 30 per cent. in his samples) 
by removing the load and then re-applying a slightly 
larger load. He showed that this change represented 
a real raising of the fatigue limit. Gough has extended 
these experiments and has succeeded, by a slightly 
different procedure, in raising the fatigue limit still 
further. It appears that the metal is hardened in 
some way by fatigue, if the strain is not excessive. 
This fact has also been demonstrated by Dr. Aitchison, 
who showed that the Brinell tests were higher on metal 
that had been fatigued. The action, at first sight, 
appears to be somewhat analogous to the strengthening 
of metal by cold work, but it must be remembered 
that in the fatigue tests the dimensions of the test 
piece are unaltered, and there is nothing analogous to 
the rolling down or wire-drawing process used in 
applying cold work. <A possible explanation of the 
hardening produced by fatigue is given in Gough and 
Hanson’s paper referred to later. 

Numerous failures in aeroplane engine parts had 
drawn attention during the war to the importance of 
concentrations of stress at fillets, screw threads, oil 
holes and other parts where sudden changes of shape 
occurred, and theory appeared to indicate that under 
alternating stresses fatigue failures ought to occur at 
such points when the mean stresses in the neighbour- 
ing metal was far below the fatigue limit. There 
appeared to be no reason why such failures should not 
occur even though the sharp corners were very minute ; 
in fact, scratches of microscopic dimensions might 
start fatigue cracks, which, once started, must spread. 
An investigation of this problem was therefore made 
in my laboratory by Mr. Thomas. Scratches were 
made by diamond points and by very finely ground 
steel tools; their shapes were accurately determined 
by making gelatine casts of the scratches and then 
cutting microtome sections of the gelatine and photo- 
graphing them under the microscope. As a result it 
was found that the weakening effect of the sharpest 
scratches did not exceed 30 per cent.—a sufficiently 
serious reduction of strength though far less than 
theory had suggested. By comparing the shapes of 
the scratches made by files and emery, an estimate was 
made of the effect of various styles of machine finish 
on the strength of the metal. 

Another series of investigations bears on this sub- 
ject. Taylor and Griffith have shown how to find the 
stresses in a shaft with a keyway cut in it by their 
elegant soap-film method. Tests to confirm this 
theory have been made at the N.P.L. and show good 
agreement with the theory. But the effect of the key- 
way in weakening the shaft when subjected to alter- 
nating torque is not nearly so great as theory would 
indicate, when account is taken of the sharp corners 
at the bottom of the keyway. The effect of the con- 
centration of stress at these corners is of the same 
order as was found for the scratches. Various explana- 
tions of the discrepancy between the theory and the 
experiments have been offered, but the matter is not 
yet fully explained. 

While facts were being accumulated in these ways, 
theoretical explanations of -the nature of fatigue 
failures were being sought for. The author elaborated 
a theory based on Ewing and Humfrey’s work which 
showed that the failures originated by the backwards 
and forwards slipping of two parts in an over-stressed 
crystal. It was shown that all the known facts could 
be explained by a very simple model, and the close- 
ness with which the model reproduced large numbers of 
experimental results was remarkable. Several new 


phenomena were foretold which were subsequently 
verified by experiment, and it seemed that the funda- 
mental problem had been solved. But this expecta- 
tion did not Jast long. Griffith showed that Armco 
iron possessed properties which were inconsistent with 
the theory. He found that in Armco iron the fatigue 
limit is considerably higher than the yield point—a 
very puzzling fact. Another investigation made by 
Gough and Hanson at the N.P.L. on the production of 
slip bands proved that, so far as could be seen, slip 
bands did not allow backwards and forward motion— 
but were produced by motion in one direction only. 
This negatived Ewing and Humfrey’s explanation and 
brought down my theory which was based on it. 

Hopkinson showed, many years ago, that metals were 
elastic up to their ultimate strength if the load was 
applied quickly enough, and suggested that the fatigue 
strength would also go up if the rate of alternation were 
increased. To test this hypothesis, I have carried out 
tests at periodicities varying from 50 to 2,000 periods 
per second (i.e. 120,000 per minute), and find that the 
fatigue limit does rise with the increased periodicity. 
This result has an important bearing on the theory of 
fatigue failure, for it means that distortion requires time 
—some action like viscosity or phase change must be in- 
volved in the very small strains which accompany 
fatigue failure. Griffith has suggested that fatigue 
failure is really a manifestation of phase changes occurr- 
ing in the individual crystals. He suggests that there 
may be several phases within one crystal—not dis- 
tinguishable by changes of the lattice frame. This 
theory is not fully worked out yet, but he has already 
brought forward much evidence in favour of it. He 
has worked out a new method of etching which reveals 
an internal structure in the crystals which is consistent 
with the theory. The rise of the fatigue limit with 
periodicity just referred to is explained by this theory. 

Professor Haigh, though he does not offer any de- 
tailed theory of fatigue, considers that the problem 
should be dealt with on a dynamical basis with the help 
of the laws of thermodynamics, and has collected much 
evidence that is very suggestive. Theories based on 
the amorphous cement theory have been much dis- 
cussed and have many supporters, notably Dr. Rosen- 
hain, but, so far, no complete explanation based on this 
theory has been worked out. Professor Lea has made 
fatigue tests at high temperatures and has shown that 
the fatigue limit of steel rises some 25 per cent. at tem- 
perature of 400 deg. C. Haigh has obtained similar 
results with cast iron. Annealing at quite moderate 
temperatures has been shown to modify the behaviour 
of steel under fatigue—for example, if stress-strain 
curves are plotted by Gough’s method it is found that 
overloading the sample lowers the limit of proportiona- 
lity (rotating) and that boiling the over-fatigued sample 
in water raises the limit far above its original value. 
These limits of proportionality, however, do not any 
longer coincide with the true fatigue limit. The mean- 
ing of these results is doubtful. 

An important investigation into the strength of 
springs—which is, of course, a fatigue problem—has 
been begun by Lea, who has already arrived at some 
results. This work has now been transferred to another 
panel which is dealing exclusively with springs. Dr. 
Aitchison has investigated a practical problem of some 
importance on the effect of improper heat treatment on 
the fatigue limit of certain steels. He is also just 
completing an investigation of the effect of the direction 
of the grain in steel (as shown by its macrostructure) 
on its fatiguelimit. A great deal of work has been done 
recently on the Continent and in England on the changes 
in the lattice structure of crystals, which takes place 
when the metalis cold worked. G. I. Taylor’s Bakerian 
lecture on the distortion of a single crystal of aluminium 
has given rise to great hopes that X-ray analysis of 
crystal structure may throw much light on the nature 
of fatigue, and fatigue tests on single crystals of alu- 
minium are now being made at the N.P.L. with the 
co-operation of Professor Carpenter and Miss Elam. 
Tf the metal consists of an aggregate of crystals and 
amorphous cement, it seems necessary to investigate the 
fatigue of amorphous material as well as of single 
crystals. Experiments on vitreous silica are being 
made by Griffith, and I have made tests on sealing wax 
and am about to test synthetic resin (Bakelite), These 
researches are not sufficiently advanced yet to enable 
any conclusions to be drawn from the results. It does 
not seem possible to push our investigations closer to 
the ultimate constitution of the metal. 

The problem is fascinating—who will find the ans- 
wer? Will one of our hosts on this side of the water 
speak the. word that will set all these diverse pheno- 
mena in orderly array ? 


TRAMWAY TRAFFIC RecEIPTs.—Officia! returns of 34 
of the principal tramway undertakings in the United 
Kingdom, as published by The Tramway and Railway 
World, give the total receipts, for the week ending July 19, 
of 343,9271., or 9,532/. more than was received for the 
corresponding week of last:year. This means an increase 
of 41. 17s. 10d. per mile of track open. 
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of the communicators are given in italics. 

‘Copies of Specifications may be obtained at the Patent Office, Sales 


Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
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Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GUNS AND EXPLOSIVES. 


212,980. Sir W. G. Armstrong, Whitworth and Co., 
Limited, Newcastle-on-Tyne, and R. Morrison, Newcastle- 
on-Tyne Sighting Devices for Director Firing. (2 Jigs.) 
December 18, 1922.—The invention relates to fire-control 
apparatus in which differential gear is employed to add to, or 
subtract from, the amount of movement corresponding to any 
particular range-setting, the amount of movement corresponding 
to the displacement of the layers, telescopic or other sight, 
in keeping on the target, the added movements being conveyed 
to out-stations by a transmitter. In a director sight constructed 
according to one feature of the invention, the transmitter is 
connected to one element of a differential gear and range-setting 
mechanism to a second element of the differential gear, while 
the director sight is connected to the third element of the 
differential gear through irreversible gearing, such as a worm 
and worm wheel. According to another feature of the invention, 
one bevel wheel of a differential gear is actuated by the range- 
setter or is automatically controlled from a range-finding or other 
position. The other bevel wheel of the differential gear actuates 
means for transmitting movement to an indicating dial at 
out-stations, and the director sight is connected, preferably 
through irreversible gearing, to the spider or cage carrying the 
bevel pinions. 1 is a pedestal, 2 is a range pointer actuated 
in a known manner from an outside control station by means 
of a step-by-step motor. 3 is a ring having a scale 4 thereon 
and connected by gearing to a handwheel 5, which is actuated 
by the range-setter, who keeps the index 4 opposite to the 
pointer 2. 6 is an arm which is connected to the ring 3 and has 


fast on it a bevel wheel 7 forming part of a differential gear 
and rotatably mounted on a shaft 8 in a casing 9. The bevel: 
wheel 7 is in mesh with pinions 10, which, in turn, are in mesh 
with the second bevel wheel 11 of the differential gear, which 
bevel is also rotatably mounted on the shaft 8. The pinions 10 
are carried by a spider 12, which is rotatably mounted on 
a sleeve or prolongation lla of the bevel wheel 11. 13 is a 
worm wheel fast on the spider 12. 14 is a telescope support 
keyed to a sleeve or prolongation 12a of the spider 12. The 
worm wheel 13 is in mesh with a worm 15 which can be rotated 
by the layer through a handwheel 16. 17 is a gear wheel fast 
on the sleeve lla. In operation, when range is received from 
an outside control station, the pointer 2 is rotated. The range- 
setter, by turning the handwheel 5, keeps the index 4 on the 
ring 3 opposite to the pointer 2. In so doing, the bevel wheel 7 
is also rotated through the arm 6 which transmits movements 
through the differential gear to the gear wheel 17 and conse- 
quently to the switch 18, which latter transmits to receiving 
instruments at the out-stations, movements corre:ponding to 
the elevation required by the gun for that range. During this 
operation, no angular movement is given to the telescope support 
14 about theshaft 8 When the layer rotates the handwheel 16 
to keep the telescope on the target, the worm wheel 13 and 
spider 12 connected thereto are rotated. The spider through 
the pinions causes the rotation of the bevel wheel 11. and conse- 
quently effects a rotation of the transmitting switch 18, which 
latter transmits to receiving instruments at the gun a vertical 
angular movement corresponding to the angular movement of 
the telescope. (Sealed.) 


LIFTING AND HAULING APPLIANCES, 


213,115. H. J. Toogood, Elland, and Robert Dempster 
and Sons, Limited, Elland. Gravity Bucket Conveyors. 
(3 Figs.) March 22, 1923—The invention relates to a. non- 
spilling gravity bucket conveyor, and according to the inven- 
tion, the space between each two adjacent buckets is closed by 
a member which is maintained in a state of suspension between 
the main chains of the conveyor insuch manner that it can move 
laterally in any direction of movement of the chains. A indi- 
cates the buckets and B the endless chains which carry them. 
Each closing device comprises a tube or hollow cylinder C through 
which each rod 6, which connects the two endless chains B 


together, passes. The tube is made sufficiently large in diameter 
to close the space between two adjacent buckets and it can 
move in a lateral direction if required when the buckets are 
travelling around.a curved path so that it will not bind upon 
them and interfere with their movement under the action of 
gravity. The tilting or righting device comprises a spring sup- 
ported block placed at a suitable angle and having its face 
hollowed out to correspond to the path described by the 
buckets A as they travel in orthodox manner around a curve. 
As long as the buckets keep level when rounding the curve they 
just clear the hollow face, but in the rare event of their becoming 
tilted before they arrive at the righting device the buckets are so 
proportioned that their bottom portions engage the latter, with the 


result that the buckets are restored to a level condition as they 
pass over the concave surface of the righting device and thus 
none of the contents are spilled. The block may be con- 
structed from wood and is carried by bolts which may make a 
sliding fit in a metal block carried by one or more angle irons, 
or other supporting members, compression springs being inter- 
posed between the wood and metal blocks. The conveyor may 
be fed with material by means of an ordinary shoot. The 
buckets are discharged in known manner by cams on the ends 
of the buckets which engage a trigger arranged where desired 
along the path of conveyor. These cams are so designed as 
to upend the bucket and right the same in a relatively gentle and 
noiseless manner. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


212,691. C. D. Andrew, Buxton, and Sir W. G. Arm- 
strong, Whitworth and Co., Limited, Newcastle-on- 
Tyne. Boring and Turning Mills. (2 Figs.) January 18, 
1923.—The invention relates to machines of the type wherein 
the work, such as a steel railway tyre, is mounted for rotation 
whilst a plurality of tools and tool holders enter the tyre to 
perform the required sequence of operations, such as rough and 
finish boring and recessing or grooving. A Cross stay a, carried 
by the lower end of the screwed pillar b by which its vertical 
position is adjusted and determined, is adapted to be secured, 
when in the position desired, to the usual uprights ¢ carrying 
te ordinary cross slide d. The screwed pillar 6 is carried in 
te saddle e upon the cross slide d, By turning the pillar 6 


in the saddle e, after the stay a has been released from the columns 
ce, the stay can be raised or lowered. The cross stay a carries 
two tool slides g, h, the one g carrying a roughing tool i for the 
recessing operation, and the other / a finishing tool j for the same 
operation. ach of the slides g, h has a cam greove k, m therein, 
into which enters a pin, n, 0 with a roller thereon carried by the 
ordinary tool holders py, qg of the boring mill. With the con- 
struction described, when the boring tools have performéd a 
portion of the boring operation, the rollers on the pins n, o enter 
the inclined portions of the cam grooves k, m and impart outward 
or feed movements to the recessing tools. When the parts 
n, 0 are Clear of the cam grooves k, m, the slides g, h may be 
(Seulany to their’out-of-service positions by springs (not shown). 
Seated, F 


MINING, METALLURGY AND METAL WORKING. 


213,027. W. Jones, Swansea. Flattening, Stretching 
and Straightening Sheets. (3 Figs.) January 4, 1923.— 
The invention relates to a machine for flattening, stretching 
and straightening sheets and plates. According to the inyen- 
tion, the machine comprises a power-driven hammer and anvil 
on which the plate or sheet is flattened, and feed and delivery 
rolls by means of which the plate or sheet is moved through 
the machine. The machine comprises (inter alia) a base plate 
1 and two main frames 2 bolted to the base plate. In the 
lower part of the machine a main driving shaft 4 is journalled 
on the base plate 1. At one end, the shaft is provided with a 
pinion 24 engaging with gear wheels 25, 26 on subsidiary shafts 
27, 28, The shafts 27, 28 are provided with cranks 8, which carry 
connecting rods 9 pivoted to forked-erd rods 10, which pass 
through ears or lugs 11 provided on the hammer 12. The hammer 
slides in guides between the main frames 2 The anvil or die 
17 is mounted on a resilient bed to deaden shocks. At each end 
of the main frames 2 are mounted brackets 19 in which feed 
rolls 20 and delivery rolls 21, respectively, are journalled. The 


pressure between the rolls is adjusted by springs 22 and adjust- 
ing screws 23 and the line of contact of the rolls is, of course, 
level with the surface of the anvil 17. For driving the rolls, 
the following gearing is preferably provided. The subsidiary 


(2/3,027) 


shafts 27, 28 carry gear pinions 29, 30, respectively, which drive 


by chains 33 similar gear pinions 31, 32 on the spindles of the 
lower rolls of the pairs of rolls 21, 20, respectively. For driving 


the top rolls, inter-engaging gear pinions 34, 35 are 


rovided 
on the roll spindles at the other ends of the rolls. & 


Sealed.) , 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


209,940. H. E. Yarrow, Scotstoun, near Glasgow. © 
Steam Re-heaters. (4 Figs.) January 11, 1923.—The inyen- 
tion relates to devices for re-heating steam between successive 
stages of expansion in a steam turbine, of the kind in which the 
re-heater is interposed in the path of hot gases, which can be — 
diverted or deflected along another path by means of a damper. 
According to the invention, a damper controlling the flow of the 
hot furnace gases amongst the re-heater tubes is held in the open. 
position, in which the furnace gases pass freely, by means of a 
latch which, through suitable linkage actuated by a thermostatic 
device, is tripped to release the damper, which then grayita- 
tionally assumes another position in which the flow of ce 
gases amongst the re-heater tubes is diverted completely or to a 
definite extent. A represents the furnace grate, B the steam 
generating tubes, C the re-heater tubes, D the steam and water — 
drum, and F the re-heater drum. The furnace gases normally 7 
in divided streams around both sides of the steam drum D, one 
stream traversing the superheater tubes G and the generator 

“% 


tubes B on the left side of the furnace, and the other stream 
traversing the re-heater tubes C and the generator tubes B on the 
right side of the furnace. A damper I provided on the re-heater 
side, and normally open, as shown in full lines, is arranged to be 
closed automatically when the temperature of the re-heater reaches 
the limit of safety. ‘The damper I has a counterweight J, which 
is normally held in an elevated position by a latch K, but when 
this latch is tripped, the counterweight drops and brings the dam- 
per I into the position shown in dotted lines, in which the uptake 
on the re-heater side of the furnace is closed and the gases which 
would otherwise traverse the tubes on that side pass to the uptake 
on the other side of the boiler. The latch may be tripped by 
means of a thermostatic device of known character. depending 
upon the differential expansion of two rods L, M, one of which may 
be of the alloy known as Invar, which has a low coefficient of 
expansion, while the other may be of copper or other metal or 
alloy having a comparatively high coefficient. of expansion. 
These rods are so disposed that they assume the temperature of 
the re-hgater tubes or of the re-heated steam. (Sealed.) 
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THE FREE DISCHARGE OF LARGE 
VOLUMES OF WATER. 


WHEN releasing deep impounded waters, or 


discharging high-pressure water freely into the air, | 


two important considerations arise. On account 
of the large amount of energy released under such 
circumstances, which has in some way or other to 
be absorbed, there is great danger of causing destruc- 
tion to banks, channel beds, or dam foundations in 
the neighbourhood of such outlets. In cases where 
the outlet is controlled by some form of sluice 
valve, operation at partial opening is often necessary, 
resulting almost invariably in serious erosion of the 
metal parts of the sluice. It may be recalled that 
attention was drawn to these points in a paper 
entitled “Improvements in Mechanical Contri- 
vances in Connection with the Storage and Dis- 
tribution of Water,” read by Mr. E. Bruce Ball, of 
Messrs. Glenfield and Kennedy, Limited, before the 
Institution of Mechanical Engineers, at its summer 
meeting held in Glasgow in 1923.* In this paper 
Mr. Bruce Ball referred to an appliance designed to 
effect the delivery of high-pressure water, under the 
conditions mentioned above, and gave an hydraulic 
diagram explanatory of the purpose in view, as 
well as an example of sluice-valve erosion. The 
apparatus described by Mr. Bruce Ball involves the 
creation, at the outlet of the jet, of a free vortex, the 
effect of which upon release at the mouth of the 
yalve, is to cause the jet to break up into an immense 
number of small drops, which are cushioned against 
the air, and fall on to the surface of the stilling 
basin, the destructive energy of the jet being entirely 
dissipated. 

The outlet to the Cray Reservoir of the Swansea 
Corporation Waterworks presented a discharge 


Fig. 3. View SHowine Jet DISPERSER 
DIscHARGING INTO OUTLET PooL. 


problem of the character under consideration, and the 
possibility of improving the conditions resulted some 
time ago in Mr. G. R. Collinson, B.Sc., M.Inst.C.E., 
then water engineer and manager at Swansea, 


conducting some experiments, the ‘results of which | 


Mr. Collinson has lately placed in our hands. The | 
outlet to the Cray Reservoir is controlled by two 
36-in. sluice valves in series, which had never been 
fully opened since their installation. On the single | 
occasion when the valves were opened as much as 
14 in. a hole was washed in the opposite bank 80 ft. 


away over the top of a retaining wall 8 ft. high. | 


Subsequently the valves were not opened more than 
6 or 7 in. Jet-dispersers of the free-vortex type 
above referred to, supplied by Messrs. Glenfield and 
Kennedy, were fitted in turn to the outlet, and their 
behaviour under test is illustrated in the accompany- 
ing figures. Of these, Figs. 1 and 2 show the 


* See ENGINEERING, Vol. exvi, page 31. 


hydraulic conditions, Fig. 3 shows one of the jets 
delivering into the outlet pool, while Fig. 4 is a 
near view of the jet showing the spiral form 
| acquired by the stream of water. 

It was found possible with this apparatus to open 
the sluice valves to their full extent. One disperser 


Fig.1. 
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Fia. 4. Near View SHowine SprraL Form 
oF DISCHARGE FROM JET DISPERSER. 


passed about 335 tons of water per minute under 
a head of nearly 85 ft. This amount of water was 
dropped over an area of 835 sq. ft. on to the surface 


hardly any disturbance in the pool and without the 
| slightest risk of damage to the surroundings. The 
water is emitted under these conditions as a solid 
jet with a velocity of nearly 64 ft. per second. 
| Before escaping it has imparted to it a free-vortex 
motion, the centre of which rotates more quickly 
than the periphery. After release the centre water 
takes a more divergent course than the outer water, 
so that the whole body is a mass of interlacing 
filaments and is shattered into millions of tiny 
globules or rain-drops. These drops at their high 
initial velocity are subject to very great air resis- 
tance, and they eventually fall harmlessly over an 
area many times greater than that of a solid jet 
delivering the same volume. 

Taking the average size of the drops as } 


in. in 


diameter, something like 345,000,000 drops would 
be formed per second. The dispersion area is an 
approximate ellipse 56 ft. by 19 ft., with a surface 
of 835 sq. ft. This is 216 times the area of the solid 
escaping jet, the disperser being 24 in. in diameter. 
Allowing equal spacing and air gaps the average 
number of drops per square foot would be 413,000 
per second, and their average vertical velocity at 
the water surface rather less than 1 ft. per second. 
The apex angle at the disperser is 32 deg. There 
was no contraction of the escaping jet at the outlet. 
The diagram shows that 1,750 shock horse-power 
at the outlet were completely dissipated at the 
water surface. 

In Figs. 1 and 2 the hydraulic gradient is shown 
to a scale corresponding to that of the dam. The 
virtual gradient is to a similar scale but is measured 
from the down-stream water level. The energy 
present is 22-68 times the ordinate of the virtual 
head graph. 

In the Cray reservoir experiments the disperser 
proved successful in overcoming the difficult problem 
of safely releasing large volumes of high-pressure 
water freely to the atmosphere. Incidentally the 
very thorough aeration of the previously stagnant 
impounded water is a valuable feature of the 
disperser action so far as waterworks practice is 
concerned. 


THE MACHINERY OF THE COTTON 
MILL AT THE BRITISH EMPIRE 
EXHIBITION. 


(Concluded from page 91.) 


Arter doubling, the corded and combed spun 
cotton yarns still show projecting ends of fibres 
when viewed in a good light, and these increase the 
diameter of the yarn and make it coarse without 
giving strength to it. Singeing or gassing is used for 
the removal of these loose projections, and adds 
greatly to the delicacy and fineness of the appearance 
of the yarn and of the material produced from it. The 
process consists in passing the yarns very rapidly 
through a hot gas flame. A speed is used which is 
just sufficient for the removal of the projecting 
ends, but is too great to permit the burning of the 
body of the yarn. Another process that is used 
to obtain suitable yarns for lace making and other 
special purposes is known as preparing. It is a 
calendering process performed on the yarn in hank 
form with very heavily weighted calender bowls. 
By it the roundness of the yarn is diminished and a 
lustrous or polished appearance is obtained. Before 
being passed on to the looms for weaving the yarn 
intended for the warp threads, that is to say, those 

that run the length of the cloth are sized to give 

them additional strength to meet the conditions 
found in weaving as well as to give them a certain 
polish. The percentage of the added weight of 
size to that of the original yarn varies most exten- 
sively, but in some classes of goods, for example, 
those which will be subjected to the processes of 
bleaching, dyeing or mercerising, only the amount 
necessary to ensure successful weaving is required, 
which for other classes much excess of this are used. 
The materials employed are flour, farina, China 
clay, paraffin wax, tallow, magnesium sulphate and 
chloride sodium sulphate and zine chloride. 

Weaving is the process by which the threads made 
up of cotton fibres are so interlaced with one another 
as to form cloth. Two sets of threads are requisite, 
the warp ones, already referred to as those which 


of the shallow outlet pool barely 2 ft. deep, with|run the length of the fabric, and the weft ones 


which run across the cloth or at right angles to the 
warp. For the purposes of weaving, whatever 
machinery is used must be capable of repeating 
successively the shed or separation, by lifting or 
lowering, of some of the threads from the total 
quantity, the carrying of the weft thread through 
between them and finally bearing-up this thread to 
join the body of the fabric. The loom must perform 
these three actions as well as take up the cloth 
produced and wind it on a roll. The customary 
provision in textile machines of mechanism to stop 
the operations on the breakage of a thread is also 
essential for the avoidance of waste of time and 
material. 

In the old hand loom for weaving plain cloth 
the shed was made by the weaver operating treadlies, 
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TEXTILE MACHINERY AT THE BRITISH 


Fig. 26. 


Unperpick Loom with Dogppy; Mezssrs. RICHARDSON, TUER 


AND Co., Limitep, FARNWORTH. 
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the levers from which were so connected that when 
one was lifted the other was depressed. By the 
alternate movements of the treadles the separation 
of the threads in the process of shedding was 
carried on continuously. The weft thread was then 
passed between them as the shuttle from which it 
was obtained was thrown across the loom from 
one side to the other. Hand looms are now entirely 
out of use in the cotton trade, and the old processes 
performed by them are now done much more 
quickly in power-driven machines. In addition to 


Messrs. Lupron anp Puacr, Limitep, BURNLEY. 


the advantage of speed modern looms are capable 
of performing much more complicated work. Many 
different types of device are in use for the perform- 
ance of the shedding process, which either raise 
one set of threads and leave the others in their old 
position, or give a rise to the one set and a fall 
to the others. The actual movement is effected 
by the use of healds which are loops of twine with 
or without eyes through which the warp threads 
pass. These healds are raised or lowered by many 
different types of mechanism, some of which will 


EMPIRE EXHIBITION. 


be described later. The threads after passing © 
through the healds go through the teeth of wires 
within a closed frame known as the reed. This is 
carried by what is termed the slay which has a 
way provided in it for the passage of the shuttle. 
The arms of the slay are carried down to the base 
of the loom frame, where they are centred. By 
means of crank arms this system i is given a recipro- 
cating motion, when the shed is made in the warp 
threads, a sharp blow is given to the shuttle, and 
sufficient velocity is imparted to it to carry it 
quickly to the other side of the machine. This 
action is effected by motion obtained from a cam 
through a picking stick. It should be noted that 
such propulsion of the shuttle through the shed is 
known as a pick. After the weft thread is in 
place it is beaten up against the fabric by i 
forward movement of the slay. 

The healds are raised and lowered by the use F 
tappets, barrel motions or dobbies. The name 
tappet is given to the mechanism by which a 
rotary motion is converted into a reciprocating one 
for a series of levers. Should the motion be such 
that after a series of lifts there is a period of rest 
the mechanism is called a tappet, but other terms 
such as cam and wiper are used when the motion 
is continuous. Such arrangements are limited in 
their application, because they cannot be used 
if a large number of shafts must be manipulated, 
or a large number of picks are necessary for the 
making of a single repeat on the pattern. For 
the mechanism known as the dobby, motion is taken 
from the bottom shaft of the loom to work a rocking 
lever on a horizontal axis which has what are 
termed knives at its two ends. These are con- 
strained to move horizontally, one moving in as 
the other moves out. Projections on the ends of 
these knives impart motion to arms pinned to 
a frame from which motion is obtained for the 
jack lever which causes the shed. All this mechanism 
is duplicated for each shaft. The momentary 
location of the horizontal levers of the frame, which 
get their motion from the knives, determines 
whether a rise or fall is given to the warp, and 
this is controlled by raising and lowering the 
frame arms by pegs on a series of boards or lags 
which work round a cylinder or barrel. An 
example of a dobby of the Ward type is shown in 
Fig. 26 on this page, fitted to a standard underpick 
type of loom with a reedspace of 38 in., made by 
Messrs Richardson, Tuer and Co., Limited, of 
Hope Foundry, Farnworth. This dobby has 
16 shafts, andits use makes possible the production - 
of a great variety of work. The underpick type 
of loom is not used to anything like the extent of 
the overpick type, but the speed of its operations 
is not much less than that of the more common 
machine. It is very easy of adjustment and is” 
capable of adaptation to a very wide assortment 
of work, especially when, a_ shuttle- changing | 
mechanism is included in its equipment. 

The Climax dobby (Fig. 27), made by Messrs. 
Lupton and Place, Limited, of Queen-street Iron-_ 
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Fic. 34. Overpick Loom with Jacguarp; Mrssrs. ATHERTON Brotuers, Limrrep, Preston. 


works, Burnley, is exhibited in use, in association 
with the same firm’s Terry motion (Fig. 28) on an 
ordinary Lancashire loom making towels. The 
pattern for the body of the towel is carried on one 


_ barrel and the pattern for the border on the other. 


| 


Either can be put into action at will. A special 
feature of the Climax dobbie is the method of con- 
structing the working joints of the levers. In 


| each of these the holes are coned, to give a large 


bearing surface and to ensure that the pull on the 
levers is always perfectly centred. The castings of 


_ the parts subjected to wear are chilled to give a 


dead hard surface with a smooth finish. All the 
mild steel shafts and studs are provided with cast- 
iron bushes to increase durability. The jack shafts 
are lubricated by grease cups. Each shaft is drilled 
longitudinally through its axis, and a hole cut 
radially through it communicates with a groove 
along which the lubricant is conveyed to each jack 


set up before leaving the works. the only work neces- 
sary for the fitting of this part of the mechanism 
is the cutting away of the stay Q to make room for 
the reed case L and the connection by means of a 
leather band H to the hook B. The movement of 
the screw passing through the lock nut G regulates 
the length of the pile of the towelling. 

In Fig. 29, Plate XXIII, an illustration is given of 
the Nelson dobby made by Messrs. James Hill and 
Son (Keighley), Limited, of Beechcliffe Dobby Works 
and Foundry, Keighley. In the Exhibition this 
dobby is fitted to a plain loom made by Messrs. 
John Pilling and Sons, Limited, of Colne, and is 
used to weave a fabric of the fine zephyr type con- 
taining a waved stripe of artificial silk. In this 
work only twelve of the sixteen stakes are put to 
use, and of them eight deal with the silk and four 
with the ground material. In this make of dobby 
the inside and outside heald lifting levers are ope- 
rated independently of each other, teeth and knuckle 
joints being dispensed with. The baulks are 
strengthened and provided with radius pieces on 
each side of the centre, which prevents them, when 
in operation, from drawing clear and interlocking 
with each other. They are made to hook on to the 
bell levers in a way that gives a joint with the sur- 
face exposed to wear of the full pitch or width of 
the lever and baulk. The bottom needle and catch 
grate are made so that they can be removed and 
replaced without removing the feelers. A detach- 
able drop tin is provided beneath the working 
parts of the dobby to prevent oil dropping on the 
work. All the working parts of the machine are 
provided with cast bushes. 

When more than one weft is used in the building 
up of a fabric, it is necessary to change the shuttle 
quite automatically. In this case, circular box 
looms are used. They are generally arranged to 
take six shuttles, and are made so that motion can 
be given to turn the box and bring another shuttle 
into position to be thrown through the shedding. 
A loom for weaving fancy dress goods made by 
Messrs. W. B. White and Sons, Limited, of Réd Scar 
Loom Works, Colne, is shown in Fig. 30, Plate XXIII. 
This has a 44-inch reed space and is a six-shuttle 
revolving circular-box type of loom. Jt has many 
of the latest improvements such as a new type 
of pig wheel and T hammer, which ensure easy 
turning of the circular box, and take the strain off 
the pulling rods and the bottom levers. The bearings 
for the pulling rods and the back catches are of the 
cast-iron bolt joint type, which enable the correct 
pull to be given for the turning of the circular box. 
The dobby on the machine is of the’ open shed 
Streamer type, with sixteen shafts and double lift. 
In it large chilled bearings are used for all parts, 
while adjustment and dismantling are easy. The 
main driving shaft is provided with cast-iron bushes, 
and the levers on it are both keyed and secured by 
set screws. The feelers are held in their proper 
position by means of cast-iron guide grates at each 
end, which prevents wrong lifts and wasted work. 

A folding machine for the finished material is 
shown in Fig. 31, on Plate XXIV, which will be 
referred to at the conclusion of the article. Tig. 32 
shows another example of a circular box type of loom, 
made by Messrs. David Sowden and Sons, Limited, 
of Shipley, Yorkshire. This has a reed space of 
42 in., and is provided ‘with a six-shuttle circular 
box on one side and has a two-cylinder cord- 


bearing. A semi-solid lubricant is used to avoid | reducing motion, so that it can be used for weaving 


the risk of dirty oil dropping on the warp beneath. 


work of any desired width with borders at each side. 


In some types of textiles, such as towelling, an By the use of the two-cylinder cord motion, with 


extra warp is introduced, and it is at periods fed 
forward to form loops on the surface of the fabric. 
To deal with this a mechanism known as a Terry 
motion is incorporated in the loom. By it the new 
warp threads are drawn in, and then they are bound 
into place in the fabric by the weft threads. The 
Stott and Smith Terry motion, made by Messrs. 
Lupton and Place, Limited, is a standardised 


one for the general body of the fabric, and the 
other for the two borders, a saving in the number 
of cords required is obtained. It can be fitted with 
a dobby if necessary. 

With a Jacquard machine a large number of warp 
threads may be operated separately, and conse- 
quently, larger figures of patterns may be produced 
by its use than by the other mechanisms. The 


motion which can be adapted to practically every | fundamental principle is that each thread is con- 


design of loom. As sent out for the purpose of 
converting a loom for towel manufacture by the 
makers, the Terry box C (Fig. 28) only needs 
bolting by the brackets O, O to the loom side D, 
while the brackets M may be bolted in suitable 


nected to a separate hook. These hooked wires 
are supported in a series of loops or eyes on a number 
of cross wires provided with springs at the one end 
and pointed at the other. These points pass through 
a needle board at the end of the machine. Motion 


positions on the stay swords P. As the brackets M | for the liberation of the hooks from the griffe above, 


with their shafts and the levers K and J are all 


which normally holds them, is given from a series 
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(For Description, see opposite page.) 
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of perforated cards. Whatever cross wire is in 
line with a hole in the card passes into it and the 
hook it is associated with is unaffected. Those 
cross wires, which are not in line with the holes, 
are pressed to move against the action of the spring, 
and are rebased from the griffe. The griffe then 
rises carrying with it the undisturbed hooks and 
making a shed on the warp threads. When the 
shuttle is threaded through the shed the griffe 
descends and the next punctured cord is brought 
against the ends of the cross wires. By the use of 
this arrangement intricate and extensive patterns 
can be woven with considerable speed. 

A Jacquard machine made by Messrs. Richardson, 
Tuer and Company, Limited, of Hope Foundry, 
Farnworth, is illustrated in Fig. 33. This Jacquard 
which is of the double-knife type, is fitted to an 
overpick power loom, made by Messrs. Atherton 
Brothers, Limited, of Hanover-street Foundry, 


Main anp Tati Havtace Gear; Messrs. M. B. Wimp anv Co., LimirEep. 


Preston, which is shown in Fig. 34, page 249. The 
loom is of the high-speed loose-reed tiype, and the 
model in the Exhibition is driven by a special loom 
motor made by the Metropolitan-Vickers Electrical 
Company, Limited, of Trafford Park, Manchester. 
This loom is suitable for the weaving of all des- 
criptions of fancy clothes up to the finest counts 
in both silk and cotton. In the work it is dog 
under the control of Messrs. Hollas, Limited, of 
Bolton, at the Exhibition, a cloth of an Empire 
design is being produced. This design was. the 
successful one in a competition arranged by the 
firm, and was the work of a student of the Man- 
chester School of Art. 

The machine shown in Fig. 31, Plate XXIV, is a 
very good example of folding and measuring equip- 
ment. It is a product of Messrs. Hacking and Co., 
Limited, California Iron Works, Bury. The table 
of this machine is concave in contrast with the 
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common convex design. It is made in two parts 
which incline inwards to give the concave shape, 
and the degree of rise they have may be varied 
to suit the texture of the cloth to be folded. The 
knives of the machine move horizontally and take 
the cloth in a straight line across the table from 
grip rail to grip rail, each fold being held under the 
grip rail until the succeeding fold is laid, when 
they fall successively into the cavity of the table. 
Each fold is, therefore, measured and laid inde-~ 
pendently on the other folds, and it may be said 
that the concave form of the table has no effect 
upon the accurate lengths of the folds. I thought 
advisable for any class of work, the table can be 
made practically a flat surface. Adjustment is _ 
provided to make any length of fold between 18— 
and 42 in. 

Marked progress is shown in the development a 
cotton textile machinery for every specific purpose | 
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CONSTRUCTED BY MESSRS. MAVOR AND COULSON, LIMITED, ENGINEERS, GLASGOW. 


Fig. 120. Grnerat VIEW. ' 


in the industry, by the exhibits in the Cotton Mill 
of the Palace of Industry. With such indications 
of the endeavours to make possible increased pro- 
duction of textiles as evidence of the outlook of the 
industry, no fears need be entertained as to the 
continued maintenance of British supremacy in the 
textile machinery industry, a phase of activity 
which means so much to the welfare of mankind. 


THE COLLIERY AT THE BRITISH 
EMPIRE EXHIBITION. 


(Continued from page 227.) 


Tue problem of traction underground deals with 
the haulage of the loaded trucks from the loader to 
the pit, and with the return of the empty tubs to 
the face. The tubs according to circumstances, 
may require to be handled as trains consisting of a 
number coupled together, and this may occur either 
on the level or on moderate gradients; or they 
may require to be hauled individually up steep 
brows or inclines. To deal with the various prob- 
lems that arise in this work, apart from pony 
haulage and manual handling, five types of haulage 
are to be seen either at work in the mine, or in 
the Palace of Engineering. These are (1) main 
and tail haulage for dealing with trains of full or 
empty tubs and their handling in the main galleries ; 
(2) continuous haulage by endless rope, to which the 
tubs can be clipped by means of a disengaging 
clip and hauled for comparatively short distances ; 
(3) stretcher bar haulage, in which a small winch 
driven by a compressed air engine or electric motor 
can be brought into action to pull loaded tubs 
successively up steep gradients to the main gallery ; 
(4) the electric putter designed to assist in effecting 
the haulage between the advancing coal face and 
the auxiliary haulage, and (5) the electric locomotive 
fitted with accumulator batteries and capable of 
running through the workings and hauling or 
pushing a train of tubs. 

A 25-h.p. main and tail electric haulage gear, 
(Fig. 117 on page 250), has been installed in the 
colliery by Messrs. M. B. Wild and Co., Limited, 
of Birmingham, and is fitted with the Spence- 
Wild worm and spur reduction gear-box, Figs. 115 
and 116. The gearbox and motor are mounted on 
a composite bed constructed of rolled joist and 
channel “sections, bolted together. The drums 
have mild steel sides and cast-iron rolls 2 ft. 6 in. 
diameter and are | ft. 6 in. between the flanges, which 
are 9in. deep. A brake ring is bolted to each side 
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Fig. 122. Rotor anp GrarR Drive. 


of the drum to receive the brake straps. The drum 
bosses are of cast iron of the through type, fitted 
with roller bearings to suit the drum shaft, which is 
5 in. diameter. The brake straps are of the all- 
round band reversible type, consisting of mild- 
steel straps lined with “ Ferodo,” operated by hand 
levers, conveniently arranged for the attendant. 
The clutches are of the external friction-band 
reversible type, consisting of a mild-steel strap, 
also lined with “ Ferodo,” carried on and driven 
by a semi-steel driver keyed to the drum shaft. 
The clutches are operated by means of hand wheels 
and screws through shafts and levers. The drum 
shaft is of mild steel, keywayed for the spur wheel, 
and arranged for the drums to run free on the roller 
bearings when not engaged with the clutches. 

The outer end of the shaft is turned and fitted 
with roller bearings in a plummer block, the other 
end being carried in the gear reduction box. The 
motor is of the squirrel-cage type constructed by the 
General Electric Co., Ltd., of Witton, of 25 b.h.p., 
50 cycles, three-phase, 440 volts, with star-delta 
oil immersed switch, mounted on the bed and 
transmitting power to the reduction gear through 
a flexible coupling of the pin and leather washer 
type. The motor is started up light and the load 
taken up by means of the friction-band clutch. 

The Spence-Wild worm reduction gear consists 
of an arrangement of two worms with right and left- 
hand threads carried on the same shaft. The worm 
shaft is driven from the motor through the flexible 
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coupling, and each worm gears with a worm wheel, 
the one being arranged above and the other below 
the shaft. As the worm wheels are of the same 
diameter and the worms of the same pitch, the 
duplex arrangement ensures balance without the 
use of a thrust block. Each worm wheel carries a 
mild-steel pinion, and as the wheels revolve in the 
same direction, these pinions can engage with the 
same spur wheel, each taking its share of the drive. 
The gearcase carries the roller bearing for the 
end of the drum shaft. The case is fitted with 
a drain plug and inspection door. The mean 
rope speed is about four miles per hour with the 
motor running at 720 r.p.m. 

At the foot of the upcast shaft there is installed 
an endless rope haulage gear, Figs. 118 and 119, on 
page 250, constructed by Messrs. Markham and Co., 
Limited, of Chesterfield. The gear consists of 
a hauling wheel 4 ft. 6 in. diameter of cast iron, 
fitted with chilled cast-iron renewable treads. It 
is driven by a 30-h.p. Brook three-phase motor, 
running at 720 r.p.m. and driving the first motion 
shaft, fitted with a 4-ft. 6-in. pulley, at 158 r.p.m., 
by means of a 9-in. belt. The drive is effected 
through a double reduction gear in which the steel 
pinion and the cast-iron wheel have machine-cut 
teeth for the first reduction. The second motion 
gearing is of cast iron, both pinion and wheel having 
machine-moulded teeth shrouded to the pitch line. 
The controls are: a clutch of the internal ring 
friction type, operated by means of a handwheel 
mounted on a vertical pillar, and the brake of 
the all-round band, Ferodo-lined, type applied by 
afoot lever. The whole of the gear and the controls 
are rigidly carried on a strong cast-iron frame. The 
gear is designed to give a rope speed of 14 m.p.h. 

A very compact portable haulage gear arranged 
on a base which can be bolted down to timbers, 
is also made by Messrs. Markham and Co. This 
has a haulage drum, placed centrally between two 
A frames and carrying a gear wheel on one side ; 
the driving pinion engaging with the gear wheel 
is carried on a shaft, which is fitted with disc 
cranks at each end, and revolves in bearings carried 
on the tops of the A frames. The two cylinders of 
the engine are arranged one on each side, and are 
made either with or without reversing gear. The 
brake is controlled by a foot treadle, which is the 
only part that overhangs the base. The size of 
the smallest of these appliances is such that it 
can go inside an ordinary pit tub, and thus save 
time in being transferred from place to place, The 
engine has cylinders 44 in. bore by 5 in. stroke ; 
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the drum is capable of holding 600 yards of 3-in. 
diameter rope, and when supplied with air at 
80 lb. per square inch can give an actual rope pull 
of 1,150 Ib. 

For hauling tubs up steep brows or out of difficult 
places, a portable stretcher bar mounted hoist 
driven by compressed air is often used. An example 
of this type, which has been developed during the 
past 25 years by Messrs. Holman Bros., Limited, 
is exhibited in the mine at the end of No. 4 face. 
The stretcher bar is 53 in. diameter by 5 ft. 9 in. 
long, fitted with a bed plate of cast steel having 
machined faces for securing the cylinders, guides 
and bearings. There is also a strong clamp pro- 
vided for securing the hoist to the stretcher bar. 
The drum, which is 74 in. diameter by 94 in. wide, 
with 34 in. depth of flange, is constructed for a 
capacity of 500 ft. of % in. diameter rope. It is 
driven by a two-cylinder compressed-air engine 
through a single reduction gear, having a ratio of 
4-9 to 1. The engine is similar to an ordinary 
steam engine, with cast iron pistons and Rams- 
bottom cast iron spring rings. The guides are of 
cast steel with gun-metal bushings secured to the 
bed plate. The connecting rods are of the forked 
type, and the big ends are fitted with gun-metal 
brasses of the marine type. 

The slide valves are of cast-iron of the ordinary 
D type. A brake is fitted of the band type of mild 
steel, lined with wooden blocks and connected to 
a mild steel hand lever. The clutch pinion is also 
operated by a hand lever fitted with a locking device. 
The average speed of the rope for haulage is 100 ft. 
per minute, or 1:1 miles per hour. The gear is 
capable of lifting a gross load of 2,600 lb. vertically, 
or hauling a gross load of 5,000 lb. up to a 30 deg. 
gradient. 

The electric putter, Figs. 120 to 122 on page 251, 
manufactured by Messrs. Mavor and Coulson, forms 
a simple and compact haulage gear of 8 to 10 h.p. 
suitable for dealing with the tub traffic between the 
face and the auxiliary haulage. The structural 
portion that forms the body of the machine is the 
casing for the worm gear, and to it are attached the 
cover of the gearcase, the stator of the motor, and 
the switch case with its cover. The putter is 
mounted between the angle iron frames of a sledge 
to which it is secured by bolts; the projection of 
the sledge beyond the structure affords a base for 
the props that secure the putter in position. The 
working parts and the rotor, which is of the squirrel 
cage type, are shown in the detail view, Fig. 122. 
The worm-shaft is carried on two radial ball bear- 
ings, and a thrust ball bearing is mounted on the 
end of the shaft, the rotor being overhung. The 
main shaft carries the worm wheel, which has a 
phosphor-bronze rim carried on a cast-iron centre. 
The main bearings are bushed. 

The pulley of cast steel is adapted for reversing 
endless haulage, and may be mounted on either 
side of the putter. As the shaft projects on both 
sides of the main bearings, two drums may be fitted 
if required for main and tail haulage. The switch, 
of the reversing type and barrel construction, Fig. 
121, is attached to the inside of the hinged end cover, 
and is accommodated in the casing when in place 
with the cover closed. When the cover is opened 
there is complete access to the switch. The socket 
to receive the trailing cable pommel is incorporated 
m the switch cover. A very compact form of 
electric putter is also exhibited by the Diamond 
Coal Cutter Company in the Palace of Engineering. 

The electric locomotive exhibited and illustrated 
in Figs. 123 to 125 on this page, is a No. 2, 10-ton 
haulage capacity, electric locomotive 2 ft. gauge, 
constructed by Joseph Booth and Bros., Limited, 
of Rodley. The total weight is approximately 3 
tons, wheel diameter 16 in., and tractive effort 300 
lb. approximately. The length over buffers is 
7 ft. 64 in. The batteries consist of 24 cells, the 
normal charging current being 32 amperes, and the 
normal discharge voltage 48 volts. The capacity at 
one-hour rate is 126 amperes; at three-hour rate, 
60 amperes; and at six-hour rate, 30 amperes. 
There is one motor of 3 brake horse-power rating, 
and the speed of the locomotive at the specified 
load and discharge at the three-hour rating, is 
3 miles per hour; the motor is capable of giving 
64 brake horse-power. ‘There is a totally enclosed 
worm drive to each axle with free coasting gear, 
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the worms being carried in ball bearings at each 
end, with a double thrust ball bearing completely 
housed in an oil bath. Connection between the 
two worms is by means of a shaft and universal 
joints. The axles run in large ball bearings fitted 
with caps to exclude dirt and retain the oil. and the 
axle-boxes carry the load through involute springs. 
The wheels are of chilled cast iron, keyed to the 
axles. A heavy shield casting is mounted at each 
end of the frame to protect the battery and elec- 
trical gear from damage. The head lamps are 
recessed into these as a protection. There are spring 
buffer plates at each end, to allow the trucks to be 
pushed round curves. The towing hook is provided 
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with an involute spring to ease the starting, and has 
a locking clip to prevent the towing links from 
becoming detached. The towing hook is also made 
suitable for towing trucks round curves. The 
controller is of the drum type, totally enclosed, 
with hinged spring-controlled fingers, manufactured 
by the Electro Mechanical Brake Company. ‘There 
are three speeds forwards and backwards and a 
screw-down brake operating on all four wheels 
with an equaliser to distribute the pressure uni- 
formally over the wheels. The shoes are lined 
with Ferodo. A large, deep-toned gong is fitted for 
giving warning. 
(T'o be continued.) 
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the Chief Engineer and General Manager, and to his 
deputy, Mr. Newman, for the facilities and assistance 
given to enable them to carry out these tests with the 
care that is necessary. The official test results have 
recently been published, and the tests dealt with in this 
report were made before the final adjustments were 
carried out for the official tests. The type of turbine 
is shown on the section drawing, Fig. 1. The exhaust 
end of this turbine includes the Metropolitan-Vickers 


With the addition of the multi-exhaust blading a 
larger output can be obtained with the same inlet 
conditions; lence, the mechanical efficiency of the 
turbine is increased. If, therefore, the comparison 
were made on the basis of the load on the coupling the 
multi-exhaust would be credited with this improve- 
ment in mechanical efficiency. To avoid this it was 
thought best to eliminate the mechanical losses and to 
make the comparison on the basis of the internal load 


TABLE A, 
| 
1 | Test No. 43 44 45 42 41 
2 | Date Sc At 3.4.24 | 3.4.24 3.4.24 3.4.24 3.4.24 
3 | Duration of test .. 5 mins. 63 63 63 63 63 
4 | Corrected load on generator ae kw. 5,912 -2 5999-2 6,250-0 6,615°6 6,834 -2 
5 | Test efficiency of generator per cent. 94-04 94:08 94-20 94-35 94-44 
6 | Load at turbine coupling a pone dew. 6,287 6,377 6,635 7,012 7,236 
7 | Bearing, paddle and governor losses kw. 115 115 115 115 115 
8 | Internal load : ac an Sagas 6,402 6,492 6,750 7,127 7,351 
9 | Steam pressure at stop valve Tbs./sq. in. gauge 190°6 190-2 193-0 193-5 193-2 
10 »» temperature ,, am 48 .. deg. F. 575°3 558-2 565-1 579-6 574°8 
11 »»  Superheat ae 0 +0 ae . deg. F. 191-2 174°3 180-1 194-4 189-7 
12 », pressure after gov. valve .. Ibs./sq. in. gauge 173°3 173-25 175-3 181-6 181:6 
13 », temperature ,, ss (assumed as (10)) deg. F. 575-3 558-2 565:1 579°6 574°8 
14 :;  Superheat i hs ee 4 .. deg, F, 198-6 181:6 187-6 199-3 194-5 
15 pressure in front of multi-exhaust (30 in. 
bar) A a He . in. hg. — — — an — 
16 | Vacuum at turbine exhaust (30 in. bar) . in. hg. 26-114 26-595 27-066 27-445 28-471 
17 | Tota] steam consumption per hour aP An S. 78,830 79,609 80,139 82,355 83,195 
18 | Steam consumption referred to (4) lbs. /kw.-hour, 13-333 13-270 12 +822 12-449 12-173 
19 ” » » (6) 3 12-539 12-485 12-078 11-744 11-497 
20 3 93 3 (8) ys 12-313 12-262 11-872 11:555 11-317 
9 2 
oe in(=) — (16) cal/kg. | 190-63 192-3 198-13 205-10 219-23 
22 | Thermodynamic efficiency of turbine ref. to (6) percent. 79-07 78°72 78°98 78:47 74:99 
23 s ¥ S eS i 80-52 80°15 80°35 79°75 76:17 
24 | Difference in superheat from 180-2 deg. F... deg. F. |+18-4 + 1-4 + 7:4 + 19-1 + 14:3 
25 | Superheat. correction (50 deg. F.= 1 per cent.) percent. |— 0:°368 — 0:028 — 0-148 — 0:382 — 0-286 
26 | (23) Corrected to 180-2 deg. F. superheat. 50 80-22 80:13 80-23 79°45 75-95 
27 | Leaving loss a -5 he 30 cal/kg. 1-44 1:93 2-67 3°68 9-03 
28 | Exhaust loss ove Sy oo or “4 0-16 0-22 0-30 0:42 1:02 
29 | Netili .. a me Ae ao a % 189-03 190°15 195-16 201-0 209-18 
30 | Corresponding 1, referred to (8) .. per cent. 81-20 81:06 81:57 81-38 79°83 
31 | (30) Corrected to 180-2 deg. F. superheat “ 80-90 81-04 81-45 81-07 79-60 
TABLE B. 
1 | Test No. 66 65 60 64 
2 | Date ae ae “0 , 15.4.24 15.4.24 14.4,24 15.4.24 15.4.24 
3 Duration of test 3 45 .. mins. 594 594 63 63 63 
4 Corrected load on generator .. kw. | 6883-7 | 7114-6 7268-0 7259-0 7321-0 
5 | Test efficiency of generator per cent, 94°45 94-55 94:60 94-60 94-62 
6 Load at turbine coupling ag Rs a Ws 7,288 7,525 7,683 7,673 7,737 
7 | Bearing, paddle and governor losses. . kw. 115 115 115 115 115 
8 Internal load E = A ae ae .. Kw. 7,403 7,640 7,798 7,788 7,852 
9 | Steam pressure at stop valve.. Ibs./sq. in gauge 190°8 193-0 197°3 189-9 189-8 
10 », temperature at stop valve ve deg. F 565°8 563-2 550-1 567°3 568-4 
11 »,  superheat at stop valve a ie aa deg. F. 181:6 178-2 163°3 183°5 184-7 
12 », pressure after governor valve ..  Ibs./sq. in gauge 187-4 189-0 188°6 185-9 184°8 
13 », temperature after governor valve (assumed as (10) ) 
deg. F. 565°8 563-2 550-1 567-3 568-4 
14 »»  Superheat after governor valve A ite deg. F 183-1 179-8 166-9 185-2 186-8 
15 », pressure in front of multi-exhaust (30-in. bar) in. hg. 26-351 26-449 26-585 26-628 26-658 
16 Vacuum at turbine exhaust (30-in. bar) 35 ae in. hg. | 27-594 27-972 28-587 28-706 29-0384 
17 Total steam consumption per hour .. ox Roe est 83,952 85,351 85,594 83,858 83,644 
18 Steam consumption referred to (4) . Ibs./kw.-hr. 12-196 11-997 11-777 11-552 11-425 
19 35 “5 es (6) . lbs./kKw.-hr. 11-519 11-342 11-140 10-929 10-811 
20 . i, oS (8) . Ibs./kw.-hr. 11-340 11-171 10-976 10-767 10-652 
9 ¢ 
au ie (7) — (16) cal./kg. | 205-89 | 210-72 | 219-00 | 223-38 | 231-28 
22 | Thermodynamic efficiency of turbine referred to (6) per cent. 79-69 79-08 77°46 77°43 75-59 
23 ‘s vs = " HE 80-95 80-29 78-62 78°59 76°71 
24 | Difference in superheat from 180-2 deg. F... deg. F. + 2-9 —0-4 —13-3 +5:0 +6:°6 
25 Superheat correction (50 deg. F. = 1 per cent.) per cent. — 0-058 -+- 0-008 + 0-266 — 0-100 —0-132 
26 (23) Corrected to 180-2 deg. F. superheat .. on 80-90 80-30 78-83 78-51 76-61 
27 | Leaving loss aa Ae ae cal. /kg. 1-92 2-64 4:96 5-68 9-52 
28 Exhaust loss aA 0-48 0-66 1-24 1-42 2-38 
29 Net tly a6 fio oa 5 203-49 207-42 212-8 216-23 219-38 
80 | Corresponding m1, referred to (8) 55 per cent. 81-90 81-57 80-91 81-18 80-87 
31 (30) Corrected to 180-2 deg. F. superheat .. ac as | 81-85 81:58 81-12 81-10 80-76 
TABLE C, 
Test No. oe oe By. a oe te re 66 65 60 64 63 
1 Energy in steam leaving the stage prior to M.E. eal. /kg. 2-2 2-2 2-2 2°2 2-2 
2 Adiabatic heat drop in M.E. stage er “e 14:3 Iya) 27-6 29-8 38°5 
3 Leaving loss i Rs 49 1-92 2-64 4:96 5-68 9-52 
4 Exhaust loss .. ot te 3 0:48 0-66 1-24 1-42 2-38 
5 Work done in M.E. stage a a ta AL is: 11-50 13:04 WZ Ot 18-05 19-45 
6 “Net available heat drop ’’ M.E. stage = (1) + (2) — (3) — (4) 
cal. /kg. 14-1 16:2 23-6 24-9 28:8 
7 Efficiency of M.E. stage using adiabatic heat drop = (5)/(2 
per cent. 80-42 75-38 62-64 60°57 50-52 
8 Efficiency of M.E. stage using “net available heat drop” 
= (5)/(6) aie 9 ie per cent. 81-56 80-49 73:26 72°49 67-54 
9 (1) — (2) a cal. /kg. 16-5 19°5 29-8 32:0 40-7 
10 | Efficiency = (5)/(9) per cent. 69°70 66°87 58-02 56-41 47-79 


Electrical Company, Limited, multi-exhaust blading 
and embraces the latest arrangements with a view to 
improving the steam flow. 

The first series of tests was made with the multi- 
exhaust blading, which consists of the last two rows 
of moving blades and the co-operating diaphragms, 
removed. During the second series of tests the turbine 
was complete with the blading as shown in the drawing. 
Each series consisted of tests made with different 
vacua. In the case of the first series the range of 
vacua was between 26-114 in. and 28-471 in. and for 
the second series the vacua varied from 27-594 in. to 
29-034 in. 

The initial steam conditions for all tests were kept 
as nearly as possible constant, so that the corrections 
to be applied for the purpose of comparison would be 
as small as possible. The test results for the first 
series of tests are given in Table A and for the second 
series of tests in Table B. 


which is the external load on the coupling plus mechani- 
cal losses due to bearings, paddle wheels, oil pump, &c. 
These mechanical losses are given under item 7, 
allowance having been made in their estimate for the 
fact that during both series of tests the bearing and 
oil temperatures were very low. 

The internal load is tabulated under item 8, and the 
internal thermodynamic efficiency ratio under item 
23. As the steam pressure was very nearly constant 
throughout the tests, no allowance is made for the 
slight variation which occurred, since the internal 
efficiency varies very little with the steam pressure. 
The efficiency, however, varies considerably with the 
superheat, and for this reason the thermodynamic 
efficiencies have been corrected to a superheat of 
180-2 deg. F., the allowance being at the rate of 1 per 
cent. for 50 deg. F. difference in superheat. As the 
actual correction is yery small (in fact not more than 
plus or minus 0-4 per cent.) this method of applying the 


correction is sufficiently accurate. The efficiencies thus: 
corrected are given under item 26, Tables Aand B and 
are plotted in Fig. 2 as ordinates with the vacua ob- 
tained during the tests as abscisswe. (See curves M & N).. 
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Fic. 2.—Curve M: Efficiency of turbine without. 
multi-exhaust stage. 

Curve O: Ditto, but allowing for leaving and 
exhaust losses. 

Curve N: Efficiency of turbine with multi-exhaust 
stage. ; 

Curve P: Ditto, but allowing for 
exhaust losses. 
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Fic. 3.—Curve Q: Efficiency of multi-exhaust stage’ 
based on adiabatic heat drop. 

Curve U: Ditto, but allowing for carry-over from 
preceding stage. : 

Curve 8: Ditto (as U), but allowing for leaving and. 
exhaust losses. 


8 


AdigbaticHeat Drop in Multi: ExchaustStageCal)y 

Fic. 4.—Curve R: Efficiency of multi-exhaust stage 
based on adiabatic heat drop. 

Curve V: Ditto, but allowing for carry-over from 
preceding stage. 

Curve T: Ditto (as V), but allowing for leaving and 
exhaust losses. 


The turbine was designed for a vacuum of 28:63 in. 
at a load of 7,000 kw. At this vacuum the internal 
efficiency obtained with the complete machine was 
78-7 per cent. At the same vacuum the efficience 
obtained without multi-exhaust blading was only 
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74-4 per cent., the difference in steam consumption 
being 5-6 por cent. On the other hand, without the 
multi-exhaust blading an efficiency of 78-7 per cent. 
was obtained at a vacuum of 27-Sin. The addition of 
the multi-exhaust blading, therefore, enables a vacuum 
of 28-63 in. to be utilised with the same efficiency as 
a vacuum of 27-8 in. is used without the multi-exhaust 
blading. Again, the addition of multi-exhaust blading 
enables even this lower vacuum of 27:8 in. to be utilised 
more efficiently, an increase from 78-7 per cent. to 
80-5 per cent. being obtained, as shown in Fig, 2. 

During the whole of the tests under discussion the 
feed-water heater was not in operation, but the feed- 
heater space was connected by means of a large drain, 
3 in. diameter, to the condenser, so that a considerable 
quantity of steam was bye-passed into the condenser, 
It is estimated that the steam quantity thus lost for 
useful work in the exhaust blading is approximately 
1-8 per cent. of the total steam quantity, and the 
corresponding loss in output is, therefore, about 
0-4 per cent. when the turbine is working as a complete 
machine at 28-63 in. vacuum. This loss in output is 
only 0:3 per cent. when the turbine is working without 
the multi-exhaust blading at a vacuum of 27-8 in. 
It should also be noted that during all the tests shown 
in Fig. 2, the turbine was insufficiently: lagged; this 
results, of course, in a relatively smaller amount of 
work done in the low-pressure stages. During subse- 
quent tests with the turbine completely lagged, the 
feed-heater drain reduced to reasonable proportions 
and the bearing temperatures brought up to standard 
practice, a considerably better result was obtained for 
the complete set than that obtained during these 
preliminary tests. 

During the tests under discussion extreme care was 
taken to keep the conditions exactly similar for the 
whole series of tests. It should also be noted that 
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throughout all the tests the same instruments were used 
and the same observation staff, every care being taken to 
eliminate personal error. 

Before the complete machine was tested, the main 
high-pressure gland was adjusted with a view to 
reducing the leakage losses. It is estimated that this 
effected an improvement in efficiency of the order of 
0-2 per cent. This improvement obtained with the 
complete machine compensates approximately for the 
difference between the drain leakage and radiation 
losses obtained during the two series of tests, so that 
within the errors of testing and calculation, which are 
very small indeed, the two curves M and N give a true 
picture of the difference of efficiencies obtained with 
and without the multi-exhaust stage. 

The efficiency curves M and N show clearly the 
relatively rapid decrease in efficiency at higher vacua, 
this being due to the increased leaving and exhaust 
losses. In all tests the vacuum was measured at the 
turbine exhaust flange in accordance with the makers’ 
standard practice, and not as is done in some tests, 
immediately after the last row of blades and at the 
top of the exhaust. That the decrease in efficiency is 
mainly due to increased leaving and exhaust losses is 
shown by considering the efficiency on the basis of 
“net available heat drop,” which is made up as 
follows :— 

(1) The adiabatic heat drop based on inlet conditions 

and the vacuum at the exhaust flange. 

(2) Minus the unavoidable leaving loss. 

(3) Minus the exhaust loss.* 

The leaving area and the exhaust area are given in 
Appendix I, which also shows an example of calculating 
the leaving and exhaust loss. For a given leaving 
blade area the leaving loss is a minimum when the 
leaving velocity is axial and item (2) has been calculated 
on this assumption. 

The calculation of these efficiencies is given under 
items 27 to 31 of Tables A and B, and the results are 
plotted in curves O and P, Fig. 2. 

_ It will be seen from Appendix I that the leaving area 
is 15-25 sq. ft., and it should be noted that to obtain 


_* It is, of course, an open question whether or no 
items (2) and (3) should be added together to get the 
total losses. The procedure involves the assumption that 
the whole of the kinetic energy represented by (2) is 
dissipated as heat before the exhaust port is reached. 
The justification for this assumption is based on the 
experience of the builders, which shows that tests made 
under different conditions are more consistent with each 
other when corrected on this hypothesis. 


the same area from a single row of moving blades with 
a ratio of mean diameter to blade height of 3-5, the 
mean diameter would have to be increased from 42 in. 
to 51 in., that is to say, it would be necessary to employ 
a blade 14} in. long on a mean diameter of 51 in. 

During the tests with the complete machine the 
pressure in front of the multi-exhaust stage was 
measured at a point in close proximity to the shrouding 
of the wheel preceding the multi-exhaust stage (see 
Fig. 6). These pressures are given in Table B, item 15, 
and are indicated on curve M. It is possible that the 
windage may have affected the reading to some extent, 
as from calculations one would estimate that the 
pressure should have been slightly higher. This 
difference, however, could be explained by the possi- 
bility of the steam being undercooled. 

Knowing the pressure in front of the multi-exhaust 
blading it is possible to calculate the heat drop avail- 
able for the multi-exhaust stage. We can also deter- 
mine the efficiency with which this heat drop is utilised 
by making a comparison between : 

(a) The result obtained with the complete turbine. 

(6) The result obtained with the turbine without 
the multi-exhaust blading when exhausting to a 
vacuum which is the same as the vacuum in front of the 
multi-exhaust blading as measured in (a). 

In calculating these efficiencies, corresponding points 
on curves M and N have been taken and the results 
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worked out on the basis of adiabatic heat drop, no 
allowance beiny made for the reduction of the adia- 
batic heat drop resulting from the undercooling of the 
steam (for an example, see Appendix II). The 
efficiencies thus obtained for the multi-exhaust stage 
are plotted against the vacuum in the exhaust (curve Q, 
Fig. 3) and against the adiabatic heat drop utilised in 
the multi-exhaust stage (curve R, Fig. 4). 

It will be seen from the curves that as the vacuum is 
increased the efficiency of the multi-exhaust stage 
decreases, this being due to a large extent to the 
increase in leaving loss. In order to demonstrate this 
the efficiency of the multi-exhaust stage has been 
arrived at from the test results assuming that the 
energy available for use in the multi-exhaust stage is 
made up as follows :— 

(1) The energy in the steam leaving the stage prior 
to the multi-exhaust. 

(2) Plus the adiabatic heat drop corresponding to 
the expansion in the multi-exhaust stage. 

(3) Minus the unavoidable leaving loss. 

(4) Minus the unavoidable exhaust loss. 

The calculation of the efficiencies using this “* net 
available heat drop” is given in Table C, and the 
efficiencies are shown in curve §, Fig. 3, and curve T, 
Fig. 4. 

The efficiency of the multi-exhaust stage has also 
been calculated on the basis of the available heat drop 
consisting of items 1 and 2, no allowance being made 
for leaving and exhaust losses. The efficiencies thus 
calculated are shown in curve U, Fig. 3 and curve V, 
Fig. 4. 

The tests which have here been dealt with were made 
at a nominal load of 7,000 kw., which is the rating of the 
machine. Another series of tests was made at a 
nominal load of 80 per cent. of the above, the results 
of which are in accordance with the 7,000 kw. tests. 
The writer dealt exclusively with the tests at the 
larger load because in these tests more work, of course, 
is done in the exhaust end of the turbine. 

These series of tests which have been carried out and 
investigated with great care indicate that the claims 
which have been made for the Metropolitan- Vickers 


multi-exhaust design have been fully established in 
actual practice. 


APPENDIX I. 

CaLcuLation o¥ LEAvina AND Exuaust Losses. 
Complete Machine. 

Axial leaving area = 15-25 sq. ft. (see Fig. 6). 

Exhaust area = 30:6 sq. ft. 
Machine without Multi-Exhaust Stage. 

Axial leaving area = 10-31 sq. ft. 

Exhaust area = 30:6 sq. ft. 

As an example of calculating the L + E losses, take 
test No, 60. 


5 OR 
Axial leaving velocity = EE Goes 


36090 « 15-25 
sec. = 204 metres per second. 


se 4-96 cal/kg. 


(91-5) 
85504 x 428 _ 
3600 x 30-6 


= 668 ft. per 


Leaving loss = 


Exhaust velocity = =: 333 ft. per sec. 


=: 102 metres per sec. 
(102, )? 
91-52 


APPENDIX II. 


CALCULATION OF EFFICIENCY (7) oF Motti-ExHAUSsT 
BLADING. 
Example: Test 60. 

(N.B.-—Heat drops are taken from a Mollier chart— 
Stodola 5th edition). 

Adiabatic heat drop for complete turbine from 
188-6 lbs. /sq. in. g. 180-2 degs. F. to 28-587” vac. = 
221-2 cal/kg. (see Fig. 5). 

Measured vacuum before multi-exhaust blading = 
26-585” Hg. 

Adiabatic heat drop from 188-6 lbs./sq. in. gauge 
180-2 degs: F. to 26-585” vacuum = 195-9 cal/kg. 

Adiabatic heat drop through multi-exhaust stage — 
27-6 cal/kg. 

Internal efficiency of complete turbine at 28-587” 
vac. = 78-89 per cent. 

Internal efficiency of turbine without multi-exhaust 
blading at 26-585” vac. = 80-25 per cent. 

Therefore, 221-2 x 78-89 = 195-9 x 80-25 + work 
done in multi-exhaust stage. 

.*. Work done in multi-exhaust stage = 17-29 


Exhaust loss = = 1:24 cal./ky. 


cal/kg. 
Hence, efficiency of multi-exhaust stage, calculated 
£2 
on adiabatic heat drop = — == 62-6 per cent. 
Te 


QUEENSTON-CHIPPAWA DEVELOPMENT OF 
THE HYDRO-ELECTRIC POWER COM- 
MISSION OF ONTARIO.* 

By F. A. Gasy. 
(Concluded from page 223,) 
GENERATING AND TRANSFORMER STATION. 
Tue generating and transformer station is situated 
below the escarpment and close to the river’s edge 

(Fig. 15, Plate XX of last week); the station extends 

about half the distance to the top of the escarpment. 


' The structure required to house ten main units and the 


service equipment is 700 ft. long. ‘The substructure is 
of massive concrete construction carried down to rock 
foundations. The superstructure consists of a struc- 
tural steel framework with reinforced concrete floors 
and roofs, and concrete, brick and tile walls and 
partitions. 

The location of the transformer and switching part 
of the plant on the top of the escarpment was considered, 
but owing to the difficulties in transmitting the current 
at 12 kv. from the generators to the transformers up 
the cliff, and to the operating advantages in having a 
combined station, also to the space between the 
generator room and the cliff being sufficient for the 
purpose, it was decided to have the building to house 
the transformers and switching equipment combined 
with the generator room. 

The steel columns are spaced longitudinally 26 ft. 
and 24 ft. alternately, starting at the south end. The 
strength of the generator room steel was primarily 
determined by the necessity of providing cranes to 
handle the. generator rotors which weigh about 300 
tons each. The structural steel was so designed that 
it could be erected and the crane operated before the 
concrete walls were poured. 

To guard against flooding, the walls are designed to 
resist water pressure up to elevation 300, which is 
16 ft. above the base of the generators. No openings 


* Read before the Section G of the British Association 
at Toronto, August 8, 1924. 
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which might admit water from the river were permitted 
below this elevation. 

Some additional features which may be menticned 
are: the arrangement of the generator cooling air 
intake ducts, which are carried up in the east wall 
between the columns to above elevation 300, where 
openings are provided to admit air either from outdoors, 
or from the interior of the generator room, an arrange- 
ment which takes up no floor space ; the location of the 
generator room main floor at the top of the generator 
frame, a construction which provides space at small 
cost for the exhaust air ducts, fans and generator field 
equipment adjacent to the unit, and allows a clear 
space around the generator on the main floor. The 
floor at the top of the generator frame materially reduces 
the unsupported height of the main crane columns, 
and does not affect the elevation of the crane rails, as 
the height of the crane is determined by the height of 
generator frame and shaft. The location of the 
control room is over the generator room at the centre 
of the completed plant ; provision is made of separate 
rooms for each oil circuit breaker, and particularly for 
the symmetrical location of all main equipment for 
each unit—governors, transformers, oil circuit- breakers, 
reactors, fans—in the 50-ft. transverse space in which 
the turbine and its generator are situated. 

Access to the building from the main roadway and 
to the electric railway on the top of the cliff is provided 
by the elevator in the administration end of the screen 
house, and a tunnel from the bottom of the elevator 
shaft to the power-house floor at elevation 346 at the 
south end (Fig. 8, page 222 ante). 

In general, all plant services are provided in the 
southerly 75 ft. of the station. In this area are situated 
the sump pumps and motors, the air compressor, the 
service generators, transformers and switchboards, 
erection space, main station elevator, maintenance 
shops and stores, lubricating and insulating oil plants, 
battery rooms, a fully equipped hospital room. also 
kitchen and dining room and offices. The intention 
is to duplicate nearly all of these services in the extreme 
north end of the ultimate station. 

Permanent railway connections are provided by a 
track built along the river at the bottom of the cliff 
from the generating station to the Michigan Central 
Railway at the village of Queenston. A railway track 
is built across the river side of the station building on 
an extended portion of the substructure to give access 
to the southerly area. A 300-ton crane consisting of 
two separate units each having a capacity of 150 tons 
is provided in the generator room for handling genera- 
tors, transformers and other apparatus. Electric 
hoists are located throughout the station to facilitate 
the handling of equipment. 


TURBINES. * 


The turbines have a capacity of from 55,000 to 65,000 
brake horse-power under 305-ft. head. The draft tube 
on No. | unit is of the common curved type modified 
at the elbow, whereas each of the other units is equipped 
with a Moody spreading tube. In the design of these 
units care was taken to ensure good lubrication for 
the gate stems and to assure that all wearing surfaces 
were well greased. The use of labyrinth seals on the 
runner rims reduces leakage to a minimum. It will 
be noted on the section that the top portions of the 
draft tubes are of cast iron, and these are so arranged 
for units 1 to 5 that they can be lowered to facilitate 
the removal of the runner from below, thus dispensing 
with the necessity of the dismantling of the generator. 
Owing to the presence of a considerable amount of 
sand in the water during periods of flood, and by 
reason of dredging operations in the upper canal, a 
pressure sand filtering plant has been installed to 
filter all water supplied to che lignum-vite bearings, 
in order to prevent scoring of the turbine shaft. The 
lignum-vit« bearings themselves are about 6 ft. long, 
and in order to ensure lubrication over their entire 
length the water is admitted both at the middle and 
at the top of the bearing. A flow meter, with an 
indicator and an alarm light, is connected to the 
bearing water supply to guard against any stoppage of 
the flow continuing long enough to injure the shaft or 
bearing. The longitudinal passageway on elevation 
264 gives access to the turbine bearings, gate stems, 
servo-motors (Fig. 22), governors, and filters. Air- 
brakes, which act against the underside of the generator 
rotor, are provided to bring the unit quickly to rest in 
case of shut-down. ‘The runners are shown in Fig. 23. 

Gratifying results were obtained when the turbine 
and generator units were tested, two independent tests 
made on unit No. 5 agreeing with each other within 
a small fraction of 1 per cent. Two diagrams giving 
the test results are submitted in Figs. 18 and 19. The 
outstanding items of interest in connection with these 
curves are: a maximum overall efficiency of 91 per 
cent., a maximum turbine efficiency of 93 per cent., 


* [These turbines were fully illustrated in an article 
which appeared in ENGINEERING, yol. ecxiy, page 31. 
—Ep. E.] 


an output at the point of maximum discharge of 
65,000 h.p. coincident with an efficiency of 85 per cent., 
and a range in turbine capacity from 30,000 h.p. to 
63,500 h.p. with efficiencies above 90 per cent. 


JOHNSON VALVES. 


The lower end of the main penstock terminates in 
a 14-ft. Johnson valve, the outlet end of which is 
10 ft. in diameter and connects to the turbine casing 
by several sections of cast-steel pipe. Although this 
type of valve is too well known to require any descrip- 
tion, the method of control is worthy of note. Control 
is accomplished through three 8-in. Johnson valves, 
which are in turn operated by pistons in cylinders 
under penstock pressure controlled by a three-way 
plug valve. When opening the valve in order to fill 
the scroll case, it is necessary to build up the pressure 
in the latter so as to balance the pressure on the two 
sides of the plunger. The operation of the valve is so 
arranged that this is done automatically by a series 
of oscillations of the plunger, as soon as the control 
handle has heen thrown into the opening position. 
In closing, the motion of the plunger is retarded near 
the end of the stroke to prevent an excess rise in 
pressure, due to too sudden closing, and also to protect 
the plunger seat against shock. The control is so 
arranged that the valve will close automatically in 
case of a break in the scroll-case. A remote hand 
control is also provided so that the valve may be closed, 
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if necessary, from the control pedestal on the main 
operating floor (Fig. 21, Plate XXV). Access to the 
valve is from the floor on elevation 264, while the valve 
itself is located in a chamber which provides space for 
dismantling the valve. The 5 ft. 6 in. service penstock 
terminates in a steel plate Y, the two legs of which are 
each equipped with a 36-in. Johnson valve for each 
service turbine. 
GOVERNORS. 

The governor system for the main units uses filtered 
water containing a small percentage of bichromate 
of potash. This is supplied to the governor at from 
150 to 200 Ib. per square inch pressure from two 
motor-driven centrifugal pumps which feed into an 
accumulator tank for each unit. The return fluid 
from the servo-motors is carried back through a return 
main to two concrete tanks so arranged that one 
tank may be emptied and cleaned while the other 
is in operation. It had been found in other installa- 
tions, where a central pumping system capable of 
handling the completed plant was initially operated 
to supply only one or two units, that difficulty was 
experienced owing to the large-capacity pumps heating 
up the small amount of fluid in circulation. To avoid 
this, a small-capacity pump was also installed to 
supply governor pressure during the early stages of 
operation, and was afterwards to be held in reserve 
for an emergency. To guard against a shutdown due 
to the failure of the governor pumps, an emergency 
connection has been provided to pass direct penstock 
pressure into the governor-system header. This 
permits the governors to operate on penstock pressure 
at any time that the pumping system is out of service, 
and was called into service when the first two units 
were operating. 

Owing to the small ratio of length of penstock to head 
(about 1}:1) and the large flywheel effect of the 
generator rotors, the regulation of these units is a 
comparatively simple problem. 


GENERATORS. 


The present units are each rated at 45,000 kv.-a., 
80 per cent. power factor, 12,000 volts, three-phase, 
25 cycles at 187-5 revolutions per minute. They are 
capable of being operated continuously at 49,500 kv.-a., 
with either voltage or current 10 per cent. in excess of 
the rated values. The units are vertical (Figs. 20 and 21) 
with direct-connected shunt-field commutating-pole, 
520-volt, 150-kw. exciters. The over-all efficiency of 
the generating units is slightly in excess of 97 per cent. 
at power factor of 80 per cent. The thrust bearing is 
designed to support a load of 1,000,000 lb., which is 
slightly in excess of the weight of the rotor plus the 
hydraulic thrust imposed by the turbine. Upper and 
and lower guide bearings are provided, the latter on 
account of the length of shaft and in order to keep the 
generator a self-contained unit. 

The quantity of air required for cooling is 120,000 
cub. ft. per minute. It is interesting to note that the 
weight of air passing through the generator every 
24 hours equals the total weight of the generator, 
namely, 1,400,000 lb. The units are completely en- 
closed, the air being drawn either from the outside or 
the inside of the generator room, or from both, and dis- 
charged through ducts into the atmosphere or to the 
different sections of the building for heating purposes. 
With five units in operation at rated load, there will be 
available for heating the building 5,400 kw., which 
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corresponds to 1-2 kw., per 1,000 cub. ft. of building 
contents. Thisshould be ample for heating the building 
at all times. 

The maximum observable temperature which any 
portion of the unit will attain under rated conditions as 
obtained by thermocouples will not be in excess of 
105 deg. C. with 40 deg. C. ambient air. The tempera- 
ture as obtained by thermocouples is indicated on the 
control pedestal adjacent to the generator, and also 
in the control room. 

Units 1, 2 and 3 are all of the same make, having a 
rotor with cast steel spider and laminated built-up sheet 
steel rim, dovetailed to the spider. These three units 
have upper and lower bearing brackets of cast iron, and 
are provided with the Kingsbury thrust bearing. 
Armature windings are insulated in slot portions with 
sheet mica insulationironed on, whereas the end portions 
of the windings are insulated with mica and varnished 
cambric taping. The stator is divided vertically into 
four 90 deg. sections. 

Units 4 and 5, being made by a different manufacturer 
have a rotor made up of seven cast steel sections, five 
of which carry the pole pieces. The other two—one 
above and one below—are provided for additional 
flywheel effect. Upper and lower brackets are of cast 
steel and a spring supported type of thrust bearing is 
used. The armature coils are insulated throughout 
with mica tape. The stator is divided into three 
120 deg. sections. The flywheel effect of each unit is 
21,500,000 W.R.*. The rotors are required to stand an 
overspeed of 185 per cent. of rated speed. Insulation 
tests are specified of 30,000 volts on armature and of 
2,500 volts on field and exciter. The over-all diameter 
of these units is 25 ft., the diameter of rotor over pole 
faces being about 18 ft. The shafts are 30 in. in 
diameter in the guide bearings and are provided with a 
flange at the lower end for bolting to a corresponding 
flange on the turbine shaft. The shafts are hollow 
with 8 in. diameter bore and are 30 ft. 3in. long. The 
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over-all height of generators above the generator floor 
(elevation 284) is 26ft. 10in. Thus above thé main floor 
(elevation 297) only the top of the frame and the upper 
bracket thrust bearing housing and exciter are visible 
(Fig. 21). The weight of the complete generator is 
1,400,000 lb., that of the rotor 615,000 lb. The largest 
piece to be handled by the cranes weighs 600,000 Ib. 


CONSTRUCTION OPERATIONS. 


As excavating methods have been described so 
frequently, only the salient features wherein the work 
differed materially from ordinary construction will be 
discussed. Through the earth overburden, a trapezoidal 
section was excavated; this was sloped sufficient for 
stability after rip-rapping and a berm on each side was 
left at the bottom of the earth excavation sufficient 
to provide for loading-tracks. The rock was excavated 
sufficiently to provide a 48 ft. concrete-lined waterway. 
An electrically-driven shovel with a 90-ft. boom and 
58-ft. dipper stick capable of handling an 8 cub. yard 
dipper was used. With few exceptions these units 
could work in earth excavation from the rock surface, 
loading on tracks on the top of the slope, thus exposing 
in one operation the whole side for rip-rapping. 

The earliest designs of the rock section called for a 
channelled face from top to bottom. At a later date, 
however, this feature was revised and only the upper- 
most 10 ft. of rock excavation was channelled and this 
was done principally to preserve the integrity of the 


15 ft. wide on each side of the floor; second, the 
construction of the side lining in alternate panels, 
40 ft. in length; third, filling in of the intermediate 
panels of the lining; and fourth, the paving of the 
centre strip of the floor. The outstanding problems 
to be solved in connection with the lining of the walls 
of the canal were the extreme heights to be concreted 
in a single operation; the disposal of seepage; the 
necessity of obtaining the best results in regard to 
density, smoothness of finish and adhesion to the rock ; 
and the great distance over which the operations 
extended. 

By the end of 1920, two miles of the canal prism had 
been excavated to grade and made ready for con- 
creting. The programme for concreting the remaining 
distance of 54 miles had to be adjusted to suit the opera- 
tions of the five high-lift shovels, which were working 
in separate openings and scheduled to finish simul- 
taneously. It was necessary, therefore, to install 
more lining equipment than would have been required, 
for the sole purpose of completing the concrete work 
immediately after the shovels had finished the excava- 
tion. This programme. was carried out so that excava- 
tion was completed on November 30; concreting was 
finished on December 18, and water admitted to the 
canal on December 24, 1921. 

From November 1, 1920, to December 17, 1921, 
410,000 cub. yds. of conerete were placed, 379,000 
cub. yds. of this being placed in 1921, while 332,000 
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rock berms for the loading-tracks. Below the 10-ft. 
level the sides of the excavation were prepared for 
concrete by deep close drilling. 

The rock face in the deeper section was shot in 
single rounds at intervals of 11 ft., and for this purpose 
holes to a maximum depth of 55 ft. heavily sprung 
were loaded. About a pound of 60 per cent. dynamite 
per cubic yard of solid material was employed. Areas 
for disposal of the large quantities of excavated 
materials at distances of from 1 to 3 miles from the 
line of the canal were arranged and were operated to 
provide a fill with a 40-ft. face by side dumping. A 
similar face was provided also by temporary trestling. 

The handling of 12,000,000 cu. yds. of dry earth 
excavation and 5,000,000 cu. yds. of rock, together 
with 500,000 cu. yds. of concrete ingredients, other 
structural materials and plant, could hardly be con- 


ducted properly without a complete and efficient 
system of trackage. As part of the earlier construction 


programme, connections and transfers were arranged 
with the principal railway lines and storage and sorting 
yards established at central points. The main-line 


‘double-track railway was constructed parallel to the 


location of the canal from end to end and connected 


to the several yards. These tracks together with 


loading and service tracks and double-track lines to | P 


the various disposal areas, made up a total of about 
90 miles of single-track railway ; all of which were of 
the best heavy construction and provided with over- 
head trolley wire for electric operation. 

The disposal of excavated materials was handled 
almost entirely by twenty-six 55-ton electric locomo- 
tives, and a similar number of steam locomotives were 
in use for yard and service duties, and also for moving 
excavated materials as an adjunct to the electrical 
equipment. The standard spoil train was made up 
of eight 20-yard all-steel side dump cars, equipped 
with compressed-air apparatus for discharging. __ 

_ Canal Lining Plants.—The sequence of operations 
in lining the canal was :—First, the paving of a strip 
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cub. yds. of this latter quantity were placed from 
May to December, inclusive, or at an average rate of 
41,500 cub. yds. per month. The record day’s pour 
was 3,046 cub. yds., with 17 plants operating; the 
record week was 18,278 cub. yds. and the record month 
63,362 cub. yds. 

The average amount of cement used per cubic yard 
of concrete of all classes on this work has been 
1:28 bbl. of 350 lb. net weight. The Canadian 
standard barrel of cement is equivalent to 1-19 bbl. 
in American units. The averages for the different 
classes have been as follows :— 


Barrels of Cement. 
Minimum Com- 2 
Class. Mir ge Per Cub. Yard of Concrete 
Lb. per Sq.In. | Gan, BBL. U.S. BBL, 
A 2,500 1°67 1-55 
B 2,000 1:46 1-36 
© 1,500 1-20 1:12 
D 1,000 0:98 0-91 


Approximately 235,000 cub. yds. of sand were 
urchased. Half of this was obtained from a pit 
accessible from the tracks of the Commission, and the 
rest from Lake Ontario. Both deposits contained 
materials of excellent quality. 

In addition to the Queenston-Chippawa develop- 
ment, the Commission operates 21 hydro-electrical 
plants to supply the electrical energy for its several 
systems. Electrical plants, now operated and under 
development by the Commission, will, when completed, 
have an aggregate capacity of 1,000,000 h.p. 

The largest of these other plants which the Commis- 
sion has constructed is what is known as the Nipigon 
development, installed for supplying power to the 
Thunder Bay district. ‘This district is situated at the 
north-west of Lake Superior at the head of the naviga- 


tion of. the Great Lakes, the two principal communities 
in the district being the city of Port Arthur and the 
city of Fort William. The Nipigon development 
provides at present for an installation of 75,000 h.p. 
with extension to 100,000 h.p. A substantial portion 
of its output is being employed in connection with the 
pulp and paper industries of the district. 

In conclusion, I should like to say that the small 
initial load of less than 1,000 h.p. with which the 
Hydro-Electric Power Commission commenced its 
operations in 1910 has increased, until to-day the 
Commission is distributing 750,000 h.p. The trans- 
mission lines of the Commission total a length of about 
4,000 miles, and include over 580 miles of 110,000-volt 
lines. The greatest single distance to which power is 
transmitted is from Niagara Falls to the city of 
Windsor, a distance of approximately 250 miles. The 
Commission has invested in its hydro-electrical under- 
takings about 195,000,000 dols., and the municipalities 
have invested in their own distribution systems and in 
other assets relating to their electrical enterprises 
about 65,000,000 dols., making a total investment in 
the undertakings with which the Commission is associa- 
ted, of over 250,000,000 dols. Over 360 municipalities 
are supplied through the agency of the Commission. 
The extent of these operations justifies the provision 
of this large Queenston-Chippawa development. 

When it is remembered that the progress briefly 
outlined to you respecting the Commission’s work has 
been accomplished in less than 15 years, it will be 
recognised that the operations of the Hydro-Electric 
Power Commission of Ontario constitute an out- 
standing example of the rapid development of electrical 
markets and a vindication of the policy of making 
available to the greatest number of people of the 
province of Ontario the inestimable advantages of 
low cost electrical service. 


AN ECONOMICAL DESIGN FOR ARCH 
CENTRES.* 


By A. E. Wynn, B.Sc. (Birmingham), Assoc.M.Am 
'Soc.C.E. 


THERE is not very much literature on the design of 
centring for reinforced concrete arches. An examina- 
tion of handbooks and text books on reinforced con- 
crete reveals a few pictures but mostly of bridges with 
some particular feature requiring a special treatment 
of the centring. Magazine articles on. reinforced 
concrete bridges usually neglect to describe the con- 
struction of the centring, passing it over with such 
remarks as ‘“‘the centring presented no special 
difficulty ” or “‘the centring was of the usual bent 
type.” Now to the bridge contractor this is the most 
important part of his work, and on it may be said to 
depend the successful completion of the bridge. 
He is always pleased when the arch ring is poured and 
stripped as he knows then that most of his troubles 
are over, Centring is designed more by practice 
than theory, and for that reason more descriptions of 
designs used successfully would be welcomed by the 
bridge engineer and contractor. The contractor is 
naturally interested in economy, and wants to know 
how light he can make his design and at the same time 
ensure sufficient strength. 

Each bridge will present a different problem from 
the last, but it is possible to practically standardise 
the design lof the centring so that the lumber can be 
used over and over again, and this means economy. 
Unless there are special conditions, requiring the use 
of steel or timber trusses, the design will usually be 
of the bent type. No two engineers will design a 
bent centring in the same way, as there are an infinite 
number of arrangements of spans and sizes of timbers 
to choose from. The problem is to find the most 
economical one for the case in question, under certain 
conditions pertaining, also bearing in mind that the 
lumber will probably be needed for another job. 
The centring described in this paper was built in the 
fall of 1922 for a bridge over the Salmon River at 
Pulaski in New York State (Figs. 1 to 4, Plate XXVI, 
and page 258). The design, being so successful in its 
first use, has been adopted practically as a standard 
by the contractors and this design, and the same 
lumber is being used for the third time. The economy 
in being able to use the lumber several times over is 
obvious. This cannot be done if such sized timbers 
are used that cannot be easily adapted to different 
conditions. The Pulaski Bridge is a two-rib open 
spandrel arch of 200 ft. clear span and rise of 26 ft. 6 in., 
the distance from the crown to the river bed being 
about 40 ft. The ribs are 3 ft. deep at the crown and 
5 ft. 6 in. at the springing and vary in width para- 
bolically from 5 ft. 4 in. to 7ft. As construction was 
not started until the middle of September, speed was 
of the utmost importance, as it was desired to complete 
the archribs and have them stripped before cold weather 


* Paper read before Section G of the British Association 
at Toronto on August 13, 1924, 


[Auc. 22, 1924, 


Pas 


mai 


(8642.D.) 


and high water. Before designing the centring, 
enquiries were made at all the nearby lumber dealers 
as to their stock and sizes of timbers, since it was 
impossible to wait for mill shipments. In long leaf 
yellow pine the only sizes that could be obtained in 
sufficient quantities were 6 in. by 6 in., 6 in. or 8 in. 
by 12 in. and 3 in. by 12 in., so that this fixed the 
sizes of the posts, caps and joists respectively. For 
lagging 1}-in. spruce was*not available, so {-in. by 
6-in. tongued and grooved pine was used. Two-inch 
by 6-in. rough spruce was used for bracing. All the 
sizes were somewhat lighter than are usually used for 
an arch centring of this size and an arch ring of this 
weight. The design, therefore, had to be made to fit 
the lumber available, obtaining the maximum use out 
of each piece. As centring is only a temporary 
structure and the load to be carried is definitely known, 
higher stresses can be used than is customary in 
permanent work. On the long-leaf yellow pine joists 
and caps an extreme fibre stress of 2,000 lb. sq. in. in 
bending was allowed and 200 lb. sq. in. for horizontal 
shear. A unit stress up to 800 lb. sq. in. was allowed 
for compression across the grain. 

The design was made, as far as possible without using 
different sizes, so that each member was fully stressed. 
Assuming an average load on the joists from the arch 
ring, it was found that at 12-in. centres a 3-in. by 
12-in. would span a little less than 12 ft. As they 
could only be obtained in 12-ft. and 14-ft. lengths, 
this was satisfactory, and a uniform spacing of 12 in. 
was kept throughout. It is better to keep the joist 
spacing constant and change the spans than to keep 
the spans constant and change the spacing. This 
required nine bays to half the arch, but since it was 
desired to fully stress the joists the bays could not be 
equal since the load increased from the crown to the 
springing. From looking at the thickness of the arch 
ring it could be seen that near the crown the thick- 
ness did not increase appreciably so that the bays 
could be of equal or nearly equal spans, but that 
near the springing the increase was rapid, so that 
the bays would have to be made shorter and shorter, 
decreasing by a greater amount each time. A spacing 
was therefore assumed which was expected to give 
equal stresses in the joists throughout. At each bent 
the weight of the arch ring was calculated and resolved 
normal and tangential to the intrados. The tan- 
gential component was neglected and the radial com- 
ponent was used in calculating the joists. 

Since it did not vary much from one end to the other 
in the short length of joist, the average was taken and 
assumed as uniform all over. To this loading was 
added 60 lb. per sq. ft. for construction live loads. 
This added live load was small because the concrete 
was wheeled over the old bridge and not over the 
centering and was deposited through chutes and not 
dropped. Using the maximum allowable stress the 
assumed spans of the joists was checked and slightly 
changed where necessary. With a bearing stress of 
400 lb. per sq. in 4 in. bearing was required, while the 
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greatest deflection would be less than finch. As the 
arch ribs widened out, one more joist was used for the 
four bays nearest the abutments. To carry the over- 
hanging lagging to form a walk alongside the ribs, 
2 in. by 12 in. spruce was used. As 7 ft. was the 
maximum width of ribs the same width was used for 
the bents, using three posts 3 ft. 6 in. apart for each rib. 

From the loads carried by the joists the caps were 
calculated, and it was found that the allowable unit 
shear governed the size as is usually the case with 
heavy loads on short spans. An 8 in. by 12 in. was 
used until a 6 in. by 12 in. was strong enough, and 
this size was kept throughout, although near the crown 
a smaller timber would have been sufficiently strong. 
The loads on the posts varied from 26,000 Ib. to 
20,000 lb. on the centre posts, and from 14,000 lb. to 
11,000 Ib. on the outside posts. Using 6 in. by 6 in. 
posts the compression across the grain of the caps 
varied from 800 lb. sq. in. to 600 Ib. sq. in. Although 
this was high it was considered safe, as some biting into 
the grain was expected and allowed for. Results 
showed that this biting wasinappreciable. The allow- 
able unit compressive stress on the posts was 1,200 lb. 
sq. in. reduced according to Winslow’s formula of 
allowable stress per sq. in. The greatest length of 
post was 12 ft. and it required three tiers to reach 
the arch ring. Hach tier of posts rested on cross 
caps of 6 in. by 6 in. timbers and these in turn 
rested on longitudinal caps of 6 in. by 6 in. 

The cross caps greatly stiffened the structure and the 
longitudinal timbers stiffened the structure, and formed 
a good working platform, and especially were used to 
take the thrusts from the arch ring on the top caps. 
The lower row of 6 by 6’s were wedged each end against 
the abutments and took the thrusts on the caps of the 
second bents from the abutments, being transferred 
down through diagonal 6 by 6’s. The upper row took 
the thrusts direct on the third caps from the abutments. 
The upper posts in the fifth bents took the thrusts on the 
fourth caps. The joists were notched over and wedged 
tight against the caps to prevent the caps from over- 
turning and to get a bearing of at least 4in. Wedges 
were placed at the bottom of the upper posts and 
between the cross and longitudinal 6 by 6’s. They were 
cut from 4 in. by 8 in. by 18 in. beechwood. All 
bracing was 2 in. by 6 in. rough spruce, which is lighter 
than is ordinarily used for this purpose. 

A row of braces connected the posts just below the 
caps, and each bay was diagonally braced both longi- 
tudinally and across the bents, and the bents for each 
tib were connected by horizontal and diagonal braces. 

To support the posts several methods were con- 
sidered. The water varied in depth at high water from 
6 ft. to a few inches and had a rise and fall of 2 ft. due 
to the opening and closing of a dam upstream. The 
river bed consisted of about 8 ft. of gravel overlying 
rock, the gravel being rather loose on top, the small 
material having been washed out. Piles could not be 
driven in this material. With timber mudsills there 
would have been too much danger of settlement as the 
loads per posts were high, 10 to 13 tons. ‘To determine 
how much the soil would safely carry a 2 ft. square 
concrete pedestal was cast on the river bottom and 
loaded up with old steel. It was found that 1} tons 
per sq. ft. could safely be put on the foundation without 
any appreciable settlement. It was, therefore, decided 
to support all the posts on concrete pedestals propor- 
tioned for this loading. They were all made 9 ft. 
long to take three posts of a bent and varied from 3 ft. 
to 18 in. at the bottom to 18 in. at the top, the greater 
width in the deep water to prevent overturning. The 
forms were made on shore, set in the water, weighted 
down and filled with 1:3:6 concrete mixed from gravel 
dug out of the river bed. The tops of the pedestals 
were a little above low water and the posts were set 
directly on them. 

The contractor was greatly helped in the construction 
of the centering by the fact that the old steel arch 
bridge was left in place until the arch ribs were poured 
and so could be used as a working platform. A hand 
which fastened to an A frame was the only plant used 
in erecting the centering. It is interesting here to 
note that the arched lower chords of the old bridge 
were concreted in the new ribs and the diagonal mem- 
bers and the horizontal top chords were not cut off 
until the new bridge was completed. Each member 
of the centering was erected separately, as this method 
was considered to be cheaper and quicker than trying 
to handle built-up units. Only sufficient braces were 
placed at first to hold the posts in position, the object 
being to build up to the full height as quickly as 
possible, and then while the lagging and reinforcing 
steel was being placed, to complete the bracing. 

The top row of braces was only lightly spiked on until 
the posts were wedged up to their final position, this 
being given by instrument readings on the lagging 
at each bent. A crown of 24 in. was given the arch 
to allow for possible settlement. The actual settle- 
ment obtained was 1} in., of this } in. was due to take 
_ up in the timbers while pouring, } in. after removal of 
forms and } in. due to rib shortening. To obtain the 


curvature of the joists, the full half arch was laid out 
ona platform of 1 by 6’s._ The joists were adzed to the 
curvature required. As the arch was flat this did not 
mean much cutting away of the joists and was cheaper 
than adding curved strips as is often done, The joists 
were lightly toe-nailed to the caps to hold them in 
position, no cross bridging was used, 

Contrary to usual practice no bolts were used in 
any part of the structure. Instead spikes were used 
throughout, each brace being connected to the posts 
with four spikes each end. 

Using spikes instead of bolts was not only quicker 
and more economical but gave a stiffer structure. The 
labour cost of drilling holes, fitting and tightening 
bolts and nuts is high, while there is little salvage of 
the bolts, as they are easily lost and their first cost is 
high. Also bolt holes tend to become elongated, and 
it is difficult to tell whether the nuts are tight without 
testing each one. The caps were fastened to the posts 
with 1 in. by 6 in. scabs securely spiked to prevent the 
joists turning them over. The whole centering was 
completed in 15 working days at a cost of 25 dols. per 
thousand board feet of lumber, exclusive of foundations 
which cost 5 dols. per thousand. 

The total amount of lumber used, exclusive of the 
lagging was 48 thousand board feet. The method of 
stripping the centering was interesting and probably 
unique. As it was now December with very cold and 
snowy weather, and a partly frozenriver speed was very 
important, and the superintendent was allowed four 
days to dismantle the centering and pile the lumber up 
on the bank with a gang of only 2 carpenters and 5 
labourers. 

The wedges were loosened in pairs, starting from the 
crown. The top row of longitudinal braces and those 
connecting the bents were then knocked off. Ropes 
were passed around the arch ribs, underneath the joists 
and lagging, one rope at each bent, thus tying the joists 
and lagging up to the ribs. The top centre bent was 
then removed, and a rope fastened to the cap of one of 
the bents, and three or four bents were pulled over by 
man power on to the bents below, where they knocked 
apart and the timbers dropped on to the ice. The 
same method was used for the lower bents. As fast 
as the timbers were dropped on to the ice they were 
carried ashore. When all the bents were down the 
ropes around the ribs were slackened and the joists 
and lagging dropped to the ice two bays at a time. 
As few spikes were used to connect the lagging to the 
joists, the lumber became separated in dropping. * 

It may be thought that there would be considerable 
damage done to the lumber by this method, but this 
was not so. 

The timbers were too heavy and the lagging too light 
to be damaged by falling, and the only broken pieces 
were a few braces, that were wrenched off when the 
bents were pulled over. 

The dismantling of the centering was done within the 
time allowed at the low cost of three dollars per thou- 
sand board feet. The heavier concrete pedestals were 
washed out in the spring floods, so no destruction of 
them was necessary. 

Each rib was poured simultaneously in six sections 
ofequal volume, symmetrically »laced with regard to the 
crown, with keyways left at uhe crown and abutments. 

The centering was loaded symmetrically, and a 
carpenter was on watch ali the time during concreting 
to tighten wedges if necessary and to watch for any 
signs of weakness. 

From level readings at the crown before and after 
pouring the settlement due to concreting was 4 in., 
which was very much less than expected, and was all 
due to take up at the joints, giving about gin. at 
each cross grain bearing. This amply justified the 
use of a high bearing stress on the timbers. 

Much interesting information was obtained from the 
success of this centering, since departure from usual 
practice was in the use of very light short timbers, 
light bracing, high unit stresses and the use of spikes 
instead of bolts, all of which were proved to be satis- 
factory. 

It is doubtful whether the horizontal and diagonal 
6 by 6’s were required to take the thrusts on the caps 
since there was no sign of the joints closing up under 
compression. If these members took any thrust at 
all, it was not transmitted throughout their whole 
length, however, they were useful in giving a good 
working platform and additional stifiness. 

When the joists are notched over and wedged to the 
caps and the caps well scabbed to the posts, there 
should be no danger of the caps overturning from the 
horizontal thrusts. 

There was probably too much longitudinal bracing. 
The top tier of posts should be well braced as they have 
to take most of the shock and thrust, but no doubt 
half as much bracing in the two lower bents would have 
been sufficient. he 

The same general design and lumber was used on a 
second bridge of three barrel arches of 63 ft. span each. 
Only one tier of posts was necessary, and as the loads 
were lighter the joists were placed 27 in. apart, and the 


caps were 6 by 6 spaced 4 ft. 6 in. on centre across the 
arch and about the same spacing longitudinally as 
before. The joists were adzed to the new curvature. 

The lumber is now being used on the third bridge 
of three barrel arches of 70 ft. span each. ‘Two tiers of 
posts are being used, and other details are the same as 
were used at Pulaski, adapted to a barrel arch with 
lighter loads to carry. 

If heavier timbers had been bought in the first place 
they could not have been used to advantage in the 
smaller bridges without waste of material, whereas 
small size timbers can be used to the limit of their 
strength under almost any conditions. 


ILLUMINATING ENGINEERING SOCIETY. 


On Tuesday, August 12, a conference of the 
Illuminating Engineering Society was held at the 
British Empire Exhibition, when papers were read 
dealing with various lighting problems. A contribution 
of Mr. G. L. Jennings, of the Brentford Gas Company, 
was entitled ‘‘ Some Notes on the Gas Lighting at the 
British Empire Exhibition.” In it Mr. Jennings re- 
called that practically the whole of the amusement 
area of the White City was lighted by high pressure 
gas. The author believed, however, that there was 
now no need to employ this system for really effective 
gas lighting. At the Exhibition two low-pressure 
lamps, 14} ft. from the ground to reflector, were 
used on each standard. The lamps had been placed 
60 ft. apart, 30 ft. separating the columns across the 
road. The lamps were of a new pattern, consisting of 
a strong copper exterior and cast superheater. There 
were 16 mantles in each lamp. The weight of *the 
lamp was 423 lb., so that everything connected with the 
fixing of these lamps had to be solid. So far, including 
the by-pass and lamp, the consumption worked out at 
under 34 cub. ft. per hour per lamp, 2.¢., slightly over 
2 cub. ft. per mantle. There were situated at various 
places in the grounds where it was desirable that 
extra light should be given or where the light could be 
seen from a distance, a number of columns carrying 
four lamps, making a total of 64 mantles with an 
observed candle-power of over 6,300. The columns 
of these were made taller, the actual casting being 
14 ft. 6 in. and the lamps had been fixed at a height 
of 17 ft. to the reflectors. 

In his paper ‘Some Notes on the Electric Lighting 
at the British Empire Exhibition,” Mr. Hadyn TT. 
Harrison stated that the original scheme was to deal 
with the outside illumination of all buildings, excluding 
the amusement park, as one complete scheme on novel 
lines, but this had been found impracticable. This 
original scheme was to illuminate all the facias of build- 
ings from the roofs of adjacent buildings, with the 
object of avoiding the distortion of architectural 
features such as occurs with illumination from ground 
level or sources at low altitude. The absence of such 
flood lighting in certain sections had made it necessary 
to add supplementary festoon lighting not originally in- 
tended. The surfaces of the most beautiful buildings 
were of concrete with reflecting values as low as 25 
per cent. and from 2 to 5 foot candles were found 
necessary to produce a good effect with white light. 
In the case of plastered or painted buildings less than 
half this value was sufficient. Owing to the long 
distance between buildings highly concentrating pro- 
jectors were necessary. The problem was solved by 
the use of low voltage gas filled tungsten lamps with 
concentrated filaments, and deep short focus parabolic 
reflectors, which directed 76 per cent. of the total 
luminous flux within an angle of less than 5 deg. 
—probably the highest degree of concentration yet 
obtained with an incandescent filament as the light 
source. With a 100 watt 12-volt lamp these 
projectors produced 300,000 candle-power at the 
centre of the beam, 200,000 candle-power at 1 deg., 
and 100,000 candle-power at 2 deg. on either side, 
the overflow being exceedingly small. The main 
feature of the lighting of the grounds was the use ot 
sources of low intrinsic brilliancy and high power, 
with a view to eliminating all unpleasantness due to 
glare. The beautiful spherical globes designed by the 
architects were erected at a low altitude for artistic 
reasons, but as the luminous area exceeded 900 sq. in. 
the brilliancy was low despite the fact that these 
lanterns furnished 600 to 1,000 candle-power. Flashed 
opal glass was used to obtain uniform brightness. 
The interior lighting included the illumination of 
some of the largest buildings in the world. The 
light sources were gas-filled lamps suspended as 
high as possible. Lamps were in general equipped 
with concentrating reflectors of the vitrous enamelled 
steel type, the resultant floor illumination of 3-foot 
candles being obtained with an expenditure of less 
than 0-3 watts per square foot of floor surface. : 

In a paper entitled ‘The Best Means of Promoting 
Public Appreciation of the Benefits of Good Lighting, 
Mr. L. Gaster, gave some notes on the proceed- 
ings at the first International Conference on Industrial 
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Hygiene and the meeting of the International Mlumina- 
tion Commission held in Geneva, in July, 1924. The 
conference had cordially approved the view that good 
lighting, in common with proper ventilation, heating 
and sanitation was essential to the health of the 
workers. 

One of the most pressing needs was considered in 
“The Illumination of Highways from the Motorist’s 
Point of View,” a contribution of Mr. Edward H. 
Fryer, Head of the Road Department of the Auto- 
mobile Association. He stated that motorists’ require- 
ments fell into three groups :— 

(1) Illumination provided on their 

motor-cycle ; 

(2) Extraneous lighting ; and 

(3) Warning lights. 

Climatic difficulties ruled in each group, while the 
provision of more light could possibly endanger other 
road users. In the opinion of Mr. Fryer the most 
satisfactory form of lighting (electric) for a motor-car 
could be summarised as follows: ‘Two headlights 
mounted so that the nearest one focused straight 
ahead and the off-side one focused slightly towards 
the near side. An auxiliary light under the near-side 
dumb-iron was advocated, fixed a slow as possible and 
focused on to the edge of the road (when driving a 
yard or so from the edge) at a distance of 8 to 
10 yards ahead of the car. These three lights should 
be controlled by a couple of switches handy to the 
right thumb. Two side lights, the near-side one 
focused with a horizontal beam and the off-side one 
depressed so as to avoid dazzling vehicles travelling 
in the opposite direction, and one tail light on the off 
side completed the equipment. 

With regard to street lighting a national standard was 
most desirable, for the reason that traffic on the roads 
at night was bound to increase. Reasonable require- 
ments in regard to street lighting were even illu- 
mination of the roadway; no flare or dazzle from 
naked lights; and no shadows. A uniform height of 
suspension of the lights, together with uniform dis- 
tance between the lights was essential. Illumination 
of danger points was necessary. Possibly the ideal 
system of street lighting would be from lamps fitted 
with parabolic reflectors, projecting a strong beam 
in the direction of proceeding traffic, but fixed at such 
a height and angle as to avoid dazzling drivers on 
the other side of the highway proceeding in the 
opposite direction. 

Motorists had subconsciously developed the habit 
of overtaking red lights by going to the off side and 
keeping to the near side when white lights appear, and 
it was suggested that this simple principle should be 
adopted in lighting all highway obstructions. 
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THE RENOLD HOLLOW-STUD 
DRIVING CHAIN. 


THE steady increase in the use of chain drives for 
many classes of machinery, together with the tendency 
of many makers to construct machines for more arduous 
work, renders the provision of satisfactory driving 
chains of the utmost importance. The malleable 
cast-iron type of chain has done, and continues to do, 
excellent work for elevating and similar machinery, 
but in view of general developments Messrs. Hans 
Renold, Limited, of Didsbury, Manchester, have 
introduced a form of steel chain suitable for various 
rough and heavy machines, driving, elevating and 
conveying machinery, &c. The elimination of cast 
iron for tension members, which this all-steel chain 
necessarily involves, will appeal to many users, while, 
as will be obvious, the chain has qualities of lightness 
combined with strength, accuracy of pitch and bearing 
surfaces which are of great value. The qualities of 
any chain are naturally a reflex of the methods of the 
people who make it, and in this case, in view of the 
record of Messrs. Hans Renold, it is not necessary to 
say that the product is of the very highest class. The 
new hollow-stud chain of the firm is illustrated in the 
annexed figures. The various sizes are in general built 
to run on the sprockets which are commonly used 
for malleable chains, and to the standards of such 
chains it also conforms in pitch, diameter of bush and 
inside width. 

The side plates of the chain are made of rolled steel 
and, consequently, give the necessary tensile strength 
for a minimum of weight. The bushes and studs are 
made from rolled steel strips formed to shape, or in 
certain sizes are machined from steel tubes. ‘They are 
fixed rigidly into the side plates by force fits that are 
correctly proportioned to the size of the parts. In the 
hollow-stud chain the bushes and studs are cylindrical 
and forced into round holes in the side plates. These 
side-plate holes are a few thousandths of an inch 
smaller than the bushes or studs, and the force fit so 
obtained will resist any effort to turn them which 
the work of the chain can produce. As an additional 
precaution the ends of the hollow rivets are slightly 
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expanded, This sytem is superior in that cylindrical 
parts and round holes can be made to the necessary 
degree of accuracy by methods that are a manufac- 
turing proposition. The wearing surfaces are smooth 
and case-hardened, and all scale is polished off after 
hardening. ‘The turning of the chain joints when the 
chain is in action takes place between glass-hard polished 
surfaces, which are very large in proportion to the load 
capacity of the chain. 

In some cases a roller is mounted on the bush to 
bring the diameter up to that of the gearing barrel of 
the particular malleable chain that is to be replaced. 
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In others the bush itself gears with the sprocket teeth, 
while occasionally the rollers are made large enough to 
stand above the side plates to enable the chain to roll: 
along a guide track. Various other modifications are 
given in detail in ‘“‘ Chains for Conveying and Eleva- 
ting Machinery,” an interesting publication of Messrs. 
Hans Renold, Limited, which should be in the: 
hands of all users of heavy chain drives. In this 
book the new departure in chain making is described, 
namely, the provision of steel links in place of malle- 
able iron ones in conjunction with the design embody- 
ing hollow studs throughout. With these chains 
attachments of all kinds can be simply secured to the 
chain at any desired spacing. This permits standardis- 
ation of chain parts and gives the added advantages 
of accurate chain pitch, guaranteed strength, and long 
life due to hardening. 


THE HENDON-EDGWARE EXTENSION 
RAILWAY. 


Tue opening for traffic on Monday last of the Hendon 
to Edgware section of the Hampstead line of the 
London Electric Railway system, marks the completion 
of the Hampstead and Edgware Railway which was 
promoted nearly 30 years ago in connection with the 
original Charing Cross, Euston and Hampstead Tube 
Railway. The latter was opened for traffic as far as 
Golders Green in 1906, that station remaining the 
terminus until November of last year, when the 
extension line was opened as far as Hendon (Central) 
station, with an intermediate station at Brent. 

Work on the further extension from Hendon to 
Edgware, which has just been opened, was commenced 
in November, 1922, so that its construction has 
occupied less than two years. From Hendon, the line 
runs in a north-westerly direction for a total distance 
of 3 miles, passing through twin tunnels under high 
ground, known as the Burroughs ridge, and under 
the main line of the London, Midland and Scottish 
Railway. It then continues on the surface in shallow 
cuttings and on low embankments to the terminus 
at Edgware. There are two intermediate stations 
named Colindale and Burnt Oak, respectively, the 
first-mentioned being located near the main entrance 
to the Hendon aerodrome. 

The construction of the line presented no particular 
difficulties, although as many as 10 under or over 
bridges were required between the Burroughs tunnels 
and the Edgware terminus. Seven of these bridges 


are of the steel-girder type, while the remainder are 
of brick-arch construction. The Burroughs tunnels are 
of the standard tube type, constructed of cast-iron 
segments and having an internal diameter of 11 ft. 8}in. 
They are 5 furlongs in length, and have a total fall of 
50 ft. Rotary excavators were used for the greater 
part of the tunnelling operations, which occupied a 
period of nine months’ continuous work. Near Colin- 
dale station a deep cutting, involving the use of 
concrete retaining walls, was necessary, and another 
constructional feature which may be mentioned is a 
long embankment with a brick-arch opening in the. 
centre to carry a thoroughfare, known as Deansbrook 
lane, over the line near the Edgware terminus. ° | 

The permanent way is of the usual construction, 
85-lb. bull-headed rails being fixed in the chairs by 
steel spring keys. The sleepers are of creosoted fir in 
the open sections of the line, and of jarrah in the 
tunnels. The contact rails are of special high- 
conductivity steel supported on insulators of “ Silu- 


_|minite.” At Colindale station a reversing track has 


been laid, and at the Edgware terminus a scissors 
crossover has been put down. The track circuit 
system of electric signalling has been adopted, the 
signals used being of the daylight-colour type in 
which the same indication is given by day as by 
night. Signal cabins are provided at Colindale: for 
working the reversing siding, and at Edgware for 
operating the scissors crossover on the main roads 
and the various points leading into a car shed which 
adjoins the station there; otherwise all signals are 
controlled automatically. Telephones are provided at 
all home signals to enable motormen to communicate 


‘| with the signal cabin if necessary, and, in the Burroughs 


tunnels, telephone lines have been installed to which 
portable instruments carried by all motormen can be 
connected for use in emergency. : 

Electrical energy for train operation is supplied 
from the Lots-road power station, at Chelsea, through 
the automatic sub-station at Burnt Oak, which we 


| illustrated and described in our last issue on page 227, 


This sub-station is now in operation, but, owing to 


| the incidence of the building strike, it has not been 


possible to complete the platform and station buildings 
at Burnt Oak, and some few weeks must elapse before 
this station is available for public use. For the same 
reason the roofing and some other details of the 
Colindale and Edgware stations are not quite finished, 
although these stations are open for traffic. The 
platforms of all stations are of the island type, 350 ft. 
in length in all cases. At Edgware both the platform 
and running roads are completely roofed over, so that 
cars can be stored in the station overnight if necessary, 
although the car shed adjoining the station provides 
accommodation for 28 cars. Only the central portions 
of the platforms are roofed over at the other stations, 
but, in every case, connection with the booking hall 
is by means of a covered way from which diverging 
stairways lead down to the platform. Passimetei 
booking booths, equipped with automatic ticket 
delivering machines, have been installed at all the 
new stations. 

During the busy hours of the morning and evening, 
through trains run at eight-minute intervals between 
Edgware and Moorgate, the journey occupying 3! 
minutes, while, at other times, through trains rup 
at 10-minute intervals between Edgware and Charing 
Cross, and at five-minute intervals between Colindale 
and Charing Cross. With the opening of the Moorgate: 
Clapham section of the City and South London Railway, 
which is being widened and is expected to be ready for 
traffic in November next, direct communication betweer 
Edgware and South London will be provided, the 
journey of 153 miles occupying about 50 minutes. The 
work of extending the City and South London lint 
for a further distance of 54 miles to Morden is well ir 
hand and should be completed by the end of next year 


BritisH IRON AND STEEL PRODUCTION.—The Nationa 
Federation of Iron and Steel Manufacturers state that the 
production of pig-iron in July amounted to 611,800 tons 
compared with 607,800 tons in June and 655,100 tons 
in July, 1923. The number of furnaces in blast at the 
end of the month was 174, a decrease of 11 since the 
beginning of the month and the lowest number in blas) 
since December, 1922. The output of steel ingots anc 
castings amounted to 693,300 tons, compared with 651,50 
tons in June (when the output was affected by thi 
Whitsun holidays) and 639,500 tons in July, 1923. 


Contract.—We learn that orders have been placet 
with the Westinghouse Brake and Saxby Signal Company 
Limited, of 82, York-road, London, for the supply © 
complete automatic electro-pneumatie decking plant a 
the Great Western Colliery Company’s new pit, Tymaw) 
Field. This includes complete interlocking and simul 
taneous decking for two deck cages, power-opsrated gate! 
and control of auxiliary cages. Further orders fo 
electro-pneumatic decking plant at the United Stee 
Company’s Orgreave Colliery, Staple Pit Top, have beer 
received, including track rams, skotch blocks, &c., fo: 
decking their two-deck cages at one banking level. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Tron and Steel.—The long looked-for revival in the 
steel and engineering trades is still far ahead, and those 
who predicted an “autumn boom” havo proved to be 
false prophets so far as trade in South Yorkshire is con- 
cerned. All efforts to stimulate a buying movement, up to 
the present, have yielded little results, and with the 
termination of the Allied Conference, a renewal of 
unfair German competition is prophesied. The storm 
of labour troubles that has overhung the steel trade of 
this district for the past month has burst, and some 7,000 
operatives on Saturday withdrew their labour from three 
of the largest steel producing firms in South Yorkshire. 
The firms concerned are Messrs. Samuel Fox and Com- 
pany, Stockbridge, Messrs. Steel, Peech and Tozer, 
Rotherham, and the Park Gate Iron and Steel Com- 
pany. The cause of the dispute is the refusal of the 
employers to grant district rates and conditions, said to 
be observed by other firms locally, to unskilled men. 
On Monday all three firms shut down, the stoppage thus 
affecting not only the men on strike, but some thousands 
of others dependent on their work. The output of steel 
from this district continues well below the average, and 
the figures for July will reveal a still further drop as 
compared with the figures for June. The demand for 
billets and other similar material is only moderate, and 
furnace masters have been obliged to suspend operations 
at one or two furnaces, but an improvement is looked for 
in the near future. The Colonies are still calling for 
agricultural implements, quarry tools and road-making 
appliances, but not on such an extensive scale as of late. 
Encouraging reports are received from manufacturers in 
the lighter trades. There is a particularly heavy call 
for picks, hammers, mining requisites and garden 
implements for export to our Overseas Dominions 
Inquiries are broadcast locally from Russia for the supply 
of files, saws, and general engineering tools, and should 
favourable rates be arranged a fair amount of business 
is likely to accrue from this quarter. 


New Master Cutler.—At a meeting of the Cutlers 
Company on Tuesday, Mr. W. W. Wood, of the Wardsend 
Steel Company, Sheffield, was elected Master Cutler 
for the ensuing year, in succession to Mr. James Neill. 


Strikers and the Dole.—An interesting point connected 
with the payment of unemployed benefit has arisen 
out of the strike, referred to above, at Messrs. Steel, 
Peech and Tozer’s, the Park Gate Iron Works, and 
Samuel Fox and Company. As stated, some 7,000 men 
are out, chiefly in the Rotherham district. The strikers 
are all presenting themselves at the Labour Exchange 
claiming unemployment pay. Their contention is that 
the firms are refusing to comply with trade union 
conditions in the district, and that the new Act provides 
that unemployment benefit shall not be withheld from 
workers who decline to work in such. circumstances. 
Tests claims will be presented and adjudicated by the 
authorities. 


South Yorkshire Coal Trade.—An all round improve- 
ment in the demand for most classes of fuel has been 
experienced both on home and export account. Best 
steam hards show a healthy appearance, and are going 
away for shipment in fair tonnages, while ho:ne require- 
ments are substantial. Cobbles and nuts are strong, 
probably owing to the increased demand for bunkering 
purposes. Slacks are firm, especially in the better grades, 
a weakness is observed in inferior sorts. An expansion 
is noticable in the call for house-coal, and hopes are enter- 
tained of this being maintained. An upward tendency 
is to be found in the request for foundry and furnace 
coke, while gas coke remains firm. Quotations: 
Best branch hand-picked, 32s. to 35s.; Barnsley best 
Silkstone, 26s. to 28s.; Derbyshire best brights, 25s. to 
27s.; Derbyshire best house, 23s. to 25s.; Derbyshire 
best large nuts, 21s. to 25s.; Derbyshire best small nuts, 
15s. to 17s. 6d.; Yorkshire hards, 21s. 6d. to 22s. ; 
Derbyshire hards, 21s. to 23s. ; Rough slacks 12s. 6d. to 
15s. 6d. ; Nutty slacks, 12s. to 14s.; Smalls, 7s, to 9s. 


PERsOoNAL.—We are informed that the firm of 
Gragiani and Co., Limited, of 110, Fenchurch-street, 
London, E.C.3. have been appointed General Agents 
in this country for Messrs. Ansaldo, engineers and 
shipbuilders, of Genoa, Italy. 


Swiss Locomorrve Construction.—A particularly 
interesting booklet illustrating and describing the work 
in locomotive construction of the Swiss Locomotive 
and Machine Works, Winterthur, Switzerland, over the 
period 1871-1921, has reached us from the British 
representatives of the firm, Messrs. Bernard Holland 
and Co., 17, Victoria-street, S.W.1. Altogether 2,740 
locomotives were built at the Winterthur works during 
the 50 years covered by the booklet, the majority of 
these engines being of the adhesion type for standard- 
gauge and narrow-gauge lines. In addition to ordinary 
steam and electric locomotives, the firm’s output has 
included a number of ‘“ firéless’? engines and others 
operated by compressed air, but they have also been 
responsible for the design and constructicn of some 
400 rack, or mixed rack and adhesion, locomotives 
for use on mountain railways. The booklet deals 
particularly with the last-mentioned class of engine, 
illustrating and describing the development of the 
various types in an interesting and informative manner. 
A particularly useful feature is the inclusion of a number 
of tables giving data of a large number of locomotives 
for mountain railways in various parts of the world, 
and including, in each case, an outline diagram showing 
the general arrangement of the engine. These tables 
will be found handy for reference by all interested in 
mountain railways. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MrpptessprouGcH, Wednesday. 

The Cleveland Iron Trade.—There was no weekly market 
owing to the annual local race holidays, and consequently 
little is now ascertainable. Cleveland pig-iron output 
is in excess of needs, and stocks at makers’ works are 
rather heavy, but the position is less unsatisfactory than 
appears on the surface as most of the iron stored is 
reported as disposed of, and producers claim that little 
movement in the direction of increased demand is needed 
to give rise to a favourable alteration in the statistical 
situation. The present outlook, however, is not very en- 
couraging, customers being disinclined to negotiate on for- 
ward account, believing that prices have not yet touched 
bottom. On the other hand, there are makers who 
express the opinion that the worst of the depression has 
been experienced and that autumn buying will be better 
than has been promised. No. 1 is quoted 89s. 6d. to 
90s.; No. 3 g.m.b., 84s. 6d.; No. 4 foundry, 83s. 6d. ; 
and No. 4 forge, 82s. 6d. 


Hematite.—The state of the hematite branch is a good 
deal less favourable than is that of Cleveland pig-iron. 
Producers have large unsold stocks of hematite which are 
being steadily added to, and, with little hope of early 
material improvement in demand, values continue on 
the downward curve. Though some firms are asking 
rather more, no difficulty is experienced in placing orders 
for Nos. 1, 2, and 3 East Coast brands at 93s., and for 
No. 1 at 93s. 6d., and indeed these figures can be shaded. 


Foreign Ore.—Business in foreign ore is little heard of. 
Though an odd cargo has been sold at less, sellers still 
base market quotations on best rubio at 22s. 6d. c.i.f. 
Tees. 


Blast-furnace Coke.—Durham blast-furnace coke is 
quiet and inclined to weaken. Good average qualities 
are round about 26s. delivered to users in this district. 


Manufactured Iron and Steel.—Nothing new of moment 
is ascertainable concerning finished iron and_ steel. 
Works are closed this week for the local holidays. Export 
prices vary, and the following quotations for home trade 
are full figures: Common iron bars, 121. 10s.; iron 
rivets, 14/. 5s. ; packing (parallel), 91. ; packing (tapered), 
127. ; steel billets (soft), 87. 10s.; steel billets (medium), 
9l.; steel billets (hard), 97. 10s.; steel boiler plates, 
13/1. 10s.; steel ship, bridge, and tank plates, 10/. 5s. ; 
steel angles, 101. ; steel joists, 101. ; heavy steel rails, 91. ; 
and fish plates, 131. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—The steel trade of Scotland 
continues quiet and movement is very limited. The 
outlook is not very reassuring as there is little sign of 
any improvement in buying, and it would almost seem 
as if everyone were hanging back waiting for some- 
thing to take place which would restore prosperity to 
the industry ; but so far nothing has made its appearance. 
Despite all, there is an optimism that the day is not far 
distant when a buying movement will set in. Meantime 
there is very little fresh business being booked, and 
inquiries are also extremely limited. Active conditions 
continue in the black sheet trade and a few further lots 
have been fixed up this week. Most of the dealings are, 
however, in galvanised sorts, the demand from Colonial 
buyers being prominent. .Home prices are unchanged 
generally, but it is understood that sellers would be 
quite prepared to make concessions should anything 
in the way of a good tonnage be offered. The following 
are the current market quotations: Boiler plates, 13/. 10s. 
per ton; ship plates, 10/. 5s. per ton; sections, 10/1. per 
ton; and sheets, + to }in., 12/. 10s. per ton, all delivered 
Glasgow-stations. 


Malleable Iron Trade.—Business in the West of 
Scotland malleable iron trade is still very slow and little 
change has taken place over last week. The prevailing 
conditions are of such uncertainty that the future almost 
seems a nightmare. .Not only is there practically no 
demand for bar iron but the re-rolled steel branch of 
the industry, although a shade better, is likewise very 
quiet. Prices keep steady and “‘ Crown ” bars are still 
quoted at 12/. 10s. per ton delivered Glasgow stations. 


Scottish Pig-Iron Trade.—A dull tone is all too general 
in the Scottish pig-iron trade, and only a very limited 
amount of business is going through. There is little 
demand on home account because of the genera] slackness 
of trade, but foreign inquiries show a slight increase this 
week. The output of the few furnaces now in blast, 
coupled with the stocks on hand, is quite equal to all 
demands. Prices are the turn easier again, although, 
nominally, unchanged, as under :—Hematite, 4/. 16s. 3d. 
per ton, delivered at the steel works; foundry iron 
No. 1, 41. 18s. 9d. per ton, and No. 3, 4/. 13s. 9d. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—-The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 16, only amounted to 
525 tons. Of the total, 520 tons went overseas and 
5 tons went coastwise. For the corresponding week of 
last year the figures were 1,090 tons foreign and 744 tons 
coastwise, making a total shipment of 1,834 tons. 


Shipbuilding.—Shipbuilding orders are again very 
scarce and few have been reported during recent weeks. 
Messrs. William Simons and Company (Limited), 
Renfrew, have received an order from the Glasgow 
Corporation to build a new sludge steamer. This vessel 
will cost over 48,0001. 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—To-morrow the pits of the Cambrian 
Coal Company, at Clydach Vale, are to close down 
because of the unremunerative trading position. About 
3,000 men will be rendered idle, and the weekly .Welsh 
coal output will be lowered by about 13,000 tons. This 
drastic step has been taken by the managers because 
of the high cost of production and the impossibility, 
under present conditions, of making expenses meet 
revenue. As a result of the closing of pits and numerous 
stoppages, available supplies of coal are not so freely 
offered as has been the case for some weeks past, and 
prices have developed steadiness, while the best grades 
are firm, and in short supply. Arrivals at the docks 
have been restricted, and, owing toslow loading, betwene 
20 and 30 vessels are waiting for berths. Best Admiralty 
large rules from 28s. 6d. to 29s. with seconds round 
27s. 6d. and Monmouthshires from 25s. to 26s. 6d. 
Best smalls command 17s. 6d., and good bunker qualities 
round 16s, Exports of coal as cargo from South Wales 
seaports in July, amounted to 2,298,642 tons, valued at 
2,911,093/. or 25s. 4d. per ton. Compared with June, 
when there were five less working days, the July figures 
show an increase in volume of 401,090 tons, and in value 
of 532,688/., while the average price per ton is raised 
by 3d. Shipments of large coal amounted to 1,579,815 
tons valued at 2,211,934/. or 28s. per ton, which is 2d. less 
than in June; exports of through coal to 39,971 tons, 
valued at 40,792. or 20s. 6d. per ton, an increase of 6d. ; 
while small amounted to 678,856 tons, valued at 658,367. 
or 19s. 5d. per ton, an advance of 2d. The volume and 
value of the shipments from the different ports were as 
follow :— 


From Tons. = Per ton. 
Cardiff... 1,432,131 1,778,459 24/10 
Newport 364,048 451,722 24/9 
Port Talbot 214,815 254,196 23/7 
Swansea 287,648 426,716 29/8 


Shipments were increased at each port, and though the 
average price was advanced at Cardiff and Port Talbot 
by 6d. and 7d. per ton, respectively, at Newport and 
Swansea it was reduced by ld. and 4d. respectively. 


UNITED States NavaL Consrructrion.—On July 17, 
the new submarine V.1 was launched at the Navy Yard, 
Portsmouth, North Carolina. Her characteristics are : 
Displacement, 2,114 tons; horse-power, 6,500; surface 
speed, 21 knots ; submerged speed 9 knots; length, 334 
ft. Armament: One 5 in., one 3 in. (anti-aircraft) gun 
and six 2]-in. torpedo tubes. 

Tue Criry anp Guizps or Lonpon InstirutTE.— 
The report of the Council of this Institute draws 
attention to the fact that, owing to the action of the 
Treasury, it has been necessary materially to reduce 
the budget of the Imperial College of Science. ‘his 
has been effected by reducing the salaries of professors, 
by not filling up certain vacancies, by postponing 
certain developments, and by cutting down expenses 
generally, inclusive of the pay of some grades of the 
laboratory and administration staffs. In this way a 
saving of 8,000/. has been effected. On the other hand, 
the Clothworkers’ Company have generously promised 
a grant of 3,000/. for five years. The number of students 
taking the City and Guilds diploma course was 410, and 
there were, in addition, 42 men following advanced or 
post-graduate courses. A considerable proportion of 
the students take the London University examination 
for.the degree of B.Sc. (Engineering), and, as indicative 
of the relative difficulty of this examination and that 
for the college diploma, it is stated that 11 students 
who failed in the latter succeeded in securing the B.Sc. 
degree. The report announces that, owing to the 
decision of the London County Council to withdraw its 
financial assistance, it will be necessary to close Finsbury 
Technical College in 1926. 


British ENGINEERING STANDARDS ASSOCIATION,— 
Several new publications of the Asspciation have recently 
come to hand, that numbered 5001—1924, dealing with 
“British Standard Dimensions for Valves for Pneumatic 
Tyres.” The 10 mm, and 12 mm. plug and single-piece 
valves, common to cars in America, on the Continent, 
and in our own country, are completely specified by 
means of fully-dimensioned illustrations. Pu lication 
No. 5013—1924. headed ‘‘ Pneumatic Tyre Rims,”’ is 
in two parts, the first dealing with “Rims for Auto- 
mobiles,’ and the second with *‘ Rims for Motor Cycles 
and Cycles, including Side-cars and Carriers.’ This 
Report supersedes: No. 70—1915 and Interim Re- 
port C.L. 8564—1920. Several modifications appear. 
The lip of the rim has been rounded off to avoid 
cutting the beads of the tyres. The marking of 
the rims has been changed, and sections of every 
rim are reproduced with dimensions and tolerances. 
Useful tables of sizes are included. Specification 
206—1924, * Silver Solder Grades A and B ”’ covers two 
grades of silver solder, the silver content in Grade A being 
between 60 and 62 per cent., and, in grade B, between 42 
and 44 per cent. “Special Brass Ingots for Castings” is 
the title of Publication No, 207—1924, while No. 208— 
1924 relates to ‘Special Brass Castings.” These 
publications cover the same five grades of materials 
which are classified according to their minimum tensile 
strength, ranging from 28 to 45 tons per sq. in, The 
copper content of each class is specified, a maximum 
total percentage only being given for metals other than 
copper and zine, 7.¢., tin, iron, manganese, aluminium 
and nickel. Copies of the specifications may be obtained 
from the B.E.S.A., Publications Department, 28, Victoria 
Street, Westminster, S.W.1, price ls. 2d. each, post free. 
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THE CABLE-HANDLING, MACHINERY OF THE “EDOUARD SUENSON.” 


CONSTRUCTED BY MESSRS. JOHNSON AND PHILLIPS, LIMITED, ENGINEERS, CHARLTON, LONDON. 
(For Description, see Page 269.) 


Fie. 14. GENERAL ViEw oF Pickine-Ur anp Payrng-Out MacHInE AND ENGINES. 


TENDERS.—It is announced that a call for tenders for 
the supply of a complete installation of filters for treating 
5% million gallons of water a day of 24 hours has been 
made in connection with the Vaal River scheme. Tenders 
endorsed ‘‘ Contract No. 260—Tender for Filter Plant,” 
must be delivered at Johannesburg before noon on 
Friday, October 3, 1924, and must be accompanied 
by a certificate cheque or cash deposit of 2007. United 
Kingdom firms desiring further particulars should apply 
to the Department of Overseas Trade, 35, Old Queen- 
street, S.W.1, quoting reference A.X. 1241. 


THE Tuomas Gas Meter: Errata.—tin connection 
with the description of the above instrument, on page 
182 of our issue of August 1, the sentence commencing 
at line 11 in the second column should have read :— 
‘“The galvanometer serves to indicate when there is a 
balance, which condition can be obtained by means of a 
suitable resistance, termed the temperature difference 
coil, in series with the inlet thermometer. The sentence 
commencing at line 3, on page 183, viz.: ‘‘ This is accom- 
plished in the instrument automatically by the nickel 
and manganese thermometers upsetting the bridge balance 
when too much water vapour is carried in the gas,” 
should have read: ‘‘ This is accomplished in the instru- 
ment automatically by means of the nickel thermometers 
and the temperature-difference coil.” 


THe West YorKsHIRE MetTaLtuReicaL Soctery.— 
The general meetings of the Society will be held during the 
ensuing session on the first Tuesday in each month at the 
George Hotel, Huddersfield, at 7.30 p.m., the annual 
general meeting taking place on Tuesday, October 7. 
Discussions will be arranged on the following subjects :— 
November 4.—“‘ The Influence of Casting Temperatures 
on the Physical Properties of Non-Ferrous Alloys.” 
December 2.—‘‘ The Corrosion of Engineering Materials.” 
January 6, 1925.—‘‘ The Value of Some Workshop and 
Laboratory Tests.” February 3.—‘‘ The Usefulness of 
Various Types of Metallurgical Furnaces.”? March 3.— 
“The Connection Between the Microstructure and the 
Mechanical Properties of Metals and Alloys.’? April 7.— 
“The Selection of Iron by Fracture and Chemical 
Analysis.” Conjoint meetings with other Societies may 
also be arranged. Details of these and of any other 
functions will be announced in due course, 


Fie. 15. 


Virw or Pickineg-Up ann Payrng-Out MACHINE FROM ABOVE, 
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SYNTHETIC NITROGEN PRODUCTS. 


Tue recent action of the French Senate in connec- 
tion with an agreement with the Badische Anilin 
and Soda Fabrik (B.A.8.F.) for the manufacture of 
synthetic ammonia bythe Haber process, and the 
announcement in the House of Commons that 
similar action was being taken by the British Govern- 
ment, once again directs attention to a vital national 
problem which should not be crowded out from a 
very full programme of industrial and_ political 
problems. 

Nitrogen products in the form of Chilian nitrate, 
ammonium sulphate from gas-works, and in various 
synthetic forms, such as ammonia, calcium cyana- 
mide, and nitrate of lime, are of primary importance 
from the two-fold point of view of food production 
and the manufacture of munitions, and no lesson 
of the war was more emphatically taken to heart 
than this—at least for a time. But memories are 
short, or have a great deal else to occupy them. 
Among the innumerable committees set up during 
and immediately after the war, one of the most 
important, and one which, it may be added, did its 
work in a very thorough and convincing manner, 
was the Nitrogen Products Committee, which pub- 
lished its final report in 1920 (Cmd. 482). This 
voluminous report of over 300 foolscap pages is a 
mine of invaluable information, and deserves a 
better fate than the pigeon-holes of dusty oblivion. 
It should be taken down from remote shelves and 
be very carefully re-studied in the light of recent 
developments. 

Before the war the world’s supplies of nitrogenous 
substances, mainly for agricultural purposes and 
to a less extent for the manufacture of nitric acid, 
were available in the form of sodium nitrate from 
Chili (2,500,000 tons) and ammonium sulphate 
from gas-works and coke ovens (1,300,000 tons). 
Synthetic products in the form of calcium cyanamide 
from Norway and synthetic ammonia from Germany 
accounted for 170,000 tons. During the war, Ger- 
many’s imports of about 800,000 tons per annum 
of Chilian nitrate dropped to zero whilst her pro- 


duction of synthetic ammonia by the Haber-Bosch 
process developed to an amazing extent. 

Briefly, the Haber process consists in the direct 
synthesis of ammonia by combining its elements, 
nitrogen and hydrogen, under pressure and heat, 
in the presence of a catalyst. About 77,000 cub. ft. 
of hydrogen and 26,000 cub. ft. of nitrogen are 
required per ton of ammonia, allowing for losses. 
The nitrogen is easily obtained by distilling lique- 
fied air, and is a comparatively unimportant item of 
cost ; but the cost of the hydrogen is a dominating 
factor, and the success of the whole business turns 
on the production of pure and cheap hydrogen. It 
is hoped to get the cost down to something like 
2s. 6d. per 1,000 cub. ft., which means that the 
total cost of ammonium sulphate will work out 
at about 61. per ton. This is less than ‘half the 
current price to-day, and the estimate appears ati 
present rather optimistic. Yet the Haber process 
has proved so successful on a commercial scale, and 
its possibilities are so great that there seems little 
reason to doubt that the synthetic product, already 
a keen competitor, may soon dominate the world 
markets and control prices. The supply of the 
necessary raw materials, nitrogen and hydrogen, is 
practically unlimited, at least in regard to the nitro- 
gen, of which there are 20,000,000 tons in the atmos- 
phere over each square mile of the earth’s surface. 
The hydrogen, for the production of which there are 
numerous processes, is chiefly obtained either from 
the water-gas of coke ovens, or from the electrolysis 
of water. 

In the debate on the French agreement with the 
B.A.S.F., it was stated that Germany would soon 
be in a position to manufacture 500,000 tons of 
synthetic nitrogen products per annum, and she 
was aiming at an annual output of 800,000 tons. 
By means of its agreement with the German firm, 
which merely seems to be a consummation of the 
rights granted to France under the Treaty of 
Versailles, it is hoped that France will be able to 
ensure a supply of 100,000 tons of nitrogen, or about 
500,000 tons of nitrogen products, per annum, suffi- 
cient, with nitrogen from other sources, to meet her 
agricultural needs and allow a safe margin for pos- 
sible military contingencies. In 1913, France im- 
ported about 350,000 tons of Chilian nitrate, and 
produced from her own gas-works and coke-ovens 
about 74,000 tons of ammonium sulphate. Germany’s 
pre-war consumption of ammonium sulphate was 
460,000 tons. 

There has been considerable controversy in 
France and elsewhere as to the respective merits 
of the Haber and the Claude processes. At one 
time it seemed that the latter, 7.e., the French pro- 
cess, was far superior to the other, especially since, 
owing to the enormous pressures used—up to 1,000 
atmospheres—much smaller and simpler plant 
could be used, giving higher yields. The official 
attitude in France, so far as it was revealed in the 
discussion of the Badische agreement, seems to be 
that it is well to have two strings to one’s bow, and 
that the official adoption of the Haber-Bosch pro- 
cess, with the assistance of German chemists and 
engineers, does nor exclude the development of 
other methods, notably that of Georges Claude. 
Certainly, the Claude process has made consider- 
able progress the last few years, and several plants 
on a commercial scale have been erected in France 
and abroad, chiefly in connection with the coke 
oven industry. There is one at Bethune in Northern 
France, which has been producing ammonia at the 
rate of 3 tons per day for the last two or three years ; 
and is about to be extended to produce 30 tons 
daily. The Claude plant at Montereau has a daily 
output of 5 tons ammonia, and other plants are 
being erected at St. Etienne, Décazeville, and at the 
Aniche colliery. There are also plants at Bar- 
celona yielding 2 tons of ammonia per day, with 
extensions in hand to bring it up to 10 tons a day ; 
in Belgium, making 20 tons per day, using coke-oven 
hydrogen; in Italy, at Brussi, using electrolytic 
hydrogen, and making 10 tons per day ; and in Japan 
several Claude plants are in course of erection. 

In Germany and France, therefore, synthetic 
nitrogen products are being manufactured on a 
large commercial scale; and in Norway also 
calcium cyanamide and other synthetic products 
have been manufactured for many years from 
atmospheric nitrogen, using the electric are and 
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other processes ‘and the cheap electrolytic hydrog ogen. 
rendered possible by the enormous supplies of 
available water power.* In France, too, increasing 
attention is being given to the important question 
of determining what is the best form in which 
nitrogen should be used as a fertiliser—a problem 
of great interest which has for many years formed 
the subject of experiments at Rothamsted. 

In the United States of America, although no very 
tangible results have yet been recorded and attention 
has been distracted by the political squabbles over 
Muscle Shoals, some keen research work is being 
carried out at the Fixed Nitrogen Research Insti- 
tute, under the direction of Dr. F. G. Cottrell. 
In his annual report for the year ended June 30, 
1923, Dr. Cottrell seems to be concentrating atten- 
tion on the discovery of a more efficient catalyst, 
and it is understood that remarkable success has 
lately been achieved in this direction. The 
American demand for nitrogenous fertilisers is 
estimated at 1,000,000 tons per annum. ‘The 
capacity of the Muscle Shoals plant, which 
Mr. Ford may possibly soon take over, is about 
40,000 tons of nitrogen per annum. If the price 
of fertiliser were low enough—and great hopes are 
entertained that the various synthetic methods 
will ultimately bring the price down—there is 
practically no limit to the amount that could be 
used. 

Dr. Jacob Lipman, of the New Jersey Agri- 
cultural Experimental Station, has estimated that 
the annual loss of nitrogen from all land under 
cultivation in the United States of America not 
replaced by manure, by ploughing in leguminous 
plants, by atmospheric precipitation in the form 
of rain and snow, and by the present use of com- 
mercial fertiliser, amounts to approximately 
3,500,000 tons of nitrogen, equivalent to about 
17,500,000 tons of ammonium sulphate. Over 
a great part of the world very little fertiliser, 
if any, is used, and the potential demand for a 
cheap supply is indeed nearly unlimited. 

What is the nitrogen position in this country ? 
Tn view of its vital importance and of the excellent 
work done by the Nitrogen Products Committee, 
the practical results are disappointing and appear 
to be very near to zero. It is true that a large 
British firm a few years ago sent a commission 
to the Continent to study the Claude and other 
processes, decided in favour of the Haber process, 
and took over the Government factory at Belling- 
ham, to be run by an associate company, Synthetic 
Ammonia and Nitrates, Limited, where it was hoped 
that at least 10,000 tons of ammonia per annum 
might be produced. At the last annual meeting 
of the British firm in question the progress and 
prospects of this associate company were discussed, 
but nothing very definite is known. The veil of 
obscurity was temporarily drawn aside in the 
House of Commons recently, when, in reply to 
questions about the Franco-German agreement, 
Mr. Stephen Walsh said that similar steps had 
been taken by the British Government in con- 
junction with a British firm. It is understood 
that the first large unit is now working at 
Bellingham, producing 100 tons ammonium sulphate 
per day, and that plant for the manufacture of 
nitrate is being erected. Further light on the 
subject is required. 

There is not the slightest doubt that British 
scientists have been among the leading pioneers in 
this vitally important and comparatively new 
industry; but, as was the case with the dye 
industry, Germany was allowed to reap the fruits 
of British inventions. In the are process, the 
oldest method of fixing nitrogen, the Birkeland and 
Eyde electric furnace is used. Air is burnt by 
passing through an intensely hot electric flame 
consisting of a powerful arc spread out by a mag- 
netic field into a circular form several yards in 
diameter. Professor Birkeland himself has fre- 
quently acknowledged his debt to Sir William 
Crooke’s famous presidential address before the 
British Association, and to the experimental work 
of the late Lord Rayleigh. These brilliant. ideas 
and suggestions were not worked up in this country, 


has doubled her cyanamide (are process) plant at 
Piesteritz, and it is possible that the latest develop- 
ments may enable this particular fixation process 
to supersede all others, including the Haber-Bosch 
process. It has always been the cheapest, especially 
with abundant water power available, and. the 
possibility of manufacturing urea direct would be 
a tremendous advance. Independent workers in 
Sweden and Switzerland a year or two ago suc- 
ceeded in perfecting a process whereby free cyanide 
is prepared by the action of carbon dioxide on 
calcium cyanamide, and is subsequently converted 
into urea. In the Swiss process excess of the 
sulphuric acid employed in the second part of the 
transformation is used to act on phosphate rock 
which is thus changed to mono-calcium phosphate, 
the final product being a neutral body known as 
phosphazote, a double fertiliser of phosphorus and 
nitrogen. 

Meanwhile the Haber process has proved very 
successful in Germany. In the French debate on 
the proposed agreement it was, as already pointed 
out, stated that the German output was already 
500,000 tons of nitrogen products; but, according 
to Dr. Harker, who gave an interesting review of 
the whole subject before the British Association 
at Hull in 1922, the German capacity, even 
then, was 500,000 tons of nitrogen per annum, 
which means approximately 2,500,000 tons of 
nitrogen compound in the form of ammonium 
sulphate. In several papers and discussions on 
the subject the weights of nitrogen only and of 
nitrogen compounds have been confused, and it is 
necessary to distinguish very carefully between the 
two. In the Haber process, as in the arc process, 
English workers have played an important part. 
Among those of Haber’s collaborators who had 
much to do with the original invention were 
Dr. Le Rossignol, an Englishman born in Jersey, 
and the late Dr. H. C. Greenwood, the brilliant 
young scientist whose early death was universally 
deplored in the scientific world. Some very 
valuable and important research work was under- 
taken in the laboratories of the Nitrogen Products 
Committee, and in some respects, e.g., in gas 
velocities and yields of ammonia, the Haber process 
was much improved upon. In view of all this 
work, the results of which appear to be hidden 
away in blue books, and of the early pioneer work 
of British scientists, it is amazing that this country 
has not played a much more important part in 
later developments than has so far been apparent. 
It is a matter of the greatest interest to British 
chemists and engineers and of first-rate importance 
to the whole Empire. 


PATENT NOVELTY. 


In order that a patent may be valid it must 
possess the element of novelty. Novelty in different 
countries has different definitions. In this country 
it means novelty within the realm. Publication of 
the invention abroad before the date of the British 
application does not invalidate a British patent. 
On the other hand publication by way of a foreign 
specification reaching this country before the date 
of the British application does detract from the 
novelty of the British case. There are certain 
specific exceptions to lack of novelty provided by 
the Patent Act. A British specification more than 
fifty years old of itself will not invalidate a British 
patent, and it is possible therefore to re-patent 
something described in a specification more than 
fifty years old if that be the only publication of the 
alleged invention. Very little has been done in the 
way of defining just what is required in addition to 
the specification more than fifty years old to enable 
it to invalidate a later patent. 

In a case not long ago before the courts the judge 
granted a certificate of costs in respect to a specifica- 
tion more than fifty years old, thereby practically 
admitting it, his reason presumably being so far as 
one can ascertain from the reports, that examples of 
manufacture according to the specification or on 
somewhat similar lines had been seen in museums. 

A provisional specification which has been printed, 
but not followed by a complete specification is not 
at the present day considered to be such a publication 


* Ncrwegian exports of nitrate increased from 71,000 tons 
in 1913 to 147,000 tonsin 1923, Theindustry was growing 
rapidly, but is now suffering a temporary check. 


n| but in ‘Norway and Germany. ~The latter country. 
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as will detract from the novelty of a later application) 
A specification for the same invention by the sam: 
inventor filed abroad, accepted and sent to thi 
country before the British application is lodged wil, 
not bar the grant of a valid British patent provid 
that the British application is lodged under th 
provisions of the International Convention for thi 
protection of industrial property. According to thi 
the British application must be filed within one yea 
of the filing of the first application foreign to thi 
country. If not filed under the provisions of thi 
convention the British patent in the circumstance, 
mentioned would be invalid having no novelty i 
view of the prior publication. 

Publication of an invention at an exhibition doe, 
not detract from novelty if certain conditions ar 
fulfilled. These are dealt with in Section 45 of thi 
Act of 1907. This section has been amended by th: 
Act of 1919, so that it now covers in addition thi 
reading of a paper by an inventor before a learne¢ 
society or the publication of the paper in the society 
transactions. The first part of the section as it noy 
stands reads as follows :— 

“The exhibition of an invention at an industria | 
or international exhibition, certified as such by th 
Board of Trade, or the publication of any description 
of the invention during the period of the holding o| 
the exhibition, or the use of the invention forth 
purpose of the exhibition in the place where thi 
exhibition is held, or the use of the invention durin) 
the period of the holding of the exhibition by an) 
person elsewhere, without the privity or consent Oo 
the inventor, or the reading of a paper by ai 
inventor before a learned society, or the publication 
of the paper in the society’s transactions, shall no | 
prejudice the right of the inventor to apply for anc 
obtain a patent in respect of the invention or th 
validity of any patent granted on the application 
provided that— 

‘*(a) The exhibitor, before exhibiting the inven 
tion, or the person reading such paper or permittin; 
such publication, gives the comptroller the pre. 
scribed notice of his intention to do so; and ~ 

“<(b). The application for a patent.is made’ befor 
or within six months from the date of the openiny 
of the exhibition or the reading or publication | 
such paper.” 

By Order in Council this section may extend 4 
any specifically mentioned exhibition, and sue) 
order may relieve the exhibitor from the conditio) 
of giving notice to the Comptroller. 

It is important to notice the practice under 4 

| 


section in respect of papers read before a learne 
society. This is provided for by a rule accordin, 
to which the inventor must give notice to th 
Comptroller setting out the date when the pape 
is to be read, and stating that he intends to publis! 
his invention by reading the paper or by permittin; 
publication in the society’s transactions. A brie 
description of the invention has to be appended, an 
this should be accompanied by drawings if necessary 

The new Act also provides that prior publicatio 
shall not invalidate a patent under certain ‘circum | 
stances in the sense that the court may now gran) 
relief in respect of individual claims. Prior to th 
Act of 1919, if one claim were invalid on the grounc 
of lack of novelty or, indeed, on any other ground| 
it would vitiate the whole patent. The Act of 191¢) 
in Section 9 provides that the Court may gran 
relief in respect of such claims as are infringed 1) 
they find these claims valid without regard to th 
invalidity of any other claim. Prior publicatioi 
therefore of matters claimed in one claim, but no) 
claimed in another, is not such a publication as wil] 
necessarily invalidate the patent as a whole. 

Subject to the above remarks a patent may lac) 
novelty if what it claims has already been publishe¢| 
in a British specification prior to the date of th: 
patent or a foreign specification freely available i 
this country or any other publication in the technica 
or non-technical press to which the public hay 
reasonable access. In addition, use of the invention 
in such a way as to effect publicity, that is to say, 
prior public user will also invalidate. In som 
instances brief descriptions are available by way 0 
the abridgments of foreign patents received in thi 
country before applications are filed here not unde 
the provisions of the International Convention 
This occasionally happens in the case of invention 
originating in the United States of America. A) 
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American inventor may wait for the issue of his 
American patent before filing his British application, 
omitting to bear in mind that the American Official 
Gazette containing the claims of his patent is received 
in this country very shortly after the grant of the 
United States patent, and this publication may well 
be sufficient to invalidate the grant of a subsequent 
British application. 

The question of publication is always one of fact, 
namely, does the prior material disclose what the 
patent claims. In practice, however, only in very 
rare instances is a patentee confronted with the 
exact invention described in some prior material. 
More often something like it is found, and the 
suggestion is thereupon made that the difference 
does not constitute an invention or involves what 
is termed no subject-matter. 

There is one other case of disclosure before a 
patent has been applied for, which will not invalidate 
the patent that should be noted, namely, disclosure 
involving a breach of confidence. This is governed 
by Section 41 of the Act of 1907, Section 2 of which 
reads as follows :— 

“A patent shall not be held to be invalid by 
reason of the invention in respect of which the patent 
was granted, or any part thereof, having been 
published prior to the date of the patent, if the 
patentee proves to the satisfaction of the court 
that the publication was made without his knowledge 
and consent, and that the matter published was 
derived or obtained from him, and, if he learnt of 
the publication before the date of his application 
for the patent, that he applied for and obtained 
protection for his invention with all reasonable 
diligence after learning of the publication.” 

An important addition has been made by means of 
the Act of 1919 in the form of a proviso, namely, the 
protection afforded by this sub-section shall not 
extend to a patentee who has commercially worked 
his invention in the United Kingdom otherwise than 
for the purpose of reasonable trial of the invention 
prior to the application for the patent. 


SOME PROBLEMS IN SHIPPING AND 
SHIPBUILDING. 


WHILE a launch must ever be an impressive 
spectacle, experience and the formulation of the 
factors associated with the movement of a great 
mass on the ways from the shipbuilding berth to 
the water have made success a certainty. Such an 
event, however, has on many occasions led to a clear 
statement of scientific or economic problems asso- 
ciated with shipping and shipbuilding. A typical ex- 
ample of this occurred during the proceedings at a 
luncheon which followed the launch of the new 
Orient liner Oronsay at the Clydebank shipyard of 
Messrs. John Brown and Co. on the 14th inst. 
When there are present such authorities on transport 
as Sir Kenneth Anderson, Sir Allan Anderson and 
Sir John Beale, who are responsible for the manage- 
ment of the Orient Line, and such eminent authorities 
on shipbuilding economics and construction as 
Sir Charles E. Ellis and Sir Thomas Bell, and parti- 
cularly when they are willing to speak on the sub- 
ject they have made specially their own, it neces- 
sarily follows that the true facts of the present 
situation as regards probably our two greatest 
industries, are enunciated. This is useful at the 
present time of extreme uncertainty,and'the speeches 
delivered were illuminating, if not cheering. 

Sir Kenneth Anderson, who, viewing the situation 
from the point of view of shipping, was quite accurate 
in stating that the present depression in the shipping 
industry was the longest in the memory of man; 
but the fact that the Orient Company have now in 
various stages of construction three of the largest 
steamships that have ever been engaged in mail 
and passenger service from this country to Australia, 
gives encouragement to the view that this long 
depression may soon pass away. As he said, the 
management of the Orient Line, by their policy, 
have disclosed their faith in the future. Not only 
is the Oronsay of a gross tonnage of 20,000, but 
she has single-reduction Brown-Curtis turbine 
machinery of 20,000 h.p., which, it is anticipated, 
will give the vessel a speed unprecedented in the 
Australian service. The problem in all ships is to 
ensure the maximum number of single-berth cabing 
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and natural ventilation, however much this may 
be assisted by the circulation by fans of the air, 
either heated or cooled, and in these three new 
Orient liners there are arranged on each side of the 
ship three rows of cabins, the outer having its 
direct porthole; the next and the third have 
connection through passage-ways to port-holes. 


The proportion of single-berth cabins to the total 


is greater than on any other ship. A feature, too, 
is that only first-class and steerage passengers are 
carried. As to the other features of the ships and 
their machinery, we hope to deal in detail with one 
of these new Orient liners at an early date. 

The economic side of shipbuilding was dealt 
with by Sir Thomas Bell, who, in characteristic 
sympathy with working men, spoke of the great 
disparity in the remuneration of skilled workers 
and the wages paid to unskilled employees in the 
sheltered trades. This is a problem which is most 
disturbing to all responsible for the employment 
of trained workers, but it is easier to realise the 
difficulty than to find a satisfactory solution. There 
is no doubt that the disparity to which we have 
referred leads to a great measure of discontent, 
and the sooner, in the interests of the country, we 
get to a realisation of the sound economic doctrine 
that remuneration must be determined by the value 
of the labour product, the better it will be for the 
whole nation, and especially for the working men, 
because the expenditure for work in sheltered trades 
necessarily increases the cost of living, and therefore 
affects directly the value of the wage to all. Sir 
Thomas did not attempt to provide the remedy, 


but pleaded for some increase in the volume of, 


work done, with a resultant augmentation of the 
earnings of the workers. Thereby only could 
there be a greater output without any corresponding 
increase in the standing charges; indeed, with a 
maximum output the overall costs would be dis- 
tributed over a greater area, and this would neces- 
sarily reduce the cost of production and make it 
easier to compete in home and foreign markets. 
Perhaps, however, the greatest problem besetting 
the shipowner, possibly also the shipbuilder, is 
related to the use of the Diesel engine on board 
ship. 


vessels ; as to the maximum power that is being 
fitted in any ship, there is a more or less convincing 


case, the Aorangi, which is now being completed on 
the Clyde with four sets of internal-combustion 


engines driving four screw propellers, and of a total 
of 13,000 shaft horse-power, so that the managing 
directors of the Orient Line who heard Sir Thomas 
Bell’s interesting speech may have had justification 
for not adopting internal-combustion engines of 
20,000 shaft horse-power on the Oronsay. The 
hesitancy of many shipowners, however, is not 
so much connected with the power justifiable in 
any given ship, but rather the potential supplies of 
oil fuel, and it was on this point that Sir Thomas 
was particularly convincing. He pointed out that, 
if it be assumed that the working time per annum 
for any ship was 240 days, then, on a moderate 


assumption in regard to ‘fuel consumption, the’ 
conclusion was reached that one ton of oil per, 


annum would provide a generous margin for the 
fuel consumption required for each gross ton of 
Diesel shipping. He was optimistic regarding the 
possible addition to the merchant tonnage dependent 


on oil consumed either in boiler furnaces for steam. 
There’ 


turbines or in internal-combustion engines. 
was justification for his view that the Russian oil 


fields will come back to their pre-war working 


conditions, and, believing this, he felt that it was 
quite possible to find a supply of oil fuel for another 
17 million tons of modern speed ships propelled by 
Diesel engines. This is a happy augury, because 
there is not the remotest doubt that at the present 
time Diesel-engined ships form the most economically 
successful part of the world’s shipping industry. 


Scuotarsnip.—A Goldsmid Engineering Entrance 
Scholarship of the value of 40/., tenable for three years, 
is offered for competition at University College, London, 
in September, and is available for students taking the 
full degree course in engineering, beginning in October. 
Full particulars of the scholarship examination can be 
obtained from the Secretary of University College, 
Gower Street, London, W.C.1. , 


THE BRITISH ASSOCIATION 
MEETING AT TORONTO. 


THe 92nd inaugural meeting of the British 
Association was held on Wednesday, August 6, in 
the Convocation Hall of the University of Toronto, 
one of the imposing group of colleges and residential 
halls which cover the extensive university grounds. 
The name “Toronto ”’ is said to signify “a place 
of meeting’: Toronto, the capital of the province 
of Ontario, is the educational centre and the leading 
manufacturing town of Canada. The population, 
less than 10,000 in 1828, when the first college was 
founded, had risen to 200,000 by 1897, when the - 
Association met there for the first time, and was 
538,771 by the end of 1923. Apart from the last 
York meeting, at which the reception-room was 
in the beautiful Abbey grounds, the Association has 
hardly ever assembled in more impressive surround- 
ings. There is ample space in the buildings for 
the Association as well as for the International 
Mathematical Congress, which was opened on 
Monday, August 11. All the buildings are within 
easy reach of one another and are separated only 
by avenues of trees and expansive lawns, the trees 
on which afford welcome shade. 

Most of the members from the Old Country had 
made pleasant and fast crossings in spite of the 
cold and misty atmosphere. The Caronia, which 
brought the main party of 233 members from 
Liverpool to Quebec, had accomplished the journey 
within the record time of less than six days. The 
local committees, as well as the shipping and railway 
companies, did everything to spare members avoid- 
able trouble in landing and in arriving with their 
luggage at their destinations. 

As the excursions and entertainments commenced 
at Quebec and were continued at Montreal and 
Ottawa, and as members had the choice of various 
routes and retained, of course, their right of following 
their own plans and of changing their minds, that 
the attendance of many officials at piers, hotels, 
and railway stations was required. But all went 


| well, though members grumbled at the warmth of 


It is not necessary here again to prove the, Peed Et Od eee con of Louonte. 


success of the Diesel engine in moderate-powered 


The proceedings of the inaugural meeting deviated 
in one respect—not inappropriately—trom tradi- 
tional lines. According to the old-established 
custom, the President, Sir Ernest Rutherford, would 
at once have risen to introduce his successor, Major- 
General Sir David Bruce, K.C.B., F.R.S., and the 
welcome by the Association would have been com- 
bined with the vote of thanks to the President. 
This year the welcome to the British Association 
came first ; it was tendered by Sir Robert Falconer, 
President of the University of Toronto, on behalf 
of the University, by the Hon. Forbes Godfrey, 
M.D., on behalf of the Government of Ontario, 
and by Professor J. C. Fields, F.R.S., on behalf 
of the Royal Canadian Institute. Sir Ernest 
Rutherford then rose, and read a telegram addressed 
to himself by the Prince of Wales wishing the 
association a successful session and expressing the 
Prince’s particular interest in one item to be dis- 
cussed, viz., the educational training of boys and 
girls for life overseas. In introducing his successor, 


| Sir Ernest remarked that the president-elect probably 


enjoyed unique distinction because his reputation 
had been made, not in the laboratory, but, in the 
wilds of Central Africa. 


THE PREVENTION OF DISEASE. 


Sir David Bruce’s presidential address on the 
“Prevention of Disease’? was certainly not of 
less interest to the engineer and works manager 
than to the general public. Upwards of twenty 
million weeks of work were lost, he pointed out, 
every year through sickness, and that figure, which 
referred only to insured workers, showed the need 
of a change of medical strategy ; instead of await- 
ing an attack, medicine must take the offensive. 


|The practitioner should frequently examine the 


man while he was apparently well, and the public 
health authorities should see that the man’s en- 
vironments were in accordance with scientific 
teaching. The idea that microscopic creatures were 
the cause of infection had grown since the middle 
of the last century. Sir David distinguished three 


| kinds of infectious germs, bacterial, protozoal, and 
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parasites still unknown, and so minute that they 
passed through the porcelain filters which the other 
germs could not traverse. Sometimes, the study 
of the nature of the germ enabled us to stop it 
reaching the victim ; that was so in the case of the 
Malta fever, in the tracking down of which to the 
Malta goats and their milk, Sir David had had a 
prominent share. In other cases (typhoid, small- 
pox, &c.) prevention was secured by inoculation of 
the unattacked man with the virus in order to 
produce a slight attack followed by a period 
of immunity, or with the antitoxin (diphtheria and 
tetanus). 

These diseases were of bacterial character. The 
protozoal diseases nagana, which killed cattle, and 
the sleeping sickness, required other means of pre- 
vention. Sir David, ably assisted, as Sir Ernest had 
mentioned, by his wife, had traced these illnesses to 
trepanosomer, blood parasites of the game of the 
jungle, which the bite of the tse-tse flies introduced 
into the victims. Prevention could be obtained and 
had been obtained by killing the game, by clearing 
the jungles and thus expelling the flies, and by 
removing the inhabitants from the fly belts. Malaria 
and yellow fever, also protozoal probably, had been 
eradicated by similar methods, by destroying the 
mosquito carrier. That might be possible also in 
the case of some of the still large group of undeter- 
mined diseases. Tuberculosis was a bacterial disease 
but also largely an “‘ environment ”’ disease, to be 
prevented by providing plenty of light, fresh air, 
good water and sanitary engineering generally. Sir 
Dayid Bruce could only touch upon the most 
important work done by the engineer in preventing 
disease. Not all diseases are caused by living germs 
of course, and he had to dwell upon “‘ deficiency ” 
diseases and other features. 

The vote of thanks was proposed by Prof. J. C. 
McLennan, F.R.S., chairman of the local executive 
committee for the Toronto meeting. Before the 
meeting dispersed, Mr. F. E. Smith, F.R.S., general 
secretary of the Association, announced, on behalf 
of the absent treasurer, Dr. E. H. Griffiths, that 
2,457 members of all classes had entered their 
names, that number compared well with the attend- 
ances at the Montreal meeting of 1884 (1,977) and 
of the Toronto meeting of 1897 (1,362). 

Canadian and American science were strongly 
represented, and the meeting is considered the 
most important general scientific gathering so far 
held on the American Continent. The discussions 
of the first day of sectional proceedings, Thursday, 
the 7th inst.—when these lines were written—quite 
justify the anticipation of a memorable meeting. 


SECTION G.—ENGINEERING. 


The Engineering Section assembled for their 
first meeting at 10 a.m., on Thursday, August 7, 
under the presidency of Professor G. W. O. Howe, 
who opened the proceedings by the delivery of his 
presidential address, entitled “‘ A Hundred Years of 
Electrical Engineering.” We reprinted a long 
abstract of this in our issue of August 8 last (page 
190 ante). Professor Howe chose rather to enumerate 
the developments of electrical engineering generally 
during the last hundred years than to enlarge upon 
those particular branches of electrical science con- 
cerning which he could have spoken with special 
authority. There was, however, plenty of matter 
of historical interest in the address, and the re- 
minder of Lord Kelvin’s strong views as to the 
essential advantages of direct current over alter- 
nating current for power transmission was oppor- 
tune in view of the recent invention of the trans- 
verter for producing direct current at exceedingly 
high voltages. In proposing a vote of thanks to 
the President, ‘Dr. C. H. Mitchell, Dean of Toronto 
University, expressed the thought that must have 
occurred to every one who heard the address, 
namely, the debt which modern engineers owed to 
those early pioneers who by their experiments, 
guesses and deductions, laid the foundations of 
electrical engineering as we know it to-day. Dean 
Mitchell, in commenting upon the difficulty of 
accurate foresight, mentioned that after the war 
when the possibilities of wireless telephony were 
just becoming recognised, he had had a conversa- 
tion with Mr. Marconi, whose most optimistic fore- 
casts had fallen far short of the development which 


had since taken place. The vote of thanks was 
seconded by, Professor C. F. Jenkin, who mentioned 
that his father was the secretary of the Committee 
of the British Association, which had established 
the now International Standard Electrical units, 
and had also been the engineer in charge of laying 
the first Atlantic cable, and closely associated with 
Lord Kelvin in some of his work. The speaker 
mentioned a private dinner given by Lord Kelvin 
to celebrate the installation of electric light in 
Kelvin’s house. During the dinner the light went 
out and the meal was concluded by the aid of 
candles stuck in beer bottles, a resource which pos- 
sibly would not be available in Ontario at the 
present time. 


Ratinway TRANSPORTATION IN CANADA. 


In the unavoidable absence of Sir Henry Thorn- 
ton, who was detained on business in the West, his 
paper on “ Railway Transportation in Canada,” was 
read by Mr. R. H. C. Henry, Vice-President of the 
Canadian National Railways. The paper, of which 
we hope to give an abstract later, was illustrated 
by large wall maps and lantern-slides. The ground 
covered was greater than the title indicates, as 
transportation by means of dog-trains, pack-horses 
and Hudson Bay wagons was also touched on. The 
wall maps illustrated the growth and extent of 
the Canadian railway system, a small inset map 
of Great Britain and its railways, to the same scale 
serving to emphasise the almost insignificant dist- 
ances in Britain when compared with the immensity 
of the Canadian distances. One series of lantern 
slides showed the various stages in the journey 
of wheat from the Western farms to the grain ships 
which carried it across the ocean. Its first haul to 
the local elevators, its discharge into box-cars, the 
haul of long trains of such cars to the elevators 
at Port Arthur at the head of the lakes, the dis- 
charge into freighters, and its subsequent journey 
by one route or another to the terminal elevators 
at an ocean port, were all illustrated. The rapidly 
increasing quantity of grain from the Western 
Provinces which was now carried through the 
mountains for shipment from Vancouver was noted, 
practically 144 million bushels having been routed 
that way in 1922. A further series of slides showed 
the transportation of timber from the forest to the 
sawmill cr paper-mill; another series dealt with the 
fishing industry and so on. A vote of thanks to 
the author of the paper was moved by Sir Henry 
Fowler, who commented on the work involved in 
establishing so vast a railway system and the 
rapidity with which it had been accomplished. 
For ten years he believed that the Canadian Northern 
Railways had increased their track at an average 
rate of one mile per day. Professor Hudson Beare 
inquired as to the financial results of Government 
operation of the Canadian National Railways, as 
compared with the operating results of the Canadian 
Pacific Railway Company. He thought that what 
the railways needed most was a denser population 
in the vast areas traversed, and hoped that British 
immigration would do as much as possible to pro- 
vide this population. Mr. Cleworth referred to the 
difference between Canadian and European condi- 
tions, in that in Canada the population came after 
the 1ailway was established, while in Europe the 
reverse was the case. He reminded the meeting 
that the completion of the Canadian Pacific Railway 
from coast to coast was one of the conditions laid 
down by British Columbia for its consent to enter 
into the Federal System of Canada. When that 
railway was surveyed, it was the intention of the 
engineers to cross the Rockies through the Yellow- 
head Pass, but this route was abandoned in favour 
of the Kicking Horse Pass considerably further 
south, although the more northerly pass invclved 
much more favourable grades. In those days it was 
considered that the Yellowhead Pass was too far 
north for the route to serve the wheat-growing 
country, but the wheat belt was extending further 
and further north, and the rails had now been laid 
through the Yellowhead for some years. In reply 
to a question by the same speaker as to the possi- 
bility of railway electrification in Canada, Mr. 
Henry said that the matter had been fully investi- 
gated, but at present the density of the traffic was 
too low to make such a course advisable, notwith- 
standing the large amount of waterpower available. 


Referring to Professor Hudson Beare’s remarks, 
Mr. Henry said that the annual report of the 
Canadian National Railways gave full information 
as to the financial results obtained. 


ENGINEERING PROBLEMS AND TRAFFIC ON THE 
GREAT LAKES. 


The final paper of Thursday morning session was 
one by Lieut.-Colonel H. 8. Lamb, D.S8.O., entitled 
“Engineering Problems and Traffic on the Great 
Lakes.” Like the preceding paper it was very 
largely a lantern lecture, and it gave a very good 
idea of the immense importance of the great inter- 
national system of waterways extending so far 
across the American Continent. There are two 
great obstructions to navigation between Port 
Arthur at the end of Lake Superior and the St. 
Lawrence, namely, the Sault Ste. Marie, or the 
“Soo” between Lake Superior and Lake Huron, 
and of course Niagara Falls between Lake Erie and. 
Lake Ontario. The Soo Canal and docks to avoid 
the former and the Welland Canal to short-circuit 
the latter were discussed in considerable detail, 
numerous drawings of the actual engineering 
constructions, such as barbours, breakwaters, 
locks, &c., being thrown on the screen. The 
magnitude of the traffic on the Great Lakes was 
illustrated by one very striking fact, namely, that 
the tonnage passing through the Soo Canal was 
more than the aggregate tonnage passing through 
the Suez Canal, the Manchester Ship Canal and 
the Panama Canal taken together. There was 
unfortunately no time for discussion on this paper, 
but we hope to give an abstract of it in due course. 


Toronto HARBOUR AND FILTRATION PLANT. 


Instead of listening to any papers during the 
afternoon of August 7, the members of the Engineer- 
ing Section, augmented by many from other sections 
who preferred the beauty of Lake Ontario to the 
internal architecture of the university buildings, 
took advantage of facilities provided by the Royal 
Canadian Yacht Club to see the harbour and island. 
Fast steam and motor launches took the party 
several miles along the lake front and round the 
island, after which they were entertained to tea 
by General and Mrs. Mitchell at the Yacht Club 
on the island. Toronto harbour has been designed 
to accommodate the large vessels which will come 
to the city when the Welland Ship Canal and the 
St. Lawrence improvements permit ocean traffic 
to reach the Great Lakes. The harbour-work now 
in progress involves the construction of some 15 
miles of piers, wharves and quays alongside which 
there will be a navigable depth of 24 ft. with pro- 
vision for an ultimate depth of 30 ft. When com- 
plete the harbour will accommodate over 100 
vessels between 5,000 and 10,000 tons capacity, 
and will be equipped to complete their unloading 
within 24 hours from the time of docking. The 
dredging operations are carried out in connection 
with land reclamation schemes. Over 500 acres of 
land have already been fully reclaimed and are 
occupied by industrial buildings and plants valued 
at about 2,000,0001. The proximity of this area 
to the business centre of the city, only 14 miles 
distant, together with the excellent facilities for 
rail and water carriage and the cheap hydro- 
electric power available all render it an almost 
ideal manufacturing site. It may be mentioned as 
evidence of the development of Toronto as a port 
that the shipping entering and leaving the harbour 
increased from 1,954 vessels of 1,267,732 net 
tonnage in 1918 to 4,610 vessels of 3,012,514 net 
tonnage in 1923. , 

The island, which has a summer population of 
about 12,000 residents, has great natural beauties, 
but from the engineering point of view it is particu- 
larly interesting as the site of the filtration plant 
for the City of Toronto. The water from Lake 
Ontario is pumped to the plant through two in- 
takes terminating 3,200 ft. from the outer shore 
of the island. The daily water consumption of the 
city is about 65 million gallons, of which about 
25 million gallons are dealt with by the old slow 
sand covered filters which occupy several acres, 
and the remainder by the newer shifting sand 
filters. The installation of these filters, which is 
the largest of the type in the world, comprises ten 
units each 50 ft. in diameter and rated at six 
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million gallons per day. The normal rate of filtra- 
tion is 150 million gallons per day per acre of sand, 
which may be compared with the rate of five million 
gallons per acre at which the older slow sand filters 
are operated. The invention of the shifting sand 
filters was due to Mr. W. Gore, who kindly acted as 
guide to the party of inspection and explained the 
principle. To put it briefly it may be said that the 
working surface of each filter consists of a number of 
conical heaps of sand which are continually renewed 
by the addition of clean sand at the apex of each 
cone. The sand travels down each cone and is 
withdrawn at the bottom by pipes which lead it to 
a chamber where it is washed with filtered water 
and returned to the apex of ‘the cone, this cycle 
of events taking place continuously and automatic- 
ally. The sand forming the stationary core of each 
cone needs washing only at comparatively lengthy 
intervals, and this is effected by the reversal of the 
water flow in the way usual with rapid filters. 

The Toronto installation is a very imposing one, 
and the principle gives excellent bacterial reduction, 
a matter which is of great importance at Toronto 
where contamination of the crude water has always 
to be reckoned with. The sewer outfall is in the 
lake about 5 miles distant from the intakes, and 
although this distance would seem, sufficiently great 
to avoid polluted water reaching the intake it is 
an undoubted fact that contamination does occur 
when there is a persistent wind in the right direction. 
The result of such conditions is shown by the pre- 
sence of the colon bacillus in large numbers, -but an 
earlier warning is the increase in the free ammonia 
content of the water. This can be detected prac- 
tically immediately it occurs, whereas the bacterio- 
logical determination requires at least 24 hours. 
To show how bad conditions may be from contamina- 
tion by sewage from the outfall or faecal matter 
from passing ships, it may be said that colon bacillus 
has been found present in the raw water in numbers 
up to 1,000,000 per cub. centimetre. The harm- 
lessness of the filtered supply is ensured by con- 
tinuous chlorination which effectively destroys any 
dangerous bacilli which might escape the filters. 
The latter normally work without alum or other 
coagulant being added to the water, but whenever 
there is reason to fear pollution of the raw water 
alum is used as an additional safeguard. A sensi- 
tive and ingenious device is provided for supply- 
ing alum. The crystals are dissolved to form a 
strong solution in which is a float attached to a 
lever arrangement controlling the admission of the 
solution to the water. Any variation in density 
of the solution will cause the float to rise or fall, 
on the principle of a hydrometer, and thus to main- 
tain constant the quantity of alum admitted. By 
moving a counter-weight along a graduated scale 
on the lever, the attendant can regulate the quantity 
admitted. The water after filtration and chlori- 
nation flows by gravity to the city, a distance of 
two miles, through tunnels under the arm of the 
lake, and is then passed through high-lift pumps. 


THe WATERPOWERS OF CANADA. 

The morning session of Friday, August 8, was 
devoted to the consideration of three papers, all 
dealing with particular aspects of the water-power 
resources of the Dominion. The first of these, 
entitled “ Water Powers of Canada: An Outline 
of their Extent, Utilisation and Administration,” 
by Mr. J. B. Challies, the Director of the Dominion 
Waterpower and Reclamation Service, was read, 
in the absence of the author, by Mr. Norman Mare. 
By the aid of lantern slides the audience were given 
some idea of the enormous waterpower develop- 
ments of the Dominion, every plant of any im- 
portance from the Pacific to the Atlantic Coast 
being illustrated in turn, the long sequence of 
imposing works shown on the screen doing more to 
impress the mind with the extent to which hydro- 
electric power is used than any number of figures. 
The statistical substance of Mr. Challies’ paper we 
hope to reproduce in a later issue. The modern 
waterpower industry began in the Dominion about 
1895, and has grown with extreme rapidity. During 
the last 10 years while the population has increased 
by 22 per cent., the development of waterpower 
has increased by 100 per cent., and its use for in- 
dustrial purposes by 245 per cent. The total water- 
power throughout the Dominion is estimated at 


over 18 million horse-power, of which 3,227,414 
h.p. are now developed and another 750,000 h.p. 
will shortly be brought into service. The capital 
invested in hydro-electric development, trans- 
mission and distribution has grown from 121,000,000 
dols. in 1910, to 688,000,000 dols. in 1923. 

The second paper of the day was entitled, “‘ The 
Hydro-Electric Power Commission of Ontario,’ by 
Mr. F. A. Gaby, the chief engineer of the Ontario 
Hydro-Electric Commission. In Mr. Gaby’s absence 
the paper was read by Mr. A. B. White. The paper, 
as delivered, went far beyond the description of 
the Queenston-Chippawa development, which we 
commenced reprinting in our last issue and con- 
clude elsewhere in this issue, and dealt in some 
detail with the origin of the Hydro-Electric Power 
Commission and its activities. The “ Hydro” as itis 
familiarly called is an organisation based upon the 
co-operation of a large number of municipalities in 
Ontario for the purpose of developing the water 
powers of the Province to the best advantage. It 
is absolutely non-political and has very far reaching 
powers, which under the direction of Sir Adam 
Beck, who has been chairman since the inception 
of the scheme nearly 20 years ago, have been 
exercised to the immense advantage of the Province. 
Briefly it may be said that the “‘ Hydro ” controls the 
whole of the waterpower of Ontario, and develops 
and distributes it to the greatest advantage of the 
population. Its sales of power amount to millions 
of dollars per annum, and all profits are returned 
to the co-operating minicipalities. The operations 
of the “‘ Hydro ” have been enormously successful, 
and power is extremely cheap and widespread 
throughout the Province. If it were possible to 
organise the electricity supply of Great Britain by a 
powerful authority with the same technical and 
administrative ability as displayed by the Hydro- 
Electric Commission of Ontario in the management 
of their far larger and more widespread business, 
the results would be surprising. We hope to give 
an account of the way in which the Hydro-Electric 
Commission fulfils its duties at some future time, 
as its methods might be applied with advantage 
beyond the confines of the Province of Ontario. 

The third paper, by Mr. R. 8. Lea, was entitled 
“The Development of the St. Lawrence River for 
Power and Navigation.” This, like its predecessors, 
was illustrated by lantern slides, and was the more 
interesting because many of the audience had 
travelled up the St. Lawrence from Montreal under 
the guidance of Mr. Lea. Mr. Lea’s paper dealt 
with two alternative proposals for rendering the 
St. Lawrence navigable for large vessels for the 
whole distance from Montreal to Lake Ontario, 
and at the same time utilising the whole fall of the 
river in that distance for the development of power. 
The author dealt fully in his paper with the principal 
features of the respective schemes, and as we 
reproduce his paper in our last and the present 
issue, there is no need to summarise it here. The 
great national importance of both hydro-electric 
development and internal navigation in Eastern 
Canada at the present time, makes it as certain as 
anything can be that sooner or later it will be made 
possible for ships to sail direct from Liverpool to 
the towns of the Great Lakes, and the necessary 
works will render available millions of horse-power. 

There was no time for any discussion on any of 
the three papers which we have mentioned. A 
vote of thanks to the authors was proposed by 
Professor F. C. Lea, who expressed his admiration 
for the boldness in conception and the courage in 
execution shown by the engineers of Canada in the 
development of the natural resources of the country. 
Mr. J. S. Wilson, who seconded the motion. said 
that when inspecting, under the guidance of Mr. R. 8. 
Lea, the rapids of the St. Lawrence, which it was 
proposed to harness, he had been reminded of the 
late Sir John Aird’s exclamation to Sir Benjamin 
Baker when he first visited the site on which he had 
contracted to build the Assuan dam. At the sight 
of a mile and a half of roaring torrent, he had cried, 
“Good Lord, what have I undertaken to do.” 
The very uniform discharge of the St. Lawrence 
was about equal to the flood discharge of the Nile 
and about 10 times the minimum flow of the latter 
river. E 

(Z'o be continued.) 


NOTES. 


A New ConpDENSATION Pump. 


A simpy form of the “condensation ’’ pumps 
now so largely used for producing very high vacua 
is described in a recent publication* issued by the 
Research Department, Woolwich. It is stated that 
metal condensation pumps are costly and incon- 
venient, and as they are not transparent the first 
intimation of failure is generally a breakdown of 
the whole pumping system. The new pump is of 
glass, and is represented in the diagram herewith. 
The design is due to Dr. Gilbert West. The top of 
the tube A is connected to some auxiliary air pump 
capable of producing a moderately high vacuum. 
The vessel to be exhausted is connected to the 
branch B, and as indicated the whole of this upper 
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portion of the apparatus is water jacketed. The 
tube A terminates in the bulb D, which serves as 
the mercury container. On heating D, mercury 
vapour is generated and passes up the tube A, 
and condenses on the sides thereof, trickling back 
finally into the bulb, to be re-evaporated. Owing 
to the reduction of volume which the mercury 
undergoes on condensation a rapid current of 
vapour is always flowing up A when the pump is 
at work. The, mercury, in fact, passes up this 
tube as vapour and down it as liquid. As the 
upward current passes the orifice at B it entrains 
with it molecules of air which diffuse out of B into 
the main tube A. These are swept up by the 
ascending current of vapour, and are finally 
removed from the apparatus by the auxiliary 
air pump to which, as already stated, the tube A 
is connected at the top. Much experiment was 
required to determine the best proportions of the 
pump. The report states that the pump works 
very rapidly and produces extremely high vacua. 


Lossus or Murcuant SHIPPING. 

The depression in freights and the consequent 
need for eliminating the least economical shipping 
are well exemplified in the wreck statistics recently 
issued by Lloyd’s Register of Shipping for 1923. 
The gross reduction in the effective mercantile 
marine of the whole world amounted to 1,716,779 
tons for the year, this figure including 968 vessels 
of 100 gross tons and over which were totally lost, 
broken up, condemned, &c., in the period under 
review. The tonnage removed from the Register 
from these causes is nearly double that for the 
previous year, the increase being mainly due to the 
fact that many more vessels than usual have ,been 
broken up or dismantled for economic reasons. 
The tonnage so dealt with in all countries of the 
world in 1923 amounted to 1,140,207, which is three 
times the highest figure previously recorded and 
includes over 200,000 tons of British shipping. 
The British mercantile marine, it may be remarked, 
still contains a lower proportion of new tonnage 
than do those of many of our competitors, so that 
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it is probable that the weeding-out process will be 
continued during the current year. The world’s 
shipping losses in 1923 due to, or consequent upon, 
marine casualties, amounted to 576,572 tons, 
comprised. in 466 vessels, which is rather heavier 
than the corresponding figure for the previous year, 
viz., 516,711 tons. These losses include vessels 
abandoned at sea, foundered, missing, broken up 
after damage, in collision, wrecked, &c. Strandings 
and similar casualties included under the heading 
“wrecked,” constitute the most prolific cause of 
marine accident and account for 54 per cent. of 
the losses of steamers and motor ships during 
1923, while cases of vessels abandoned at sea, 
foundered, or reported as missing, which may be 
taken collectively since the circumstances attending 
their loss are, doubtless, generally similar, account 
for 24-4 per cent. of the losses of mechanically-pro- 
pelled ships. The corresponding figures for sailing 
ships lost are 50 per cent. wrecked and 37-3 per 
cent. lost from the three other classes of accident 
mentioned. The British shipping losses from marine 
casualties alone are naturally higher than those of 
any other maritime nation, amounting to 88 vessels, 
with an aggregate tonnage of 140,335. The latter 
figure, however, is only 0-73 per cent. of the total 
tonnage owned in Great Britain and Ireland 
and is lower than the average figures of about 
1 per cent. per annum for the last 22 years, excluding 
the war period. For the United States, the losses 
were 62 ships, making 99,905 tons, the tonnage in 
this case amounting to 0-68 per cent. of the total. 
The Japanese and Italian losses were both relatively 
high, the tonnage being 58,548 and 55,702, while 
the proportions were 1-62 per cent. and 1-82 
per cent., respectively. In order of magnitude, 
the figures for the other important countries are 
as follow: Germany, 43,266 tons (1-66 per cent.) ; 
Norway, 40,109 tons (1:57 per cent.); British 
Dominions, 31,181 tons (1-12 per cent.); France, 
18,011 tons (0:48 per cent.) ; Sweden, 14,645 tons 
(1-21 per cent.) ; Spain 11,862 tons (0-94 per cent.) ; 
and Holland, 10,817 tons (0:41 per cent.). The 
figures, it should be mentioned, relate to vessels of 
100 tons and upwards, the tonnages given being 
gross in all cases. 


TRADE WITH LITHUANIA. 


Lithuania, an independent country in its infancy, 
situated north of Poland and south of two other 
new independent countries, Esthonia and Latvia, 
has, unlike the two latter, only a lmited sea-coast 
on the Baltic. A part of Lithuania, however, the 
territory of Memel on the Baltic, is still untrans- 
ferred at the present time. This territory and 
the port of Memel, the natural port of Lithuania 
on the Baltic, were seized by the Lithuanians last 
year, and until their rights are fully established the 
question will continue to have an unsettling in- 
fluence ; the problem has, however, now reached 
a stage which promises a solution in the near future, 
according to a report by Mr. H. H. Cassells, H.M. 
Consul at Kovno. ‘The award of Vilna and of a 
portion of the surrounding territory to Poland has 
been greatly resented by the population. Lithuania 
is essentially an agricultural country, over 80 per 
cent. of the inhabitants being employed on the land, 
and if it is to maintain an independent existence 
economically it must rely chiefly on its exports of 
timber and agricultural products, and develop along 
much the same lines as Denmark. From the point 
of view of British trade and industry the Lithuanian 
market has limitations; the population is about 
2,000,000 and the means of a great portion of the 
inhabitants are comparatively low. Practically 
the whole of the metal industry is in the hands of 
three old-established firms, who employ 563 of the 
677 workmen now engaged in the industry, as 
compared with the pre-war figure of 2,790. These 
factories, which sold their products before the war 
as far as Odessa, Kief, Baku and Vladivostock, find 
it impossible to increase their business with their 
markets restricted to the Baltic States. Russia, 
whose buying capacity is very low, has now no 
common frontier with Lithuania. The commodities 
most in demand are textiles, foodstuffs, machinery, 
glass, cement, coal, &c.; of these imports 80-89 
per cent. come from Germany, but this includes a 
certain quantity of goods sent in transit through 
that country. The percentage of imports from Great 


Britain is put down as 5-27, but is in reality higher, 


since many articles received from Germany and 
Latvia and credited to those two countries are of 
British origin. It is proposed to raise a loan in 
the United Kingdom of 1,000,000/., the major 
portion of which is intended to cover the material 
necessary for the construction of two new broad- 
gauge lines, also to provide for the construction and 
equipment of central railway workshops. The new 
currency unit in Lithuania, a paper currency, is 
the litas, and in 1923 the rate of exchange varied 
between 47 and 43 litas to the /. The report 
from which we take these notes can be obtained 
at the price of 1s. 0}d. from H.M. Stationery Offices. 


THE LATE ADMIRAL SIR CYPRIAN BRIDGE. 


Tue death of Admiral Sir Cyprian Arthur George 
Bridge, G.C.B., which we regret to state occurred on 
Saturday last at his Kingston residence in his 85th 
year, brings to an end a long and useful career, which 
has been devoted entirely to the naval service of the 
country. Sir Cyprian, in recent years, has done much 
to stimulate naval thought and to enlighten public 
opinion upon matters connected with the policy of 
naval defence, having been a frequent contributor 
to the Press when naval questions were under discussion. 
He also took part on many occasions in discussions on 
strategy and tactics at the meetings of the Institution 
of Naval Architects, from which his views will probably 
be familiar to our readers. His paper entitled “ Fifty 
Years’ Architectural Expression of Tactical Ideas,” 
read at the Jubilee meetings of that Institution in 
1911, was also reprinted in our issue of July 7, 1911, on 
page 37. 

The subject of our memoir, who was born in New- 
foundland on March 13, 1839, entered the navy as a 
cadet in January, 1853, when less than 14 years of 
age, serving in the White Sea in the following year in 
the war with Russia, and ‘afterwards in the Bay of 
Bengal during the Indian Mutiny. He became a 
lieutenant in 1859 and a commander 10 years later, 
attaining the rank of captain in 1877. Periods of 
service at sea interspersed with committee work on 
shore, mainly in connection with ordnance, armour and 
intelligence matters, occupied him at about this time, 
and some years later, viz., in 1889, he was appointed 
Director of Naval Intelligence at the Admiralty. While 
occupying this position, which he held until 1894, he 
was promoted to flag rank, and later to the rank of 
vice-admiral. His next appointment was as Com- 
mander-in-Chief on the Australian Station, and in 
1901 he took over the command of the China Squadron, 
being appointed Admiral in 1903. 

This was his last command, but his retirement in 
1904, after over 51 years of service, by no means 
severed his connection with naval work, since, in the 
same year, he presided over the Commission entrusted 
with the investigation of the circumstances in which the 
Russian Fleet, on its way to the Far East during the 
Russo-Japanese war, fired on some British fishing 
vessels on the Dogger Bank. His more extensive 
leisure, however, allowed him time for literary work 
and for the public discussion of naval matters. 
Among other publications he was the author of ‘‘ The 
Art of Naval Warfare,” and ‘‘ Sea Power and Other 
Studies,’ while a volume of reminiscences, published 
as recently as 1918, gives an interesting account of his 
early experiences in the service and throws much light 
on conditions in the Navy in the middle of last century. 
He was a frequent contributor to the journal of the 
Society for Nautical Research, in the work of which he 
took a very active interest, having been a member of 
the original council as well as of that of the Navy 
Records Society. 

Technically, his most important work for the Navy 
was in connection with the various committees on 
heavy guns, explosives, armour plates and projectiles 
on which he served between 1878 and 1881, but his 
life’s work, first as an efficient and energetic officer 
and afterwards as an accurate and judicious writer, 
must have contributed materially to its development. 


SUPERHEATER STEAM-ROLLER.—To meet the increasing 
need for road repairs, the Schweizerische Lokomotiv und 
Maschinenfabrik, Winterthur, have constructed a super- 
heater steam-roller which differs in several respects from 
the usual types. One of the principal objects has been 
to take the strain: off the boiler. For this purpose the 
boiler is made to lie high in the framing, to which it is 
fixed in front, the back end being free to slide. The fire- 
box is large, and a Schmidt superheater is fitted. The 
twin engine can develop from: 13 h.p. to 20 h.p. To 
prevent any possibility of the roller sinking in soft ground, 
a strong horizontal base plate has been fixed to the frame, 
behind the two driving wheels. The width of the roller 
is 1-85 m. (73 in.). According to the Schweizerische 
Bauzeitung, these rollers can work at higher speed than 
the older types and have proved economical. 


THE LATE MR. GILBERT GILKES. 


WE regret to have to announce that the death of 
Mr. Gilbert Gilkes occurred at his residence at Kendal 
on the 13th inst., on his seventy-ninth birthday, after a 
long ilmess.. Mr. Gilbert Gilkes was the son of Mr. Bed- 
ford Gilkes, of Nailsworth, Gloucestershire. He received 
his early education at the Friends School, Kendal, on 
leaving which, in 1861, he served as an articled pupil 
to Messrs. Gilkes, Wilson and Co., of Middlesbrough, for 
34 years, remaining in this firm’s service for seven 
years subsequently. In this connection he was 
occupied. with bridge, engine and blast furnace work. 
At the age of 21 he was engineer-in-charge of the 
large bridge on the River Dee at Kirkeudbright. He 
rose to be general manager of Messrs. Gilkes, Wilson 
and Co., afterwards Messrs. Hopkins, Gilkes and Co.,. 
before leaving. After some time spent in Birmingham, 
in 1881 he purchased the business of Messrs, Williamson 
Brothers, of Kendal, hydraulic engineers, and thence 
forward devoted himself to hydraulic work and the 
design and application of hydraulic turbines, water — 
wheels, &ce. His experience of bridge work continued 
to be of service to him, and he was engineer for a 
bridge at Kendal in 1887, though most of his work 
by that time was concerned with the hydraulic-power — 
branch of engineering. 

In the early days of modern water-power develop- 
ments Mr. Gilkes was responsible for carrying out a 
number of important private installations and, in con- 
junction with Mr. D. J. Pennington, installed plants at 
Balmoral and Chatsworth. At the time that he took 
over Messrs. Williamson’s business practically the only 
turbine manufactured was the Vortex turbine of 
Professor James Thomson. The business of the firm 
was gradually developed until their work included 
mixed-flow turbines of different types, Pelton wheels 
and the Turgo impulse type for high falls, invented by 
Major Crewdson. A description of this type of turbine 
and its distinctive features as compared with the 
Pelton wheel will be found recorded in ENGINEERING 
(vol. exvi, page 279), where we give an account of the 
installation by Messrs. Gilbert Gilkes and Co., Limited, 
of a plant at Cynwyd, North Wales. 

Mr. Gilkes retained the chairmanship of the firm 
up till 1920. He was pre-eminently interested in the 
civil engineering side of water-power projects, and 
latterly was wont to leave mechanical design to others. 
It may be mentioned that in an international competi- 
tion in connection with the first project for utilising 
the power of Niagara, a scheme planned by Messrs. 
Gilkes and Pennington was awarded second prize. 

Very active in public work, Mr. Gilkes was a Justice 
of the Peace for Westmorland and for Kendal. He 
was an original member of the Westmorland County 
Council, and an Alderman from 1895 till 1921. For 
21 years he was Chairman of the County Education 
Committee, and from 1895 onwards was Chairman of 
the Kendal Education Committee. For three years in 
succession he was Mayor of Kendal. 

He was an original member of the Iron and Steel 
Institute, and for some time was a member of the 
Council of the Cleveland Institution of Engineers, He 
became an associate member of the Institution of Civil 
Engineers in 1886 and was transferred to full member- 
ship in 1892. He was succeeded in 1920 in the chair- 
manship of the firm by his nephew, Mr. N. F. Wilson. 


Frenca SuBmsriny. Constxuction.—On July 19, 
the new French Minister of Marine, Monsieur Dumesnil, 
was present at the launching of the submarine Requin, 
at Cherbourg. The Requin is«one of the first-class 
submarines provided for under the naval programme 
of April, 1922. She will be finished in April of next 
year, and the five other submarines of the same class 
will follow at short intervals. Her characteristics are : 
displacement, 1,139 tons; horse power, 1,450; speed, 
16 knots on the surface, and 10 knots submerged ; 
length, 256 ft. Her radius of action at economical — 
speed is about 8,000 miles, and she can resist the 
pressure corresponding to a depth of 55 fathoms. 


Tue Avuromonite Tax.—We are informed that the 
Third Interim Report of the Departmental Committee 
on the Taxation and Regulation of Road Vehicles, dealing 
with the existing system of motor-car taxation is now 


available, and copies (price 2s. 6d.) may be purchased — : 


direct from H.M. Stationery Office or through any book- 
seller. The main report contains the following general 
conclusion :—** It is in these circumstances that we have 
again .reluctantly come to the conclusion that no method 
of administering a. motor-spirit duty can be contrived 
which would notinflict grave inconvenience and additional 
expense upon considerable numbers of consumers of 
motor spirit—and of some kerosenes—used for purposes — 
other than the propulsion of road vehicles or which 
could be relied upon to yield a certain revenue at a 
reasonable cost.’’ The report is divided into two parts, 
Part I containing an historical survey, dating back to the 
eighteenth century, of the various systems which have 
obtained in this country in connection with the taxation 
of vehicles and to the expenditure on roads. Part II 
deals with the disadvantages of the present systein of — 
motor-car taxation and contains suggested alternative 
methods and modifications. 
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and aft cable tanks, there are horizontal steam winches 
of 3 tons capacity, made at Svenborg. The shafts of 
these winches are extended and provided with warping 
drums for docking purposes. These winches also drive, 
by means of endless chains, V-sheaves provided in 
association with jockey pulleys and are equipped with 
counters registering to one-thousandth of a nautical 
mile. This arrangement is introduced to facilitate the 
conveyance of the cable to and from the tanks. 

The steam steering engine in the engine-room 
casing, and the emergency hand-steering gear on the 
rudder shaft, are of ordinary types and were supplied 
by Messrs. Stuhr’s shipyard at Aalborg. There are 
mechanical telegraphs on the awning deck and on the 
bridge, a mechanical rudder indicator at the front of 
the bridge, an electric revolution recorder in the 
steering house, and the customary speaking tubes and 
bell indicators, so that effective control and accurate 
knowledge of the working is obtainable throughout 
the whole period of activity. A range finder made 
by Messrs. Barr and Stroud of Glasgow, facilitates the 
taking of accurate observations. The anchors were 
constructed so that sharp projections, which might 
injure the cable, have been avoided. 


LABOUR NOTES. 


Ar its meeting in London on August 12, the joint 
committee formed of one member of each of the 
engineering trade unions interested in the national 
application for an advance in wages of 20s. per week, 
passed the following resolution :—‘‘ That a sub- 
committee of six, including the chairman and secretary, 
be appointed to confer with the Research Department 
of the Trade Union Congress in regard to the state- 
ments made by the chairman of the Engineering and 
Allied Employers’ National Federation at the several 
conferences that have been held between the employers 
and the unions with reference to the unions’ applica- 
tion for a national advance in wages of 20s. per week 
and report to a further meeting of the committee.” 
The chairman is Mr. J. T. Brownlie, president of the 
Amalgamated Engineering Union, and the secretary, 
Mr. Frank Smith, general secretary of the Federation 
of Engineering and Shipbuilding Trade Unions. 


In the August issue of the Monthly Report of the 
Boilermakers’ and Iron and Steel Shipbuilders’ Society, 
it is stated that members employed at Bristol Docks 
have secured an advance in wages of 6s. per week, and 
that an agreement has been concluded with Bristol 
Channel employers for an advance of 5s. per week 
in two instalments. The number of members “ sign- 
ing the book”’ at the end of July was 16,812 as com- 
pared with 20,201 a month earlier. In June the 
organisation’s expenditure was 63,0631. 3s. 4d.; in 
July, it was 58,6331. 4s. 6d. 


According to the latest official report of the Amal- 
gamated Engineering Union unemployed members 
were fewer by 1,081 in July than in June. At the 
beginning of August the total number was 18,812, or 
8-19 per cent. of the membership. The membership 
of the society declined during July from 255,669 to 
253,355. 


The first of the three financial proposals recently 
submitted to a ballot of the members by the executive 
council of the Boilermakers’ and Iron and Steel Ship- 
builders’ Society has been carried. In accordance 
with this decision the contributions of first-class 
members will, as from September 1, be increased by 
Gd. per week, those of second-class members by 4d. 
per week, and those of third-class members by 2d. per 
week. In announcing the change the executive 
council say that members ‘“‘ who are working and, 
therefore, will be called upon to pay the increased 
contributions, will have the satisfaction of feeling that 
in making this sacrifice they are assisting their less 
fortunate out-of-work members, who will again be 
entitled to Home Donation, if in compliance with 


rule, from the same date as the increased contributions 
take effect.” 


On the recommendation of the Central Committee, 
the Tenth Congress of the International Metalworkers’ 
Federation decided that the contributions for the 
current year should be at the rate of fr. 18-75 Swiss 
currency per 1,000 members, that affiliated organisa- 
tions should be requested to make a special contribu- 
tion of an aditional 50 per cent. to the funds of the 
Federation, and that from J anuary 1, 1925, the regular 
contributions should be raised to fr. 30 Swiss currency, 
or for the British Section to 25s. per 1,000 members. 
The feeling of the delegates was, it is stated, that if 
the Federation is to become an effective institution 
on behalf of the metalworkers throughout the world, 
it is imperative that greater financial assistance should 


be forthcoming. The rates of contributions to-day are 
practically what they were at the foundation of the 
Federation nearly 30 years ago, notwithstanding the 
fact that there have been set up an Executive and a 
Central Committee whose expenses have to come out 
of the funds. 


The most important matter considered by the 
Congress was, in the opinion of the Secretary of the 
British Section, the 48 hours’ working week. The 
facts disclosed by the representatives of various 
nationalities who spoke as to the eight-hours day in 
their respective countries were, he says, very dis- 
quieting indeed. Many said that while a 48 hours 
working week was the law, the law was evaded by the 
issue of proclamations extending the working day. 
In some cases the 48 hours’ week was actually abolished 
by Governments. A German representative stated 
that over 50 per cent. of the metal-workers in Germany 
were working more than 48 hours per week and, in 
many instances, without additional payment. The 
Congress unanimously adopted the following resolu- 
tion :— 

“That the Tenth International Metalworkers’ 
Congress views with grave apprehension the reports 
of the various organisations that the eight-hour day is 
seriously jeopardised in Continental countries. By the 
extension of the working day the financiers are com- 
pelling the working class to contribute unfairly to the 
liquidation of war debts, and to increase,the moral and 
material dependence of the workers upon capitalism, 
thereby weakening the workers’ powers of resistance. 

‘In accordance with the resolution of the Inter- 
national Federation of Trade Unions, June, 1924, the 
International Metalworkers’ Federation appeals to the 
metalworkers of all countries to oppose in the strongest 
manner possible all attempts to prejudice or abolish 
the eight-hour working day. Conscious that the 
workers will do this, they can be assured of the whole 
assistance of the International Metalworkers’ Federa- 
tion. 

“The International Metalworkers’ Congress urges 
upon the affiliated organisations to use their influence 
in their respective countries to secure the ratification 
of the Washington Agreement.” 


* Another important question discussed by the Congress 
was whether the Pan-Russian Metalworkers’ Federation 
should or should not be allowed to affiliate. No 
Russian representatives were present at the opening 
of the Congress, although one or two arrived later 
by aeroplane and were received by it. No definite 
decision was, however, reached largely because of the 
association of the Russian organisation with the Red 
International Trade Union and the ‘‘ Twenty-one 
Conditions *’ of the Communist International. The 
feeling of the representatives of the smaller nations 
was, it is stated, strongly against affiliation. To admit 
the Russians into membership at this juncture would 
be, it was contended, disastrous, as ‘‘ Communist 
intrigues had naturally led to a disrupted Trade Union 
movement.”’ The British and German representatives 
were, on the other hand, prepared to admit the Russians 
on their giving a specific undertaking to accept the 
constitution, honourably observe the rules of the 
Federation and work in unison with the affiliated 
organisations. 


After a discussion which lasted for five hours the 
International Conference on Workers’ Education which 
met last week at Oxford, decided on Saturday to form 
an International Federation of Labour organisations 
concerned with the education of workers. A con- 
stitution was ordered to be drawn up. An amendment 
submitted on behalf of the British National Council of 
Labour Colleges proposed that a federation should be 
established “on recognition of the class struggle.” 


Seven thousand skilled and semi-skilled workers 
employed in the steel industry of Sheffield and District 
struck work on Saturday last because of a proposal by 
their employers to put them on a sliding scale, which 
already operates in the case of other employees. The 
effect of the change would be, the men contended, 
appreciably to reduce their wages. 


In the light of the Amalgamated Engineering Union’s 
reply to the invitation of the General Council of the 
Trade Union Congress to a “ free and friendly discussion 
on the question of consolidating the various bodies ” 
with members employed in railway shops, the formu- 
lation of a common policy in regard to wages is not 
very probable. The executive council of the A.E.U. 
stated that they were prepared to attend a meeting of 
the kind proposed, but only on the understanding that 
the policy to be outlined was the same as that decided 
upon by the Trades Union Congress in 1915 at Bristol. 
At Bristol, it may be explained, the question of unions 


accepting members from other unions was discussed, 
and the following resolution was passed :—‘‘ That this 
conference re-affirms the resolutions of 1906 and 1907, 
viz., that any method of organisation that seeks to 
divide workmen from their fellows in the same occu- 
pation is detrimental to the best interests of Trade 
Unionism, and calls upon the Parliamentary Committee 
to instruct its joint board representatives to immediately 
enforce the recommendations of the board of June 5, 
1907, against any Society charged with such conduct.” 
The A.E.U. executive council quote this resolution 
in their reply and ‘trust that the General Council 
will uphold the decision as outlined.” 


It is officially announced that as the result of an 
agreement between the Iron and Steel Trades Em- 
ployers’ Association and the Iron and Steel Trades 
Confederation the wages of the lower paid men will, 
as from Monday next, be increased by a special bonus 
commencing at ls. 2d. per shift of eight hours for the 
lower paid workers. The lower paid workers in the 
heavy steel trades have been seriously affected by the 
rapid fall in the price of steel, which has reflected itself 
in the sliding scale governing the work-people’s wages, 


— 


M.. J. T. Brownlie, president of the Amalgamated 
Engineering Union, leaves for Canada this week-end 
to attend the Canadian Trade Union Congress as a 
delegate of the British Trade Union Congress. Sub- 
sequently he goes to Detroit to be present as a repre- 
sentative of the A.E.U. at the annual convention of the 
International Association of Machinists. 


After prolonged discussion on Friday and Saturday 
last week on the application of the workers for an 
increase in wages of 10s. per week, the National 
Joint Industrial Council for the electricity supply 
industry agreed to set up a special conciliation commit- 
tee, with a chairman to be appointed by the Ministry of 
Labour to consider the differences between the two 
sides, and to make recommendations to the Council 
for its consideration, the committee to consist of 
five representatives chosen by the employers’ side 
on the Council and five representatives by the workers’ 
side, together with the chairman. The special con- 
ciliation committee sat on Tuesday and reported to the 
Joint Committee on Wednesday. Pending this further 
consideration of the matter the strike notices were 
suspended. 


The difficulty which developed at Darlington between 
the London and North Eastern Railway Company and 
certain classes of workers belonging to the National 
Union of Railwaymen was put in the fair way to 
adjustment at a conference between representatives 
of the parties. The trouble was over “ clocking off 
and on,” the men contending that this ought to be 
done in the employers’ time. It was stated to be 
the intention of the Company to make such arrange- 
ments as would render it possible for the workers to 
clock off in the Company’s time, the view being taken | 
that this could be done in two minutes ; and the men 
were given liberty, if they desired to use it, to discuss 
the principle of the system and any difficulties arising 
out of it at a joint meeting to be held after a resumption 
of work. 


Ecypitan Marker ror Locomorives.—A confidential, 
report on the market for locomotives in Egypt has been 
prepared by the Department of Overseas Trade, and is 
issued to firms whose names are entered upon its Special 
Register. United Kingdom firms desirous of receiving a 
copy of this report, together with full particulars of the | 
Special Register service and form of application for regis- 
tration, should communicate with the Department of 
Overseas Trade, 35, Old Queen-street, London, §.W.1. 


Tub Roya AnRONAUTICAL Socinry.—The programme 
for the ensuing session of the Royal Aeronautical Society 
will commence with an inaugural lecture to be delivered 
by Lieut.-Col. H. T. Tizard, on October 2 next. On) 
October 16, Dr. A. Rohrbach will read a paper on “ Large 
All-Metal Seaplanes ” and at subsequent meetings, held | 
at the usual fortnightly intervals, the following papers 
will be read and discussed: ‘The Royal Aero Club | 
Light Aeroplane Competitions,” by Major J. S. Buchanan; 
“Skin Friction,” by Prof. L. Bairstow; ‘“ Thunder-, 
storms,” by Dr, G. C. Simpson; ‘*The Maintenance of) 
Coramercial Aircraft,” by Col. F. Searle ; and ‘ Radio- 
telegraphic Atmospherics,”’ by Mr. A. R. Watson Watt. 
The last-mentioned paper will be read on December 138. 
On February 5, 1925, Air Commodore C. R. Samson will 
read a paper on “‘ The Operation of Flying Boats in the | 
Mediterranean,” while, on February 19, Major R. V.) 
Southwell will give a paper on a subject which will be 
announced later. Two other papers, one by Lieut.-Col. 
C. B. Heald on “ The Medical Aspects of Air Transport ” 
and the other by Dr. Eckener on ‘“ Zeppelin Airships,” 
have been arranged for, and these will be delivered on) 
March 5 and 26, respectively. Advance copies of ali the! 
papers can he obtained from the Secretary, 7, Albemarle 
Street, W.1., at the price of 6d. each, or 5s. for, the series. 
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THE DEVELOPMENT OF THE ST. LAWRENCE 
RIVER FOR POWER AND NAVIGATION.* 
By R. 8. Lia, M.Inst.C.E. 

(Concluded from Page 241.) 


Methods of Development.It has already been 
indicated that in the development of the “‘ power reach” 
of the St. Lawrence, natural conditions have divided 
it into three stretches, each of which must be dealt 
with separately. The two lower ones, which are short 
and made up almost entirely of rapids, have been 
shown by the investigations of the engineers of the 
Government Deep Waterways Project, to be particu- 
larly adapted to improvement for navigation by the 
method of side canals, which work can be carried out 
quite independently of the development of power. The 
latter is an important feature, in view of the fact that 


harbour. Lock No. 2 is located at the further end of 
this section, and has a lift of 16 ft. The next section 
turns northward towards the present Lachine Canal 
and leads to Lock No. 3, with a lift varying from 1 to 7 ft. 
to the level of Lake St. Louis. The canal enters the 
lake about 2 miles further west, from which point the 
excavation of a channel is necessary for several miles 
before deep water is reached. 

The plans provide for locks 860 ft. long and 80 ft. 
wide, which are the dimensions adopted for the New 
Welland Ship Canal, now under construction, between 
Lake Erie and Lake Ontario. The canal sections are to 
be excavated to a minimum bottom width of 200 ft. 
through cuttings and 450 ft. in the river channels, which 
is the width of the Ship Channel below Montreal. A 
dam and power house is shown in Fig. 6. The dam 
will control the flow and may be utilized to maintain a 
low water level in Lake St. Louis 5 ft. or so greater than 


both stretches are wholly in Canadian territory. 
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at present without raising the maximum elevation, as 


locks, Nos. 4 and 5, are located at the lower end near 
Melocheville on Lake St. Louis, which will raise the 
water level to that of Lake St. Francis. A guard lock, 
No. 6, is located at the Lake St. Francis end, where a 
dredged channel, with a jetty to prevent cross currents, 
is carried out for some distance into the lake, The 
cost of a 30 foot navigation canal is given as about 
40 million dols. The power development is shown on 
the opposite side of the river. It consists of a dam 
across the river between the Coteau and Cedar Rapids, 
which would drown out the former and bring the 
Lake St. Francis level down to the entrance of a power 
canal leading to a power house just north of Cascades 
Point, where over 1,600,000 continuous horse power 
can be developed with the whole flow of the river 
available. Some excavation would be necessary through 
the crest of the Coteau Rapids. The estimated cost of 
this development is given as 152,000,000 dols. 

The other method of development considered is also 


SQULANGe. 
Bae eee 


i “Clacw 
=a 


¢ Volleyfeld TEE 


4 
ZN 


=) 


EN 
3 Railway Diversion 
S 


va 


<(8627.) 


Pre au Sanle 

ran 
POWER HOUSE 
1500000 HR 


S— 


3 LAKE 

Coulonge Pt 
St Timothee a7 ohh SECO cascece, Ts Gesscooes ; 
SESE EIS 4, ST Lours 


ce\s 


Py 


rs 


“Ore, 


Fig.7. 


COTEAU-CASCADES RAPIDS PROJECT 
ST. LAWRENCE RIVER 


SCALE OF MILES 
° ' 2 


< z 
= 2 
: = g 
: az ae z 
* 7 ac 
Fig.a. Fig. ja Secure ag ae 
140 140 180 rs we 5 2 ne ga 
130 3| 3 0] w | gs2 |e aS 2) 22 | joa 
+3 s——+ st ea Ee) 130 170 Hels ee ~| Sx We 
3 {— © Pp a 
120 2] = ° 120 fs Se & = Is ro} ae 
; = 2 mes 160 _ja 6 =| 5 160 
nD ais S| = =i Lake St Francis ii al I | 
+3 by 
= 3 iz a 3 z : = JE ii fe) 150) = — ulated Water ! Surface Pe 150 
100 |__| 2 ga (else Cas 9 100 = sti | 1 
eae xo fei a ima i, == : — +] 140 
30 =|" is} wi} OO = z U 90 =s i 1 
ol. x ° i — 2 : 130 
=a rs) aa =] = ia 
Sire SIL | s mn |} Se Se 120 
Alkke |St}/Louis 3 fi u \ as Sas) 1 = 
70 Regulated Water Surface, |_|! 1 D|/MONTREAL m oy 
F : ~— Sse Q 70m Pit 
Y ool ———— = a) HH ig z 60" | a 
s a SS Se = = SS SS Hi 9 = i = 1007 
50 are == 4 50 30 
40 = = = if - a = i Siar -A 40 PROFILE OF | if 
ages 7 i els COTEAU-CASCADES RAPIDS PROJECT + - 80 
ae =) I! Ht inf 3 te ST. LAWRENCE RIVER t 
LACHINE RAPIDS PROJECT 71 te) 70 | Regulated Water Surfage 70 ' 
20 | | ST. LAWRENCE RIVER | ———— i | | aieey m= ip = — = 
| — “te Low Water Sunfa 20 60 | +—+ : _—— = Se 60 
NS NS es 
10 N == =3 10 50 | | * === 
ik a Fea Bt A, H a. 
x°) 3 te) = Af 
20 5 0 5 0 (86277) 40 35 30 : is ae 
MILES FROM MONTREAL MILES FROM MONTREAL lf Se 


(8627 6) 


Besides this the development of these powers would 
naturally and advantageously follow those of the 
rapids above. The Deep Waterways scheme con- 
templates an ultimate depth of 30 ft., but in making the 
estimates provision has been made for an initial 
minimum depth of 25 ft. in the canal reaches and river 
channels, with the locks and other permanent structures 
constructed for the full draft of 30 ft. For purposes 
of a very general description, it may however, be 
considered as a 30-foot project. 

Montreal Harbour to Lake St. Louis.—For the lowest 
stretch, from Montreal Harbour to Lake St. Louis, 
several alternative plans for a canal about 9 miles in 
length have been proposed, differing principally in the 
route chosen. One of these, which may be the one 
finally adopted, is shown in Figs. 6 and 6a. It begins 
with an entrance lock, No. 1, in Montreal Harbour, 
and this numbering is continued throughout the whole 
stretch of the river up to lock No. 9, a little above 
Morrisburg, which completes the total lift. Lock 
No. 1, with a lift of from 22 to 32 ft. according to the 
river stage, leads to a section constructed in the river, 
and carried between an outside retaining wall and 
embankment and a levee or flood protection dyke 
which is already in existence along the river shore. 
The space thus enclosed may be utilized as a high 
level shipping basin, forming part of a scheme for 
greatly increasing the terminal and dock facilities of the 


* Read before Section G of the British Association at 
Toronto, on August 8, 1924. 


well as to provide the increase in depth when the 
change is made from 26 ft. to 30 ft. navigation. 

The 30-foot project is estimated to cost about 
70 million dols., and the power plant about 85 million 
dols. more, though these estimates do not appear to 
include interest during construction and certain other 
overhead charges. The amount of power to be obtained 
is estimated to be about 700,000 h.p. in summer, but 
less in winter due to the ice jams in the river below, 
which makes this one of the most expensive and least 
attractive of the different sites available. In any case 
it should be deferred until the development has been 
carried out in the second reach between Lakes St. 
Francis and St. Louis. 

Lake St. Francis to Lake St. Louis ——In this stretch 
the conditions are unusually favourable to the side 
canal method. Between the two lakes, on both sides 
of the river, there is a level bench of land for nearly the 
whole distance, which lends itself to easy canal con- 
struction, and in which the total fall is largely con- 
centrated near the lower end where the main lift locks 
may be conveniently located. It is, of course, possible 
to canalise the river, but important plants already 
existing would be interfered with, and the cost would 
be otherwise excessive. 

The Government plans offer two methods of develop- 
ment, both of which are indicated in Fig. 7. In one of 
these the navigation and power projects are to be 
carried out as two entirely separate schemes. Navi- 
gation is to be provided for by a side canal on the south 
side of the river, as shown. A double twin flight of 


shown in Fig. 7. In this case both power and naviga- 
tion canals are on the north side of the river as shown, 
and the dam serves both purposes. At the Lake St. 
Louis end there is a lock, No. 4, with a lift of 39 ft., 
followed as shown on the profile (Fig. 74) by another 
lock, No. 5, of about the same lift. Near where the 
canal enters the river there is a guard gate, and a 
partial regulating dam and low lift lock, No. 6, are 
located near the end of the Coteau Rapids. The 
estimated cost of the combined navigation and power 
schemes is given as about, 12,000,000 dols. less than by 
the first scheme, if both were carried out at the same 
time, and about as much more if built separately. 
Prescott to Cornwall.—The general physical features 
in this stretch of the river have already becn shown to 
differ from those of the two lower stretches. The 
total fall is distributed over a distance of nearly 50 
miles and, between the three main rapids, the river 
is navigable in both directions. Investigations carried 
on for several years by the Hydro-Electric Power 
Commission of Ontario in connection with projects for 
the development of the entire flow of the river for 
power, have shown that many of the works necessary 
for this purpose will also serve for the canalisation of 
the river which is the method of improvement most 
suitable to the natural conditions. This conclusion 
was also reached by the Deep Waterway engineers when 
studying the question primarily from the point of view 
of navigation. There are several other reasons why 
this stretch should be considered in a separate 
category. For example, it is for its entire length 
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the international portion of the river, in which the 
power belongs jointly to Canada and the United 
States, and where the development involves co- 
operation on the part of both countries. It is also 
the portion of the river which lies within the 
boundaries of the Province of Ontario, where the 
general policy of power development is quite different 
from that of the Province of Quebec, through which the 
rest of the river flows. Its improvement is the next 
step, following in natura] sequence the completion of 
the New Welland Canal in the Deep Waterways 
project, and the drowning out of the rapids should 
begin at the upper end of the river on account of the 
protection from ice thus afforded in the construction 
and operation of works lower down. And, finally, 
there is a pressing demand in both countries for all 
the power available as fast as it can be developed. 

Two general methods of improvement are possible, 
a double development scheme and a single develop- 
ment scheme. In the former, the works would be 
carried out in two stages, the upper of which would 
include the Galops Rapids and Rapide Plat, and the 
lower the Farran’s Point and Long Sault Rapids. By 
this method the river would be confined to as great an 
extent as possible within its present banks, with 
practically no flooding below Morrisburg. In the 
single development scheme the entire fall available 
for power would be ¢oncentrated at the foot of the 
Long Sault. There would be a regulating dam at the 
Rapide Plat to control the outflow from Lake Ontario. 
This method will cause considerable flooding and re- 
quires the construction of long and high wing dams, 
and a number of embankments of various heights. 

Single Stage Development.—Figs. 8 and 8A show in a 
very general way a single stage development very 
similar to that proposed by the Government engineers. 
As in all schemes for the improvement of the river, 
a large amount of excavation is required through the 
Galops Rapids and at various points between there 
and Morrisburg, in order to secure suitable depths and 
velocities for navigation and the highest practicable 
pool level at the dams below. This enlargement of 
the river channel will necessitate some means of con- 
trolling the flow, and this is provided by regulating 
dams at the Rapide Plat across the channels on each 
side of Ogden Island. With the water at Elevation 
245 above the Galons, a normal water level of about 
242 can be maintained above the Ogden Island dams. 
There will be a navigation lock, No. 9, on the United 
States side with a maximum lift of 10 ft. to 12 ft. 
From Morrisburg to the Long Sault, no channel im- 
provements will be required. 

The foot of the Long Sault Rapids is at the lower 
end of Barnhart Island, and it is near this point that 
the power plant of the single stage development must 
he placed in order to utilize the available head. It is 
impossible to make use of the adjacent shores of the 
river at this point as they are much too low for the 
purpose. Fortunately, however, Long Sault Island 
and both Barnbart and Sheek Islands are considerably 
higher, and it is only by taking advantage of this 
circumstance, and by carrying the pool level down 
between the two latter islands, that a single develop- 
ment becomes practicable. 

The normal elevation of the water surface above the 
Long Sault Rapids 1s 202, and below the proposed 
power plant, 155. The proposed pool level is 231, 
thongh the power house and other structures are to 
be designed to permit this to be increased by 8 ft. or 
10 ft. The Little River is the shallow channel which 
separates Sheek and Barnhart Islands. It carries less 
than 5 per cent. of the total flow and leaves the main 
channel in the middle of the rapids where the water 
surface is at elevation 175. Just below this there is 
to be a spillway dam about 3,800 ft. long, connecting 
Barnhart and Long Sault Islands, and provided at 
each end with « set of Stoney sluices. Its crest will 
be at elevation 231, and it will, therefore, serve to 
divert the main flow into the channel of the Little River 
and down to the power plant. In order to retain this 
pool level, a series of lateral dams and embankments 
are necessary starting from both ends of the power 
plant. On the north side a retaining wall and embank- 
ment over 8,000 ft. long and 100 ft. high connects it 
with Sheek Island, the upper end of which is, in turn 
joined to the north bank of the river by heavy embank- 
ments with core walls. On the south side the pool 
level is carried by way of Barnhart Island, the Spill- 
way dam, Long Sault Island, and a dam and power 
house at the upper end of the South Sault Channel, to 
the main shore of the river. The main shores them- 
selves, for miles further upstream on both sides require 
embankments at a number of points to maintain the 
required elevation. 

The most important of the structures just referred 
to, is the spillway dam, which crosses the river at the 
swiftest and deepest part of the rapids, and which is 
estimated to cost upwards of 11,000,000 dols. The 
power house at the head of the South Sault Channel is 
to utilise, under a head of about 28 ft., the water 


supplied from this channel by a power canal 3 miles 
long, and which discharges into the Grasse River, a 
tributary flowing at a much lower level. 

Navigation is carried from the river at Cornwall up 
into the pool and past these works by about 7 miles of 
canal, and two locks, Nos. 7 and 8, located as shown in 
Fig. 8, and with lifts of 48 ft. and 31 ft. respectively. 
At the proposed power plant at the foot of Barnhart 
Island, there will be a Canadian and an American 
power house. To provide better for the handling of 
floating ice, these power houses should be placed more 
nearly parallel to the direction of the current than 
shown, and space for a number of sluices should be 
left between their lower ends. ‘Their combined length 
is about 3,400 ft., sufficient to provide for a total 
installed capacity of about 1,780,000 electrical horse- 
power in units of about 34,000 e.h.p. 

While it would considerably increase the lateral dams 
and embankments required, as well as the area flooded, 
it is quite feasible to maintain a pool level 8 ft. or 9 ft. 
higher than that adopted for this scheme of develop- 
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houses at all times, and in the beginning of the winter, | 
before the ice cover in the river has permanently | 
formed, there will be a period during which the con- 
ditions are particularly favourable to the formation of 
anchor ice and frazil, all of which will pass down to 
begin the formation of the jams below. In any case, 
the fixing of the pool level at an elevation which will 
entail the permanent sacrifice of between 100,000-h.p. 
and 200,000-h.p., summer as well as winter, whether 
by reason of the unavoidable winter drop in pool level, 
or the flooding of too much land, or the risk of depend- | 
ing on so many long and high embankments, is un- | 
doubtedly a very serious feature of this method of 
development, 

Double-Stage Development.—The essential difference 
between this method and the single-stage development 
is that instead of the regulating dam at Morrisburg 
there will be a combined contro] and power dam, 
and a power plant of about 620,000 h.p., operatin 
under a head of 28 ft. There will be a Barnhart Island 
power-house in about the same location, but with a 
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ment. This elevation, which is that of the crest of 
the spillway of the main dam, was really determined by 
the conditions expected to obtain during the winter 
in the river above the works. Above the Morrisburg 
dam the enlargement of the channel and the raising 
of the water level, will considerably reduce the velocity 
of the current, but it will still be so great as to prevent. 
the river freezing over even in the severest winter. 
Below Morrisburg, however, a complete ice cover will 
form at the lower end early in the winter, and extend 
upwards on the whole pool, and as this will be largely 
composed of packed ice, a considerable increase in slope 
is inevitable. The drowning out of the rapids will, in 
itself, greatly reduce the formation of frazil and anchor 
ice, especially the latter, which does not readily form in 
water over 25 ft. or 30 ft. in depth. Yet, in the stretch 
of open water from Prescott down, a considerable 
quantity will still form, especially during periods of 
severe cold. This will lodge beneath the rough ice 
cover already formed, and will still further reduce the 
pool level at the lower end. Whether this reduction 
will or will not exceed the amount allowed for it is diffi- 
cult to say, but that it will occur every year is certain. 
On the other hand, the back water from jams starting 
at the head of Lake St. Francis will, no doubt, be con- 
siderably reduced though not by any meens entirely 
prevented. A certain amount of slush ice will still 


required for the existing Masseria power plant, which is} be formed in the open water below the dams and power 
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pool level of 210 instead of 231. The river improve- 
ments as far down as the head of Ogden Island are 
identical. At that point the navigation channel 
continues down the present main river channel north 
of this island, instead of following the Little River 
channel on the south side, as in the single development. 
This Little River at one time carried about 10 per cent. 
of the total flow, but has been closed by a dam for 
many years. 

The main dam is between Ogden Island and the 
north shore, and, in addition to a section of free spillway, 
is provided with a set of Stoney sluices and a number of 
submerged sluices for winter regulation. There is a 
second, shorter regulating dam between the lower end | 
of the power plant and the south shore. 

The two power-houses are in line with each other and. 
parallel with the general direction of the flow, which is 
the best possible arrangement as far as the avoidance 
of ice troubles at the plant is concerned. The over-all 
length is about 4,300 ft., sufficient to accommodate 
66 units of 11,000 e.h.p. capacity. Plans are being, 
worked out, however, at the present time, to employ 
units of about this capacity, which will considerably | 
shorten the over-all length and improve the lay-out 
in other ways. The lock, No. 9, will be located at 
ee north end of the main dam, and will have a lift 
of 28 ft. 

Extensive channel improvements will be made’ 
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between Morrisburg and Barnhart’s Island to obtain 
the required navigation depths and velocities, but 
this will be largely at the upper end of the stretch. 
At the lower end the location of the main dam and 
the power houses will be substantially the same as in 
the single development, though they will be much 
lower, as the head at the power plant will be 55 instead 
of 75 ft. There will be no dykes or embankments 
and no power-house at the head of the Long Sault, 
nor will there be any necessity for the long and high 
retaining wall between the north end of the power 
plant and Sheek Island. 

Lock No. 7 and the river improvements below will 
be exactly as in the single-stage scheme, but the canal 
will be located a little further to the north, and Lock 
No. 8, with a lift of 10 or 12 ft., will be located at the 
eastern end of the pool north of Sheek Island, from 
which the line of navigation will follow the main 
channel of the river to Morrisburg. 

At the double-development power house at the foot 
of Barnhart Island, it is proposed to maintain a constant 


enlarging the channel. Hence, this portion of the river 
will remain open as at present so far as the main 
channel is concerned, but the bordage ice will probably 
extend further out and cover a relatively greater 
area. 

As has been stated before, the drowning out of the 
rapids and the deepening of the main channel will 
greatly diminish the formation of anchor ice and frazil ; 
but, with the continuous open channel throughout the 
pools which will be maintained under the double 
development, the quantity which does form will in 
part accumulate in the bays and eddies, but largely, 
no doubt, will be carried on downstream to the 
river below Barnhart Island, and assist in the formation 
of the jams which cause backwater. 
hand, special observations, which are confirmed by the 
regular winter gauge readings, show that the bordage 
ice has little effect on the slope of the river. Hence, 
whatever loss of head may result from the action of 
ice in the double development scheme, will be very 
largely due to backwater. This will, of course, be much 


DOUBLE STAGE DEVELOPMENT 


Full Lines indrcete Regulated Shore Lines 
Dotted Limes indicate Present Shore Loves 


Fig. 9. 


mt 
° 


Windml Poont. Light 
Poont troquars 
MORRISBURG 

Lock N° 8 


Jaoquols 


H Point Three Points 


from Morrisburg Dam and Power House 
to Barnhart Island Power House. 


MOULINETTE 


Cast Williamsburg 
Foo! of 
Croils. Island 


Dickinson's Loc 
Sheeks Island Dam 
CORNWALL 


3 
whe 
fae 
28 2 


Regulated 


Level 


WADDINGTON 


PROFILE - 


forebay level of 210. The lay-out in Fig. 9 shows two 
power houses with a dam and ice sluices about 800 ft. 
in length separating the lower ends. As shown they 
have a total length of 3,100 ft., designed to accom- 
modate 50 units each of a capacity of 25,000 e.h.p. 
This power house can be supplied by the channels on 
both sides of Sheek Island. 

The profile (Fig. 94) shows that in the double 
development the pool levels conform fairly closely to 
‘the natural profile of the river, the principal increase 
in height being at the power houses which are at the 
foot of the rapids. In other words, this method of 
development is in harmony with the actual physical 
conditions, and, as a consequence, the river as a rule 
does not overtop its present banks. Such flooding as 
there is will be almost all above Morrisburg, where it 
will be exactly the same as in the single development. 

With regard to ice'effects there is a decided difierence 
between the two methods. Down as far as Morrisburg 
and below the Barnhart Island works, the conditions 
under both methods will be the same at all times ; and 
in the beginning of the winter before the lower pool of 
the single development freezes over there will be 
practically no difference anywhere. But from Morris- 
burg to the head of the Long Sault the natural level is 
raised so little in the double development, that navig- 
able velocities are secured in many places only by 
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less than under present conditions, and in some years 
will be almost negligible. The gauge records show 
that it will never be felt in the tailrace to any great 
extent until late in January after the peak of the power 


On the other | for practically the whole period of observation. 


clusively for its particular purposes, and of dividing 
equally between the two, the cost of such works as 
would serve the purposes of both. On this basis, the 
part chargeable to navigation was about 33 per cent. 
for the single development and 27 per cent. for the 
doubie development. Other estimates were of 
course made of the cost of carrying out the works, 
more in accordance with the probable conditions and 
requirements, all of which indicate a comparatively 
low cost per horse-power and per kilowatit-hour. 

Power Available.—The quantities of power available 
at the different sites, which have been mentioned in 
the foregoing, refer to 24-hour power which could 
have been depended upon year in and year out 
Con- 
sidering, however, the extraordinary regularity of 
the flow, and the magnitude and diversity of the power 
demand in the extensive distribution systems with 
which these plants would be connected, the power 
which can be developed and utilised commercially at 
its full value may be very conservatively estimated as 
at least 25 per cent. greater than the figures given. 
This means that the potential power of the St. Lawrence 
is about 5,000,000 h.p., and of this about 4,000,000 h.p. 
belongs to Canada. 

Nowhere else in the world is there a group of closely 
associated powers of such magnitude and so advant- 
ageously located. Close to the two largest cities, the 
greatest ocean port, extensive industrial and mining 
areas, they are actually within transmission distance of 
half the population of the country. The adjacent 
districts are served by the principal railway lines, and 
water transporation is available to the centre of the 
Continent and to all parts of the world. Under such 
incomparably favourable conditions, the mere develop- 
ment of power at low cost would in itself attract 
industries of all kinds, and especially those requiring 
hydro-electric energy in large quantities, with reason- 
able assurance of an adequate future supply. Wisely 
developed, and utilised in the country where it belongs, 
this power will undoubtedly rank as one of Canada’s 
most valuable assets, and indeed may well become an 
asset of value to the whole Empire. 


Tue Sperry Gyro Compass.—-This equipment appears 
to be finding favour in recent steamship practice, a 
number of newly-designed ships having provision made 
for mounting the apparatus. Although not yet completed, 
the vessels Aorangi, Aurania, Alannia, Ascania, Cale- 
donia, Gripsholm and Servia are among these, while the 
Olympic, Homeric, Lord Kelvin, among others, are 
already so fitted. The Servia and Wandsworth Works 
will, in addition to the gyro compass, be fitted with the 
Sperry gyro pilot and helm-angle indicator, with which 
equipment the Empress of Irance beat her own previous 
west-bound speed record made before being so fitted. 


Tue Institute oF Metats.—This institute has issued 
the programme of its Autumn Meeting which is to be 
heldfrom September 8toll. The third annual Autumn 
lecture will be delivered on the 8th, at 8 p.m., in the 
Hall of the Institution of Mechanical Engineers, by 
Mr. W. M. Corse, of the National Research Council, 
Washington, U.S., on “‘ Recent Developments in Non- 
Ferrous Metallurgy in the United States, with special 
reference to Nickel and Aluminium Bronze.’’ On the 
9th and 10th, the following papers will be read and dis- 
cussed :—1. Mr. Robert J. Anderson (Boston, Mass., 
U.S.A.) and Mr. G. Fahlman Everett (Cleveland, O., 
U.S.A.), ““ A Method for Measuring Internal Stress in 
Brass Tubes.”? 2. Mr. D. H. Andrews and Professor John 
Johnston (New Haven, Conn., U.S.A.), “‘The Appli- 
cation of the Ideal Solubility Curve to the Interpretation 
of Equilibrium Diagrams in Metal Systems.” 3. Dr. Guy 
D. Bengough and Mr. R. May (London), ‘“‘ Seventh 
Report to the Corrosion Research Committee of the 
Institute of Metals.”’ 4. Mr. E. H. Dix, Jr., and Lieut. 
A. J. Lyon (Dayton, O., U.S.A.), ‘*‘ Comparative 
Results on Copper-Silicon-Aluminium and Other Alu 
minium Alloys as Obtained on Separately Cast Speci- 
mens and Specimens cut from a Crankcase Casting.” 


demand has passed. Furthermore, thereis undoubtedly | 5. Mr. D.M. Fairlie and Mr. G. B. Brook (Kinlochleven). 


an important element of security in the fact that the 
accumulations of ice which cut down the power are 
formed in the river below the plant instead of in the 
pool above. 

Fistimates of Cost.—Estimate of cost of the entire 
navigation and power works were made by the Hydro- 
Electric Power Commission of Ontario on the assump- 
tion that they would be carried out as one continuous 
series of operations. ‘This was done in order that they 
might be directly compared with those of the Govern- 
ment engineers which were made on that basis. Based 
on 1921 conditions, the total estimate for the single 
development was a little less than 210,000,000 dols., 
and for the double development about 150,000,000 dols. 
more. Making allowances for the omission of certain 
items the Government estimate for the single develop- 
ment (the only one considered), would be about 10 per 
cent. lower. 

A tentative apportionment of the total cost of each 
of the schemes to power and navigation was made by 
the Hydro-Electric Commission on the basis of charging 
to each project the full cost of works required ex- 


“The Determination of Sodium in Aluminium.” 6, Mr. 
R. Genders (Woolwich), *‘ The Extrusion of Brass Rod by 
the Inverted Process.” 7. Dr. D. Hanson and Miss Grace 
W. Ford (Teddington), ‘‘ Investigation of the Effects of 
Impurities on Copper, Part Il.—The Effect of tron on 
Copper.” 8. Mr. Douglas H. Ingall, ‘‘ The Relationship 
between Tensile Strength Temperature and Cold-Work 
in Some Pure Metals and Single Solid Solutions.” 9. Mr. 
'H. Moore (Woolwich), ‘‘ On the Effect of Progressive 
Cold-Rolling on the Brinell Hardness of Copper.”’ 
10. Sir Thomas K. Rose and Mr. J. H. Watzon (London), 
“Experiments on the Working of Nickel for Coinage.” 
11. Mr. Francis W. Rowe (Manchester), ‘‘ Some Experi- 
ments on the effect of Casting Temperature and Heat- 
Treatment on the Physical Properties of a High-Tin 
Bronze.” 12. Mr. Francis W. Rowe (Manchester), 
“Some Experiments on the Influence of Casting Tem- 
perature and Mass on the Physical Properties of Ad- 
miralty Gun-Metal.” 13. Mr. Tomojiro Tanabe (Osaka, 
Japan), ‘‘Studies in the Aluminium-Zine System.” 
14. Mr. T. Henry Turner and Mr. W. E. Ballard (Bir- 
mingham), “Metal Spraying and Sprayed Metal.” 
Visits are to be paid to several works, to the British 
Empire Exhibition, to the National Physical Labora 
tory and to Windsor. 
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«MONARCH ” CENTRIFUGAL 
OIL PURIFIER. 


PROBABLY no commodity essential to engineers yields 
possibilities of greater economy than lubricating oil, 
and the various devices on the market for the purpose of 
purification of waste oils indicate the attention given 
to the subject. Of these means, the simple filtration 
method is slow and suitable only for certain grades of 
oil. Designed to overcome these disadvantages, the 
«‘Monarch”’ centrifugal oil purifier, introduced by 
Messrs. O. N. Beck, of 11, Queen Victoria-street, 
London, E.C.4, and which is shown in Fig. 1, operates 
on the principle that those portions of a mass of oil, or 
oil contaminated with water, in a rotating container 
which are of greatest density will be found nearest 
the circumference, and the lightest parts nearest the 
axis of revolution. The machine consists in the main 
of three parts; the stand with a driving arrangement ; 
the drum pan, screen and receptacle for the impure oil ; 
and the heating equipment. Dealing with the first, 
the stand for the belt drive carries the brackets for 
the pulleys and striking gear on one hand, and the 
drum pan with gut drive pulleys on the other. The 
fast and loose pulleys have a diameter of 73 in. and 
a width of 2in. They should be so connected to the 
counter shaft that they have a speed of 45 revolutions 
per minute, since higher speeds cause excessive strain 
on the drum. An electric motor can be supplied to 
suit any current and voltage should this type of drive 
be desired, the arrangement remaining otherwise the 
same as for the belt drive. 

A vertical section through the drum, the vital part 
of the machine, is shown in Fig. 2. The filter is 
composed of two horizontal fine meshed wire sieves 
between which is a corrugated body filled with glass 
wool. In the middle of this filter there is a further 
central filter filled with glass wool. The heating 
arrangement consists of a coiled steam pipe common 
to both the receptacle for the dirty oil and the drum 
pan, not shown in Fig. 2. A modification is supplied 
utilising electricity to heat the oil when steam is not 
available. The mode of operation is as follows: Dirty 
oil is supplied to the top receptacle (Fig. 1); this is 
warmed and passed down the vertical central passage in 
the drum (Fig. 2). Centrifugal action sends the heavier 
impurities against the coned distributor below which it 
passes upwards on to the filter. The separator then 
comes into play, trapping any water in the passage 
near the drum circumference, while the cleaned oil 
passes through the central filter to the upper outlet. 
Water being heavier than the oil, naturally travels to 
the outer passage and so out of the machine by the 
lower outlet. Particles of metal and heavy impurities 
will settle on the drum, onthe distributor and on the oil 
filter. The drum and distributor must be properly 
cleaned after each operation. Two sizes of the purifier 
are available, having capacities of 11 gallons and 22 
gallons per hour respectively. 
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COBALT MAGNET STEELS.* 
By E. A. Watson, M.Sc. 


Historical.—Although previous work on the magnetic 
properties of cobalt and its alloys with iron had been 
carried out by a number of investigators, the first 
occasion on which the magnetic properties of the iron 
cobalt alloys were clearly set forth was in a contri- 
bution by Professor P. Weiss to a symposium 
“On the Magnetic Properties of the Alloys of the 


Ferromagnetic Metals,” held by the Faraday 
Society on April 23, 1912 (1). On this occasion 
Professor Weiss read a paper, which, among 
other investigations, described the researches of 


Preuss and himself into the magnetic properties of 
the iron cobalt alloys, and in particular on their intrinsic 
magnetisation at absolute zero, or, as Professor Weiss 
terms it, their “‘ specific saturation.’’ In this paper he 
shows the existence of an alloy Fe, Co with a specific 
saturation some 10 per cent. greater than that of iron 
itself, and he further shows that this alloy is capable of 
forming a continuous series of solid solutions with 
metallic iron, the members of the series possessing 
intermediate properties dependent on the amount of 
cobalt present. Professor Weiss did not in this paper, 
however, make any reference to the effect of cobalt on 
the properties of iron-carbon alloys, nor did he give 
any data for the properties of his alloys, other than the 
specific saturation and the Curie constant.t It would 
seem possible, therefere, that the very marked effect of 
cobalt on the coercive force of an iron carbon alloy 
had escaped his attention. On the other hand, how- 


* Paper read before Section G of the British Association 
at Toronto on August 13, 1924. 

+ The Curie constant of a para-magnetic material is 
equal to the susceptibility per unit of mass multiplied 
by the absolute temperature. In _ ferro-magnetic 
materials this constant only applies at temperatures 
above the Ao point. 
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ever, the late Professor 8. P. Thompson, in a lecture ta 
the Institution of Electrical Engineers at Glasgow on 
June 13, 1912 (2) made the following statement : ‘‘ Pro- 
fessor Pierre Weiss has lately discovered a new magnetic 
material, an alloy of cobalt and iren, which appears to 
possess the property of acquiring a larger degree of mag- 
netism than any other substance, and of retaining it 
to a remarkable extent.” What evidence Professor 
Thompson had for the latter portion of his statement is 
unfortunately denied us. It may have been a case of 
singular intuition on his part, orit may, more probably, 
have been based on some private communication which 
was not published, for it is unlikely that so careful a 
worker as Professor Weiss could have overlooked the 
effect which the high cobalt percentages he employed 
in certain of his experiments must have had upon the 
coercive force. 

No further work appears to have been done for the 
next two or three years, and the war doubtless proved 
a setback to any researches on subjects such as this, 
which were notof immediate importance and applica- 
tion. Part of Professor Weiss’ work, however, formed 
the basis for other investigators to follow up, and in 
June, 1917, Honda and Takayi (3) in Japan discovered, 
in Professor Honda’s words, ‘‘a remarkable steel 
alloy possessing an extremely high coercive force, anda 
strong residual magnetism.” 

The first specification describing a cobalt steel of 
high coercive force suitable for permanent magnets 
describes a series of alloys containing 20 per cent. to 
60 per cent. of cobalt, 0-3 per cent. to 2 per cent. 
carbon, with, in one case, 0-5 per cent. to 20 per cent. 
tungsten, or 0-2 per cent. to 15 per cent. molybdenum, 
and in another 0-3 per cent. to 10 per cent. chromium. 
In a more recent article describing these steels, Honda 
and Saito give suitable compositions of: Carbon, 
0-4 per cent. to 0-8 per cent. ; cobalt, 30 per cent. to 
40 per cent.; tungsten, 5 per cent. to. 9 per cent. ; 
chromium, 1-5 per cent. to 3 per cent. The work of 
Weiss and Honda undoubtedly formed the foundation 
on which a number of British steel firms developed 
cobalt magnet steels to a commercial scale during the 
years 1919-1923; although development did not in 
every case follow the same lines, certain firms deve- 
loping stecls with approximately 35 per cent. of cobalt 
and aiming at the maximum possible magnetic value, 
more or less regardless of cost, while others concentrated 
their attention on producing a steel which, while giving 
magnetic results much superior to tungsten or chrome 
steels, should do so at a reasonable cost. Further 
reference to the different classes of steel evolved will 
be made at a later point in the paper. 

Present Production.—The total production of cobalt 
magnet steels by British firms is roughly estimated 
at 100 tons of steel per annum, utilising from 20 tons 
to 25 tons of metallic cobalt. Of this quantity pro- 
bably about 60 per cent. is represented by the air 
hardening cobalt chrome steels, the remainder being 
accounted for by the other steels described in the paper. 
As far asis known, the steels are not being manufactured 
in bulk in any country other than Great Britain. Ex- 
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periments in connection with them have been tried in 
Germany, and the firm of Robt. Bosch has filed patents 
covering their application to magnetos, such patents, 
however, being subsequent to the date at which mag- 
netos embodying them were placed on the market by 
British firms. In Canada and U.S.A. no use has been 
made of them as far as the author is aware, although 
American workers are responsible for a good proportion 
of our knowledge relating to the iron cobalt alloys (4)- 

Future Prospects.—The possibility of a more extended 
use of cobalt steels is controlled almost entirely by the 


economic position which is dealt with in detail in a 


later section of the paper. At present the production 
of cobalt magnet steels is but a small proportion of the 
total magnet steel output. In Great Britain cobalt 


steels are probably used on about 25 per cent. to 30 — 


per cent. of the magnetos manufactured at the present 
day, but with the exception of telephones their use in 
other branches of electrical engineering is almost negli- 
gible. It is very doubtful whether the total output 
in value exceeds 5 per cent. of the total magnet steel 
output of the country, while in weight it will not 
exceed more than 24 per cent. This proportion is not 
likely to increase unless the price of metallic cobalt 
drops to at least half its present value, but there may 
be, under existing conditions, a certain increase in out- 
put due to the application of cobalt steel to fresh 
developments, which cannot be met in any other man- 
ner. 
4s. to 5s. per lb., with reasonable prospects of stability, 
and ample supplies available, would, however, in the 
majority of cases render the substitution of cobalt 
for tungsten or chrome steel economically sound, 
and would, therefore, lead to a very greatly increased 
consumption. It is not the author’s intention to dis- 
cuss the question of the possibility cf such a price 
reduction, but he hopes that this paper, being read so” 
close to one of the principal centres of cobalt production 
in the world, may have the effect of elucidating some 
information on this most important problem. 

Effect of Cobalt Content on the Properties of Magnet 
Steels.—In a carbon-free iron-cobalt alloy the efiect 
of adding increasing quantities of cobalt is to produce 
an increase in the specific magnetism, or intensity of 
magnetisation up to a maximum with 35 per cent. 
cobalt, after which it again decreases. This effect, as 
already mentioned, was first observed by Weiss and 
Preuss, who ascribed the presence of this maximum to 
the formation of a definite alloy Fe, Co. Later, 
K. Honda (5) has confirmed Weiss’ figures for intensity 
of magnetisation, which he finds increases from a 
value of approximately 1,700 for pure iron to 1,900 for 
the 35 per cent. iron cobalt alloy, decreasing again to 
1,200 for pure cobalt. Professor Honda, however, does 
not admit the existence of a definite alloy Fe, Co as the 


iron cobalt equilibrium diagram gives no evidence in ~ 


support of this. 

It is further noteworthy that Professor Honda’s re- 
searches on the thermal and electrical resistivities, and 
on Young’s modulus and the modulus of rigidity for the 


iron cobalt series show no such well-defined maximum ~ 


at 35 per cent. cobalt. : 
Professor Honda explains the peak normally found 


A reduction in the price of cobalt to about — 
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at 35 per cent. cobalt by assuming that the true value 
of the intensity of magnetisation for pure iron is not 
the usually accepted figure of 1,700, but is approxi- 
mately 2,200 and that for some reason, which is not 
understood, the true saturation value of magnetisation 
of pure iron is never attainable. In his view, appa- 
rently the true value of Is follows a straight line law, 
varying from 1,200 for metallic cobalt to 2,200 for 
pure iron. The true value of Is is attainable pro- 
vided the percentaye of cobalt is in excess of 35 per 
cent., but as the cobalt content is reduced below this 
the attainable value of Is falls below the true value by 


Fig.1. MAGNETIC PROPERTIES OF 
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successively greater amounts, until for pure iron it 
reaches only the value of 1,700. This explanation, it 
must be admitted, sounds a little weak, but it is cer- 
tainly significant that the other properties of the iron 
cobalt series show no similarly-situated maxima or 
miaima. Ina magnet steel, however, the Weiss effect 
is of little importance; although it probably occurs, 
it is smail compared with the effect of cobalt upon the 
coercive force, and hence upon the capacity of the 
magnet as a source for the storage of energy. More- 
over, it is in general masked by other changes in the 
composition or structure of the steel. ! 
The intensity of magnetisation of a magnet steel is 
rarely in excess of 1,300, owing probably to tbe diffi- 
culty of obtaining the whole of the iron in the magnetic 
state without permitting any carbide segregation. This 
means that normally about 3 per cent. of the iron 
present is non-magnetic. A comparatively small 


change in the amount of non-magnetic iron present, 
such as may be induced by variations in the heat 
treatment, or alloy content, is sufficient to offset the 
increased magnetisation of the magnetic portion. 
Consequently, although the Weiss effect can be traced, 
if care is taken to ensure that other conditions are 
unchanged, it is not correct to assume that a cobalt 
| steel in general has either a higher saturation density 
or a higher remanence than the ordinary tunysten or 
chrome steel of commerce. As a matter of fact, it is 
usually lower, although probably not lower than that 
‘which would be given by a magnet steel free from 


Coercwe Force. 
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cobalt, which had been produced to give the maximum 
possible value of BH max. 

Importance of BH max.—Recent work (6) has shown 
that the true criterion of a permanent magnet is not 
the remanence, nor the coercive force, nor even the 
product of these two, as has sometimes been assumed, 
but is the maximum value of the product of B and H, 
taken at various points along the demagnetisation 
loop. This represents the maximum energy which the 
magnet can provide in a circuit external to itself. In 
an apparatus such as a magneto, where the magnet 
goes through a cyclic change, and is used to provide a 
means for the storage of energy it represents the maxi- 
mum amount of work which can be stored up at each 
cycle of operations. A properly designed magnet will, 
therefore, work at the point at which BH is a maxi- 
mum. With ordinary steels this will be found to 
oecur at a point where H = He [ /r*-r -r] where r is 
the ratio of Bs to Brem. The value ofr usually changes 


between 1-5 and 1-6 so that H varies between the 


corresponding values of 0-635 and 0-62. For ali 
practical purposes it is sufficiently accurate to say 
that BH is a maximum when H = 5/8 He. 

The ordinary tungsten and chromium steels of com- 
merce were all developed at a period when the signifi- 
cance of BH max was not realised, and when the 
designer’s one aim was to obtain the maximum flux 
possible from a given section of steel, while at the 
same time providing sufficient magnet length to make 
the magnet reasonably permanent. This probably led 


to the development of remanence at the expense of 
BH max. The cobalt steels on the other hand are 
all of recent development, and the importance of BH 
max has been generally recognised in connection with 
them. Consequently, there has not heen an undue 
importance attached to the attainment of the highest 
possible Rrem. The effect of cobalt on the coercive 
force of a steel is very much greater than the effect 
onits saturation density, for whereas the latter does not 
at the most exceed some 10 per cent. for a cobalt con- 
tent of 33 per cent., the former usually amounts to at 
least a threefold increase for the same cobalt content. 
It seems strange indeed that this most important effect 
should have passed unnoticed by all the early workers 
on the cobalt alloys, and in particular on the alloy 
Fe, Co. Mr. J. F. Kayser (7) who was responsible for 
a large amount of the original development work on 
the cobalt-chrome series of steels, has suggested the 
following formula as expressing the relation between 
coercive force and cohalt content— 


He st Hon Pas EO). Hee a 


where Ho is the initial coercive force of a cobalt free 
steel, k a constant and C the cobalt percentage present. 
The formula could possibly be written more cerrectly 


as— 
He = Ho (1 + ky Cy) (2) 


where /, is a constant and ©, is the percentage, not of 
cobalt, but of the alloy Fe, Co. The cobalt chromium 
series investigated and developed by Mr. Kayser have 
the following general analysis— 


Percent. 
Carbon 1-0 
Chromium rs 9-0 
Molybdenum ... a ie in 1:5 
Cobalt .... a = Ae . = =0—20 
for these alloys the constants in (1) have the values 
Ho = 110 
k= :056 


Such an alloy will give, therefore, with a cobalt content 
of 15 per cent. a coercive force of 205, while with 9 per 
cent. of cobalt a value of 166 can be obtained. It is 
not possible, however, to continue this series of alloys 
to cobalt contents in excess of about 20 per cent. 
owing to a difficulty in breaking down the austenite 
in hardening steels of this class, where the cobalt 
content is in excess of this figure. This will be referred 
to further later, 

While a number of other steels containing cobalt 
have been developed it would appear doubtful whether 
their development .has been accompanied by any 
organised research correlating cobalt content and 
magnetic properties. They form, therefore, a series 
of isolated points, differing not only in cobalt content, 
but in the contents of carbon, tungsten, chromium, 
&ec., in addition, It may, however, be assumed that 
each represents the best result attained by some 
particular worker in following up a definite line of 
attack. During the last four years a large number of 
steels have come under the author’s observation gener- - 
ally in the form of samples submitted by steel makers 
for testing purposes. As in many cases the analysis 
was given as confidential it is not possible to publish 
the composition of the majority of the steels, for which 
data is available. They cover, however, a large range 
of materials, from a straight carbon steel, in which a 
portion of the iron is substituted by cobalt, to complex 
steels containing chromium, tungsten, molybdenum 
and other alloying elements. It is possible, however, 
to make a rough sub-division in to various classes, 
and on the basis of this sub-division to obtain curves 
showing approximately the effect of cobalt on a given 
type of steel. 

The classification adopted is as follows : 

(1) ** Straight Carbon” Steels, 7.e., steels containing 
iron cobalt and carbon only as their chief constituents. 
These steels are invariably water hardening, and 
generally require the use of brine or iced water to 
obtain the best results. The first cobalt steel produced 
in England, and marketed as such belonged to this 
class, but as the results are relatively inferior, and the 
hardening difficulties are serious the steel is not now 
employed. 

(2) Low Alloy Steels.—These steels contain chromium, 
tungsten, molybdenum, or their equivalents, in ap- 
proximately the same proportions as in ordinary 
tungsten steels. The carbon content ranges between 
0-4 per cent. and 0-6 per cent. They usually give a 
high remanence with a low coercive force, depending, of 
course, on the cobalt content. Typical steels of this 
class are described in two patent specifications by 
Sir Robert Hadfield. 

The magnetic properties are given as :— 


a b 
Remanence 9,900 10,150 
Coercive Force .... : 97 130 
BH max (calculated) 375,000 550,000 
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The analysis is :— 


a b 
Carbon 0-52 0:52 
Silicon 0-29 0-25 
Phosphorus 0-046 0-024 
Sulphur .... 0-058 0-043 
Manganese 0-42 0-57 
Chromium 2°2 1-85 
Nickel 0-51 0-62 
Tungsten 8-0 7-82 
Cobalt 8-89 17-77 


Steel 6 is probably closely allied to the steel which is 
supplied by Messrs. Hadfields under the trade name of 
““ Permanite,”’ and for which the magnetic properties 
are given in Fig. 1. These steels are in general water 
hardening, but owing to the alloy content do not 
require such a rapid quenching rate as steels of class 
1, in order to get the best results. 

(3) Medium Alloy Steels —These steels, which are 
used to a considerable extent, generally contain a 
slightly higher alloy content than the previous class, 
and in general a higher carbon percentage. They are 
usually oil hardening, although water hardening can 
frequently be employed, without any detriment. They 
will in general give approximately the same remanence 
as an ordinary tungsten steel, with, of course, a greatly 
increased coercive force (Fig. 2). The steel described by 
Gumlich (8) is fairly representative of this class, 


though not giving the best attainable results. His 
composition is given as :— 
Per cent. 
Carbon ipsa 
Manganese 3°5 
Chromium 4:8 
Cobalt .... 36-0 


The magnetic properties are given as :— 


Remanence, 9310. 
Coercive Force, 227-1. 
BH max., probably about 825,000 to 850,000. 


A typical steel of similar characteristics at present 
manufactured in Great Britain would have the following 
approximate analysis :— 


Per cent. 
Carbon 0-8-1-0 
Tungsten 4 
Chromium .... 5-6 
Manganese .... 1 
Cobalt 36 


The magnetic properties would be appreciably 
better than Gumlich’s figure, and would be approxi- 
mately :— 


Remanence 9,500-10,000 
Coercive Force 240-260 
BH max. 850,000-1,000,000 


(4) High Alloy High Carbon WSteels.—These are 
exclusively of the cobalt chromium class, to which 
allusion has already been made. They are air harden- 
ing steels, containing 9 per cent. and upwards of chro- 
mium, with the addition of other elements, such as 
tungsten or molybdenum and with upwards of 0-8 per 
cent. carbon (Fig. 3). 

A typical steel would have the following analysis :— 


Per cent. 
Carbon 1-0 
Chromium * LS pare a 9-0 
Molybdenum .... sat as: see 1:5 
Cobalt .... B 15: 


With appropriate heat treatment this steel would 
give :— 


Remanence 8,500 
Coercive force a: 210 
BH max. .... 650,000 


Graphical Representation of Foregoing Data.—An 
attempt has been made in Figs. 4 and 5 to represent 
graphically the effect of cobalt content on BH max. 
and on coercive force for the various classes of steel 
described. No great accuracy can be claimed for it, 
as with the exception of the cobalt chrome steels the 
data available is far too scanty and incoherent to enable 
the relation to be laid down with any degree of exacti- 
tude. It is, however, felt that it will give a rough 
indication of what may be expected from a steel of a 
given class if other conditions, e.g., hardening, are 
correct. The relationship has been expressed by a 
series of straight lines simply because the data is not 
sufficiently complete to indicate any other form of 
curve as expressing the relationship more exactly, 
and because it is known that for the cobalt chrome steels 
up to 15 per cent. cobalt the linear relation holds fairly 
closely. Looking at the curves it will be noticed that 
in addition to its variation with the amount of cobalt 
present the coercive force depends very greatly on the 
alloy and carbon content in addition, For example, in a 
low carbon steel of class 2, 15 per cent. cobalt will only 
give a coercive force of 120, while the same cobalt 
in a high alloy high carbon steel will enable a coercive 
force of 210 to be obtained. 


Taking the values of BH max. we find much less 
variation between different steels of the same carbon 
content, particularly if we exclude the water hardened, 
straight carbon steels on the one hand, and the triple 
treated* steels on the other, although the advantage 
of keeping the carbon content up to the maximum 
which it is possible to obtain in solution is clearly 
apparent. If we express the straight lines on Figs. 
4 and 5 by the equations :-— 


He = Ho (1 + k Co) 
and 
P =P, (1 + k’Co) where P stands for BH 
max., we obtain the following values for the constants 
concerned :— 


TABLE I. 

Class. Steel. Ho k Po ee ; 
1 Straight carbon | Depends onC Con.| 190,000 7:9 
2 Low alloy carbon 62 0°0615 240,000 (ges 
3 Medium alloy 68 0-080 260,000 7°35 

carbon 
Medium alloy 85 0°074 270,000 7°9 
carbon triple 
treated 
4 | Highalloycarbon| 110 0°056 285,000 | 8°4 
triple treated 


Effect on Mechanical Properties.—There is as yet 
but little data available as to the effect of cobalt upon 
the mechanical properties of any given steel, but it is 
certain that the effect is in no way comparable in extent 
to that produced on the magnetic properties. From 
the point of view of the magnet maker the most im- 
portant features are :— 

1. Ease of forging. 

2. Ease of machining. 

3. Freedom from cracking in hardening. 

4. Mechanical strength and mechanical hardness in 
finished condition. 

In all cases it is found that while the cobalt content 
may have some slight effect upon the mechanical pro- 
perties it is generally masked by the effect of the other 
elements present. 

(1) Forging, Bending and. Hot Working.—The 35 per 
cent. cobalt alloy occasionally gives difficulty in 
forging, and care must be used to avoid breakage, 
but the lower alloys as a rule forge and bend without 
difficulty. The air hardening, high chromium steels, 
generally possess a greater resistance to deformation 
at high temperatures, and are consequently somewhat 


tougher in hot forging or bending operations, but apart 


from this they present no difficulties in handling. The 
carbonless alloy Fe, Co is reported as being difficult 
to cast in a sound condition, and to give castings more 
or less covered with a series of fine discontinuous cracks, 
This alloy has not, however, been manufactured on a 
commercial scale at the present time. 

(2) Machining and Cold Working.—The properties 
of the annealed bars and the ease with which they can 
be machined are largely governed by the amount of 
annealing which is possible. As shown later the anneal- 
ing of the cobalt steels has to be carefully carried out, 
and any soaking, such as is required to bring the steel 
into a really soft state, is highly detrimental to its 
magnetic properties. Arnold and Reads (9) work on 
the iron-cobalt-carbon series show that in general an 
increase in cobalt content is accompanied by an 
increase in the tenacity and a reduction in the elonga- 
tion of the hammered bar. Their experiments were not, 
however, extended to annealed or even to normalised 
bars, and their results are not very consistent. Kalmus 
and Blake (44) found in the case of the carbonless alloy 
Fe, Co that the alloy was brittle, although fairly strong. 
After forging, it was stronger than pure iron, but after 
annealing, showed approximately the same tensile 
strength as that metal. The medium alloy steels of 
high cobalt content which are on the market at the 
present time are extremely brittle in the annealed 
state, and considerable care is necessary in machining. 
A fine toothed saw, with light cut and light feed, 
is necessary to avoid breaking and chipping the edges. 
On the other hand, the metal is not unduly hard and 
the saws usually have a fairly long life. The air harden- 
ing high alloy steels on the other hand are tough and 
strong, and can be machined without any fear of 
mechanical breakage, but as the steels are relatively 
hard (Brinell number 300-350) a slow cutting speed, 
and a strong stiff cutter must be used, and the machine 
should be of robust construction. The feed employed 
may be the maximum which the machine and cutter 
will stand without breakage, 

(3) Cracking and Distortion in Hardening.—Although 
the early attempts made in England to produce a 
cobalt-carbon steel gave much trouble through harden- 
ing cracks none of the steels in regular use at present 
give any trouble of this nature. The oil hardening 
steels are liable to give a certain amount of trouble 


* For explanation ‘of triple treatment see section 
following on heat-treatment. 


it the temperature of the quenching oil is tao low, or 
if the steel is heated too rapidly, but it is rarely that 
this trouble becomes serious, and it is probably much 
less a factor to be reckoned with than in the case of 
the ordinary tungsten steels. The air hardening steels 
are, of course, entirely free from any trouble due to 
cracking, and are remarkably free from distortion. 
This, together with their non-scaling properties, renders 
their handling a very simple proposition. They can 
in general be finished completely to size prior to 
hardening, even although quite narrow manufacturing 
limits are called for and the elaborate cooling jigs 
necessary with certain types of quenching steels are 
never required. They are somewhat prone to develop 
surface cracks if wet ground after hardening, although 
these cracks do not affect the magnetic properties in 
any way. 

(4) Mechanical Strength and Hardness in Finished 
State.—Although there is little or no numerical data 
extant dealing with this, it may be stated that this is 
practically the same as that of a high grade alloy steel 
of similar carbon content, i.e., a tensile strength of 
approximately 80 to 100 tons per square inch, no elon- 
gation or reduction in area, and a Brinell number of 
600-700. It is generally just possible to touch the 
corners of a cobalt steel magnet with a hard file. The 


hardness of a steel ig, therefore, not increased by the 


addition of cobalt in the same way that the coercive 
force is increased, so that the rough relation between 
hardness and coercive forces, which exists in the case 


of a plain carbon steel does not here apply. It is but — 


rarely that a permanent magnet is called upon to take 
any considerable mechanical stress so that its mech- 
anical strength, provided it is above a very modest 
limit, is not usually of importance. In one applica- 
tion, however, where cobalt steel magnets have been 
used in a rotor running at speeds up to 10,000 r.p.m., 
no mechanical trouble of any kind whatever has been 
experienced, even at speeds up to 50 per cent. in excess 
of the normal. 


(Lo be continued.) 


a 
InpiAN TRADE STATISTIoS.\—The trade returns of 
British India for the month of May, 1924, as issued by 


the Department of Overseas Trade, show small increases — 


in the values of imports and re-exports, in conjunction 
with a decrease in exports as compared with the pre- 
ceding month. The imports of private merchandise 
during May were valued at Rs. 20-60 lakhs, an increase 
of Rs. 0:33 lakhs, and the re-exports were increased 
by Rs. 0-6 lakhs to Rs. 1:32 lakhs. The value of the 
exports of Indian produce and manufactures declined 
from Rs. 29:43 lakhs in April to Rs. 27-73 lakhs in 


May, the reduction amounting to about 5:8 per cent, 


As compared with May, 1923, the imports of manu- 
factured articles increased by Rs. 0-55 lakhs to Rs. 16-58 
lakhs, while raw materials imports fell by Rs. 0:8 lakhs 
to Rs. 1:44 lakhs. Under the latter heading, coal and 
mineral oil imports were both lower, while raw cotton 
imports were higher, and, among manufactured articles, 
cotton-piece goods showed a considerable increase. 
There were, however, notable decreases in the imports 
of machinery, railway plant and rolling-stock, matches 
and electrical instruments. Metals, on the other hand, 
were imported in larger quantities. The British share in 
Indian trade has diminished during the year with respect 
to both imports and exports, the proportion of imports 
being 64-4 per cent. for May, 1923, and 60-1 per cent. 
for May of this year. The corresponding figures for the 
export trade were 20:5 per cent. and 19 per cent. for the 
two periods, respectively. 


Me.tine Founpry Iron.—A series of tests in the 
making of synthetic cast iron in a commercial electric 
furnace has been completed by engineers of the United 
States Department of the Interior at the Seattle, Wash., 
Experiment Station of the Bureau of Mines. Both 


synthetic grey iron and mild steel were produced in 


alternating runs without trouble. Miscellaneous steel 
scrap of all kinds was charged into the furnace to produce 
various grades of iron. The results show that, under the 
conditions in this foundry, the synthetic product can 
compete with cupola iron, and is superior in quality and 
strength. These results will be applied in the melting 
of sponge iron, and in the melting of scrap at foundries. 
The experiments were made in a commercial direct-are, 
acid-lined furnace of 3,000 lb. capacity. Soft machinable 
iron with a transverse strength of 5,600 lb. on a standard 
bar was repeatedly made. Without the opportunity for 
direct comparison, ib seems apparent that carburization 
is more difficult in an acid-lined furnace than on a basic 
hearth. Retort carbon, clean crushed coke with about 
14 per cent. ash, and coke breeze containing considerable 
ash and dirt were compared as carburizers, with the result 
that the retort carbon was found to be decidedly superior 
to the crushed coke, and the coke breeze just as definitely 
inferior to the other two. Except for its bulkiness, 
which makes charging more difficult, tin-plate scrap 
was melted as readily as other steel scrap. Under normal 
commercial conditions, excepting only those where some 
unusual trouble or delay was encountered, the average 
power consumption was 710 kw.h. per ton. That 
figure could be reduced by at least 100 kw.h. under 
more nearly ideal conditions. All these results corrobo- 
rate exactly the results obtained in experimental work 
on synthetic gray iron previously made by the Bureau. - 
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SHERARDISING; ITS INCEPTION AND 
DEVELOPMENT. 
By SHERARD CowPER-CoLeEs. 

Tux process of Sherardising, or vapour galvaniz- 
ing, was discovered in the year 1900, and consists of 
heating the metal to be coated with zinc in a closed 
receptacle with zinc dust to a temperature of about 
600 deg. F., a temperature below the melting point 
of zinc. Zine dust is often confused with zinc 
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properties of zinc dust is that it cannot be melted or | 
reduced to the metallic form under ordinary condi- 
tions, even when heated to a very high temperature 
under considerable pressure. This property is very 


advantageous for Sherardising, as it does away with 
the risk there might otherwise be of melting the finely 
divided zine by overheating the furnace. 

As many erroneous and misleading statements 
have appeared in the Press from time to time, some 
particulars as to the inception and development 
may be of interest. 
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ORIGINAL WILLESDEN PLANT 
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oxide, but they are very different products and the 
process will not work with zinc oxide (ZnO). The 
zine powder used in the process is the zinc dust of 
commerce, and consists of very finely divided 
zine coated with zinc oxide (the metallic contents 
average about 85 per cent. and zinc oxide 15 per 
cent.). It is obtained during the process of distilling 
zinc from its ores. The specific gravity of zinc 
dust is 6-896. When tightly packed a cubic foot 
weighs 200 lb., and a ton of zinc dust occupies 
11-2 cub. ft. When examined under the microscope 
it is seen to contain small bright metallic beads 
distributed through the dust. One of the peculiar 


PLANT OF THE JOHN Finn MeraL Company. 


The author was making some experiments in 
connection with the annealing of iron and tried 
heating cast iron in a closed receptacle filled with 
zinc dust, when it was observed that the iron became 
coated with a fine coating of metallic zinc, and sub- 
sequent examination showed the zinc had not only 
coated the iron but had alloyed with it and penetrated 
into the iron surface. . This discovery led to anumber 
of investigations being undertaken, and ultimately 
a small plant was erected in a workshop at Danvers- 
street, Chelsea. The apparatus used consisted of 
a wrought-iron cylinder with an opening at the side 


for inserting the zine dust and articles to be Sherard- 


ised; the cover was made tight by driving in 
stepped wedges so as to force it against an asbestos 
packing. The drum was heated by a row of gas 
burners placed beneath it, and was rotated con- 
tinuously or intermittently. This trial apparatus 
proved so successful that a small company was 
formed, who erected a commercial plant at Willesden. 
The plant comprised four furnaces capable of 
taking drums of 8 ft. x 2 ft. with a cubic capacity of 
about 2 tons of material at a charge, varying 
according to the shape and thickness of the articles 
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to be Sherardised. The furnaces were heated by 
Dowson gas, led by iron pipes to the back of the 
furnace, and conducted through brick channels, 
through which the necessary air was drawn, the 
gas being burnt through large cast-iron rectangular 
burners placed beneath the revolving drums. The 
charging of the drums was effected by running the 
truck on which the drum was placed on to a table 
(Fig. 1) one end of which was lowered by means of 
gearing, so as to tilt the other end into which the 
zinc dust was charged from an upper floor by means 
of a shoot. The drum was discharged, after the 
Sherardising operation had been carried out, over 
an iron grating, allowing the zinc dust to fall into a 
chamber below from which it was raised by means 
of a chain elevator to the-floor above. When the 
drum: was charged with zinc dust and the articles 
to be Sherardised, it was brought into a horizontal 
position, the air exhausted, and the drum and under- 
carriage run along the rails until it arrived in front 
of the furnaces. The drum was then lifted on to a 
furnace under-carriage, the object being to effect 
a saving in the first cost of the undercarriages and to 
save waste of heat. The drum was then pushed 
into the furnace, the door lowered, and the furnace 
heated up to the desired temperature. The heat 
was regulated in accordance with the readings of a 
thermometer which was placed in a horizontal iron 
tube inside the drum, through one of the trunnions 
which was hollow. When the drum had been in the 
furnace a sufficient time to give the desired result 
the door was raised. and the drum and under- 
carriage withdrawn, the drum lifted on to another 
under-carriage and run into an open yard where it 
was allowed to cool down to a temperature low 
enough to admit of easy handling of the contents. 
It soon became apparent that Sherardising could 
be applied to the inlaying and ornamenting of 
metallic surfaces, producing effects somewhat similar 
to those obtained by Damaskeening, the chief 
difference being that the metals are truly united ; 
the designs are not only inlaid but can be raised 
and the metals blended together, forming a variety 
of alloys of many colours and tints, and it was 
found that when desired the inlaying could be made 
to penetrate through the surface to the back, and 
that the thickness and depth to which the metals 
could be inlaid or onlaid could-be readily controlled 
by the operator. The process is capable of being 
applied to a large variety of metals, and has the 
advantage that many alloys can be formed in the 
one operation of baking. The modus operandi is 
as follows :—The article to be treated is coated with 
a “stopping off’ composition—a thick paste of 
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whitening and linseed oil—those portions which are 
to be inlaid being left exposed. It is then placed in 
a box containing the zinc powder and baked at a 
temperature of about 600 deg. F., the depth of 
inlay depending on the length of time of the “ bake,” 
while the intermediate effects of the alloys and 
colourings are obtained by manipulation of the 
“stopping off”? material. If the “stopping off” 
composition. is made thin in parts the inlaying 
process will be retarded, and those portions where 
the “stopping off”? material has been entirely 
removed will be inlaid: as an example, if copper is 
being inlaid with zinc, when the “stopping off” 
is thin the copper will be converted into brass, and 
where the “stopping off” is entirely removed the 
copper will be inlaid with zinc. The process is 
inexpensive and can be applied to the finest work, for 
instance, photographic work can be transferred. The 
process can be readily and effectively applied to 
the decoration of frames, table tops, panels, trays, 
vases, electric light fittings ; in fact, to all classes of 
metal work. Some good specimens of this work 
can be seen at the South Kensington Museum. 
Fig. 2 is an illustration of blued steel panel inlaid 
with zine. 

The rights for America were sold, and a parent 
Company formed to control them. The policy 
adopted by this Company was exactly the reverse 
from that adopted by the English Company and 
proved very successful. The American Company 
granted licences to firms on a minimum royalty 
basis. The result was that Sherardizing soon became 
an industry of considerable magnitude; almost 
every large engineering firm taking a licence. 

The articles which have been Sherardized are 
freed from all adherent zinc dust, by substituting a 
perforated lid for the solid one used when Sherar- 
dizing and subjecting the drum to a rumbling 
action in a closed chamber. A considerable economy 
in zine dust is thus effected, and the time required 
for cooling reduced. A drum can be placed directly 
under this cooling and discharging apparatus so that 
the zine dust can be discharged direct into it whilst 
warm and be immediately used again. 

Fig. 3 illustrates an oil fuel plant erected in America 
by the John Finn Metal Company for Sherardiz- 
ing. It consists of four drums, which are kept 
moving and at the same time slowly rotated by 
a reciprocating movement of the carriage. At 
the present time there are about one hundred plants 
in operation in the United States, and a large 
number on the Continent. The Germans during the 
War made most of their coinage out of iron which 
was Sherardized. 

The original Sherardizing Patent, which was a 
controlling one, was taken out in 1901, and therefore 
has expired, so a number of firms are now using 
the process for their own special productions, and 
some firms undertake all classes of work for the trade. 
A few of the firms employ fancy distinctive names, 
such as “ Thermozine,”’ ** Galeco,” « Zine Alloy.” 

Calorising is a development of the Sherardizing 
process, utilising aluminium powder instead of 
zine dust and baking at a much higher temperature. 
The process is found useful for coating ironwork 
which is subjected to high temperatures as the 
aluminium coating prevents the rapid oxidation 
and scaling of the iron or steel and increases its 
life several fold. 


JouRNAL OF THE InstITUTE or Metats.—The first 
volume of the journal of this Institute for the 
current year (vol. xxxi) contains Sir Henry Fowler’s 
lecture on “The Use of Non-Ferrous Metals in Engi- 
neering’ and also deals with the proceedings at 
the last Spring Meeting. The papers that have 
given rise to the fullest discussion are those by 
Mr. W. E. W. Millington and Professor F. C. Thompson 
on “The Investigation of a Fatigue Failure of Brass 
Tubes in a Feed-Water Heater,’ and by Messrs. E. R. 
Jette, G. Phragmén and A, F. Westgren, on “ X-ray 
Studies on the Copper-Aluminium Alloys.” In both 
cases hew views are advanced, and they receive a full 
measure of criticism. The papers are preceded by the 
address of the new President, Professor T. Turner, 
Birmingham University. The second portion of the book 
contains over 1,500 abstracts specially prepared from 500 
periodicals—of which an easy reference list is given in a 
novel “key”? form—-dealing with all aspects of metal- 
lurgical work in every part of the world. The bibliography 
of the subject is given in an equally comprehensive 
manner, whilst the index is a very detailed one. The 
price of the volume is 31s. 6d. net. 


SCIENCE AT THE BRITISH EMPIRE 
EXHIBITION.—VI. 


In the Physics Section of the National Physical 
Laboratory, shown in the Palace of Engineering, 
hygrometry is illustrated with unusual fulness. 
Such an exhibit is valuable because to a large extent 
the subject has been neglected in this country, 
though it is of essential importance to a variety 
of industries and processes. Seasoning timber, for 
example, testing cottons, woollens and paper, 
curing tobacco, preserving foodstuffs and making 
photographic plates and films are all examples of 
processes that could profit by the means of control- 
ling humidity, if they were more readily available, 
and in particular could turn out a more uniform 
product, sometimes much more rapidly than by 
ordinary methods. During the war, for instance, 
it was found possible to use hygrometric methods 
for seasoning timber artificially in a fraction of the 
time that would have been needed for natural 
seasoning, which indeed would have been prohibitive 
for the purposes then in view. 

In modern times hygrometers have begun to be 
regarded as serious practical instruments only of 
late years, and even now their design is still under 
development. What, therefore, is interesting in the 
National Physical Laboratory exhibit of hygro- 
meters is not only the precise form of instruments 
shown—most of them, indeed, represent designs 
made to meet the special requirements of investi- 
gations into particular problems rather than instru- 
ments for general purposes—but also the light they 
throw on ways of applying the fundamental methods 
of hygrometry, by the help of which other instru- 
ments may be devised. 

The commonest type of hygrometer is the wet 
and dry bulb. This instrument, as will be remem- 
bered, is based on the fact that in an atmosphere 
incompletely saturated at. the prevailing tempera- 
ture a thermometer of which the bulb is covered 
with a film of moisture reads lower than a ther- 
mometer with a dry bulb to an extent determined 
by the heat withdrawn from the wet bulb by evapo- 
ration, which itself depends on the percentage of 
moisture in the air. As a fact, no satisfactory ex- 
pression based on theoretical considerations has 
been found for the relation between the vapour 
pressure of aqueous vapour in air and the difference 
of temperature between dry and wet bulbs, but 
very satisfactory results have been obtained from 
an empirical equation involving these quantities. 
The humidity, however, is found to depend 
materially on the velocity of the air in the neigh- 
bourhood of the wet bulb when this is determined 
by convection currents. When, however, a forced 
draught is used so as to give the air a velocity of 
about 10 ft. per second or more, the velocity 
ceases to have any effect, and instruments having 
different sizes and shapes of bulb and sizes of stem 
give consistent readings. 

Accordingly wet and dry bulb instruments should 
be run under a forced draught giving not less than 
this velocity, and one form of hygrometer, known 
as a tubular psychrometer, is shown (Fig. 58). In 
this instrument the thermometers are contained 
in a long steel tube, and are separated by a plate 
of mica running along their length to avoid radia- 
tion errors. ‘The bulb end of the tube is inserted 
in the chamber of which the hygrometric condition 
is to be observed, and by a glass window let into the 
tube the observer outside can read the thermo- 
meters. At the further end of the tube a fan draws 
the air from the chamber at the necessary velocity. 
It is found that when the muslin round the 
wet bulb is moistened it will work satisfactorily 
for 40 minutes without attention. This arrange- 
ment requires thermometers of some considerable 
length, and an alternative is exhibited in which 
short thermometers can be used. In this the air 
of the chamber is circulated by a fan through a 
well-lagged tube, in one branch of which the bulbs 
of the thermometers are placed, separated as in the 
other instruments by a mica screen, the stems pro- 
jecting through a sealed cover or bung. Here, again, 
the instrument is read by an observer outside the 
chamber. 

In both these instruments the thermometer 
readings are translated into humidity by reference 


to tables, which is a somewhat clumsy procedure, 
and a form of hygrometer is shown in which the 
humidity is read direct from a chart prepared on 
the basis of the tables (Fig. 59). In this instrument 
the thermometers are mounted in front of a rota- 
table drum round which is wrapped a chart carrying 
curves, which represent percentage humidity at 
various temperatures. These curves are so drawn 
that if the surface of the mercury in the dry-bulb 
thermometer, projected on to a fixed-axial fiduciary 
line between the thermometers and parallel to 
them, lies on the 100 per cent. humidity curve, the 
similar projection of the surface of the wet-bulb 
mercury lies on the curve which represents the 
humidity to be measured. When the instrument 
is being used the wet bulb is moistened, and air is 
blown past the bulbs of the thermometers through 
the opening in its base, and escapes up the tubular 
body. Each thermometer is fitted with a sleeye 
carrying a horizontal pointer, which can be slid up 
and down, and to take a reading the dry-bulb slider 


is adjusted to touch the surface of the mercury — 


and the drum rotated until the pointer of this slider 
lies on the 100 per cent. curve. The slider on the 


wet bulb is then adjusted to the surface of the © 


mercury, and its pointer thus indicates the curve 
representing the desired percentage humidity. 
Several forms of dewpoint hygrometers are shown. 
This type of instrument has the advantage that 
the temperature at which dew forms is directly 
dependent on the percentage of moisture in the air. 
In most forms of apparatus the difficulty is to detect 
the precise point at which the film of dew has 
formed; and the presence of an observer is a 
possible source of error, especially in low-tempera- 
ture work, where even saturated air contains very 
little moisture, and the observer’s breath might 
seriously upset the experiment. In one form of 
apparatus both these difficulties are avoided. Instead 
of trusting to the eye of the observer to detect the 
instant at which dew is precipitated, the change 
that is read is that which arises from the interference 
of the dew film with the radiation of heat from the 
hygrometer surface. The exhibit shown (Fig. 60) is 
an apparatus composed of the parts essential for 
this purpose. The heat from an electrical souree— 
a gas-filled tungsten lamp—falls on to a polished 
concave metal surface, of which the temperature is 
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regulated by the flow of brine under the control of — 
a valve operated by asolenoid. This surface reflects — 


the rays on to a concave metallic mirror, which con- 
centrates them on to two tiny thermo-junctions in 
series, the leads from which are connected with a 
galvanometer indicator. 
polished hygrometer surface, the steady current of 


the thermo-junctions is at once reduced and the 
pointer of the indicator moves rapidly towards the 
zero. The temperature of the surface is read simul- 


taneously by means of another thermo-junction. 
The change is very much clearer and easier to read 
than the detection of the film by direct vision. A 
similar effect in the opposite direction is produced 
when the film begins to disappear; this occurs at 
a rather higher temperature than that at which dew 
begins to form, which strictly is the true dew-point, 
It is possible that the indicator might be arranged 
to serve as a relay for operating the solenoid valve, 


and so maintaining the surface always at the dew- 


point temperature, so as to obtain a continuous 
record of the dew-point in the room. The sharpness 
of the indication of this apparatus and the essential 
simplicity of its construction make it possible that 
it will be the basis of an accurate and practical 
hygrometer, in particular for low-temperature work. 
Other exhibits show a satisfactory method by 
which a silver surface is obtained for dew-point 
bulbs in which the reduction of temperature is 
obtained by bubbling air through ether. In order 
to ensure direct metallic contact between the ether 
container and the surface on which the film has 
to be formed the shaped and ground end of the 
tube through which the ether is introduced is suc- 
cessively platinised, copper-plated, nickel-plated, 
tinned, and then soldered to the silver thimble 
on which the dew is to be formed. Both the nickel 
and copper plating are found to be necessary to 
prevent the tinning from stripping the coating off 
the tube. 
Examples are also shown of hair hygrometers, 
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together with a calibration chamber in which they 
can begcompared. One form of hair hygrometer 
intended for distant reading was constructed by 
substituting for the clockwork drum in an ordinary 
recording hair hygrometer a stationary drum close- 
wound with oxidized wire (Fig. 61). The pointer 
has a silver contact piece instead of the pen, and 
the oxide insulation is rubbed off a longitudinal strip 
on the surface of the drum, so that the contact 
piece can make contact with the wire on the drum, 
and can thus be used to provide two arms of a 
Wheatstone’s bridge. The other arms of the 
bridge are provided by a similar drum at the 
observation station. The resistance of the drum is 
1,000 ohms. The height of the pointer is determined, 


Dry Bulb 
Thermometer. 
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as in the recorder, by the length of a hygrometer 
hair, and when it is desired to take a reading, the 
pointer is depressed by the operation of an electro- 
magnet so as to come in contact with the drum. 
The observer then balances the bridge in the usual 
way and thus determines electrically the position 
of the pointer on the drum, and consequently the 
extent to which the hair has elongated or contracted. 
Tt has been found practicable to avoid the effect of 
friction, which in such small forces as are here in 
question may be considerable, by introducing 
flexible strips in the connecting mechanism between 
the hair and the apparatus. 

Another group of exhibits with direct practical 
interest is that referring to the measurement of 
heat and of the rate at which it is transmitted 
through various substances, shown mainly in the 
Palace of Engineering but partly in the Royal 
Society collection. This includes Sir Joseph 
Petavel’s well-known are furnace for work under 
pressure, and a form of optical pyrometer shown 
in operation. It also includes the apparatus by 


which as the result of investigations by Dr. Ezer 
Griffiths and Dr. G. W. C. Kaye (Proc. Roy. Soe. A., 
vol. civ, 1923, page 71), the thermal conductivity 
of various substances and the coefficients of heat 
transmission of typical walls were determined.* 
The most important features of the methods used 
for conductivity determinations will be understood 
by reference to Fig. 62 and Fig. 63. The sample is 
usually tested in the form of two rectangular slabs 
arranged on each side of hot plates with a resistor 
mat or heating coil between them, electrically insu- 
lated from the plates by thin sheets of micanite, the 
outer surfaces of the slabs lying as closely as pos- 
sible against the cold plates (Fig. 62). The surfaces 
were made as flat as possible. The heating ele- 


tivity is relatively high, as in walls, only a single 
slab is used, and the four edges and back of the 
slab and its hot and cold plates are surrounded by 
thick layers of material of much lower conductivity 
(slab or granulated cork). In this arrangement the 
relatively small flow of heat through the edges of the 
slab—about 6 per cent. of the total dissipated in 
the resistance—is, calculated accurately enough ; 
but where the material under test has itself a lower 
conductivity it is found preferable to measure this 
independently. This is done, as is shown in the 
exhibit, by using a “ guard ring,” a four-sided ring 
arranged round the slab under test and of similar 
construction to the main apparatus in which the 
block is contained. This ring is maintained con- 
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ment is made of flat nichrome tape wound on a thin 
micanite sheet. The temperature of the cold sur- 
faces is kept constant by the circulation of water 
through a tank kept at constant temperature by 
the heat of a large incandescent lamp controlled 
by a thermostat and relays (Fig. 63). The temper- 
ature rise of the water is measured by copper- 
constantan couples connected differentially in its 
inlets and outlets, and the temperatures of the hot 
and cold faces are measured by thermocouples 
soldered to copper discs and attached to the surface 
under test by a very thin layer of bitumen. The 
thermo-electric measurements are made on a low- 
resistance potentiometer reading to 0-1 deg. C., 
which is closer than the variations of temperature 
at different points of the same surface, arising from 
variations of composition in the material. 

The flow of heat can thus be calculated accu- 
rately, and after equilibrium has set in, the required 
coefficients can be calculated. Where the conduc- 


* See ENGINEERING, September 14, 1923, page 338. 


stantly at the same temperature as the slab, and 
thus prevents edgewise flow of heat, and ensures 
that all the heat passing through the slab flows 
normally to its surface. 


BRITISH EMPIRE EXHIBITION : 
RAILWAY MATERIAL.—VI. 


THE only large exhibit of its class of steel railway 
wagons is to be seen at the stand of Messrs. Cammell 
Laird and Co., Limited, in the form of a 42-ton 
hopper wagon for coal traffic on the Bengal and 
Nagpur Railway, India (5 ft. 6 in. gauge). This 
wagon is one of an order executed by the Midland 
Railway Carriage and Wagon Company, Limited, 
Birmingham. It is similar in general lines to one 
illustrated in ENGINEERING in 1922,* but several 
modifications have been introduced in the present 
instance. The wagon is illustrated in the general 


* See vol. cxiii, page 292. 
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42-TON HOPPER WAGON AT THE BRITISH EMPIRE EXHIBITION. 


, CONSTRUCTED BY THE MIDLAND RAILWAY CARRIAGE AND WAGON COMPANY, LIMITED, BIRMINGHAM. 


view, Fig. 124 above, and on the two-page en- 
graving, Plate XXVIII, in which Figs. 125 and 126 
are drawings giving respectively elevation and plan. 
A section and end view are shown in Figs. 127 and 
128. The remaining drawings refer to the hopper 
door-operating gear. 

The wagon has an extreme length over buffers 
of 44 ft. 11 in., the length of the underframe over 
headstocks being 40ft.9in. The width over the sole 
pars is 9 ft. The wagon is carried on two four- 
wheeled bogies, the wheels being 3 ft. 1 in. on | 
tread, the bogie wheelbases 6 ft. and the bogie centres 
spaced 29 ft. 3 in. apart. The length of the hopper | 
at the top, inside, is 35 ft., and the height from rail 
to coping 9 ft. 9 in. 

The under frame is of the built-up type. The 
sole bars are of } in. plate with 4 in. by 4 in. by 3 
in. angles inside, top and bottom. They are 
bellied in the centre, where they have a depth of 
2 ft., diminishing to 10 in. at the ends. The bogie 
cross bearers are composed of two channels of 4 in. 
by 10 in. by 30-16 lb. section, spaced 9 in. apart, 
with a 9 in. by 3 in. by 19°3 lb. channel inverted | 
between them below and a wide +-in. cover plate 
above. The centre longitudinals extending from 
the hopper to the bogie cross bearers are of 3 in. 
by 10 in. by 19-8 lb. channels, while extending 
from the bogie cross-bearers to the headstocks are 
splayed bulb angles of 9 in. by 33 in. by 22°7 lb. 
section. The headstocks are 34 in. by 10 in. by 
23°55 lb. channels, with ~-in. gusset plates 15 in. : 
wide on the top of the underframe. The main 
hopper cross-bearers extending between the sole bars | 
are -in. plate pressings. 

The hopper is made of 7-lb. plate for the sides and 
the upper part of the sloping ends. The lower part | 
of the ends and sloping side and middle floors are 
of -10-lb. plate. The sides overlap, and are riveted 
direct to, the solebars, being supported alternately 
by a channel and tee stanchions, spaced 3 ft. apart, 
the former of a section of 5 in. by 24 in. by +, in. 
and the latter 4 in. by 24 in. by in. The hopper 
ends are supported from the centre longitudinals by 
4;-in. pressings, while diagonal 4 in. by 34 in. by 
3 in. tees extend from the end hopper side panels 
to the ends of the solebars. At the sides the sloping 
hopper floors are supported from the solebars by 
-fs-in. pressings, as may be seen in Fig. 127. 

The two hopper doors each give an opening 3 ft. 
6 in. by 3 ft. 6 in., the doors being inverted trays 
‘of 12 lb. plate with 3-in. flanges and V-shaped 
stiffeners of pressed }-in. plate. They are fitted . 
with rollers and work on horizontal rails of 5} in. 
by 34 in. by 3 in. angles. The door arrangements | 
are best seen in Figs. 129 to 131, particularly in the | 
cross section, Fig. 130. The doors are operated by , 
racks and chain-driven pinions. One rack is fitted 


| with Messrs. Cammell Laird. 


Fie. 124. 


each side of each door, and gearing with these 
are tough steel pinions carried on short shafts 


in bearings under the solebars and hopper bottom. | 


These pinions have 11 teeth 24 in. wide and 1} in. 
pitch. On the same shafts are cast steel sprockets 
of 40 teeth, driven by chain from 11 teeth sprockets 
on a 1? in. shaft extending across the car between 
the two solebars. On either side of the car these 
shafts are fitted with star hand wheels measuring 
2 ft. 7 in. across. The chains used are Brampton 
roller chains of 1} in. pitch. The gear gives a 
mechanical advantage of 21:46 to 1, the effort 
required to move the door under load being 70 Ib. 
The chains and chain sprockets are enclosed in 
pressed steel oil-bath cases, which protect them from 
dust during discharging operations. 
are shown in Figs. 132 to 134, the latter being to 
a larger scale than the two former. Details of the 
rack are given in Figs. 135 and 136. Figs. 187 to 
140 illustrate the adjusting arrangement at the 
upper end of the drive, for taking up the slack in 
the chain. 

The bogies are also built up of plates, angles, 
&c. The bogie cross bearers are of channel section. 
The axle boxes are of cast steel, the journals being 
10in. by 54in. The wheels have wrought-iron centres. 


Independent springs are fitted over the axle boxes. 
These consist of 12 plates 3} in. wide, 3 in. and }' 


in. thick. The draw gear is of the standard in- 
dependent type with nickel-chrome steel screw 
couplings. The buffers are self contained and 
independent, fitted with both steel volute and rubber 
springs. The plungers are of mild steel and the 
shells of cast steel. Incidentally it may be men- 


' tioned that Messrs. Cammell Laird show a series of 


these buffer cases crushed cold by hydraulic pressure 


to varying degrees. In some instances the shells have | 


crumpled so completely under this test as to entirely 


: close the shank hole, yet without the least sign of a 


crack showing up on the casting. The wagon is 
fitted with two vacuum brake 18 in. cylinders carried 
over the ends of the underframe, one cylinder work- 
ing the brakes on each bogie, and being in both 
instances combined with hand levers. 

The tare weight is 21 ton 17 cwt., and the load 
42 tons, reckoning 42 cub. ft. of coal to the ton. 
The wagon was subjected to a test load giving 
80 tons on the rails, under which it showed up very 
satisfactorily. 

Another exhibit at the stand of Messrs. Cammell 
Laird and Co. is a double bolster bogie built by the 
Leeds Forge Company, Limited, now associated 
This bogie is illus- 
trated in Figs. 141 to 146, page 281. It is of 
the type used for its long coaching stock by 
the London and North Eastern Railway, and gives 
exceedingly smooth riding. A number of the 


These cases | 


type are already in service and others are in hand 
at the Leeds Forge Company’s works. The bogie 
is built up of pressed steel plates. The wheel base 
is 8 ft. 6 in. The wheels are 3 ft. 7 in. in dia- 
meter. They are of the Newlay solid forged and 
rolled steel pattern. The main feature of the bogie 
is, as has been implied above, the arrangement of 
double bolsters. In this the bogie centre cup 
casting is fixed to a main bolster much of the usual 
type (fig. 143), supported on four sets of coil springs 
by its spring plank. The latter, instead of being 
suspended by inclined links from the transoms, is 
carried on inverted yokes fitted with knife edges a=d 
hung by inclined links from short lengths of channel, 
one towards each side of the bogie. These span 
the main bolster each end resting upon a secondary 
bolster on each side of it. The two secondary 
bolsters are in turn spring-borne, and the spring 
planks are slung by yokes and inclined links from 
the bogie frame transoms as may be seen in 
Fig. 144. Rubbing blocks are fitted between the 
main and secondary bolsters and between the 
latter and the transoms. The arrangement gives 
a very easy movement and is very effective in 
preventing undesirable oscillation due to irregu- 
larities of the track being transmitted to the body 
of the vehicle. 

The principal engineering exhibit of the Great 
Western Railway Company consists of the express 
passenger engine “Caerphilly Castle,” a four- 
cylinder 4-6-0 type locomotive. This we illus- 
trated so fully in our issues of August 24 (page 236) 
and December 14 (page 742) of last year, when we > 
published a two-page plate and various other sec- — 
tional drawings and illustrations of it, that we must 
refer our readers to the accounts we have previously 
given for details of this engine. We may just mention 
that the engine has four cylinders 16 in. in diameter 
by 26-in. stroke, driving wheels 6 ft. 84 in. in 
diameter, and a working pressure of 225 lb. per 
squareinch. The adhesive weight is 58 tons 17 ewt. 
The engine is a very fine example of modern practice 
on a system which has adopted a line of design 
which in many respects is unique among the British 
companies, with, we may add, very conspicuous 
success. 

Of the three locomotive building firms exhibiting 
heavy locomotives at Wembley two are builders 
who have entered this field since the war. We have 
already dealt with the locomotive exhibit of Messrs. - 
Wm. Beardmore, Limited. We now propose to 
deal with that of Messrs. Sir W. G. Armstrong, 
Whitworth and Co., Limited, who, as is well known, 
converted very expeditiously their Scotswood works 
to locomotive building on the cessation of the need 
for war material. This firm is showing at Wembley 
a heavy 4-8-0 type superheater locomotive, built 
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DOUBLE BOLSTER RAILWAY CARRIAGE BOGIE; BRITISH EMPIRE EXHIBITION. 
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for the Buenos Ayres Great Southern Railway 
Company, Messrs. Livesey, Son and Henderson 
acting as the Company’ 8 consulting engineers. The 
engine shown is one of an order for 25 simple 
‘superheater locomotives with three cylinders. It 
is illustrated in the general view, Fig. 147, while 


details of the cylinders are given in Figs. 148 to 156, 
page 282, and drawings of the valve gears are 
shown in Figs. 157 to 161 on page 283. 

The engine is constructed for the 5 ft. 6 in. gauge. 
The three cylinders are 174 in. in diam. by 26 in. 
stroke. The driving wheels are 4 ft. 7} in. in diam., 


Fie ie = 2 0 

id 44's Cent of Safety Hangers 

H--6.6 Cens of Side Springs—— 
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and the working pressure is 200 lb. per square 
inch. Other dimensions, &c., are given in the table 
on page 284. The outside cylinders ave illustrated 
in Figs. 148 to 151. They are fitted with piston 
valves 10 in. in diameter. The centre line of 
both piston rod and valve rod are on an incline 
of 1 in 15, and the castings are made plain, 
with front and back covers bolted on. The 
outside cylinders are bolted to plate frames 1} in. 
thick, the inside cylinder being arranged slightly 
to the rear between the frames. All three cylinders 
drive on to one axle (the second coupled), which is, 
therefore, cranked. ‘The inside cylinder is inclined 
at 1 in 64, so that the gear may clear the leading 
coupled axle. The inside cylinder casting is 
illustrated in Figs. 152 to 156, from which it will be 
seen that the piston valve is arranged to one side 
of the centre, this plan being adopted to keep the 
height of the casting as small as possible. Indepen- 
dent steam pipes from the superheater header in 
the smoke-box supply the three cylinders, tho 
two pipes for the outside cylinders passing through 
the smoke-box sides, as in American practice. The 
exhaust pipes from the outside cylinders are carried 
into the smoke-box over the frames, while that for 
the inside cylinder is branched forward from the 
casting by way of the rectangular opening shown in 
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4-8-0 TYPE THREE-CYLINDER LOCOMOTIVE; BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS. SIR W. G. ARMSTRONG, WHITWORTH AND CO., 


LIMITED, NEWCASTLE-ON-TYNE. 
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Figs. 154 and 156. The three join inside the smoke- 
box, combining into a single blast pipe. The cross- 
heads of the outside sets are of the alligator type 
with top and lower bars. The inside crosshead is 
of the single bar type. The valve motion for all 
three cylinders is, in each case, of the indepen- 
dent Walschaert type, the outside cylinder sets 
being of normal design, with a small return crank 
outside the main crank-pin. The inside set derives 
its motion from the inside crosshead and from 
an eccentric placed to one side of the inside crank. 
These features will be clear from Figs. 157 and 158 
on page 283 which show the outside gear, and 
Figs. 159 to 161, which illustrate the inside gear. 


The three sets are controlled by one screw-| 


reversing gear. 

The driving wheels are 4 ft. 74 in. on the tread 
and those of the bogie 3 ft. 2 in. in diameter. The 
leading coupled wheels are fitted with flangeless 
tyres 63 in. wide, and the intermediate coupled 
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The main crank axle is 9 in. in diameter, 
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8 in. in diameter by 9 in., the bogie axles being 
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4-8-0 TYPE THREE-CYLINDER LOCOMOTIVE; BRITISH EMPIRE EXHIBITION. 
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5¢ in. m diameter with 6 in. by 
10 in. journals. The axle boxes 
are of Stone’s bronze, lined with 
white metal. 

The main frames are of plate 1} 
in. thick, stiffened with steel cast- 
ings at the front end, smoke-box 
bottom, and stretcher for bogie 
centre, inside motion plate, stret- 
cher in front of fire-box, and trailing 
drag-box. Yokes are also fitted outside the frames 
for the outside slide-bars. The horn blocks are of 
cast steel, the horn stays being of the through bolt 
type. The springing of the bogie is independent 
for each axle box. That for the coupled wheels is 
equalised. 

The boiler has a barrel diameter of 5 ft. 5} in. 
outside at the front (smallest) ring, increasing to 
5 ft. 8 in. outside at the third ring. The barrel 
ee is } in. thick. The length of the barrel is 

t. 
tubes 51 in. in outside diameter, and 130 steel tubes 
2! in. in diameter. 'The tubes are fitted with 
copper ferrules 4, in. thick, rolled into the tube 
plate and not brazed to the tubes. The tubes after 
expanding and beading over are electrically welded 


The barrel contains 24 steel superheater- 
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The whole of the tire-box 


to the fire-box tube plate. 
is of steel, all fire-box stays being of hollow stay 


bolt iron. The fire-box plating is } in. thick and 
the sides and back of the shell 2 in. thick. The 
throat plate is 4 in. thick. The length inside the 
fire-box is 7 it. 33 in. and the width 3 ft. 11% in. 
The water spaces are 3 in. wide at the foundation 
ring. The superheater consists of 24 elements of 
the Marine and Locomotive Superheaters, Limited, 
pattern. The boiler is furnished with a Hulburd 
Servo regulator, and with two muffled Ross pop 
valves set for 200 lb. per square inch. Damper gear 
is not fitted to the superheater. One Sellers 
injector is provided and also a Weir feed pump and 
feed heater. The pump has a steam cylinder 


of 9 in. The feed heater provides 60 sq. ft. of 
heating surface and is connected with the combining 
limb of the blast pipe. The fire-box is arranged for 
oil-fuel burning, ““ Best’ type burners being used 
and the lower part of the box lined with brick. 

The tender is of the double-bogie type, having a 
water tank capacity of 4,000 gallons and oil fuel 
capacity of 8} tons, or coal capacity, with oil tank 
removed, of 7tons. The oil-fuel tank is rectangular, 
13 ft. 34 in. long inside by 8 ft. wide outside and 
3 ft. 64 in. high. The water tank is 19 ft. 5} in. 
long outside and 8 ft. 9 in. wide. The oil tank 
bottom ‘slopes slightly forward. The two bogies 
have wheel bases of 5 ft. 6 in. and are centred 
10 ft. 3 in. apart. 


diameter of 7} in., pump cylinder of 54in. and stroke 


The engine is fitted with a steam brake, operated 
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in conjunction with the vacuum brake on the tender, 
the ejector for which is of the Westinghouse pattern. 
The engine cylinders are lubricated by means of 
two Detroit sight feed lubricators, one of six feeds 
being provided for the left-hand and inside cylinders, 
and one of three feeds for the right-hand cylinder. 
In each case one feed is taken to the steam pipe, 
one to the cylinder barrel and one to the tail rod. 
All axle boxes are lubricated by a Wakefield 12-feed 
mechanical lubricator. 

The following are the chief particulars of the 


engine :— 
Locomotive— 

Cylinders (3) 174 X 26. 

Wheels— ; 
Driving, diameter 4 ft. 7} in. 
Bogie si 3 ft. 2 in. 

Wheel base— & 
Coupled 17 ft. 6 in. 
Bogie ... ao8 ae 6 ft. 6 in. 
Total engine ... Bae _.. 28 ft. 9% in. 

Height from rail to top of chim- ; 
navee occ bie a0 wo 14 ft, Bom. 

Width over cylinders ... 10 ft. 53 in. 

Heating surface— 
Smoke tubes ... 540 sq. ft. 
Boiler tubes ... 1,192 sq. ft. 
Fire box 155 sq. ft. 

Total 1,887 sq. ft. 
Superheating surface 410 sq. ft. 
Grate area (coal-burning) 29-3 sq. ft. 


Working pressure age 200 lb. per sq. in. 
Weights in working order— 
On bogie Eas 563 253 
On leading coupled wheels ... 
On driving wheels 
On intermediate wheels 
On trailing wheels 
Adhesive weight 
Total weight 


19 tons 16 ewt. 

15 tons 17 ewt. 3 qr. 
15 tons 16 ewt. 

15 tons 19 ewt. 

16 tons 5 ewt. 2 qr. 
63 tons 17 ewt. 5 qr. 
83 tons 14 ewt. 1 qr. 


Tender— 


Oil fuel capacity 8? tons. 
Water capacity ... 4,000 gallons. 
Wheelbase 15 ft. 9 in. 


Weight in working order 51 tons 7 ewt. 


Locomotive and Tender— 


Total wheel base * 55 ft. 14 in. 
Total length over buffers 64 ft. 5 in. 
Total length overall 66 ft. 114 in. 


Total weight 135 tons 1 ewt. 1 qr. 


THE BRITISH ASSOCIATION MEETING 
AT TORONTO. 


(Continued from page 267.) 
SECTION G.—ENGINEERING. 


THe DETERMINATION OF STRESS BY OPTICAL 
Mrrnops. 

On the afternoon of Friday, August 8, the 
Engineering Section held a joint meeting with the 
Mathematical and Physical Science Section for 
the purpose of discussing the optical determination 
of stress by the method advocated by Professor 
Coker. The subject was introduced by Professor 
A. L. Kimball, of the Massachusetts Institute of 
Technology, who described an instrument con- 
structed by Messrs. Adam, Hilger and Co. for 
carrying out stress experiments, and then showed, 
by means of coloured lantern slides, the colour 
bands obtained in various articles such as test 
pieces, gear wheels, &c., when subjected to stresses. 
The method of Professor Coker is based on the 
well-known fact, discovered by Sir David Brewster 
many years ago, that when polarised light is passed 
through a transparent substance such as glass or 
celluloid, beautiful bands of colour appear when the 
substance is stressed. The configuration of these 
bands is related to the direction and intensity of 
the stress on the material, and attempts have 
therefore been made to turn the phenomenon to 
practical account in engineering investigations. 
The trend of the discussion appeared to show that, 
beautiful as the method appeared, its application 
to practical problems was very limited. It was 
pointed out by the first speaker, Mr. Preston, that 
the photo-elastic method, as it is called, shows only 
the difference of the principal stresses at any 
point of an object. To determine the principal 
stresses their sum must also be known, and to 
get this Professor Coker had had to rely on measure- 
ments of changes of thickness made by an extenso- 
meter. The method was not therefore a simple 
optical one, but was partly mechanical and very 
tedious. The use of an extensometer was indeed 


a backward step because the magnitude of the 
change to be measured was, on account of Poisson’s 
ratio, only about one quarter of that due to a direct 
stress of equal magnitude. It might be possible 
to produce an instrument of the interferometer 
type which should be wholly optical. 

Mr. Kimball, in his opening remarks, had men- 
tioned the determinations of the stresses in the 
structure of the U.S. airship Shenandrah, and in 
answer to a question by Professor C. F. Jenkin 
said that the model used could be seen at the 
Massachusetts Institute of Technology. The 
stresses in individual struts and ties had been de- 
termined, but the work was very tedious and the 
results were kept very secret. Lieut.-Col. de 
Villamil made some remarks on the viscosity of 
liquids, mentioning Clerk Maxwell’s opinion that 
a stress in a viscous liquid caused motion to take 
place by repeated minute steps, rather than con- 
tinuously. Another speaker questioned the justi- 
fiability of applying the results obtained optically 
from a celluloid model directly to a steel structure, 
and it was further pointed out that steel might 
suffer from initial stress due to manufacturing pro- 
cesses, from which stresses celluloid was entirely 
free. Mr. W. Gore referred to the experiments 
carried out by Mr. J. 8. Wilson and himself to 
determine the stress on masonry dams. When 
the question of raising the height of the Assouan 
dam was under consideration, Mr. Wilson, who was 
then working with Sir Benjamin Baker, and the 
speaker had made indiarubber models and by noting 
the distortion of these under stress had been able 
to determine with close accuracy the nature of the 
forces acting at any point. He much preferred 
this method to the optical one, as there was less 
inference about the results. 

Mr. J. S. Wilson said that the attractiveness of 
the optical method was largely due to the beautiful 
colours produced. The- fact that Mr. Kimball 
had not obtained better results with the india- 
rubber method was he thought due to insufficient 
attention to details. When he himself, and 
Mr. Gore had been collaborating on the subject 
they had placed their rubber sheet on a piece of 
glass resting on steel balls so that no unknown 
frictional forces would vitiate the figures. The 
rubber was ruled with fine straight lines in Indian 
ink. A camera was focussed on the rubber surface 
and a graticule was adjusted so as to split the ink- 
lines. The effect of any stress to the rubber could 
be noted by the distortion of the rubber surface. 
The method was capable of very great accuracy 
and could be carried out at leisure, which was not 
the case with the optical method in which questions 
of the effect of heat, &c., had to be considered. 
Professor F. C. Lea said that the optical method 
could give information as to static stresses due to 
certain forces, but it would be much more valuable 
if it could give information as to dynamic forces, 

Professor T. M. Jasper indicated the method he 
preferred for determining stresses experimentally in 
certain cases. To determine, for instance, the 
effect of a hole drilled in a test piece, on the stresses 
produced. he advocated what he called the dynamic 
method. The endurance fatigue limit of an un- 
drilled specimen was first determined in the ordinary 
way, and then the same was done with the drilled 
specimen. The concentration of stress produced 
by the presence of the drilled hole could be deduced 
from the difference between the endurance limit 
of the two specimens. Deductions from the optical 
method would indicate that the presence of a small 
hole increased the stress three-fold, whereas the 
dynamic method showed that it was not increased 
by more than half this amount. These remarks 
applied to ordinary ductile material, but for hard 
and brittle material the discrepancy between the 
optical and the experimental method was not so 
great. Professor Jasper believed that we were 
on the eve of a method of determining stresses 
which would not depend at all upon optical 
principles. 


THe Farigvn or MErAts. 


The Engineering Section reassembled on Monday, 
August 11, to consider the following papers, dealing 
with the question of the fatigue of metals, namely, 
“The Evidence for the Existence of an Endurance 
Limit in Metals,” by Professors H. F. Moore and 


T. M. Jasper, ‘‘ The Work of the Fatigue Panel of 
the Aeronautical Research Committee,” by Pro- 
fessor C. F. Jenkin; “The Effect of High Tem- 
perature on the Range of Repetition Stress for 
Steels,” by Professor F. C. Lea. and “ Torsion 
Fatigue Hysteresis,” by Mr. C. E. Stromeyer, the 
last paper, in the absence of its author, being taken 
asread. We reprinted Professor Jenkin’s paper in 
our issue of the 15thinst. The discussion was opened 
by Sir Henry Fowler, who said that those who had to — 
deal with actual machines were very much con- 
cerned with the behaviour of metals under repeated 
stress. He himself was largely interested both in 
vehicles for railway work and for road transport. 
In neither of these fields of engineering were steady 
stresses common. The motor car had to contend 
with continual shocks due to the inequalities of the 
roads, and the locomotive was subject to shocks 
from striking crossings, switches, &c. One wanted 
to know what was the effect of shocks on material 
already stressed. Again, experience showed that 
flaws due to fatigue might not commence until after 
250 million repetitions of stress in actual practice. 
Something seemed to happen, evén after so long a: 
period, to make flaws develop. Some co-ordination 
of the large amount of experimental and practical 
results was needed, if the data were to be of 
real use to the designer. He had been engaged 
for 20 years in experiments on locomotive axles. 
In commercial articles of this kind one always had 
the risk of segregations, impurities and other defects 
from which test-pieces were free. What the engineer 
usually needed was toughness rather than tensile 
strength, and this fact, should not be lost sight of. 

Professor C. F'. Jenkin said that Professors Moore 
and Jasper had stated that the fatigue limit of a 
metal might be below that stress at which visible 
slip-bands formed, but as Monel metal and some 
other alloys had no defininte fatigue limit, it ap- 
peared that some other consideration must be 
taken account of. In determining a fatigue limit, 
in the speaker’s opinion, at least ten million alter- 
nations of stress should be taken. Sir James Hender- 
son said that the subject of the strength of metals — 
seemed to be in what Lord Kelvin would have called 
the “ Natural History ” stage as distinguished from 
the “‘ Natural Philosophy ” stage. We had a great 
number of experimental facts, but there was no 
satisfactory theory by means of which they could 
be correlated. 

Mr. J. 8. Wilson considered the matter was so 
complex that the only thing we could do at present 
was to form some kind of workable theory for each 
particular kind of metal. Those who would cor- 
relate all results had to contend with the effects 
of differences of material, differences of heat treat- 
ment, different speeds of fatigue testing, &c., and 
now Professor Lea had introduced differences of 
temperature. Mild steel was a material which was 
in a class by itself in many of its characteristics, 
and might well be considered alone. If a small 
hole were drilled through a, plain fatigue specimen, 
the result would be, theoretically to increase the — 
maximum stress to about three times its former 
value, yet in actual tests the hole was found to make 
very little difference. With hard steel, however, the 
effect of the hole was important. Messrs. Moore and 
Jasper were hardly encouraging to those who 
wanted to find some way of testing the capacity of 
metals to endure fatigue in less time than was 
required to make many millions of stress reversals. 
He agreed with Sir Henry Fowler that some quicker 
method was wanted. 

General C. H. Mitchell considered that the atten- 
tion paid to the fatigue of metals was the great 
feature of the current meeting of the British Associa- 
tion. Professor Lea had been making experiments 
on the strength of metal at high temperature, but 
they in Canada had often to operate machinery at 
temperatures as low as 50 deg. below zero Fahr. 
It was possible that some of the accidents which had 
taken place were due to failure of metal under shock 
at low temperature. Workmen regarded metal as 
more brittle at low temperatures and it would be 
well to know the exact effect of practical degrees of 
cold on strength. Professsor Hudson Beare referred 
to tests of Monel metal which he had made and which 
had been published in Enernerrimnc. He had 
tested specimens up to 17 million reversals of stress 
and recollected that there was a definite endurance 
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limit. It was interesting to inquire what was the 
effect of the rapidity of reversal of stress. In 
ordinary practical work metal was rarely subjected 
to extremely rapid reversals of stress, and the results 
obtained at different rates of reversal had appa- 
rently never been correlated. Professor Ellis referred 
to the existence of two theories as to metallic 
structure, one that the crystals were in contact, 
and the other that they were separated by an amor- 
phous layer. Experiments on thin oil films on 
water, carried out. at the Toronto University had 
caused the speaker to formulate a new theory of 
inter-crystalline structure. The oil-film on water 
was seen under the microscope to break up ulti- 
mately into thousands of tiny little spheres. It 
seemed possible that the amorphous layer in metal 
also broke up into small spheres, and left definite 
yacuous spaces between them. The inter-crystalline 
stress had to be taken up by the layer of spheres. 

Referring to General Mitchell’s remarks on the 
strength of metal in cold weather, Mr. J. S. Wilson 
said that he had recently been told by a foreman 
that many more rivets could be cut out by a squad 
of men ona cold day than ona warm one. Professor 
Moore, referring to the remarks which had been 
made in one of the papers as to the effect of minute 
seratches, said that it must not be taken that deep 
seratches were harmless. He mentioned a testing 
machine which comprised an adjusting screw, the 
cross-section of the screw being four times that of 
the specimen to be tested. The thread was United 
States standard, and, in spite of the comparatively 
large area of the screw, it always broke sooner or 
later. The Whitworth form of thread appeared 
to be superior to the United States standard, but 
the trouble was eventually stopped by eliminating 
the screw altogether. 

Professor A. L. Kimball stated that he had found 
a definite dissipation of energy in alternating stress 
tests considerably below the elastic limit of the 
material. This pointed to a viscous characteristic 
of the material. Indeed, were there not some 
dissipation of energy a body set vibrating in a 
vacuum would continue to vibrate indefinitely, 
which was certainly not the case. Professor F. C. 
Lea expressed doubt as to whether we should ever 
get a true philosophical explanation of the behaviour 
of metals under stress. A complete theory was never 
arrived at all at once, it came by steps. He had 
started long-period fatigue tests in 1917 on an 
aluminium alloy, which had stood 250 million 
reversals of a low stress without fracture. With 
logarithmic plotting there did seem to be a con- 
tinuous falling of the S—N line for some materials 
after the point of inflection, but for ordinary carbon 
steels there appeared to be definite evidence of a 
fatigue limit, 7.¢e., a limiting stress below which 
fracture did not take place. The real difficulty in 
applying test results to practice was that in everyday 
engineering work one did not know what stresses 
would have to be borne. The high-speed fatigue 
tests of Professor Jenkin at Oxford, which showed a 
higher fatigue limit at 2,000 revolutions per second 
than at the ordinary testing speeds of about 2,000 
per minute, indicated that there must be some 
viscosity effect. 

Professor Andrew Robertson considered that the 
fatigue-testing machine developed by Professor 
Smith at Belfast some time ago had never received 
the recognition it merited. This machine, like the 
later one of Haigh, could be used to stress the 
specimen between different limits in either direction, 
which was not feasible in the Wohler machine. 
Tests between equal, plus, and minus limits were, 
however, the only ones which would demonstrate 
concentrations of stress, such as those occurring at 
the edge of a hole. For many cases, when economical 
designing was the object, it was desirable to know 
the shape of the S-N curve for both equal and 
unequal methods of stressing. The high-tempera- 
ture tests of Professor Lee were most interesting, 
and they indicated the possibility of carrying com- 
paratively high stresses at high temperatures, as 
would be required in a gas turbine, although it 
would be necessary to be able to run safely through 
the low-temperature range. The work of Professors 
Moore and Jasper was also most valuable, and 
afforded material which would be required by 
anyone undertaking the consolidation of our 
knowledge of fatigue questions, 


definite characteristic, 
short-time tests could be correlated with those 
of full-time 
deductions were uncertain. 
sity there were some corks placed on a basin 
of pitch by Lord Kelvin, some of which were 
now half-submerged, showing the effect of a long- 
continued small force on a hard though viscous 


into account, two alternating stresses of equal 


the time factor was very important especially in 


Professor G. W. O. Howe, the President of the 


Section, said that the possibility of an intensive 
short-time test which would indicate the behaviour 
of materials under a long-time test, was a problem 
which occurred in connection with the testing of 
electric lamps, thermionic valves and other appa- 


When the test was to determine some 
the results of intensive 


ratus. 


but otherwise the 
At Glasgow Univer- 


normal tests, 


material. Steel might also be viscous and if so 


there would be a time effect, and in such a case the 


wave form of the alternating stress must be taken 


maximum intensity and equal frequency would 
give very different results according to their re- 
spective wave forms. Professor Lea agreed that 


high temperature tests and the question of viscosity 
deserved consideration. 

Professor C. F. Jenkin did not find himself in 
agreement with Mr. Wilson’s point of view. 1t was 
necessary to find the philosophical key to the whole 
of the phenomena, and until that was done it would 
not be possible to correlate the results. He thought 
that mild steel was an unsuitable material for in- 
vestigation on account of its complex nature, and 
therefore he was experimenting with copper and 
other more homogeneous materials. With regard 
to Professor Robertson’s complaint as to the neglect 
of Smith’s work, it should be pointed out that 
Gough had freely acknowledged his indebtedness 
to it. The speaker could not follow Professor 
Ellis’s remarks on the oil film analogy because it 
was generally believed by physicists that an oil 
film on water would stretch until it was one molecule 
thick. It was possible, theoretically, to calculate 
the tensile strength of steel from observations on its 
latent heat. Dr. Griffiths had studied the strength 
of glass and silica in attempts to discover wherein 
the strength of substances lay. He had actually 
made a glass rod which would withstand a tensile 
stress of 200 tons per square inch, this great strength 
being reached because of the’total absence of inter- 
crystalline spaces. It was, however, necessary to 
protect the specimen by a coat of varnish, otherwise 
the minute scratches made on its surface by dust 
in the air weakened it. 

Professor T. M. Jasper said that Professor Moore 
and he agreed that at least 10 million cycles 
should be used to determine a fatigue limit. In 
very hard steels two or three million were sufficient 
to show the existence of a limit. With regard to 
Professor Hudson Beare’s remarks about the effect 
of different speeds of testing, he might say that at 
Tilinois they had carried out tests at speeds ranging 
from 200 r.p.m. to 2,000 r.p.m. on the same machine 
and under the same conditions and the results 
bore out those obtained by Professor Jenkin, namely, 
that the endurance limit was higher with the higher 
speed. The possible effect of segregation in steel 
had been mentioned. With cast steel endurance 
tests had shown much “scatter” of the plotted 
points, whereas ordinary tests on mild steels gave 
points which fell on almost straight lines. The 
cast steel experiments therefore seemed to show that 
segregation did have an effect on endurance 
strength. 


THE CALCULATION OF QUENCHING STRESSES. 


The morning session of the Engineering Section 
commenced on August 12 with Professor T. M. 
Jasper’s paper on “The Calculation of Quenching 
Stresses in Steel by using Direct Measurements.” 
This paper, which we hope to reproduce later, 
indicated that the initial stresses set up in steel 
by quenching were considerable. Fatigue testing 
had the effect of relieving these stresses. It was 
suggested that the maximum value of the initial 
stress might be taken with fair accuracy as two- 
thirds the difference between the elastic limit and 
the yield point, a sensitive extensometer being 
required to determine the latter values. It must, 
however, not be assumed that the best heat treat- 
ment of steel was that which gave the smallest 


Timoschenko, 
method described by the author in his paper, 
namely, the measurement of the changes of length of 
the specimen after successive borings, was the more 
reliable one. 
tion was very difficult, but by measuring changes 
of length it would be possible to get more satisfac- 
tory results. There were types of internal stress 
not due to concentric layers of different material 
such as were formed by quenching, namely, stresses 
due to cold working. Professor Ellis remarked that 


quenched samples of steel. 


point and tensile strength been found to be less 
than in normal steel, but they were also less than in 


season cracking of cold-worked brass rods. 


difference between the elastic limit and the yield 
point. The elastic limit of a ferrous metal was not 


a good figure as the basis of design, the yield point 
or the ultimate strength being more reliable bases 
of a factor of safety. 


The discussion was opened by Professor 3. 
who considered that the second 


The accurate measurement of dilata- 


Brinell had recorded peculiar results with water- 
Not only had the yield 


oil-quenched steel. During the recent war he 
had carried out experiments in connection with the 
Three- 
inch lengths of such rods were pierced by a slot 
24 in. long through the centre, and the degree of 
opening of the slot was measured. Little correla- 
tion was found between the amount of opening and 
the tensile strength of the material. 

Dr. J. S. Owens asked the amount of rise of 
temperature in the fatigue test and also remarked 


that the bulging of the end of the rod by an 


amount of the order of of an in. 


1 2 
70,000 °° 10,000 
seemed to be too small to measure with certainty. 
To base results upon such measurements was 
somewhat doubtful. Sir James Henderson asked on 
what foundation the theoretical stress distribution 
was based. 

The ordinary formula for the stress in a thick 
cylinder was based upon the fundamental as- 
sumption that there was no axial strain, which 
was not justified in the present case. Professor G. 
Cook remarked on the difficulty of removing initial 
stresses, and wondered whether Professor Jasper 
could remove them entirely by annealing. The 
speaker had once required a small steel bar bored 
out to form a tube about =, in. thick. The machining 
was done with every possible care, but after a day 
or so the tube had become so distorted that it was 
useless for the purpose intended. He agreed with 
the author of the paper as to the non-importance of 
the so-called elastic limit. 

Professor F. C. Lea hoped that Professor Jasper 
would say more about his extensometer. He was 
more inclined to agree with Professor Jasper than 
with Dr. Owen on the question of the possible 
accuracy of measurement. Of course, suitable 
precautions must be taken, and he had, when 
making experiments on the modulus of elasticity, 
worked at night and so arranged matters that he 
never had to go within 20 ft. of the apparatus, 
so as to avoid temperature troubles. Regarding 
the question of taking the yield point as the basis 
of design, as advocated in the paper, in nickel- 
chrome steels and heavily-worked steels, there 
seemed to be no definite yield point. In cold- 
worked material there was a low elastic limit, and 
this limit, or the limit of proportionality of stress 
and strain, should, he thought, be used in preference 
to the yield point. 

Professor Jasper, replying to the discussion, said 
that the initial experiments were made with steel 
of very low carbon content in order to get rid of 
the effect of carbon in altering the bulk of the 
quenched steel. 

He had had no way of measuring the tempera- 
ture produced in the specimen by the fatigue 
test, but it burnt one’s finger when touched and 
was therefore quite hot. It was very difficult 
to be sure that all internal stress in a material 
was removed by annealing, as those who were 
familiar with the annealing of glass would agree. 
The absolute accuracy of his extensometer might 
be questioned but all that was wanted was a 
thoroughly sensitive and. consistent instrument, 
and he believed its accuracy to have been within 
the limits necessary to give reliable results. He 
would have brought the instrument to the meeting 
had it not been for Customs difficulties. 
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made it clear what facts they could agree upon in 
connection with questions of the failure of metals 
under fatigue, shock, or steady stress. The papers 
presented as the report of the Committee were as 
follows: ‘‘ Photo-Elastic Methods of Testing,” by 
Professor E. G. Coker; ‘‘A Standard Form of 
Test Piece,” by Professor W. E. Dalby; ‘ The 
Impressed Conditions of Fatigue Tests,” by Dr. 
A. A. Griffiths ; “The Influence of Circular Holes 
on the Fatigue Strength of Hard Steel Plates,” by 
Professor B. P. Haigh and Mr. Albert Beale; “The 
Distribution of Stress in Fatigue Test Pieces (Torsion 
and Bending),” by Professor W. Mason; ‘ The 
Effects of Inaccuracy of Axial Loading,” and 
“The Drop of Stress at the Yield Point of Ductile 
Materials,” by Professor Andrew Robertson; and 
a “Note on Impact Experiments,” by Mr. R. V. 
Southwell. 

Of all the authors, the only one present was Dr. 
Andrew Robertson. There was little or nothing 
that was novel in the report. In the first paper, 
Professor Coker pointed out the increase of stress due 
to the curvature at the shoulders of a test piece 
and also pointed out that a small local ‘ pinch ” 
such as that exerted by the points of the 
holding screws of an extensometer might be 
serious. He further proposed the alteration of the 
standard cement test piece so that it should have 
a short parallel part at the centre instead of its 
present waist. Professor Dalby advocated the 
provision of flanges 5 inches apart round the central 


Tue LarGe Derriecrion oF CrRcuLAR PLATES. 


Following Professor Jasper’s paper, Professor 
S. Timoschenko contributed a short note entitled 
“The Large Deflection of Circular Plates.” He 
mentioned that the usual formula for the deflection 
of a circular plate, uniformly loaded and rigidly 
held round the circumference, was 


2\2 
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in which w denoted the deflection at any radius r, 
a was the radius of the plate, and c was the 
deflection at the centre of the plate. 

This formula was true for small deflections. If 
the deflection was greater, the thickness ¢ of the 
plate had to be taken into account, and ¢ in the 
formula had to be replaced by the value c, which 
was given by the expression 

Cc 
1 + 0-488 (=) 
t 

It was pointed out by Professor C. F. Jenkin 
that the formula led to the deduction that as the 
amplitude of the motion of a telephone diaphragm 
increased, its natural frequency would increase. 


qj = 


Tur RELATIONSHIP BETWEEN TESTS ON NOTCHED 
Bars oF DIFFERENT SIZES. 


The next paper was one by Professor H. P. 
Philpot entitled ““‘The Dimensional Problem and 
the Significance of the Notched Bar Impact Test.” 
The standard Izod test piece adopted in the Air 
Force specifications is 10 mm. square with a 45 deg. 
vee notch having a radius of 0:25 mm. at the base 
of the notch. The thickness of metal behind the 
notch is 8 mm. The test piece is held in the vice 
of the machine close up to the notch, and the 
notched face of the projecting end is struck by 
the pendulum at a point 22 mm. above the centre 
of the notch. The test figure is the amount of 
energy measured in foot-lb. which is required to 
break the specimen. As it is not possible to cut 
test pieces of the standard size from many of the 
articles to which it is desirable to apply the Izod 
test, Professor Philpot conducted a series of experi- 
ments with a view to correlating the energy absorbed 
in the fracture of pieces of different sizes with the 
dimensions of the pieces. In all cases he used a 
notch of the standard form. His test pieces, which 
were all cut from the same bar of steel and subjected 
to’ identical heat treatment, varied in breadth b; 
in striking distance from the notch, 7; and in 
thickness at the notch ¢. His final conclusion was 
that U, the breaking energy in foot-lb., could be 
expressed with sufficient accuracy by the empirical 
formula given below, the dimensions being in milli- 
metres. The values given by this formula agreed 
generally with the mean of the respective test 
results within a limit of one foot-lb. 


ee 0-60904(F a 0-135) (? ee 25), 


The author suggested that the best method of 
applying the formula to actual testing procedure 
was to evaluate it both for a standard test piece 
and for some actual test piece, and use the ratio 
between the two values as a “dimensional co- 
efficient ”’ relating to the actual test result. 

The discussion on Professor Philpot’s paper was 
very brief, Professor E. D. Allcut complimenting 
the author on the careful work necessary to the 
production of the paper and remarking that the 
work both of Professor Philpot and of Charpy 
had shown that the notched bar test gave results 
with a variation of less than 3 per cent. provided 
that proper care was taken in applying it and in 
preparing the specimen. 


which would enable an extensometer to be attached 
more satisfactorily. Repeated experiments had led 
to the conclusion that the extensions of the test 
length were not materially affected by the existence 
of the flanges. Dr. Griffith pointed out that as 
one or both the fatigue limits usually lay outside 
the limits of proportionality, and further, that the 
limit of proportionality was a function of the previous 


obtained with the various kinds of fatigue-testing 


stated stress limits did not represent actual stresses 
in the material. 

The paper by Professor Haigh and Mr. Beale 
showed that the limiting stresses for fatigue of a 
drilled test piece 1-5 in. wide varied only slightly 
when the central hole varied between 0-0365 in. 
and 0-200 in. diameter. The effect of the hole, 
according to the theory of elasticity should be to 
increase the stress in the plate to three times its 
nominal amount, but the plate behaved in practice as 
if the stress was only increased to 2-15 times the 
nominal amount. The material used was cold rolled 
high tensile steel strip and was tested on a Haigh 
machine at 2,000 cycles of stress per minute. 
Professor Mason’s contribution discussed the effect 
of the fact that steel would endure many millions 
of alternations of stress with accompanying hysteresis 
too great to be compatible with elasticity. Professor 
Robertson described the form of shackles he had 
devised to prevent the bending of materials in a 
tensile testing machine, and his method of mounting 
specimens for compression tests. His tension 
shackles were illustrated in ENainerrine of 
December 15, 1911, and their use has enabled more 
reliable and consistent results to be obtained, 
especially with very smallspecimens. Dr. Robertson 
also described his method of investigating the yield 
point of materials under tension by mounting 
extensometers on long tension rods in parallel with 
the specimen. Mr. Southwell’s note on impact 
experiments referred to the effect of the mass and 
rigidity of the Izod testing machine on the results 
obtained. He suggested that notched bar tests 
should be replaced by an impulsive torsion test 
applied to a specimen of hour-glass shape, and 
indicated the type of testing machine he proposed 
for the purpose. 

The discussion on the Report of the Complex 
Stress Committee was very brief and was confined 
to remarks concerning the desirability of, and the 
means whereby, axial loading of test specimens 
could be secured. The discussion was followed by a 
paper on “Some Comparative Fatigue Tests,’ by 
Messrs. H. F. Gough and H. J. Tapsell. The paper, 
which had only reached the secretary the previous 
day, was presented by Professor C, F. Jenkin, in the 
absence of the authors, but gave rise to no discussion. 


REPORT OF THE ComPLEx SrREsS CoMMITTER. 


The Committee of the British Association, which 
has been sitting for several years to investigate 
“certain of the more complex stress distributions 
in engineering materials,” submitted as its report 
eight independent papers having little or no connec- 
tion with each other. This was somewhat dis- 
appointing to those who had hoped that the time 
had come when the Committee as a whole could 
have presented a report which would at least have 
crystallised the existing state of knowledge and 


part of an ordinary tensile test piece, the existence of | 


history of the specimen, it followed that the results 


machines now in use were not comparable, as the’ 


Tue ENGINEER AND PusLic HEALTH. 


On Wednesday, August 13, proceedings were com- 
menced by a paper by Mr. F. A. Dallyn, entitled 
“The Engineer and Public Health.” The object 
of the paper was to suggest that such services as 
the supervision of public water and milk supplies, 
sewage disposal, river pollution, refuse collection 
and destruction, the extermination of rats, flies, 
mosquitos and other pests, and other duties should 
fall more largely into the hands of the engineer, 
leaving the medical health officers free to concen- 
trate on questions concerning their own profession. 
The real interest of the paper to the audience lay, 
we believe, in the facts, illustrated by innumerable 
lantern slides, concerning the pollution of the Great 
Lakes and waterways by sewage, and the measures 
which had, therefore, become necessary to safeguard 
public health. The Great Lakes and waterways 
are used both as drinking water supplies and as 
places for the disposal of sewage for the cities along 
their shores. An agreement between Canada and 
the United States in 1909 stated that neither nation 
should pollute the waters in a manner injurious to — 
the other, and an International Commission, sub- 
sequently appointed, has investigated the whole 
question in view of the prevalence of typhoid fever 
in Chicago and other lake cities. One outcome of 
the report of this Commission was the general 
adoption of the practice of chlorinating drinking 
water supplies about the year 1913, and the sudden 
and striking drop in the typhoid rate which followed 
was shown by tabulated figures on the screen. 
Recurrent outbreaks of typhoid in the communities 
living around the Sault St. Marie Canal had been 
attributed to flies having access to feecal matter, the 
water not being suspected as there was no obvious 
sewage discharge anywhere near the intakes. In- 
vestigations had shown, however, that the water 
was highly polluted by the great quantity of shipping 
which concentrated in that neighbourhood, and 
when chlorination was introduced the typhoid rate 
almost vanished. A further point of interest was 
the author’s reference to the diseases due to iodine 
deficiency. An: examination of 47,000 school 
children in Cincinnati had shown that 26 per cent. ~ 
were suffering from disabilities due to lack of iodine, 
and a minute quantity of this substance was now 
being added to the public water supply in certain 
‘areas. 

“Tue Bio-AnRATION OF SEWAGE.” 


Mr. J. D. Watson’s paper on “The Part Bio- 
aeration may yet Play in the Disposal of Sewage ” 
was read by Professor F. C. Lea in the absence of 
the author. We reprinted the paper in our issue 
of August 15. On its conclusion, the President 
invited remarks bearing either upon it or upon the 
previous paper of Mr. Dallyn, and Mr. W. Gore, 
speaking from an ‘extensive practical experience of 
the water and sewage problems of the Great Lake 
cities, said their difficulties arose from “‘ discharging 
their sewage into the same pot as they drank from.” 
The statistics thrown on the screen showed that 
Toronto had a perfectly satisfactory position as 
regards typhoid and other waterborne diseases, yet 
he had known the raw water polluted to the extent 
of 100,000 B. Coli in a single drop. Polluted water 
could reach the intakes from the sewage outfall 
5 miles away, when the wind was in the right 
direction, but the system of filtration and chlori- 
nation employed prevented any outbreak of disease. 


““CoBpaLT MAGNET STEELS.” 


The next paper was one by Mr. E. A. Watson, 
entitled “‘ Cobalt Magnet Steels,” which described 
the improvement in the magnetic qualities of steel 
by adding cobalt, and discussed the commercial 
value of the practice. We commenced to reprint 
the paper in our last issue and complete it in this. — 
The author showed that the technical value of a 
steel from the magnetic point of view did not depend 
either upon the remanent flux B,,,, or the coercive 
force H,, nor upon the product of these two quan- 
tities, but upon the maximum value of B x H, 
which was called BH,,,,. This was the figure of 
merit for a steel, as it was a measure of the maximum — 
energy which the magnet could provide in a cireuit 
external to itself. The effect of adding increasing | 
percentages of cobalt to pure iron was to increase — 
the intensity of magnetisation from 1,700 for pure | 
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iron to 1,900 for an alloy containing 35 per cent. of | current flowing through the electric circuit. It|New Zealand is already linked with the United 


cobalt. The intensity of magnetisation then 
gradually decreased to 1,200 for pure cobalt. The 
paper is worth detailed study by all who are in- 
terested in the design of permanent magnets, on 
account of the systematic presentation of the facts 
concerning the influence of cobalt. At the present 
price of cobalt, it appears that its use is hardly 
justified commercially, except perhaps in the case of 
high alloy steels, although a reduction in the price 
of cobalt would alter the situation. 

In the discussion following the paper, Mr. R. 8. 
Whipple considered that cobalt steels would find 
increasing usefulness in the manufacture of galva- 
nometers and other instruments and apparatus 
where magnets had to be very light for their strength. 
Another speaker enquired as to the evidence for 
the existence of the compound Fe,Co which was 
assumed by the author to exist. Did microscopical 
examination indicate the presence of any such 
compound, and if the magnetic properties of the 
steel were due to Fe,Co, what sort of structure 
did the steel have ? Professor F. C. Lea and other 
speakers discussed the question of hardening and 
annealing temperatures, and in reply to them Mr. 
Watson practically repeated the information he 
had given in his paper. With regard to the com- 
pound Fe,Co, he stated that the only ground for 
believing that such an alloy existed was the evi- 
dence of a definite maximum on the magnetisation 
curve when the cobalt content was about 35 per 
cent., and this proportion of cobalt agreed with the 
molecular weight of the assumed alloy. So far as 
miscroscopic evidence went, the iron and cobalt 
appeared to form a solution at all percentages, 
this solution behaving exactly like iron. He was 
glad to hear that Mr. Whipple foresaw a future 
for cobalt steel in the manufacture of instruments, 
and mentioned that it had also been found valuable 
for the magnets of a high-tension generator for 
wireless work in which weight was of prime im- 
portance. , 


Some New RecorpinG INSTRUMENTS. 


The final paper before the Engineering Section 
was a description by Mr. Robert 8. Whipple of 
four new instruments for engineering research, 
namely, a graphical stress recorder, an accelero- 
meter, a vibrograph and a torsion meter, all recent 
productions of the Cambridge Instrument Company. 
The torsion meter was of the Moullin type, illus- 
trated in ENGINEERING of June 13 last, so that 
we need not refer to it further than to mention that 
it is an electrical instrument. the torsion of the 


shaft under load altering the position of iron cores 
in relation to choking coils and thus altering the 


will work without attention in the tunnel of a ship 
or elsewhere, and the recording instrument can be 
located in the engineer’s cabin or other convenient 
place. The Cambridge stress recorder is designed 
for attachment to the members of a bridge or 
other structure, to obtain a record of their deflection 
under a passing load, and thus to check the strength 
of the structure. The diagram is drawn by a 
hardened stylus on a strip of celluloid which can be 
traversed by clockwork at different speeds, and 
the record, which is ten times the amplitude of the 
actual deflection or vibration, is enlarged photo- 
graphically to a total amount of 150 or 300 dia- 
meters. When an observation only is needed, 
the record may be examined by a simple portable 
microscope. Some very striking records of the 
strains of a ship at sea, and of the vibration of a 
railway bridge were shown on the screen. 

The Cambridge accelerometer was primarily 
designed for measuring the acceleration of motor 
cars, aeroplanes and lifts, and for studying the 
effect of springs in road vehicles. It comprises a 
heavy mass attached by spring steel strips to a 
fixed frame and carrying a stylus which makes a 
record on a celluloid strip, moved by clockwork. 
A magnetic damping device checks the motion 
of the weight and makes the instrument practically 
dead beat. The Cambridge vibrograph is really a 
kind of seismograph, making its records on a 
celluloid film as in the case of the other instruments. 
Records of the vibration of a road due to the passage 
of a motor-bus, and of a steam turbine in a power 
station, were shown. These instruments we hope 
to illustrate and describe more fully in due course. 

The paper on “ An Economical Design of Arch 
Centres,” by Mr. A. E. Wynn was taken as read, 
and the paper on “The Future of Power from 
Fuel,’ by Mr. E. Kilburn Scott, was cancelled, 
neither the author nor the paper being present. 

(Lo be continued.) 


NEW ZEALAND AT THE BRITISH 
EMPIRE EXHIBITION. 

In the accounts we have given of the exhibits of 
Australia, Canada, and South Africa we have had 
occasion to point out that an essential part of the 
purpose of each of these Dominions in taking part 
in the Exhibition was to make the inhabitants of 
Great Britain better acquainted than they were 
with the circumstances and conditions of Dominion 
life. Of no exhibiting State is this observation 
more true than of New Zealand, and the meaning 
of its exhibit may be understood more clearly if 
the Dominion’s circumstances are shortly recalled. 


Kingdom by closer bonds of trade intercourse than 
any other country in the world. More than seven- 
tenths of its total trade is done with the United 
Kingdom, which takes over four-fifths of its exports 
and supplies over one-half its imports. It is second 
only to Australia in the quantity of wool it provides 
for our industries. It supplies us with more tallow 
than Australia, with not very far from as much 
mutton and lamb as the Argentine and Australia 
put together, and, measured in butter-fat, with 
more cheese and butter than any country in the 
world, in addition to large quantities of other 
products. In its purchases, it is giving an average 
preference of 15 per cent. to British goods over 
those of foreign countries, though it has to look 
to Customs and Excise duties for about one-fourth 
of its total revenue ; and it admits free from this 
country a large variety of manufactures, such as 
bar steel and iron, electrical machinery and materials, 
industrial and agricultural machinery, pipes and 
tubes, cotton piece goods, printing paper and others, 
which are charged from 10 per cent. to 20 per cent. 
if from foreign countries. Jn proportion to its 
population New Zealand is, moreover, by far the 
most active external trader within the Empire. 
Its total trade per head is over half as much again 
as that of Canada or of the United Kingdom itself, 
and its trade per head with the United Kingdom is 
more than double that of Australia and more than 
three times that of Canada. 

Though the territory of New Zealand is small 
compared with those of Australia, Canada or South 
Africa, it is, in fact, considerably larger than that 
of Great Britain. The population that has attained 
the remarkable commercial position to which atten- 
tion is drawn above, now numbers about 14 million 
souls—about as many as are in Buda Pesth, less 
than half the population of Paris, and less than 
one-third that of Berlin. This population is almost 
exclusively British. The intelligent and cultivated 
Maori natives number only about 5 per cent., and 
of the white population nearly 99 per cent. are of 
British parentage, and about half the remainder 
are naturalised.. They are distributed over the 
country more uniformly than either the population 
of the United Kingdom or of other Dominions, and 
indeed they have much to attach them to their 
homes. Though it is some 13,000 square miles 
larger than Great Britain, New Zealand is about 
twice as long, and the sea has a correspondingly 
ereater influence on its climate. There is, more- 
over, an abundance of mountainous territory, 
occupying about a tenth of the surface of the North 
island and a still larger proportion of that of the 
south. The snow line is 3,000 ft. or more lower 
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than in Switzerland ; two glaciers within ten miles 
of the sea descend as low as 700 ft. above sea level. 
The rainfall is abundant and well distributed, and the 
mean sunshine onlya little less than that of Italy and 
50 per cent. more than that of Great Britain. As 
compared with London, the highest summer tempera- 
ture is, on the average, Jower and the lowest winter 
temperature higher. Animals need not be housed 
during winter, and in many districts in both islands 
flowers of some variety are blooming throughout 
the year; some, such as roses, are almost ever- 
green. The mean general death rate is under 
nine per thousand—a little less than that of Aus- 
tralia and only about two-thirds of that of England 
and Wales. The infantile death-rate, which is 
steadily decreasing, is, on the latest available figures, 
exactly half that of the United States, which is 
about 10 per cent. higher than our own; and 
though the rate for Australia is lower than our 
own by about 25 per cent., it is still about a third 
higher than that of New Zealand. 

As may be judged by the summarised particulars 
given above and as will appear in more detail 
below, the inhabitants of this rich and beautiful 
country have not neglected their opportunities. 
They have occupied two-thirds of the land, traversed 
the country from north to south with over 3,000 
miles of railway, developed large primary manu- 
facturing industries concerned with their agricultural 
and pastoral products, as well as a great variety of 
secondary manufactures on a much smaller scale. 
They are beginning to harness their considerable water 
power, and, per head of population, the shipping 
entered and cleared at their ports, though a little 
less than that of Canada, is one-third more than 
that of the United Kingdom and two-thirds more 
than that of Australia. Nevertheless, it is beyond 
the power of the 14 million population of New Zea- 
land to do full justice to their country. Without 
counting the land still remaining to be occupied, a 
considerable part of which could be developed to 
similar advantage to that which is already being 
worked, much more could be made if more workers 
were available. It is certain, moreover, that in the 
need of most European countries for an outlet and 
larger opportunities for their congested and increas- 
ing populations, the attractions of New Zealand 
cannot escape notice, and the required immigration 
will arrive from other countries if it is not sup- 
plied by our own. Not less than any other 
Dominion, and more than most, the inhabitants of 
New Zealand are of the purest British origin, and 
certainly more than most retain a purely British 
temperament and are attached to British traditions. 
Their exhibit at Wembley is the work, not of the 
individual firms whose products are shown, but of the 
State ; and it may well be believed that its primary 
purpose is to do what is possible to ensure that the 
fellow workers who must in increasing numbers 
share with them the blessings of their country shall 
be of the like blood and temperament to the pre- 
sent New Zealanders, and attached to the same 
traditions as they cherish themselves. 

We have already given a brief description of the 
New Zealand Pavilion, and Fig. 1, on p. 287, isa plan 
of its lay-out, designed by the Advisory Architects 
to the New Zealand Government, Messrs. Llewellyn 
E. Williams and John T. Mair. The exhibits repre- 
sent a production of which complete statistics are not 
available, but the portion exported is of a value 
lying between 40,000,000/. and 50,000,000/. a year. 
Of this about 3,000,000/. are minerals, in addition 
to a substantial production used in the Dominion 
itself. The value of the exports in the metal 
working industries is not large, but their relative 
importance may be gauged roughly by their produc- 
tion, which is something under 5,000,000/. per year. 
In its own products, therefore, New Zealand is not 
directly a considerable factor in the engineering 
industry of the world or the Empire, nor is its 
mineral wealth comparable with that of some other 
Dominions. Its agricultural and pastoral products 
and the industries that depend directly on them are, 
however, indirectly of considerable engineering 
interest. They cannot be conducted to their best 
advantage without the help of engineering manu- 
factures, and although the Dominion’s own works 
are supplying this help to some extent, they have 
not yet reached the dimensions that jwill satisfy 
even the needs of the present population, All 
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told, they employ only about 8,000 persons, a large 
proportion of whom are engaged on maintenance 
and repairs, and with the large works that the 
Government has in hand and the large scope that 
exists for additional mechanical assistance in their 
primary industries, the market of New Zealand 
appears to be among the most hopeful of those to 
which British engineering manufacturers can turn 
their attention. 

_ To some extent this may mean more than offering 
existing designs. At one time, all, or most, of the 
machinery and appliances used in agriculture came 
from this country ; but while those who used them 
found that in some respects British patterns. did 
not suit loca! conditions, British manufacturers 
seem not to have understood what was really 
required, or to have been unwilling to produce it. 
Manufacturers in the United States were more 
accommodating and anxious, and appear to have 


THE MrtaL INDUSTRIES. 


| obtained a large part of that portion of the business in 
machinery for these industries which is not produced 
by New Zealand manufacturers. It is, of course, 
the New Zealand works that have the best oppor- 
tunities of studying local requirements, and Fig. 2, 
on page 288, shows examples of patterns produced to 
satisfy them. The machine in the front of the 
exhibit is a three-furrow plough, to be drawn by six 
horses. The design has heen developed in New 
Zealand largely through the work done in the last 
twenty years by Messrs. P. and D. Duncan, who 
made the plough exhibited, and it is claimed that 
for dealing with a large acreage on level or easy 
downy land it is considerably more efficient than 
oil-tractor ploughing. Ploughs, for example, such 
as that which is exhibited are said to be ploughing 
6 in. deep at the rate of 4 acres to 5 acres in 8 hours, 


as against 4 acre to } aere in a longer day in this 


country when a single-furrow, two-horse plough is 


used. Apart, moreover, from what may be des- 
cribed as general purpose ploughs for doing intensive 
work on ordinary land, advantage is found in 
special designs for dealing with types of soil that 
are met with in New Zealand, and are found to 
benefit by special treatment. ‘Thus, for example, 
there are large areas of stiff, clayey soil with a 
hard ironstone bottom that has to be broken up, 
and the best practice requires furrows that may be 
as much as 12 in. deep and of such dimensions that 
the sub-soil is really mixed with the surface soil. 
Such ploughs have been produced in New Zealand, 
and are used with great advantage both for plough- 
ing swamp or scrub land and opening the surface for 
pipe drains. The other machine shown is a grain, 
seed and manure drill of a type very frequently used. 

Another industry that in New Zealand depends 
largely on appropriate machinery is that of dairying. 
The practice, for example, of milking cows mechanic- 
ally, instead of by hand, is widely spread. Already 
over 13,000 machines are in use, dealing with a 
majority of the milch cows in the Dominion, and 
the number is increasing rapidly. A variety of 
designs are used, and it is claimed that with a two- 
cow machine a man and two lads can milk 100 cows 
in 100 minutes. While the machines differ in detail, 
their general style and lay-out is shown fairly in the 
exhibit of which a view is given in Fig. 3. In 
substance they provide a cup for each teat of the 
cow, and by a suitable mechanism the extent of 
the pulsation and vacuum is regulated so that each 
cow is treated similarly. The milk runs through a 
pipe line to a releaser, which may be in another 
part of the building and is, in fact, in the nature of a 
flap valve, whence it is delivered either to the 
separator or to another receptacle to be treated 


whole. The remarkable expansion of the dairy 
industry is attributed in large measure to the great 
use that is made of mechanical milking. In a well- 
found dairy, the use of mechanism and mechanically- 
produced utensils goes, of course, considerably 
further. Many are driven by electricity ; the use 
of pasteurising plant and centrifugal separators is 
very common, if not invariable—there are already 
over 40,000 separators in use, and the number is 
increasing rapidly—and in other respects all the 
usual range of dairy machinery is employed. 

The large scale, moreover, on which butter is 
made and the consequently great volumes of 
skimmed milk that are available, has created an 
industry of casein, in the manufacture of which the 
curd is baked hard*in ovens and has then to be 
ground, whether it is used ultimately in a solid or 
a liquid form. A similar use of whole milk is made 
in the preparation of dried milk, where the powder 
is a desiccated spray, in the preparation of which 
fans and sifters are indispensable. There are no 


reat factories of tins in New Zealand that cansupply 
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the needs of the large dairies, and some of these 
accordingly have modern tin-making machinery 
from which they supply their own entire needs out 
of tinplates imported from this country taking 
charge of repairs in their own engineering shops. 
Sintilarly, they have box-making shops equipped. 
with the most modern machinery; unfortunately, 
for the most part, made in the United States. 

A separate exhibit is made of casein and its 
derived products. Glues are shown which have 
a peculiar strength, and are used successfully in 
cabinet making and joinery, and as a paste. The 
‘solid casein products, appearing as imitation ivory 
‘and in similar forms, are well known, and a good 
collection of them is shown. Here again the 
industry, though already large, seems capable of 
considerable extension. 

Among the largest exhibits are those of butter, 
cheese, meat and fish, which all have in common 
the necessity for accurate refrigeration. The possi- 
bility of export trade in these products has, of course, 
been due to the existence of means for mechanical 
refrigeration, and there is every reason to hope 
that with the progress of researches such as those 
of the Food Investigation Board into the mechanism 
of refrigeration, it will be found possible to trans- 
port, under refrigerated conditions, products that at 
present can travel with difficulty or not at all. 
For the time being, indeed, designers of refrigerat- 
ing machinery have produced all that users are in 
a position to demand, and the ball lies with the 
biologists. Whatever may be their next requisi- 
tion, there is no reason to doubt that engineers will 
be equal to satisfying it; and in the meantime, as 
has been seen in the Pavilions of the other Domin- 
ions, and elsewhere in the Exhibition, a very high 
standard has been reached in the manufacture of 
refrigerating machines. The six cold stores or 
cabinets in the Pavilion occupy 27,870 cub. ft., and 
with a frontage of 416 ft., have a clear window area 
of 2,500 ft. This is insulated with four thicknesses 
of plate glass, and a curious circumstance of this 
arrangement is that, to counteract the slight but 
cumulative green tint of the glass, suitable internal 
coloured lighting has had to be provided, with tints 
varying according to the nature of the product. 
These lamps take in all 7 kw. per cabinet, and the 
energy thus generated is, of course, added to the 
duty required of the refrigerating plant. 

This plant has been lent and erected by the Haslam 
Foundry and Engineering Company, Limited. The 
machine is one of their enclosed vertical duplex 
8-in. by 8-in. ammonia compressors running at a 
speed of 333 rc.p.m. and connected through a 
flexible coupling to an auto-synchronous motor 
by Messrs. Crompton and Co. This compressor 
(Fig. 4) consists of two single-acting cylinders with 
ring plate valves machined from solid alloy steel, 
specially heat treated to work for long periods 
without pitting or replacement. The valve system 
is designed to reduce both the clearance and the 
gas speed to a minimum figure, and the valves, like 
the oil filter in the crank case, are arranged so as 
to be accessible without disturbing the pipe joints. 
The workmanship throughout is of a high quality, 
the cylinders being guaranteed true for bore and 
parallelism to two-thousandths of an inch. The 
connecting-rods are of heat-treated nickel steel, so 
as to reduce the weight of the reciprocating parts to 
a@ minimum, and arrangements are made for forced- 
lubrication by a gear pump driven off the crank 
shaft. 

With condensing water at 60 deg. F. and brine 
cooled to 15 deg. F., the machine is rated to eliminate 
560,000 heat units an hour in cooling from 60 to 
40 deg. F. In the present installation, the cheese and 
fruit cabinets are kept above freezing point, and the 
butter, meat and fish cabinets well below it. The 
cabinets are cooled on the loft system, with central 
downcast and upcast at the sides. Except in the 
fruit cabinet, where some fresh air has to be intro- 
duced from time to time to balance the increase 
of carbonic acid in the atmosphere evolved by the 
living fruit, no fan is used. Separate freezing and 
chilling brine systems are provided, each with its 
own direct coupled brine pump, supplied by Messrs. 
Mather and Platt, Limited. Although the light 
in the cabinets goes on until the close of the Exhi- 
bition at 10 p.m., the refrigerating machine and 
brine-circulating pumps have to be shut down an 


hour before sunset ; and, to prevent the consequent 
rise of temperature, large welded-steel brine drums 
are provided in the lofts, the brine system being 
proportioned so amply that the temperatures at. 
8 a.m. on the following morning are a little lower 
than they were when the brine circulation was 
stopped. Long distance as well as dial thermome- 
ters are provided by the Cambridge Instrument 
Company, Limited. The lay-out of the refriger- 
ated exhibit, with its cabinets, passage-ways and 
doorways to the main hall, was designed by Mr. Hal 
Williams. ; 

Figs. 5, 6 and 7, on page 289, show a variety of 
other exhibits in metal manufactures. They include, 
as will be seen, coal ranges and gas stoves, steam 
sterilizers for instruments and dressings, geysers, plug 
valves, hydrants, a considerable variety of hollow 
ware, iron bars and angles of various sections, an 
oil engine and insulators and switches designed for 
11,000 volts. The last item is of interest-as illus- 
trating the present activity of the Dominion in the 
development of its hydro-electric power. 

Leaving Switzerland out of account, New Zealand 
has a larger provision of available water power per 
square mile than any other country in the world; 
nearly 50 horse-power, as against about 5 for Great 
Britain. Of its total potential horse-power— 
something under 5,000,000 horse-power—about 
30,000 horse-power has actually been harnessed. 
The development in question only began, however, 
within the last twenty years, and plans have already 
been made for increasing it up to something under 
200,000 horse-power in the next six years. The 
supply that has been provided already has been 
taken up eagerly, not only for domestic but for 
industrial purposes. At present the water power 
provided is at the rate of about one-sixteenth of a 
horse-power per head of population, as against 
one-third of a horse-power in Canada and the United 
States, and the programme now contemplated will 
bring the developed water power capacity up to 
about one-fifth of a horse-power per head of the esti- 
mated population when the work is completed. 
There is, accordingly, prima facie reason to 
expect that even the provision that is being made is 
well within the needs of the population, and this 
view is borne ovt amply by the experience gained 
from the plants that have been completed. Milking 
machines, for instance, are run mostly on benzine 
engines, but in 1922 about 550 of them were taking 
their power from hydro-electric stations, and the 
number had doubled by March, 1923. In other 
respects dairy farms are a useful and widely distri- 
buted load, and the great pastoral industry with its 
large and increasing freezing works seems to offer 
a demand that will not easily be satisfied. The 
mining industry and many others are also substantial 
customers. The cost of energy, including amorti- 
sation, is nearer one-third than a half of that of 
electric energy produced by steam, which is very 
much cheaper than when produced by gas or by oil ; 
and although load factors are by no means un- 
satisfactory, it is hoped that, with increased develop- 
ment of hydro-electric power, uses for it will be 
found which will further improve the load factor and 
cheapen the cost. 

The mineral industry of New Zealand, though 
by no means unimportant, is not of the same 
order of magnitude as its agricultural and pastoral 
products. More than half of its total value is coal. 
Gold to the value of over half a million a year is 
now being produced—a considerable falling-off from 
the best earlier years—and nearly as large an 
income is derived from Kauri gum, found mainly 
in a fossilised condition, but to some extent bled 
from trees like rubber. Specimens are shown of 
a variety of ores and minerals, which indicate 
some deposits that may ultimately have a com- 
mercial value; but apart from Kauri the mineral 
resources of the country consist mainly of lime- 
stone and building materials of various sorts, 
which are used in the Dominion itself. The exhibit 
of Kauri is instructive as showing the various 
grades in which it is found and produced. 

Nearly one-fifth of New Zealand is forest land, 
of which it is estimated that about one-half the 
timber is merchantable, and rough and polished 
specimens of the Dominion timbers are exhibited. 
The New Zealand “ soft: woods ”—Kauri, red pine 
and white pine—are usually much harder and denser 


than the pine mostly used in Great Britain, and 
constitute the jarge majority of New Zealand 
production. There are, however, considerable 
quantities of beeches and other hard woods, 
including some similar to oak or chestnut and to 
lignum vite. There are many sawmills and other 
wood-using industries, which produce over 7,500,000/. 
worth a year, excluding the timber used in wooden 
buildings, and it is expected that some of the 
soft woods will be available for paper making. Of 
the furniture and similar industries many specimens 
are shown, notably a billiards table, piano, violins 
and furniture of all sorts. Woollens and clothings 
are also made and shown to some extent. 

Next to refrigerated products the most con- 
spicuous exhibit is that of wool, which includes 
fleeces representing every grade grown in the 
Dominion. Some tanning is also done, and 
specimens are shown of saddlery and other leather 
work. 

Very interesting exhibits are contributed by the 
education authorities, who, in New Zealand, are — 
particularly active and helpful. From a mechanical 
standpoint the exhibits of the Auckland Grammar 
School and Technical College and the Technical 
Colleges of Wellington, Christchurch, Palmerston 
North, Timaru, Dunedin and Invercargill, are 
worth mspection. While the scheme of education 
is broad, some mechanical instruction is given 
even in the primary schools, as is shown by an 
exhibit of metal work from Auckland. 

An important exhibit is that of New Zealand 
flax, derived from a special variety of plant, which 
yields an unusually fine and strong fibre. The 
machinery for milling this fibre has hitherto been 
made in New Zealand. The industry is considered 
likely to increase as the quality of the product 
gets more widely appreciated. 

Taken altogether, the Pavilion indicates that, up 
to now, New Zealand has devoted by far the largest 
part of its attention to its primary products and 
the manufactures that exploit them directly. 
Though these have already been developed to an — 
amazing extent, shortness of population and capital 
have prevented all from being done that might 
have been, and for a long period ahead this pro- 
duction is likely to increase. Secondary manu- 
factures, including those in the engineering trades, 
have started, and the extent to which they will go on — 
must depend on the extent to which manufacturers in 
this and other countries are able and willing to 
supply what is required to better advantage than 
it can be produced in the Dominion. There seems 
evidence that up to now as much has not been done — 
to use the opportunities of this rapidly-growing 
market as might have been, and the loss of trade 
involved in this policy will grow rapidly more 
considerable as the hydro-electric development of 
the Dominion extends. Not only in prime motors 
and in alternatives for the various mechanisms 
already used, but also in fresh machines addressed. 
particularly to purposes that would improve load 
factors, there seems to be a considerable oppor- 
tunity both at present and in an extended future. 


AUSTRALIAN TRADE IN JUNE.—The total values of the 
goods imported into, and exported from, Australia during 
the month of June, 1924, were 11,202,3621. and 7,217,412/., 
respectively. The latter figure included 6,772,967I. 
worth of Australian produce, 


THE YIELD OF THE SPITZBERGEN Coat Miyes.—We 
are informed by the Northern News Service, of Chris- 
tiania, that during the current season the Norwegians 
have produced from their coal mines in Spitzbergen 
between 250,000 and 300,000 tons of coal, or 15 per cent. 
of the whole annual consumption of Norway. 


ContTrRactrs.—The General Steam Navigation Company 
Limited, of London, have placed an order with Messrs. 
J. Samuel White and Co., Limited, East Cowes, Isle of 
Wight, for the building of a fast paddle steamer for their 
summer passenger service between London, Margate and 
Ramsgate. The vessel, which will be 300 ft. in length, 
will be fitted with all the latest improvements for the 
convenience and comfort of passengers and will be built 
under the supervision of Mr. William Gray, London, the 
naval architect and consulting engineer to the company. 
—We learn that the Becco Engineering and Chemical 
Company, Limited, of 158-160, City-road, London, B.C.1, — 
have secured two further repeat orders from the Gas, 
Light and Coke Company for water-softening plant to 
be installed at Beckton and Nine Elms, respectively. 
The Beckton plant will have a capacity of 480,000 gallons 
a day and that at Nine Elms of 108,000 gallons a day. ~ 
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NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—Conditions are decidedly mixed in the 
steel and engineering sections. Heavy steel is uniformly 
depressed, with apparently little prospect of early 
improvement. Production of basic steel has suffered a 
great setback by the strike of operatives for district 
wages and conditions at three of the largest establish- 
ments. Close upon 40 open-hearth furnaces have been 
shut down, and output has been reduced to about one- 
quarter of its former tonnage.. A certain measure of 
benefit has accrued to smaller firms producing material 
for rolling mills and forges, but on the whole consumers, 
in view of the general state of order books, show little 
disposition to contract forward. Stocks all round are 
exceptionally light, and the advent of a forward move- 
ment would immediately necessitate considerable 
purchases of semi-finished products. Compared with 
three months ago, makers of shipbuilding steel, heavy 
forgings, marine castings and turbine parts are doing 
an improved business, but, on the other hand, many of the 
orders placed some six or nine months ago for railway 
materials have been completed, and though conditions 
in the axle, tyre, and wheel departments are fairly 
active, the outlook is somewhat obscure. Bookings for 
crucible and other high-class steels are on a steadily 
improving scale. There is, however, considerable 
perturbation among firms operating furnaces devoted to 
the production of this class of steel respecting the effect 
of eight-hour day proposals. Local conditions are such 
that the operation of these would, it is contended, be 
economically impracticable, and would place products 
for which Sheffield is world-famous largely out of the 
market. Some of the lighter engineering branches are 
making steady progress, despite hostile tariffs, in consum- 
ing markets overseas. A considerable business on 
export account is being done in hack-saw blades. There 
is a steady demand for magnets of tungsten steel from 
British automobile engineers. Certain classes of small 
tools are also in better request now that German prices 
have been brought more to the level of those quoted by 
South Yorkshire makers. 


South Yorkshire Coal Trade.—A seasonal improvement 
is in evidence in better qualities of house coal. Both 
country consumers and those in London are coming 
forward rather more freely for winter supplies. There is 
still, however, a substantial surplus of secondary qualities, 
recent reductions having failed to relieve the market. 
An improvement is reported in best steam hards. Home 
buying is maintained, while export users appear to be 
attracted by the lower rates ruling. Cobbles and nuts 
show a slight improvement, but smalls have declined 
an average of ninepence on the week. Quotations : 
Best branch hand-picked, 32s. to 35s.; Barnsley best 
Silkstone, 26s. to 28s.; Derbyshire best brights, 25s. 
to 27s. ; Derbyshire best house, 23s. to 25s. ; Derbyshire 
best large nuts, 21s. to 25s.; Derbyshire best small nuts, 
15s. to 17s. 6d. ; Yorkshire hards, 21s. 6d. to 22s. 6d. ; 
Derbyshire hards, 21s. to 23s.; Rough slacks, 12s. 6d. 
to lds. 6d ; Nutty slacks, 12s. to l4s.; Smalls, 6s. to 
8s. 6d. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—Depressed conditions continue in the 
South Wales coal trade, and new business is not sufficient 
to absorb even the restricted output of the collieries, 
despite the numerous stoppages which have been effected 
in consequence of a lack of remunerative trade. The 
outlook, moreover, is regarded as none too bright. In fact, 
Mr. W. North Lewis, Chairman of the Windsor Steam 
Coal Company (1901) Limited, told shareholders at the 
annual meeting that, speaking with a considerable 
experience of the coal trade behind him, he could not 
remember the time when the outlook seemed more un- 
promising. The agreement recently forced on the coal 
trade was burdensome in the extreme, and would, he 
believed, prove most disastrous to South Wales ; not only 
to the owners, but also to the men. The agreement had 
only been in operation since May, but its effect had 
already been most seriously felt. Many collieries had 
had to shut down, at others men were under notice, and 
at many more the position was being viewed with the 
gravest alarm. It was quite impossible for this country 
to hope to compete successfully in the markets of the 
world, if they were to be handicapped by an excessive 
cost of production, brought about largely by working 
shorter hours and paying wages out of all proportion to 
their competitors. The slackness of trade is also affecting 
despatch to shipping, for, owing to the slow arrival of 
coal at the docks, some 30 vessels are waiting for landing 
berths. Meanwhile best Admiralty large coals are steady 
at 28s. 6d., because of the shortened production caused 
by wholesale colliery stoppages, but all other grades are 
in excessive supply, with prices a matter of individual 
bargaining. 

Tron and Steel—Exports of iron and steel goods last 
week amounted to 15,674 tons, compared with 16,079 tons 
in the previous week. Shipments of tin plates and terne 
plates totalled 6,299 tons compared with 6,942 tons, 
black plates and sheets to 4,686 tons against 6,909 tons, 
galvanised sheets to 3,087 tons against 1,465 tons and 
steel goods to 1,602 tons against 263 tons. 


Frre Warnincs.—We are in receipt of a card, drawn 
up by Dr. F. J. Waldo, H.M. Coroner for London, con- 
taining instructions relating to fires. All are warned 
against the dangers of gas leaks, chimney fires, and the 
common errors such as throwing water on burning oil. 
Copies of larger posters and cards may be obtained from 
the Town Clerk, Guildhall, London, E.C. 


NOTES FROM THE NORTH. 


Guiascow, Wednesday. 

Scottish Steel T'rade.—In the Scottish steel trade one 
week is very much like another, and reports show that 
there is exceedingly little business passing this week. 
One or two establishments have a fair amount of work 
on hand, but no pressure for delivery is being experienced 
by almost any of the makers. Those who secured a 
number of contracts when conditions were better were 
extremely fortunate, as there is little buying now. In 
shipbuilding material there is an absence of demand, and 
the majority of orders being given out at the present 
time are mostly small and for current requirements only. 
Structural sections are not in much request either, and 
over all the outlook is rather dull. It was freely anti- 
cipated that prices would be lowered lately in view of the 
severity of foreign competition for anything required 
and in the hope of stimulating home business, but makers 
decided to make no concessions meantime, as little or 
no margin prevails at present, owing to the heavy cost of 
production. The inquiry both on home and export 
account shows no sign of expansion. The black sheet 
trade continues the brightest spot in the industry, and 
active conditions rule allround. Market quotations are as 
follow :—Boiler plates, 131. 10s. per ton; ship plates, 
101. 5s. per ton; sections, 10/, per ton; and sheets, 
js to } in., 127. 10s. per ton, all delivered, Glasgow 
stations. 

Malleable Iron Trade.—No change of any kind falls 
to be reported in connection with the West of Scotland 
malleable-iron trade this week. Business is as difficult 
to secure as ever, and the prevailing hand-to-mouth 
conditions are most unsatisfactory and very disheartening 
to managements. The slight improvement in the re- 
rolled steel branch is fully maintained. Prices are 
unchanged with “‘ Crown ”’ bars called 12/. 10s. per ton, 
delivered Glasgow stations. 


Scottish Pig-Iron Trade.—The state of the Scottish 
pig-iron trade has varied very litthe over the week. 
Movement has been limited, although one or two local 
consumers have been more inclined to purchase a little 
at to-day’s quotations against their forward require- 
ments. These lots do not amount to any heavy tonnage, 
and have not had any appreciable effect on stocks. 
Foreign dealing continues slow and inquiries are not very 
plentiful. The current quotations are as under :— 
Hematite, 4/. 16s. 3d. per ton delivered at the steel- 
works ; foundry iron, No. 1, 4/. 18s. 9d. per ton, and 
No. 3, 41. 13s. 9d. per ton, both on trucks at makers’ 
yards. 


Shipments of Scottish Pig-Iron.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, August 23, amounted to 694 tons. 
Of that total 617 tons went overseas and 77 tons coastwise. 
For the corresponding week of last year the figures were 
280 tons foreign and 130 tons coastwise, making a total 
shipment of 410 tons, 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrppLEesBrouGH, Wednesday. 
The Cleveland Iron Trade.—Business in Cleveland pig- 
iron is on a very limited scale and values are weak, 
but sellers are hoping that autumn needs will prove 
larger than expected, and that the position willimprove a 
little in the near future. On the other hand, buyers are 
holding off in anticipation of a still further fall in prices. 
Whilst stocks at makers’ yards are stated to be well sold, 
customers are not taking out their full purchases, and 
make is in excess of present needs, so that the situation 
leaves a good deal to be desired. Though more is asked, 
No. 1 is obtainable at 89s., and No. 3 g.m.b. at 83s. 6d. 
Foundry No. 4 is put at 82s. 6d; and No. 4 forge at 
81s. 6d. 


Hematite.—The statistical situation in the East Coast 
hematite branch is unsatisfactory. Makers have heavy 
unsold stocks, which are being steadily added to. Sales 
are very slow and prices are distinctly easy. No. 1 is 
93s., and Nos. 2 and 3 at 92s. 6d. 


Foreign Ore.—Little business is passing in foreign ore. 
Sellers are keen to make contracts on the basis of best 
rubio at 22s. c.i.f. Tees, and orders could probably 
be placed on lower terms. 


Blast-furnace Coke.—Durham blast-furnace coke is very 
quiet, local consumers being disinclined to buy ahead 
to any extent. Good average qualities run from 25s, 6d. 
to 26s. delivered here. 


Manufactured Iron and Steel.—Sheet makers keep very 
busy and report continued heavy inquiry, but almost 
all other branches of manufactured iron and steel are 
characterised by extreme quietness. The export price 
of galvanised corrugated sheets is fully 187. 10s., and 
black sheets are firm at 131. A few small overseas 
orders for other articles have been booked at low figures. 
Export prices are still matters of individual negotiation, 
but the following are still the recognised market figures 
for home trade, though in some cases lower prices have 
been taken : Common iron bars, 12. 10s.; iron rivets, 
141. 5s. ; packing (parallel), 91. ; packing (tapered), 121. ; 
steel billets (soft), 8/. 10s.; steel billets (medium), 9/.; 
steel billets (hard), 9, 10s. ; steel boiler plates, 13. 10s. ; 
steel ship, bridge, and tank plates, 10/. 5s. ; steel angles, 
101. ; heavy sections of steel rails, 9/.; and fish plates, 
131. 


THE STAFFORDSHIRE IRON AND Steet Instirurr.— 
Until lately having headquarters at 1, Bescot-road, 
Walsall, the Staffordshire Iron and Steel Institute has 
now removed to 74, Persehouse-street, Walsall. 


NOTICES OF MEETINGS. 


Tue InstiruTion oF RusBer INpustry.—Monday, 
September 1, at 8 p.m., at the Engineers’ Club, Coventry- 
street, W. ‘The Acidity of Raw Rubber,” by Dr. G. 
Stafford Whitby. 


Tue Iron AnD STEEL InstituTe.—Autumn Meeting.— 
Thursday, September 4, and Friday, September 5, in 
Conference Hall No. 3, British Empire Exhibition, 
Wembley. Preceded by a Reception by the President 
and Lady Ellis at Princes’ Galleries, Piccadilly, W. 1, at 
9 p.m., on Wednesday, September 3. Thursday, 
September 4, at 10.30 a.m., General Meeting. Papers to 
be read and discussed :—Mr. M. A. Grossman and Mr. 
E. C. Bain: ‘On the Nature of High-Speed Steel ”’ ; 
Mr. L. Aitchison and Mr. G. R. Woodvine: ‘‘ Changes of 
Volume of Steels during Heat Treatment’; Mr. C. A. 
Edwards: ‘ Pickling: The Action of Acid Solutions on 
Mild Steel, and the diffusion of Hydrogen through the 
Metal”; Mr. F. C. Thompson and Mr. E. W. Millington : 
“The Effect of Free Surfaces on the Plastic Deformation 
of Certain Metals.’ Friday, September 5, at 10.30 a.m., 
‘“ Ferrous Alloys Research.”’ Part I.—Introductory, by 
Dr. Water Rosenhain. Part IJ.—‘ Iron and Oxygen,” 
by Mr. Fred. 8. Tritton and Dr. D. Hanson. Part L11.— 
““The Estimation of Oxygen in Pure Iron,” by Mr. T. B. 
Rooney. Dr. W. Rosenhain: ‘‘ Present Position of the 
Theories of the Hardening of Steel.”’ Mr. Axel Hultgren : 
““ Improvements in the Brinell Test on Hardened Steel, 
including a New Method of Producing Hard Steel Balls.” 
Mr. C. Benedicks and Mr. V. Christiansen: ‘ Investiga- 
tions on the Herbert Pendulum Hardness Tester.” Mr. 
E. D. Campbell and Mr. G. W. Whitney: ‘‘ The Effect of 
Changes in Total Carbon and in the Condition of Carbides 
on the Specific Resistance and on Some Magnetic Pro- 
perties of Steel.”” Mr. J. Newton Friend and Mr. W, E. 
Thornycroft : ‘‘ Examination of Iron from Konarak.” 


TENDER.—The Ministry of Public Works at Buenos 
Aires, Argentina, are calling for tenders for the supply 
and delivery of 25 steam travelling cranes and one 
stationary electric crane. Tenders must be presented 
by 3 p.m. on October 27 next, by local representatives 
only. Further particulars may be obtained on applica- 
tion to the Department of Overseas Trade, 35, Old 
Queen-street, London, §8.W.1, quoting reference A.X.1255. 


BrapFoRp TECHNICAL CoL~LtEGE.—-The prospectus of 
the college for the session 1924-25 has now been issued. 
and contains full details regarding evening and day 
courses in textile technology, chemistry, dyeing, and 
mechanical, civil and electrical engineering. Courses in 
architecture, building, biology, pharmacy, mathematics, 
and physics are to be given, instruction in the latter 
subjects extending to the standard required for the 
London B.Se. degree. 


Messrs. WriLtiam Jessop anp Sons, Limirep.—For 
many years this firm has been exporting steel made at 
their works in Sheffield to America and Canada, and in 
addition, until recently, has owned all the stock in a 
company called the Jessop Steel Company, having a 
factory at Washington, Pennsylvania, which company 
has been making and selling some classes of steel in 
America and Canada. The demand for Jessop’s genuine 
Sheffield steel is so distinct from the demand for the 
American domestic product that Messrs. Wm. Jessop 
and Sons, Limited, have thought fit to sell their holding, 
consisting of all the stock in the Jessop Steel Company of 
Washington. This sale, however, by no means covers all, 
or even the principal part, of the firm’s interests in 
America, in spite of rumours circulated to that effect. 


THE Late Sir A. W. SmirHerRs.—The death of Sir 
Alfred Waldron Smithers, which, we regret to state, 
occurred on the 22nd inst., removes a figure well known 
in city circles, more particularly in connection with 
the financing and direction of railways. Sir Alfred 
was deputy-chairman of the South Eastern and Chatham 
Railway for some years previous to the time of its 
absorption into the Southern Railway Group. It was, 
however, as head of the Grand Trunk Railway in Canada 
that he was most prominently brought before the public. 
His connection with this company dates back to 1856, 
in which year he made his first tour of Canada. In 
turn he became vice-chairman and finally chairman in 
1909, devoting the best years of his life to the develop- 
ment of Canadian transport, in which he so materially 
assisted. Sir Alfred Smithers was in his 75th year. 


Explosives IN MINING OpERATIONS.—In Technical 
Paper 358, just issued by the Department of the Interior, 
through the Bureau of Mines, statistics are presented 
relative to the amount of explosives used in mining opera- 
tions in Great Britain and British Columbia for a period 
of several years. In Great Britain, where coal-mining 
operations are generally conducted on the longwall 
system, explosives are not required in such large quan- 
tities as in the United States. During the five years 
ended 1915, the consumption of explosives in Great 
Britain in mines under the Coal Mines Act, was 79 Ib. 
per thousand net tons of coal; in the five years ended 
1920, the consumption had increased to 95 lb. per thou- 
sand tons. The figures for British Columbia do not 
relate to years prior to 1915, but in that year an average 
of 149 lb. of explosives was used per thousand net tons 
of coal mined in the Province; in 1922, the average 
was 224 lb. During the last two years covered by the 
table, all shot firing at coal mines in British Columbia 
has been by electricity. 
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ELECTRICALLY-OPERATED NAVVY FOR THE MORWELL POWER SCHEME. 


CONSTRUCTED BY MESSRS. RUSTON AND HORNSBY, LIMITED, ENGINEERS, LINCOLN. 


(For Description, see Page 299.) 
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Fig. 1. Oomptetep Macutne Reapy ror Testing at Makers’ WoRKS. 


Ivporranr Ratbway AND Roap BripGe PRogects IN 
DenmarKk.—Whilst several works planned by the Danish 
State railways have been temporarily postponed on 
account of the less favourable financial position, the scheme 
for constructing a railway bridge across the Little Belt, 
connecting the island of Fuhnen with Jutland, is being 
energetically proceeded with. The engineers of the 
State railways are busy preparing the plans in detail, 
and in due course tenders will be invited on the basis 
of these plans. According to the present intention, 
the tenders will be invited under two different con- 
ditions, partly on the basis of the detailed plans prepared 
by the staff of the State railway department and partly 
as “free tender,” subject to certain conditions, but 
otherwise it will be left to the competing concerns to 
submit their own detailed projects. It is thought that 
this method may produce lower tenders. In case of free 
tenders, a commission will be appointed to choose 
between the tenders received. A grant of 50,000 kr. 
has been voted for work and prizes in connection 
with the projected high-level bridge across the Copen- 
hagen harbour and competitive designs are about to 
be invited, It is intended to connect Copenhagen with 
that part of the city which is called Christianshavn, 
which is located in the island of Amager, separated 
from Copenhagen by the harbour. The two existing 
bridges, Knippelsbro and Lanzebro,* both of which are 
modern structures and have been fully described in 
ENGINEERING, are inadequate to withstand the in- 
creased traffic and other means of communication have 
been under consideration for some time. The new 
bridge is planned to proceed from Dybbélsgade, to cross 
over the area of the goods station and the harbour to 
the island of Amager, and to terminate at Artillerivej. 
The bridge is to be 21°5 m. above ordinary water level, 
20 m. wide, and is to be capable of carrying all kinds of 
road traffic, but will not have a railway track. A large 
and thoroughly representative committee has been 
appointed to consider the proposals and plans to be sub- 
mitted. This committee will not include any foreigners. 


* See ENGINEERING, vol. xci, page 402. 


Fic. 2. Moror-GeENERATOR Set in Macurnery Oasin. 
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the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 
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THE LATEST COAL PROGRAMME. 


A FAVOURITE occupation of young men is to discuss 
how the universe was made and what modifications 
they would introduce if they had to make it again. 
In maturer life this disposition sometimes takes the 
form of elaborate designs for re-making some branch 
of industry. No industry has suffered more con- 
stantly from the interference of amateur recon- 
structionists than that of coal mining. It may be 
that such attempts have arisen from some ulterior 
influence, and have a wider scope than that industry. 
But whatever may be their origin or their real 
purpose, they usually take the form of prescriptions 
that extend far beyond the knowledge on which they 
could safely be based. 

The latest programme for reconstructing coal 
mining, and incidentally the mining of iron ore, 
fire clay, ganister, and similar deposits, has been 
put forward by Mr. Lloyd George in the form of a 
report from a Committee over which he has presided. 
The purpose of this body was to find out what was 
really wrong with the coal industry, and to formu- 
late proposals for reform that might be carried into 
effect by general consent and with the minimum of 
controversy and delay. It was not till March of 
this year that invitations were sent out to a number 
of persons to join it, and its report was ready for 
publication at the beginning of July. Of the 
composition of the Committee, which is said to be 
representative of industry and public life, the only 
specific statement that is made is that it included 
Liberal Members of Parliament, and that its recom- 
mendations are approved, not only by Mr. Lloyd 
George but by Mr. Asquith. No names.are given 
of the persons who composed the Committee or 
gave evidence before it, nor any technical details 
of the evidence they gave. “Special enquiries ” 
are said to have been made into what has been 
done in France and Germany since the War ; but the 
tenor of the report seems to show that the enquiries 
both here and abroad were more general than special. 
To this report (Coal and Power: The Report of an 
Enquiry presided over by the Right Hon. David 
Lloyd George, O.M., M.P., Hodder and Stoughton, 
ls. net.), the Mining Association have now issued an 
official reply: (Politics and Coal: An answer to 
“Coal and Power.” Mining Association of Great 
Britain), in which it stigmatises the proposals as 


unjust, unpractical and mischievous, a recrudescence 
of proposals made to the Sankey Commission and now 
put forward as a political rather than an industrial 
measure. 

In substance, the proposals may be shortly 
described. Attributing the main trouble in the 
industry to the existence of mine owners to whom 
colliery owners have to pay royalty, the Committee 


.would have the State purchase the entire mineral 


rights of the present mine owners, and grant leases 
to suitable persons or bodies upon such terms as 
they may think likely to improve the efficiency 
with which the coal deposits are worked, the 
prosperity of the industry, and the welfare and 
amenities of the workers. This transaction is to 
be carried out and the leases granted on the 
State’s behalf by a small body of Royalty Com- 
missioners, who are to be neither politicians nor 
attached to a Government department. The 
initial operation is estimated to cost some 
£70,000,000, payable in bonds secured on the 
profits of the industry ; and out of their purchase 
price the expropriated owners are to contribute 
£7,000,000 as a capital addition to the Welfare levy 
of £1,000,000 per annum, which is now proposed not 
to expire at the end of its six years, but to be made 
permanent. The properties to be thus acquired are 
those that are actually being worked or that are 
known to contain deposits of sufficient value to make 
their working desirable. By an ingenious device, 
the owners of properties believed to be of the latter 
class, are allowed five years within which to notify 
their estimate of their present value, which thereafter 
will become the basis on which the estate will be 
assessed for taxation if and so long as the State does 
not buy it, but at the State’s option may be replaced 
by a valuation in the event of purchase. Any 
minerals on estates in respect of which no such 
valuation is lodged, or on which the existence of 
minerals is unsuspected, will become the property of 
the State without compensation. The committee 
is likewise concerned to secure better utilisation of 
coal; and in order to hasten this, and incidentally 
to provide immediate relief to unemployment, it 
proposes to give the Electricity Commissioners 
compulsory powers for constructing trunk lines 
and other works to replace existing electrical 
generating stations by “‘ super-power stations.” 

The principal purpose of the provisions for 
acquiring mineral rights is to enable existing and 
future collieries to work to better advantage by 
mutual co-ordination, and as fast as possible to 
substitute new mines with more profitable deposits 
for old ones. To those who are familiar with the 
difficulties involved in co-operation between mines 
—difficulties not necessarily insuperable, but re- 
quiring for their solution a close scrutiny of the 
individual circumstances of the mines in question— 
the period of the Committee’s enquiry seems too 
short to have justified so sweeping a conclusion 
as that which they have reached. It seems difficult 
to imagine how, during the Parliamentary session, 
a body of members could have found adequate 
time to investigate the extent to which co-operation 
such as is desired is unlikely to be attained under 
the existing system, or the nature and magnitude 
of the difficulties that the Royalty Commissioners 
would have to face in defining the extent to which 
such co-operation should be enforced in the future. 
The extremely general terms of the report make 
it absolutely impossible to form an opinion as to 
how far the Committee considered such questions, 
or on what evidence they were led to expect a 
better result under the control of Royalty Com- 
missioners, who were to be subject personally to 
actions at law in the event of their exceeding their 
authority, than from the spontaneous action of the 
owners themselves. If they made due inquiry, 
they must have been aware that spontaneous co- 
operation had already been fruitful of results, as, for 
example, in the form of central pumping stations, 
and that much more might be expected in the same 
direction if the mine owners had a greater security 
from disturbance than the circumstances of the 
industry during this century have ever allowed. 

The report lays hardly less stress on the duty 
that the State owes to the miners. According to 
its account, the conditions of life to which their 
employment condemns them give them a unique 
claim on the assistance of the other parties to the 
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industry or even of the State itself; and while 
acknowledging that the industry must be made to 
pay before it can discharge this duty permanently, 
and that the responsibility for making it pay must 
be left strictly on the owners, the report urges that 
the working miners, who are not to share responsi- 
bility, must be given an effective voice in deter- 
mining the policy to be adopted by the owners. 

The facts, however, are far from making out any 
such superior claim on the part of the miners as 
these proposals suggest. The recent regulation of 
the shares of owners and miners in the profits of 
the industry has given the miners definite protection 
against being deprived of the major share of such 
profits as the mines may earn. Their actual earn- 
ings in real wages, 7.e., corrected for increase in the 
cost of living—are under 2 per cent. less than they 
were before the war, while the hours for which they 
work are 124 per cent. less; and even with this 
increase in their leisure, many of them absent them- 
selves frequently from the mines for the mere 
reason that they are not disposed to work. It may 
be thought that this is due to the arduous nature 
of their occupation and the strain it imposes on 
their health and strength. Among those who 
profess to speak on behalf of the miners no oppor- 
tunity has, indeed, been lost of suggesting that the 
occupation and the conditions in which it is pur- 
sued levy a far higher tax on the vital capacity of 
the worker than ordinary occupations. As a fact, 
however, it turns out that, although this was per- 
fectly true 70 years ago, for many years past it 
has been the exact reverse of the truth. 

Dr. J. S. Haldane, whose competence and impar- 
tiality are beyond suspicion, has pointed out that in 
the figures for 1910-12 the death-rate of employed 
and retired coal miners was substantially below that 
of all employed and retired males, and except for 
the age group from 15 to 25, was lower than in every 
decade of life. In his judgment, indeed, the figures 
show that the life of a collier under present con- 
ditions is an exceptionally healthy one, and that on 
balance the healthiness of the conditions in which 
he lives more than compensate for the extra 
risk from accident; deaths among colliers from 
causes other than accident are “ very considerably 
below the. average for other occupations.” So far 
as concerns accidents, which at present are about 
0-4 per thousand in excess of the rate in the general 
population, more than half those that occur in coal 
mines are due to falls of roof, which to a large extent 
arise through the neglect of precautions by the 
miners themselves. The death-rate from explosions 
is now only one-twentieth of what it was fifty years 
ago. Such results give little evidence of indifference 
or incapacity on the part of existing owners in 
promoting research into means of increasing the 
safety of their workings, or of slowness in putting 
the results into practice. The records of the several 
bodies that have been working on questions relating 
to safety in mines give, on the contrary, the most 
direct evidence of the constant enthusiasm with 
which attempts to minimise these dangers have 
been pursued. This continuous zeal has made and 
kept British coal mines the safest in the world, as 
admittedly they are; and the suggestion that 
mine owners neglect measures of safety for the sake 
of dividends is contradicted by the record of what 
they have done no less than by statistics. 

The Committee’s proposals find as little support 
in economical considerations. If mining royalties 
were simply extinguished without compensation, 
the cost of coal would be relieved by about 6d. a ton, 
against a rise of price at the pit’s mouth of over 
10s. a ton since the war, and a balance to the 
colliery owner varying from a profit of 2s. 9d. 
a ton to a loss of ls. 7d. No juggling with the 
owner’s 6d. can therefore have a serious direct 
effect on the handicap of dear coal under which 
our manufacturing industries suffer, and so far 
as the particulars given permit a judgment to 
be formed, the proposed powers of both Royalty 
Commissioners and Electricity Commissioners, if 
they were operative at all, would add profoundly 
to the present grave economic dangers of the 
country. The proposals are of the same order as 
many initiated during the war. The practice of 
war is distinguished from that of peace in being 
absolutely indifferent to cost when a military 
need is in question, and in no way was this difference 


shown more conspicuously during the great war 
than in the recklessness with which economic 
decisions were taken so soon as it was believed that 
they would supply what was required, without 
waiting to inquire whether more deliberate means 
would yield the same result at a less expense, or 
even whether it was certain that the immediate 
course would be effective. This recklessness was 
doubtless often justified in war; but the proposals 
of Mr. Lloyd George’s Committee must be con- 
demned because they show the same recklessness in 
critical times of peace. 

The memory of engineers is not so short that it 
has forgotten the effect of Government control 
on the development of the electrical industry, 
our backwardness in which the Committee deplores, 
and of the motor-car industry. To take out of the 
hands of colliery owners and managers the decision 
as to when a deposit is or is not so worked out 
that it can be prudently abandoned for ever, 
when neighbouring properties could profit by 
conjoint works, and the many other intricate 
questions that can be answered only by intimate 
knowledge and trained experience would be to 
cripple the action of those who under any system 
must bear the responsibility for the mine’s success. 
To put. down super-stations at the pit’s mouth 
when the manner in which the coal should be 
burnt is~ still uncertain—only a week or two 
ago the scope of the investigations into alternative 
means had. to be hurriedly enlarged—would be a 
wild and unjustifiable gamble, with long odds 
against success. Least of all can such proposals 
as those of the Committee be applied prudently 
when they bear the mark of an endeavour to 
compromise with the avowed enemies of our 
economic state. Again and again one party 
professing to be in the miners’ camp has avowed 
candidly that its purpose is so to bleed industry 
that capital will be compelled to retire from it, 
and leave it to be administered on communist 
or socialist lines. How many of the 43 Members of 
Parliament whom the Miners’ Federation maintains 
in the House to promote what the Federation 
regards as the interests of the miners are intent on 
this method of dispossessing capitalists is not for us 
to inquire. We speak solely from the point of view 
of technical administration, and nothing is clearer 
than the fact that the scheme embodied in this 
report does not meet the fundamental difficulties of 
the operations it recommends. If carried into law 
it would add gravely to the difficulties of the coal 
mining industry and those that depend on it. 


THE SEVERN POWER SCHEME. 


THE communication that has been made this 
week to the press in regard to the Severn power 
scheme will relieve some natural anxiety that may 
have been caused by Mr. Snowden’s statement on 
July 30 that the Government had decided to 
revive the Severn barrage scheme for the purpose 
of relieving unemployment. It will be remembered 
that it was then announced that the Government 
had agreed to spend about 95,0001. on a full 
investigation, which the tenor of the statement 
seemed to imply would be directed rather to 
defining the location and design of the intended 
works than to ascertaining whether in fact any 
such scheme was practically feasible at all. It is 
now announced that the investigation has been 
placed in the hands of the Department of Scientific 
and Industrial Research, and that before any large 
works or even the definite determination of the 
necessary data are undertaken, a preliminary 
investigation will be made of a more limited scope. 
It is recognised, in fact, that before the site and 
design of works for harnessing the tidal power of 
the Severn can be usefully or even prudently 
considered, at least two preliminary classes of 
observation must be made. On the one hand, it 
must be ascertained whether prima facie any 
suitable site would be available that could carry 
the vast dam that would be necessary, and on the 
other hand a considered opinion must be formed 
as to whether the contemplated works could be 
carried out consistently with the geological, hydro- 
graphical and economic circumstances of the 
district, assuming that preliminary investigations 
had shown that safe foundations could be found. 


Accordingly, Lord Parmoor, the Lord President 
of the Privy Council, under which the Research 
Department operates, has appointed a committee 
to supervise and direct certain preliminary investi- 
gations into “the feasibility of the scheme for 
using the tidal power of the river Severn for the 
production of electrical power by the erection of 
a barrage across the river.” The chairman of this 


committee is Mr. G. 8. Albright, whose work both — 


on the Water Power Resources Committee and as 
chairman of the Nitrogen Fixation Committee will 
be remembered, Professor A. H. Gibson and Mr. 
Maurice Wilson on the engineering side, and Mr. 
G. W. Lamplugh and Dr. J. 8. Flett as geologists. 
This committee, the constitution of which will 
command general confidence, will receive in the 
first instance a study by the Geological Survey 
of the stratigraphical formations in the neighbour- 
hood of the suggested sites, and will have preliminary 
soundings taken with a view to determining the 
contour of the river bed at the proposed sites and 
preliminary measurements of the flow of water at 
different states of the tide and presumably under 
different wind conditions. Simultaneously it has 
been referred to Sir Maurice Fitzmaurice and Sir 
John Purser Griffith to report generally by the 


end of the year in the light of the above data — 


whether a barrage can be constructed, assuming 
that safe foundations exist. 
This scheme of work will obviously not cos 
anything like the sum contemplated for the entire 
preliminary investigations to which Mr. Snowden 
referred. It represents the least that can be done 
to warrant iurther steps being taken, and until the 
results of these inquiries are known, any further 
expenditure would be merely speculative. In the 


event of the inquiry showing that safe foundations 


can be obtained and that the scheme is in fact 
feasible as an engineering proposition, still further 
investigations will then become necessary before 
any definite opinion can be formed as to whether 


it could be translated into actual practice in the 
circumstances in which it would have to be applied.. 


Only when these questions have been answered 
in the affirmative could any steps be taken prudently 
that would have an appreciable effect on the present 
condition of industrial employment. 

From the suggestion that the scheme should be 
revived as a measure for the relief of unemploy- 
ment, it seems indeed as if the Government had 


under-estimated the magnitude and complexity 


of the project, and the step-by-step process of 
investigation that the Research Department is 
adopting is not only required by ordinary prudence 
but may prevent the waste of large sums of publi¢ 
money. Mr. Snowden did not exaggerate when he 
stated that, if the scheme were carried to a successful 
issue, it would be one of the most difficult engineering 
feats in the history of the world. As such its 
accomplishment would be gratifying in all ways ; 
but the size and difficulty of the proposition do 
undoubtedly demand correspondingly great care 
in making sure that it is sound, for the consequences 


of failure would be proportionately disastrous. 


No interference with the natural flow of rivers is 
possible without causing indirect consequences, 
which in the Severn scheme may be expected to 
be more than usually redoubtable. To obtain the 
contemplated power, the barrage must be con- 
structed across a wide stretch of the estuary, 
and the district affected is already so lightly 
developed that the possible consequences have 
to be followed in many directions. 

Before any definite works can be contemplated 
it will be necessary, for example, to make a careful 
study, not merely of the natural reservoir accom- 
modation that is available, but also of the pro- 
cesses of silting that go on in the estuary. 
Apart, again, from the necessary difficulties of 
design and construction, provision would have to 
be made in the barrage to allow the passage of ships 
to ports such as Sharpness, which presumably 
must be situated above it. The trade of these 
ports is done at present by vessels of as much as 
from 2,000 to 3,000 tons, and it would be necessary 
for these to pass up to their destination during the 
process of constructing the barrage as well as after- 
wards. The Great Western Railway, too, has 
reason to regard the construction of a bridge over 
the Severn ‘as necessary to complete its traffic 
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arrangements in the district, and constructional 
questions would arise as to the relation between 
such a bridge and the barrage. 

These are merely examples of technical questions 
of fundamental importance that would have to be 
answered before the scheme could be safely initiated. 
There are, however, in parallel with these technical 
questions a number of economical aspects that must 
be considered when determining whether, if the 
scheme were practicable as an engineering work, 
it could pay economically. The district, for 
example, is not itself a great manufacturing centre, 
and sufficient inquiry would have to be made to 
ascertain whether the farming uses (which in 
New Zealand, for example, have been found to 
provide a very useful load for hydro-electric stations) 
or other local industries would be able to take a 
sufficient quantity of current, or whether the cost 
of transmission to the nearest great manufacturing 
centres would leave the current sufficiently cheap 
to assure the desired market. Even before such 
an enquiry, indeed, it would be necessary to 
estimate with some precision the cost at which 
current could be generated, as compared with 
what could be done by means of coal, of which 
such important deposits are available in the imme- 
diate neighbourhood. 

These observations are not in any sense a dis- 
eussion of the technical and economical questions 
that arise on the Severn scheme, nor do they imply 
any opinion as to its engineering and economic 
practicability. No such opinion can be formed 
without the information that the Research Board’s 
Committee is seeking, and the questions suggested 
above as requiring to be answered before the 
scheme can be adopted safely are merely illus- 
trations of how great and far-reaching the inquiries 
must be to justify’ the works being undertaken. 
The result of such inquiries may be wholly satis- 
factory, and the resources of the country be enriched 
ultimately by a source of power as yet untapped, 
and an engineering work of which the like does not 
yet exist. A cultivated imagination can obtain 
such results easily in the study, and with the support 
of public funds can proceed to considerable lengths 
in the enthusiastic endeavour to realise them. 
In proportion, however, to their size and to the 
extent of the benefits that they might yield if 
successiul, is the waste or even disaster that would 
arise from their failure, and the indispensable 
necessity for investigation at each stage. Any 
works less suitable to be undertaken summarily in 
relief of unemployment it would be difficult to 
conceive ; and if, as Mr. Snowden’s statement in the 
House of Commons seemed to imply, the Govern- 
ment ever contemplated proceeding with the scheme 
on these lines, or even embarking forthwith on 
investigations involving the large sum that he 
mentioned, its second thoughts have saved it from 
a grave imprudence. They illustrate, too, not 
for the first time, the value of the Research Depart- 
ment’s function in bringing to bear on a problem 
of the. first magnitude in industrial science the 
co-ordinated judgment of men of the first eminence 
in its practice, whose individual work is done 
outside the grooves of a Government Department. 


INDUSTRIAL CINEMATOGRAPHY. 


THE adage that time and tide wait for no man 
has been in part falsified by the evolution of the 
cinematograph, which provides a method by which 
actual time intervals can be slowed down indefinitely. 
Thus a sequence of rapidly-succeeding operations or 
processes can now be examined at leisure. A strik- 
ing illustration of the utility of the cinema camera 
for effecting such analyses was given by Professor 
C. E. Larard at the Dundee meeting of the British 
Association in 1912. He showed a complete cine- 
matograph record of the rupture of a bar in torsion, 
every detail of the process of fracture being shown 
on a highly-magnified scale. Professor Larard’s 
aims were scientific, but there have been cases in 
which the camera or the stroboscope has been used 
to control industrial processes, particularly in the 
textile trades, where certain cases of repeated thread 
breakage were in this way completely elucidated. 
Many manufacturets in the Birmingham area have, 
it appears, been anxious to apply similar methods 


to certain of their own problems, but it has hitherto 
proved extremely difficult to provide satisfactory 
lighting. This led to the matter being taken up 
by the Industrial Research Laboratory of the City 
of Birmingham Gas Department. This labora- 
tory, which was inaugurated some six years ago, 
has proved to fill a distinct want, and as a result 
it has, under the direction of Dr. C. M. Walter, 
the engineer-in-charge, grown into a completely- 
equipped public testing laboratory, provided with 
testing machines, of which the largest has a capacity 
of 100 tons, with an experimental foundry, and 
with the furnaces and other gear needed for the 
study of methods of heat treatment. Metallographic 
work is also undertaken. The laboratory has, more- 
over, been permitted by the Board of Trade to 
register its own test mark. Test bars thus stamped 
are recognised as authoritative by the Air Ministry 


Hither Green-lane, London, §.E.13, working in 
conjunction with the Thermal Syndicate, Limited, 
has been found most effective, and a demonstration 
of its utility in the taking of cinema views in badly- 
lighted interiors was given at the laboratories on 
Wednesday last, 

The lamp in question has a quartz body. It is 
self-starting, and the mercury vapour is at atmos- 
pheric pressure and not at a high vacuum, as in 
the original mercury lamps first inroduced nearly 
a generation ago. The plan of working at atmos- 
pheric pressure has, moreover, not merely its 
obvious mechanical advantages, but a comparison 
of the spectra taken with the mercury in a high 
vacuum, and at atmospheric pressure shows that 
the latter is materially better as a source of 
actinic rays. 

A photograph of the lamp in question is repro- 
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and other important purchasing organisations. That 
this important testing department should have 
developed out of a research laboratory established 
by the Birmingham gas undertaking, is perhaps 
less remarkable than it appears at first sight, since 
town gas is used on an enormous scale in Birming- 
ham for metallurgical furnaces of all kinds. One 
firm alone takes all the gas an 8-in. main is able to 
supply. A good deal of the work of the research 
laboratory has moreover consisted in showing 
manufacturers how gas furnaces should be designed 
and operated. The earlier types were very badly 
insulated and correspondingly wasteful of gas. 

It was to these laboratories, therefore, that the 
manufacturers desirous of using the cinematograph 
turned for assistance in the matter of securing more 
satisfactory lighting. Methods based on the use of 
are lamps or 4-watt wire lamps are stated to have 
taken considerable current and given comparatively 
poor results. The laboratory turned, therefore, to 
the mercury lamp, of which the pattern due to 
Messrs. Kelvin Bottomley & Baird, Limited, of 299, 


duced in Fig. 1, but its construction and operation 
will be more easily understood from the diagram- 
matic view, Fig. 2, in which, however, certain 
component parts have for the sake of greater clear- 
ness beén displaced from their actual positions. 

The diagram represents the lamp out of action. 
The whole of the tubing below and beyond the level 
C D is filled with mercury, and into this at B pro- 
jects the negative electrode, which is a tungsten wire. 
In the condition represented by the diagram, the 
positive electrode A stands clear of the mercury 
and hence no current can pass from A to B through 
the mercury, but there is, as will be seen, an alter- 
native path from A round a heating coil placed on 
the branch E and into the mercury at the branch F, 
from whence the current proceeds through the 
mercury to the negative electrode at B. 

Mercury vapour generated in the branch E by 
the heating coil passes into the main tube, which 
is somewhat constricted at the point where the 
branch E joins on. This vapour causes the mass 
of mercury to break in two at this constriction. 
The portion on the left is forced back by the 
mercury vapour, and ultimately raises the level 
CD up to the electrode at A. The current then 
passes through the tube, forming a mercury arc 
between the two portions into which the liquid 
has been separated as described. The formation 
of this arc shortcircuits the heating coil at E, 
which drops, therefore, automatically out of action. 
Should, however, the current be interrupted, either 
intentionally or accidentally, and the are broken, 
the heating coil will, on the current being turned 
on again, start up equally automatically and 
restore the light. The lamps are made for voltages 
as low as 85, but those used at the demonstration on 
Wednesday were run on a 440 volt circuit. 

It is impossible to use the term candle power in 


296 


ENGINEERING. 


[Aue. 29, 1924. 


MULTI-SPIN DLE 


CONSTRUCTED BY 


connection with these lamps, since the most import- 
ant part of the spectrum lies in the ultra violet, far 
outside of the visible region. In fact, the visible 
spectrum only covers about one-third of the total 
range of wave-length obtained. 

These ultra violet rays have, as is well known, 
the property of killing bacteria, and hence the lamps 
can be used for the sterilisation of water. They 
are also used for taking micrographs of bacteria, 
the short ultra violet rays bringing out clearly 


details much too fine to be obtained with the 
relatively long waves constituting the visible 
spectrum. The rays have, moreover, the property 


of rendering certain bacteria fluorescent, so that 
they become visible, but to get the best results 
it is necessary to employ quartz lenses. These 
have hitherto been made of rock crystal, but, 
as is well known, this is not an isotropic body, 
but has different optical properties in different 
directions, and care must therefore be taken to 
ensure that the optic axis of the crystal coincides 
with that of the lens cut from it. Within the last 
few months, however, Messrs. Kelvin, Bottomley 
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and Baird and the Thermal Syndicate have suc- 
ceeded in producing perfect specimens of fused 
silica. These are free from both bubbles and 
striz, and in every way comparable to the best 
optical glass. The largest lenses yet made of this 
beautiful new material are 24 in. in diameter, but 
it is hoped to exceed this limit as further experience 
is gained. 

In view of the opacity of glass to ultra violet 
rays, this material should not be used for micro- 
scope cover slips, and these are therefore now being 
made of the improved fused silica, The cover 
slips in question are periectly flat and parallel 
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STRESS MEASUREMENTS ON 
WESTMINSTER BRIDGE. 


WHILE no anxiety is felt as to the security of 
Westminster Bridge, the London County Council 
has considered it advisable to investigate the 
effect upon it of the heavy self-propelled traffic 


AND TENONING MACHINE. 


SONS, LIMITED, ENGINEERS, ROCHDALE. 


which it now carries. The consulting engineers 
for the work were Messrs. Rendel, Palmer and 
Tritton, 12 and 14, Dartmouth-street, Westminster, 
S.W.1, and this firm has recently carried out a series 
of measurements for the detection of any possible 
movement in the piers and also to ascertain the 
actual stresses in the material of the arch ribs 
under various traffic conditions. The bridge 18 
composed of seven metal arch spans of different 
lengths, the longest, in the centre, having a span of 
about 121 ft. For the stress measurements, the 
Fereday-Palmer stress recorder was employed, this 
instrument, which was illustrated and fully des- 
cribed in our issue of January 30, 1920, on page 138, 
enabling a continuous photographic record of the 
stress variations to be obtained on a moving sensl- 
tive film. 
Some of the shorter bridge spans having 
been previously.investigated, the central span was. 
dealt with on Tuesday last, the 26th instant. 
Stress measurements were commenced in the 
early hours of the morning, with no traffic 
on the bridge, and continued with the traffic 
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ENGINEERING. 


TENONING 


MACHINE FOR 


SASH AND 


DOOR WORK. 


CONSTRUCTED BY MESSRS. THOMAS ROBINSON AND SONS, LIMITED, ENGINEERS, ROCHDALE. 
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diameter by 83 in. face and run at 260 revs. The 
approximate brake horse-power required for operating 
the machine is 15, while the width of floor space 
required is 9 ft. 

The small tenoning machine, shown in Figs. 6, 7 
and 8, has been designed for sash and door work to 
suit joiners, builders and all kinds of coach-makers. 


The framework of the machine has mounted upon | 


it two slides over which the movable carriage 
supporting the wood being worked on travels by means 
of dust-proof rollers. Adjustable stops are fitted to 
determine the distance between shoulders in tenoning, 
and to avoid the necessity for setting out. On this 
sliding table are mounted two threaded arms, carrying 
a hand lever cramp. A quick-acting eccentric cramp 
is also fitted. ‘To the left of the framework the two 
steel cutter spindles, mounted in double row ball bear- 
ings, are apparent, the various knobs and handle at the 
top controlling the two-way settings. These two 
spindles are separately driven by separate belts; the 
main pulley actuates the lower vertical cutter block. 
In Fig. 8, the machine is shown equipped for single 
scribing, a 2-in. deep cutter block being mounted, 
the grooving—or ‘‘ drunken ’’—savw, of 74 in. diameter, 
on the lower vertical spindle allowing double tenons 
up to 2} in. long to be obtained. Guards are provided 
for the top and bottom tenoning cutters. he 
12-in. vertical saw, visible in Fig. 8, is made to 
advance or retire in a direction perpendicular to 
its plane by means of a hand knob controiling, by 
screwed-bar, the shaft on which it is mounted. This 
shaft is mounted in double-row ball bearings, and the 
pulley rotating it is of such a breadth as to permit 
the travelling of the saw. The upper vertical cutter- 


block spindle is driven by cross-belt from one 
of the two pulleys shown together at the top 
of Fig. 8, the saw being independently driven. 


The maximum size of timber which can be taken 
by the machine is 12 in. by 4 in., the greatest 
length of tenon that can be cut being 4 in. The driving 
pulleys are designed for a speed of 1,000 revs. while a 
power of 4 b.h.p. is required to drive the machine. 

A description of the machine would, however, be 
incomplete without a reference to the principle adopted 
for the ball-bearing saw spindle mounting. This mount- 
ing forms a complete unit in itself, and is supported 
from, and Jevel with, the top of the holding bench, thus 
being readily accessible for inspection. The rear bearing 
is carried on a steel sleeve or tube through which the 
saw spindle passes without coming into contact with 
it. This sleeve projects into and supports the driving 
pulley, the outer boss of which is keyed on to the end 
of the saw spindle. Further, the loose pulley, which 
runs on ball bearings, is carried by a stud quite sepa- 
rate from the saw spindle, so that it is impossible to 
start the saw should seizing of the loose pulley take 
place. 

Finally, the increasing use of electric motors for 
workshop driving has led to provision being made for 
such driving in the case of these machines. In the 
first type, owing to the low speed of the countershaft, 
260 revs., it is necessary'to belt or gear-drive from a 


Fig. 7 
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standard speed motor. Suitable spur gearing for such 
cases can be fitted. So far as the multiple spindle 
machine is concerned, however, direct coupling may be 
employed with a motor having a speed of 750 revs. 


INDUSTRY FROM THE INTERNATIONAL 
STANDPOINT.* 


Tue time has surely come when questions of trade 
must be considered more from an international stand- 
point. But in order that this may be done the neces- 
sary organisation must exist. I am no politician, but 
I regret very much that the permanent Economic 


* Abstract. of address delivered at the Independent 
Labour Party Summer School, Cloughton, Yorkshire, 
August 22, 1924, by Mr. W. L. Hichens (Chairman, 
Cammell Laird and Co., Limited). 


GENERAL VIEW OF MACHINE. 


Committee suggested at the last Imperial Conference 


has not been appointed, for it might have become an 
imperial organisation for dealing with these wider ques- 
tions. But in addition to that there is a real need for 
an international body to consider the international 
aspect of trade. Clearly this should be a function of 
the League of Nations. Already it deals with inter. 
national labour questions and it has here a very) 
important field of activity. But this is only one side 
of a bigger problem. For the good of the Empire 
there must be a body that can think imperially on) 
trade questions ; for the good of the world there must 
be a body that thinks internationally. j 

Meanwhile, unless we are to starve we must not 
only maintain, we must extend, our foreign trade a 
meet the needs of our growing population. It is 4 
matter of common knowledge that at the present 
time the volume of our foreign trade is less thar 
three-quarters of what it was in 1913, and even this 
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is being seriously threatened. The conclusion seems 
to me unanswerable that we can only increase—we 
can only maintain—our foreign trade by cheapening 
production. If a man cannot afford to pay 30s. for 
a pair of boots, but is willing and able to pay 20s., 
we must reduce our price if we wish him to be a 
customer. Still more, if someone else is willing to 
sell similar boots at 20s. we must reduce our price 
if we want customers. How is this to be done ? 

In the engineering trade there is undoubtedly room 
for the adoption of improyed machinery and for 
better organisation. But mechanical improvement is 
a gradual process. On the whole, as a result of the 
great war-time expenditure, they are far more efticient 
than in pre-war days. In fact, that is one of our 
troubles—the development has been so great that 
our establishments have outrun all possible demand 
inthe nearfuture. The important thing for engineering 
is that other industries should adopt the mechanical 
improvements that engineers can suggest. Our docks 
and harbours, for instance, are often badly laid out and 
equipped, and it is an urgent need that they should 
be brought up to date. But so far as the engineering 
industry is concerned, more can be done by reorganisa- 
tion than by re-equipment. As I have mentioned, 
one result of the war has been an over-development 
of engineering shops in this country; there is not 
enough work to keep them all fully employed, and 
some of them must go. Competition will probably 
eliminate the most unfit, but a more thoughtful policy 
is needed if unnecessary suffering is to be avoided. 
I think bigger units of production are necessary if we 
are to compete successfully against the United States 
and Germany. This should be achieved not so much 
by extending existing factories (for there are too 
many already) as by pursuing a policy of amalgamation. 
I do not suggest one big combine—that would be 
unwieldy and inefficient—but a moderate reduction 
in the number of existing units through amalgamation 
should, I think, be encouraged. I can see no other 
way in which mass production can become a reality 
in this country. How can you have mass production 
when a hundred firms are all scrambling for one 
order? The result is that each firm is kept barely 
alive by intermittent and diverse fragments. 

There are two further important advantages to be 
gained by a wise policy of co-ordination. In the 
first place the larger groups will have at their disposal 
a wider fund of knowledge and experience upon which 
to draw. The experience of every member of the 
group will be available to all, which will result in 
raising the general standard of efficiency. In_ the 
second place these bigger units will be in a position 
to spend more money on research. There is another 
kind of research which is also neglected. I refer to 
research on the human side of the industrial organisation. 
Much valuable work has already been accomplished 
by the Industrial Fatigue Research Board, and I hope 
that it will continue to receive the support of the 
Government. I believe, too, that the industrial welfare 
movement has an important part to play in the human 
research work that ought to be carried out, provided 
that the direction is not dictated from above. 

Capital is necessary, and since capital can only be 
derived from sayings, thrift must be encouraged. 

The vital fact for us, as I have said, is that we are 
dependent upon our foreign trade, and we can only 
maintain and develop our foreign trade if our prices 
compare favourably with those of our foreign rivals. 
At present our foreign trade in engineering products 
is seriously threatened by German, French, Belgian 
and Italian competitors, and the chief reason why 
they can underquote us is that their wages are lower 
than ours and they work longer hours. It is natural 
that we should wish for a higher standard of living 
than our European rivals, but it can only be realised 
if we produce more wealth per head of the population 
than they. If we have greater national resources, 
better machinery, superior organisation, a more 
industrious population, our standard will be higher, 
but not otherwise. Here again, to avoid the worst 
results of international competition, concerted action 
is necessary. And in this case the necessary organisa- 
tion exists. The International Labour Office of the 
League of Nations exists for the purpose of dealing 
with problems of this character, and it should, I suggest, 
concentrate its attention upon the difficult problem 
of the relativity of wages in different countries. 


Coan Snack FirEricHTers.—A company, under the 
title of the ‘“‘Criss-Cross Firelighters, Limited,’ 10, 
Charles-street, St. James’s, 8.W.1, has been registered 
to carry on the manufacture of a patented type of 
firelighter. The lighters are made of a mixture of 
ordinary bituminous coal dust, and other materials, 
compressed into perforated flat slabs. Each slab is 
¢ in. thick, and each lighter is made up by placing 
four slabs, one on the other, so as to obtain a “ criss- 
cross” effect. The four slabs are held together by a 
Special binding material. 


ELECTRICALLY-OPERATED NAVVY FOR 
THE MORWELL POWER SCHEME. 


Tue exceptionally large and powerful navvy which we 
illustrate on page 292 of this issue has been constructed 
by Messsrs. Ruston and Hornsby, Limited, Lincoln, 
to the order of the State Electricity Commission of 
Victoria, Australia, and will be used for excavating 
brown coal for use in connection with the Morwell 
power scheme for supplying electrical energy to 
Melbourne. The machine is similar with regard to 
its overall dimensions, and also in some of its design fea- 
tures, to the drag-line excavator which Messrs. Ruston 
and Hornsby constructed last year for the Sutlej 
irrigation scheme. The last-mentioned machine, which 
was the largest excavator of its type ever built in 
this country, was illustrated and fully described in 
our issues of December 21 and 28 last on pages 763 
and 795. The machine now illustrated, however, 
differs from that for the Sutlej irrigation scheme in 
that it is of the crane-navvy type, as will be seen from 
our illustrations, and also in that it is operated by 
electrical power instead of by steam. 

The crane-navvy type of machine, of course, exca- 
vates material from above the level on which the 
machine stands, and the particular excavator we are now 
referring to is capable of making a cut 75 ft. deep and 
60 ft. wide. Its digging capacity, working in the Morwell 
brown coal, is estimated at 3,000 tons in a working 
day of 8 hours. The bucket, which is provided with 
four cutting teeth, has a capacity of from 10 to 12 cub. 
yds., and is thus capable of filling an 8-ton wagon at 
each cut. Owing to the great reach of the machine, 
wagons can be filled at a distance of 100 ft. from its 
axis of rotation and at a height of 70 ft. above the level 
on which it is working. 

The excavator, as previously mentioned, is electri- 
cally operated throughout, energy being supplied at 
6,600 volts alternating current and converted to direct 
current at 440 volts by means of transformers and a 
motor generator set which is illustrated in Fig. 2 on 
page 282. Separate motors are provided for the 
digging, slewing and rigging operations and also for 
opening the door in the bottom of the bucket to 
discharge its contents. The electrical equipment 
also includes a motor-driven air compressor and a 
set of flood lights to enable the work to be carried 
on through the night. There are two main motors 
for the hoisting drum which is connected to the 
bucket by a wire rope over 2 ins. in diameter and 
having a breaking strain of 150 tons. The travelling 
motion is of sufficient capacity to move the machine, 
which weighs about 350 tons in working order, up a 
gradient of 1 in 10. 

The whole machine is mounted on a rectangular 
table having a four-wheeled bogie at each corner, and 
power for travelling is applied to each wheel. On 
the top of the table is a live-roller ring 30 ft. in diameter 
on which the revolving superstructure rests, as shown 
in Fig. 1, and the machine can make between 2 and 3 
complete revolutions in a minute. A complete cycle 
of operations, including digging, slewing, dumping, 
slewing back into the original position and lowering 
the bucket ready for the next cut, can be carried 
out in approximately 1 minute, so that in about an 
hour a long train of wagons can be completely loaded 
with coal. Only two men are required for operating 
the machine, one controlling the whole of the move- 
ments and the other attending to the lubrication, &c. 

The machine, as illustrated in Fig. 1, was completely 
erected at the makers’ works before despatch, and was 
tested with satisfactory results in all operations, 
except that of actual digging. This operation, it 
will readily be understood, could not be carried out 
owing to unsuitable conditions and also on account 
of the large quantity of material that would need to 
be handled even for a comparatively short test. In 
Australia the machine will work in the Latrobe River 
Valley, where it is estimated that some 10,000,000,000 
tons of brown coal are located in an area of about 60 
square miles. 


Tue AUTOMOBILE AssocIATION Map.—We have to 
hand an exceedingly useful hotel-location map covering 
Wales and the Central and South parts of England, 
issued by the Automobile Association. The map is 
supplied free to members, and is issued to assist 
the rapidly increasing number of motor travellers. 


Aut-STEEL Ratuway Coat Wagons.—We understand 
that there is now on view at the works of the Cambrian 
Wagon Company, Limited, East Moors Road, Cardiff, an 
example of a 20-ton all-steel railway wagon for coal 
traffic, constructed by the firm to the speeifications and 
drawings of the Railway Clearing House. The wagon is 
of the tipping type, with two side and two end doors, 
and is registered for main-line traffic by the Great 
Western Railway Company. The latter company, we 
may mention, offer a rebate of 5 per cent. in the railway 
rates in respect of coal conveyed over their system in 
20-ton wagons. The new steel wagon can be inspected 
at the Cambrian Wagon.Company’s works, and further 
particulars of it can be obtained on application to the firm. 


LABOUR NOTES. 


Amongst the resolutions passed by the “ National 
Minority Conference ”’ which took place in London on 
August 23 and 24, was one demanding “that the 
Trade Union Congress should instruct the General 
Council to call a special conference of representatives 
of the principal trade unions—miners, transport 
workers, railwaymen and metal workers—for the 
purpose of deciding on action to enforce an all-round 
increase of £1 per week.” An addition calling for a 
minimum wage of £4 per week was also adopted. 
Another proposal, which found immediate favour, was 
that the trade union movement should be called upon 
“to use its organised power to institute a 44-hours 
maximum working week.” One delegate moved as 
an amendment that the maximum should be 36 hours, 
and another that it should be 30 hours, while a third 
proposed that the abolition of all overtime should be 
insisted on. The original resolution was, however, 
carried by a large majority, with the addition of ademand 
for the abolition of all overtime and ‘“ spread-over ”’ 
systems. According to Mr. Tom Mann, who presided 
at the Conference, adherents to the National Minority 
Movement ‘are not disruptionists or anti-trade 
unionists.” Zhe Worker, the official organ of the 
British Bureau of the Red International of Labour 
Unions—which, by the way, organised this National 
Minority Conference—is apparently of a different 
opinion. In its issue for August 2% it says: ‘* The 
Minority Movement is the finest expression of a real 
working class challenge to the existing leadership. 
It represents the new spirit of struggle, as against 
the old spirit of jobbery. It represents the determined 
intention of the militant workers to make of existing 
workers’ mass organisations the battle weapons in the 
Class War. It represents the surging wave of resent- 


ment against the leaders who mislead, against 
organisations not fitted for the fight. The National 
Minority Movement, gathering all the existing 


rebellious and militant movements into one mighty 
mass organisation, will be able to do what the old 
leaders prevented the workers from doing—to drive 
forward relentlessly to the final struggle for power.” 


Of the 105 resolutions set down for discussion at 
next week’s Trade Union Congress in Hull, the most 
important, from the point of view of industry, is a 
proposed addition to Standing Order 12, which deals 
with the powers of the General Counci! to intervene 
in trade disputes. It is as follows :— 

“It shall be an obligation upon the affiliated unions 
to keep the Council informed with regard to matters 
arising as between the unions and employers, and (or) 
between one union and another, in particular where 
such matters may involve directly or indirectly large 
bodies of workers. The General Council shall, if they 
deem necessary, disseminate the information as soon 
as possible to all unions, in the industry concerned, 
which are affiliated to the Trades Union Congress, 
and which may be either directly or indirectly affected. 

“ The general policy of the Council shall be that unless 
requested to do so by the aftiliated union or unions 
concerned, the council shall not intervene so long as 
there is a prospect of whatever difference may exist 
on the matters in question being amicably settled 
by means of the machinery of negotiations existing in 
the trades affected. 

“In the event, however, of negotiations breaking 
down, and the deadlock being of a character as directly 
or indirectly to involve other bodies of workpeople 
affiliated to the Trade Union Congress in a stoppage of 
work, and (or) to imperil standard wages or hours and 
conditions of employment, the Council may take the 
initiative by calling representatives of the unions 
into consultation, and use its influence to effect a just 
settlement of the difference. In this connection the 
Council, having ascertained all the facts relating to 
the difference, may tender its considered opinion and 
advice thereon to the union or unions concerned. 
Should the union or unions refuse the assistance or 
advice of the Council, the Council shall duly report to 
Congress. 

“Where the Council intervenes, and the union or 
unions concerned accept the assistance and advice of the 
Council, and where, despite the efforts of the Council, 
the policy of the employers eniorces a stoppage of 
work hy strike or lock-out, the Council shall forthwith 
take steps to organise on behalf of the union or unions 
concerned all such moral and material support as the 
circumstances of the dispute may appear to justify.” 


The efforts of the Conciliation Committee appointed 
by the National Industrial Council for electricity supply 
undertakings, to consider the application of the workers 
for a wages increase of 10s. per week, succeeded so far 
last week as to make an immediate strike highly im- 
probable. The Committee consisted of five representa- 
tives chosen by each side of the Council, with Mr. W. 
Addington Willis, nominated by the Ministry of Labour, 
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as chairman, and after a sitting which lasted for ten 
hours, it decided to recommend to the National Council 
(1) that a tribunal be constituted to examine and 
report upon all facts material to the issues between the 
employers and the workers arising out of the workers’ 
present application for an all-round increase of wages 
of 10s. per week, and to make recommendations to the 
National Council thereon; (2) that the tribunal do 
report and make their recommendations to the National 
Council within a reasonable time ; (3) that the opera- 
tion of the notices issued by the National Council on 
July 19 be suspended from and including the pay-day 
following August 20, until the National Council have 
accepted, rejected, or failed to agree upon the report 
and recommendations of the tribunal. During such 
time, the trade unions agree not to issue notices to stop 
work.” These recommendations were subsequently 
adopted at a full meeting of the National Council. 
The tribunal, which held its first meeting on August 
27, consists of Mr. W. Addington Willis (chairman), 
Aldermen (3. P. Dean, Mr. John Turner, Mr. W. B. 
Woodhouse and Mr. Samuel Fedden. The Secretary 
is Mr. A. I. Whitehead, of the Ministry of Labour. 
The question of procedure was discussed at the meeting 
and it was decided that the proceedings should be 
public. The next meeting will be held on Wednesday, 
September 10. 


Members of the Amalgamated Engineering Union 
employed by ship-repairing firms on the Bristol Channel 
ceased work on August 18 in support of a demand for 
a wages increase of 15s. 8d. per week. The employers 
had offered the men the same terms as were accepted 
by the boilermakers and allied trades, viz., 2s. 6d. 
per week as from July 1, and 2s. 6d. per week as from 
October 1, but the engineers rejected the compromise, 
and, by way of reprisal, stopped overtime and also the 
practice of appointing chargemen to the various jobs. 
On notices being posted by the employers to the effect 
that their work would be open as from August 18 to 
members of the A.E.U., provided that the two em- 
bargoes indicated were withdrawn and the rejected 
wages offer accepted, the men decided to strike, and on 
August 18 did so. 


The differences between the building trades employers 
and their employees were adjusted on August 22, the 
executives of the unions accepting the proposals for a 
national agreement, and on August 25 work was 
resumed after a stoppage of seven weeks. The terms 
provide for an immediate advance in wages to all 
craftsmen and labourers (except in towns up-graded in 
September last) of one halfpenny per hour, the in- 
creased rate to be stabilised until February, 1926. In 
the case of towns up-graded in September last, the 
increase is to be paid as from October 1. Working 
hours are to be fixed, where possible, by local agree- 
ment, but, in any event, the summer hours (other than 
where varied by local agreement) are to be 463 
per week asfrom the beginning of Summer Time, 1925. 
The question of time lost through inclement weather is 
referred to a joint committee of employers and opera- 
tives, which is to endeavour to report within six months. 
The agreement is not to apply to Liverpool until Decem- 
ber, 1925, and the Liverpool operatives are to retain 
their existing rate of wages until February, 1926. 


Mr. Michael Farbman gave some interesting facts 
about Russian Labour affairs in the course of an in- 
teresting address last week to the Independent Labour 
Party’s Summer School at Claughton. He said that 
the strikes in 1923 averaged the length of strikes in 
pre-revolutionary days, and that they were directed 
against both State factories and private industries. 
At present the scale of wages was practically the same in 
State industries and those run by foreign conces- 
sionaires. According to the estimate of the Central 
Council of Russian Trade Unions at the end of 1923, 
the average wages reached 60 per cent. of those paid in 
pre-war times. In the textile and tailoring trades, 
which were formerly sweated, wages were from 75 
to 110 per cent. of pre-war level. In the metal indus- 
tries, mining and transport, wages now paid were 
less than half of those received in pre-war time. There 
was much unemployment, and all concerned, whether 
State or trade union officials, held no hope of extinguish- 
ing it in the immediate future. Skilled unemployed 
were getting relief to the tune of 50 per cent. of subsis- 
tence minimum, and unskilled 34 per cent. 

The June quarterly report of the Genera! Federation 
of Trade Unions states that, during the three months, 
32 disputes were registered, involving 5,826 members. 
The trades affected were the Quarryworkers and 
Settmakers, the Tailors and Garment Workers, the 
Vehicle Builders, the Furnishing Trades, the Uphol- 
sterers, and the Hemmers and Veiners. The total 
number of members is now 828,283, of whom 456,143 
are on the higher scale and 372,140 on the lower scale. 
Entrance fees and contributions received during the 


quarter amounted to 13,4701. lls. 9d., and benefits 
paid ont to 3,019/. 5s. 10d. 

The Management Committee of the General Federa- 
tion of Trade Unions states that the Amalgamated 
Society of Coopers asked for assistance in preventing 
the ratification of that portion of the Geneva Convention 
which prohibits the use of white lead by painters. 
It was urged that one serious effect of this prohibition 
would be the employment of white zine, made largely 
in France, and that the barrels and kegs used for the 
transport of this white zine would also be made in 
France, thus depriving British coopers of some of their 
customary work. It was pointed out to the coopers 
that, as representatives appointed by the British Trades 
Union Congress had advocated the prohibition of white 
lead, any action taken by the Management Committee 
of the General Federation might be construed into a 
reflection upon these delegates, and no action was taken. 


In the August issue of Man and Metal, the official 
journal of the Iron and Steel Trades Confederation, 
exception is taken to some of the conclusions drawn 
from the large increase during May of our iron and 
steel imports. The rise was from 198,900 tons in 
April to 300,100 tons in May. The figures dropped, it 
is pointed out, to 175,500 tons in June, while our 
production of iron and steel rose to nearly its highest 
post-war level. Moreover, our exports increased from 
336,800 tons in April to 406,900 tons in May. In 
our opinion, the general slackness which has fol- 
lowed the American slump merely proves the inter- 
dependence of modern States. With so great a falling- 
off in production, it is regarded as not surprising that 
much of the plant here should be temporarily closed 
down. Among the works affected are the Springvale 
works at Bilston, Ebbw Vale works, Redbourn Hill 
and Hawarden. The prospects of improved trade are 
considered to be greatly dependent upon the carry- 
ing out of some great national extension of electric 
power supply. We are being rapidly left behind by 
our Continental competitors, it is asserted, and should 
spare no effort to retrieve our position. 

Writing in Industrial and Labour Information, the 
weekly publication of the International Labour Office 
of the League of Nations, Mr. T. Tchot states that it 
has been estimated that over 70 per cent. of the work- 
ing people in China work seven days a week. Only a 
few factories under Christian management, such as 
the Commercial Press Works in Shanghai, and the 
hair net and embroidery industries in Chefoo (which 
are under Christian influence), stop work on Sundays. 
The majority of the industrial establishments work 
continuously throughout the year. Some of the larger 
and more modern factories, however, often suspend 
work for one day in ten, or twice a month, for the pur- 
pose of cleaning and repairing the machinery. The 
number of rest days varies somewhat in different parts 
of the country. Work is suspended for from three days 
to two weeks at the Chinese New Year. The 5th of 
the 5th moon and the 15th of the 8th moon (being the 
dates for the dragon boat and mid-autumn festivals) 
are two general holidays. 


At Rotherham last week the Court of Referees gave 
an invportant decision under the new Unemployment 
Insurance Act. Between 7,000 and 8,000 steel- 
workers employed by three firms in the district are on 
strike, and eight test claims—one by each of the eight 
unions involved in the stoppage—were heard. The 
new Act provides that men declining to work for firms 
who refuse to comply with the trade union conditions 
in the district shall be entitled to benefit. In this 
instance the men struck because of a proposal by the 
employers to put them on a sliding scale, which already 
operated in the case of other employees. The effect 
of the change would be, the workers contended, appre- 
ciably to reduce their wages The Court of Referees 
held that the strikers were entitled to benefit. The 
decision is, of course, subject to appeal. 


A conference has taken place between the Belfast 
District Committee of the Federation of Engineering 
and Shipbuilding Trades and representatives of the 
Belfast Shipbuilding employers on the subject of the 
men’s application for an increase in wages of 20s. per 
week. The representatives of the workers were 
informed that while the employers could not grant 
the advance demanded they were prepared to concede 
the same terms as had been accepted by the men 
employed in federated shipyards, viz., an increase of 
7s. per week in two instalments. An application on 
behalf of engineers for the restoration of the remaining 
half of the 10s. war bonus was also considered. 


Representatives of the Amalgamated Engineering 
Union and other craft unions with members em- 
ployed in railway shops, as well as representatives of 
the National Union of Railwaymen, attended the 


conference convened last week by the General Council 
of the Trades Union Congress for the purpose of formu- 
lating, if possible, a common policy on the wages 
question. It was decided to recommend the General 
Council to consider the matter in the light of the dis- 
cussion which had taken place, and to appoint a sub- 
committee to consult with the unions concerned with 
a view to submitting suitable proposals. A report is 
to be given to the forthcoming Trades Union Congress 
at Hull. 


The Industrial Court has issued its award on a claim — 
by the Trade Union side of the Shipbuilding Trades 
Council for Government Departments for an increase 
of 3s. per week to men employed in the Admiralty 
establishments at Wrabness and Crombie. The ground 
of the application was that, owing to the absence of 
sufficient housing accommodation in the vicinity of 
these depots, the bulk of the men were forced to live 
elsewhere, which, apart from the time occupied in 
getting to and from work, necessitated unusuall 
heavy expenses for railway fares, or obliged them to walk 
or cycle exceptional distances and involved them in 
additional expenses for meals. It was submitted by 
the official side of the Council that travelling expenses 
were only one of the items to be taken into account, 
that if the workmen’s expenditure was to be examined 
in detail various other factors (such as rent) would have 
to be taken into consideration, and, generally, that it 
was undesirable on the facts in the present cases to make 
a departure from the recognised Admiralty practice. 
The decision of the Court is that neither at Wrabness 
nor at Crombie are there such peculiar local conditions 
as entitle the men concerned to the payment of rates 
in excess of those commonly paid throughout the Royal 
Dockyards and other Admiralty establishments. 


An increase of 30,357 in unemployed persons on 
the registers of employment exchanges in Great Britain 
during the week ended August 18 brings the total 
increase in the number of unemployed persons during 
the last eight weeks to over 112,000. The unemploy- — 
ment figures, which had been falling steadily from early 
in February, began to rise at the end of June, and 
weekly increases ranging from 1,442 to 32,239 have 
been recorded since that time. The proportion of 
unemployed workers has, consequently, risen from 
9-4 per cent. in June to about 11 per cent. at the 
present time. Part of the additional unemployment 
is doubtless due to seasonal changes, but the bulk of 
it arises from slackness of trade caused by foreign 
competition and to the weakness of markets abroad. 
The coal-mining industry shows the largest individual 
increase in unemployment. At the end of May the 
unemployed in this industry represented 3 per cent. 
of the insured workers, but the proportion had increased 
to 6-8 per cent. by the end of July, and the figure has ~ 
been steadily increasing during the current month. 
In the iron and steel industry the position is even 
worse, since the depression has existed for a longer 
period. On July 28 the proportion of iron and steel 
workers unemployed was 19-6 per cent., showing an 
increase of 2-9 per cent. in two months. The condi- 
tion in this industry is almost entirely due to the 
competition of German and Belgian producers. 

According to The Labour Gazette, employment in thi 
engineering trades continued bad in July, and failed, 
on the whole, to maintain the progressive tendency 
shown in recent months. In general engineering there 
was a further improvement, but in the motor and cycle 
section employment, though fairly good, showed a 
seasonal decline. In textile engineering employment 
was still depressed, but showed a further slight improve- 
ment; in marine engineering it was also depressed, 
and failed to maintain the improvement reported in 
June. In railway engineering employment was fair, 
but showed a decline on the previous month; in 
electrical engineering it continued fairly good. In the 
shipbuilding and ship-repairing trades employment 
continued very bad, but showed a further slight im- 
provement. Employment in the other metal trades 
was moderate to fair on the whole, and showed little 
general change as compared with June. It was fairly 
good in the hollow-ware and edge tool trades ; fair in 
the sheet metal, metallic bedstead, brass, cutlery, file, 
stove and grate, tube and spring trades ; moderate in 
the wire, and in the saddle and harness furniture 
trades; and slack or bad in the chain, anchor, needle, 
fishing tackle, nut, bolt, nail, lock, latch, key and 
jewellery and plated ware trades. 


The present position with regard to the strike of 
porters at Covent Garden market is that the Ministry 
of Labour has sent a second invitation to the employers 
to state their case. The National Council of Port 
Labour Employers has called upon the Union to 
cancel its instructions for the non-handling of fruit 
and vegetables, which instruction the employers regard 
as a breach of the national agreement, ; 
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THE WATER POWER RESOURCES OF 
CANADA.* 


By J. B. CHau.izs. 


WirH an increase during the year 1923 of over a 
quarter of a million horse-power the total hydraulic 
power installation of Canada has now reached 3,227,414 
h.p., while the growing demand for power is demon- 
strated by the numerous large developments being 
rapidly pushed to completion. These new develop- 
ments are not confined to any particular section 
of the country but extend from coast to coast and are 
designed to serve practically every community where 
a demand for power exists. 

While complete data regarding Canada’s large water 
power resources are not yet available, a great mass of 
reasonably accurate, as well as considerable specific, 
data is now available in the records of the Dominion 
Water Power Branch of the Department of the Interior. 
During the past four years all existing stream flow and 
power data available from Federal, Provincial and 
Private sources have been systematically collated, 
re-analysed and co-ordinated with a view to preparing 
revised estimates of available power based on uniform 
methods of computation and arrangement. © 


Taste L—Available and Developed Water Power 
tn Canada, February 24, 1924. 


Available 24-hour Power 
at 80 per cent. 
Efficiency. 
Turbine 
Province. Installation. 
At ordinary | At ordinary 
min. flow 6-months 
h.p. flow h.p. 
1 | PAS 3 4 

British Columbia 1,931,142 5,103,460 355,517 
Alberta oe 475,281 1,137,505 33,067 

Saskatchewan 513,481 1,087,756 = 
Manitoba... 3,270,491 5,769,444 162,025 
Ontario : 4,950,300 6,808,190 1,445,480 
Quebec : 6,915,244 | 11,640,052 1,116,398 
New Brunswick 50,406 120,807 44,539 
Nova Scotia .. “4 20,751 128,264 54,950 
Prince Edward Is. .. 3,000 5,270 2,239 

Yukon ard North- 

West Territories .. 125,220 275,250 13,199 
18,255,316 | 32,075,998 3,227,414 


The figures listed in Columns 2 and 3 in the above table repre- 
sent 24-hr. power and are based upon rapids, falls and power sites 
_of which the actual existent drop or the head possible of concentra- 
tion is definitely known or at least well established. Many rapids 
and falls of greater or lesser power capacity are scattered on rivers 
and streams from coast to coast which are not as yet recorded, 
and which will only become available for tabulation as more 
detailed survey work is undertaken and completed. This is 
particularly true in the more unexplored northern districts. 
Nor is any consideration given to the power concentrations which 
ate feasible on rivers and streams of gradual gradient, where 
economic heads may be created by the construction of power 
dams, excepting only at such points as definite studies have been 
carried out and the results made matters of record. 

The figures in Column 4 represent the actual water wheels 
installed throughout the Dominion. These figures should not 
be placed in direct comparison with the available power figures in 
Columns 2 and 3 for the purpose of deducting therefrom the per- 
centage of the available water power resources developed to date. 
The actual water wheel installation throughout the Dominion 
averages 30 per cent. greater than corresponding maximum 
available power figures calculated as in Column 3. The figures 
quoted above, therefore, indicate that the at present recorded 
water power resources of the Dominion will permit of a turbine 
tnstallation of 41,700,000 h.p. In other words, the present tur- 
bine installation represents only 8 per cent. of the present recorded 
water power resources. j 

The above figures may be said to represent the minimum 

water power possibilities of the Dominion. 
_ As illustrative of this the detailed analyses which have been 
made of the water power resources of the provinces of New Bruns- 
wick and Nova Scotia have disclosed most advantageous reser- 
Voir facilities for regulating stream flow, and it is estimated that 
the two provinces possess within their respective borders 200,000 
and ,000 commercial horse-power. ‘These figures provide 
Spe a ity factor between installed power and consumers’ 
lemands. 


_ The estimates in Table I have been calculated on the 
oasis of 24-hour power at 80 per cent efficiency for 
‘onditions of “ Ordinary Minimum Flow ” and “ Ordi- 
tary Six Months’ Flow.” The “Ordinary Minimum 
flow” is based on the averages of the minimum flow 
r the lowest two consecutive seven-day periods 

each year, over the period for which records are 
vailable. The ‘“ Ordinary Six Months’ Flow” is 
‘ased upon the continuous power indicated by the 
ow of the stream for six months in the year. The 
ctual method to determine this flow is to arrange the 
aonths of each year according to the day of the lowest 
‘Ow in each. The lowest of the six high months is 
aken as the basic month. The average flow of the 
>west seven consecutive days in this month determines 
he maximum for that year. The average of such 
aximum figures for all years in the period for which 


* Paper read before Section G of the British Association 

°ronto on behalf of the Dominion Water Power 
ranch of the Department of the Interior of the 
anadian Government, Friday, August 8, 1924. 


data are available is the estimated maximum used in 
the calculation. 

This estimated maximum development is based upon 
the assumption that it is good commercial practice to 
develop wheel installation up to an amount, the con- 
tinued operation of which can be assured during six 
months of the year, on the assumption that the deficiency 
in power during the remainder of the year can be 
profitably provided from storage or by the installation 
of fuel power plants as auxiliaries. The correctness 
or otherwise, of this assumption for any particular 
site can only be definitely settled by careful consider- 
ation of all circumstances and conditions pertinent to 
its development. The method, however, enables us 
to make a fairly satisfactory over-all estimate of the 
maximum hydraulic power available as distinctive 
from the estimated ordinary minimum power available. 

Available and Developed Totals.—The known available 
water power in Canada, from all sources and within 
the limitations outlined, is 18,255,000 h.p. for conditions 
of ordinary minimum flow and 32,076,000 h.p. under a 
flow estimated for maximum development, i.e., depend- 
able for at least six months of the year. It is believed 
that these are conservative estimates, since an analysis 
of the water power plants scattered from coast to coast 
concerning which complete data are available as to 


and the Abitibi River development of the Hollinger 
Consolidated Gold Mines, Limited. In Quebec there 
have been installed in various central stations some 
30,000 h.p. during 1923, and construction work already 
under way provides for an additional 385,000 by the 
end of 1924, 280,000 h.p. of which will be in the great 
power stations of the Quebec Development Company 
on the Saguenay River and of the St. Maurice Power 
Company at La Gabelle. The year 1923 has seen 
substantial additions to existing central electric 
stations in the Maritime Provinces with further additions 
promised for 1924. 

In. summarising the above figures, it may be pointed 
out that, while the total addition to Canada’s hydraulic 
installation during the year 1923 amounted to 
255,000 h.p., there are at the present time actually in 
process of construction or in active prospect further 
hydraulic developments amounting to more than 
900,000 h.p. The progress of development is some- 
what difficult to follow from year to year because of 
the magnitude of the operations involved. From three 
to five years, or even longer, may elapse between the 
preliminary surveys and the delivery of power. Again, 
most projects commence with an initial installation 
much less than the ultimate projected capacity, new 
power units being added as the load develops. 


TABLE II.—DEvEeLorpep WatER PowrR IN CANADA. 


Turbine Installation in H,P. 
Total 
Population, | Installation 
Province. In cn In June 1, 1923) per 1,000 
Central Pulp and Other Total. Population. 
Stations. Paper Mills. | Industries. 
1 2 3 4 5 6 7 
British Columbia 242,401 55,140 57,976 355,517 553,500 642 
Alberta .. = 32,380 _ 687 33,067 634,200 52 
Saskatchewan — = a = 814,200 — 
Manitoba 145,625 — 16,400 162,025 642,800 252 
Ontario 1,142,403 174,189 128,888 1,445,480 3,028,900 477 
Quebec ae 791,795 237,232 87,371 1,116,398 2,443,500 457 
New Brunswick. . 23,613 13,728 7,198 44,539 396,900 112 
Nova Scotia ae a d 23,196 17,331 14,423 54,950 532,600 103 
Prince Edward Island .. aS BS, sti 288 — 1,951 2,239 88,000 25 
Yukon and North West Territory .. si 10,000 — 3,199 13,199 11,400 1,158 
Canada .. Sc ve o- oe oe 2,411,701 497,620 318,093 3,227,414 9,146,000 353 


Column 2 includes only hydro-electric stations which develop power for sale. 


Column 3 includes only water power actually developed by pulp and paper companies. 


In addition to this total, pulp and paper 


companies purchase from the hydro-power central stations totalled in column 2, 96,985 h.p. in Ontario, 131,120 h.p. in Quebec and 
650 h.p. in New Brunswick. The total hydro power utilised in the pulp and paper industry is therefore 7 26,375 h.p. 


Column 4 includes only water power actually developed in connection with industries 
and paper industries. These industries also purchase blocks of power from the central 


other than the central station and the pulp 
stations totalled in Column 2. 


Column 5 totals all turbines and water wheels installed in Canada. >! 
Column 6 population at June 1, 1923, as estimated by Dominion Bureau of Statistics, 
Column 7 averages the developed water power per 1,000 population. 


turbine installation and satisfactory information as 
to stream flow, gives an average machine installation 
30 per cent. greater than the six-month flow maximum 
power. Applying this, the figures quoted above, 
therefore, indicate that the present recorded water 
power resources of the Dominion will permit of a turbine 
installation of 41,700,000 h.p. The total installation 
to date in waterwheels and turbines through the 
Dominion is 3,227,414 h.p. In other words the present 
turbine installation represents only 8 per cent. of the 
recorded water power resources. 

Current Progress.—With the passing of the period of 
abnormally high and uncertain construction costs a 
general expansion of water power development is 
taking place. Among the many developments at 
present under way in the various provinces of the 
Dominion may be mentioned the following : 

In British Columbia the East Kootenay Power 
Company is constructing a 15,000 h.p. central electric 
station, the Granby Consolidated Mining, Smelting 
and Power Company and The Pacific Mills Limited, 
have added 5,000 h.p. and 6,300 h.p. respectively to 
their present mining and pulp and paper installations, 
while the British Columbia Electric Railway Company 
is preparing to install a 25,000 h.p. unit in its Stave 
Falls station. The Manitoba Power Company has 
installed two units of 28,000 h.p. each in its new power 
house at Great Falls, Manitoba and expect to add a 
third similar unit this year. The City of Winnipeg 
also intends adding 3 units totalling 20,700 h.p. to its 
Point du Bois station. The Hydro-Electric Power 
Commission of Ontario installed 130,600 h.p. during 
1923, bringing its total installation to 746,029 h.p. 
and expect to have an additional 147,000 h.p. in place 
before the end of 1924. Power for the mining district 
of Northern Ontario has been augmented by over 
9,000 h.p., a 4,000 h.p. development being completed 
by the Lower Sturgeon Power Company and a similar 
station by the Great Northern Power Company, while 
additional power has been provided in existing stations. 
Before the end of 1924, an additional 45,000 h.p. is 
expected to be available from the Quinze River* 
development of the Northern Canada Power Company 


* Wholly in the Province of Quebec. 


Utilisation of Developed Water Power.—The 2,973,759 
h.p. at present installed in this country may be clas- 
sified as follows (see Table II) :—2,411,701 h.p. in 
central stations for general distribution for all pur- 
poses ; 497,620 h.p. installed in pulp and paper mills, 
not including 228,755 h.p. purchased by pulp and 
paper companies from central stations: 318,093 h.p. 
installed in industries other than central stations and 
pulp and paper mills. The total installation for the 
Dominion averages 353 h.p. per thousand population— 
a figure which places Canada third in the per capita 
utilisation of water power among the countries of the 
world, Norway and Switzerland only having a higher 
per capita utilisation. 

Water Power in the Central Station Industry.—Modern 
developments in high-tension electrical transmission, 
which permits the economic transportation of power 
at small loss over relatively long distances, has made 
possible the use of hydraulic power for manufacturing 
in established centres where labour is plentiful and 
of a permanent character, with shipping and distribu- 
ting facilities readily at hand. Such centres, with 
their variety of manufacturing needs and processes, 
street railways to be operated, buildings to be lighted 
and heated, municipal needs for street lighting and 
water pumping, form an ideal market for the product 
of the central electric station and have resulted in 
the central station industry attaining enormous propor- 
tions in a relatively short period of time. 

Throughout the Dominion at present there are 282 
hydro-electric central stations with an installed turbine 
capacity of 2,411,701 h.p. or a generator installation of 
1,815,604 kv.a. (see Table III), of which totals 
1,644,071 h.p. are installed in commercial or privately 
owned stations, while 767,630 h.p. are installed in 
municipal or publicly owned stations. The units vary 
in size from 10 h.p. to the 55,000-h.p. turbines recently 
installed in the Queenston Development of the Ontario 
Hydro-Electric Power Commission. The turbine units 
in the industry average 3,682 h.p., while the average 
installation of the central stations is 8,552 h.p. Un- 
remitting progress in operating efficiency and wider 
fields of service are being constantly maintained by 
the operating companies and interested Government 
departments. New units are being installed, new 
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plants constructed, new projects investigated, and 
research instigated to meet the growing domestic and 
industrial demand and to link up the hitherto isolated 
small centres and rural districts with cheap hydro- 
electric power. 

Water Power in the Pulp and Paper Industry.—Pulp 
and paper manufacturing is a typical and prominent 
Canadian industry with a future of almost unlimited 


rate of growth since 1920 has been considerably in 
excess of the rate over the whole period from 1910. 
Available reserves are more than ample to take care 
of these future demands, as outlined, for a long time 
to come. The water power now developed in Canada 
represents an investment of over 687,000,000 dols. 
In 1940, should the rate of growth in installation during 
the past fifteen years be continued, this investment 


TABLE IIIl.—DrEvELOPED WatER PowkER IN CANADA UTILISED IN THE CENTRAL STaTION INDUSTRY. 


Commercial Municipal Total. 
Stations. Stations. 
Province Installation. Tnstallation. Installation. 
No. No. No. 
Generator. | Turbine. Generator.| Turbine. Generator,| H.P. per | H.P. per Total 
KK. Ved. H.P. <. VA. H.P. K.V.A. Turbine Station. Turbine 
Unit. EL AE 
1 2 3 ue 5 6 7 8 9 10 11 12 
British Columbia ..| 24 153,686 232,356 6,353 10,045 32 160,039 4,108 (eels) 242,401 
Alberta 3 22,250 32,380 | — — — 3 22,250 2,414 10,793 32,380 
Saskatchewan — — — —_— eet — 
Manitoba .. 4 58,350 78,400 2 57,312 67,225 6 115,662 6,935 24,271 145,625 
Ontario 69 | 395.659 | 503,375 | 37 | 457,472 | 639,028 |106 | 853,131 4,109 10,777 | 1,142,408 
Quebec 79 606,813 771,820 | 17 14,962 19,975 96 621,775 8,552 8,248 791,795 
New Brunswick id 8,460 11,703 3 9,363 11,910 10 17,823 1,073 2,361 23,613 
Nova Scotia Ae 3,204 3,749 | 12 15,389 19,447 21 18,593 828 1,124 23,196 
Prince Edward Is. 7 331 288 | — —_ — a 331 32 41 288 
Yukon 1 6,000 10,000 | — — — 1 6,000 5,000 10,000 10,000 
Canada ~ ,.|203 | 1,254,758 | 1,644,071 | 79 560,851 | 767,630 |282 | 1,815,604 3,682 8,552 | 2,411,701 
i] 


Commercial stations include all privately owned. 
Municipal Stations include all publicly owned. 


Nore.—Statistics in this table are based upon a census of the industry made by the Dominion Bureau of Statistics in co-operation 


with the Dominion Water Power Branch. 


prosperity ahead of it, the result of two natural advan- 
tages of almost equal moment, namely, an abundant 
supply of growing pulpwood and low-priced and easily 
accessible motive power in large quantities. The 
importance of low-priced power lies in the fact that it 
takes practically 100 h.p. to produce one ton of paper 
per day. 

It- is not surprising, therefore, that motive power 
used in this industry is almost altogether restricted 
to hydraulic energy, and that Canada’s premier 
advantage and position in the pulp and paper field 
rests on adequate and abundant water power well 
distributed among extensive forest reserves. Water 
power is operating 121 pulp and paper mills in 
Canada, 726,375 h.p. being employed. Of this total, 
497,620 h.p. are actually installed in connection with the 
mills and 228,755 h.p. are purchased from hydro-electric 
centra] stations. 

The innovation of the electric drive is having marked 
and favourable influence on pulp and paper-manufac- 
turing processes. It makes possible the centralised 
operation of fewer and larger mills receiving power 
from several power sites, together with the further 
advantage of uniform speed and better control in 
grinding, thus lessening costs of operation, construc- 
tion, and shipping. Of the 497,620 h.p. actually 
installed in pulp and paper mills 210,053 h.p. are used 
in the electricidrive, besides which there are 228,755 h.p. 
of hydro-electric energy purchased from central 
stations, bringing the total horse-power employed in 
the electric drive up to 438,808. 

Quebec and Ontario possess the largest natural pulp- 
wood areas in Canada, and they lead in pulp and paper 
production with 368,352 h.p. utilised in this industry in 
Quebec and 271,174 h.p. in Ontario. Other producing 
provinces are: British Columbia, 55,140 h.p.; New 
Brunswick, 14,378 h.p. ; and Nova Scotia, 17,331 h.p. 

Past and Future Growth in Utilisation of Water Power. 
—The growth of water-power developments in Canada 
has been striking. The total installed horse-power has 
grown from 975,000 to 3,227,000 since 1910, central- 
station installations from 605,000 to 2,411,701 h.p., 
and pulp and paper installations from 191,000 to 
498,000 h.p. There is every reason to believe that this 
rate of growth will not diminish. New uses for electric 
current of the greatest import in industrial processes 
and services are being constantly discovered. Canada’s 
strategic advantage in the location of large reserves 
of water power within transmission distance of her 
centres of population should attract special industries 
to these centres in increasing numbers. Population 
follows industry, and at once an added market is 
created for power for domestic and municipal uses. 
All the modern tendencies in the utilisation of cheap 
power indicate that the rate of growth of hydro-electric 
development in Canada will increase rather than 
lessen. 

Should the rate of installation since 1910 be main- 
tained at its present rate there will be installed in 
1925 4,000,000 h.p., in 1930 5,000,000 h.p., in 1935 
6,000,000 h.p., and in 1940 7,000,000 h.p. ‘These 


growth figures are considered conservative, as the 


will have grown to over 1,500,000,000 dols. The 
present development represents an annual equivalent 
of 29,000,000 tons of coal, which, valued at 10 dols. 
per ton, represents 290,000,000 dols. In the year 1940 
these annual figures will, with the foregoing assump- 
tion, have become 63,000,000 tons and 630,000,000 dols. 
These figures are striking evidence of the outstanding 
importance and necessity of an intelligent administra- 
tive policy governing the development of our water- 
power resources. 


COBALT MAGNET STEELS.* 
By E. A. Watson, M.Sc. 
(Concluded from page 276.) 


Heat Treatment.—¥rom the viewpoint of the hardened 
steel which constitutes a permanent magnet, the reac- 
tions of the various constituents in the annealed bar 
are not of great importance, and we are not seriously 
concerned with the equilibrium of the cobalt-ferrite, 
and the various carbides which may be present in the 
material in the unhardened state. What do concern 
us are the factors which affect the retention of the 
carbides in solution during the hardening process, and 
the way in which the hardening temperatures and 
cooling rate depend upon the analysis of the steel 
which is being treated. Arnold and Read (9) have 
shown that in an annealed iron-cobalt-carbon steel the 
carbon is principally present in the form of iron- 
carbide or cementite, Fe, C., which forms a species of 
pearlite with a cobalt ferrite, 7.e., the solid solution of 
Fe, Co in Fe. A small percentage of the carbon would, 
however, appear to be present in the form of a carbide 
of cobalt Co,C in true solution in the cobalt-ferrite. 

The most noteworthy feature of their work, however, 
is that portion dealing with the effect of cobalt in pro- 
moting separation of graphite upon annealing. The 
tendency to precipitate graphite during annealing in- 
creases rapidly as the cobalt content rises, and they 
found that, with bars containing upwards of 10 per cent. 
cobalt with about 9-8 per cent. carbon, the whole of the 
carbon was precipitated as graphite after annealing for 
about 24-30 hours at 780 deg. C. Although the actual 
precipitation of graphite can be prevented by the 
addition of chromium, the annealing of all cobalt steels 
reyuires to be carried out with considerable care, 
and prolonged soaking at temperatures upwards of 
700 deg. C. must be avoided, as practically all steels 
deteriorate very considerably in their ultimate magnetic 
properties under such treatment. 

It is possibly also for a similar reason that rapid 
heating of a cobalt steel to the hardening point is 
always desirable. In general, the time taken to raise 
the magnet to the hardening temperature, 950 deg. ©. 
or 1,000 deg. C., should not exceed 15 minutes, and the 
best results are usually obtained with from 8 to 10 
minutes or even less. The furnace used, therefore 
requires to be one which is capable of putting heat 


* Paper read before Section G of the British Association 
at Toronto on August 13, 1924. 


into the work at the maximum possible rate, consistent 
with obtaining aneventemperature. Gas-fired mufiles, 
with recuperator tubes, and working at atmospheric 
pressure have, in general, been found to give excellent 
results. Electric furnaces have been tried, but not 
found satisfactory, as with the exception of the salt- 
bath furnace it is difficult to obtain a sufficiently 
rapid heating of the steel. It has, in certain cases, 
been found advantageous to conduct the hardening 
operation in two muffles, the first heating the magnet 
up to about 750 deg. (., and the second carrying the 
temperature from this point to the hardening point, 
This reduces the cooling of the high-temperature 
muffle by the insertion of a cold charge and gives 
quicker production, and it also assists, in certain steels, 
in reducing the risk ot cracking during hardening. 
Effect on Hardening Conditions.—Data as to the 
effect of cobalt on the various transformation points 
of an alloy steel are very incomplete. Insome cases, a 
raising of the Al point can be traced, notably with the 
35 per cent. alloys, but apart from this the presence 
of cobalt has little effect upon the thermal character- 
istics of the steel. A water-hardening steel, in which 
certain of the iron content is replaced by cobalt, remains 
water hardening. An oil-hardening one remains oil 
hardening, and an air-hardening steel is still air harden- 
ing. Precise data are lacking, or at least are not ayvail- 
able, on any given series of steels, and it might be found 
that the substitution of cobalt had some slight effect 
upon the correct cooling rate for a given carbon or 
alloy content, but if so, the effect is small in compari- 
son with that of the other elements, chromium, — 
sten, or carbon, which go to make up a magnet steel. 
Hence it is that the straight carbon steels require 
brine quenching to obtain the best results, even when 
as much as 30 per cent. cobalt is present, while oil 
hardening is best for cobalt chrome-tungsten steels 
with medium carbon content, and air hardening can 
be employed for the high-chrome, high-carbon steels. 
Practically all the cobalt steels used in commerce 
show a very clearly marked absorption point es 
840 deg. C. and 900 deg. C., and hardening can he 
carried out from temperatures immediately above this 
point. With certain of the high-carbon steels the best 
results are obtained with hardening temperatures as 
high as 1,000 deg. C., but the majority require tu be 
quenched within a comparatively narrow range, 
lying between the temperatures of 920 deg. C. and 
960 deg. C. The behaviour of the high-carbon, high- 
chromium steels is probably analogous to that of the 
ordinary hyper-eutectoid carbon steels, in that an 
increased temperature is necessary to ensure complet 
solution of the carbon. é 
Heat Treatment of High-Carbon, High-Alloy Steels.— 
Tn order to obtain the best magnetic results from steels 
of this class it is not, as a general rule, sufficient 
merely to heat the annealed bar to the hardening point 
and quench or cool in air, as may be necessary. Such 
a treatment will, of course, harden the steel and give 
fairly good magnetic results, but an improvement of 
from 10 per cent. to 20 per cent. can usually be obtaine 
by following what is termed the “triple treatment,” 
first originated by Mr. Kayser in connection with the 
cobalt-chromium series of steels. This treatme 
consists in first of all heating the magnet fairly quickl 
to 1,150 deg. C., allowing it toremain at this tempera- 
ture for about five minutes, and then cooling in air. 
After this treatment the steel is in the austenitic state, 
and almost completely non-magnetic. If the treatment 
has been properly carried out, the remanence will not 
exceed 1,500 to 2,000. As soon as they have cooled 
to atmospheric temperature the magnets are re-— 
heated. At about 700 deg. C. a very marked recat | 
cence occurs, and the magnets glow up brightly, 
temperature rising spontaneously to about 800 deg. C. 
This recalescence is, of course, due to the break- | 
down of the austenite in the steel, which now becomes — 
magnetic, the remanence after cooling rising to about 
8,000. As soon as the steel has cooled to atmospheric — 
temperature, it may be reheated to the true hardening 
point, in the case of the cobalt-chrome series 980 deg. C. 
to 1,000 deg. C. > @ 
In the case of certain steels, and particularly when | 
the composition approaches more closely to the medium — 
alloy type, the 750 deg. treatment may be omitted, as 
the austenite breaks down sufficiently rapidly during © 
the ordinary heating to the hardening point, or, as an 
alternative, the magnet may be transferred directly | 
from the 750 deg. furnace to the final hardening, In| 
the case of the air-hardening, high-alloy steels, this, 
however, is not as a rule effective, as the resultant | 
product will usually show a low remanence due to the 
retention of austenite. 
Although this ‘triple treatment usually shows to | 
greatest advantage on the high-alloy type of steel, it 
will usually be found to effect a well-marked improve-| 
ment on the medium-alloy steels in addition, and is_ 
frequently of value when the highest possible coercive 
force is required. With a 35 per cent. medium alley | 
steel, coercive forces of upwards of 300 have been 
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obtained by the use of the triple treatment. The reason 
for the improvement effected by this treatment is pro- 
bably the more complete solution of the carbides which 
can thus be effected. It is found that, as a general 
rule, the effect of annealing on a high-alloy steel is to 
roduce a diminution in the magnetic properties in 
the hardened magnet, the diminution being the greater 
the longer the annealing treatment, and the softer the 
resultant steel. Provided the annealing has not been 
carried to excess, its effect can be counteracted by the 
use of the triple treatment. In all probability, anneal- 
ing produces a gradual segregation of the constituents, 
and the segregated carbides are unable, in the ordinary 
way, to go into solution with sufficient rapidity at the 
hardening temperature. In fact, in extreme cases it is 
possible to determine their presence microscopically, 
Heating to 1,150 deg. C., however, doubtless causes 
complete solution of the carbides, and the quick anneal- 
ing at 750 deg., which follows this, while throwing them 
out of solution again, does not give time for segregation. 
Consequently, on heating again to the hardening tem- 
perature they are readily absorbed, and a larger amount 
of carbide is obtained in solution than when a single 
treatment is used. On this basis, the greatest improve- 
"ment in properties will naturally be obtainable in the 
ease of the high-carbon steels, and no improvement is 
to be expected in the case of those of lower carbon 
content. 

Importance of Cooling Rate-—The fact that some of 
the most efficient magnet steels belong to the air- 
hardening, cobalt-chromium class has been instrumental 
in throwing a large amount of light upon the mechanism 
of the hardening of a permanent magnet, and increasing 
our knowledge of the points to which attention must be 
paid if satisfactory results are to be obtained. These 
have in part been published elsewhere (7b), but it is 
proposed to recapitulate the more important points 
inyolved, as it is felt that they are essential to the 
remainder of this paper :— 

(1) The cooling rate must be sufficiently rapid to 
suppress the ordinary recalescence point, in this case 
at about 750 deg. C., at which segregation of carbides 
and ferrite can occur. (2) In place of the normal 
recalescence at about 750 deg. C., an evolution of heat, 
due to the change of state of the gammairon, occurs at a 
much lower temperature, and usually spreads out over 
a considerable temperature range. This change of 
state is accompanied by the reappearance of magnetic 
properties. (3) The lower the temperature at which 
this change of state occurs, the less the possibility of 
separation of cementite and ferrite or their equivalents, 
and the higher the coercive force and BH maximum of 

_ the magnet. The change must, however, be complete, 
as any unchanged material will take the form of non- 
magnetic austenite. As far as present information 
goes, however, there is no gain obtained by making the 
change occur below ordinary room temperatures. In 
some cases a distinct loss in properties is observed 
under such conditions. 

The cooling rate must be sufficient to suppress the 
normal change point at about 750 deg. C., but once this 
_is safely past, cooling rate has little or no effect upon 
the point at which the magnetic properties reappear, 
_ and the temperature at which the transformation occurs 
. depends only on the maximum temperature from which 
_ the steel is being cooled. In general, once the magnetic 
properties commence to reappear, the quicker the cool- 
ling, the higher the remanence and the lower the 

coercive force, a somewhat anomalous result for which 
| there is, as yet, no satisfactory explanation. (4) The 
| change of state must not be interrupted, but must 
_ occur uniformly over the temperature range required to 
| complete it, z.e., assuming the change to commence at 
| 150 deg. C. and to be complete at 50 deg. C., it would not 
| be equally effective to make it in two parts from 150 
| deg. C. to 100 deg. C. and from 100 deg. O. to 50 deg. C. 
‘with a break in between. (5) The change of state 
appears to commence at the boundaries of the crystal 
‘grains and to spread inwards. The temperature range 
of its occurrence and the cooling rate required may, 
therefore, be appreciably affected by the grain size, 
particularly when one remembers that the transforma- 
tion of austenite to martensite is accompanied by large 
volume changes, which, by introducing large mechani- 
cal stresses in the interior of the grains may tend to 
inhibit the transformation. 
In the case of the cobalt-chromium steels, it is pos- 
sible to trace clearly the changes. both thermal, mag- 
netic and dimensional, which accompany the hardening 
of the steel, and although it is not possible to study the 
transformation of oil- or water-hardened steels in the 
same way, it is certain that the same general principles 
apply. It is perhaps scarcely realised how close to 
atmospheric temperature is the actual transformation 
point of a hardened magnet. In many cases the author 
has known a difference of oil temperature of some 20 
eg. C. to make all the difference between no trouble 
in the hardening shop and a large percentage of rejects, 
hile the difference in average magnetic values between 
summer and winter hardening is always clearly marked. 

The large liberation of heat due to the transformation 


is frequently very noticeable if a magnet is removed 
from the quenching bath before its hardening is com- 
pleted, the increase in temperature which occurs being 
much greater than could be accounted for on the basis of 
more conduction of heat from the interior of the steel. 
In general with air-hardening steels, the highest values 
of BH max. and the most consistent results have been 
obtained by cooling in air until magnetic properties 
commence to reappear, and then quenching the magnet 
in cold oil. The most satisfactory method of carrying 
out this operation is to draw the magnets from the fur- 
nace and lay them on a grid, through which a stream 
of air is blown by an ordinary electric fan. A fairly 
powerful horseshoe magnet is passed over them, and 
any which adhere to it are picked up and shaken off 
into the cooling tank, the horseshoe magnet being 
passed repeatedly over the cooling magnets until the 
whole have been picked up. It will be found that the 
time required for the reappearance of magnetic pro- 
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perties, and the temperature at which these reappear, 
form useful checks upon the hardening temperature, 
and also upon the composition of the steel. 


Section ITI. 


Economical Aspect of the Hmployment of Cobalt 
Steels.—It is not proposed in this paper to undertake 
a detailed consideration of the economic factors con- 
trolling the utilisation of cobalt steel, as it would be 
quite impossible to do justice to them in a general 
review of this sort. It is only proposed to give the 
general lines on which a consideration of the economics 
of their utilisation should be based. 'The problem may 
be looked at broadly under three aspects :—(1) The 
relative costs of cobalt-, tungsten-, and chrome-steel 
magnets for the same duty. (2) The incidental saving 
which the introduction of cobalt steel may render 
possible, such savings including reduction of dimen- 
sions, weight, and costin other portions of the apparatus. 
(3) The application of permanent magnets to certain 
classes of apparatus where, for various reasons such 
as weight and dimensions, their use was not previously 
practicable. 


Taking the first of these, it is, of course, a simple 
matter to calculate the additional cost of any given 
cobalt percentage in a magnet steel and to compare it 
with the increase which is obtained in the value of 
BH max., and we may, as a rough criterion, take the 


BH max. 
price per lb. 


for a given steel. We have already seen that the 
quantity BH max. may be expressed by the relation 


P= Po (1+ k’ Co) 


and to a fairly close approximation we can express 
the cost of the steel by a similar relation— 
P = Po + pe Co 

where jo is the cost of the basis alloy and pe the 
difference in the cost per pound of cobalt, and the 
iron which it replaces. In view of the present high 
price of cobalt, it is sufficiently accurate to take je 
as the cost of cobalt itself. Since some allowance 
must be made for the loss of cobalt in melting, vrinding, 
&¢., pe must represent, not the price per pound of 
virgin metal, but that of the metal plus a certain 
percentage to cover loss and handling. This will be 
taken as 25 per cent. 

The figure of merit of the steel may be written as :— 


value of the ratio as a figure of merit 


BH max. Meee ‘. P, (1 + k’Co) 
price per lb. =p Po + pCo 
jo) | Were 


Po Web£s Oe 
Po 


This figure of merit will be increased, or dimin- 
ished, by the addition of cobalt, according as hk’ 


is greater or less than is and since the value of k’ 


Po 
only varies slightly with different steels (see Table 1, 
page 276 ante), it is clear that the steels to which it 
will pay to add cobalt are those which have the 


lowest value of un i.e. the more expensive alloy 
p 


oO 
steels, while the addition of cobalt to the cheap 
low-carbon, low-alloy steels is clearly not justified. 

If, moreover, we take the present-day prices of 
cobalt and of the ordinary tungsten and chrome steels 
of commerce, we shall see that in no case is the condi- 
tion fulfilled, and in every case the fraction is less 
than unity; that is, the utilisation of cobalt is not 
justified on the cost of the magnet alone in the absence 
of any other special circumstances. It is a little 
difficult to quote prices with any degree of exactitude, 
but if we take the price of virgin cobalt at 10s. per lb., 
and p, a8 12-5s., and take the price of tungsten steel 
as ls. per lb. as corresponding to the one class of alloy 
steel, and chrome steel at 0-75s. per lb. as corresponding 
to the other, we obtain for the two cases values of 


Pe of 12-5 and 16-7 respectively—i.e., very con- 
o 
siderably more than the value of 4’, which we have 
seen varies from 7-1 to 8-4. 
It is only when we come to deal with steels of the 


high-chromium class, which have a basis price of 


about 1-5s. per Ib., giving a value of P ot 8-35, that 


the addition of cobalt becomes economically justifiable, 
and even these steels cannot compare on a simple 


B 
basis of MOS 


type. 
In order to bring out the comparison more clearly, 
on Fig. 6 have been plotted both cost per pound and 


H max. Hides 
peice ee aN a TN t . : s 
ease perth: for the three principal classes 


of steel—high, medium, and low alloy. It will be 
seen that, for low-cobalt contents, the cheap low-alloy 
steel has a much higher figure of merit than either of 
its two competitors, and that the addition of cobalt, 
both to this and to the medium-alloy type, only results 
in a reduction in the figure of merit. In the case of 
the high-alloy steel, however, owing to the high initial 
cost, the addition of cobalt is justified, as the figure 
of merit rises slightly up to the limit (about 20 per cent.) 
which experience shows can be employed. The curves 
for all three steels intersect at about 15 per cent. 
cobalt. 


As a matter of interest, though not of practical 
importance, on Fig. 7 are plotted the corresponding 
figures on a basis price of cobalt at 5s. per lb., or 6: 25s. 
including losses in melting. In this case it is seen 
that the addition of cobalt is justified in all cases 
except the low-alloy steel, and that the figure of merit 
for the cobalt-steel series rises very nearly to that of 
a cohalt-free low-alloy steel. When allowance is made 
for the incidental savings which the cobalt steel would 
furnish, it is seen that, under practically all conditions, 
it would be economically superior. 

It is clear from the foregoing that if it is merely 


with steels of the simpler and cheaper 


the value of 
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H max. 


ost 
or to get the maximum magnetic content for a given 
outlay, there is no justification with the present price 
of cobalt in making any use of it, and that a plain 
alloy steel of the ordinary chromium type represents 
a much better investment. The fact that, as already 
indicated, cobalt steels are used in considerable 
quantities, is due to two factors—firstly, the incidental 
savings which they frequently make possible due, in 
general, to the shorter length and simpler form which 
the magnets take, with consequent reduction in the 
cost of forming, grinding and hardening, and secondly 
to the fact that, in many cases, they render possible 
the achievement of certain results which would other- 
wise be difficult or impossible. As examples we may 
cite the production of magnetos with revolving field 
magnets, the design of very light and compact 
revolving-field alternators for aeroplane service, and 
the provision of the necessary field for loud speakers, 
of the suspended-coil type. 

It is not possible, of course, to give any general 
principles which can be made to cover the reduction 
in labour and attendant charges which can be effected 
by the use of the cobalt steels, and each case must 
really be left for consideration on its merits. The 
foregoing figures do, however, indicate that with the 
present price of cobalt no widespread supercession of 
the ordinary tungsten or chrome steels by steels of 
the cobalt type can be expected, and that their use 
must be confined to exceptional cases where the inci- 
dental savings will more than offset the increased 
cost of magnetic material. Should it, however, be 
possible in the future to obtain adequate supplies 
of cobalt in the neighbourhood of 5s. to 6s. per 1b. 
then one may say, with certainty, that there would 
be no justification for the present tungsten and chrome 
steels to continue their existence. 

In conclusion, the author would acknowledge his 
indebtedness to Messrs. M. L. Magneto Syndicate, 
Limited, in whose laboratory much of the experimental 
work has been carried out. Also to the numerous 
steel makers who have supplied steel and information, 
and particularly to Mr. I. F. Kayser of the Cobalt 
Magnet Steel Company, to Mr. J. W. Naylor of 
Steel (Sheffield), Limited, and to Mr. Geo. Vickers, 
of Vickers, Limited. 


desired to obtain the highest value of the ratio 
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Botron Stre~t WorxKs to CLrosze.—The Bolton works 
of Messrs. H. Bessemer and Company, Limited. have 
been acquired by Messrs. Thos. W. Ward, Limited, the 
well-known iron, steel and engineering firm of Sheffield. 
The works, which are expected to be dismantled and 
sold, comprise Siemens’ furnaces, steam hammers and 
forge equipment, rolling mills, locomotives, cranes, 
railway sidings, machine tools, axle and pattern shop 
equipment, &e. 


AMALGAMATIONS IN THE GERMAN ELECTRICAL INDUS- 
TRY.—A number of firms in the electro-technical industry 
in Germany have recently joined together to form a new 
share company under the name of Elektrowerke A.G., 
Duesseldorf. The share capital at present amounts to 
100,000 gold marks, of which 80,000 marks are ordinary 
shares, the rest being preference shares. The firms con- 
cerned in the amalgamation are: Berlinische Elektrizi- 
taetsgesellschaft Gebr. Nolzen, of Rousdorf; the 
Stolper Elektromotorenfabrik Heinz Ziegler, of Stolp, 
Pomerania; the Wilma Elektromotorenfabrilk of Mer- 
kendorf ; the Widerstands-Baugesellschaft, G.m.b.H., 
Bonn; the Gesellschaft fuer Elektrische Industrie, 
G.m.b.H., Casse!: and Messrs. Karl Schlueter, Elek- 
trische Anlagen, G.ni.b.H., of Duesseldorf. 


LADDER BRIDGE FOR MOUNT EVEREST EXPEDITION. 


CONSTRUCTED BY THE McGRUER HOLLOW SPAR COMPANY, LIMITED, GOSPORT. 
Fig. 7. 
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LADDER BRIDGE FOR THE MOUNT 
EVEREST EXPEDITION. 


Ir is now generally realised that the attempt to 
reach the summit of Mount Everest involves the 
severest possible test of human endurance, even with 
the aid of modern scientific and mechanical appliances ; 
without them the chances of success would be but slight. 
The 1924 expedition, it will be remembered, has 
recently been abandoned after the loss of Messrs. 
Leigh-Mallory and Irvine, who were pushing on alone, 
equipped, of course, with oxygen-breathing apparatus, 
and were last seen when within about 1,000 ft. of the 
summit. What accident befell them, and whether 
or not they actually reached the summit, are at present 
matters for conjecture only. Their loss when so near 
to the full attainment of the object of the expedition, 
however, will be deeply ‘regretted by all who can 
appreciate the degree of courage and endurance 
necessary to overcome the natural obstacles to 
success, 

In previous expeditions difficulties had been experi- 
enced in the later stages of the climb owing to the 
existence of crevasses at an altitude of about 24,000 ft. 
In planning the 1924 expedition, therefore, the Com- 
mittee decided to include in the equipment a light 
portable structure which could be used as a bridge 
for crossing crevasses, and might also be employed in 
an upright position as a ladder. The maximum span 
to be provided for was about 18 ft., and the strength 
had, of course, to be sufficient to carry a fully-equipped 
climber. For transport purposes, it was necessary 
to limit the maximum length of the dismantled 
structure to about 6 ft., and the weights allowed were 
limited to 40 Ib. for a porter and 80 Ib. for a mule. 
To comply with these conditions, the ladder bridge 
illustrated in the accompanying engravings was 
designed by Mr. J. McLintock, the works manager of 
the McGruer Hollow Spar Company, Limited, in con- 
sultation with Mr. P. J. H. Unna, the engineer to the 
expedition, and was constructed at the McGruer 
Company’s works, at Beach-street, Gosport. 

The MecGruer system of hollow timber construction 
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was originally introduced for the masts, booms and 
spars of yachts, but it has since been applied to aircraft 
construction and to other uses in which lightness 
combined with great strength to resist bending moment 
and compressive stresses are important considerations. 
Almost any form of straight or curved taper can be 
made with circular, elliptical or pear-shaped sections. 
The wood employed is Pacific Coast spruce, mainly 
because of its even growth, and boards of any thickness 
between 0-1 in, and 0-4 in. are bent breadthwise and 
the edges made to meet in a scarf joint which is glued 
with a waterproof glue. Two or more layers of wood | 
may be employed, glue being used between the layers, 
as well as at the joints, but no attempt is made to 
cross the fibres which are all arranged to lie parallel 
with the length of the member. 

The construction of the ladder bridge we are now 
considering is illustrated in Figs. 1, 2 and 3, and 
sections of the stringers and rungs are given in Figs. 4 
and 5, respectively. The stringers, it will be seen, are 
of hollow elliptical section and are composed of two 
layers having a total thickness of } in.; the external 
dimensions of the stringers are 3 in. by 13 in. The 
rungs are of circular section, 1 in. in diameter, with a 
wall thickness of ~ in., and are also built up of two 
layers; the method of fixing them to the stringers 
will be clear from an examination of Figs. 1, 2 and 3. | 
The ladder is made in three sections, of which the centre 
section is 6 ft. 13 in. in length, while the two end 
sections are each 5 ft. 114 in. long. The sections 
are connected, as shown, by ‘‘'[” hinges secured by 
plain bolts below the ladder and by hinged bolts, 
above it. Triangular struts of hardwood are secured 
to each hinge by metal straps to support the bracing, 
which consists of steel aero wires fitted with strainers 
and provided with triangular hooks at each end 
which fit on to the rungs. The arrangements of the 
bracing for spans of different lengths are illustrated 
in Figs. 6 to 9, while Fig. 10 shows the form of the) 
end hooks and the method of attaching them to the 
rungs ; and end view of the ladder showing one of the 
triangular bracing struts is given in Fig. 11. 

To distribute the load more uniformly on the 
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STEAM ENGINE 


AT THE BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS. BROWETT, LINDLEY AND CO., LIMITED, ENGINEERS, MANCHESTER. 
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_ uneven surface of the snow or ice upon which the 


‘structure might rest, an adjustable spreader made of 
hollow spar was fitted at each end, and to facilitate 
‘the operation of lowering the bridge over a chasm, a 
derrick, also made of hollow spar, was provided. 
"The derrick is attached to the clamps of one of the 
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THROTTLE GOVERNING ONLY. 


spreaders, as shown in Fiys. 12 and 13, while the arrange- 
ment of the guy ropes is illustrated in Tig. 6. 

The structure was carefully tested before despatch, 
and, with a span of 16 ft. 6 in. between the spreaders, 
the deflection amounted to 1}} in. with a concentrated 
load of 274 lb. placed at the centre. ‘The total weight 


of the complete ladder bridge is 45 lb. 13 o0z., to 
which must be added the weight of the derrick and its 
attachments amounting to 4 lb. 15 oz. The whole of 
the equipment was carried in a packing case weighing 
36 Ib. 12 0oz., so that the total load to be carried was 
874 lb. 


BROWETT-LINDLEY HIGH-SPEED STEAM 
ENGINE. 


*\ EssENTIALLY a British development, the high speed 
enclosed type of steam engine was originally introduced 
for direct coupling to electric generators. The great 
problem which confronted the pioneers in this phase 
of engineering design was the provision of effective 
lubrication for the moving parts. The methods 
which had been used previously for lubrication of slow 
running engines proved unsatisfactory for the new 
conditions. The designers were, however, encouraged 
in their quest for a suitable system by the knowledge 
that if a solution to the problem was obtained more 
rapid development of the electrical industry would 
become immediately possible, and especially in the 
country where the first engines embodying the new 
provisions were produced. In the accompanying 
illustrations, Figs. 1 and 2, are shown the details of 
construction of an engine of this type made by Messrs. 
Browett, Lindley and Co., Limited, of Sandon Works, 
Patricroft, Manchester, which runs at 500 r.p.m. to 
550 r.p.m., and is suitable for direct coupling to a 
dynamo of 100 kw. capacity. In Fig. 3 is shown a 
general view of a high-speed steam engine of similar 
design generally, but embodying some slight modifica- 
tions. An engine of this type forms part of the firm’s 
exhibit in the Palace of Engineering of the British 
Empire Exhibition. 

From Figs. 1 and 2 the construction of this two- 
cylinder two-crank engine can be seen. It will be 
noted that each cylinder and its valve chest are cast 
together and that their form is simple in order that 
no distortion may be caused through unequal stresses 
due to high temperature actions. Each cylinder and 
valve chest casting is mounted on a cast-iron distance 
piece, the extension of which forms a bored guide for 
the crosshead slippers. Leakage into this part of the 
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structure from the piston rod glands is collected and 
led by pipes inside the frame to a small tank which is 
formed in the engine bed. Here provision is made 
for the automatic separation of oil from the water. 
The oil is passed to the crank chamber and the water 
toa drain. The top and bottom covers are accurately 
machined all over their inner surfaces, and the 
clearances between them and the pistons are reduced 
to a minimum. 

Piston valves with cast-iron bodies and cast-iron 
rings are used, These valves are operated direct from 
the crankshaft by means of eccentrics, of which the 
straps are lined with white metal. The pins of the 
eccentric rods are case hardened, and the valve spindle 
crossheads are fitted with adjustable brasses secured 
by caps and bolts. For the construction of the 
high-pressure piston cast iron is used, but the low 
pressure one is made of steel. The crosshead slippers 
are of cast iron and secured to the crosshead by solid 
feathers and screws. While the piston rods are made 
of 0-4 carbon steel, the connecting rods are forgings of 
Siemens-Martin mild steel, and are each formed with 
jaws at the top end to which is fitted the case-hardened 
crosshead pin. The big end is formed with a flat foot 
to which the bushes are attached and secured by means 
of a cap and bolts. These bushes are lined with white 
metal. The crank-shaft is a forging with two cranks 
at an angle of 180 deg. A rigid frame of the enclosing 
type, which is securely bolted to the base, provides 
four bearings for the crankshaft and two large doors 
in each side of this frame give the means of easy access 
to the working parts. 

At the end of the crankshaft there is a centrifugal 
type of governor which acts directly on the throttle 
valve. Simple means are provided for adjusting the 
governor weights and springs, and arrangements are 
provided for altering the speed when running, the 
range being about 5 per cent. above and below the 
normal speed, but increased provision is possible to 
suit special conditions. In addition to the throttle- 
valve control, the governor also acts upon a variable 
expansion gear. This combination of throttle and 
expansion governing is used to obtain the maximum 
possible economy of steam. The throttle valve is of 
the double seated type and designed to avoid distortion 
when used with steam at high temperatures. It will 
be observed that every part of the moving system is 
enclosed. All the working surfaces on the engine are 
supplied with oil under pressure, supplied from a 
valveless pump placed in an easily accessible position 
in the lower part of the bed and actuated from one 
of the main eccentrics. This and the connecting pipe 
system are clearly indicated in Figs.land2. Effective 
lagging of the cylinders and covers is ensured by the 
use of a thick layer of magnesia composition within 
planished steel casings. 

Fig. 3 shows a complete engine generator set with 
the flywheel between the two components. In this 
engine, the variable expansion gear shown in the 
drawings has been omitted, but otherwise it is of 
similar construction. Single, compound and _ triple 
expansion engines, with both systems of governing are 
made by the firm in a variety of standard sizes ranging 
from 4 brake horse-power up to 2,500 brake horse- 
power. 


THe Minerat InpustRies or Canapa.—As is well 
known, Canada has been lavishly provided by nature with 
valuable minerals, some of which are not found in 
corresponding profusion anywhere else. In a former 
issue we drew attention to the remarkable display 
made by her at Wembley. Further particulars as to 
her mines and reduction works will be found in the 
official report on “‘ The Mineral Industries of Canada,” 
which has just been printed by the Mines Branch of 
the Department of Mines, Ottawa. The annual value 
of the mining and metallurgical products of this great 
Dominion, which was but 10,250,000 dols. in 1886, was 
no less than 227,859,665 dols. in 1920. Canada stands 
first in the production of asbestos, nickel and cobalt. 
Her coal resources, moreover, are exceeded only by 
those of the United States and of China. sip ah 


A Larcr Burtprne Grrper.—What is said to be the 
largest girder in building construction in the world has 
recently heen installed in the new Consistory building in 
Buffalo, New York. The girder weighs a hundred tons 
and is a little over a hundred feet long. When the build- 
ing is completed it will support the weight of the entire 
balcony of the auditorium, which will seat 1,000 people, 
and the load carried, when the balcony is filled, will be 
1,100,000 lb. The girder rests on two special columns at 
the sides of the building, and its use means not only 
a great saving in space on the floor of the auditorium 
(as there will be no pillars or other obstructions in the 
way of the audience) but also a greatly increased factor 
of safety. The girder was constructed by the Buffalo 
Structural Steel Company. It was built in six sections, 
and transported to its location by means of trucks with 
trailers, and assembled on the site. At the centre, 
where it is heaviest, the girder has five cover plates, 
each 36 in. by 3 in., thinning down to two cover plates 
at each end. The whole girder is 100 ft. 8 in. long, 
7 ft. deep at the centre and 3 ft. wide. 


INDIAN OVERSEAS TRADE. 


Tat the prosperity of India is of the utmost im- 
portance to the economic position of the British Empire 
is indisputable, and it is therefore of interest to examine 
the condition of that country from a consideration of the 
statistics relating to her overseas trade. These figures 
for the month of June, 1924, showed, as compared with 
the preceding month, a small increase in the value of 
exports coupled with decreases in imports and re- 
exports. This was reflected in the slow rise of the 
exchange value of the rupee from ls. 4¢d. to 1s. 5d. 
during the month. The imports of private mer- 
chandise totalled Rs. 18,82 lakhs (Rs. 100,000 = 1 lakh) 
during June, a decrease of Rs. 1,78 lakhs compared with 
May, while re-exports also decreased by Rs. 7 lakhs to 
Rs. 1,25 lakhs. The value of the exports of Indian 
produce and manufactures rose from Rs. 27,73 lakhs 
in May to Rs. 28,36 lakhs in June. 

A comparison of trade figures for the latter month 
with those for the same month last year shows 
an increase, in the case of imports, from Rs. 18,01 
lakhs to Rs. 18,82 lakhs. Exports, however, show a 
decrease from Rs. 28,60 lakhs to Rs. 28,36 lakhs, while 
re-exports show an increase from Rs. 1,21 lakhs to 
Rs. 1,25 lakhs. The inclusive imports taken over the 
period April to June, 1923, compared with that period 
for the year 1924, show an increase in value from 
Rs. 58,29 lakhs to Rs. 59,69 lakhs. The exports for 
the same periods compare Rs. 86,61 lakhs to Rs.85,53, 
lakhs, while the re-exports likewise show a decrease, the 
figures being Rs. 4,05 lakhs and Rs. 3,82 lakhs, respec- 
tively. 

Treasure on private account, including currency 
notes, showed a net import of Rs. 4,31 lakhs in June, 
1924, as against Rs. 4,99 lakhs in the preceding month 
and Rs. 3,82 lakhs in June, 1923. The statistics 
relating to the precious metals are of importance. 
For the three months ended June, 1923, gold was 
imported to the value of Rs. 12,06 lakhs and exported to 
the value of Rs. 2 lakhs, while the figures for silver, were 
Rs. 4,53 lakhs and Rs. 37 lakhs, respectively. For the 
three months ended June, 1924, gold was imported to 
the extent of Rs. 8,78 lakhs and Rs. 2 lakhs worth of 
the metal was exported. -Silver imports for this period 
reached Rs. 6,80 lakhs, while exports totalled Rs. 73 
lakhs. Measured by the statistics of merchandise, 
treasure, council bills, purchases of sterling and other 
Government remittances to the United Kingdom, 
enfaced rupee paper, &c., the visible balance of trade 
was in favour of India to the extent of Rs. 3,67 lakhs 
in June, 1924, as compared with a credit balance of 
Rs. 2,50 lakhs in May, 1924, and of Rs. 6,79 lakhs a 
year ago. During the three months ended June, 1924, 
there was a favourable balance amounting to Rs. 4,32 
lakhs, as against Rs. 15,93 lakhs in the corresponding 
period of the preceding year. 

A study of the changes in imports during June, 1924, 
and in June, 1923, is instructive. Relative to food, 
drink and tobacco, an increase of Rs. 5 lakhs to 
Rs. 1,53 lakhs is apparent. Raw materials increased 
by Rs. 67 lakhs to Rs. 2,27 lakhs, and manufactured 
articles by Rs. 11 lakhs to Rs. 14,77 lakhs. Imports of 
salt accounted for an increase of 36,000 tons in quantity 
and Rs. 10 lakhs in value. Under raw materials, 
kerosene oil and raw cotton showed increases of 
Rs. 40 lakhs and Rs. 24 lakhs, respectively. Of manu- 
factured articles the imports of cotton, yarn and piece 
goods showed a considerable increase. Grey goods 
rose in quantity from 48 million yards to 65 million 
yards and in value by Rs. 69 lakhs to Rs. 2,22 lakhs. 
White and coloured goods also rose by 6 million and 
2 million yards in quantity, respectively, and by 
Rs. 37 and 224 lakhs in value. There were, however, 
noticeable decreases under machinery, including belt- 
ing, to the extent of Rs. 74 lakhs. Railway plant 
and rolling-stock fell by Rs. 50 lakhs and electrical 
instruments by Rs. 1,4 lakhs in value, respectively. - 

The value of the exports of Indian merchandise, food, 
drink and tobacco, as compared with June, 1923, 
increased by Rs. 18 lakhs to Rs. 7,73 lakhs, due to an 
increase in the exports of foodgrains of Rs. 1,05 lakhs, 
which, however, was partly offset by a decrease of 
Rs. 96 lakhs in tea. Raw materials and produce 
exported decreased by Rs. 1,71 lakhs to Rs. 13,48 lakhs. 
Under this group, oil seeds decreased by Rs. 1,10 lakhs, 
raw hides and skins by Rs. 49 lakhs, lac by Rs. 30 lakhs 
and raw jute by Rs. 15 lakhs, while raw cotton showed 
an increase of Rs. 15 lakhs, notwithstanding a decrease 
of 10,000 tons in quantity. Of the total shipment of 
45,000 tons of raw cotton, Japan took 15,900 tons 
or 35 per cent., China and Italy 9,000 tons or 20 per 
cent. each, Belgium 3,500 tons, France 2,600 tons, 
and the United Kingdom 1,800 tons. Exports of raw 
jute decreased in quantity from 21,200 tons to 18,700 
tons, and in value from Rs. 78 lakhs to Rs. 63 lakhs. 
Manufactured goods rose by Rs. 1,10 lakhs to Rs. 6,85 
lakhs. The shipments of gunny bags in June, 1924, 
fell from 28 millions, valued at Rs. 1,30 lakhs, to 
23 millions, valued at Rs. 1,21 lakhs. The yardage of 
gunny cloth exported rose from 89 millions, valued at 


Rs. 2,01 lakhs, to 141 millions, valued at Rs, 2,45 lakhs. 
Other noticeable increases, to the extent of Rs. 18 
lakhs, were under cotton yarns and manufactures. 
Tanned skins increased by Rs. 19 lakhs, and iron and 
steel by Rs. 14 lakhs. 

The share of the United Kingdom in Indian imports 
fellfrom 61-3 per cent. in June, 1923, to 56-5 per cent, 
in June, 1924, and in exports from 27-8 per cent. to 
19-4 per cent. The shares of Germany, Japan and 
the United States in June, 1924, were, respectively, 
6, 7, and 9 per cent. under imports, and 4, 17, and 9 per 
cent. under exports. 3 

The shipping statistics for the periods under con- 
sideration, as would be expected, reflect the state 
of trade indicated above. The tonnage of vessels 
entered into British India and cleared outwards with 
cargoes from and to foreign countries and British 
Possessions during the month of June, 1924, amounted, 
respectively, to 517,000 and 683,000, against 581,000 
and 752,000, respectively, during May of this year. 


iThe tonnage entered into and cleared from British 


India during the three months April to June, 1924, was 
1,701,000 and 2,118,000, respectively, as compared with 
1,636,000 and 2,076,000 during the same period last — 
year, 


CATALOGUES. : 


Aluminium.—A useful little booklet on the properties — 
of aluminium and the methods of working it, has come — 
to hand from the British Aluminium Company, Limited, | 
109, Queen Victoria-street, London, E.C.4. The booklet 
deals particularly with the working of the metal from — 
sheets, coiled strip, and discs, and gives practical advice 
on pressing, beating, spinning, jointing and finishing. 


Automatic Telephones.—A list of over 100 automatic 
telephone exchanges ranging from small private sets of 
15 lines to the Edinburgh exchange with an initial capa- 
city of over 14,000 lines, is to hand from Messrs. Siemens 
Brothers and Co., Limited, Woolwich, together with a 
shaped folder illustrating the telephone dial. A new 
list of dry cells and batteries made by the firm is also to — 
hand. 


Electrical Plant—A book of 120 pp. large octayo, 
issued by Messrs. Crompton and Co., Limited, Chelmsford, — 
in connection with the British Empire Exhibition, con-_ 
tains an interesting historical introduction dealing with — 
the early electrical inventions with which Colonel — 
R. E. B. Crompton was associated. The subsequent — 
chapters refer to the products of the company, which — 
include electrical measuring instruments, switchgear, — 
generators, converters, motors, ceiling fans, and search-— 
light projectors, while various applications of electric — 
drive and the firm’s works at Chelmsford are also dealt 
with. The illustrations are numerous and clear and the - 
printing and binding excellent. ; ( 


Condensing Plant.—-A series of catalogues dealing with — 
condensing plant has reached us from the Mirrlees, 
Watson Co., Limited, Scotland-street, Glasgow. The 
general principles of heat balance in power plants and — 
feed water de-aeration are explained in the first publi- 
cation, while the others deal, respectively, with surface — 
condensers, multiple jet condensing plant, steam ejector 
air pumps, and a high-vacuum extraction pump. Another 
catalogue contains a description of surface condensing — 
plant supplied to the Glasgow Corporation for Dal- 
marnock Power Station. All these publications are ~ 
clearly written and well illustrated, and they will 
doubtless prove interesting to power-station engineers. 


Oil Engines—A new edition of their catalogue of 
cold-starting, horizontal oil engines has been issued by 
Messrs. Ruston and Hornsby, Limited, Lincoln. These 
engines are now made in 13 standard sizes with single 
cylinders, developing from 163 brake horse-power to 
170 brake horse-power, while the eight sizes of double-_ 
cylinder engines listed range from 84 brake horse-power 
to 340 brake horse-power. An airless atomiser is used, 
and the lowest grades of fuel oils may be consumed. 
A test of the 38-h.p. to 42-h.p. engine running on Mexican ~ 
fuel oil of 0-950 specific gravity, showed a speed variation 
of only 250 r.p.m. to 252 r.p.m. from full load to one 
quarter load, and gave a fuel consumption of 0-422 lb. — 
per brake horse-power hour at full load, rising to 0-425 
lb. at three-quarter load, and 0:455 lb. at half-load. 
The engines are suitable for driving electric generators 
or factory line shafting, andfor any other work requiring — 
steady running. 7 


a 

Iron and Steel Plant and Products.—We have received , 
a copy of a handsomely printed book from Messrs. — 
Newton, Chambers and Co., Limited, Thorncliffe, near 
Sheffield, describing their works and plant and illustrating | 
the character of their products. The products may 
roughly be divided into two classes: one including co! 
iron-ore, coke, pig iron and the chemical products now 
definitely associated with the production of pig-iron 
and steel; and the other, castings, constructional steel, 
tanks, pipes, and the general heavy plant required in — 
the production of the first-named class. Amongst this 
plant we notice, for instance, complete blast furnace and 
gas-making equipments, a 500-ton tilting furnace, @ 
500-ton metal mixer, an 80-ton meta! tadle, a pit- 
head pulley wheel 24 ft. in diameter, large gas 
valves, hammer blocks of 50 tons and 70 tons weight, 
an engine crank-case weighing 30 tons, tunnel segments — 
in cast-iron, the frame of a steel building 400 ft. by 
165 ft. in plan and 35 ft. high, which was erected im 
place in three weeks, and finally small cast-iron heating 
boilers and a full range of pipes, gutters, &c., for con- 
ducting rain water from buildings. 
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“ ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
SELECTED ABSTRACTS OF REOENT PUBLISHED 


SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
notice at the Patent Office of opposition to the grant of a 

atent on any of the grounds mentioned in the Acts. 


AERONAUTICS. 


212,344. Armstrong-Siddeley Motors, Limited, Coven- 
try, and H. N. Wylie, Coventry. Metallic Aircraft. Con- 
struction. (3 figs.) December 28, 1922.—The invention 
relates to the construction of metal members or structures for 
use on aircraft, and it has for its object to provide an improved 
and simple method of forming a tubular channel, or other suit- 
able structure, of sheet or strip metal with a longitudinal joint. 
According to the invention, each edge of the sheet is flanged 
and the outer edge of each flange is turned outwards so that 
the two flanges when back to back form a “ T.’’ An embracing 
strip is then threaded upon the flanges and is crushed in a direc- 
tion across its width, upon the oppositely turned edges of the 
flanges, thus tending to close the split edges together and per- 
manently deforming it so that it retains its grip when the exter- 
nally applied pressure is removed. The edges of the sheets A 
and B are flanged in the manner shown, the parts A2, B?2 approxi- 
mately perpendicularly to the sheets and the parts A*, B* sub- 
stantially at right angles to the parts A2, B’, and opposite to 
one another in the manner Shown. The sheets are next posi- 
tioned so that the flanges A2 and B?2 are brought into contact 
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and the parts A?, B?, A, and B3 form a “T”’ in the manner 
illustrated. The embracing strip C, preferably of hard springy 
metal, is bent so that its cross-section resembles a chain link 
having a gap in one straight side or a flattened ring split along 
one of its flattened sides, the size of the cross-section being such 
that it closely, but with sliding clearance, embraces the outward 
flanged edges A* and B*. The embracing strip is first slipped 
along the flanges into place and then pressed between a pair of 
rollers placed parallel to the width of the strips C, one on each 
side thereof, and having a gap of roughly the same shape as the 
embracing strip C, but shallower. Hence the embracing strip 
is completely contained in the gap between the rollers, and has 
its cross-section crushed to smaller dimensions, the bight of the 
strip (indicated at C-) being forced upon the outwardly turned 
ed of the flanges. During this process the thickness of the 
Ph may be increased by the crushing action if the reduction 
in other dimensions is very great. Furthermore, the crushing 
action is so effective that, notwithstanding initial springiness of 
the material, the strip permanently retains a close grip of the 
flanged parts.—(Sealed.) 


212,643. The Fairey Aviation Company, Limited, 
Hayes, Middlesex, and C. R. Fairey, Hayes, Middlesex. 
Shock-Absorbers. (1 Fig.) December 14, 1922.—The in- 
yention relates to shock absorbers of the fluid dash-pot type, 
more particularly those commonly applied to the chassis of 
aeroplanes. According to the invention, the only communica- 
tion between the opposite ends of the dash-pot cylinder is by 
way of apertures in the piston, the effective area and/or the 
number of the apertures being controlled by means of a valve 
adapted for being adjusted either automatically or at will. 
The cylinder is pivotally attached at 12 to a member 13 of 
the wheel-chassis of an aeroplane, A piston 14 is fixed on the 
end of a tubular piston-rod 15, which, passing out of the cylinder 
by way of a stuffing-box 16, is made fast to a non-rotatable 


12.643) 


cross-head 17 pivotally attached at 18 to a member of the main 
framework of the machine, the axes of the pivot pins at 12 and 
18 being parallel to one another. The piston 14 is traversed 
by holes 19, the effective area of which is adapted to be regulated 
by means of a rotary valve 20 in contact with the underside of 
the piston, and having corresponding holes 21 adapted to register 
more or less with the holes 19 in accordance with the angular 
position of the valve relatively to the piston. The valve 20 
is fixed on the lower end of an inner piston-rod 22 which, traver- 
sing the entire length of the tubular piston-rod 15 and projecting 
above the upper extremity of the latter, carries at its upper end a 
radial arm 23 by means of which this inner piston-rod 22 can be 
turned about its axis, by means not illustrated, through the 
required angle.—(Sealed.) 


GAS ENGINES, PRODUCERS HOLDERS, &c.” 


212,200. Swan, Hunter & Wigham Richardson, Limited, 
Walker, Newcastle-on-Tyne, F. Rowntree, Monkseaton, 
and P. Belyanin, Jesmond, Newcastle-on-Tyne. Cylin- 
ders. (3 Figs.) November 2, 1923.—The invention relates 
to eylinders and cylinder liners for two-cycle internal combustion 
engines. According to the invention, the lower end of the liner 
|s provided with a ring fitted around it and forming with the liner 

n inlet and distributing channel for the cooling water, which is 
listributed from the channel to vertical passages in the liner 
wall leading to the cylinder water carer A is the cylinder 
iner haying a top flange a by which it is secured to the cylinder 
sover, The lower flange a1 of the liner has the usual ports, the 
scavenging port a2 being shown atone side. Cis the entablature 
upporting the cylinders. D is the cylinder jacket. is the 
ing fitted over the lower end of the liner A and bolted to the 

ttom flange of the liner. The cooling water is introduced 


through the hole e6 in the ring E and enters the distributing 
channel e7, The entablature C carries the box F through which 
the lower part of the liner A passes, making a sliding joint 
which allows the liner to expand and contract axially, the box 
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F being provided with the inlet port f and exhaust port fl. The 
ring E is of plain flanged form and the water channel e7 is formed 
entirely in the bottom flange of the liner A, and the vertical 
passages a3 leading to the cylinder water jacket open directly 
into the channel e7.—(Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


212,976. F.R. Wade, London, and C. A. V. Small Tools, 
Limited, Hove. Turning-Lathes. (7 Figs.) December 18, 
1922.—The invention relates to small lathes, such as model 
makers’ lathes. The headstock a and pedestal b are made in one 
piece, the pedestal 6 being hollow with a wide base and sides 
sloping upwards towards a central bellied portion c adapted to 
receive the tubular bed dfurnished with a slot e. The pedestal f 
at the tailstock end is similarly formed hollow and with a bellied 
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portion. The tubular bed d fits into the holes in the bellied 
portions of the pedestals b and f. The feed-screw p has a hand- 
wheel y fixed to one end thereof, and near the hand-wheel the 
screw is left plain to form a journal. The screw p and its bearing 
are inserted together in the end of the hollow bed and the screw 
is screwed into the nut v of the saddle w, after the saddle and the 
tailstock # are in position. The mandril is furnished as usual 
with a coned pulley 9 and a driving chuck with centre.— 
(Sealed. 


MOTOR ROAD VEHICLES. 


213,107. S. L. Bailey, Bristol. Change-Speed Gear- 
Operating Mechanism. (3 Jigs.) March 16, 1923.—The 
invention relates to change-speed gear-operating mechanism for 
motor cycles of the kind in which the gear changing is effected 
by foot-controlled mechanism, and in which, to avoid over- 
running an intermediate gear position, a movable plunger is 
provided to engage the gear lever or a part connected therewith, 
thereby to limit its travel from either end of its quadrant to the 
required position, this plunger being actuated by hand-controlled 
mechanism to put it out of action at will, and thus permit the 
gear-control lever to be moved beyond the intermediate position 
so as to engage the next gear. According to the invention, the 
plunger is mounted upon a movable part (preferably a lever of 
the gear-change mechanism), and is adapted to engage a peg which 
is free to travel along a slot provided upon a fixed plate or bracket 
and of such length that, from either end of its travel, the gear lever 
is brought to the exact position required. The arm A on the 
stem A2, which enters the gear-box A® and carries the striking 
fork (not shown), is connected by a hinged link B2 and guided 
plunger B5 with the pivoted foot lever B. By moving this lever B, 


the arm A can be moved into three positions about the stem A2 
providing three changes of gear. The arm A Carries a pair of 
transversely sliding plungers C and D, of which C is the locating 
plunger and is adapted to engage one of three holes E? in a plate E 
when the arm is in its respective ‘in gear” positions. he end 
of this plunger C is coned, so that it can easily drop into the holes 
in the plate. To withdraw the plunger, there is provided upon 
the arm A asliding cam plate F which is moved in one direction 
by a spring F2 and is drawn in the opposite direction by Bowden 
mechanism F%, the lever of which is preferably on the handlebar. 
The cam face F4 is adapted to engage a peg C4 on the plunger C, 
and the arrangement is such that, when the hand lever is moved 
only asmall distance, the cam lifts the plunger, allowing the arm A 
to be moved and the gear to be changed. The second plunger D 
isalso engaged by a cam face F? on the plate F ; this cam face is 
so shaped and set that it only comes into operation when the 
hand lever is fully moved, and this plunger engages the travelling 
stop. The travelling stop takes the form of a peg G, which lies 
in aslot E*in the plate E. The slot is curved in accordance with 
the curved path of the plunger D, which is adapted to engage the 
peg upon either side (that is, above or below it in the drawing) 


and thereby the movement of the lever is limited through contact 
of the peg G with the ends of the slot. Assuming the travelling 
stop to be above the plunger D and in engagement with it, pro- 
vided the plunger C is first disengaged, the arm A is then free to 
move from its lowest position only so far as its intermediate 
position, indicated by the dotted line X, the travelling stop then 
coming into contact with the upper end of the slot E3, Thus the 
tider’s foot can be safely employed to move the sliding gears to 
effect the change of gear involved by this movement of the arm A, 
and there will be no danger of over-shooting the position because 
this is wholly prevented by contact of the travelling stop with 
the end of its slot. Now, if it is required to move the arm A to 
to get the gear corresponding to its highest position, as indicated 
by the dotted line Y, it is only necessary to withdraw the plunger D 
from engagement with the travelling stop G, and the movement of 
the arm A can be again effected as before by the rider’s foot, the 
arm at the end of its travel coming into contact with the usual 
stop E4 provided for the purpose on the bracket E. If now the 
movement of the arm A is to be from the position Y to the position 
X, it will be observed that the plunger D is now upon the upper 
side of the stop G, and, as a consequence, contact of the latter with 
the lower end of its slot Eé will prevent the arm A moving below 
the intermediate position indicated at X, and the operation can, 
as before, be effected with perfect safety by the rider’s foot. By 
withdrawing the plunger D, the remainder of the downward 
movement of the arm can be effected to obtain the gear corre- 
sponding to the lowest position of the arm, as shown in the draw- 
ings, where the usual stop E®5 checks further movement. It will 
now be obyious that to cause the arm A to travel in one sweep the 
whole distance from the top to the bottom, or vice versa, thereby 
to skip the middle gear position, it is only necessary wholly to 
withdraw the plunger D from contact with the travelling stop. 
Such an effect, therefore, is obtained by moving the hand lever 
to its full extent, so that both the plungers C and D are withdrawn 
during the operation, whereas if the middle gear is to be engaged 
either in the up or the down movement of the arm A, the hand 
lever is operated only sufficiently to retract the plunger C. 
(Sealed.) 


212,955. Walker Brothers (Wigan), Limited, Wigan, and 
W.D. Williamson, Wigan. Motor Road Vehicles. (4 Figs.) 
October 30, 1922.—The invention relates to six-wheeled vehicles 
of the type wherein a two-wheeled attachment is adapted to be 
supported at the end opposite that supported by the wheels by 
means of a turntable carried by another vehicle. According to 
the invention, the attachment is provided with a tipping body, 
tipping about a horizontal axis and adapted to be operated in any 
position of rotation of the attachment about the axis of the turn- 
table. The vehicle 1 is carried by a frame 2 and wheels 3, and 
is adapted to support the forward end of an attachment body 4, 
the rear portion of which is carried on wheels 5 mounted on a 
chassis 6. The attachment body 4 is carried by a sub-frame 7 
and is mounted to rotate about a horizontal axis at the rear end 
relatively to the sub-frame. At the forward end of the vehicle, 
on the frame 2,is mounted one portion 8 of a turntable, the other 
portion 9 of the turntable being mounted on the sub-frame.7. 


(212,955. B.) 


The attachment body 4 is therefore capable of rotation about the 
vertical axis of the turntable. The vehicle is provided with 
means for tipping the attachment body 4, adapted to be driven 
from the supporting vehicle 1, and to thisend ashaft 10 is mounted 
on the frame 2 and is adapted to be connected by a clutch with 
the driving shaft of the engine. The shaft 10 is so arranged that 
its axis intersects the vertical axis of the turntable 8, 9. The 
shaft 10 is provided at its rear end with a bevel wheel 11 adapted 
to engage with a corresponding bevel 12 mounted concentrically 
with the portion 9 of the turntable. Meshing with the bevel 12 
is a further bevel 13 rigidly mounted on a transverse shaft 14. 
Rotation of the shaft 10 transmits rotary movement to the shaft 
14, and, owing to its position, the bevel 11 will engage the bevel 12 
whatever the position of the sub-frame 7 and body 4 relatively 
totheframe 2. At each end of theshaft 14 is mounted a threaded 
shaft 16 rotated by the shaft 14. Mounted on the threaded 
shaft 16 is an internally-threaded collar carrying trunnions, and 
the body 4 is connected to the collar. (Sealed.) 


PUMPS. 


212,966. L. Ward, Chalk: Farm, London. Pumps. 
(5 Figs.) December 15, 1922.—The invention refers mainly 
to the construction of pumps for compressing, exhausting and 
moving air and gases of the type in which a plurality of pump 
units is arranged radially in a casing, the pistons of the pumps 
being operated by a central cam mechanism against the action 
of helical springs. According to the invention, the pump unit, or 
units, is, or are, self-contained and each comprises a cylinder, a 
spring-returned piston, inlet and exhaust valves and parts asso- 
ciated therewith and externally arranged, each pump unit with its 
inlet and exhaust valves being detachably arranged in a main 
casing so that the, or each, unit can be removed as a whole, 
and when more than one unit is employed the removal of any 
one unit will not interfere with the functioning of the other 
unit or units. The improved air compressor comprises a multiple 
unit casing a bolted to an electric motor b and having one, or 
a plurality, of opentigs ¢ in which pump units @ are detachably 
secured in place. Hach pump unit d@ comprises a cylinder, 
inlet and outlet valves in the head thereof, a piston f and a 
returning spring 7. Conveniently, each casing unit a is provided 
with four radial openings ¢ adapted to receive four cylinders 
or pump elements d. The pistons f of these pump elements @ 
are fitted at their inner ends with pads g adapted to bear against 
a ball, orroller, bearing h mounted ona crank or eccentric portion 
of the shaft e of the driving motor b. The pistons f are normally 
kept in towards the ball bearing h by means of helical springs ¢ 
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coiled around the outside of the cylinders of the pump elements d 
and bearing on a shoulder j provided at the outer end thereof, 
and on a flange & provided on the inner erd of the piston /f. 


<p (2/2.966) 


The cylinder units d, complete with piston f, piston pad g and 
spring i, are adapted to be inserted from the outside and to be 
detachably held in place in the bores ¢ of their casing a by 
readily-disengag-able means. (Sealed.) 


SHIPS AND NAUTICAL APPLIANCES. 


211,927. John I. Thornycroft and Co., Limited, West- 
minster, London, and Sir J. I. Thornycroft, Bembridge, 
Isle of Wight. Screw-Propelled Navigable Vessels. 
(8 Figs.) November 23, 1922.—The invention has reference to 
navigable vessels provided with screw propellers designed for 
general use as partially-immersed propellers. According to this 
invention, the screw propeller is arranged with the propeller 
shaft at such an angle to the centre-line of the vessel that the 
mean section of each propeller blade, on immersion in the water, 
will be at right angles to the fore and aft line of the ship so 
as to drive the water directly astern. The propeller shaft a 
is inclined to the fore and aft centre line of the vessel and the 
propeller 6 arranged to act as a partially submerged propeller, 
so that the mean section, indicated by the line 61, of the portion 
thereof that becomes immersed in the water, will, on immersion 


of such portion of the blade, be at right angles, or practically so, 
to the centre line of the vessel as shown. The line b2 indicates 
the upper blade, for the time being, of the propeller. In the 
arrangement illustrated, the propeller shaft a is so inclined to the 
centre line of the vessel that its axis intersects the centre line 
of the vessel behind a centrally pivoted rudder c. The outer 
end of the propeller shaft a is supported by a bracket d! depend- 
ing from the overhung counter d. In this example. the inner 
laterally-displaced end of the propeller shaft @ is driven through 
belting or toothed gearing, assumed to be confined by a casing e 
having its centre line at right angles to the propeller shaft a, 
and extending at an angle across the centre line of the vessel. 
The belting, or gearing, is driven from a shaft f, which extends 
forward and across the centre line of the vessel at the same 
angle as the propeller shaft a and is driven by an internal-com- 
bustion engine g arranged vertically above it. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


211,592. J.Falion, Olton. Mechanical Fuel-feed Devices. 
(2 Figs.) November 27, 1922.—The invention consists of a 
mechanical fuel-feed device for use in combination with furnaces, 
wherein one side of the furnace is formed as a reciprocating 
member adapted to be advanced toward and retracted from 
the opposite wall of the furnace either in parallel planes or in 
planes radiating from the pivotal support of said member, 
whereby a feeding and crushing of the fuel within the furnace 
is effected. The coal is fed through the inlet 3 to a continuous 
screw 4 by means of which it is delivered over a chute 5 into 


the well of the furnace 6. One of the walls of the furnace 6 is 
constituted by an inclined bar grate 7 which is hingedly connected 
at its upper end to the furnace. The grate is connected at 
its lower end to means designed to impart a defined reciprocal 
motion thereto. An ash discharge outlet 10 is alternately 
opened, closed and cleared by means of a reciprocating plough 11. 

he rotating of the feed screw 4 and the reciprocal motion of 
the inclined-bar grate 7 and of the plough 11 are effected from 
a common main driving shaft 19. The reciprocating grate 7 
s disposed at such an angle, relative to the opposite or stationary 


wall of the furnace 6, that the reciprocating motion imparted 
to the grate 7 can effect a reduction of the size of the clinker 
or ash by a crushing action in the event of the pieces of clinker 
being of a larger size than the minimum size of the discharge 
aperture to the ash channel. (Sealed.) 


211,967. W. Y. Lewis, Southend-on-Sea, and A. A. 
Cawkwell, Palmer’s Green, London. Water-tube Boilers. 
(1 Fig.) November 11, 1922.—The invention consists broadly 
in a water-tube boiler, including the combination of “ Field” 
and ordinary water tubes, the former being so disposed as to 
be swept by the hottest gases and as to shield the latter from the 
hottest gases. In carrying the invention into effect in the form 
which is illustrated, three banks of tubes placed one above the 
other and three steam and water drums are employed. The 
lower bank a constitutes the main evaporating section and con- 
sists of ‘‘ Field’ tubes expanded into a water drum d disposed 
horizontally in juxtaposition to the hottest gases of the fire-box. 
The front ends of the tubes are bent so as to enter radially the 
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drum d into which they are expanded in the usualmanner. Each 
of the inner tubes e, at its front end,is connected to a diaphragm 
plate hk erected within the drum d in sections. The middle 
bank of tubes b forms a secondary evaporating section and a top 
bank ¢ constitutes the economiser section, and for both of these 
banks plain bent tubes are-used, which are expanded at one 
end into the water space of a steam drum & disposed above 
the drum d, and at the other end are expanded into a third drum 
m disposed at the back of the boiler. The nests of tubes b and 
c are disposed on the side of the main nest @ remote from the 
fire-box so as to be shielded from the hottest gases. Between 
the drums d and k a number of short, plain tubes are fitted with 
their ends,expanded into the respective drums, these. tubes acting 
as down-comers » and uptakes 0. (Sealed.) 


211,924. H. Fothergill, Westminster, London. Steam 
Power Plants. (1 Fig.) November 22, 1922.—The invention 
relates to the heating and supply of feed water in steam-power 
plants. According to the invention, the steam space of the 
eyaporator and the space in the de-aerating chamber in which 
the air is liberated are directly. connected to the evaporator 
heater by plain pipes or passages. The condensate withdrawn 
from the main condenser a is delivered by a pump b by way 
of a pipe ¢ through a surface heater d, hereinafter called the 
evaporator heater, and thence to another heater d1, hereinafter 
called. the secondary heater, from which the water passes to the 
de-aerating chamber m. The evaporator heater d is maintained 
under vacuum by an ejector / which discharges into the secondary 
heater di from which the non-condensible gases pass to the 
atmosphere. The evaporator heater d is connected to the steam 
space of the evaporator f by pipe w and to the space in the de- 


aerating chamber m in which the air is liberated by pipe i so 
that the evaporator heater d receives and condenses generated 
steam from the evaporator f and aerated vapour from the de- 
aerating chamber m. When provided, the secondary heater 
dl may be supplied with heating steam from the exhaust steam 
from one or more auxiliaries through pipe 2, and the drainage 
water from the evaporator heater d@ and from the secondary 
heater dl, when of the surface type, can be conveniently dis- 
charged through pipe pl into the de-aerating chamber m from 
which the de-aerated water is withdrawn by the pump g and 
discharged to the boiler-feed system e. The water system on 
the inlet side of the evaporator heater d may be connected to a 
feed or storage tank v, and the de-aerating chamber may be 
provided with a float w which operates a valve y controlling the 
supply of water thereto in accordance with the requirements 
of the feed system. (Sealed.) . 


TEXTILE MACHINERY. 


210,365. David Keay and Leslie, Limited, Dundee, and 
J . Ness, Springfield. Spinning-Frame Mechanism. (2 
Figs.) July 20, 1923.—The invention relates to spinning frame 
mechanism of the kind in which a stirrup is provided for applying 
pressure to the non-rotatable member of the pressing roller 
bearing. a is the pressing-roller lever having at one end a hook 
b from which a weight is suspended. The lever is pivoted to 
an eye bolt c which is adapted to be secured to the grating of 
the spinning frame. The other end of the lever is provided with 


fl abutting against the layer d of the wall d, d1, whilst the 


a forked bolt d@ pivoted thereto. e is a stirrup, the ends f of — 
which are adapted to press on to the stationary member of the 
pressing-roller bearings. The stirrup is provided with pins g 
adapted to rest on the gratings and the arch of the stirrup is 
slotted to receive the forked bolt d. A strap h is provided on 
the stirrup by which it may hang on the lever when displaced 
for removing the roller. An adjustable nut & is provided on 


the bolt d. The mechanism allows the adjustment for wear 
to be made while the machine is running. In operation, the 
pressure from the weighted lever is applied to the pressing roller 
through the- stirrup which engages with the stationary part 
of the bearing, and friction at the points of pressure is avoided. 


(Sealed.) ¥ 

MISCELLANEOUS. q 
210,522. R. L. Owens, Liverpool. Heat-Insulated 
Chambers. (11 Figs.) November 1, 1922.—The invention — 


relates to a receptacle or chamber, particularly for use in cold 
storage. A chamber, according to the invention, is constructed — 
in sections so formed and connected together that, after having” 
been erected in one place, the chamber may be readily taken down, 
removed, and re-erected in another position by unskilled or semi- — 
skilled labour without impairment of its insulating efficiency. 
a is an upright or key piece of wood which is equal in length to 
the height of the sides of the chamber; in a corner face of the 
uprights are formed two steps a1, a2, in which are disposed ends 
of layers b, b1, respectively, of tongued and grooved boards, _ 
such layers constituting one member of a double wall of a chamber, 
the ends of the wall layers b, b1 being cut or stepped as shown, — 
so that they will lie snugly on the steps al, a2. The diagonal 
corner of the upright a is stepped at a3, a4, and on these steps — 
there are disposed ends of tongued and grooved layers e, om 
forming the outer member of a double chamber wall. In f] 
inner corner of the upright @ there is formed a step a5 which 
parallel with the steps a3, a4, and on which step a5 is dispos 
an end of a wall layer d whereto is secured a second layer 
the two layers constituting an inner member of the double s P 
wall c, cl, d,dl. There is provided a second upright e of leng 
equal to that of the upright a and which upright e is dispos 

on the inner side of the upright a and abuts against same. On ~ 
the inner side of the upright e there is formed a step e1 on wh 
is disposed an end of a tongued and grooved layer f whereto 
secured a second layer /f1, said two layers constituting the ii 
member of the double wall b, 61, f, f1, the end of the second lay 


jacent end of the wall layer dl.abuts against the adjacent end o 
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the wall layer fl. Spaced bolts g extend through the parallel 
key members a, e and make an effective joint when screwed up. 
Similar jointing arrangements are provided at the other corners — 
of the chamber walls. A corner jointing of the bottom of the 
chamber with a side is effected in the following manner :—There ~ 


is provided horizontally disposed key members h, j each of which — 
is double stepped at h1, h2 and jl, j2 to receive the lower ends 


of the members b, 61, and f, fl of a side wall. On the upper 


face of the key member j, there are secured, in any convenient 


manner, ends of layers k, kl constituting the floor of a double 
bottom, and suitably spaced below the floor are the lower 
layers 1, 71 of the bottom, the inner layer 2 whereof projects 


into a groove or recess 43 formed in the key piece h.. The corner 


jointing of the top of the chamber with a side is effected in the 


following manner :—There is provided a horizontal key piece m 
stepped at ml on which the ends of layers , nl forming 


the outer member of the double roof wall rest. The inner layer 
o of the roof ceiling member 0, 01 abuts against key piece m, 
the inner layer 6 of the side wall member b, 61 enters a groove 


m2 of said horizontal key member m, and the inner layer f of the 


wall member f, f1 enters the groove m3 of the longitudinal key 
member m. Between the vertical walls 6, b1 and f, fl a second — 
longitudinal key member p is disposed through which, and the 
tirst key member m together with the outer part of layer 71, bolts g 
extend, which bolts, on being screwed up, effect closure on an 
extended baffle joint line so created. (Sealed.) i 
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To-pay at Olympia the second Exhibition 
organised by the Machine Tool Trades Association 
since the war, is to be opened by the Right Hon. 
Lord Askwith. The Exhibition will remain open 
until the 27th inst... The previous Exhibition was 
held in 1920 under, as will be remembered, rather 
exceptional circumstances. There was a boom in 
trade at the time, and firms had many new products 
to display. Many of these showed the effect of 
the lessons learnt in munitions work and mass 
production, but even then the distinctive leaning 
in the British machine tool industry to the general 
purpose machine was a noticeable feature of the 
assemblage. There still seems to be little sign 
of change in this regard. There will always be 
a certain market in heavy tools for particular 
types of single-purpose machines, while a large 
number of minor operations can be most effectively 
performed by small and inexpensive tools either 
specially designed or readily adapted to a quite 
limited range of repetition work. The large and 
eomplex automatic machines, which involve a very 
heavy capital expenditure, of the class developed 


s 


be found to be considerable, but in many instances 
these will be seen to be improvements on earlier 
designs, perhaps with additional refinements, 
rather than new developments. Insome instances, 
in which firms are striking out on new lines, more 
originality is naturally to be found, but with 
business as it has been of late there has been little 
enough to encourage any speculative expenditure, 
which may require the lapse of years before any 
commensurate advantage accrues from it. 

Some comment, has been heard of the fact that 
the Association is holding an independent exhibition 
this year, and did not join forces to make a 
thoroughly representative display at Wembley. We 
have often expressed our regret that the Association 
takes no part in the British Industries Fairs, and 
on similar grounds we are sorry that the machine 
tool industry has been represented at the British 
Empire Exhibition on an altogether inadequate 
scale. The few tools to be seen there are certainly 


good models of some of our leading firms’ products, 
but no visitor from abroad could possibly carry 
away with him, after a visit to the Palace of 


tool exhibits at Wembley been more suitably 
impressive. Export trade is essential to our exis- 
tence, and, however well a special show may serve, 
there is no denying the fact that both the annual 
Fairs and the great Empire effort of this summer, 
have been planned with the object of developing 
such business. However it is perhaps, a little 
ungracious to criticise a policy which, if it has 
drawbacks, certainly produces for a short space, 
at intervals of a few years, probably one of the 
most instructive exhibitions held. The fact that 
so many of the machines shown are in motion 
lends an air of reality to these displays at Olympia 
which is not attainable in any other instance, and 
all engineers able to do so can rest assured that 
if they visit this Exhibition they will find it at once 
fascinating and instructive. 

During the course of the Exhibition we hope 
to describe a selection of the more interesting 
machines and other apparatus shown. It is to be 
understood that in this first article we have neither 
specially picked out those of greatest interest nor 
discarded such as might be considered by some to 


Fig. 1. 


to such an extent in the United States, do not 
appear to offer much attraction to our designers 
and manufacturers. It is to be concluded from this 
that, generally speaking, the market for single- 
purpose machines is too restricted to warrant manu- 
facturers going to the expense of elaborating 
designs and patterns for the small number likely 
_tobesold. This may well be the case in the machine 
tool trades at the present time. Although we 
heard a great deal about mass production imme- 
diately after the close of the munitions period, 
business practically cut its own throat so shortly 
after that only a few of the many projects actually 
materialised, and in most directions it has been 
Since then a matter of keeping a firm’s name before 
inquirers rather than of supplying customers. 
Under the circumstances it is not surprising that 
while a few special purpose machines may now 
and then be designed and built for out-of-the-way 
jobs, as a general rule the small demand for large 
_Mass-production automatics or multiple machines 
_has been met by importation from countries where 
the domestic requirements have led to these 
| developments. 
From what we have seen up till the time of writing 
, the Exhibition, while covering a very interesting 
range of tools, is not so conspicuous as that of 
1920 for actual novelties. The number of new 
| models which will be available for inspection will 
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Engineering, a correct impression of the British 
tool industry. With the visitors numbered by 
millions, and the greatest assemblage, at the 
recent Power Conference, of engineers of the first 
rank the world has perhaps ever seen, the industry 
would appear to have missed an extremely valuable 
opportunity of displaying its wares. The tact that 
the present show is being held while the Wembley 
one is still open does not make good the season’s 
loss, for the reasons which have drawn engineers 
from abroad to London to see the Empire Exhibition 
largely vanished with the termination of most of 
the technical conferences. 

We cannot, however, in justice ignore the fact 
that originally the Empire Exhibition was planned 
for 1923, when the two would not have clashed, 
and the Association, having, we understand, long 
previously made its arrangements, could not alter 
them when the British Empire display was put off 
till this year. It is also possible that the Associa- 
tion feels that it would not have been feasible 
without an inordinate expense to stage adequately 
at Wembley a thoroughly interesting, attractive 
and comprehensive exhibit, and that a shorter, 
special exhibition serves its members better. This 
is a fair argument, but thousands of visitors have 
undoubtedly been here this year, and are now gone 
back overseas, who might have been interested to 
the length of becoming customers had the machine 
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be of lesser importance. In a case of this kind it is 
manifestly impossible to deal with all the exhibits, 
even in turn, while many of them, as we have 
pointed out above, are models with which engineers 
have for some time been familiar. The selection 
this week pretends to do no more than embrace a 
range which we trust will include variety sufficient 
to interest a wide circle among our readers, based 
to some degree on the facilities accorded to us 
in the preparation of the material early for 
publication. 
LATHES. 

In dealing with lathes we may well commence 
with an account of the new 10}-in. centre, sliding, 
surfacing, and screw-cutting lathe of Messrs. John 
Lang and Sons, Limited, of Johnstone, near Glasgow. 
This machine is illustrated in Fig. 1. It is a 
very powerful machine, and, as would be expected 
of this firm’s products, gives promise of excellent 
service. The length of bed is 12 ft. and the 
length between centres is 6 ft. The swing clear 
of the bed is 21 in., and clear of the saddle 
154 in. The gap allows a swing of 38 in., 
and in it the work can project 134 in. from 
the face plate. The spindle is hollow, having 
a 2t-inch hole through it. The front spindle 
bearing is 6 in. in diameter by 6} in. long. The 
machine is driven by a 10 brake horse-power motor 
running at between 850 and 1,000 revolutions 
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per minute with reduction to give 400 revolutions 
per minute at the driving pulley. The spindle 
speeds obtainable are 12 in number, ranging from 
6 to 175 revolutions per minute, while four feeds 
per revolution of the spindle are also provided, viz., 
4 in., yy in., sj, in., and x in. 

The bed is of Messrs. Lang’s narrow guide type. 
It is of 20-in. width on the face and 162-in. width 
of body, and has a depth of 13 in. The design 
gives great rigidity for heavy cutting. The fast 
headstock embodies a number of interesting features. 
We have already noticed that a range of 12 speeds 
is obtainable. A large taper cone clutch is provided 
on the fastest running shaft, and a ferodo-lined 
brake. All levers, which are interlocked, actuate 
the clutch and brake before changing gears. The 
sliding gears are hardened and work on ‘castellated 
shafts. The free position of the spindle is obtaimed 
by means of the lever nearest the operator. There 
are no friction clutches on slow-running shafts and 
no gears are in mesh except when transmitting 
power. A plate on the front of the headstock 
shows the lever positions for all spindle speeds. 

The gear-box gives four different sliding or 
surfacing feeds which may be changed or reversed 
while running. Four screws may be cut, any one 
of the pitches being obtainable without stopping 
the lathe. By means of change wheels other 
pitches are obtainable, four being derived from 
each combination of change wheels. The alteration 
of screw-cutting change wheels does not affect 
the sliding and surfacing feeds, which remain 
constant. 

The saddle has a longitudinal guide of a length 
about eight times the width, in order to reduce 
to a minimum the tendency to twist. The com- 
pound slide has large surfaces, and the swivel 
arrangement for taper-turning has a machine- 
divided index. A large micrometer dial is fitted 
to the saddle-screw. The apron is arranged with 
centralised control for the engagement and dis- 
engagement of the self-acting sliding and surfacing 
motions by means of separate drop-out worms, 
controlled by one handle. This control provides 
for the instantaneous throwing in or out of the 
feed motions, the interlocking of the sliding and 
surfacing with the screw-cutting motion so that 
the latter cannot be engaged while the others are 
in gear, and the interlocking of the sliding and 
surfacing motions so that only one can be engaged 
at a time. The whole arrangement is compact 
so that the operator can get close in to the work, 
and yet have all control handles within reach. 
An indicator is fitted to facilitate the engagement 
of the nut with the lead screw when cutting the 
threads listed on the change wheel plate. The 
tailstock has side adjustment for taper-turning. 
All gears are enclosed in covers. 

The machine is arranged for direct motor drive, 
the motor being carried on a stool bolted to the 
lathe bed. ‘The reduction gears between the motor 
and headstock are enclosed in an oil-tight case. 
The pinion shaft coupled to the armature shaft 
is carried in an outer ball-bearing. 

Messrs. Lang’s exhibit also includes a 2 ft. 6 in. cr. 
surfacing and boring lathe of their standard design, 
with four-step cone pulley belt drive and gears 
by which 12 spindle speeds may be obtained with 
four feeds per revolution of spindle. The saddle, 
which can be moved along the bed by hand ratchet 
or by power, is provided with two slide rests, both 
arranged for taper-turning and with independent 
self-acting surfacing feeds. The cone pulley is 
fitted with a brake for stopping the spindle quickly. 

Fig. 2, Plate XXVIII, with this week’s issue 
of ENGINEERING, shows an 183-in. centre lathe 
exhibited by the Selson Engineering Company, 
Limited, Coventry. This machine has a bed 25 ft. 
long, and can take work 17 ft. long between the 
centres. The bed is very massive, being 25 in. 
wide and 17 in. deep. The clear height of centres 
over saddle is 143 in., while the gap allows a swing 
of 62 in., the clear width available in the gap being 
21 in. There are sixteen spindle speeds, ranging 
from 2 r.p.m. to 128 r.p.m., the drive being from a 
pinion to a gear fixed at the back of the face-plate. 
The headstock is. of forged steel. The spindle, 
which has a 54 in. diameter hole through it, is 
carried in parallel bearings of gunmetal, with ring 
oilers. The front bearing is 8 in. in diameter by 


10 in. long, and the back one 6} in. in diameter by 
64in. long. The speed levers are interlocked so that 
they cannot be placed in incorrect positions. 

Six feeds are available, ranging from 8 to 55 cuts 
per inch. The feed-shaft diameter is 1} in., the 
lead screw having a diameter of 3 in. Reversing 
motion for both lead screw and feed shaft is placed 
on the outside of the headstock. The apron is of 
the double-wall type, all apron shafts having two 
bearings. The feed shaft is engaged by a drop 
worm, which is instantaneous in action. This is 
interlocked with the double clamp nut to prevent 
the sliding and screw-cutting motions being engaged 
together. The feed shaft is fitted with a safety 
slipping device. The changes of feed may be 
obtained while the machine is running. 

The bed has square edges with a narrow guide for 
the saddle, in order to eliminate twist and ensure 
long maintenance of alignment. The tailstock 
spindle passes through the handwheel, giving full 
length of bearing for all positions. The machine 
is driven by motor through a friction clutch, so that 
speed changes may be obtained without stopping 
the motor. Messrs. Selson are showing other lathes 
of a smaller type, to which we shall refer later. 

The lathe illustrated in Fig. 3 on the same 
Plate is one of a couple exhibited by Messrs. C. 
Redman and Sons, Limited, Halifax. It is a 13-in. 
centre general purpose lathe, with large hollow 
spindle, taking bars 4 in. in diameter. The thrust 
of the spindle is taken on ball-bearings. The quick- 
change feed-box gives 16 spindle speeds, with a 
range of from 6:5 r.p.m. to 440 r.p.m. The feeds 
range from } in. to 7 in. per revolution, or finer if 
desired. The saddle has large bearing surfaces and 
is provided with swivelling slide indexed for conical 
turning. The apron is double-walled. Both gear- 
box and apron are fitted with steel gears, interlocked 
and foolproof. The lead screw is guaranteed to 
fine limits. An indicator eliminates the risk. of 
cutting cross-threads. The gap is of large capacity, 
and the bed, which has wide surfaces, extends to the 
floor under the gap. The other lathe shown by 
Messrs. C. Redman and Sons is a 7-in. cr. tool, 
with cone pulley and change wheels giving 12 
spindle speeds ranging between 10-4 r.pm. and 
420 r.p.m. This lathe is also fitted with ball thrust 
collar to the spindle. This machine is a good, 
simple and straightforward tool for production or 
tool-room work. The feeds are interlocked, and 
generally the machine is of a design and sturdy con- 
struction promising good service with low main- 
tenance. 

The 3}-in. centre lathe by Messrs. Drummond 
Brothers, Limited, of Guildford, illustrated in Fig. 4, 
Plate XXVIII, is similar in design to one we described 
recently (see ENGINEERING, page 67 ante), except 
for the fact that the example now shown is a long-bed 
model. One of the short-bed patterns is also to be 
seen at the firm’s stand. The long-bed pattern takes 
work 2 ft. 4 in. long between centres. The latter is 
shown on a stand for countershaft drive. Having 
so recently described this machine, we must refer 
our readers to our previous article for further 
particulars of the design, except that we may draw 
particular notice to the form of tool-holder now 
fitted to these lathes. Messrs. Drummond’s exhibit 
further includes a 7-in. centre, sliding, surfacing 
and screw-cutting lathe taking work 3 ft. 9 in. 
between centres, with face-plate 18 in. in diameter 
and giving 21-in. swing in the gap. This has the 
typical Drummond type of bed, combining the nar- 
row guide of the American type with the flat English 
type of guide. Another 7-in. lathe shown is 
designed specially for tool-room work, all essential 
parts being guaranteed to definite fine limits and the 
errors recorded. A number of attachments for 
Drummond lathes, as, for instance, for milling and 
gear-cutting, are also shown with the tools exhibited. 
Two 4-in. circular bed lathes for model making also 
form part of the firm’s display, which will prove 
quite as attractive as usual to the users of the 
smaller types of machine. 


Bortne Miits anp Vertical LATuss. 


Messrs. Webster and Bennett, Limited, of 
Foleshill, Coventry, who specialise in boring mills 
and vertical lathes, have a very interesting exhibit 
of four machines of this class. Two of these are 
quite new patterns, the other two being of designs 


the past few years. 


which have been among the firm’s standards for 
One of them, a 48-in. mill, 
is similar to a 42-in. machine which was illustrated 
in our columns ‘(see vol. cx, page 305) when first 
brought out at the time of the exhibition of 1920, 
The 48-in. machine is of the duplex type which 
originated with Messrs. Webster and Bennett, 
These machines, having independently driven 
tables, have a capacity of very extended range, 
and are capable of efficient operation simultaneously 
on work of widely differing diameters, using maxi- 
mum speeds and feeds. The single mill exhibited 
is a 30-in. machine, and is virtually a replica of 
the right half of the duplex pattern, with, neces- 
sarily, some modifications. These machines are 
well known ta engineers and have a deservedly 
high reputation. Machines of the single type are 
made from 20 in. in diameter to 36 in. in diameter, 
while the standard duplex machines run from 20 in. 


to 48 in. in diameter. 


The two new Webster and Bennett tools are 
illustrated in Figs. 5 to 10 on Plate XXIX and pages 
311 and 312. They consist of a 36-in. vertical 


turret lathe, and a 42-in. vertical boring and turning 


mill with two heads. The turret lathe is illus- 


trated in Fig. 5, Plate XXIX and Figs. 7 and 8, 
page 311. 
tures from the firm’s usual pattern of boring mill, 
chief of which are the side head and the elevating 
cross slide, the boring head saddle traversing, in the 
standard ‘‘W and B”’ mill, on a fixed cross slide. 
The vertical lathe under notice will take work up 
to 38 in. in diameter, admitting a height of 35 in. 
under the turret, and 27 in. under the cross slide. 
The vertical feed of the turret is 26 in., while the 
horizontal traverse from the centre of the table 
towards the right-hand (Fig. 7) is 21 in. 
turret is carried on a large ram capable of horizontal 
feed, and in turn mounted in a head which can be 
traversed vertically on a slide on the right hand 
of the machine. ‘The side head also allows of 
38-in. diameter work being fixed to the table. 
The maximum height of the side head above the 
table is 16 in., while the vertical traverse of the 


The machine introduces various depar- 


The side 


head is 20 in. and the horizontal feed of the ram 
20 in. also. 


The machine requires about 10 h.p. when working 


at full capacity, the single 16-in. driving pulley, 


at the back of the bed, being designed for 500 r.p.m. 


The width of belt is 5 in. The table chuck is 


provided with four independent reversible jaws 
actuated by protected screws. It is driven by 
large diameter spur gears of high-tensile steel. 
The chuck spindle is carried in long bearings, the 
downward and side thrusts of the table being taken 
on a large vee-shaped anti-friction pressure ring 
directly beneath the chuck. The main drive is 
to a gear box which gives twelve table speeds in 
geometrical progression. These are controlled by 
levers brought in a group to the front of the 
machine. The speeds are interlocked and cannot 
be changed until the driving pulley is declutched. 
Declutching automatically brings a brake into 
action, this being released on clutching in again. 
A friction clutch is provided on the first motion 
shaft. The gears are of nickel chrome forgings, 
heat treated to give 100 tons tensile strength and 
a high Izod figure. A special form of tooth is 
used, allowing of fine pitches and small diameters. 

The cross slide has power elevating motion. 
The main turret slide is balanced by an overhead 
spring. Setting faces are provided to set the 
turret central with the chuck when boring. The 
swivel is graduated in degrees of taper boring or 
turning. The main turret has five faces for special 
tools. The turret and caps are bored in position. 
The tool holders are keyed into the turret caps. 
The dividing mechanism is hardened and finished 
by grinding. There are 12 feeds for the main 
turret, vertically, horizontally or at an angle. 
They are positive, fitted with ball thrusts, and are 
reversible. Feed trips are provided for the main 
head, actuated by drop worms, arranged for very 
fine adjustments. Finely graduated dials facilitate 
setting of the stops, &c. 

The side turret is rectangular and is positively 
locked in four positions. Protection is arranged to 
prevent dirt getting under its seating. The side 
head is balanced by spring ; it is very robust and 
is carried on a very heavy slide, so that it is capable — 
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100-IN. “HILOMILL” AT THE MACHINE TOOL AND ENGINEERING EXHIBITION. 


CONSTRUCTED BY MESSRS. JOHN STIRK 


AND SONS, LIMITED, 


ENGINEERS, HALIFAX. 


motions. A friction clutch is fitted on the first 
motion shaft of the main gear-box, and is controlled 
by a lever on each side of the machine. Great 
attention has been given to lubrication. The large- 
diameter pressure ring under the chuck is con- 
tinuously fed with filtered oil, the level being always 
in view of the operator. With regard to declutching 
of the driving pulley before speed changing and a 
large number of other features of design and con- 
struction, such as the quality of gears, the use of 
ball bearings, the balancing of the rams, centralised 
control, &c., remarks made in connection with the 
36-in. vertical lathe apply equally to this machine, 
which is primarily intended to accommodate work 
of a greater length than is commonly machined on 
the firm’s standard vertical mills. 

Messrs. John Stirk and Sons, Limited, have an 
exhibit which is probably the most impressive as 
regards size of machine, to be seen at Olympia. 
The firm is showing two boring mills and two 
planing machines with, in addition, a self-contained 
split field planer conversion set. The firm, it may 
be remembered, showed the largest planing machine 
to be seen at the 1920 Exhibition, but have far 
surpassed that on the present occasion. The boring 
mills are respectively 100-in. and 48-in. machines. 
For the moment, owing to the space required 
by an illustration which would do justice to 
so large a tool, we must confine our attention 
to the 100-in. ‘“ Hilomill,’ which is depicted 
in Fig. 11, above. This particular machine, turn- 
ing up to 8 ft. 4 in. diameter, has a table diameter 
of 7 ft. 6in. The maximum height from table to 
underside of cross-slide is 58 in., and under tool 
holders is 48 in. The height of the table from 


Fig. 11. 


floor level is 2 ft. 9in. The main motor for driving 
the table is situated on the left-hand side of the 
machine. It is a variable-speed machine of 25-h.p. 
capacity, with 3 to 1 variation. In addition to this 
there are three changes provided in a gear box, so 
that the mill has a very wide continuous range of 
speed suitable for all classes of work. The housings 
are tongued, keyed and bolted to the body and at 
the top are connected by a deep cross rail. The 
vertical guides on the housing faces are 12 in. wide. 
The cross slide has guides 14 ft. 8 in. in length by 
22 in. deep for the. tool saddles, while the vertical 
length of the cross slide on the housing faces is 
2 ft. 8in. The cross slide height is regulated by a 
motor on the cross rail driving the elevating screws 
by worm gearing. The table is driven by a large 
spur directly under the table, and a vertical pinion. 

The two rams have a length of 5 ft. 10 in., 
excluding the tool holders, which are designed for 
tools 12 in. square. The rams are spring balanced 
and arranged on swivelling heads on the saddles. 
The rams are independent and each head is provided 
with a separate feed gear box, one on each side of 
the machine, so that for each head there is a selec- 
tion from among nine feeds for horizontal, vertical 
or angular cutting, regardless of the setting of the 
other. Quick change and reverse are effected by 
levers on the gear box, and selector clutches operated 
from floor level engage either the horizontal, vertical 
or angular feeds. 

Hand wheels at floor level provide for fine adjust- 
ment when setting in the cut, these adjustments 
being also duplicated on the heads themselves. For 
quick-power traverse, Stirk patent motors are 
fitted, one for each head. Selector switches, operated 


by levers interlocking with the feeds, enable either 
motor to be run at will by the same pendant switch. 
A third selector switch enables the cross-slide 
elevating motor to be run in either direction from 
the same pendant switch. The general arrangements, 
as in all Messrs. Stirk’s heavy machines, provide 
quite remarkable facilities of control. 


HorRIzontTAL BorinG, DRILLING AND TAPPING 
MACHINES. 


The examples of horizontal boring, drilling and 
tapping machines at this year’s Exhibition are not 
so numerous as on the last occasion of 1920. There 
are, however, some well-known makes to be seen. 
Examples by Messrs. H. W. Kearns and Co., 
Limited, Broadheath, Manchester, embody a number 
of improvements introduced since we last dealt with 
this firm’s models. The firm is now exhibiting three 
of their universal surfacing, boring, milling, drilling 
and tapping machines. This type of machine, as is 
well known, has been developed to give it possibly 
a wider range of capabilities than that of any other 
so-called universal machine. Various methods are 
employed by different makers in designating these 
tools, the commonest being probably to give the 
size of spindle, though this does not actually convey 
much idea of the kind of job that can be accommo- 
dated, which forms so frequently the measure of, 
for instance, lathes, drills and other machines. On 
the other hand, size of work alone is little to go by, 
and it is difficult to find a really satisfactory unit 
by which to describe these serviceable tools. We 
cannot pretend that the numbered sizes adopted by 
some makers convey anything of practical useful- 
ness to the mind, as these must at once be referred 
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to some other measure before the service of which a 
machine is capable can be appreciated in the least 
degree. 

The three machines of this class exhibited by 
Messrs. H. W. Kearns and Co. designated as their 
Nos. 1, 2 and 4 sizes, are of the Kearns patent 
type, the sizes of travelling spindle being 23 in., 
3 in. and 4 in. in diameter in the respective cases, 
while the machines are capable of facing maxi- 
mum diameters of 24 in., 30 in. and 54 in. The 
illustrations, Figs. 16 to 20, on Plate XXX, show 
the 3-in. and 4-in. machines with some of their 
special features. The machines are designed to be 
as fully universal as possible and to do as large a 
range of work as possible at one setting. Boring 
and facing can be carried on simultaneously or 
independently, the spindle revolving with the facing 
head or independently of it, as required. 

The machines are driven by constant-speed direct- 
current electric motors by Messrs. Electromotors, 
Limited, running at 750 r.p.m., the horse-power 
required by the three sizes shown at the exhibition 
being 33, 5 and 10 respectively. In the Kearns 
machine the drive to the spindle is by helt passing 
over a jockey pulley to allow for the adjustment 
of the head. In the main the motions are similar 
to those of the machines exhibited at the Exhibition 
of 1920, the principal changes having been in im- 
provement and simplification of the control, the 
elaboration of attachments, and increased refine- 
ment in certain respects. Power and quick hand 
adjustments are arranged for all movements. With 
the clutch lever, the main gear-box at the back of 
the machine gives eight changes, obtained by a gate 
lever shown inthe right foreground of Fig. 20. 
Each of these speeds can be used direct, or in single 
gear or double gear with a back shaft, making the 
possible speeds 24 in number. 

The starting-clutch lever, controlling two changes, 
is the one fitted with a handle catch, shown outside 
the hand wheel in Fig. 20. This is moved either to 
the right or left. The back shaft gears are controlled 
by the small hand wheel shown in Fig. 16 at the 
back of the top part of the head, above the spindle 
extension casing. The feed gear-box will be seen 
at the left-hand end of the bed (Fig. 16). This 
arrangement is much as it was before. The main 
controls grouped in front of the machine have been 
much simplified by the further use of gate-change 
levers. Four levers now replace seven formerly 
employed. Thus two separate levers which con- 
trolled the rapid power traverse to spindle and table, 
and a lever for releasing the main feed when using 
the rapid power motion, are combined in one gate 
lever arrangement operating both the main feed 
and rapid power motions, automatically locking 
each as necessary, so that when the feed is operating 
the rapid traverse cannot be engaged, and vice versa. 
This control lever is the one in Fig. 20, shown fitted 
with a treadle close to the clutch lever spindle. 
Further simplification of control is introduced by 
means of a single gate lever, replacing two levers 
previously used separately to control the longi- 
tudinal and cross traverse of the table, in or out, in 
conjunction with a third master lever for the table 
and head motions. One gate lever now operates 
the vertical movements of the head, and longitudinal 
and cross-traverse motions of the table for feed and 
rapid power movements. The adoption of the 
gate-change levers eliminates all risk of engaging 
conflicting speeds or feeds. 

The spindle slide and boring stay are both fitted 
with Messrs. Alfred Herbert’s metroscope, enabling 
the travel of moving parts to be measured quickly 
with accuracy, and greatly facilitating quick setting. 
The illustrations in Figs. 17 and 18 show the arrange- 
ment adopted when the machine is required for gear 
cutting or hobbing. Spur and worm gears up to 
60 in. in diameter can be machined by a cutter 
mounted on the face plate, which is locked during 
this operation. The reduction gear drive from a 
bevel mounted on the spindle nose is well shown in 
Fig. 18. A special circular, revolving, indexed table 
is used for this work, arranged for hand and power 
feed. Another application of the machine is 
shown in Fig. 19, which illustrates a grinding attach- 
ment. In this the grinding wheel is carried by a 
spindle geared up from the main spindle, the attach- 
ment being mounted on the face plate, which may be 
fixed or may also be revolved at the same time. 


This arrangement allows of a large range of internal 
and external grinding work, while work may also 
be bored and ground at one setting. As will be 
seen, these attachments are self contained. They 
can be fitted up in a few minutes. These and other 
arrangements are examples of the large variety of 
purposes to which this class of machine may be put 
owing to the extraordinary number of possibilities 
which exist on account of the independent motion of 
the spindle and facing chuck. On the other hand, 
this type of machine has often been adopted as a 
single-purpose machine on mass production, when 
the arrangements of the controls and quick power 
traverses greatly facilitate maximum output. 
Another machine of this class is the “ Pearn- 
Richards’ facing, boring, milling, drilling and 
tapping machine. We have given illustrations of 
this machine on former occasions, notably in 
connection with the previous Exhibition cf 1920 
(see vol. cx, page 306), but this line of tools made 
by Messrs. Geo. Richards and Co., Limited, Broad- 
heath, Manchester, is of a standing to warrant a 
further reference to it in connection with the 
present Exhibition. The size shown, is the firm’s 
No. 2 machine which is being made in six sizes 
in all, ranging from a machine capable of facing 
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load off the sliding table below, in order to facilitate 
accurate adjustment. The spindle is carried in one 
parallel and one taper bearing, the former being 
2% in. diameter, and the latter 64 in. long and 
varying from 3? in. to 4% in. with a short taper 
neck at an angle of 45 deg. to resist severe end 
thrust. The proportions are liberal, and adjust- 
ment is said to be seldom necessary. The spindle 
slide is elevated by a vertical screw provided with 
ball thrust bearings. The tool is fitted with screw- 
cutting gear if required, and for tapping is provided 
with Pearn’s “Lightning” tapper. The machine 
is turned out to within definite limits of error 
and every confidence can be felt in this typical 
product of the firm. 


Drititinc MACHINES. 


The exhibition of drilling machines is a very 
large and varied one, though some well-known 
makers are not represented by machines of this 
type. We do not attempt in this issue to do more 
than touch upon this class of tool, and intend in 
future articles to deal with a number of other 
examples, all in their way as interesting and repre- 
sentative as those we shall now proceed to describe. 4 

Messrs. A. A. Jones and Shipman, Limited, of 
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and edging circles up to 18 in. in diameter, to the 
largest size which can face and edge circles up to 
72 in. in diameter. The No. 2 size shown deals 
with work up to 24 in. in diameter. The head is 
capable of vertical adjustment from 4 in. up to 
23 in. above the revolving table, or 8 in. to 27 in. 
above the sliding table. The facing tool slide 
feeds on the facing head are for roughing, moving 
inwards 25 per inch, and for finishing, which is 
done on the outward cut, 12 per inch. The feeds, 
longitudinally and transversely to the table, and 
vertically to the tool slide, are eight in number, 
ranging between 100 r.p.m. and 8 r.p.m. of spindle 
to 1 in. of travel, all being instantly changeable 
and reversible. A safety clutch prevents damage 
to the feed gears. The spindle speeds are 32 in 
number, ranging from 3-8 r.p.m. to 200 r.p.m. 
The bed has a length sufficient to give 5 ft. 5 in. 
clear between the boring bar socket and the stay, 
while the sliding work table has a surface of 
48 in. by 30 in. and a longitudinal traverse of 
42 in., with 32 in. cross movement. All feeds are 
automatic, and quick-power traverses are provided. 
By means of snout boring and facing tools the 
range of work on these machines can be very 
greatly increased, and a large series of surfaces 
can be machined at one setting instead of the 
work even requiring to be turned on the table. 
Above the sliding table is fitted a square revolving 
table 30 in. by 30 in. which can be quickly clamped 
in. any position. This table revolves on a centre 
pin which, by means of a small lever in front of 
the slide, can be raised slightly so as to lift the 


Grar-Box anp Drive ror GEARED RapiaL Dritt; Messrs. A. A. JONES 
AND SHIPMAN, LIMITED. 


Leicester, are exhibiting a number of grinding 
machines as well as a variety of drilling machines. 
The former we deal with in another section of this 
article; the latter include a number of designs 
which have been among the makers’ standards 
for some little while, such as a 20-in. heavy-duty 
drill with back gear and tapping reverse, a 10-in. 
multiple three-spindle ball-bearing sensitive drill, 
a 14-in. high-speed sensitive, a 12-in. precision 
ball-bearing drill on column, and }-in. tapping 
machine. In addition to these a number of quite 
new machines are shown, including a 25-in. nine- 
speed all-geared drilling machine, a 20-in. all-geared 
three-spindle drill, a 3-ft. all-geared sensitive radial, 
a 16-in. three-spindle extra-power sensitive, and 
a 12-in. jeweller’s bench drill. 

The firm’s 36-in. sensitive geared radial drilling 
machine is illustrated in Figs. 12 to 15 above and 
Figs. 21 to 24, Plate XXXI. It is a development 
of a former belt-driven pattern. The gear box and 
driving pulleys are mounted on an arm which can 
be swung to any suitable position on the column 
to receive the belt drive. The arm and gear box 
shown in detail in Figs. 12 to 15, on this page. In 
Figs. 22 and 33 they are partly hidden, being fixed 
at right angles to the table and base. With the 
driving pulley running at 500 r.p.m. the gear box 
for the machine when fitted with ball bearings gives 
four changes of 508, 680, 982, and 1,418 r.p.m. for 
the spindle. With gunmetal bearings only, the 
speeds are 273, 378, 546 and 788r.p.m. The spindle 
diameter is 1 in. in the quill, and the quill diameter 
13 in. The maximum distance from the nose to 
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the table is 28 in. and the minimum, 6} in. The head 
can be moved over a range of 32 in. for the 36 in. 
radial arm. The feed of the quill is 5 in., and the 
vertical adjustment of the table 16} in. The table 
for the 36-in. drill is 21 in. by 35 in. On one side 
it has a vertical face 64-in. deep with two tee slots. 
The belt driving the head is 14 in. wide. Fig. 24 
shows the pulley arrangement for this belt. 

The 25-in. all-geared drill, shown by Messrs. 
Jones and Shipman, is illustrated in Figs. 25 to 27, 
Plate XXXI. This machine will drill up to 
2-in. holes. It is heavily built and provided with 
a stiff back-stay. The feed to the quill is 12 in., 
the vertical adjustment of the sliding head 14+ in. 
and of the table 214in. The maximum distance from 
spindle nose to table is 36} in., and from nose to 
base 492 in. From the spindle centre to column 
is 128 in. The working surface of the table is 17 in. 
in diameter, the table, overall, being 21} in. in 
diameter. The countershaft on the base has a 
12-in. constant speed pulley provided with a friction 
clutch worked by a handle close to the spindle head. 
The pulley runs at 350 r.p.m., at which speed the 
nine-speed gear box at the top of the machine gives 
spindle speeds ranging between 34 to 437 r.p.m. 
These changes are obtained with sliding steel gears 


(8688.G.) 
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is 2h in. Three feeds are given by a lever on the 
head, viz., 60, 120 and 240 r.p.m. The maximum 
feed of the quill is 104 in. and the adjustment of the 
sliding head 8 in., that of the table being 18in. The 
maximum distance from spindle nose to table is 
28 in. The table is fitted with a telescopic elevat- 
ing screw. The spindle and feed mechanism is 
composed of 20-in. “‘ New Century ” drilling mach- 
ine components. The spindle and sliding head 
are counterbalanced by a single weight inside the 
column: for each drill. The tapping reverse 
mechanism is operated by a hand lever with posi- 
tive locations for the start, stop and reverse positions 
of a central clutch, which slides on asleeve between 
the clutches for the spindle. Figs. 29 and 30 show 
both heads fitted with tapping reverse gear ; Fig. 28 
shows only one of the three heads so fitted. The 
two-spindle machine has a working surface for the 
table measuring 13 in. by 34 in.; for the three- 
spindle machine the table is 13 in. by 42 in., and 
for the four-spindle pattern 13 in. by 54-in. For 
the three machines the horse-power required is 
about 4, 5 and 6. We hope to refer in a later 
issue to other exhibits of Messrs. A. A. Jones and 
Shipman, Limited. 

The exhibit of Messrs. Frederick Pollard and Co., 
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operated by two broad-rimmed hand wheels on the 
right side of the head. The rims are lettered and a 
plate on the column indicates the combinations of 
letters for the different speeds obtainable. The gears 
are completely enclosed and foolproof. The quill is 
ground and graduated. An automatic adjustable 
stop is provided and quick hand feed and return is 
arranged for. The automatic feed and fine hand 
feed are through a worm gearing. A clutch handle 
at the head provides instant release for the feed. 
1; 1 
z3 in. to 70 
in. per revolution. These changes are obtained by 
means of a handwheel on the right side of the head 
close to the front of the machine. The table can be 
rotated on its centre and the whole swung round the 
eolumn. It is raised and lowered by worm gear 
rack and pinion. The spindle has a diameter of 
12 in., and is drilled to No. 4 Morse taper. The 
quill diameter is 22 in. The drill takes from 3} to 
4h.p. The spindle and sliding head are separately 
counterbalanced by weights in the main column. 
Figs. 28 to 30 illustrate the multiple spindle all- 
geared type of drill. The drawings show a two- 
spindle machine ; the photograph reproduced is of 
a three-spindle machine. The heads are standard, 
the machines varying only as regards base and 
countershaft. This type of tool has been specially 
designed for mass production work. The functions 
of the various control levers, &c., are indicated in 
‘Figs. 29 and 30. The drive to the head is from a 
constant-speed countershaft running at 400 r.p.m. 
The gear box on the head gives four speed changes 
controlled by a hand wheel, all of which can be 
used direct or in combination with back gear, 
giving eight changes, ranging from 30 to 382 r.p.m. 
The gears are of hardened steel and run in an oil 
bath. 
_ The spindle diameter in the quill is 1} in., and 
it is bored to No. 3 Morse taper. The quill diameter 


Four feeds are available ranging from 


Limited, of the Corona Works, Leicester, is a very 
extensive one, including nearly 40 models of drilling 
machines of the firm’s manufacture, in addition 
to a few other machines of different classes, for 
which they act as agents. No less than 19 of the 
drilling machines are shown in motion, so that 
the display is most instructive and attractive. 
The three classes of high-speed sensitive, upright 
and radials are well represented. In the high- 
speed ball-bearing class, with spindles designed 
for speeds up to 10,000 r.p.m., ranges of models 
are shown from bench and single column patterns 
to multiple-spindle machines with four spindles. 
These precision drills are among some of the most 
interesting of the new models shown. Three of one 
pattern of 12 in. are to be seen, and two of these we 
illustrate in Figs. 31 to 39, Plate XXXII, and 
Figs. 40 and 41 annexed. The models only differ in 
the multiple arrangement and in the base. The 
general drawings, Figs 31 and 32, represent a four- 
spindle multiple. A single-spindle machine has 
the same type of column head, the single head being 
mounted on a single-column base. In side eleva- 
tion the single-spindle machine is almost exactly 
as shown in Fig. 32. In the bench-type machine, 
shown in Fig. 33, the same type of column head 
is mounted directly on a bench table and by this 
selection of illustrations we are able to show practi- 
cally the three models as exhibited. These drills 
are belt-driven and have six spindle speeds. With 
a supplementary countershaft speed of 1,200 r.p.m., 
the spindle speeds are 1,440, 2,400, 3,360, 4,320, 
7,200 and 10,080 r.p.m. The vertical movement 
of the spindle is 3 in., and of the bracket 6 in., 
while the table is adjustable through a range of 
22 in. The maximum distance between the end 
of the chuck and the work-table in the case of the 
column drills is 2 ft. 7 in. The size of the work- 
table varies from 12 in. by 10 in. in the single- 
spindle pattern to 33 in. by 10 in. for the four- 


spindle multiple. The bench pattern, of course, 
differs from the foregoing. In this case the spindle 
movement is only 3 in., while the bracket adjust- 
ment is 54} in. The maximum distance from 
chuck nose to table is ll in. The size of the table 
is 12 in. by 12 in. The details of the head, which 
are virtually the same for all the machines, are shown 
in Figs. 34 to 37, Plate XXXII. The chief features 
are the mounting of the ball-bearing spindle and 
the flat belt drive. The spindle is of hard carbon 
steel and as small in diameter as the requisite 
strength allows, to secure lightness. In order to 
increase this the spindle is hollowed out at 
the upper end. The spindle ball-bearings run 
immersed in oil, grease not being found satis- 
factory for continuous work at the high speeds 
used. With the exception of the end, the whole 
spindle is covered, telescopic guards allowing for 
any movement of the sliding bracket. The guards 
not only make the drills safe, but keep all dirt from 
the bearings. The quill is cut with teeth from the 
solid. With the exception of the thrust and 
journal housings the bore is clear of the spindle. 
The quill has a keyway and feather to prevent 
rotation in the bracket, as shown in Fig. 35. At 
the bottom of the quill the spindle isjcarried in a 


Fig. 42. Moror-Driven Batu-BEarina SEN- 
sITIvVE Dritit; Messrs. FREDERICK POLLARD 
AnD Co., Limirep. 


ball bearing and, in addition, a thrust bearing is 
provided, the two being separated from each other. 
The cover is made in the form of a cup, the side 
of which extends up the bearing housing to form 
the oil bath. In the centre the spindle is fitted 
with a cup and cone ball bearing, to eliminate 
friction between the adjusting nut and quill and 
prevent whip in the spindle due to its light section. 
The upper bearing is quite novel in design, the 
inner bush being fixed to the pulley and revolving 
with it. The arrangement makes the introduction 
of an oil-bath possible and gives increased support 
to the spindle. The inner bush consists of a long 
hollow spindle on which the ball races and driving 
pulley are all locked together. The keys driving 
the spindle pass through the bush from the pulley 


keyway to keyways in the spindle. The spindle 
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pulley is of aluminium to reduce its weight. Guards 
are fitted in front of it and on the spindle end. 

The feed is by lever through the cross axle as 
shown in Figs. 35 and 36. The lever can be ad- 
justed to any length and is then held by a spring 
in the cross axle end. The spindle balance is taken 
by a flat coil spring (Fig. 35), the tension of which 
is adjustable to extreme sensitiveness. The cross 
axle is fitted with an adjustable depth stop shown 
in Fig. 36. This consists of a pin projecting from an 
adjustable eccentric. The latter can be clamped in 
any position so that the pin comes in contact with a 
lug on the spindle bracket at the desired depth. 
The pin can be withdrawn if greater movement 
should be required, without disturbance of the stop. 
The bracket head when adjusted is clamped by a bolt 
and locking handle. The drive is illustrated in 
plan in Fig. 37. Ball-bearing pulleys are provided 
set to correct angles to give the best belt track. 


Fics. 43 anp 44. 


The bracket carrying the pulleys is adjustable to | 


secure proper belt-tension. 

Fig. 38 illustrates the countershaft for the single 
spindle machines. The multiples employ the same 
type but with more pulleys and have an additional 
supporting ball bearing. The shaft is provided 
with standard ball bearings with retaining collar 
and dust caps. The speed being lower than in the 
case of the spindle, grease lubrication is found satis- 
factory, the lubricant being injected by means of a 
grease gun. The drive is through metal to metal 
cone clutch, the female part running on ball bearings 
when free. The lever operating the clutch from the 
front of the machine has a spring plunger falling into 
a hole when the clutchis withdrawn. The cones are 
closed together on starting by means of a coil spring. 
On either side the countershaft bracket can be 
quickly removed so that endless belts can be readily 
put on. The cone pulley slides on the shaft, being 
driven by a feather let into the shaft. The belt 
positions are correctly located by an internal spring 
plunger, as shown in Fig. 38. The supplementary 
countershaft at the base of the machine is illustrated 
in Fig. 39. This is also mounted on ball bearings. 
The two-step pulley on this shaft considerably 
extends the range of speeds obtained with the main 


countershaft. Fast and loose pulleys and the 
requisite belt striker are provided. This gear is 
only utilised when the drill is not in use, as in the 
ordinary way during work the clutch on the counter- 
shaft provides for all stopping and starting. The 
supplementary countershaft is adjustable for belt 
tension. In the case of the bench type drills the 
supplementary countershaft takes the form shown 
in Figs. 40 and 41, page 315. This can be fitted as 
convenient, the belt striker revolving on the bracket 
and being capable of being fixed to serve the belt 
from any direction. The belt striker is worked by 
flexible cord from ground level. The bracket is 
mounted on a slide which allows of adjustment 
for belt tension. 

Fig. 42, page 315, represents a new motor-driven 
ball-bearing, sensitive drilling machine also shown by 
Messrs. Frederick Pollard and Co., Limited. This 
little machine is made in several types, embracing 
column designs and a 
bench pattern. The ar- 
rangements are very 
similar in all, though the 
capacities vary to some 
extent. The work-tables 
on some of the column 
types are balanced. In 
the pattern shown the 
table works on a slide; 
in others a circular swivel- 
ling table works on a 
circular column, and 


these can be supplied to 
cant to any angle from 
the horizontal to the ver- 

The speeds are 
in number, 


tical. 


three from 


segments apart and into contact with the female | 
portion of the clutch, which otherwise revolves | 
freely on the cross-axle. 
Messrs. Frederick Pollard’s all-geared radial drills | 
are illustrated in Figs. 45 to 48, page 317. These _ 
machines have been improved in several ways since 
they were shown at the 1920 Exhibition. They 
are made in 36-in. and 48-in. sizes. The machines | 
have constant-speed belt drive, with change-gear _ 
mechanism giving nine spindle speeds. The arm is | 
fitted with a ball-thrust bearing to carry the load 
and ball-journal bearings at the upper end. The | 
driving bevels at the top of the column are also. 
fitted with ball-thrust bearings. The saddle is | 
arranged to run on rollers, and the spindle is fitted — 
with instantaneous friction feed. | 
A view of the feed mechanism with covers removed 
is given in Fig. 46. The saddle is a single casting - 
and is carried, as stated above, by rollers; these 
run directly on the radial arm. The quill is 
graduated, bas rack teeth cut from the solid, and is | 
lined with phosphor-bronze. Four rates of speed, 
of 54, 81, 121 and 185 revolutions per inch, are 
obtainable, with sliding gears operated by a single 
lever. The automatic feed is by expanding friction | 
clutch contained in the worm wheel run off a worm 
on the feed driving shaft. A detail of the cross- | 
axle and friction-feed clutch is given in Figs. 47 
and 48, and is on lines similar to that shown in 
Fig. 44. The description of the latter will serve | 
to make the mechanism clear. An automatic stop | 
to the feed is carried on the quill and acts directly 
on the friction clutch. The hand feed by star wheel | 
is also shown in Fig. 47. The whole of the vertical | 
gears and feed worm wheel are totally enclosed. 
Further reference to Messrs. Frederick Pollard’s _ 
exhibit must be deferred to a subsequent issue. __ 
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24-In. Upricut ‘Corona’ Dritt; Messrs. FREDERICK PoLLARD AND Co., LimIvTeD. 


1,900 to 6,000 revolutions per minute. The spindle 
bearings are totally enclosed and run in oil baths. 
Telescopic guards are provided. The size is 12 in., 
and the capacities for three of the types are ¥ in., 
4in., and in. 

The 24-in. upright “Corona” drill of Messrs. 
Frederick Pollard, shown in Fig. 43, is fitted with 
a self-contained compound table, which is rather 
uncommon for drills of this type ; the usual pattern 
of 22-in., 24-in., and 27-in. upright drills of this 
class have the ordinary circular revolving table. 
The main features of this design of drill embrace 
enclosed back gears, balanced sliding head, and 
instantaneous friction feed. The latter is fitted 
to the cross-axle on the head, and is illustrated in 
Fig. 44, above. The right-hand bottom handle 
in this figure operates a plunger in the sliding-head 
casing. On the inner end of the plunger is a roller 
working in a groove on a sleeve on the cross-axle. 
One end of this sleeve is tapered, and against this 
conical portion rests an adjustable stop on a curved 
arm pivoted in the clutch body. The pivot of this 
arm has two flats, on either side of which are the 
internal-clutch segments. When the sleeve is 
forced in, the tapered surface presses the bent arm 
out, and the twist given to the pivot forces the 
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The 6-ft. 6-in. radial drill, illustrated in Fig. 49 
and shown at the Exhibition, is a development of a 
type introduced by Messrs. Alfred Herbert, Ltd., | 
Coventry, just four years ago. The design embodies | 
many valuable features, due primarily to the 
mounting of the motor on a back extension of the — 
radialarm. The drill is only built for direct electric | 
driving and as all moving parts are on the arm all | 
risk of danger from belts, pulleys, gears and spindles 
at floor level and upwards, is eliminated. The only — 
running shaft, except those in the saddle, is the © 
main shaft from the motor passing at the back of the | 
column to the saddle. This can be engaged by | 
clutches to rotate a nut on the elevating screw, for 
raising or lowering the arm, or can be clutched in ~ 
to drive the main spindle through the saddle | 
gearing. The abolition, of vertical rotating shafts — 
and gears results in a very neat and quiet-running 
machine. The weight of the motor tends to- 
balance that of the radialarm. The circular column 
is surrounded by a long sleeve, provided at the top — 
with a ball bearing and at the bottom with a roller 
bearing. The saddle is supported on the arm by 
rollers. These fittings make the setting of the drill . 
very easy, the effort required to affect movement . 
being very slight. The radial arm is circular in | 
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Fies. 45 ro 48. 3-Foot GuarEp Rapist DRILL; 
Messrs. FrEpERICK PoLLARD AND Co., LIMITED. 


section. The elevating motion and clamping of the 
arm are controlled by one lever on the saddle, by 
which the arm can be unclamped, the elevating 
clutches thrown in and disengaged, and the arm 
reclamped, in succession, eliminating risk of engaging 
the motion while the arm is fixed. Limit stops are 
provided at the top and bottom of the arm travel. 
The saddle is also clamped to the arm by the 
lever which clamps the sleeve to the column. The 
saddle is clamped directly behind the spindle by a 
wedge plunger and screw coupled to the hand lever 
y a connecting rod. The clamping of the sleeve 
to the column is by a bolt and eccentric at the 
bottom of the sleeve, connected to the hand lever 


Fic. 46. 


SapDLE oF GEARED RADIAL DRILL with CovERS REMOVED. 


Fic. 49. 


through bevels and a_ horizontal shaft. The 
fulcrum of the hand lever is not fixed, but floats se 
that the effort applied to the saddle and sleeve 
clamps is equalised. 

The machine has a maximum height from spindle 
to base plate of 6 ft. and minimum distance of 12 in. 
The traverse of the arm on the column is 3 ft. 6 in., 
and of the saddle on the arm 4 ft. 4in. ‘The spindle, 


6-Fr. 6-In. Raptat Deming Macatne; Messrs. ALFRED HERBERT, LIMITED. 


which has a minimum diameter of 24 in., has a 
vertical feed of 18 in. The minimum distance from 
spindle to column is 17 in. The number of spindle 
speeds is 16, ranging from 24 to 490 r.p.m. Eight 


‘of these are obtained by sliding gears in the saddle, 


and these are doubled by back gears, operated by 
friction clutches. The sliding gears are of chrome- 
nickel steel; they run in an oil bath. All speed 
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changes are obtained by levers on the front of the 
saddle; the motor is also started, stopped and 
reversed by a lever on the saddle. The feeds are 
six in number, ranging from 28 to 126 cuts per inch, 
the changes being obtained by means of rotating 
dials on the saddle front. The feed gears are 
chrome-nickel steel and the feed worm phosphor- 
bronze. Automatic feed stops are arranged. Oiling 
has been carefully attended to, the oiling places 
being few and conspicuous. Two large oil boxes 
on the saddle and arm ensure the necessary distri- 
bution and only need refilling at long intervals. 
The motor fitted to the machine is of 8 horse-power. 
The base provides a working surface, 6 ft. 1 in. by 
3 ft. 8 in. 


Prano-Miutinc MAcHINES. 


Fig. 50, Plate XX XIII, illustrates a plano-milling 
machine exhibited by Messrs. Kendall and Gent 
(1920), Limited, of Gorton, Manchester. This 
firm were the originators of this type of machine, 
which has acquired a position quite its own in heavy 
and gang milling work. The makers produce a 
number of variations to meet the requirements of 
works where there is a preponderance of one class 
of work or another. The large machine exhibited 
has two vertical milling spindles on the cross slide, 
and one horizontal spindle head on the left-hand 
vertical slide. The spindles are 3}in. in diameter. 
The machine will take work 10 ft. long, while the 
clearance between the columns and under the 
cross-slide allows jobs 4 ft. 6 in. wide and 3 ft. 6 in. 
high to be machined. The main drive is by a 
constant-speed electric motor and gear-box with 
oil-immersed gears. From this box the drive is 
taken for all motions, including the spindle drive, 
cross-slide elevation and saddle traverse. For the 
spindles, eighteen changes of speed are available, 
ranging from 11 to 166 revolutions per minute. 
The table feeds vary from | in. to 8 in. per minute, 
a choice of nine changes being available, independent 
of the spindle speeds. All changes are by lever, 
without stopping the machine, and only the gears 
actually transmitting power are in mesh at a time. 
The saddles are provided both with hand and 
self-acting variable feed motions, and all move- 
ments have quick power traverse available for 
setting. The control levers are duplicated on the 
two sides of the machine in order to facilitate the 
work of the operator. 

The machine illustrated in Fig. 51 is also by 
Messrs. Kendall and Gent, but is a _ horizontal 
plano-milling machine. This machine is intended 
for long and heavy work and is provided with a 
single horizontal spindle 44 in. in diameter. 

The bed will accommodate jobs, or gang work, 
extending to a length of 14 ft., and of a width and 
height respectively of 4ft. 6 in. by 2ft. 6 in. So 
far as the bed and table drives are concerned, the 
machine is very similar to the previous one, but the 
absence of the vertical spindles simplifies the spindle 
drive. The cross slide is counterbalanced and 
power elevating motion is provided as well as hand 
control. 

GRINDING MACHINES. 


A number of examples of grinding machines are 
exhibited by Messrs. A. A. Jones and Shipman, 
Limited, of Leicester. These machines are not 
actually new models and are in many instances 
familiar to engineers. The reputation they enjoy 
justifies a short reference to the chief examples 
shown. ‘The largest machine is a universal grinding 
machine capable of accommodating between centres 
work 12 in. in diameter and 24 in. long. This 
machine uses a disc wheel 10 in. in diameter 
capable of running at three different speeds, the 
wheel having 63 in. of cross traverse from or to the 
work. The cross feed is automatic and ranges 
from 0-0002 in. to 0-0016 in. for each reversal. 
An adjustable knockout is provided, preventing 
further cross feeding as soon as the required 
diameter is reached. The number of table traverse 
speeds is eight, varying from 15 in. to 109 in. per 
minute. The table swivels on a spigot and can 
be set for taper turning up to an angle of 38 degrees 
from the line of the slide. The headstock also 
swivels and has a graduated base. It is provided 
with a two-speed pulley and can carry a faceplate 
or chuck. The height of the centres is 6} in. 
and the working surface of the table is 434 in. by 


6 in. wide. The wheel head is carried on a cross 
slide which: swivels through the complete circle, 
so that the change from the external wheel on one 
end of the slide to the spindle for internal grinding 
is quickly effected. The internal spindles used 
are of Messrs. Jones and Shipman’s high-speed 
ball-bearing type. Three sizes running up to 
40,000 r.p.m., which with a 4-in. wheel gives a 
surface speed of about 5,000 ft. p.m., can be used 
on this machine. 

A plain grinder for work 24 in. by 6 in. is another 
example of Messrs. Jones and Shipman’s machines. 
This machine is intended for heavy work and is 
substantially designed, in addition to which the 
table slide is inclined at an angle of 35 degrees, 
so that the thrust of the work is much better 
taken up than on an horizontal table. The wheel 
used is 12 in. in diameter and the cross-feed 64 in., 
with automatic feeds as in the model described 
above. There are two wheel speeds, viz., 1,600 
and 2,285 r.p.m., eight table speeds as in the 
previous machine, and eight work speeds, namely, 
from 72 to 276 r.p.m. The table traverse is 24 in. 
An internal precision grinder for holes up to 10 in. 
deep and 8 in. in diameter, which is exhibited, 
has a swing over table of 12 in. and a table traverse 
of 18 in. This machine is specially intended for the 
accurate rapid finishing of holes, both parallel and 
taper, from } in. diameter and upwards. It is 
also suitable for the form grinding of such objects 
as races for ball bearings. The table has four 
speeds, the work four speeds and the spindle three, 
ranging from 5,000 to 50,000 r.p.m. The automatic 
cross-feed is variable from 0-0001 in. to 0-0005 in. 
per reversal. The work head pulley is fitted with 
a clutch and brake, the spindle being instantly 
stopped when the clutch is disengaged by a short 
lever. 

A universal tool and cutter grinder having a 
capacity for work 18 in. long by 8 in. in diameter 
and taking an 8-in. wheel running at a speed 
of 2,545 r.p.m. is also exhibited, as well as two 
twist drill grinders. One of the latter is for drills 
from } in. to 24 in. diameter, giving a fixed cutting 
angle of 118 degrees. This machine is designed 
so that it can be operated without special skill. 
The drill is carried in vee rests and the correct 
point angle is always obtained while the clearance 
may be varied to suit different classes of work. 
A point thinning wheel is fitted to the tail end of 
the spindle. In another example of drill grinder, 
intended for extremely small drills from +} in. 
down to the smallest sizes, the drill is ground in 
an inverted position, a spring holder through which 
the drill passes pressing it well into the vee block of 
the carrier and giving support close up to the 
wheel face. 

Messrs. Crossley and Co., St. Mary’s Gate, Man- 
chester, among other exhibits, show a Hunt twist 
drill grinder and point thinning machine. This 
machine we have already described in ENGINEERING 
(see vol. cx, p. 399, and vol. cxi, p. 724). The 
model shown is for toolroom use for drills from 
} in. to 2 in., using a grinding wheel 14 in. by 2 in. 
and a point thinning wheel 5 in. by 4 in. 

One of the most varied exhibits of grinding 
machines is to be seen at the stand of the Lumsden 
Machine Company, Limited, of Gateshead, a firm 
which, it will be remembered with regret, has 
recently suffered a heavy loss in the death of Mr. T. 
Lumsden, who was so well known for the originality 
and soundness of the ideas he introduced into his 
designs. The machines at Olympia include vertical 
spindle rotary table and other surface grinders, 
horizontal grinders, planetary head machines, 
oscillating and curved lip tool grinders, gauge and 
form tool grinders, and other models. Some of these 
have formed the subject of notice in our columns 
on previous occasions. For instance, at the time of 
the 1920 Exhibition, we illustrated the gauge and 
form tool grinders, while in vol. cxii of ENGINEERING 
(pp. 183 and 213 e¢ seg.), we devoted a couple of 
articles to the Lumsden tool system and described 
the oscillating and curved lip tool grinders. We 
now propose to notice three machines at the present 
Exhibition, reserving other interesting tools for a 
subsequent article. We shall commence with the 
two machines, illustrated in Figs. 52 and 53, Plate 
XXXIV, which are of somewhat similar character, 
but while the one represented in Fig. 52 is intended 


for a general purpose tool, that illustrated in Fig. 53 
is a simplified machine of more limited range, and is 
intended primarily to be used moreas a single purpose 
tool. Dealing with the general purpose machine first, 
the actual one illustrated has a segmental wheel 18 in. 
in diam. and a rotating slotted work-table 36 in. in 
diam., or it may be used with a 36-in. magnetic 
chuck. The segmental wheel is carried on a heavy 
steel spindle running in ball and roller bearings 
and a special thrust arrangement, in a large diameter 
vertical ram. The latter is carried in a saddle 
capable of movement on a vertical slide, the two — 
ways being of the V and flat type respectively. 
The saddle is counterbalanced by a weight inside 
the column, The grinding wheel is fed to the 
work by the ram, which has a wide range of self- 
acting feeds. The main drive is by belt to a pulley 
at the head of the column, mounted on a shaft 
running in dust-proof ball bearings. The drive 
from this shaft to the wheel spindle is by spiral bevels 
inclosed in the rectangular casing at the front of the 
column head. This type of drive greatly enhances 
the range of the machine, as it allows of much 
heavier transmission than the short quarter twist 
belt drive. The table drive is transmitted by belt, 
running on three step-cone pulleys, to an epicyclic 
gear-box close to floor level, the possible table 
speeds being six in number. The table control 
lever is close to the table, while a lever dependent 
from the head controls the wheel drive clutch. The 
feed drive is by belt from the spindle to a shaft on a 
small gear-box on the side of the saddle. 

In the machine shown in Fig. 53, a 24-in. wheel 
is used and a 48-in. table or magnetic chuck. The 
maximum height under the wheel is 12 in. or, if 
a magnetic chuck is used, 6 in. The main drive is 
again to the top of the column, where there is a 
15 in. by 9in. pulley running at 700 revolutions 
per minute on a shaft driving the spindle through 
spiral bevels. The machine takes from 25 h.p. 
to 30 h.p. The spindle is carried in a large ram 
in a cylindrical housing, which is not capable of 
vertical adjustment as in the case of the saddle of 
the former machine, but is bolted direct to the 
back column. The ram has a vertical adjustment 
of 12 in., and can be fed either by hand or auto- 
matically. For the latter, a range of 10 different 
rates is available, by means of a change gear-box 
at the side of the column. The feed-box drive is | 
obtained from the spindle by belt drive above the 
column head. The ram is balanced by two large — 
weights hung on chains carried over pulleys. The | 
table drive is by belt from the mainshaft at the — 
top of the column to a pulley near the floor at the | 
back of the machine. Three table speeds are | 
possible by means of cone pulleys. A friction clutch 
in the bottom pulley engages the table driving | 
gear. 

The third notable machine is the planetary-head _ 
type of surface-grinding machine illustrated in 
Fig. 54 on Plate XXXIV and Figs. 55 to 58 on 
page 319. In this machine not only does the 
segmental grinding wheel revolve on its spindle, 
but the spindle itself is mounted on a revolving 
carrier, so that the wheel will grind a surface double 
its own diameter. In this case, the diameter of the 
grinding wheel is 18} in., while the surface covered — 
is up to 36 in. in diameter. The machine is shown — 
in end elevation facing the grinding head, in Fig. 57; 
Figs. 55 and 56 give respectively side elevation and 
plan ; while Fig. 54 gives a general view of the whole, 
a closer view of the wheel being given in Fig. 58, 
which shows a set of engine cylinders mounted 
on the work-table. The bed of the machine is of 
box section. On this is mounted a saddle running, 
as shown in Fig. 57, on a V on one side and on 2 | 
flat on the other. Flat gibs are used. On the 
saddle is mounted a 36-in. by 36-in. work-table with 
T-slots. This table is carried on a large circular 
face gibbed to the saddle. The four right-angle 
positions are located by a plug working in bushed 
holes in the table. The saddle is provided with 
quick-power traverse and the table is also rotated 
by power. An automatic trip is provided for the 
motion towards the wheel. The motion shafts are. 
inside the bed instead of alongside, as in some 
previous designs. The power traverses are obtained’ 
by open and crossed belt drives with friction clutches.| 
One gate change lever controls these motions. The 
segmental wheel revolving-carrier runs in a very) 
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Fic. 50. VERTICAL AND HORIZONTAL SPINDLE PLANO-MILLING MAcHINE. 


Fic. 51. Horizonrat SprnpLte Prano-Miniing MaAcuine. 
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heavy headstock. The wheel itself is carried on a 
spindle running in ball and roller bearings in a 
heavy cylindrical ram. This can be fed forward 
by a large hand wheel, shown at the front of the 
machine, the spindle of which runs diagonally to 
the headstock casting. The driving pulley is 20 in. 
in diameter and runs at 730 revolutions per minute. 
The belt used is 7 in. wide, and the horse-power to 


drive the machine is 25 brake. The drive to 
the grinding wheel is transmitted through the 
carrier centre by single helical gears, a telescopic 
shaft transmitting the belt drive to the centre gear 
wheel. A heavy spiral spring acts on a concentric 
plunger to take up end wear. The rotating motion 
of the carrier is derived from open and crossed belts 
to the same gear-box as is used for the traverses, the 


Pe 


Bees.) 


belt drive being taken, as shown in Fig. 53, from 
a pulley alongside the main driving pulley. The 
gear-box drive gives two speeds for the planetary 
motion and embodies friction clutches; the final 
drive to the carrier is by worm and worm wheel. 
The carrier can be continuously rotated or, alterna- 
tively, it can be oscillated over an arc of a circle, 
the latter motion being controlled through the belts 
by means of tappets mounted on a T-slotted ring 
attached to the carrier. High-speed shafts are 
in all cases mounted on ball bearings. A large 
centrifugal pump, belt-driven, is mounted at the 
back of the bed-plate to provide a copious supply 
of water to the wheel. The work is protected by 
very adequate splash-guards. 


Sawina MAcHINEs. 


A number of makers of sawing machines are 
represented by a good selection of tools. Messrs. 
E. G. Herbert, Limited, Levershulme, Manchester, 
show various sizes, including new patterns, as do 
also Messrs. Charles Wicksteed, Limited, of Ketter- 
ing, while Messrs. Humpage, Thompson and Hardy, 
of Bristol, also have two models on show. Messrs. 
E. G. Herbert’s exhibit includes their “ Rapid” and 
““Rapidor”’ hack-saw machines, girder sawing 
machine and vertical sawing machine. Of their 
“Rapid”? hack saws five machines are exhibited 
in different sizes, the smallest dealing with bars 
up to 6 in. by 6 in., while the largest is of 
capacity sufficient to handle billets 26 in. by 26 in. 
and using blades 24 in. to 39 in. long. This is 
naturally a substantial machine. It weighs no less 
than 32 tons. The girder saw is a light machine, 
using blades 18 in. to 22 in. long, intended specially 
for rolled sections. It is fitted with a vertical vice 
of special construction, arranged to swivel on a T- 
slotted bed, so that sections 20 in. by 12 in. can be 
cut square, or sections up to 20 in. by 7% in. can be 
mitred vertically. The ‘“ Rapid” vertical saw of 
Messrs. E. G. Herbert has a capacity up to sections 
12 in. high and 9 in. wide. This machine can 
perform a variety of work and is capable of dis- 
placing a certain amount of slotting work. The 
table, measuring 42 in. by 30 in., is mounted on a 
box base and the saw blades work through a slot 
in the table top. The saw frame is set at an angle 
of 45 deg. to the blade and oscillates vertically 
outside the table, so that the frame is always clear 
of the work either for longitudinal or cross cutting. 
The feed to the saw is 14 in., and by means of the 
table slide cuts 26 in. long can be taken at one 
setting. 

Two of the firm’s latest machines are examples 
of the ‘‘ Rapidor ” saws. The machine, illustrated 
in Figs. 59 to 61, page 320, has been developed 
to take full advantage of high-speed steel blades. 
The machine is exceptionally substantially built in 
order to stand up to heavy work with maximum 
output. The No. 2 size machine illustrated is 
intended for cutting sections 12 in. by 9 in. or rounds 
up to 10 in. in diameter, and takes saw blades 
from 14 in. to 21 in. long. It requires about 
1 h.p. The fast and loose pulleys are 16 in. in 
diameter and the pulley speed is 170 r.p.m. The 
saw has automatic lift for the return stroke and 
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spring gear for regulating the pressure of the blade 
on the work. The springs are housed in the body 
of the machine and the tension is transmitted by 
chain to a small drum on a tail piece. The drum is 
fitted with worm and handle for regulating the 
tension of the spring. An adjustable stop auto- 
matically holds up the machine at any depth of cut. 
Automatic mechanical lubrication is arranged for 
throughout. A dash-pot allows the frame to be 
lowered quickly or slowly or held at any point by 
the pressure of the finger on a lever. The machine 
starts on corners very easily. The tension on the 
blade can be regulated and an indicator shows when 
the correct stress is applied, thus tending to reduce 
breakages. The main shaft is hardened and ground 
and runs in renewable bearings. The crankpin is 
likewise hardened and ground. All wearing parts 
are provided with adjustment. The screw vice 
can be swivelled for taking angular cuts. When 
required for cutting mild steel and tool steel a 
two-speed countershaft or two-speed gear is 
required. The No. 1 “ Rapidor” machine has a 
capacity for sections 6 in. by. 6 in. and employs 
blades 10 in. to 14 in. long. 

Two high-speed cutting-off machines are to be 
seen at the stand of Messrs. Humpage, Thompson 
and Hardy, of Jacob-street, Bristol, one being a 
10-in. machine and the other a 10-in. by 5-in. 
machine suitable for joists, angles, channels, &c., 
and capable of cutting at any angle up to 45 deg. 
These machines are similar as regards many fea- 
tures. Figs. 62 to 64, page 321, illustrate the 
plain 10-in. machine, while Fig. 65 shows the saw 
for the square or angular cutting of sections. Both 
types have box beds, the former having a sloping 
vice rest, while in the latter this is horizontal. 
The main crank is double webbed and runs in bear- 
ings set wide apart. The saw frame oscillates in 
guides in a swinging arm which is forked at the 
crank end and carried in bearings, the spread of 
which ensure to the fork an unusual degree of 
lateral rigidity. The combined motion gives the saw 
a rocking movement instead of a simple back and 
forward straight stroke. The saw blade is supported 
on both sides by small roller guides mounted on 
eccentric pins so that the width apart of the guides 
can be adjusted to suit the thickness of the saw 
blade. This is a useful safeguard against “ running 
off.” Pressure is maintained on the blade by means 
of a long helical spring in the bed. Tension on 
this can be applied by a star wheel and screw at 
the front of the machine, a graduated plate indi- 
cating the pressure applied. By means of another 
star wheel at the back of the machine this spring 
pressure is relieved as the saw approaches the end 
of its work and lowest position, so that the final 
cutting through is accomplished by the weight 
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of the arm alone. Just before the saw reaches the 
end of its stroke a cam motion lifts the swinging 
arm and the return stroke is made free. For 
setting, a crank handle and bevel gear are furnished 
for lifting the swinging arm to its highest position, 
and this gear is used for lowering the arm on to 
the work when commencing to saw. The saw 
blade is fixed at one end on an eccentric pin which 
can. be rotated to apply the correct degree of ten- 
sion, 

The general motions and fittings of the two 
machines are similar. Fig. 65 illustrates the chief 
difference in the case of the machine for cutting 
sections. The vice in this machine is arranged so 
that the left-hand jaw can be swung through 45 
deg. The right-hand or movable side is made of a 
fixed jaw bevelled to 45 deg., and an adjustable 
stop. The latter can be made to project whatever 
amount is required by the setting of the left-hand 
jaw, and the vice is then screwed hard up in the 
usual way. An end stop capable of adjustment, 
composed of rods and clamps is available for repeat- 
ing cuts to length. This is shown in the drawings 
Figs. 62 to 63. 

(To be continued.) 


Vinw or MAcHINE. 
THE BRITISH ASSOCIATION MEETING 
AT TORONTO. 


(Continued from page 287.) 


SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCE. 

PuncTuALty at 10 a.m., on Thursday, August 7, 
Sir William H. Bragg, F.R.S., President of Section A, 
opened the proceedings without any introductory 
words, merely requesting members, in view of the 
long list of papers, to make their remarks as concise 
as possible. If speakers chose to take their full time 
allowance talking, they could not have any dis- 
cussion. The 45 items on the agenda comprised 
several groups of communications, and further 
papers were added. By taking the unoccupied after- 
noons, and by subdividing several times into a 
general Section and a Sub-Section for Cosmical 
Physics, Section A disposed of its whole programme 
in meetings which will remain memorable in the 
annals of the Association and of Science. Definite 
problems of the old controversy, renewed in our age, 
radiation by waves or by corpuscles, were keenly 
discussed by some of the very men who had raised 
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Fig. 65. Saw For Currina RotitEep SECTIONS. 


them. American scientists contributed much to the | Rankine (South Kensington), recorder, and Messrs. 
success. Continental science was not represented, | M. A. Giblett (Air Ministry), H. R. Hassé (Woolwich), 
but their work was not ignored ; no time was wasted | J. Jackson (Greenwich Observatory), A. M. Tyndall 
in complimentary generalities. (Bristol), and E. F. Burton (Toronto). The first 


The sectional officers were Professor A. O-| subject taken was Spectra, Ionisation and Cognate 
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Phenomena; similar problems came up later, on 
the Friday and Tuesday of the meeting, in the dis- 
cussions on the Scattering of Light. We will deal 
with these papers first, proceeding then to papers 
on Crystal Structure, which were introduced by the 
presidential address, on Cosmical Physics, Meteor- 
ology and Astronomy, and to papers interesting to 
engineers on Acoustics and other subjects. 


SprctRA AND THEIR Excrration, IONISATION AND 
CriticaAL POTENTIALS. 

Summarising in the first paper on “ The Spectra 
of Ionised Elements,” recent work on ionised and 
on multiply-ionised atoms, Professor A. Fowler, 
F.R.S., explained that ionisations were produced 
by the application of increased amounts of energy, 
and the qualitative and quantitative data on series 
lines were valuable for the study of atomic structure 
and for astrophysics, especially for the estimation 
of stellar temperatures and densities. The spectra 
of the elements of the same group had much in 
common ; group I (alkali metals, sodium, &c.) was 
distinguished by doublets, group II (magnesium) 
by triplets, group ITI (aluminium) again by doublets, 
and so on; but matters were more complex than 
this simple alternation formerly assumed. When, 
however, a neutral atom was ionised by losing an 
electron, its spectrum went back to that of the next 
element of lower atomic number; thus, the spark 
spectrum of the ionised magnesium atom Mg 12 re- 
called the are spectrum of the neutral sodium, 
Na 11; with two electrons lost the spectrum went 
back two places (Al 13 to Na 11). The series con- 
stants C of all the neutral atoms, e.g., Si, were nearly 
the same as that of hydrogen (C = N); when the 
atom was singly ionised (spectrum indicated by Si I) 
its constant assumed the fourfold value (C = 4N); 
when doubly ionised (Si II) C= 9N; when trebly 
ionised (Si III), C=16N. The confirmation of 
this rule, first established for helium and the alkali 
metals, for magnesium (by Paschen) and for alum- 
inium and silicon (the most complete exploration of 
successive ionisation so far attained) by Professor 
Fowler himself was essential for Bohr’s quantum 
theory of spectra. 

To explain the effect of successive losses of electrons 
or, conversely, of adding electrons to the nucleus, 
S IV to Si I) Professor Fowler exhibited the dia- 
gram on the next page. ‘The constant C was given 
by C = 2 7? E? mM (ne)*/c hh’. (M + m), where e was 
the charge of the electron, E the net charge on the 
remainder of the atom with respect to the external 
electron, temporarily removed, h was Planck’s con- 
stant, c the velocity of light, and M and m were the 
masses of the atom and electron. In passing from 
Si IV to Si I, the effects of adding external electrons 
one by one were exhibited under somewhat simpler 
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conditions than in the regular sequence of the 
neutral atoms of Na, Al, Mg, Si, since the mass and 
charge of the nucleus remained constant. Professor 
Fowler’s further slides showed that the well-known 
D lines of sodium, Na I, were repeated in Mg II, 
Al III, Si IV, but with increasing intermediate 
spacings, and other features. The somewhat uncer- 
tain ionisation potentials deduced in volts were: 
Na I, 5:12; Mg. I, 7-61; Mg Il, 14-97; Al Hl, 
18-11; ALIII, 28-32; Si Ill, 31-66; SiIV, 44-95. 
He was now studying the light elements, carbon 
(with sparks between graphite poles, in air or hydro- 
gen, and arcs in vacuo or in carbon compounds) and 
others. The spectrum CI was, as it should be, of 
the type of that of neutral boron; C IL gave the 
second ionisation potential 24-28 volts, but the CI 
potential was still uncertain. 

On behalf of Dr. F. L. Mohler and himself, Dr. 
P. D. Foote, of the Washington Bureau of Standards, 
gave a summary of their recent work on “ Critical 
Potentials and their Interpretation,” radiation 
potentials of gases, stages in the excitation of 
spectra and their energy levels, especially in ranges in- 
accessible by spectroscopic methods, in comparison 
to critical radiation potentials of solid and other 
data on soft X-ray limits. When in the Moseley 
diagrams, Dr. Foote stated, the if y /N (where y 
was the frequency and N the atomic number) were 
plotted as ordinates against the atomic numbers as 
abscisse (both values increasing from the origin) 
straight lines were obtained, diverging from the 
origin. But direct measurements had only extended 
down to ordinate 10; below that value the lines 
were not straight and convergent, and the Moseley 
regularity observed for high frequencies did no 
longer hold. Dr. Foote’s slides showed lines of 
high and low energy levels, from the K and L series 
down to the M, N, O, P and Q series, the latter 
belonging to elements of very high atomic numbers. 

When radiations were excited by electron 
impacts with solids at relatively low volts (photo- 
electric effects), the photo-electric current increased 
sharply at certain potentials. It had been assumed 
that these critical voltages measured the low-volt 
X-ray level, and the authors had made similar 
observations on gases and vapours. In the X-ray 
range the predominant type of excitation was single 
ionisation; in low-volt impact, excitation without 
ionisation was the most probable event, yet spark 
lines could also be excited readily. While some 
carbon compounds had all given the same critical 
potential of 272 volts in the vapour state, other 
experimenters had found 288 volts for solid carbon ; 
that difference between data on gases and solids was 
not yet explained. In alkali vapours a many-line 
spectrum (the argon spark spectrum) appeared above 
20 volts. The excitation would involve either 
removal of two electrons or removal of one electron 
and displacement of another, and one single impact 
might eject two electrons or only one, which was 
struck again before reverting to its normal condition. 
The potential required to remove the second electron 
of a rare gas was found nearly equal to the potential 
required to remove the first electron of the rare gas 
shell of the neighbouring alkali metal; it was, 
e.g., 19 volts for argon and for potassium. With 
respect to the work on the bombardment of targets 
of carbon, copper, iron and platinum with electrons 
at velocities corresponding to 500 volts and 1,000 
volts, we will only mention that many new lines 
were observed, but were all ascribed to impurities, 
and, further. that nitrogen at 1,000 volts did not give 
the auroral line, but showed a peculiar new type of 
line spectrum when the gas pressure was reduced 
below 0-002 mm. of mercury (again probably owing 
to impurities) and, in addition, a continuous 
spectrum, already observed by Lilienfeld. 

Dr. Foote finally referred to some peculiar obser- 
vations of theirs. Freshly-distilled calcium proved 
sometimes highly explosive on exposure to the 
atmosphere. Arsenic vapours did not become 
luminous when large currents were passed through 
them, the spectrum being confined to the ultra- 
violet; for actinic work arsenic vapour lamps 
might hence be useful. The arc or the spark spec- 
trum of alkali vapours and also of iodine vapours 
could be excited with the electrodeless ring discharge 
simply by varying the temperature or vapour 
pressure. In the ring discharge the potential gradient 


was greatest at the circumference of the bulb and 
diminished to zero at the centre; thus, various 
degrees of excitation could be produced simultane- 
ously, and concentric rings of brilliant colours were 
observed. In a large bulb containing mercury 
vapour the area near the conducting ring became 
a mercury mirror, centrifugal forces driving the 
ions up to the glass wall, where they were condensed ; 
isotopes might be separated in this way. When 
mixtures of mercury vapour and nitrogen were 
exposed to the electrodeless discharge in a quartz 
bulb, an opaque deposit settled on the walls. 

Tn his paper on “ Band Spectra and the Structure 
of Molecules,” Professor J. C.. McLennan, F.R.S., 
dwelt upon the importance of the study of the 
spectra of molecules, which, as R. W. Wood had 
shown in the case of sodium vapour, were charac- 
terised by the appearance of channels on the out- 
side of the doublet series. In conjunction with 
Messrs. Ainslie and 8. Smith, he had found that 
all the alkali metals, except lithium, behaved like 
sodium in this respect, and that the molecular com- 
pound of sodium and potassium, formed when the 
two metals were heated, also gave a vapour showing 
the molecular spectrum. Calculating, from the bands 
at high dispersion, the moments of inertia and the 
interatomic distances in the molecules of sodium, of 
potassium and of the compound Nak, they found 
the expected characteristic differences. In the 
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demonstration a bulb containing some metallic 
sodium and potassium was heated; the vapour 
first appeared dull white in colour, but the colour 
changed into brownish-red at higher temperature. 
Dr. Silberstein mentioned during the discussion of 
the paper that molecular compounds of helium and 
hydrogen appeared to be present in the Orion 
Nebule. 

Professor H. N. Russell, of Princeton Observatory, 
followed with a paper on the “Spectrum of Titan- 
ium,”’ which, he said, had been much studied since 
its first investigation by A. Fowler. The spectrum, 
like that of other heavy metals, was exceedingly 


complex and consisted of about 1,100 lines, which) 


he had analysed by a graphic method, the terms of 
the various series being found as intersections of 
lines radiating from eight points in the case of 
titanium; those points were connected with the 
energy levels. The paper was discussed by Messrs. 
G. Breit, of the Bureau of Terrestrial Magnetism, 
Washington, P. D. Foote, R. H. Fowler, and by 
Professor A. Fowler, who testified to the high value 
of the exact determinations by Professor Russell. 
In the next paper on “the Mechanism of Excita- 
tion, JIonisation and Dissociation in Statistical 
Theory,” Mr. R. H. Fowler, of Cambridge, pointed 
out that we were in great ignorance as to the 
mechanism. ‘Two hypotheses supplied possible 
starting points. (a) The hypothesis of preservation, 
viz., that the actual distribution laws for the systems 
in any assembly in equilibrium must be the same 
whatever the mechanism of exchange, and (6) the 
hypothesis of detailed balancing, that in equili- 
brium the effects of any specified process must 
be balanced by another, its exact reverse differing 
only in a reversed time scale. Examining a number 
of mechanisms in the light of these hypotheses, of 
which (6) was more restricted than (a), and referring 
in the first instance to Hinstein’s classical paper 
of 1917 on collision, Mr. Fowler discussed excitation 


by collision% (following Klein and. Rosseland), 
ionisation by collision (Becker), excitation by 
radiation (Einstein), and scattering by free electrons 
(Einstein and Ehrenfest), and the photo-electrie 
effect (Kramers and Milne). 

The paper by Dr. R. J. Piersol, of Pittsburgh 
University, on “ Pulling Electrons from Metals by 
Intense Electric Fields,” referred to Professor 
Mendenhall’s memorable presidential address (of 
last winter) to the American Association for the 
Advancement of Science, and to the confused state 
of our knowledge concerning thermionic emission of 
electrons and the influence of surface contamination 
in such experiments. That emission, it had been 
asserted, should stop after a certain period of 
heating, and the ejection of photo-electrons by 
electric fields should require a minimum potential 
characteristic of the metal. Dr. Piersol used 
molybdenum plates pressed into two hemispherical 
shells with a discharge gap of 0-023 cm. as electrodes 
of his discharge tube, to which a charcoal bulb 
was attached; he heated the electrodes to 1,400 
deg. C. by means of an induction furnace, evacuated 
the tube for two days, cooled the charcoal finally 
in liquid air, and observed thermionic currents 
when the vertical gradient was 5,400 kv. per cm. ; 
this was to show that proper outgassing completely 
eliminated field currents, thereby giving a definite 
gradient of cold electronic discharge. In the case 
of calcium, the minimum potential was 200 ky. 
per cm. He was questioned by Sir Ernest Ruther- 
ford, Professors W. F. G. Swann of Yale College, 
and Wood and others as to his current and their 
measurements; in his reply he attributed the 
currents and their measurements largely to anode 
particles. 

The next paper by Dr. Anne C. Davies on “ The 
Metastability of the Fundamental Coplanar. Con- 
dition of the Helium Atom,” also concerned a 
highly-controversial subject which she has been 
studying together with Professor Horton at 
Holloway College, Surrey. The two electrons of 
the helium atom, she pointed out, were supposed 
to move in two intersecting planes ; both electrons 
could be removed by electronic bombardment, giving 
rise to the ortho-helium or the par-helium series 
spectra, and the question as to which they differed 
from Franck, Landé, Reiche and others, was whether 
an electron removed would under certain conditions 
of excitation pass in to a metastable state from 
which it could not return without external agents. 
Experimenting with two vertical tubes (both 
provided with heated tungsten filaments and 
platinum gauze screens), interconnected by a short 
tube, and taking great care to exclude all mercury 
vapour and other impurities from the helium in 
the tubes, Miss Davies also provided for gas 
circulation between the tubes in either direction, 
so as either to increase or to decrease any abnormality 
of the helium. Miss Davies said she had come 
back to her original conclusion that there was no 
reason to assume a metastability of any abnormal 
state of the helium atom. 


THE SCATTERING OF X-Rays. 


With his paper on ‘‘The Quantum Theory of 
the Scattering of X-Rays,” Professor A. H. Compton, 
of Chicago, brought up the fundamental controversy 
which his own experiments first raised two years 
ago, and which, in his opinion, would force us 
to abandon either the idea that radiation spreads 
in spherical waves in all directions, or the principles 
of the conservation of momentum and energy. 
Mr. Compton stated that Barkla’s experiments and 
J. J. Thomson’s theory—neither of these investi- 
gators was present—had considered the scattering 
of X-rays to be in accord with the electromagnetic 
wave theory. The frequency and wave-length of 
the forced radiation of an electron, upon which the 
wave fell, should then be that of the incident ray ; 
but the secondary rays had proved to be softer 
(of less penetrating power), especially in the case 
of electrons from the light elements. When Mr. 
Compton examined the phenomenon  spectro- 
scopically he found that the incident ray was split 
into two, one of the original wave-length, the other 
of greater wave length. He let tungsten rays fall 
at 90 deg. upon a crystal of graphite (the radiator), 
and observed a displacement of the one ray by 
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0-024 A.U., which was in accord with his later 
calculations. Further experiments at different 
incidences showed that the displacement increased 
with greater angles of scattering. If that had been 
a Doppler effect, all the electrons should be effective 
and should have moved in the direction of the 
primary ray with a velocity approaching that of 
light, which was obviously contrary to fact. Only a 
very small number of electrons could be responsible 
for the scattering. On the quantum theory an 
electron, if it scattered at all, would scatter a whole 
quantum. But as the scattered secondary ray 
proceeded in a different direction, it would have 
different momentum, and, by the sprinciple of the 
conservation of momentum, the electron must 
recoil with a momentum equal to the vector differ- 
ence between that of the primary and that of the 
scattered quanta. The energy of the recoiling 
electron being taken from the primary quantum, 
the scattered quantum was left with reduced energy 
and diminished frequency. 

Since Compton had first proposed this expla- 
nation both C. T. R. Wilson and W. Bothe (Reich- 
sanstalt) had independently observed (by the cloud- 
expansion method of Wilson) a new type of secondary 
B-rays which they had identified as recoil electrons. 
The displacement should also be visible with light 
rays, but had not yet been observed. One might, 
however, look for a change in wave-length in the 
dissociated atmosphere of the sun where it should 
be greater near the limb than near the centre of 
the disc because the light from the limb travelled 
through a thicker layer of electrons; that had 
long been observed and was supported by the 
thermo-dynamical considerations of Pauli. With 
regard to light, the quantum might, further, be 
large enough to fall simultaneously upon a group 
of electrons, to be scattered by the group, similarly 
as light was reflected or scattered by a group of 
electrons in a mirror; in that case the mass of the 
group would be so great that the energy lost in the 
recoil would be insignificant and the change in 
wave-length negligible. That agreed with experi- 
ments by himself and also by E. Rutherford. If, 
on the other hand, the wave-length were much 
smaller than the distance between two adjacent 
electrons, as in the case of hard y-rays, each quantum 
should be scattered by individual electrons and 
give rise only to a ray of modified wave-length. 
Quantitative confirmations of the various cases 
had been obtained by P. A. Ross, who had, however, 
to use photographic exposures of up to 250 hour in 
some instancee, whilst Clark and Duane (presently 
to be mentioned) failed to doso. Professor Compton 
also referred to his most recent photo-electric 
work. 

Professor J. A. Gray, of McGill University, 
Montreal, followed with a paper on the “ Scattering 
of X- and Gamma Rays and the Production. of 
X-Rays by Photo-electrons.” He described experi- 
ments in which he made monochromatic X-rays 
strike a cylinder of paraffin, or rays from radium 
(filtered through a thin foil of lead and through 
several millimetres of carbon) enter an electroscope ; 
he found these special secondary rays to be softer 
than the original rays, and he concluded that 
ultimately X-rays passing through. matter would 
be transformed into f-rays by alternating changes 
from X to f, back to softer X-rays, and so on. 
The greater portion of the secondary rays was 
not due to the photo-electrons ejected from matter, 
but had its origin in the scattering of the primary 
rays, the softening of scattered rays increasing 
with increasing atomic weight. Commenting upon 
this paper, Sir E. Rutherford remarked that the 
internal conversion was enormously greater than 
had been expected. 

Professor W. Duane, of Harvard College, then 
gave his paper on ‘‘ Secondary and Tertiary Radia- 
tions,” describing the latest experiments made by 
himself and Doctors Allison, Clark and Stifler, 
in which the X-ray bulb was placed in a large 
room and radiated through a hole in the wall into 
the spectrometer mounted in a second room. They 
then observed radiations of three kinds, scattered, 
fluorescent and tertiary (due to the bombardment 
by photo-electrons), but they obtained no Compton 
displacement, except when they encased the X-ray 
bulb in a lead box instead of a wood box. They 
turther obtained spectroscopic evidence of the 


reflection (by a crystal of potassium iodide) of 
X-rays characteristic of potassium and iodine. 
Copper screens cut off nearly all this characteristic 
reflection; that, however, they considered, did 
not indicate an increase in the reflecting power 
of the crystal for certain rays already in the beam, 
but rather the generation of a fluorescent radiation 
in the crystal by the X-rays. 

These communications on scattered rays and 
their interpretation, and on the experimental detail, 
were further discussed in a special long. afternoon 
meeting, under the presidency of Professor A. B. 
Eve, of McGill College, by Professors D. L. Webster 
(of Stanford University, California), Breit, Swann, 
Compton, Gray and others, some of whom agreed 


with Compton that. the box and its material had, 


nothing to do with the*range of wave-length. Pro- 
fessor Raman (Calcutta) rejected the quantum 
theory. ce 

(To be continued.) 


THE PEEBLES-REYROLLE AUTOMATIC 
' SUBSTATION. 


Tue great drawback to the use of direct current for 
tramway or railway purposes lies in the necessity 
for a large number of isolated substations for convert- 
ing the alternating current supply to direct current 
at the voltage required for use. Such substations 
must contain running machinery, and until recently 
the control of this machinery has required the per- 
sonal attendance of skilled operators during the 
whole of the time that the supply is maintained. 
For the greater part of the time the operators, of 
course, have absolutely nothing to do except to 
stand by, and the employment of two or three 
shifts of men per day on such duty in each sub- 
station involves an expenditure in wages quite dis- 
proportionate to the services rendered. Under 
these circumstances, it is not surprising that at- 
tempts have been made to render the operation of 
these substations automatic, so that the equip- 
ment will start up, perform its functions and shut 
down without the presence of any human operator. 
Apparatus working under such conditions must not 
only be self-protective, isolating itself from the 
system should any dangerous internal symptoms 
arise, but it must also protect the system as far as 
possible from the effect of external faults. The 
requirements are both onerous and complex, but 
they can now be satisfactorily met, and the fully 
automatic substation has become a recognised factor 
in electrical distribution. 

The essential feature of substations of this nature 
lies in the automatic switchgear which controls the 
machinery, but this, of course, must be designed in 
accordance with the characteristics of the machinery 
to be controlled. Messrs. A. Reyrolle and Com- 
pany, Limited, of Hebburn-on-Tyne, who are well 
known as the originators of the metal-clad switch- 
gear now generally used in the large modern power 
stations, decided some time ago to apply this type 
of gear to automatic substation work in connection 
with the standard motor-converting machinery of 
Messrs. Bruce, Peebles and Company, Limited. 
Messrs. A. Reyrolle and Company made a close study 
of the whole question as a result of which they have 
produced the necessary apparatus to deal with any 
operating condition, and the collaboration of these 
two firms has resulted in the production of a com- 
pletely automatic substation capable of performing 
all the functions which usually demand the inter- 
vention of a skilled operator. There have been, of 
course, fully automatic substations at work for 
some time in this and other countries, but the earlier 
attempts to solve the problem involved consider- 
able. complications of apparatus and required a 
large amount of space. As experience was gained, 
steady progress was made with simplification, and 
in the Peebles-Reyrolle automatic substation the 
designers have attained a degree of simplicity and a 
compactness of the necessary apparatus which is 
much to be commended. The controlling switch- 
gear is an adaptation of Messrs. Reyrolle’s metal- 
clad type with electric control, and all the indivi- 
dual relays and devices by means of which a pre- 
determined set of conditions causes the starting or 
stopping of the machine are designed in the light 
of the firm’s long experience with automatic pro- 


tective apparatus. It may be added that the space 
taken up by the complete equipment is less than half 
‘that required for other types. 

The Peebles-Reyrolle automatic substation is a 
single-unit station, for it is probable that the 
single-unit station will be generally adopted in the 
future for automatic working, on account of the 
economy in copper and the improvement in voltage 
‘regulation arising from the better distribution of 
the converting plant over the system. A motor- 
converter with its own control equipment consti- 
tutes a unit, and a double unit station, if such were 
required, would consist of two such units. In a 
fully automatic substation, the Peebles-Reyrolle 
service equipment permits of manual operation by 
an attendant at anytime if desired. He can start 
and stop the machinery, conduct the switching 
operation on both the direct current and alternating 
current circuits, synchronise, and regulate the 
voltage at will. Starting and stopping of the sub- 
station may also be effected from the main station 
or any other distant point if a pair of pilot leads 
are available. In such cases the substation is 
called semi-automatic. A further alternative is to 
arrange for distant control of other functions such 
as voltage regulation, the operation of the machine 
circuit breakers, the prevention of the plant shut- 
ting down automatically on underload or the pre- 
vention of it taking up its work automatically when 
it otherwise would do so. 

The motor-converter, rather than the rotary- 
converter, was chosen for the automatic substation 
on account of its special advantages for such work. 
The machine, as is well known, consists of an 
ordinary wound-rotor induction motor and an 
ordinary continuous-current generator coupled 
together mechanically on the same shaft, the rotor 
winding and the armature winding being inter- 
connected electrically. The combined rotor and 
armature runs at a speed corresponding to half the 
frequency of the alternating-current supply, 2.e., 
with a slip of 50 per cent. Currents are therefore 
induced in the rotor winding which also have a 
frequency equal to half that of the supply. The 
number of poles of the continuous-current generator 
is so arranged that the frequency of the currents 
induced in the armature winding -at the normal 
speed of rotation is equal to that of the induced 
rotor currents. It is therefore possible to inter- 
connect the armature and rotor windings when 
their E.M.F.’s are equal and in phase. When this 
is done the whole set behaves as a single- synchronous 
machine, with strong synchronising forces. As the 
rotor revolves at a speed corresponding to half 
the frequency of the supply circuit, only half the 
alternating-current electrical energy is converted 
into mechanical energy for driving the dynamo, 
the other half is transferred in the form of electrical 
energy. As the size of the alternating-current end 
depends on the speed of the rotating field and not 
on the speed at which the rotor runs, the induction 
motor is only about half the size of the corresponding 
motor of a motor-generator set. Furthermore, 
the direct-current end, running at a speed corre- 
sponding to half the primary frequency, has not 
only particularly good commutating conditions, 
but is of smaller proportions than an ordinary 
continuous-current generator or rotary converter 
for the same output, frequency, and speed. 

The motor-converter has, as will be seen, all the 
mechanical and electrical advantages of a low- 
frequency machine, as it runs generally at a speed 
corresponding to half the supply frequency. The 
difficulties inherent in the design of rotary con- 
verters for standard and higher frequencies are 
absent, and the increased brush-spacing permitted 
by the reduced number of poles reduces the danger 
of flashing-over to a negligible quantity. Trans- 
formers are not needed in conjunction with the 
machines, as the ordinary transmission voltage can 
be put on-to the stator of the induction motor. 
The very strong synchronising properties of motor- 
converters prevent these machines from falling out 
of step and shutting down in the event of distur- 
bances on the electrical system, which would almost 
inevitably put rotaries out of commission. Their 
automatic balancing properties when serving a 
three-wire network, their irreversibility in the 
event of severe short-circuits on the direct-current 
system, their high power-factor, and their capacity 


ENGINEERING. 


THE PEEBLES-REYROLLE AUTOMATIC 


Fia. 


for voltage regulation are other features which render 
them specially suitable as components of an auto- 
matic plant. 

The complete equipment for a Peebles-Reyrolle 
automatic substation for tramway work or other 
two-wire D.C. traction comprises the motor con- 
verter with its starting resistance illustrated in 
Figs. 1 and 2 on this page, the metal-clad switch 
panel illustrated in Fig. 8 and the three control 
panels in Fig. 9, page 330. Figs. 10 and 11 on the 
latter page show respectively the high-speed circuit 
breaker panel open, and an enlarged view of the 
time relay. These also are on page 330, and in 
Figs. 3 to 7 on succeeding pages are details of the 
connections and mechanism. The diagram of con- 
nections, Fig. 3, necessarily appears somewhat com- 
plicated, but considering the variety of functions to 
be performed and the diversity of conditions to be 
dealt with it is by no means unduly so. The equip- 
ment as illustrated will permit of three methods of 
operation, namely, fully automatic working, hand 
starting and stopping, and entire manual operation 
by an attendant. The addition of one pair of pilot 
wires also enables the plant to be operated from 
some other place. 

The automatic starting of the plant may be 
brought about either by means of a reduction in 
voltage on the D.C. system which the station is 
to feed, by a predetermined demand for current 
on that system. or by a switch set to operate at a 
given time. In a single unit traction substation 
a starting device consisting of a low-voltage relay 
and a time switch will meet most conditions of 
service. As it is important that the station should 
not be started for every momentary drop of voltage 
that occurs on a traction system, the action of the 
low-voltage starting relay is retarded, so that the 
condition of low voltage must persist for a definite 
time before the plant begins to run up. The setting 
of the time switch that determines the delay can be 
adjusted, so that any time from five to thirty seconds 
must elapse before the plant starts. The persistence 
of low-voltage for such a length of time is sufficient 
indication that the substation plant is required, 
and that it will have an economical load when it 
is switched in. At the end of the time, the starting 
up device continues to run long enough to allow 
the plant three attempts to get on load unless it 
is previously re-set by the functioning of other 
apparatus. 

After a sufficient time for the plant to have got 
on load, if it should not have done so, the master 
control circuit is automatically opened, the plant 
is shut down and the devices employed in running 
up are de-energised. This having been done, the 
master control circuit is immediately re-closed, 
and the operations necessary to put the machine on 
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load are again carried out. Should this second 
attempt fail to get the machine into service it is 
again shut down and a third attempt is made. 
After this attempt, if the machine is not on load, it 
is finally shut down and locked out of commission, 
an alarm circuit being closed, which will transmit 
news of the failure to the central station if pilot 
wires are available. It may be mentioned at this 
point that the substation is automatically shut 
down and locked out by the action of various 
protective devices, so that it cannot be operated 
in a dangerous or unfit condition, whether that 
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condition has arisen when working or when at, 
rest. It will be locked out, for example, by an 
overload on the A.C. incoming feeder, indicating 
either an electrical fault or something seriously 
wrong with the machinery. Similarly, should the 
temperature of the bearings or the machine-windings | 
rise beyond a predetermined limit, this will also 
cause a shut-down, and the same result will follow, 
an abnormal speed of the machine. The plant 
will in all cases be locked out until deliberately | 
put again into commission, except in the event of 
the shut-down being due to an undue temperature | 
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rise of the windings, when the equipment wil 
automatically become again available for duty 
after the machine has cooled down. A further 
cause of an automatic shut-down is the absence of 
a predetermined minimum load on the D.C. side 
for a predetermined period. In such a case, the 
station having nothing to do, shuts itself down, 
‘but is,.of course, ready to start again automatically 
as soon as the demand is renewed. Conversely, 
a continued overload on the D.C. side will bring 
out the D.C. circuit breakers and the station will 
again be shut down until safe conditions of operation 
are restored. 

Referring now more particularly to the automatic 
equipment of the Peebles-Reyrolle system, the 


run-out along the rails provided for the purpose. 
Mechanical interlocking arrangements prevent the 
switch being withdrawn or replaced unless it is 
open, and there is no possibility of any workman 
or other person touching or even seeing live metal 
unless he deliberately goes to a great amount of 
trouble to do so. The bus-bars and other internal 
conductors are embedded in solid insulation and 
protected by the earthed cast-iron casing, thus 
making the switch as safe as anything can well be. 

In Fig. 9 will be seen three panels, two control 
panels on the left and a metal-clad D.C. machine 
panel on the right. The left-hand panel carries 
most of the relays necessary for the automatic 
operation of the system. At the top of the panel 


@9 


until the low voltage has endured Jong enough to 
show that it is not a mere transient symptom. An 
adjustable pause of from 5 to 30 seconds is provided 
to meet this condition. Similarly an adjustable 
pause of from 3 to 12 minutes is provided before 
the plant shuts down on account of under load, and 
an adjustable pause of from 5 to 60 seconds before 
it-shuts down to protect itself from overload. The 
pause of from 3 to 12 seconds for synchronising 
allows sufficient time for that operation, and if it 
cannot: be done in this time by the third attempt 
there is evidence that something is wrong, and the 
plant is automatically shut down and locked out of 
commission until it receives attention, as already 
mentioned. 
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1. Starting-up relay. 21. Holding coil contactor h.c. circuit 2 R. Underload and o.1. clutch. 9 R. Shunt regulator, scection s.c, con- 

2. Control switch—automatic to manual breaker. 3 8. Starting-up clutch. nection. 
operation. 23. Low a.c. voltage relay. 3 R. Underload and 0.1. clutch. 10 S$. 
3. Master control relay. 25. Reverse current relay. 4 8. Slip-ring s.c. contactor. 10 R, Stator temperature device, reset- 
5. Main oil switch fitted with charging 26. Stator temperature relay. 4R. ting coil. 
resistances. 27. Over-speed device. 5 §S. Choke coil and relay contactor. 37. Underload relay. 

6. Shunt field make contactor. 28. Bearing thermostats. 5 R. Bridging resistance and discrimi- 39. Overload relay. 

7. Choke coil relay. 30. Synchronising relay. nating relay. 45. Time Switch. 

8. Shunt regulator. 31. Slip-ring s.c. contactor. 6 S. S.C. gear motor closing. 48. A.C. ,overload and earth leakage 
10. Multiple time delay relay. 32. Rotor s.c. motor relay. 6 R. 8.C. gear motor opening, relay. 
12. High-speed circuit breaker. 33. Polarity relay. 7 S. Synchronising relay. 49. D.P. switch 110 volt. a.c. supply. 
17. Choke coil contactor. 34, Auxiliary switchbox slip-ring  s.c. 7B. 53. Control switch h.s. circuit breaker. 
18. Bridging resistance contactor. mechanism. 8S. 54. Control switch, starting and stop- 
19. Load discriminating relay. 1 S. Master control ‘starting up.” 8 R. Shunt field contactor. ing. 
20. Closing coil contactor h.s. circuit 1 R. Master control “running.” 9.8. ‘55. pP. switch underload relay cut- 

breaker. 2 S. Starting up—‘‘ motor and clutch.” out 


high, or extra-high tension three-phase current 
entering the substation is brought to the Reyrolle 
metal-clad panel fitted with a voltmeter and inte- 
grating watt-meter, illustrated in Fig. 8. The 
panel contains the electrically operated main oil 
Switch, with overload and earth-leakage protection, 
_and a potential transformer is fitted on the incoming 
side of the switch. This transformer provides 
| power for operating the A.C. devices employed in 
| the equipment. The main oil switch is operated 
_ by a three-phase induction motor, and consequently 
cannot be closed unless all three phases are alive. 
Tt is opened under normal conditions by energising 
_a@ tripping coil circuit, but a low-voltage tripping 
coil brings the switch out in case of overload on the 


| supply or the operation of any of the protec- 
| tive devices. The switch-operating motor will be 
/Seen on Fig. 8 immediately above the bus-bar 
chamber. The switch contacts are in the oil-tank 
at the back, and the whole switch can be with- 
drawn from connection with the bus-bars and 


A.C. feeder, leakage to earth, failure of the A.C.) 


is an indicating pyrometer showing the temperature 
in the stator. Next below this come a series of 
eight glass-fronted instruments, the upper one on 
the left-hand side being the master control switch 
which starts up the plant. Across the centre of 
the panel are three switches, the left-hand one 
being used to prevent the plant automatically 
shutting itself down on underload, so that it may 
be run idle when desired. The right-hand switch 
determines by its position whether the plant shall 
be under automatic or manual control, and the 
central switch is the manual starting switch. Below 
these three switches is a large instrument, seen more 
clearly in Fig. 11. This, whichis called the “ multiple 
time delay device,” has the duty of causing a period 
of waiting before each of the four following opera- 
tions, namely, starting up, synchronising, overload 
shut-down and underload shut-down. The neces- 
sity of such delay is obvious. Although the plant 
must start up automatically when the voltage of 
the D.C. system is low enough to need extra generat- 
ing machinery, it must be prevented from starting 


The mechanism of the multiple time-delay device 
consists of a clutch and gearing, by means of which a 
set of cams is rotated, and a series of contacts made 
or broken as required, in the proper sequence and 
after predetermined intervals of time. The funda- 
mental timing depends on the speed of a small 
three-phase motor, which, as seen in Fig. 11, drives 
a horizontal spindle through double-reduction 
worm gearing at a constant speed of 3 revolutions 
per minute. The time-delay apparatus is shown 
diagrammatically in the upper left-hand part of 
Fig. 3 above. To avoid confusion of circuits all 
apparatus belonging to the same device is given 
the same number on the diagram. Underneath the 
motor of the time-delay starting apparatus is seen 
a clutch marked No. 1. ‘This operates in con- 
junction with the starting-up relay No. 1 above it 
to the right. Similarly, clutches Nos. 30, 37 and 39 
operate in conjunction with similarly numbered 
relays, for synchronising, underload and overload 
conditions respectively. A resetting mechanism 
R permits the station to be readily put into 
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commission again after having been locked out. 
The act of resetting can be performed electrically 
from the control station, if pilot leads are available 
between that station and the substation. The 
same leads will suffice both for this operation and 
for giving the alarm in the control station if the 
sub-station is locked out. 

Referring again to the left-hand upper portion 
of the diagram, it will be seen that the contacts on 
any one mechanism are stepped and grouped to 
indicate the sequence of the operations. In the 
case of the device No. 1, for example, contact (a) 
is made immediately the mechanism starts to move. 
After a delay of from 5 to 30 seconds, depending on 
the setting, contacts (b;) and (b,) are closed simul- 
taneously. If the substation goes on load nor- 
mally, the respective motor and clutch circuits are 
interrupted and this mechanism is reset. Should 
the mechanism continue to run on, due to the failure 
of the plant to get on load or for any other reason, 
after the full time setting of 5 to 6 minutes, contacts 
(c,) and (c,) operate to interrupt the circuits to the 
starting motor and clutch circuits. This locks out 
the station and at the same time closes the alarm 
and resetting circuits. “ Lock-out” and “alarm 
and resetting ’’ contacts are also fitted on the under 
load time-delay mechanism, No. 37 to prevent the 
plant running light for an indefinite period, as 
might otherwise happen should there be persistent 
fault conditions on the direct-current side which 
would prevent the direct-current circuit-breaker 
reclosing. It may be noted that no motor circuit 
has to be closed for the synchronising time-delay 
mechanism No. 30, as this device is only called into 
operation while the starting-up relay mechanism 
No. 1 is working and the motor circuit is then 
already made. 

The voltage conditions on the track in the neigh- 
bourhood of the substations will, of course, deter- 
mine the load which the machine will pick up when 
switchedin. The starting-up relay No. 1 is therefore 
set to operate only at a voltage which will ensure an 
economical load. So long as the voltage exceeds 
this amount, the contacts of No. 1 relay remain 
open, but when the voltage falls to the predeter- 
mined figure the armature is released and the 
contacts of the relay are closed. The relay, like 
all others employed in connection with the Peebles- 
Reyrolle automatic control, is strong and sub- 
stantial in design, and to obtain the sensitiveness 
required a separate lifting coil is fitted. In series 
with the starting-up relay contacts are the lock-out 
contacts for the starting-up and the underload 
relays, the time-switch No. 45 and various other 
devices. The circuit is fed from the 110-volt alterna- 
ting-current bus-bar, and if all the various auxiliary 
switches are in their normally closed positions, 
current will be supplied to the time-delay motor 
and the operating coil of No. 1 clutch. 

With reference to the time-switch No. 45, which 
switches out the station during predetermined hours, 
this is fitted with a 14-day clock which is wound 
up at each weekly or fortnightly inspection of the 
substation. The times of switching in and out 
are adjustable, and a special adjustment allows of 
different hours of working on Sundays. It should 
be noted that when the time-switch “ switches- 
out” each evening, the operation does not shut 
down and lock out the substation if the latter is 
carrying any load. It only controls the starting-up 
circuit, and the plant will continue to run until 
shut down by the underload relay No. 37; the sub- 
station would then be locked out until the time 
switch closed again the following morning. 

It would take too long to describe in detail the 
whole of the operations performed automatically 
by the apparatus and the way in which the various 
details respond one after another to the requirements 
of any circumstances. We will therefore confine 
ourselves to the actual starting and switching in of 
the motor converter, commencing from the moment 
of the automatic closing of the main oil-immersed 
circuit breaker, No. 5 on Fig. 3. When this closes 
the auxiliary switches which effected its closing are 
transferred to their running positions. The E.H.T. 
supply being directly connected to the stator 
windings by the closing of the main switch, the 
rotor, of course commences to revolve. The rotor, 
which, of course, only carries induced low-tension 


winding. 


the rotor and in the armature will alternately be 
in opposition and in phase, and consequently the 


large and small alternately, thus causing the needle 


currents, is wound with twelve phases, but only 
three of these phases are used for running up the 
machine. The ends of these windings are brought 
out to three sliprings, the brushes on which are 
connected to a fixed external three-phase star 
connected non-inductive starting resistance. The 
three slip-ring brushes and the ends of the remaining 
nine phases are brought to 12 contacts which are 
short-circuited after the machine is synchronised 
by the motor- (or hand-) operated short-circuiting 
gear. The other ends of the twelve phases are 
permanently connected to the D.C. armature 
The machine is thus started as an 
ordinary slip-ring induction motor. 

As the speed of the rotor increases, the D.C. end, 
which is self-exciting and disconnected from the 
bus-bars, builds up its field. When the machine 
approaches synchronous speed the E.M.F.’s in 


current flowing in the starting resistance will be 


of a synchronising voltmeter across the starting 
resistance to oscillate. 

In order to enable the machine to be brought up 
to speed without taking excessive current from the 
supply mains a fixed proportion of the shunt 
regulator resistance is kept in circuit during the 
operations of starting and synchronising. It is 
possible to adjust the starting resistance and. the 
shunt regulator so that neither of these requires 
regulation during starting-up operations. This, 
indeed, is done before the machine leaves the makers’ 
works, and tappings are taken from fixed stops on 
shunt regulator No. 8 to the rotor short-circuiting 
mechanism No. 34, which, when closed on contact 
No. 9 RB short-circuits that particular section of the 
regulator resistance after the machine is syn- 
chronised. The machine now runs up to speed 
and as the D.C. voltage builds up, the operating 
coil of polarity relay No. 33 is energised from the 
machine D.C. control bus-bar. If the machine is 
building up with the correct polarity, relay No. 33 
will close when the pressure reaches 350 volts. 

These relay contacts having closed the circuit 
through choke-coil relay No. 7 is completed. The 
choke coil itself is inserted across two of the rotor 
phases, and assists in making the machine self- 
synchronising. The relay No. 7 has two operating 
coils and is set to close its contacts when the D.C. 
voltage rises to 440 volts. When these contacts 
are closed, the circuit to the operating coil of 
choke-coil contactor No. 17 is completed and the 
choke coil is inserted. Both these devices are 
operated from the D.C. machine voltage, and the 
returns as in the case of the polarity relay No. 33 
are made through an auxiliary switch on the rotor 
short-circuiting mechanism. When the choke-coil 
contactor No. 17 closes, its auxiliary switch a 
is opened and b is closed. The former of these 
breaks the lifting coil cireuit of choke coil relay 
No. 7, and this relay will now open its contacts 
should the D.C. voltage fail. 

So long as the choke coil is held in circuit it con- 
tinues to pull the machine into synchronism. The 
period of operation for a 500 kw. machine is usually 
from 15 to 20 seconds, during which time the 
diminishing voltage fluctuations across the starting 
resistance are followed by the synchronising relay 
No. 30. As the choke-coil pulls the machine into 
synchronism the frequency of the oscillation of the 
voltage across the starting resistance diminishes, 
until finally the voltage falls to zero and remains 
there so long as the machine remains in synchronism. 
The setting of the time delay mechanism previously 
mentioned is so adjusted that it exceeds the slowest 
period of the oscillating voltage across the relay, 
and thus ensures as far as possible that the voltage 
is steady at zero and that the machine is held in 
synchronism. The time delay mechanism com- 
pletes the circuits for the slip-ring short-circuiting 
contactor No. 31 and the rotor short-circuiting 
motor relay No. 32. 

The first movement of the rotor short-circuiting 
mechanism operates auxiliary switch 1 of No. 34, 
and the original feed to the master control circuit 
No. 3 is broken. This is necessary in order to 
ensure that if the plant is shut down for any reason 
while the rotor short-circuiting mechanism is being 


operated, the starting up circuit will be permanently 
interrupted. This is to prevent the danger of 
closing the main oil circuit breaker No. 5 with the 
rotor partially short-circuited. The operation of 
short-circuiting the rotor takes about one second, 
and when the contacts are right home the remainder 
of the auxiliary switches are transferred to their 
running contacts. 4 

The machine having been run up to speed and the | 
rotor coils short-circuited, it has next to get itself 
on load. To prevent the machine being closed on a 
fault or a heavy overload the discriminating relay 
No. 19 is provided. This is adjustable, and may be 
set so that if the load exceeds some predetermined 
figure, varying from 100 per cent. to 200 per cent. 
of the normal capacity of the machine, the latter 
will not be put on to the bars. Assuming that the 
load is not excessive, the relay No. 19 will close its 
contacts and will complete a circuit through the 
closing coil of the high-speed D.C. circuit breaker, 
thus switching the machine on to the load. The 
operating coils of relay No. 19 are then de-energised, 
the contacts are opened and the closing coil con- 
tactor No. 20 de-energised in turn. This ‘de- 
energises the circuit-breaker closing coil itself, so 
that the closing circuits are completely dead and the 
breaker is held in only by its own holding coils. 

We need not attempt to describe the automatic 
operations involved in shutting down or in the 
response of the apparatus to the innumerable 
conditions and combinations of circumstances 
with which it may be faced. It is sufficient to say 
that every possible event seems to have been fore- 
seen, and the mechanism designed to deal with it 
in the most direct and simple way, taking step after 
step in proper sequence just as if directed by the 
brain of an infallible and unemotionable operator. 
All the thinking has, indeed, been done beforehand, 
and correct operation is inevitable so long as the 
plant suffers from no mechanical or electrical 
derangement. In such an event it does all that 
inanimate machinery can be expected to do, namely, 
to protect itself automatically from injury by shut- 
ting down, simultaneously notifying the central 
station that it has done so. 

All electrical and mechanical details have been 
designed with a view to absolute reliability of oper- 
tion without supervision, for they have to perform 
their duties unerringly time after time in the 
complete absence of attention of any kind. Amongst 
the troubles which are always liable to occur in 
traction substations are flash-overs on the commu: 
tators of the direct-current generators, caused by 
short-circuits happening on the system. ‘The effect 
of the heavy short-circuit current is to produce a 
conducting vapour on the commutator which allows 
a flash-over to take place between the brushes 
Experiments show that the quantity of this con- 
ducting vapour is increased both by the magnitude 
of the short-circuit current and by its duration 
It is therefore highly advisable to reduce and 
extinguish the short-circuit current in the least 
possible time by means of high-speed switching 
devices. | 

Messrs. A. Reyrolle and Co., Limited, have me 
the conditions by designing a combined low anc 
high-speed circuit breaker of the reactance type, the 
essential feature of which are illustrated diagram 
matically in Figs. 4 to 6, on the opposite page. The 
circuit-breaker forms a complete metal-clad unit) 
combining the functions of an ordinary free-handle 
breaker with those of a high-speed breaker undet 
fault conditions. On account of the special arrange: 
ments of the contacts and of the moving parts, ne 
tripping mechanism similar to that.of an ordinary 
breaker is employed. In order to reduce the rate 0! 
increase of the short-circuit current, reactance if 
automatically introduced into the circuit whicl 
allows the mechanical parts to accelerate and opei 
the breaker contacts before the current has reachec 
its maximum value. Upon short-circuit the voltag¢ 
rapidly drops almost to zero, and this fact is usec 
to release magnetically an armature which normally 
holds the contacts closed, so providing an instanta 
neous release in place of the usual slower-acting 
tripping mechanism. The rapidly rising short 
circuit current is utilised to exert a magnetic pul 
on the armature, causing the breaker. contacts te 
open, The opening force is proportional to th 
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square of the short-circuit current; thus, a heavy 
short-circuit brings about an extremely rapid 
opening. The series coils, moreover, which provide 
this opening force also create a powerful magnetic 
field, causing instantaneous rupture of the arc. 
Tt will therefore be seen that the speed of operation 
is @ function of the intensity of the short-circuit, 
both the rapid rise of current and the simultaneous 
rapid fall of voltage being utilised to effect the 
desired result. 

Referring to Fig. 6, which shows the breaker 
closed, it will be seen that the armature A is held 
down by a magnet B, excited by a holding coil 
connected across the terminals of the machine. 
This armature is connected by a vertical link and 
lever to the high-speed contact C. Springs tend 
to open this contact and to raise the armature 
from the magnet pole beneath it. The series coils 
D are connected in series with the main contacts, 
and tend to raise the armature and open the breaker, 
as shown in Fig. 4. When a short-circuit occurs 
this series coil overcomes the holding coil, which, as 
already explained, is subject to practically zero 
yoltage under short-circuit conditions, and the 


an ordinary breaker. 
when a short-circuit is dealt with by a breaker of 
the ordinary type, the commutator of the machine 


has to deal with 10 to 12 times the thermal energy 


that would be required in the case of a high-speed 
breaker of the type described. The bearing of 
this fact upon the freedom from flash-overs which 
is secured by the new type of breaker is obvious. 
From the description which we have been able 
to give of the equipment of the Peebles-Reyrolles 
automatic substation, it will be seen that the makers 
have succeeded in producing a plant which will 
come automatically into service whenever the load 
on the system demands it, and will equally auto- 
matically shut down when its services are no 
longer required. It will deal, apparently, with 
every condition that may arise in an appropriate 
way, and carry out quite complex operations 
with certainty whenever the need arises. 
Mechanism has the advantage over the human 
operator that it can never be flustered in an emer- 
gency, but will act in a predetermined manner 
without haste, delay or excitement whenever the 
circumstances demand its intervention. So long 


contact arm C opens at very high speed. In the | as it is reliable mechanically, and is designed to act 
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closed position this contact arm makes contact 
with the slow-speed arm E, which is kept in the 
position shown by the spring F. 

Fig. 5 illustrates the first. movement which takes 
place when the circuit-breaker is reclosed (either 
automatically or otherwise). The closing magnet G 
has been energised and performs two functions 
simultaneously—firstly, the opening of the slow- 
speed contacts from the position shown in Fig. 6; 
and, secondly, the depression of the horizontal 
lever which in turn pushes the armature A down 
on to its holding magnet B. In this way the 
high-speed contacts and armature are reset for 
operation, but it should be noted that the circuit 
has not been completed owing to the backward 
position of the slow-speed contacts. Upon the 
closing magnet being de-energised the spring F 
closes the slow-speed contacts and completes the 
circuit as shown in Fig. 6. 

The construction illustrated has the advantage 
that the high-speed contacts can be made compara- 
tively light, as the necessary flexible brush and 
rolling sparking contact are embodied in the slow- 
speed portion. The closing magnet G may be 
energised by means of a hand-controlled switch, 
or it may work, as it does in the case of the auto- 
matic substation, in conjunction with a load 
discriminating relay so that the breaker will not 
close with a short circuit on the system, but only 
under pre-determined conditions of load. The 
behaviour of the high-speed circuit breaker in 
practice as compared with that of an ordinary 
breaker is illustrated by the curves reproduced in 
Big. 7. It will be seen from curve “A” that 
with the ordinary breaker and no reactance in 
cireuit the D.C. current on a short circuit reaches 
about 17 times its normal full load value in about 
yoo Of a second. Curve “ B” shows the current 
in a short-circuit on the same 500-kw. machine 
under the control of a high-speed circuit breaker. 
The current grows comparatively slowly, due to the 
reactance of the breaker, and its maximum value 
rises only to about 8,700 amperes as compared 
with the 17,000 amperes or so which would flow 
in a short-circuit on the same machine opened by 


HIGH SPEED 
CONTACTS CLOSED 
POSITION 


PERFORMANCE OF ORDINARY & HIGH SPEED 
CIRCUIT BREAKERS UNDER SHORT C/RCUIT. 


Short Circuit Gurcernt 
3 


Time uv Seconds 
IG aaa 


(8699) 


appropriately under any circumstances that may 
arise, either controlling the behaviour of the plant 
or shutting it down altogether, if that is the best 
thing to do, it has advantages over the most skilled 
operator in that it is immune from making mistakes. 
The expense of keeping an operator in constant 
attendance on the machinery is entirely avoided, 
and if the wages saving on this account is capitalised 
it will overwhelmingly repay the slight extra cost 
of rendering a substation completely automatic. All 
those who are interested in automatic operation 
can be recommended to visit the stand of Messrs. 
Bruce, Peebles & Co., Limited, at the British Empire 
Exhibition, where the Peebles-Reyrolle gear is 
shown in operation, and the arrangements are such 
that its response to any artificially produced con- 
ditions can be observed and studied. 


Guass TecHunoLtocy.—A handbook of Experimental 
Researches and Reports has just been published by the 
Department of Glass Technology of Sheffield University. 
The book is a compilation of papers previously read, 
which deal with various problems in glass manufacture 
with which we dealt at the time of their original pre- 
sentation. 


Oscillograph tests show that 


THE LATE MR. ROBERT CRIGHTON. 


We regret to announce the death of Mr. Robert 
Crighton, the deputy-chairman of Messrs. Harland and 
Wolff, Limited, which occurred in bis 70th year, on 
Wednesday, August 27. Mr. Crighton was born in 
Auchtermuchty, Fife, but went to Birkenhead to receive 
his engineering training at the Britannia Engine Works, 
after which he became a draughtsman in the office of 
Messrs. Heidel and Demblow, the consulting engineers 
and naval architects. In 1878, he entered the service 
of the Red Star Line, and five years later became 
chief superintendent of hulls and machinery. He 
joined Messrs. Harland and Wolff as manager of their 
Southampton Works in 1907, and continued to hold 
that position after he accepted the management of 
the Liverpool repair works of the firm. Later he 
became a managing director and deputy chairman 
and took charge of all the repairing establishments 
of the company. He was a director of Messrs. Bur- 
meister and Wain, Limited, the London and Glasgow 
Shipbuilding Company, Limited, Messrs. Caird and Co., 
Limited, Messrs. David Colville and Sons, Limited, 
Messrs. Archibald Russell, Limited, the Ardrossan 
Harbour Company and the Ocean Transport Company, 
Limited. He was a member of the Institution of 
Mechanical Engineers and the Institution of Naval 
Architects. 


THE LATE MR. W. M. MOYLAN. 


Wz regret to note the death at sea on July 28 of 
Mr. William Morgan Moylan, of 7, Vicarage-gate, 
Kensington. He was returning home from India, 
where he had devoted a large part of his life to railway 
construction. 

Mr. Moylan was born in 1861 and was educated 
at Stoneyhurst and obtained his practical engineer- 
ing training in the works of Messrs. Hick, Hargreaves 
and Co., Limited, Soho Iron. Works, Bolton, and 
afterwards spent two years at sea in the engine 
room of ss. Shannon. From 1885 to 1888 he was 
engaged in the office of the Inspector-in-Chief of 
Steam Boilers and Prime Movers of Bombay Presi- 
dency. His next undertaking was the transport of 
the heavy steam machinery for a factory at Parli, 
Hyderabad, a distance of 150 miles across difficult 
country, and he carried out its complete erection. 

He later drove two of the tunnels, under the direc- 
tion of Colonel Beaumont, R.E., in the Tausa Tunnel 
contract and afterwards devoted himself largely to this 
class of work. He was manager of works for Messrs. 
Forster and Co. on the construction of the Gorlkora 
tunnel on the Bengal-Nagpur Railway. From 1893 
to 1898 he was engaged on the cutting of tunnels for 
the Assam-Bengal Railway. Later, as a member of 
the firm of Messrs. Moylan and Scott, he was engaged 
on the construction of the Gya Katrasgarh Railway, 
now called the Grand Chard, East Indian Railway, 
and of the Nagda-Muttra State Railway, including a 
bridge over the Kalascied River. In the last 15 
years he continued his railway constructional work on 
part of the Great Indian Peninsula Railway and on 
the Southern Shan State Railway, and was engineer 
and manager of works on the contract for the con- 
struction of the Kassara Tunnel. 

Mr. Moylan was elected an associate member of the 
Institution of Civil Engineers in 1902 and transferred 
to the class of member in 1914. 


LABOUR NOTES. 


In the course of his presidential address to the Trades 
Union Congress, at Hull, on September 2, Mr. A. A. 
Purcell, M.P., described the report of the Committee 
which dealt with labour supply and building . material 
for the programme of 2,500,000 houses in 15 years as 
“an historical industrial document, taking stock of 
the needs and requirements of the community and 
forming a complete census of the capacity of the 
building industry, with a practical, workmanlike 
survey of the changes in organisation, equipment and 
power needed to get the required results.” He saw 
no reason, he said, why a similar stocktaking should 
not be undertaken, and an account rendered, by each 
industry. In his view, this was really the first step 
that had been taken in the direction of a general re- 
organisation of industry, leadiag to control of such a 
type as would ensure that the standard of living, 
working conditions, and hours of labour should be 
such as to enable each industry to be fully manned 
with those who were capable of employment therein, 
by training, habit and personal preference. 


After reviewing conditions’ of labour at home, 
Mr. Purcell went on to say that “‘ the dole ’” was no 
cure for the clear million of workers still remaining 
unemployed. Relief work-—digging holes and filling 
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them up again—was not, he said, a remedy. Emigra- | expressing the opinion that it was the duty of all the 


tion offered no way out. Additional training in other 
industries, and every such method would not cut out 
this cancer in our social system. Side by side with this 
problem there festered a mass of people crowded 
together in the vilest slums, and in sharp contrast they 
saw the class engaged in exploiting and profiteering 
taking every mean and selfish advantage of the neces- 
sities of the working people. <‘‘ Our great and glorious 
task is,’ Mr. Purcell declared, ‘‘ to deal with the pro- 
blem of poverty at its roots, and to solve it by bringing 
about a more equitable distribution of the wealth 
produced by the labour of our class.” 


In its treatment of the National Minority Move- 
ment’s resolutions, the General Council of the Trades 
Union Congress acted, of course, with strict con- 
stitutional propriety. It can only give effect to 
decisions arrived at by Congress on resolutions sent 
in by trade union organisations affiliated to Congress, 
and the National Minority Movement does not yet 
belong to that category. If the National Minority 
Movement had really desired to have its proposals 
discussed by Congress, and had not been bent merely 
on propaganda, it could have instructed some of its 
adherents who are duly accredited delegates formally 
to move the resolutions. Several of the subjects 
covered by the resolutions were, as a matter of fact, 
on the Congress agenda. The ‘‘ programme of action,” 
to which the Congress were invited to give effect, 
called for, amongst other non-political items, a wages 
increase of ll. per week with a minimum wage of 4l. 
per week; a 44 hours’ working week and the aboli- 
tion of overtime; the formation of Workshop Com- 
mittees whose members should be guaranteed against 
victimisation ; affiliation of the Unemployed Workers’ 
Committee and the Trades Councils to the Trades 
Union Congress and representation on the General 
Council; the creation of a General Council with full 
powers to direct the activities of the unions and 
under obligation to the Trades Union Congress to use 
that power; workers’ control of industry; the repeal 
of all anti-Labour laws; and the unity of the inter- 
national trade union movement. 


{ 

At the meeting of the Trades Union Congress on 
Wednesday, September 3, a discussion was held on 
what has been termed the “Industrial Workers’ 
Charter.’ This consists of a statement of the prin- 
ciples which the Congress has adopted from year to 
year. As supplemented by amendments this “‘ Charter ”’ 
was adopted. It calls for the nationalisation of land, 
mines, minerals and railways, the extension of State 
and municipal enterprise for the provision of social 
necessities and services, participation of the workers 
in the control and management of industry, a 44-hour 
week, a legal minimum wage, adequate maintenance 
of the unemployed, educational and other training, 
compensation for accidents and provision for workers 
at the age of 60 years and for widows and orphans. 
A resolution which was passed pledged the Congress 
to a vigorous campaign throughout the country in 
support of the objects of the ‘“ Charter.” 

At its congress in Vienna, the Textile Workers’ 
International took, in effect, the same course on the 
question of admitting the Russians to affiliation as 
the Metalworkers’ International. But while the repre- 
sentatives of the Metalworkers deferred further con- 
sideration of the matter until a future meeting, the 
representatives of the Textile Workers passed the 
following resolution unanimously and without debate : 
“The Russian textile workers can only be admitted 
to the Textile Workers’ International when an agree- 
ment between the International Federation of Trade 
Unions and the Red Trade Union International has 
been arrived at, and when the adhesion of the Red 
International to the Amsterdam International has 
taken place.” 


The reports of the delegates to the Textile Workers’ 
International on the subject of the eight hours’ day 
were to much the same effect as those of the delegates 
to the Metalworkers’ International. Herr Lang 
stated that in Germany the eight hours’ day had been 
partially lost, but the General Federation of Trade 
Unions was doing everything possible to regain it. 
Herr Schwarz said that the main task of Hungarian 


workers was to regain the eight hours’ day. In most|in January 


national organisations, in collaboration with the other 
trade unions in their countries, to press for the imme- 
diate ratification of the Washington Eight Hours’ Day 
Convention; that the workers should have the full 
Saturday afternoon; and that the shortening of hours 
should be simultaneous in all countries. It also con- 
tained a formal declaration that the workers were 
opposed to every system of shifts in the textile industry 
and emphatically refused to do night work. 


Mr. Arthur Harrison, district organiser at Woolwich 
of the National Union of General and Municipal 
Workers, has received a letter from the Financial 
Secretary to the War Office, dealing with the “ dis- 
charges which will be necessary from the Army Ord- 
nance Department at Woolwich, arising from the 
evacuation of stores from the Dockyard.” In it, 
Mr. Lawson stated that arrangements are in hand by 
which as many men from the A.O.D. as possible will 
(having regard to the claims of ex-employees of the 
establishments concerned who may be asking for re- 
employment) be placed in the Ordnance Factories and 
the Inspection Department, if suitable vacancies occur. 
The letter continued: ‘‘ Over 60 men who were likely 
to have to leave the Ordnance Department in the near 
future have already been fitted in to the Inspection 
Department. At the moment, there are no others 
due for immediate discharge, but you may rest assured 
that the Department concerned will do their utmost 
in the men’s interests to fit them in to a proportion of 
any available vacancies when the time comes.” 


It is stated that the ballot of the textile workers has 
resulted in favour of acceptance of the employers’ 
proposal on the wages question by a majority of three 
to one. In June the Association of Textile Unions 
applied for an increase of 10 per cent. The employers 
declined to concede the demand, and offered, instead, 
to continue the current rate of wages for a year with- 
out regard to fluctuations in the cost of cotton. 


The next meeting of the special tribunal appointed 
to consider the differences between the two sides of 
the Joint Industrial Council for the Electricity Supply 
Industry on the wages question has been fixed for 
September 10. The proceedings are to be public. 


At a meeting of the Hull Trades Council and Labour 
Party, Mr. Cavanagh, a member of the executive 
councii, was severely critical of the action of the Labour 
members of the Hull City Council in successfully 
moving the acceptance of a German tender for 1,555 
tons of tramrails in preference to a Middlesbrough 
tender recommended by the Tramways Committee. 
The action was, he said, a complete reversai of what 
Labour policy should be, especially in a time of stress 
and unemployment like the present. If the lowest 
tender were always accepted, all contracts for machinery, 
rails and ships would sooner or later, he declared, go 
abroad, 


When attention was drawn last month by means of 
a question in the House of Commons to the fact that 
advertisements were appearing in the Press offering 
assisted passages to Australia to skilled carpenters, 
bricklayers, plasterers, masons and plumbers, for 
employment chiefly in the State of Victoria, Mr. Lunn, 
the chairman of the Oversea Settlement Committee, ex- 
plained that the Government had not considered it 
desirable to interfere. Since then a telegram has been 
received from Melbourne instructing the Director of 
Migration and Settlement to cancel all existing appli- 
cations under the Victorian requisition, provided no 
hardship is involved. It is understood that the total 
number originally asked for was 800, and that 146 men, 
with their families, have actually sailed. 


Following a practice which has found considerable 
favour on the other side of the Atlantic, the wives of 
members of the Associated Society of Locomotive 
Engineers and Firemen are to be enrolled in an auxiliary 
organisation to be known as the Associated Society 
of Locomotive Engineers and Firemen—Women’s 
Society. Addressing a conference called to consider 
the matter, Mr. Bromley stated that during the strike 
last, the womenfolk of members had been 


Hungarian factories at present moze than eight hours | of immense help to them, and as a result it was decided 
a day were, he stated, being worked. Signor Galli re- | in some places to set up organisations on the lines of 


ported that in Italy the eight hours’ day 


law had become |the Co-operative Women’s Guilds. 


These isolated 


a dead letter, and Mr. Voogsherd that in Holland the | organisations had now got together with the object of 
eight hours’ day existed only nominally. In a struggle | forming an auxiliary to the parent Society. He per- 
that had lasted over eight months, Mr. Voogsherd |sonally believed, he went on to say, tnat the women’s 
added, the eight hours’ day had been lost owing to the | organisation would be a very powerful adjunct. In 
action of the Christian Trade Unions: but Dutch | times of struggle with the employers an understanding 
workers refused to despair and were continuing the body of women could be of tremendous assistance, 
fight. The Congress eventually passed a resolution| whereas when the womenfolk were ignorant of the 
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facts they might become a real menace to the cause 
of their husbands and lovers. The expectation is that 
the Society will have a membership of 800 to begin 
with. | 


| 


| 

According to the Board of Trade Journal skilled 
workers belonging to the metal and engineering trades. 
emigrated to non-Kuropean countries in much larger 
numbers in 1923 than in either of the two immediately 
preceding years. In 1921 the total was 8,016, and 
in 1922, 10,536; the figure for 1923 was 24,724. The 
loss of skilled workers of all kinds to the United States| 
is officially described as “‘ disturbing.” The total for 
last year was 28,827, and, of these men, 14,274 were 
metal and engineering workers as compared with 
3,956 such emigrants in 1922 and. 2,047 in 1921. That. 
the whole of these skilled metal-workers will be perma. 
nently lost to British industry is, however, in our 
opinion, improbable. Men went abroad because no 
work was procurable here, but with the slight revival of 
engineering that has taken place some are already) 
returning. Commander Craven recently stated that 
a number who went abroad when the depression was) 
deepest at Barrow-in-Furness had now returned to 
the employment of Vickers Limited, there. . . 2 


The extent to which men other than qualified drivers’ 
should be utilised to move engines under steam, and the 
rate of pay they should receive, is now being considered 
by the Central Wages Board. The National Union 
of Railwaymen have contended that such men should 
only be utilised on odd occasions when men in the ling 
of promotion were not available, but that if the com. 
panies expected the men to be qualified to do the 
work when the necessity arose they must, at any rate, 
pay the minimum driving rate. Certain protectivé 
clauses as to the utilisation of such men were suggestec 
by the companies, and these were regarded as accep, 
table by the National Union of Railwaymen, if provisior 
were made as to the minimum driving rate. Th 
Associated Society of Locomotive Engineers anc 
Firemen proposed, the Railway Review states, certait 
alterations to the protective clauses; but, from thi 
National Union of Railwaymen’s point of view, thi 
position is not satisfactory. The question is to bi 
considered at an early meeting of the executiy 
committee. 


The question raised by the National Council 0) 
Port Labour Employers in their letter to the Transpor', 
Workers’ Union is not unreasonably regarded ai 
important by employers generally. The opinion wai 
expressed in this communication that the placing of a1 
embargo at the ports on the handling of produc 
intended for Covent Garden was a breach of thi 
national agreement between the Transport Workers 
Union and the Port Labour Employers. Mr. Bevir’ 
has replied to the effect that in the judgment of hii 
executive council there has been no breach of thi 
agreement. Neither in writing nor by implication, hi 
says, has the executive council ever entered into al) 
agreement which prevents the members of the unioi | 
taking sympathetic action with their fellow-workmen 
If the union admitted the principles laid down in thi 
Port Labour Employers’ letter it would be possible 
Mr. Bevin claims, for the employers in any industr 
to claim the services of the members of the union unde 
any circumstances to “ blackleg” their fellows. 


TenDER.—As a consequence of the adoption of | 
scheme for State Railway electrification im Ozechc 
Slovakia, a call for tenders has been issued for locomotive | 
and materials for this work. These tenders must h) 
presented by October 21 this year, and British firms ar 
warned that it is essential for them to be represented i 
Prague. Such firms in a position to supply Britis: 
materials can obtain further particulars and assistane 
towards local representation from the Department © 
Overseas Trade, 35, Old Queen-street, London. | 


Tur Kennineron Loop Tuss Extenston.—The wor | 
of extending the Hampstead Tube from Charing Cros 
to Kennington is now proceeding from four differen) 
points along the route line and it is hoped to have thi 
important addition to the Underground service ready fe 
traffic by the close of next year. The new line, which Wi 
extend over 2 miles, will enable through services (| 
trains to be worked between Morden and Edgware V! 
Charing Cross, a distance of over 20 miles. There will b 
one intermediate station on the extension, at Waterloc 
The task of driving the twin tunnels beneath the bed ¢ 
the river presents an interesting feature in that the sul 
river loop which forms the terminus of the Hampstea) 
Tube at Charing Cross lies right in the course of the ne’ 
line and will require to be cut through in two place 
This operation will be carried out under compressed a! 
after the Charing Cross loop has been abandoned fc 
traffic purposes. Further, at Kennington, besides th 
junction between the Hanxpstead and the City and Sout 
London lines, a new loop, similar to the one at Chari 
Cross, will be constructed in order that certain of th 
south-bound trains of the Hampstead Tube may b 
reversed here, as is at present done at Charing Cross. 
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totalled 16,091 tons as against 10,315 tons a year ago, 
and 19,441 tons in the pre-war period. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel—Though there is absence of reliable 
evidence to support this view, engineering masters are 
hopeful that the advent of September will mark an 
improvement in trading conditions, and that the worst 
features of the last two months will not be repeated. 
Faint signs are to be discerned of better times in certain 
sections of the heavy trades. Business in shipbuilding 
steel and marine castings appears definitely to be on the 
up-grade, and there are indications that the demand for 
constructional ironwork may develop as the result of 
schemes under consideration at home and abroad. Com- 
petition for new business in circulation from South 
America for heavy machinery is exceptionally keen, and 
from the standpoint of the proportion of orders booked 
locally, suffers from the ability of Continental producers 
to offer considerably longer credits than South Yorkshire 
makers are able to agree to. Mining steel is in request 
from British collieries that are undertaking development 
schemes, but business in heavy steel for railway con- 
struction has fallen slack, and numerous departments 
dependent thereon experience difficulty in maintaining 
even part-time employment. The building trades are 
expected to call for increased supplies of stove grates, 
pipes and ironmongery when they recover fully from the 
effects of the recent dispute. Orders for wire rope and 
rods are fewer than for many months past. The lighter 
steel sections are moderately employed, though the bulk 
of business in engineers’ and other tools is confined to 
quantities sufficient to cover current operations. Revised 
quotations in raw and semi-finished materials reveal a 


NOTICES OF MEETINGS. 


Shipments of Iron and Steel.—Total shipments of 
iron and steel from the Tees during August totalled 
only 73,955 tons, 29,965 tons being pig iron, 5,130 
tons manufactured iron and 47,427 tons steel. Of 
the pig iron shipped, 11,464 tons went to foreign ports 
and 18,501 tons went coastwise; of the manufactured 
iron cleared, 790 tons went abroad and 4,340 tons went 
coastwise, and of the steel despatched, 39,100 tons went 
overseas and 8,327 tons went coastwise. Scotland 
was by far the largest customer for pig iron, taking 
15,007 tons, whilst Belgium received 3,413 tons ; Wales, 
2,195 tons ; Germany, 1,205 tons; and America, 1,080 
tons. The Straits Settlements, with an import of 300 
tons, were the biggest buyers of manufactured iron. 
Principal steel importers were :—India, 9,922 tons ; 
the Argentine, 3,697 tons; Victoria, 2,770 tons; 
Chile, 2,306 tons ; and China, 2,115 tons. 


Tue InstituTe or British FouNDRYMEN: LANCA- 
SHIRE Brancu.—Saturday, September 6, at 3.15 p.m. 
Visit to the Grappenhall Works of the Richmond Gas 
Stove and Meter Company, Limited, near Warrington. 


Tue Institute or Metats.—Autumn Meeting.— 
Monday, September 8, to Thursday, September 11, at 
the Institution of Mechanical Engineers, Storey’s-gate, 
S.W.1. Monday, September 8, at 8 p.m., Third Annual 
Autumn Lecture: ‘‘ Recent Developments in Non- 
Ferrous Metallurgy in the United States, with Special 
Reference to Nickel and Aluminium-Bronze,” by Mr. 
W. M. Corse. Tuesday, September 9, and Wednesday, 
September 10, at 10 a.m. The following papers will be 
read and discussed :—(1) Mr. Robert J. Anderson and Mr. 
Everett G. Fahlman: ‘‘ A Method for Measuring Internal 
Stress in Brass Tubes”’; (2) Mr. D. H. Andrews and 
Professor John Johnston: “ The Application of the Ideal 
Solubility Curve to the Interpretation of Equilibrium 
Diagrams in Metal Systems”; (3) Dr. Guy D. Bengough 
and Mr. R. May: ‘‘ Seventh Report to the Corrosion 
Research Committee of the Institute of Metals” ; 
(4) Mr. E. H. Dix, Jun., and Lieut. A. J. Lyon: ‘‘ Com- 
parative Results on Copper-Silicon-Aluminium and Other 
Aluminium Alloys as Obtained’ on Separately Cast 
Specimens and Specimens cut from a Crankcase Casting ”’; 
(5) Mr. D. M. Fairlie and Mr. G. B. Brook: “‘ The Deter- 
mination of Sodium in Aluminium ”’ ; (6) Mr. R. Genders : 
“The Extrusion of Brass Rod by the Inverted Process ”’ ; 
(7) Dr. D. Hanson and Miss Grace W. Ford: ‘“‘ Investiga- 
tion of the Effects of Impurities on Copper: Part Il.— 
The Effect of Iron on Copper”; (8) Mr. Douglas H. 
Ingall: “The Relationship between Tensile Strength, 
Temperature and Cold-Work in Some Pure Metals and 
Single-Solid Solutions”; (9) Dr. H. Moore: “On the 
Effect of Progressive Cold-Rolling on the Brinell Hardness 
of Copper’; (10) Sir Thomas K. Rose and Mr. J. H. 
Watson: ‘“‘ Experiments on the Working of Nickel for 
Coinage”; (11) Mr. Francis W. Rowe: ‘* Some Experi- 
ments on the Effect of Casting Temperature and Heat- 
Treatment on the Physical Properties of a High-Tin 
Bronze”’; (12) Mr. Francis W. Rowe: “Some Experi- 
ments on the Influence of Casting Temperature and Mass 
on the Physical Properties of Admiralty Gun-Metal ” ; 
(13) Mr. Tomojiro Tanabe: ‘‘ Studies in the Aluminium- 
Zinc System ’?; (14) Mr. T. Henry Turner and Mr. W. EK. 
Ballard: ‘‘Metal Spraying and Sprayed Metal,” 
Tuesday, September 9, at 1 p.m., Luncheon in the Large 
Banqueting Hall, Connaught Rooms, Great Queen-street, 
W.C. 2. At 2.45 p.m. visit to the British Empire Exhibi- 
tion, Wembley. Wednesday, September 10, at 2 p.m., 
Visits to various works. At 7.50 p.m. for 8 p.m., Reception 
at the National Physical Laboratory, Teddington. 
Thursday, September 11, at 9 a.m., Trip to Windsor. 


NOTES FROM THE NORTH. 
Guiascow, Wednesday. 

Scottish Steel Trade.—The depressed state which has 
existed in the Scottish steel trade for some time still 
prevails, and the outlook continues somewhat uncertain. 
Tt is true that one or two concerns are rather better 
off for work, having a close connection with shipyards 
which have a few orders on hand, but the majority 
can only manage to keep a portion of the plant in 
operation. Shipbuilding material on the whole has 


general weakening of the position from the producers’ experienced just a shade better demand of late, but 
standpoint. Forge iron is cheaper than for the past actually nothing very heavy, and there seems little 
eighteen months, but attracts few buyers, and output is prospect of any decided improvement in the immediate 
being curtailed. Hard basic billets are quoted at 9/. 10s. future. Structural engineers have a fair amount of 
per ton, soft basic billets at 8/. 5s., West Coast hematites | WOTE om order, although the consumption of material 
51. 10s., Hast Coast hematites 4/. 15s., Lincolnshire No. 3 | 18 ® long way short of what is expected at this time of 
foundry 4/. 7s. 6d., Lincolnshire forge 41. 5s., Derbyshire the Achat The general export trade is poor and 
No. 3 foundry 4/. 7s. 6d., Derbyshire forge 4I. 5s., bars | MAWES are. far from satistactory. The black sheet 
13/7. 10s., and sheets 15/., all delivered at local works. makers continue to do well, except in the heavier 
The dispute at the three principal works producing basic | 82U8°S> which are very slow of sale. ‘The recent demand 
steel is unsettled, but with the bulk of furnaces standing for galvanised sheets for abroad means steady running 
idle supplies seem to be sufficient to meet requirements. of plant ton some months $0 eerie.) (Fricesvare omigially 

unchanged, but most of the steel producers would 

South Yorkshire Coal Trade—Though local coal- 


willingly enter into negotiations for any lot of good 
owners state that the proposed payment of reparations | tonnage. To-day’s market quotations are as follows : 
in coal by Germany to France and Belgium is calculated | boiler plates, 137. 10s. per ton; ship plates, 101. 5s. 
to throw collieries idle two days a week, current demand | per ton ; sections, 107. per ton ; and sheets, ,°, in. to } in., 
from the Continent shows definite expansion, and best | 127. 10s. per ton, all delivered Glasgow stations. 
steams are firmer at recently revised rates than for several 
weeks. Cobbles, nuts and best quality slacks retain 3 : 
the improvement reported a week ago. Individual | C80 be reported in the West of Scotland malleable iron 
pits have taken advantage of more numerous bookings trade. Many things are advanced as the cause of the 
in house coal to advance prices, though official quotations | Present lowly state of the industry, but until the markets 
are nominally unchanged. The coke position remains of the world settle down considerably little change can 
unaltered, except that sales of gas coke to inland users be expected. Work is only being carried on from day 
have slightly improved. Quotations:—Best branch | t© day, and the great uncertainty about the morrow 
handpicked, 32s. to 35s.; Barnsley best silkstone, 26s, | Means much anxiety. The re-rolled steel branches are 
to 28s. ; Derbyshire best brights, 25s. to 27s. ; Derbyshire also on PEE ea Ov eag: Pepe cay aunted) 197 
best house, 23s. to 25s. ; Derbyshire best large nuts, 21s. Crown bars is still 127, 10s. per ton, d/d Glasgow 
to 25s.; Derbyshire best small nuts, 15s. to 17s. 6d. ; stations. 
Yorkshire hards, 21s. 6d. to 22s. 6d. ; Derbyshire hards, 
21s. to 23s.; rough slacks, 12s. 6d. to 15s. 6d.; nutty 
slacks, 12s. to 14s.; smalls, 6s. to 8s. 6d. 


Malleable Iron Trade.—No improvement of any kind 


Tue Institure or Marine ENGINEERS.—Tuesday, 
September 9, at 6.30 p.m., at 85/88, The Minories, 
Tower Hill, E.1. ‘‘ The Measurement of Pressure,” by 
Mr. J. L. Hodgson, B.Sc. 


Scottish Pig-Iron Trade.—The Scottish pig-iron trade 
continues dull and lifeless. Buyers are few and far 
between and not only is the home demand very poor 
but export sales are about the minimum at present. 
The output continues on the small side, and stocks are 
varying very little. Prices are weak, but the following 
may be taken as the current quotations: hematite, 
41, 16s. 3d. per ton, delivered at the steel works ; foundry 
iron, No. 1, 41. 18s. 9d. per ton, and No. 3, 4l. 13s. 94. 
per ton, both on trucks at makers’ yards. 


NOTES FROM THE SOUTH-WEST. 


: Carpirr, Wednesday. 
The Coal Trade.—Depression continues in the Welsh 
coal trade, and notices have been tendered to more 
miners, aS Owners cannot keep their pits going at a 
loss. A further endeavour has been made to conclude 
a local district agreement, embodying the terms of the 
national wages agreement, but no settlement has yet 
been reached. The miners are pressing for increased 
rates for bunkers, but the owners declare that the 
present financial state of the industry would not permit 
of anything further being done. Meanwhile the certi- 
ficate of the joint accountants of the proceeds and costs 
certifies the wages as payable in September at 20-72 
per cent. on the 1915 standard rates, which compares 
with 24-06 for August, and is 21-50 per cent. below 
the present minimum, and even 7:50 per cent. below 
the old minimum. The trading results for May, June 
and July, the first quarter under the new agreement, 
show that there was a loss of 198,382U., or 3-98d. per 
ton, on the output of 11,946,373 tons. The proceeds 
amounted to 11,436,214/. and the costs to 11,634,596/., 
of which wages represented 7,867,820/. and “ other 
costs’ 3,766,7761. In the first three months of this 
year, the output totalled 12,655,000/. and the wages 
under the old agreement to 7,505,000/., whereas under 
the new agreement for a lesser quantity of coal, the 
wages cost, including subsistence and guaranteed wages, 
amounted to 8,028,000/., an increase of over 500,000/. 
for 710,000 tons less coal. On the coal market available 
supplies continue excessive, despite the closing down of 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Transactions in Cleve- 
land pig iron are few and small, and prospects of 
material change for the better appear remote. Pro- 
ducers are very reluctant to make price concessions, 
declaring that current rates are already unremunera- 
tive. Values, however, continue on the downward 
eurve, and it is understood that recognised market 
rates can be readily shaded. No. 1 is obtainable at 
88s. though 88s. 6d is asked; No. 3 g.m.b. is on sale 
at 83s.; No. 4 foundry is 82s., and No. 4 forge, 81s, 


Hematite——Supply of East Coast hematite is still a 
ood deal in excess of current needs notwithstanding 
urther curtailment of output by the blowing out of 
a furnace at the works of Messrs. Gjers, Mills, which 

‘lays the whole five of the firm’s furnaces idle. No. 1 
hematite is offered freely at 92s. 6d. and Nos. 1, 2 and 
3 are on sale at 92s. 


Scottish Pig-Iron Shipments—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, August 30, were small and only 
amounted to 461 tons. Of the total, 370 tons went 
overseas and 91 tons coastwise. For the corresponding 
week of last year the figures were 914 tons foreign and 
94 tons coastwise, making a total shipment of 1,008 
tons. 


Scottish Shipbuilding.—The state of the shipbuilding 
industry in Scotland is not very healthy at present, 
and although the number of vessels launched in recent 
months has been very good, there are not enough orders 
on hand for new tonnage to fill up the stocks again. 
During the past month, 14 contracts were reported, 
8 for the Clyde, and 3 each for Aberdeen and Montrose, 
but few of these are of large tonnage—the largest being 
an Anchor liner of 9,600 tons. Unless a decided im- 
provement takes place in the number of new contracts 
at no distant date, the outlook will become very serious, 
and from the employment point of view in particular, 
The output for the past month was as follows :— 


Purnaces in Operation.—Of the 113 blastfurnaces 
erected on the North East coast, only 42 are now in 
Operation. Of these 12 are making Cleveland pig 
iron, 14 are producing hematite, and 16 are manufac- 
turing other kinds of iron. 


Foreign Ore.—Imported ore is lifeless with market 


rates based nominally on best rubio at 22s. c.i.f. Tees. Vessels. Tons. collieries and frequent temporary stoppages. Best 
; The Clyde ... es Bast aes 48,683 dmiral 

Blasifurnace Coke-—Durham blastfurnace coke is) Tho Forth... --. 1 OM sidge ce occ cltoonivene ts apie: amp gly andl prices 

Paeld Segoe oe modiuns qualities are: in ie ae The Tay ... eS ee are dependent on individual circumstances. ’ Best Mon- 

ourhood of 25s. 6d. delivered to local consumers. The Dee and Moray Firth... 2 124 mouthshire large coal is not worth more than 25s. 6d. 


Imports of Iron and Steel.—The Teos Commissioners’ 
returns issued this week give the iron and steel imports Total ... oe «+ 18 51,582 
to the River Tees from Holland, Belgium, France, 
Norway, Sweden, Germany, India and coastwise for 
the ten months ending August 31, as compared with 
the same months a year ago, and with the correspond- 
ing pre-war period of 1913-14. Pig-iron brought in 
during the past ten months amounted to 19,542 tons 
as against 11,094 tons a year ago, and 312 tons in the 
pre-war period ; crude sheet, bars, billets, blooms and 
slabs unloaded in the past ten months reached 71,111 
tons as against 60,351 tons a year ago, and 33,646 tons 
in the pre-war period; and plates, bars, angles, rails, 
sheets and joists imported in the past ten months 


and best smalls are easily obtainable at 17s. The 
undertone however is somewhat better, and of late there 
has been more activity in shipment operations at the 
docks, though a substantial amount of new business is 
still needed to improve selling values. 


The Clyde output was over the average monthly total 
for the year to date, and brings the year’s figures up to 
148 vessels of 330,885 tons, which are the highest for 
the corresponding period since 1920. The above total 
compares favourably with the first eight months of 
last year, when 72 vessels of 148,276 tons were launched, 
but it is the future, as already stated, which gives us 
the greatest concern, Shipowners are not inclined to 
enter the market yet, and until they can see the prospect 
of remunerative freights they are not likely to give out 
contracts for tonnage at the high costs prevailing. 


Iron and Steel.—Exports of iron and steel goods last 
week totalled only 10,340 tons, compared with 15,674 
tons in the preceding week. Shipments of tinplates 
and terneplates amounted to 4,856 tons, compared 
with 6,299 tons; blackplates and sheets to 2,930 tons 
against 4,686 tons; galvanised sheets to 1,639 tons, 
against 3,087 tons; and other iron and steel goods to 
915 tons, against 1,602 tons. 
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Electrical Measur- 


AMERICAN BATTLESHIPS AND THE 
WASHINGTON TREATY. 


Durine the past week the President of the 
United States has announced that his Government 
could make certain alterations to the main arma- 
ment of the battleships of the American fleet 
without violating the Washington treaty. Indeed, 
if the press conveyed his utterance correctly, one 
can assume that the President went further, and 
hinted that the treaty actually gave his Govern- 
ment a right to alter the battleships. A later 
report, however, hints that the President may 
assert this right but not exercise it for the time 
being. These statements should not be discussed 
independently of their antecedents. 

Rather more than a year ago, Mr. Denby, who 
was then Secretary to the Navy in the American 
Cabinet, urged Congress to vote money for increasing 
the gun range in thirteen American battleships. 
His argument was simple. British battleships 
could use their main armament against an opponent 
at a range of 23,000 yards: the greatest range of 
the American battleship armament was 20,000 
yards. There could be no question of equality 
between two forces so differently equipped, as 
the one had an overwhelmingly tactical advantage 
over the other. . 

The subsequent history of this recommendation 
is not very clear; the naval committee of the 
House of Representatives certainly reported on it 
favourably, and said that, in their opinion, the 
alterations could be made without any violation 
of the Washington treaty. This alone would not 


have sufficed to persuade the American Congress 
to vote the money; but, almost simultaneously, 
Admiral Coontz reported on the state of the navy 
as revealed at the spring manceuvres off the Panama 
Canal. He drew attention to many faults and 
failings in the equipment of the fleet, and his report 
raised a great deal of very anxious comment in the 
press. The plea for increasing the range of the 
battleships’ guns was for the moment lost in the 
bigger contention, that the naval ratios established 
by the Washington treaty had been upset by the 
failure of the American fleet to maintain itself on 
a standard of equipment equal to that of its princi- 
pal rival, Great Britain. This general clamour 
did, however, have a great effect upon Congress. 
The money for altering the battleships’ guns was 
voted ; and it was only by a hazard of American 
parliamentary procedure that the matter was 
held over for final settlement until next session. 
Meanwhile, the British Government is reported 
to have notified America that, in their opinion, the 
alterations cannot be made without illegality. 
What process of reasoning has led the legal and 
naval advisers of the two countries to these opposite 
conclusions ? 

In the American view, there is only one clause 
in the treaty which could possibly be said to 
forbid the proposed alterations. It runs thus : 
“no alterations in side armour, in calibre, 
number. or general type of mounting of main 
armament shall be permitted, . ... . 
after that there are certain specified exceptions, 
which the Americans consider are not to the point. 
They therefore claim, that the proposed alterations 
can be made without changing the “general type 
of mounting ” of the main armament, and support 
their argument as follows: Five things are neces- 
sary to increase the range of the guns: (i) The 
gun port openings must be made larger; (ii) the 
elevating screws must be lengthened, so as to allow 
the breaches of the guns to be lowered further ; 
(iii) some of the plates and framing under the guns 
must be cut away so as to allow the breaches to be 
lowered as far as the lengthened elevating screws 
permit ; (iv) the position of the ammunition hoists 
must be altered ; (v) the recoil system of the guns 
must be made more powerful. These alterations, 
say the Americans, are readjustments of parts of 
the existing mountings and no more. A gun 
mounting belongs to a “ general type” by virtue 
of its design and the mechanical system under which 
it operates. A six-coupled locomotive belongs to 
a certain type of machine because it has six driving 
wheels, and not because they are of this or that 
diameter. 

The American contention is plausible but extremely 
disputable, and British objections to it are threefold. 
First, a gun mounting, in combination with an 
explosive charge, is designed to give a gun a certain 
specified range. If it is so altered as to give the 
gun which is mounted on it qualities that it did 
not possess before, then, most certainly, the type 
of mounting has been changed. It is no answer to 
say that the alterations, taken one by one, leave 
the gun on the same type of mounting: they must 
be judged by their total effects and consequences. 
Nor is this all: the clause in the Washington treaty 
which prohibits alterations to the mountings, goes 
on to say that France and Italy can increase the 
armour protection and calibre of the guns of their 
battleships ; and that Great Britain can complete 
certain alterations in the Renown’s armour. If 
these exceptions to the general rule are given in 
such detail, is it conceivable that alterations of 
which no mention is made can be allowable ? 

In the second place, it can be maintained that 
the clause quoted is not, by any means, the only 
one which forbids the proposed alterations. The 
Americans argue that they are necessary to maintain 
the equal ratio between the naval forces of the 
two countries. In the British view the equal ratio 
was established by the lists of ships inserted in the 
first part of the second chapter to the treaty, in 
which each ship to be retained by the signatories 
was mentioned by name. These ships were taken 
to represent a certain combatant power, which, if 
altered, will not establish the equal ratio between 
the two navies, but upset it. ; 

The third objection to the American argument is 
not quite so direct; but equally strong. It is 
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quite obvious that American naval experts con- 
ceived these alterations to be necessary after the 
treaty was signed. When the need for them was 
discovered, it was doubtless thought that :the 
American fleet did not give the country the degree 
of security which was required of it. This, at all 
events, seems a fair interpretation of Mr. Denby’s 
original plea ; and it can certainly be said that the 
treaty made proper provision for questions of the 
kind. Article X XI of the third chapter runs thus : 
“Tf during the term of the present treaty the 
requirements of the national security of any con- 
tracting power in respect of naval defence are, in 
the opinion of that contracting power, materially 
affected by any change of circumstance, the con- 
tracting powers will, at the request of such power, 
meet in conference with a view to the consideration 
of the provisions of the treaty and its amendment 
by mutual agreement. In view of possible technical 
and scientific developments, the United States, after 
conference with the other contracting powers, shall 
arrange for a conference of all the contracting 
powers, which shall convene as soon as possible, 
after the expiration of eight years from the coming 
into force of the present treaty, to consider what 
changes, if any, in the treaty may be necessary 
to meet such developments.” 

This clause, does not deal with gun mountings or 
armour; but it certainly deals with the American 
procedure. If the alterations to the battleships’ 
guns involve a question of American naval defence— 
and it can certainly be claimed that they do—then, 
the Americah government has no right to carry 
them out without previous consultation with the 
co-signatories. If, on the other hand, they may 
be regarded as necessary in view of “ technical 
and scientific developments,” then the American 
government has no right to give effect to them before 
eight years are out and another conference has been 
summoned. To sum up, therefore, one may say 
that the proposed alterations are intrinsically 
illegal; and that, if they were not, the proposed 
method of executing them would be. 


EFFECTS OF THE NEW 
UNEMPLOYMENT ACT. 


In our article of May 2 (page 580) on the Unem- 
ployment Insurance (No. 2) Bill we indicated some of 
the changes in the law of unemployment insurance 
which were involved in that highly controversial 
measure; but as the Bill, with certain amendments, 
has now received the Royal Assent and is in full opera- 
tion, a few notes as to its effect may be useful. The 
rates of benefit have been increased in some instances 
and are now as follows: for men, 18s.; for boys 
of 16 and under 18 years of age, 7s. 6d. ; for women, 
15s.; and for girls of 16 and under 18 years of 
age, 6s. The rate for dependants such as a wife, 
&c., remains at 5s., but that for dependent children 
has been increased from ls. to 2s. for each child. 
The waiting period has been reduced to three days ; 
and uncovenanted benefit, which was payable in 
the Ministry’s discretion and was better known as 
the dole, has now become “ extended benefit ”’ and, 
under certain conditions, is to be paid to the 
unemployed as a matter of right until June 30, 
1926. Before that date the whole subject will, 
no doubt, be reviewed by Parliament. The 
Minister’s power to approve of special contracting- 
out schemes, instead of being abolished, as was 
proposed in the Bill, is merely suspended until the 
expiration of one year from the time when the 
unemployment fund becomes solvent. 

There was much controversy over the trade 
dispute disqualification. As a result of the new 
Act, the disqualification is not to apply in any case 
in which the insured contributor proves that he is 
not participating in or financing or directly interested 
in the trade dispute which caused the stoppage of 
work, and that he does not belong to a grade or 
class of workers members of which are participating 
in or financing or directly interested in the dispute. 
The House of Lords attempted to make it necessary 
that the insured contributor should prove also 
that he did not belong to a trade union which, 
either by itself or through another trade union or 
federation or association of trade unions, was parti- 
cipating in or financing or directly interested in 


of Commons which Sir John withdrew in response 
to the Minister’s entreaties. But the Speaker of 
the House of Commons ruled that the matter was 
privileged, as the Lords were not entitled, where a 
sum of public money was involved, to alter the 
conditions under which the money became payable 
to those entitled to receive it. The Commons 
therefore disagreed with the amendment, and the 
Lords acquiesced. It is true that if the Lords’ 
amendment had been given effect to, the managers 
of the labour exchanges would have required to 
question the applicants for benefit as to their 
membership of trade unions—which might have 
been undesirable ; but it is difficult to see how the 
officials are to be satisfied that a claimant does not 
belong to a grade or class of workers, which are 
participating in or financing or directly interested 
in a dispute, if they do not ascertain whether he is 
a member of a trade union which is doing any of 
these things. In any event, what is to be regarded 
as proof, in terms of the statute ? And how is the 
claimant to prove a negative ? 

The insurance officer, the Courts of Referees an 
the employer will have their difficulties in dealing 
with claims under this clause; but there is a 
further extraordinary clause in the Bill, to the 
effect that an insured contributor may avoid the 
trade dispute disqualification if he proves that the 
stoppage “‘is due to an employer acting in a manner 
so as to contravene the terms or provisions of any 
agreement existing between a group of employers 
where the stoppage takes place, or of a national 
agreement, to either of which the employers and 
employees are contracting parties.’ This was 
moved as an amendment in committee and was 
defeated there; but at the report stage in the 
House of Commons Mr.-G. Spencer brought up his 
amendment again, and the Minister of Labour, 
after stating that he was in doubt as to how the 
proposal would work, and doubtful as to what 
the full effect of the amendment would be, suddenly 
announced that he would go into the Lobby in 
favour of the amendment, and the House of 
Commons, apparently without understanding the 
amendment, agreed to it. It is indeed difficult to 
say what the words mean. Mr. Spencer indicated 
that the amendment had been designed for the pur- 
pose of making agreements between employers and 
employees ‘“‘ more sacred,” so that where a local 
or a national agreement had been made between 
employers and employees, and any employer 
desirous of breaking the agreement offered terms 
less favourable than those provided for in the agree- 
ment, the workers should not be disqualified from 
receipt of unemployment benefit if they went on 
strike in order to resist the employer’s action. 

The new provision, however, goes far beyond this. 
The wording is obscure, and even ridiculous, but 
as it stands it seems to amount to this, that if the 
claimants prove that the stoppage is due to a con- 
travention, on the part of their employers, of any 
agreement between their employers and the workers, 
the trade dispute disqualification is not to apply. 
Now in most trade disputes there are allegations 
and counter-allegations of breach of agreement, 
and the real causes of the dispute are often so 
obscure that Courts of Enquiry have to be set up 
by the Minister of Labour in order that the Govern- 
ment and the public may know what the trouble 
is about. In the case of the recent building dis- 
pute Lord Buckmaster, after a day or two’s labour, 
still found himself at a loss to know what the real 
dispute was. It follows, therefore, that those 
responsible for the payment of unemployment 
benefit will be involved time after time in judicial 
investigations as a preliminary to the payment or 
refusal of benefit. They will have to ascertain, 
firstly, whether there is an agreement as alleged 
by the workers; secondly, what the agreement 
means, and this is often a matter of the greatest 
difficulty ; and thirdly, whether in the circum- 
stances it has been broken by the employers. To 
our minds this is altogether wrong. The adminis- 
tration of the unemployment fund should be, so 
far as possible, purely a matter of administration. 
It is true that before the new Act came into operation 
questions of fact had often to be investigated and 
decided before benefit. could be paid, but the new 


provisions involve the decision of questions of law 
as to the meaning of agreements, and questions of 
mixed law and fact as to whether the agreements 
have been broken, and they will inevitably result 
in a large part of the unemployment fund being 
diverted from its proper objects to the subsidising 
of workers who are parties to trade disputes. 
Already in different parts of the country Courts 
of Referees have felt themselves constrained by the 
clause to award benefit to thousands of persons who 
are on strike, and if this is to continue, the solvency 
of the unemployment fund may be indefinitely 
postponed. We understand that these cases are 
under appeal to the Umpire, and as they are in 
effect sub judice we do not wish to say one word 
as to whether the strikers are or are not entitled, 


in terms of the new Act, to the benefits which they ; 


claim. We are concerned not with particular cases 
but with the wording of the statute, and we are 
sure that the House of Commons, when it assented 
to Mr. Spencer’s confused and badly drafted amend- 
ment, never imagined that it would lead to benefit 
being awarded at the rate of thousands of pounds 
per week to persons actively and directly engaged in 
trade disputes. It is an instance of hasty legisla- 
tion, calling for speedy amendment. 


THE PRESENT INDUSTRIAL POSITION 
OF FRANCE. 


UNEMPLOYMENT, the cause of distress to the 
people of many countries, the relief of which has 
been encompassed with considerable economic 
difficulties, is practically non-existent in France. 
Indeed, the industry of the country has been able 
to absorb the activities of thousands of immigrant 
workers. These—mainly of Italian, Polish, Belgian 


or Spanish nationality—have settled there and, 
although the official figures do not include coal 
miners or agricultural workers, the two classes — 
most in demand, the position may be gauged 


from the fact that the recorded figures for other 


workers reached during last year no less than 
6,000 immigrant workers in a week. This is not, — 


however, the only feature of industrial interest 


in France to-day, for the industrial capacity of 


the country has been permanently increased. 
Alsatian ores, potash and oil have added to the 
national resources. The manufacturing capabilities 


have also been greatly increased by the acquisition — 


of the well-developed and varied engineering and 
textile industries of Alsace. Expansion has, how- 
ever, been mainly caused through the reconstruction 
of almost the entire range of textile industries, 
of coal and iron mines, metallurgical and engineering 
works, glass and chemical works, in the devastated 
areas. In addition to this factor it is to be noted 
that industry was transplanted during the war 


from these areas to others more remote from the 
seat of operations and old factories were re-estab- 


lished and new ones built, which are all available 
and, indeed, are in use at present. France thus 
finds herself in the position of having her manu- 


facturing industries completely modernised and 


equipped with new plant. 
The recent publication by the Department of 
Overseas Trade of a Report on the Economic 


Conditions of France to June, 1924, which was 


prepared by Mr. J. R. Cahill, the Commercial 


Counsellor at His Majesty's Embassy, Paris, has 


placed at the disposal of those interested in French 
trade a great amount of useful information on the 
progress made last year and also regarding the 
prevailing conditions and tendencies. 


This report 


is published by His Majesty’s Stationery Office 


at a price of 6s. net. From it we learn that the 


great industries have consolidated their interests 
for the better meeting of international competition, 


and influences in foreign trade have been greatly 
extended. In 1922 the foreign trade of France 
had already exceeded the pre-war figures in weight, 
and that progress is still being maintained may be 


judged from the fact that, in the first six months — 


of 1924, the exports exceeded those for the same 
period in 1923 by 2,300,000 tons. For the same 
interval imports were improved by 2,500,000 tons, 
almost entirely due to the importation of raw 
materials. Trade with Great Britain in raw 
materials was improved, but in the sphere of 
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manufactured goods a reduction was shown. Some | since 1922. The year 1923 witnessed an importa- 


efforts have been made to deal with the serious 
condition of public finances by fiscal reform measures 
adopted last March, and by retrenchment in the 
administrative services. 

For all practical purposes of mere industrial 
output the reconstruction of the devastated areas 
may be considered as completed. The damaged 
mines, which only yielded 1,500 tons of coal in 
January, 1919, were able to produce 1,260,000 tons 
last May, and the surpassing of the pre-war figures 
may shortly be anticipated. Provision has been made 
for the recovery of the by-products of coal, and 
the under-production of coke has been so far 
repaired that five million tons a year are now 
produced, which is over 60 per cent. more than in 
1913. Large increases have been made in the 
exportation of potash to markets formally held by 
Germany. Agriculture alone shows little progress, 
owing, it may be mentioned, to the acute shortage 
of labour, but the main crops, wheat and sugar- 
beet, are regaining their former position. 

The French Government has maintained its 
policy of protection, and has continued to apply to 
the basis duties of 1910 the system of increased 
coefficients, which was introduced in 1919, to 
provide the same effective protection, under the 
present conditions of franc depreciation, as was 
then obtained. It may be remembered that these 
coefficients have been increased from time to time, 
although some reductions were made in December, 
1922. Further modifications were proposed in 
July, 1923, but have been held in abeyance, pending 
the putting into effect of a commercial treaty with 
Belgium, which that country has so far failed to 
ratify. As regards the minimum rates to which 
British goods are entitled, increases running up to 
700 per cent. have been imposed. Coal products, 
which are the most important imports from Britain, 
are still admitted at 1-2 fr. per metric ton. Fine 
tool steels show an increase of 160 per cent., while 
other special steels have higher duties by either 
130 per cent. or 90 per cent. Motor-cars, which 
before the war paid only 12 fr. to 100 fr. per hundred 
kilogrammes, now have to pay 45 per cent. of their 
value. 

The expansion of British trade with France, 
particularly in manufactured goods, was hampered 
in 1923 to an even greater extent than formerly 
by the continued depreciation of the franc and the 
wide fluctuations in exchange rates. Customs 
duties, which are heavier on manufactures than on 
raw materials, also acted as a deterrent, but the 
expiration of the law of 1916, by which duties might 
be increased by decree, relieved traders in the 
United Kingdom from the anxiety caused by the 
liability to sudden changes in the tariff. Despite 
» the adverse conditions, the value of French importa- 
tion from the United Kingdom during 1923 rose by 
1-9 milliards of francs, as compared with an increase 
of less than 400 million francs in 1922. This increase 
was mainly due to coal, which represented two- 
fifths of the value of the total importation from 
Great Britain. The situation will now be affected 
by the resumption of deliveries from Germany, by 
the increased production of coal and coke in France, 
and by the electrification of railways which formerly 
made use of British coal, such as the Paris—Orleans 
and the Midi. British coal exporters may yet be 
able to take advantage of any appreciable improve- 
ment in the relationship of the franc to the pound. 
A heavy decline was again shown in 1923 in the 
importation of steam plant and other machinery 
from this country, from 30,858 tons to 25,265 tons, 
although the value remained stationary at about 
211 million francs. Textile machinery declined, as 
the re-equipment of the factories in the devastated 
areas was completed by the end of 1922. It 
should be noted that the United States have increased 
their sale of engines and machinery in France 
during 1923, the amount rising to 38,772 tons as 
compared with 23,134 tons in 1922, and the value 
to 228 million francs from 134 million francs. The 
value of ships bought from the United Kingdom 
declined during the year from 158-2 million francs 
to 91-6 million francs. French exports to the 
United Kingdom rose in 1923 from 3,960 million 
francs to 6,154 million francs, and represented over 
20 per cent. of the total exports. Canadian trade 
has been dealt with separately in the French returns 


tion from Canada of more than double the value 
of the previous year, the increase being mainly 
due to cereals. The conclusion of the Franco- 
Canadian Convention is likely to encourage the 
Canadian export trade, which is developing satis- 
factorily, especially in wood and _ engineering 
products. 

The machine tool industry of France has made 
great progress since the war, but is not yet able 
to meet the home requirements and orders must 
still be placed in America, Britain and Germany. 
Increased activity may be anticipated, however, 
as a result of the growing capacity of France to 
produce special steels and the increased tendency 
towards specialisation in production. Nothing 
very considerable has yet been done to obtain 
orders from abroad, but a central export agency 
has received an order from China of the value of 
14 million francs. The French motor-car industry 
shows marked improvement due to the adoption 
of methods of mass production and to the con- 
dition of foreign exchanges. For the first three 
months of 1924 a total weight of motor vehicles 
of all classes of 16,700 tons was exported. This 
was more than double the figure for the same 
period in 1923. It is anticipated that increased 
trade with Great Britain will be obtained through 
the abolition of the McKenna duties. Aircraft 
construction is still on a small scale, but the creation 
of new air routes and the anticipated increase of 
use of aircraft in commercial and military operations 
has led to the laying down of new works. 

Considerable progress has already been made in 
France in railway electrification and the Paris- 
Orleans, the Paris-Lyons-Mediterranean and the 
Midi Railways have now got schemes in hand, 
involving in each case stretches of about 2,000 
miles of line. These plans affect about one-third 
of the total French railway mileage. The building 
of electric locomotives has been pressed forward 
and a large works has been established at Tarbes 
which has 60 locomotives under construction at 
present for the Midi. The Paris-Orleans Railway 
have under order 80 electric locomotives which 
are to be built by the Société d’ Etudes pour |’ Elec- 
trification des Chemins de Fer Francais, and 
construction has been started on part of an order 
for 200 electric locomotives, of which 80 are to be 
of the Oerlikon type of 1,720 h.p. Five of these 
are to be built at the Oerlikon works near Zurich, 
and the remainder at the French works at Ornans 
in connection with the Société de Construction des 
Batignolles and the Compagnie Générale de Con- 
struction des Locomotives. 


ACCIDENTS IN SHIPBUILDING AND 
SHIP-REPAIRING WORK. 


Investications of the causes contributing to 
the accident rates in the shipbuilding and ship- 
repairing industries have been conducted at the 
request of the British Government at various 
periods since 1901, when an enquiry was held by 
one of His Majesty’s Inspectors of Factories. Since 
1914, when the latest Shipbuilding Regulations 
took effect, there has been a period of abnormal 
conditions. It was thought that as the period of 
accelerated war-time production and the present 
experience of trade depression were scarcely com- 
parable with the activities in the earlier normal 
times, a further enquiry was necessary. For this 
purpose the Right Hon. W. C. Bridgeman, in 
April, 1923, when he was Secretary of State for the 
Home Department, set up a Departmental Com- 
mittee, under the chairmanship of Mr. Godfrey 
Locker-Lampson, to report on any further measures 
that were considered advisable. This Committee 
has now concluded its work and the Report pre- 
sented to His Majesty’s Government has now been 
published by the Stationery Office. 

In the Report comment is made on the fact that 
the definition of a shipbuilding yard in the Factory 
and Workshop Act of 1901 does not cover a harbour 
or a public wet dock in which a vessel may be 
repaired and recommendations were made that all 
repair work, no matter where conducted, should be 
subject to Regulations. Proposals were made by 
the Committee that gangways should be provided 


with boards at the sides projecting 6 or 8,in. above 
the floor of the gangway, in addition to the two hand- 
rails, in order to prevent the fall to the ground of 
anyone slipping on the gangway when it was wet. 
The provision of a level platform between the top 
of the gangway and the cross gangway to the deck 
of the ship was ‘also advocated. To prevent the 
slipping of ladders it was suggested that they should 
be securely lashed as near to the top as possible. 
For this purpose exception was taken to the use of 
fibre rope because of its liability to wear through 
by chafing against the edges of the plates. Lengths 
of wire, chain and electric cable were advocated as 
serving the purpose in a more satisfactory way. 
Unless there was other adequate handhold it was 
suggested that all ladders should extend well above 
the place to which they gave access, but no defini- 
tion of minimum requirement was regarded as 
necessary. ‘The use of single planks as a means of 
access between one place and another was thought 
to constitute a serious danger. It was suggested 
that at least two planks placed side by side should 
be used. Until a strake of plates was in position 
on each side of the deck sufficient planks for the 
purpose of access, both fore and aft and athwart- 
ship, should be provided. It was suggested that 
if fitted covers were provided for all openings not 
otherwise protected, if a system of safety education 
were instituted and if effective supervision were made 
to see that the covers were maintained in position, 
the number of accidents by falls through openings 
would be substantially reduced. 

It was recommended that all inside hanging 
staging, including that supported by brackets, the 
outside staging at the fore and aft ends, and the 
stage planks in way of gaps caused by uprights, 
should be adjusted by staging gangs specially, 
though not necessarily exclusively, employed for 
the purpose. The question of the use of single 
planks was again referred to in dealing with working 
stages and it was suggested that no stage at a 
height of 6 ft. or more above the ground, deck or 
tank top should consist of less than two planks in 
width. All hanging stages supported by wire or 
hemp ropes or chains should be secured in such a 
way as to prevent swinging out from the side of the 
ship. Experiments were suggested by the Com- 
mittee into the question of providing goggles 
allowing wide vision, efficient ventilation and 
affording sufficient protection to the eyes from flying 
particles of steel and other matter. When the 
present difficulties in the provision of suitable 
goggles were surmounted it was suggested by the 
Committee that their wearing should be made com- 
pulsory on all caulkers, scalers and chippers. That 
all men engaged in handling plates should be pro- 
vided with adequate protection for their hands was 
another of the many proposals of the Committee. 

In painting with quick-drying paints troubles of 
the nature of gassing have been experienced. For 
their prevention the provision of adequate ventila- 
tion was requisite. Another recommendation was 
that oxy-acetylene burners and electric welding 
equipment should not be used in confined or enclosed 
spaces unless the ventilation requirements were 
met. Breathing helmets were necessary when the 
sludge or deposit was being removed from oil tanks 
prior to repair. The practice of one squad of men 
working on a staging immediately above another 
squad, though necessary when work had to be 
speeded up, was thought very dangerous and every 
precaution should be taken to prevent the fall of 
tools or materials. Investigations were suggested 
into the effects of annealing chains as ordinarily 
practised and to devise means of correct normal- 
ising. Pending the carrying out of these in- 
vestigations, it was suggested that annealing of 
chains at definite intervals should be made com- 
pulsory. For electric welding it was suggested that 
a direct current supply, at a pressure not more than 
120 volts, should be used, although it was suggested 
that alternating current might be used where 
the use could be shown to be as safe as direct current 
at 120 volts. Proposals were made that for the 
first six months of the employment of young 
persons under sixteen, they should not be required 
to work on the ship or above ground, and that during 
that time employers should take steps to instruct 
them in regard to the risks that they were likely to 
encounter. Education in methods of safe working, 
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the appointment of “ Safety First ’’ committees and 
training in First Aid, were regarded by the Com- 
mittee as essential. 

We have referred in a general way to the main 
proposals submitted by the Committee, but whether 
many of them will be productive of a reduction in 
the number of accidents experienced seems open 
to question. It might be emphasised that when 
the work in shipyards was carried out at great 
speed and with many more than the normal number 
of employees, during the period of the war, the 
total annual number of deaths through accidents 
averaged out at about the same as in 1912 and 
1913, while when slackness of trade became the 
condition in 1920, the fatal accident rate increased. 
We have no desire to belittle any earnest endeavour 
to make any type of industrial work as safe as 
possible for those working at it, but we trust that 
whatever is done may not have the effect of so 
hampering the work that the costs of production, 
the most important factor in obtaining work at all, 
may be appreciably increased. Some of the recom- 
mendations are so lacking in definition that it is 
hard to see how they could be put into force. For 
example, alternating currents are suggested as 
allowable for welding purposes if the danger to the 
worker is not greater than with direct current at 
120 volts. It is difficult, if not completely im- 
possible, to see how any decision to meet this 
requirement could be arrived at, for what the degree 
of danger is cannot be specified. Carelessness 
regarding danger is largely born of familiarity, and 
though much may be done by the inculcation of 
Safety First methods, we cannot expect that men 
will always avoid taking risks in work with the 
circumstances of which they have acquired full 
knowledge through years of experience. 


NOTES. 
THE WiLLIAM FRoupE NATIONAL TANK, 


It is interesting to learn from the report* of the 
Advisory Committee on the working of the William 
Froude tank at Teddington during the past year 
that the slackness in the shipbuilding trade has not 
been fully reflected in the diminution of the work 
done at the tank for private firms. In spite of the 
depression the number of models tested for private 
firms during the twelve months ending on November 
30 last was 56, as against 35 in 1922. Probably the 
greater insistence of shipowners on efficiency is not 
without its influence in this matter. In one case 
during the year the modifications made due to the 
tank experiments resulted in a saving of 10 per cent. 
of the horse-power. The changes made involved, 
in this case, no alteration in either the displacement 
or the dimensions of the vessel. It is also of interest 
to learn that shipowners are now more inclined 
than formerly to aid in research at the tank. Up 
till quite recently the whole burden of experimental 
work fell on the shipbuilder, but the Council of the 
Chamber of Shipping has during the year under 
review voted a sum of £1,000 in aid of the investiga- 
tions in progress at Teddington. Moreover, various 
shipowners are giving facilities for the study of the 
behaviour of ships at sea, which is a highly desirable 
supplement to the tank experiments. Other work 
in which shipowners have displayed interest and 
given aid has been in connection with the study of 
the effects of shallow water on the steering qualities 
of aship. Much work on this head has been carried 
out to the order of Sir Thomas Fisher, of the Cana- 
dian Pacific Line, and also for Sir John Thorny- 
croft and for Sir J. Biles and Co., whilst the Common- 
wealth Line gave a free passage out and home to an 
observer who was sent to study the matter in the 
Suez Canal. Acknowledgment is also made in the 
report of the help received from Lord Inchcape, 
and from M. Chateauminois, the principal agent 
of the Suez Canal Company at Port Said. During 
the present year it is proposed to start the study 
of the effect of waves and pitching on the revolutions 
per minute of the propellers, and the general effi- 
ciency of propulsion in rough-water conditions. 
Further comparisons will be made of the tank results 


* Report of the Advisory Committee for the William 
Froude National Tank for the year ending December 31, 
1923, H,.M. Stationery Office. [Price 6d. net.] 


and trial trip figures, and accordingly the tests of 
the three ships to be made by the Marine Oil Engine 
Trials Committee will be attended by the tank staff. 
As the mechanical efficiency of the engines will be 
known, and torsionmeters are being fitted, a direct 
comparison with tank data will be practicable. 


Tur Actpiry oF Raw RUBBER. 


Tue fourth session of the Institution of the Rubber 
Industry was opened last Monday with a paper on 
“The Acidity of Raw Rubber,” in which Professor 
G. Stafford Whitby, of McGill University, Montreal, 
drew attention to the marked beneficial influence of 
the acid constituents of the so-called rubber resins 
upon the ageing, tensile strength, plasticity and 
rate of vulcanisation of rubber. He had himself 
recorded the presence of these acids for the first 
time last year, and the question has its ironical 
aspect, since acids have been so far considered objec- 
tionable in rubber. A very small portion of these 
acids, Dr. Whitby stated, was water-soluble and 
technically of no use ; that portion would be equiva- 
lent to 0-01 per cent. of acetic acid, and the very 
interesting, mainly chemical, discussion of the 
paper, clearly brought out the fact that the more 
acetic acid was used for the coagulation of the latex, 
the less of it was found in the rubber. Dr. Whitby 
isolated three acids non-soluble in water—a little 
of a solid acid, a new compound which he calls 
heveic acid, C,,H,,0,, and two liquid fatty acids, 
oleic and linolic, the latter predominating. Hevea 
rubber contained from 1 per cent. to 2 per cent. of 
these acids; but different rubbers varied much, 
and hevea rubber, generally considered typical, was 
in fact unique, as its resin was highly saponifiable 
and optically inactive. When rubber was kept for 
years, especially in hot climates, and when in thin 
samples, the acid contents diminished to one-fourth 
and less in twenty years, owing to an oxidation of 
the linolic acid. The presence of these acids, which 
were dissolved in the rubber and not merely absorbed, 
facilitated the emulsion of the caoutchoue globules 
and promoted the swelling, and hence the solubility 
of the raw rubber in various solvents, while reducing 
the viscosity. The acids had apparently no influence 
on the vulcanisation by sulphur alone, but they 
were of first-rate importance for the vulcanisation 
in the presence of accelerators, not only inorganic, 
but also organic, probably by acting as solvents for 
litharge and zine oxide, &c., which strongly acti- 
vated the accelerators. The Institution of Rubber 
Industry, Mr. Fordyce Jones announced when 
opening the meeting, has now 634 members. 


Tae New Factory BI. 


The memorandum of the chief engineer, which 
is issued annually to the members of the Manchester 
Steam Users’ Association, is this year devoted 
almost entirely to a criticism of the new Factory 
Bill. In the first place, Mr. Stromeyer raises the 
objection that boiler owners were not consulted 
in any way prior to the preparation of the Bill. 
The Manchester Steam Users’ Association was 
founded by Fairbairn, and is controlled by factory 
owners, and its history is a striking illustration of 
the falsity of the popular agitator’s assumption, that 
the capitalist is solely actuated by greed and cares 
nothing for safety. During the whole of its 70 
years of existence, not a single preventible explo- 
sion stands against the Association. The new Bill, 
Mr. Stromeyer states, is based upon the hypothesis 
that legislation is the sole security against boiler 
explosions, whereas, as the above record shows, 
there is a general desire amongst factory owners 
to secure safety. Mr. Stromeyer further points out 
that Continental countries which started with 
stringent legal regulation of steam boilers have had 
to abandon this, and have more and more approxi- 
mated to the conditions which have hitherto pre- 
vailed in this country, and which have secured 
very great safety in working. Some of the pro- 
visions of the Bill are, Mr. Stromeyer states, dis- 
tinctly dangerous. He objects strongly to the 
regulation insisting on the provision of fusible plugs 
which, he states, have proved themselves very 
inferior to other devices for preventing low-water 
levels, and which have accordingly been abandoned 
in tens of thousands of boilers with the most bene- 
ficial results. The insistence on the provision of 


gauge glasses is also objected to, since these are 
causing a great deal of trouble with high-pressure 
boilers, and it is probable, Mr. Stromeyer believes, 
that at no distant date mechanical water level 
indicators will be used. Moreover, he holds that 
gauge glass guards are not always advisable. 
With modern water tube boilers the water gauge is 
often at a level high above the stokehold floor and 
the gauge is difficult to read even without the pro- 
tector, the fitting of which increases accordingly 
the liability to false readings of the water level. 
He still more strongly objects to the provision that 


stop valves shall be attached directly to the boiler, — 


since this arrangement is liable to give rise to serious 
accidents from water hammer, and the experience 
of past decades has shown that to avoid steam- 
pipe explosions due to this cause, the valve should 
not be placed directly on the boiler, but above the 
main steam pipe. He states that if this provision 
becomes law, it will be necessary to alter thousands 
of existing steam ranges. and that the result will be 
that steam-pipe explosions will again become 
frequent. 
the Bill indicate that the Home Office attaches far 
more importance to book-keeping than to the pre- 
vention of dangerous practices. 


THE IRON AND STEEL INSTITUTE. 


THE autumn meeting of the Institute is being 
held this year in London. The proceedings 
opened on Wednesday evening, the 3rd inst., 
when the President, Sir William Ellis, supported 
by the Council, held a reception at Princes’ 


Galleries, Piccadilly. The reading and discussion — 


of papers—of which there are ten in the list—com- 


menced yesterday and is being continued to-day 


at the British Empire Exhibition, in Conference 
Hall No. 3. We shall report the proceedings in 
our issue of next week. We reproduce in this issue, 
in abstract, a paper by Mr. Marcus A. Grossmann 
and Mr. Edgar C. Bain, Dunkird, New York, on 


He suggests that other provisions of 


“The Nature of High-Speed Steel” (page 347), and 


we begin publication of a paper on “ The Changes 
of Volume of Steels during Heat Treatment,” by 
Dr. 
(page 351). 


LETTERS TO THE EDITOR. 


THE NATURAL RESOURCES OF THE 
DOMINION OF CANADA. 
To tar Epiror or ENGINEERING. 

Srr,—Our attention has been directed to a newspaper 
report on an article published by you on the “ Dominion 
of Canada at the British Empire Exhibition.” 
would like to offer our congratulations of the appre- 
ciation of this article on the value of the natural re- 
sources of the Dominion. 

In one part of the article you are quoted as saying, 


“Much of the silica sand used in manufacturing has 
Whilst this is substantially true, — 


to be imported.” 
we would like to point out that this is not due to any 
lack of our resources of silica sand but to the failure 


W. Aitchison and Mr. R. G. Woodvine 


We 


of manufacturers to utilise the Canadian raw material. — 


We believe that the value of the deposits of this 


material in various parts of the Dominion is not fully 


appreciated, and no doubt the neglect is partly due 
to the fact that so many of our industries originate 
from the United States and other countries which 
already control sources of raw material outside of 
Canada. 
Yours very truly, 
G. G. Ommanney, Development Engineer, 
Canadian Pacific Railway Company, Montreal. — 
August 21, 1924. : 


Low TEMPERATURE CARBONISATION OF Coat,—The 
Department of Scientific and Industrial Research, 
Old Queen-street, S.W.1, is prepared to undertake in 
approved cases tests on plants for low-temperature 
carbonisation. The objects of the test are to ascertain 
the quality and quantity of the yields of coke, tar oil, 
gas and ammonia, the output of the plant, working 
temperatures, and general ease and reliability of working. 
No charge will be made by the Department in respect 
of the tests, but applicants will be required to comply 
with certain conditions and to sign an agreement 
embodying the terms on which this offeris made. Forms 
of application may be obtained from the Secretary, 
Department of Scientific and Industrial Research, 
16, Old Queen-street, Westminster, S.W.1. 4 . 
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METALLURGY AT THE BRITISH 
EMPIRE EXHIBITION.—VI. 


For exhibition purposes, copper and its various 
alloys, have over ferrous metals the great advan- 
tage that they permit of a much more brilliant 
display. Iron and steel exhibits, of a necessity, 
are of asombre colour and appeal only to the man 
in the trade, manufacturer or user, whilst copper 
and the non-ferrous alloys of the copper series not 
only appeal to the same class of visitors, but also 
serve to brighten a whole series of stands. A 
striking example of this is afforded by the very first 
visit to the Palace of Engineering, where the Non- 
Ferrous Metal Trades Joint Exhibit and others of 
the same nature have a most pleasing effect and 
light up the whole building. 

This joint exhibit contains a very large number 
of representative products manufactured by the 
members, to the number of 78, of the seven following 
Institutions: the Brass and Copper Tube Associa- 
tion, the Brass Wire Association, the Brass and 
Phosphor- Bronze Fine Wire Association, the Brazed 
Brass Tube Association, the Cold-Rolled Brass and 
Copper Association, the Manufactured Copper 
Association, and the Nickel-Silver Association. 
The main object has been to illustrate the material 
from the semi-manufactured state right through to 
the final products, and the customers of the trades 
have assisted the associations by sending typical 
exhibits. Representations of the initial processes of 
manufacture, such as the making of ingot metals and 
alloys, of pure copper cake, &c., are not shown, 
owing to lack of space and in order not to overload 
a display which is already a most complete one. 

Dealing first with copper, there is on the stand 
a partly-constructed locomotive fire-box, a throat- 
plate weighing 164 cwt., a tube-plate with the tubes 
against it, a vacuum pan having an 8-ft. throat, a 
depth of 3 ft. and a 4-in. brim, weighing about 
163 cewt., and other pans for use in distilleries and 
breweries, &c. Among specimens of lighter materials 
are hot- and cold-rolled copper sections, copper 
sheathing, tinned copper sheets, acid-cleaned sheets 
and various handsome copper panels. The display 
of copper tubes ranges from solid-drawn tubes of 
24 in. down to a tube 0-005-in. bore, and includes 
samples of tubes for locomotives, marine, sanitary 
and numerous other industrial purposes. A pic- 
turesque feature of the stand is the extensive use to 
which copper has been put in the roofing and gutter- 
ing of the two small offices, one for the Joint 


Exhibit Committee’s staff and the other for housing | 


scientific exhibits. Copper strip and tape for general 
engineering and electrical purposes illustrate another 
application of copper over a wide range. There are, 
further, a very large number of examples of copper 
wire, comprising the largest size drums down to 
spools of 48 I.W.G. 

The heaviest brass plate is one for the manu- 
facture of a condenser tube-plate ; it measures 10 
ft. in diameter and is 1} in. thick; from this the 
brass exhibits range down to the finest brass foil. 
An infinite variety of brass work is also shown, 
the enumeration of which would take up too much 
of our space; it will suffice for us to state in this 
connection that the great majority of alloys called 
for in the light brass trades are represented in this 
series. A large range of wires in coil for the home 
and export trades can also be seen, together with a 
comprehensive series of decorative sections and 
tubes. 

The display of phosphor-bronze sheet covers a 
range which illustrates all the present uses of this 
alloy. 

The nickel-silver manufacturers have sent sheets 
and panels, near which are shown their various 
products manufactured for the home and Eastern 
markets, including table cutlery and numerous 
other utensils. The various uses for nickel-silver 
for electrical purposes are also amply illustrated. 

A most important feature of the stand is the ex- 
haustive scientific exhibit made under the joint 
auspices of the Institute of Metals and of the 
British Non-Ferrous Metals Research Association, 
the latter an association established in 1920 for 
research upon co-operative lines. Very active 
work has been carried out since and is being con- 
tinued at the National Physical Laboratory under 


Dr. W. Rosenhain, F.RS., the Research Depart- for practical tests have determined that by altering 


ment, Woolwich, under Dr. H. Moore, the Metro- 
politan-Vickers Electrical Company, Limited, under 
Mr. R. W. Bailey; the Royal School of Mines, 
London, under Professor Carpenter, F.R.S.; the 
Birmingham University, under Professor Turner ; 
the Sheffield University, under Professor Desch, 
F.R.S.; the Manchester University, under Pro- 
fessor F. C. Thompson, and Mr. A. G. Lobley ; 
and at University College, Swansea, under Pro- 
fessor C. A. Edwards. These establishments have 
displayed on the stand a number of test specimens, 
charts, diagrams and printed matter which give an 
idea of the extent of the research work they have 
accomplished during the last few years. 

Information can also be gathered on the stand 
concerning the work of the Institute of Metals, a 
comparatively young body—it was founded in the 
year 1908—but not the least energetic by any 
means of all the British technical societies. Its 
aim has always been to encourage and to increase 
research and its application to non-ferrous metal- 
lurgy in all its branches, an aim which it has hitherto 
fully met and will continue to meet in the future. 
The Institute has an exhibit illustrative of its 
inquiry into the corrosion of condenser tubes. 
Coloured diagrams show sections of these tubes and 
of the scales formed upon them in sea water. The 
diagrams prove that the rate of corrosion of the 
tubes is mainly dependent upon the property of 
the scales. A set of diagrams gives the reactions 
as a result of which the scales are formed. The 
manner in which scales may break down locally 
and so give rise to pitting is also illustrated. Actual 
tubes taken from commercial condensers are shown 
to illustrate each type of corrosive action. A 
novel method can be seen for protecting aluminium 
from the action of sea water, especially under condi- 
tions in which the metal is liable to be alternately 
wetted and dried. The metal is made the anode of 
an electrolytic bath of special composition in order 
to give it a particularly thick protecting film of 
oxide. A remarkable series of specimens is dis- 
played of aluminium protected by this method. 
A means has been found whereby aluminium can be 
rendered not only resistant to corrosion but also 
can be coloured by dyes, this making the metal 
particularly suited for decorative purposes. There 
are vast possibilities in store for this new process. 

Messrs. Allen, Everitt and Sons, Limited, Smeth- 
wick, are included in the joint exhibit above 
referred to. Close by they have a special stand 
on which they show brass and copper locomotive 
tubes ; solid drawn brass and copper tubes from 
4 in. to 12 in. ; solid drawn brass condenser tubes ; 
square brass tubes for bedstead making ; yellow- 
metal and brass condenser plates. Their display 
also includes practically indestructible cupro-nickel 
tubes for land and marine condensers; Bull’s 
“melloid ” condenser tubes, acid resisting ; brass 
and copper sheathing sheets, rods; nickel-bronze 
rods for staybolts for locomotive fireboxes ; hollow 
brass rods which they can manufacture in any 
required size. 

Messrs. James Booth and Co. (1915), Limited, 
Birmingham, a subsidiary comapny of Messrs, 
Vickers Limited, exhibit, as a part of the Vickers’ 
show, non-ferrous specimens, embracing brass and 
copper products in great variety. This company 
manufacture also the well-known light alloy, 
“* Vickers’ Duralumin,” in the form of sheets, 
strips, tubes, wire, rivets, extruded bars and 
sections, rolled and drawn angles and channels, 
forgings and drop forgings. The duralumin exhibits 
are of especial interest as they indicate the many 
directions in which the alloy is being found to be 
applicable. These duralumin exhibits include a 
collection of drop stampings used in the production 
of the modern light metal artificial limbs; bent 
tubes, some being circular coils for service as 
mandrels for the curing of rubber tubes in the tyre 
industry, &c. A striking display is a collection of 
drop stampings for motor-car engine connecting 
rods, indicating the extent to which this alloy has 
invaded the field of internal-combustion engine 
manufacture. 

This alloy in connecting rods has a tensile strength 
on an average of 25 tons to 30 tons per square inch, 
and is replacing steels showing a much higher figure, 


the design slightly and eliminating sharp corners 
by the introduction of larger radii, both at the H- 
section and at its junction with the end bosses, a 
considerably stiffer rod is produced. The section 
is also slightly thickened up in some cases, so that 
the “ Duralumin ” rod weighs about half the steel 
rod previously used. A feature which is frequently 
overlooked in a cursory comparison in this instance 
is that the stresses induced in the rod, due to its 
own weight, are naturally considerably lessened 
in the case of “Duralumin.” One of the rods 
forming part of the exhibit has done over 100,000 
miles in a 15-9 h.p. car, and was not specially 
designed for the purpose, having been produced 
from the actual dies which served to manufacture 
the standard steel rods used on that type of car. 
Speeds of from 4,000 to 5,000 revolutions per minute 
have been safely attained with the newer design 
of rods. There are several examples of spinnings 
and pressings produced from this material, amongst 
which is a clutch cone pressing, which indicates 
another promising development tending to reduce 
the weight of motor-cars. A number of exhibits of 
articles shown are made by users of this alloy, such 
as wireless headphone parts, camera parts, racehorse 
shoes, tennis and badminton rackets. 

Another interesting non-ferrous metal exhibit is 
that of the Delta Metal Company, Limited, London 
and Birmingham, whose stand is in the central 
portion of the Palace of Engineering. The business 
was founded in 1883 by the late Mr. Alexander 
Dick, who adopted the Greek equivalent of the 
initial letter of his surname as a trade mark and 
embodied it in the name of the company formed 
to work his inventions. It should be noted that 
“Delta” is not the name of a particular metal ; 
it is applied to a great variety of metals and alloys 
supplied by the company, principally in the form 
of semi-manufactured products, such as rods, wire, 
sheets, forgings, stampings, castings, &c., and 
covering a wide range, from high-tensile bronzes 
to ordinary screwing brass, and from white bearing 
metals to high-conductivity copper. The late 
Mr. Dick invented in 1894 the process of pressing 
copper alloys and other non-ferrous metals, at 
a high temperature, in the form of rods and sections, 
for which process he adopted the name of “ extru- 
sion.” This process has greatly assisted the 
development of trades depending upon the 
rapid output of repetition work, and has also 
rendered it possible to produce sections and shapes 
which could not be made by the older processes 
of rollmg and drawing. As a consequence it has 
given a very considerable increased scope to the 
use of non-ferrous metals in constructional work. 
Extruded rods and sections range from thin wires 
and shapes to heavy bars, angles, channels and 
special shapes and sections. They are produced 
in brass, yellow metal, white metal, naval brass, 
bronzes, copper, &c., either in special complicated 
shapes or forms, or as plain round, square, hexagon, 
flat, &c., in lengths as required. 

Various ‘“‘ Delta” bronzes are displayed on the 
stand. They include acid-proof, corrosion-resisting 
alloys, high-tensile bronzes, &c., shown in the 
form of rods and bars, shapes and sections, both 
solid and hollow; forgings, stampings, pressings 
and castings; wire, sheet, tubes, &c. ‘‘ Delta ”’ 
bronze No. I is the strongest malleable bronze, 
having about 50 tons tensile strength per square 
inch. “Delta” bronze No. IL (silver bronze) is 
an improved “German” silver. ‘‘ Delta’ bronze 
No. UI is shown in solid drawn tubes. ‘ Delta” 
bronze No. IV, the most popular one, is stated to be 
as strong as steel, as tough as wrought iron, and 
to have the highest resistance to corrosion. This 
brand is made in various grades to meet special 
requirements. It is largely used as a substitute 
for steel in general engineering, shipbuilding, 
mining, Sanitary and other work, and is supplied 
in ingots for casting, or as billets for forging, or 
again in the semi-manufactured state as rods, 
forgings, sheets, &c. Forgings are made up to 
3 tons and over ; a number of forgings, pump rods, 
shafts, &c., form a striking part of the display. 
“Delta” brand white anti-friction metals are 
produced in various grades for light and heavy 
pressures, various speeds, for marine and other 
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engines. There are “ Delta’? brand copper high- 
conductivity bars and sections; bolts and rods 
for firebox stays, &c. “ Dixtrudo” high-speed 
turning and screwing brass in rods and sections ; 
“ Dixtampo ” yellow metal bolts, rods, forgings, &c., 
are also shown in great variety. Test pieces of the 
various metals and alloys made by the company 
point to the strength, tenacity and ductility of the 
various materials, under hot and cold working 
conditions, and when subjected to tensile stress. 


LITERATURE. 


Marine Engineering Practice. By ENGINEER Comm. 
F. J. Drover, R.N. London: Chapman and Hall, 
Limited. [Price 21s. net.] 

THe changes that have taken place in marine 
engineering practice during the past fifteen or 
twenty years may be said to have found their 
fullest expression in the engine room of a modern 
battleship or passenger liner. There has been 
witnessed in that short time the advance from 
reciprocating steam engines to direct driving 
turbines, and from these again to the geared turbine 
drive which in its double reduction form has so 
disturbed the peace of mind of many engineers in 
recent times ; and now the advent of the internal- 
combustion engine with its return to reciprocating 
motion bespeaks another change. And as the 
prime movers have changed, so also have the 
auxiliaries in sympathy with them. When to these 
are added the changes due to the increasing use of 
superheated steam and the substitution of oil for 
coal as the primary source of power in the boilers, 
it is easy to realise that there is a greater variety 
of machinery installations to be met with on the 
high seas to-day than ever before, and that the 
machinery compartments of modern vessels are 
necessarily becoming more and more complex in 
character. 

It is therefore a matter of primary importance 
that the engine room personnel should have the 
fullest knowledge possible of the leading features 
to be met with in the design, construction and work- 
ing of the costly and oftentimes delicately adjusted 
machines placed under their control. Apart from 
the main engines, marine engineers have now to 
look after many machines and devices of an auxiliary 
character unknown to their predecessors, all of 
which have been devised for the more economical 
working of the ship or the greater safety and 
convenience of the passengers and crew. Each 
machine added to a vessel’s equipment adds also 
to the engineers’ responsibilities and demands from 
them greater proficiency and wider experience. 

Much interest has always been centred in marine 
engineering practice. It is a theme that has 
inspired many writers, and to-day many books and 
papers are available in which various aspects of the 
subject are dealt with in more or less detail, yet in 
view of the rapid changes we have just outlined, it is 
not surprising that still another book should appear. 
As the author remarks in his preface, such a book is 
“only justified ” if it “‘ fulfils new requirements or 
gives new methods not already available in book 
form.” Commander Drover’s book is quite evi- 
dently the fruit of an experience ripened by many 
years service at sea, and as such it has its own 
value, but it labours under some of the disabilities 
derived from an experience so gained, and falls 
short of the aim its author sets before him. The 
point of view in the book is that of the man in the 
engine room, and whilst throughout its forty-two 
chapters reference is made to varied practices in 
design and construction, and divers types of main 
and auxiliary engines are described, the atmosphere 
of the engine room pervades all its pages and the 
practice laid down is that of the man on the starting 
platform. Reference is made now and again to 
mercantile practice, and Board of Trade regulations 
are recognised, yet the practice described is essen- 
tially that which obtains in naval vessels. In this 
respect the book will not appeal widely to the 
engineer officers of the mercantile marine, not- 
withstanding that the descriptive matter and the 
illustrations are largely representative of mercantile 
practice in design and construction. 

In the opening sections of the book, boilers and oil 
fuel burning are dealt with, and emphasis is rightly 


laid upon the necessity of giving as great care and 
attention to the steam generators as is given to 
the main engine. We agree with the author that 
more use might be made of the water-tube boiler 
in the mercantile marine. This type of boiler offers 
many advantages, and although it may require 
more skilled attention than the ordinary cylindrical 
boiler, the higher attainments of the present-day 
engineer make him more than equal to the task. 
Among the types of boilers briefly described, we 
miss any reference to the White Forster type, whilst 
on the other hand the “ up-to-dateness ”’ of the book, 
which is not very evident throughout its pages, 
would be helped by the omission of all reference to 
the Belville, Niclausse and other types which are 
now almost obsolete, at least in this country. 
Superheating as applied to water-tube boilers is 
lightly touched upon, and the general statement is 
made that superheating “has not been extensively 
applied in this country to marine work.” This is 
scarcely in accord with present-day practice in this 
matter, and one wonders if the author has heard 
of the smoke tube type of superheater so commonly 
fitted to cylindrical boilers in the mercantile 
marine, as it is not even mentioned in the book. 

In the two short chapters dealing with oil-fuel 
burning there is guidance given on how to deal with 
a small fire, but we should like to have seen more 
emphasis laid upon the precautions to be taken 
against the outbreak of fire. These chapters scarcely 
do justice to a subject which to-day is becoming 
increasingly important. 

In those sections dealing with reciprocating 
marine engines and marine turbines, the author 
follows usual lines, but has not been too happy in 
his choice of representative types. Emphasis 
is very properly laid upon the importance of close 
attention being given to the forced lubrication 
system in turbine installations, past experience 
having shown that many cases of blade stripping 
could be traced to a failure of the oil supply to the 
rotor bearings. A chapter is devoted to the 
Michell type of thrust block, and its advantages 
over the multi-collar type of block are emphasised. 
It is not brought out, however, that the Michell 
block is equally suitable for use with reciprocating 
engines and turbines. It would appear also that 
the author had some special design of block before 
him when writing his description, as otherwise 
we cannot understand his reference to hardened 
steel balls. These are not to be found in the 
normal design of Michell block, nor do they appear 
in the illustrations which accompany the text. 

The importance of a high vacuum in turbine 
machinery installations is well understood and 
appreciated by engineers in general, and this subject 
is considered in Parts V and VI, where condensers 
and their kindred auxiliaries are described. We 
miss, however, a due appreciation of the part 
taken by the circulating pump in producing and 
maintaining a high vacuum. This is a very 
important unit in the combination of parts which 
go to make up a condensing plant, but it gets no 
more than passing mention in one or two places 
throughout the book. The “ Contraflo ” specialities 
are fully referred to, and some other well-known 
makes of auxiliaries calling for no special comment, 
are illustrated and described. The question of 
corrosion of condenser tubes, that bugbear of the 
sea-going engineer’s life, is referred to, along with 
the twin question of corrosion in boilers, in an 
early chapter in the book, and the various electro- 
lytic and other means generally adopted to over- 
come the trouble are considered. The trouble, 
however, is a persistent one, and not easily overcome 
when once it starts. 

That section of the book dealing with the internal- 
combustion engine is in many respects the most 
up to date. Itis, however, almost entirely devoted 
to descriptions of various well-known makes of 
heavy oil engines, as fitted in the mercantile 
marine, and to that extent is limited in its useful- 
ness, as a book of reference, to the sea-going engineer. 
No attempt is made to enumerate or contrast the 
points for and against the two and four-stroke cycle 
types of engines, which, in view of the controversial 
nature of the subject and having regard to the 
present state of development of the oil engine in 
general is doubtless quite wise; but one misses 
in the opening chapter of the section an outline 


description of the principles of operation of the 
opposing cycles.” The air pressure system of fuel 
injection is briefly described, but some considera- 
tion is due to the alternative solid or airless injection 
system, the merits of which are now obtaining 
wider recognition in the oil engine industry; and 
more particularly so, as two of the engines described 
in the book employ that system of fuel injection. 
Many heavy oil engines suffer from the disability 
of bad air scavenging, hence the importance of 
good scavenging in the sure and economical 

of oil engines in general, and of two-stroke engines 
in particular, cannot be over-estimated, and the 
author might have made much more of this aspect 
of the subject. 4 

The Diesel engine is termed a constant-pressure 
engine, not because “the fuel injected into the 
cylinder is under a pressure which is much higher 
than the pressure in the cylinder itself,” as the 
author states, but because the fuel is burned in the 
cylinder at a constant pressure over a definite period 
of time, as opposed to a constant volume or 
explosion engine, in which the fuel is burned almost 
instantaneously, and is accompanied by a marked. 
rise of pressure in the cylinder. In neither case 
does the pressure of injection of the fuel affect the 
question. 

The last two chapters take up questions con- 
cerning adjustments and repairs to machinery parts, 
which should prove interesting to the student of 
engineering who may be contemplating a seafaring 
career. There is a tendency here and there through- 
out the book towards repetition, and some slips 
are to be noted, as, for example, in the last chapter, 
where the operations involved in the fitting of a new 
ring to a large low-pressure piston are carefully 
described. When, however, the operations are 
completed, the reader discovers that the new ring 
has been left out. 

The book is well printed on excellent paper and 
the illustrations are numerous and distinct. 


Chemistry of the Rarer Elements. 
Professor of Inorganic Chemistry, University of — 
Illinois. London: G. J. Harrap and Co., Limited, 
39-41, Parker-street, W.C.2. [Price 15s. net.] 

WHEN we reviewed two books on the rarer elements 

four years ago, we pointed out that the term 

“rare or rarer elements” survived merely as a 

matter of convenience. The fact was quite 

admitted by the authors of those two volumes, 

Dr. W. R. Schoeller and Mr. A. R. Powell, on the 

analysis of minerals and ores of the rarer elements, 

and Dr. J. F. Spencer on the rarer earths. The 
years which have elapsed since then have only 
brought additional evidence that some of these 
elements are much more widely, though hardly 
more abundantly, distributed than had been 
thought. Yet the term persists, arid we find that 

Professor Hopkins, in his ‘‘ Chemistry of the Rarer 

Elements,” deals with lithium, tungsten and vana- 

dium, the platinum metals and tellurium under this 

heading as chemists would have done half a century 
ago. But Professor Hopkins adds the rare and 
noble gases, which had generally been kept apart, 
and also radium to his treatise, and he opens 
it by a chapter on the periodic table. The primary 
reason for the additions seems to be that Professor 

Hopkins, like his collaborator, Dr. C. W. Balke, 

has been giving a course of lectures on the periodic 

table with special reference to the rare elements, 
about some of which his students would in vain 
consult their text-books. 

The additions are quite appropriate. The noble 
gases occur only in the atmosphere and in some 
voleanic exhalations and mineral waters. They 
form a natural group of their own, the zero group 
of Professor Hopkins, and while standing by their 
chemical inertness and electrically-neutral character 
between the active electro-positive and the electro- 
negative elements, each of these gases, with its 
closed rings of electrons, is considered to be 
characteristic of the other elements of the same 
row in the periodic table. If they have no valency 
electrons, and therefore no chemistry—the argu- 
ment might be reversed—they claim considerable 
attention from the physicists. The laboratory uses 
of helium, neon and argon are well known. 
argon, Professor Hopkins states, the incandescent 
amp industry of the United States required 70,000 
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cub. ft. per month by the end of 1922; krypton 
and xenon have not yet found applications, partly 
because they are really very rare. But many of 
the other rare elements are distinguished by 
valuable properties, and it is owing to these that 
they have been searched for and ‘ceased to be 
rare. 

In his volume Professor Hopkins characterises 
each group of his elements, and then proceeds to 
outline the history, occurrence, separation and 
metallurgy, purification, properties, compounds and 
uses of each particular element. He thus covers 
the general ground which Schoeller and Powell 
had had to leave to others, and he does this well 
in his 376 pages. We See that rubidium is utilised 
only in micro-chemistry because it readily forms 
crystalline compounds, that a gallium-cadmium 
alloy makes a good monochromatic vapour lamp 
and that indium, which like gallium occurs in 
traces in certain zine ores, has no uses at all as yet. 
Professor Hopkins mentions that lumps of metallic 
beryllium were last year obtained at the National 
Physical Laboratory, that hafnium seems to be 
the missing element of atomic number 72, and that 
tellurium, already utilised as a ceramic colouring 
agent, in photography, and as a crystal detector 
in radio-telegraphy, is, in the form of one of its 
volatile compounds, also added to gasoline to pre- 
vent knocking in high-compression motors. Nor 
does he forget to point out that the compound 
in question, diethyl telluride, like some other 
tellurium compounds, has a vile smell which almost 
poisons the experimenter and the atmosphere 
he carries with him, for many days. How horrible 
this may become was only established last year. 
Professor Hopkins should not have omitted, how- 
ever, to put the names glucinum (the element 
more generally known as beryllium) and niobium 
(otherwise columbium) in his index, which is too 
short; he gives the history of the identification of 
these elements, which received different names by 
different investigators and are still apt to be 
confused. But what he says on the alloys of the 
rare elements and on the rare earths is all very 
readable, and he has made a valuable contribution 
to the collective literature on the subject. 


Electrical Measuring Instruments. Part I. Commercial 
and Indicating Instruments. By C. V. DRYSDALE, 
O.B.E., D.Sc., and A. C. Jonney, A.M.J.H.E. London: 
Ernest Benn, Limited, 1924. [Price 55s. net.] 

TuE title of this book fails to convey an adequate 
idea of its varied contents, or to indicate the full 
purpose contemplated by the authors who have 
considered the construction and performance of 
direct indicating electrical instruments on very 
exhaustive principles. They have aimed at present- 
ing a very full picture of the gradual development 
of a particular class of instruments, of illustrating 
the growth of accuracy, of showing how sources of 
error have been eliminated, and advantage taken of 
alternate methods for measuring the effects produced 
by the phenomenon under examination, and so of 
securing independent control. But though historical 
and philosophical details connected with construction 
add to the interest of the volume, the main purpose 
is intensely practical, and is directed to giving the 
user technical information of the varied types of 
instruments. These have been purchased from the 
makers, or obtained from them with the full know- 
ledge that they would be submitted to a critical and 
independent examination, for the results of which 
the authors accept full responsibility. This un- 
biassed attitude increases the value of the treatise 
and removes some of the features which occasionally 
disfigure descriptive works of this character. 

An introductory chapter explains the general 
electric principles underlying instrument con- 
struction, and indicates how certain observed effects, 
whether magnetic, thermal or chemical, can be 
utilised to determine quantitative measurement. 
It is a long step from Faraday, a century ago, to 
Einthoven, from Davy to Duddell, or from the early 
observers of the effects of electrolysis to those of 
to-day, but the continuous path of progress is 
distinctly shown by well distributed signposts. 
To trace the effect of growth of mechanical accuracy 
on the history of inventiom, to perceive how design 
has been altered by theoretical enquiry, and, per- 
fected by experience, to trace the modifications 


| introduced by new and better adapted materials, is 


to produce a tale of great fascination and of equal 
encouragement. The authors regret the incom- 
pleteness of their work, for while it has been pre- 
paring for press new developments have been an- 
nounced, that have not of necessity been included. 
But this is inevitable where progress is continual, and 
at no time could such a work have been produced 
in which the latest outcomes of science could have 
found adequate place. Details, as exhibiting in- 
genuity are intensely interesting to the expert, but 
it is perhaps more instructive to linger over the 
principles that have guided development, to see 
how the thought suggested by experiment in the 
laboratory grows into a formula, eloquent of future 
possibilities, and finally assumes a tangible form and 
becomes an article of commerce. So, among other 
instances, we can see Kelvin’s attracted disc electro- 
meter taking concrete shape from the suggestions of 
Snow Harris, and learn how theory has improved 
on experiment, as clearly as we can see how tools of 
better design have encouraged delicacy and refine- 
ment. 

It is not possible to give any details of the dynamo- 
meter ammeters, voltmeters, wattmeters, or hot 
wire indicating instruments, to discuss the principles 
of their construction or to compare the relative 
merits of the ingenious devices that have been 
contrived, details of which naturally occupy a 
large portion of this volume. Only very imperfectly 
is it possible to mention, certainly not to discuss, 
some of the principles that are common to instru- 
ments of this class, the sources of error to which 
they are subject, and the mechanical means applied 
to reduce error to a minimum. 

An indicating instrument consists of two parts, 
or systems, moving relatively to each other, the 
moving part bearing some definite and constant 
relation to the quantity measured, always repeating 
itself under similar conditions. This implies that 
such uncertain effects as those arising from mechani- 
cal friction, heating, magnetic hysteresis should be 
as small as possible, while critical damping of the 
motion may be necessary. The reduction of 
mechanical friction is entirely a matter of correct 
design and depends upon the correct application of 
supporting the moving parts, either by pivoting 
and suspension, or by knife edge, or by filar support. 
In passing, attention may be called to the enormous 
pressure that may have to be sustained at the point 
of contact of a finished pivot in a jewel cup. A 
ton to the square inch is a moderate estimate, and 
in some forms of instrument the pressure is much 
greater, approaching perilously near the accepted 
values for the compression strength of steel. Photo- 
micrographs of a set of variously shaped pivots taken 
from modern indicating instruments are very 
suggestive. A similar picture of pivot and jewel 
that has survived more than 200 x 10° oscillations 
shows what can be effected by this form of appliance. 
Knife edges and filar suspension are more limited 
in application, and suitable metallic suspension 
may be difficult. The authors mention a form of 
ductile tungsten which has excellent qualities for 
the purpose of suspension and is very strong. 

Damping is a contrivance to compel the moving 
system to take up its position of equilibrium under 
the influence of the deflecting forces, without 
oscillating or overshooting the point of indication. 
In so-called ‘“ aperiodic” or “dead beat ”’ instru- 
ments, it is usual to carry the damping just short 
of the critical condition, experience having shown 
that the required sharpness of reading is best 
attained by this means. Air friction, fluid friction, 
and eddy currents are the usual forms of damping 
applied. In employing fluids, the choice of a suit- 
able material is important, and the authors favour 
a mixture of pure paraffin and kerosene, the graphs 
showing a rapid rise in damping when equal amounts 
of these oils are mixed. Eddy current or magnetic 
damping, very effective when it can be used, depends 
on the reaction of induced currents set upin a moving 
conductor with the field producing them. The 
conditions that ensure promptitude of indication 
are of great importance, and an entire chapter is 
devoted to the subject, the elements of electrical 
theory and design claiming another. The reader 
should, therefore, be fully prepared to follow the 
very critical and technical descriptions of the 
various types of instruments discussed, Here, at 


the hands of competent masters, he will learn much 
of the theory of instruments, the reasons for following 
certain forms of procedure, the grounds for the 
maintenance of certain types, the defects that are 
remediable and the improvements that have been 
made 
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Milan : 


Prrsonat.—We learn that the Caxton Name-Plate 
Manufacturing Company, late of Caxton House, West- 
minster, have removed to new premises at 11, 13 and 15, 
Rochester-row, Westminster, London, S.W. 1—We are 
informed Mr, J. Ferguson, late Chief Engineer of the Glas- 
gow Corporation Tramways, has been appointed to repre- 
sent the Messrs. Scholey Construction Company, Limited, 
in Scotland, in connection with their Sandberg “‘ Insitu ”’ 
rail-hardening process.—We note that on and after 
September 29 the address of the Belgian Chamber of 
Commerce in London, Incorporated, will be changed 
from 24, St. Dunstan’s Buildings, St. Dunstan’s-hill, 
E.C. 3, to 8 Union-court, Old Broad-street, London, H.C. 
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Norsz.—In the diagrams the figures plotted for tin and copper are the official closing cash quotations of the 
London Metal Exchange for fine ‘‘foreign” and “standard” metal respectively. The prices shown for lead are 
for English metal, whilst those for spelter are for American metal. Middlesbrough prices are plotted for steel 
plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel plates are 
for ship, bridge and tank qualities, and those for steel rails are for heavy sections, The pig-iron prices are for 
East Coast hematite and Cleveland iron, both of No. 1 quality and'for home consumption. The price of 
quicksilver is per bottle, the contents of which vary-from 70 lbs. to 80 lbs. The price of tin-plates is 
per box of I.C, cokes f.o.b. at Welsh ports, but in: all \other !cases the prices are per ton. Each vertical 
line in the diagram represents a market-day, and the horizontal lines represent 11. each, except in the c se of 
the diagram relating to tin-plates, where they represent 1s, each. 
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THE COLLIERY AT THE BRITISH 
EMPIRE EXHIBITION. 


(Continued from page 252.) 


WuEN brought to the surface, the full tubs are 
released and pushed out of the cage by the incoming 
empty tubs, assisted by the down grade on which 
the track is laid, a gradient that is uninterrupted 
when the cage is at the top. With a Westinghouse 
plant, the use of a power-operated track ram ex- 
pedites the exchange of empty for full tubs at the 
pit bank, and gives some initial velocity to the full 
tubs in the direction of the weighbridge. The 
arrangement of the surface plant is shown in Fig. J 
of our first article of the colliery on page 678 of the 
last volume. 

The tubs or trams when released from the cage, 
run by gravity down a slight incline to the tram 
weighbridge. The tubs are stopped singly on the 
weighing platform, which is fitted, like the rest of 
the plant, with rails of 2 ft. gauge. The weighing 
machine, the indicating portion of which is enclosed 
in the weigh-house, is of the Avery non-oscillating, 
automatic, self-indicating type, by which the actual 
net weights are indicated automatically by a 
pointer. In order to adopt this method, it is 
necessary that all trucks should be balanced to the 
same tare weight, thus enabling the actual net 
weight of the coal alone to be indicated. It is usual 
with this type of machine to arrange for a minimum 
weight to be balanced on the steelyard, and for the 
quadrant to indicate variations up to 5 ewt. over the 
minimum. ‘The range of weighings on the quadrant 
can be altered to suit the requirements of any 
particular case. ; 

The machine, installed by Messrs. W. and T. 
Avery, Limited, of Soho Foundry, Birmingham, is 
actually capable of carrying 5 tons, and has a 
platform 4 ft. by 3 ft. 6 in., the indicator having a 
net range of 10 cwt., with 14 lb. divisions, anda 
tare range of 10 cwt., also with 14 Ib. divisions. The 
net steelyard is graduated from zero to 35 ewt. by 
14 lb. divisions. 

The pit tubs are of pressed mild steel, with oak 
underframes, carried on toughened cast-steel wheels 
10 in. diameter, secured on 14-in. axles by the 
““lock-fast ’? method of Messrs. Hadfield, Limited, 
of Sheffield. Various types of tub are shown, some 
being fitted with Rowbotham’s self-oiling arrange- 
ment, and others with roller bearings. It is worthy 
of notice that roller bearings were in use on tubs in 
the United States and Mexico some years before 
the war, and that there has been considerable con- 
servatism in their introduction into pit rolling-stock 
in Britain. Pit trams are also exhibited of the type 
in general use in South Wales. Tub controllers, of 
the Wilde and Petrie improved design, which check 
the tubs and allow them to pass one at a time, also 
form part of the exhibit. 

The greasing of the tub axles has hitherto been a 
source of waste in collieries, and a special appliance 
has been designed for this by Messrs. Hadfields, and 
is known as the “ Hecla”’ automatic tub greaser. 
This consists of a cast-iron trough made with a 
flange at each end to rest on the sleepers, the body 
of the trough being buried in the track. A cast-iron 
corrugated wheel, kept in a vertical position by the 
lever in which it revolves, is arranged at such a 
height that it is depressed by the axle of the tub 
passing over it, which engages with the corrugations 
on the wheel, causing it to revolve and bring up 
sufficient grease for the efficient lubrication of a 
succeeding axle. The internal arrangement of the 
greaser is such that it can be changed from right to 
left hand by taking off the lid and removing the 
hinge pin. The lid, wheel, lever, and collars may 
then be turned completely round and replaced, con- 
verting the appliance to one of the opposite hand. 
The lid is so arranged as to prevent dirt getting into 
the trough. Amongst other gear exhibited by 
Messrs. Hadfields is a range of haulage rollers and 
pulleys, complete with their frames and stands . 
constructed of best toughened cast steel. 

The full tubs, after being weighed, pass to the 
special creepers (Figs. 126 to 130, page 339) for 
raising the tubs up the incline to the top of the. 
staging on which the rails are brought to the tipplers, 
as shown in Figs. 126 to 129. The empty tubs, 
after passing through the tipplers, are shunted and 
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end of the complete revolution the wedging pieces 
come into action, lifting and locking the tippler in 
readiness for the succeeding tub. 

The coal tipped from each tippler travels down 
a shoot to one of two balanced Marcus screens, 
also constructed by Messrs. Head, Wrightson and 
Co, The screens are of two different patterns, the 
one nearest the creeper being of the 3a type, Figs. 
136 to 139, page 341, absorbing about 13 h.p., 
though actually a 20-h.p. Brook motor has been 
installed for uniformity in the plant. This form of 
screen constitutes a great advance on previous 
screening practice using plate belts and jigging 
screens. In this class of mechanism it is necessary 
that the propulsion of the screen should not be 
harmonic, but irregular, in order to ensure the 
travel of the material in the trough along the 
screen. In the past this has required a heavy 
propulsion gear producing shock by its reciprocating 


action, which has been transmitted to the structure 
or to the foundation supporting the gear. 

The mechanism consists of a heavy cast-iron 
flywheel, which serves as the driving pulley, with 
a wrought-iron pulley usually fitted alongside it. 
The cast-steel driving shaft carries at one end a 
crank disc, the pin of which is connected by a 
drag-link to the corresponding pin on the crank disc 
at the end of the eccentric shaft, which is not coaxial 
with the driving shaft, the setting of the latter 
being below and to the back of the eccentric shaft. 
The bed plate is of mild steel constructed of plate 
and angle sections riveted together. The eccentric 
rod, strap and knuckle are of cast steel, as is also 
the bridge bracket that forms the connection on 
the trough ; the pins connecting the knuckle are of 
mild steel. The two eccentrics are set at 180 deg. 
to each other, and are carried on the same shaft. 
This arrangement gives opposite directions of 
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movement to the material in the upper and lower 
of the two superposed troughs. The effect of the 
drag-link is to cause a much more rapid motion in 
the last quarter of the outward stroke and in the 
first quarter of. the inward stroke, the velocity 
curve being as shown in Fig. 140. 

Each trough carries up to four sizes of screen, 
those shown in one case being 2 in. and 1 in. in 
diameter, and in the other machine 1 in. and # in. 
The troughs run between guide rollers for main- 
taining their horizontal position, and a combination 
of tension springs and rollers, shown in Fig. 146, 
opposite, ensures that they do not lift off the hori- 
zontal surfaces on which the rollers run. The table 
surface is arranged at a comfortable height above 
the platform for the pickers, who stand on each 
side for picking the rock and refuse, which they 
put into the small auxiliary refuse trough or dirt 
channel carried above the upper main trough, and 
shown in Figs. 126, 127 and 129, page 339, from the 
end of which it is delivered by a conveyor to trucks 
for removal. The delivery from the screens is in 
ordinary conditions taken by belt conveyor to 
the washing plant, but the conveyor gear, which is 
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usually arranged to suit the lay-out of the particular 
plant, has not been fitted on the exhibition plant. 
Each trough is 12-in. stroke, driven at 64 revolu- 
tions of the eccentric shaft per minute. The 3a 
type of balanced Marcus screen is capable of screen- 
ing 100 tons per hour, the large and best coal 
passing direct to the railway truck down the pulsa- 
ting jib, suspended at its lower and outer end by 
wire ropes and driven by connecting links and 
slides from the end of the lower trough. 

The second screen is of the 3B type, Figs. 141 to 
145, and is arranged for both troughs to deliver 
in the same direction. In this case there are two 
driving shafts, the drive being by machined cast steel 
helical gears, shown in Figs. 142 and 143. Each 
driving shaft is connected by a drag-link to its 
non-coaxial eccentric shaft, the arrangement being 
shown in the sectional view, Fig. 144. The eccentric 
rod of the further eccentric is made of open form, 
so that it can work clear of the shaft that carries 
the eccentric that is nearer the troughs. The 3B 
type has the same stroke and runs at the same 
speed as the previously described 34 type; it takes 
about 26 brake horse-power, and is capable of 
screening 150 tons of coal per hour. 

A third (C-type) machine is also constructed by 
Messrs. Head, Wrightson and Co., and has the two 
horizontal screens arranged side by side. The large 
surface of the screens in all the three types and the 
manner in which the coal is spread thinly over the 
surfaces greatly assists the hand-picking operation, 
and ensures the elimination of small coal and refuse 
and the delivery of the best coal into the truck with 
the minimum of breakage. 


(Lo be continued.) 


NOTES ON NEW BOOKS. 


ADVANCE in spectroscopy, in the fields of both theory 
and research instruments, has been quite sufficiently 


rapid to justify Professor E. C. C. Baly, F.R.S., of 
Liverpool, in compiling a third edition of his “‘ Spec- 
troscopy,” the first edition of which came out in 1905, 
and to divide the book, originally of one volume, into 
two volumes. The first volume [Longmans, Green 
and Co.; price 14s. net] of this third edition, is now 
before us. Professor Baly is well known for his spec- 
troscopic work, especially in the ultra-violet and 
infra-red, as well as for his experimental skill and in- 
genuity in adapting his instruments to his particular 
purposes. Every spectroscopist has to do that more 
or less, and physicists will be grateful that he writes 
chiefly for the man engaged in research work. Such 
work involves an intimate knowledge of the construc- 
tion of slits, prisms and lenses, and of gratings and 
of the manner to use them; these matters, together 
with historical notes and the extreme region of the 
spectrum, are discussed in the chief sections of the 
volume of 298 pages which is illustrated by 138 text 
figures and provided with good subject and name 
indexes. The first volume, dealing with methods of 
working, should prove a good preparation for the 
theoretical deductions to be given in the second 
volume. 


Being impressed with the fact that the literature on 
concrete and ferro-concrete is scattered through a 
variety of publications, which the engineer is hardly 
in the habit of consulting regularly, and that it will 
therefore be difficult for the engineer to find out what 
he might do when his concrete shows signs of corrosion 
or weakness, Dr. Ing. A. Kleinlogel, professor at the 
Technical High School of Darmstadt, has arranged his 
volume on “‘ Hinfliisse auf Beton ’’ [Matters influencing 
Concrete; Berlin: Wilhelm Ernst and Sohn; price 
18-90 Swiss francs] in the form of a dictionary. Con- 
sidering further that secrecy still enjoys favour in the 
concrete industry, and that every engineer should keep 
his concrete under observation and record his obser- 
vations, the volume is printed like a diary; the even 
pages and occasional further spaces are left blank for 
notes. After a general chapter on cements and binding 
agents, the volume discusses briefly the chemical, 
mechanical and other influences of acids, lyes, oils, 
steam, water, the soil, stored goods, &c., upon mortar 
and cements, including slag cements and concrete, and 
the precautions and remedies applicable to prevent and 
to cure corrosion. The arrangement is alphabetical; the 
first term discussed, at considerable length, is ‘‘ Abdich- 
ten des Betonsgegen Wasser ’’ (making concrete water- 
tight). A little more might perhaps have been said 
concerning the action of calcium sulphate on cement 
and on the recent foreign literature—difficult to 
obtain in Germany now, of course. Dr. Kleinlogel 
hopes that his readers will enable him to supplement 


his volume which is entirely written from the technical 
standpoint. 


Director of the Mount Wilson Observatory, has under- 
taken. Ina little work, ‘‘ The Depths of the Universe”? 
(Chas. Scribner’s Sons, New York; price 7s. 6d. net), 
he enables us to see some little of what has been accom- 
plished in this magnificent observatory, reared by his 
genius and supported by the munificence of the Carnegie 
Institute. Only three main enquiries are referred to, 
namely, the methods of plumbing distant space, 
the presence of the dark material in the universe that 
may conceal.as much of the grandeur of the heavens 
as it permits to appear, and the wonderful mechanism 
of the sun-spots—but these three topics should arrest 
the attention of all to whom the beauty of the heavens 
appeals. Taken in connection with a similar work, 
by the same cunning hand, “ The New Heavens,” one 
can enter into the labours of many astronomical 
experts, undecided whether to admire more the results 
of their energy or the skill and courage with which 
they contrived their experiments and carried them to a 
successful issue. 


Even as some other of the war-time movements 
have been gradually relegated to their correct places 
in industry, so has that much-lauded and equally 
condemned extravaganza known to harassed in- 
dustrialists during the war period as “‘ welfare’ been 
placed in a more or less true perspective. Let loose 
by a Government in its distress at being unable to 
control and in its desire to placate the workers, whom 
its weakness had spoiled, large numbers of people— 
many of them faddists—fastened upon a useful work 
which, without the blare of trumpets, had been carried 
on by some of the more enlightened firms for years before 
the war ; these people, because of their lack of knowledge 
of industry, men and manufacture, brought a most 
useful movement into such disrepute that its very name 
became anathema to large numbers of men and women 
responsible for the management of industrial concerns. 
The movement has been saved from its “‘ friends,” 
however, and it is quite refreshing to read a book on 
the subject in which the relative importance of pro- 
duction and welfare is recognised. Mr. John Lee in ‘‘The 
Principles of Industrial Welfare’? (London: Sir Isaac 
Pitman and Sons, Limited, (Price 5s. net) puts the 
question in quite a satisfactory manner. He appre- 
ciates that ‘‘ it may be that the floodofemotion . . . 
so directed men’s thoughts that the wisest schemes were 
not adopted and that welfare work became a sort of 
fad inspired by kindliness rather than a seriously 
thought-out consideration of the principles of employ- 
ment.” He recognises also that ‘‘no longer is the 
employer a free agent under whatever conditions he 
chooses provided that a certain legal minimum is 
observed. He is faced with corporate bargaining 

A with vast organisations of labour. i 
with public opinion which has steadily become 
clearer as to the content of ‘‘Good Employment.” 
All this is true and to some extent goes to indicate 
two facts : (1) that the welfare people have ridden their 
hobby-horse unwisely ; (2) that adult labour—usually 
organised labour—is not dependent upon outsiders for 
its well-being, whatever name such outsiders may choose 
to take. This is not to say we think there is no place 
for well thought-out work which has for its object 
the true well-being of industry. We think, rather, 
such work is over due. Industry has been developed 
on lines in which, in great measure, the human factor 
has been ignored, and any movement which will help 
to humanise industry without impairing its efficiency 
is to be welcomed. At the same time this is not 
likely to be secured by grandmotherliness. Labour 
“does not ask for molly-coddling, but it 
does ask for humaneness.” While Mr. Lee goes far 
to put “‘ welfare” in a sane light we do not agree with 
some of his contentions ; in some respects, we think he 
assumes too much. Thus, excellence of workmanship 
is due to the presence of a standard rather than to the 
good-will of the workers. Good-will is desirable, but 
a standard of workmanship is essential if production of a 
specified class is to be obtained; a poor quality of work 
does not necessarily or at all indicate an absence of 
good-will. Again, ‘‘ sanitation and ventilation ’’ must 
be provided by the employer, independently of the 
worker’s appreciation ; there is no option, nor should 
there be. In another direction we could have wished 
more attention had been given to welfare work where 
junior labour and man-managed women are concerned. 
In both cases, but particularly the former, there is a 
real call for intelligent welfare work, although, to 
justify the term intelligent, a broader outlook ‘is 
required than the arrangement of sports, games and 
whist drives, good though these can be. In this 
respect, welfare should have an educational outlook, 
should be character-building, good citizens being the 
aim, with the sure knowledge that good citizens are 
more certain to make good workers than are good 
workers to make good citizens. Taken in its entirety, 
however, Mr. Lee’s book is an acceptable contribution 
on a subject which justifies more attention. It should 
help to bring about that good-will in industry which is 
so desirable, and it can well be used by many “ welfare ”’ 
people as a basis on which to recommence the work to 
which they have been such obstructionists. 


In September, 1922, a number of distinguished 
workers in the domains of hydrodynamics and aero- 
dynamics met, on the instigation of Professors Th. yon 
Karman, of Aachen, and T. Levi-Civita, of Rome, in 
informal conference at Innsbruck. Lectures, none of 
great length, were delivered and discussed. These 
lectures, supplemented by a few further contributions 
and by abstracts of the discussion, have been edited in 
German translations by the gentlemen mentioned, 
under the title, ‘‘ Vortrdqe aus dem Gebiet der Hydro- 
und Aero tynamik” (Innsbruck, 1922) [Berlin: Julius 
Springer; price 3:10 dols). The names of the editors 
characterise the contents and are a guarantee for their 
value. Professor K rmdén is amongst the foremost 
authorities on hydrodynamics, and Professor Levi- 
Civita is one of the mathematicians whose develop- 
ments of Riemann’s mathematics were of great help 
to Einstein in his principles of relativity. Among the 
contributors of papers are Prandtl, Trefitz, V. Bjerknes, 
L. Hopf, V. W. Ekman (sea currents) J. Thysse (tidal 
friction), J. M. Burgers (turbulence), R. Caldonazzo 
(rotation in liquids), R. Verduzio (starting of sea- 
planes), A. G. V. Baumhauer (helicopters) and D, 

homa (water turbines). Most of the papers concern 
aerodynamical problems. English scientists were not 
present at the conference. 


Even in this country it is not every would-be student 
of mathematics that is able to attend lectures on the 
subject. Many reside in small towns or country 
villages, at which technical classes are non-existent 
and private coaching unattainable. In America 
matters are probably still worse, since distances rule 
greater. This condition of affairs has led on the one 
hand to the establishment of correspondence courses, 
and on the other to the production of text-books 
specially prepared to meet the needs of the private 
student. It is for this class of student that Professor 
C. I. Palmer has written his ‘‘ Calculus for Home 
Study.” The work in question is arranged on original 
lines, and very great pains have been taken to achieve 
clearness and to avoid ambiguities. The author 
introduces the leading concept of the differential 
calculus by considering as a problem, of some interest 
to the curious, the rate at which one end of a ladder 
will move down a vertical wall, when its foot is 
dragged along the ground at a uniform velocity. This 
excellent example provides a very satisfactory illustra- 
tion of a rate of variation which increases progressively 
but not uniformly the further the top of the ladder 
travels. The author makes considerable use of 
differentials, which for the mechanically minded 
afford undoubtedly the best basis for the study of the 
calculus. On the other hand the connection between 
integration and summation and the representation of 
an integral as the area of a curve are not introduced 
until late in the volume, although historically this 
method of regarding the integral calculus ante-dated 
that of considering it as the inverse of differentiation, 
which is the view point used by the author, in intro- 
ducing the subject. The author, moreover, relegates 
co-ordinate geometry to the last chapter of the 
book. In both cases we have here a departure from 
the more general practice, but Professor Palmer 
claims to have had special experience in the teaching of 
mathematics to men who are unable to go to college. 
The private student, quite commonly, tries to get on 
too fast, and the author gives a salutary warning 
against such an ambition, and instructs his readers to 
return repeatedly to parts already read. Thus only 
can the average man acquire real familiarity with the 
principles of the calculus, which are based on ideas 
with which the ordinary school mathematics has little 
direct concern. A useful table of integrals forms 
an appendix to the volume. ‘The treatise is issued by 
the McGraw-Hill Publishing Company, Limited, 
London, at 15s. net. A special word of praise 18 
due to the excellence of the printing, paper and binding, 
and indeed of the whole get up of the little volume. 


Researches into the structure of the cosmos and of 
the movements and behaviour of the distant stars 
reveal systems that grow in complexity in proportion 
to the vigour with which enquiry is pushed. Able 
interpreters are needed, and it should be a matter of 
great satisfaction that those who have spent their 
vigour in such inquiries, and have struggled most 
successfully to overcome the many difficulties encoun- 
tered in the pursuit, are willing to employ their enforced 
leisure in explaining to the public the results of their 
industry, with the view of making the world better 
informed concerning the mysteries of the heavens, 
to whose interpretation they have devoted their lives. 
This is the task that Professor G. E. Hale, Honorary 
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THE CALCULATION OF QUENCHING 
STRESSES IN STEEL BY USING DIRECT 
MEASUREMENTS.* 


By T. McLuan Jasprr, Assistant Professor of Engineer- 
ing Materials and Engineer of Tests, Fatigue of 
Metals Investigation, University of Illinois. 


Tue determination of the values of initial stresses 
set up in ferrous metals due to quenching is a problem 
which is of importance in the testing of such materials. 
The importance of these initial stresses and the extent 
of their effect on the static and fatigue properties of 
ferrous metals make them well worthy of a series of 
experiments. A description of a method of deter- 


mining quantitatively the internal stresses set up by | 


quenching, and the distribution of these stresses in 
the cross-section of a series of heat-treated bars, 
together with a discussion of their relative importance, 
are here undertaken. 

Initial Strains.—When a bar of steel is heated to the 
neighbourhood of the critical temperature and sud- 
denly quenched in water or oil, the outside fibres cool 
more rapidly than those inside, and, in consequence, 
they may reach a state of set before the inside of the 
bar has cooled off to the same temperature ; with the 
result that, as the inside of the bar cools, its contrac- 
tion is not allowed to take place freely to the normal- 
unstrained condition, and this part of the bar is held 
in a condition of initial strain. If, on the other hand, 
a bar of steel after being heated is allowed to cool very 
slowly, so that the cooling of each fibre takes place 
at about the same rate, the tendency for initial strains 


Fig.2. 
SECTION OF BAR 


temperature, quenched in water, and then tested for 
initial strains. 

(2) A number of steels were brought to the critical 
temperature, allowed to cool very slowly and then 
tested for initial strains. 

(3) A number of steels were brought to the critical 
temperature, quenched, reheated to various different 
temperatures, allowed to cool very slowly, and then 
tested for initial strains. 

(4) Several of the steels heat treated as in (1), (2) 
and (3), were given additional treatment by subjecting 
them to a large number of reversals of stress in the 
fatigue-testing machine below the yield point of the 
materials and then testing for initial strains. 

It was assumed that within the range of the experi- 
ments the stresses were proportional to the strains, 
and in consequence, the strains are eventually inter- 
preted in terms of stresses. This assumption seems 
logical, since in general the quenching stresses thus 
found have been well below the respective static yield 
points of the materials. The quenching stress, how- 
ever, may in one or two instances have exceeded the 
yield point of the material, although the general evi- 
dence available on the materials here considered does 
not support this contention. 

Method of Measuring Initial Strains—The method 
adopted in general for measuring initial strains was 
similar to that outlined by Howard*, and, independently 
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to be set up is so much lessened that the effect may be 
neglected. From the nature of the cooling effects 
it may be surmised that the outside fibres of a quenched 
material will be in compression, since the volume of the 
piece continues to decrease due to cooling after the 
outside layers have set ; and, therefore, in order that 
a state of stress equilibrium may exist, the inside 
fibres must be in tension. This supposition is shown 
to be correct in the experiments which follow. It must 
be understood, however, that the first stage of initial 
strain on plunging in a cool liquid gives rise to tension 
on the outside fibres, tending to split the metal open. 
This is evidenced by the fact that metal sometimes 
splits if quenched carelessly or too rapidly. 

If a quenched bar is tested in tension, it is con- 
ceivable that, as the stress is applied, the yield point 
will first be reached by that portion which is in initial 
tension ; and in consequence, instead of the stress- 
strain curve changing abruptly as it approaches the 
yield point, it will begin to deviate from a straight 
line much earlier, and the yield point will not be so 
sharply defined. If the distribution and the values 
of the stresses in the cross-section of the piece could be 
accurately established, the deviation of the stress- 
strain curve from a straight line before reaching the 
yield point could be used to determine the value of the 
maximum quenching stresses set up in the steel. 
Tf the actual value of the initial stresses is of great 
importance in the usable strength of a ferrous metal, 
then the necessity for knowing the values of the 
initial stresses becomes very much more important. 

Baperiments—The experiments from which the 
results herein presented were obtained were devised 
with the purpose of finding out the initial state of the 
steel under three important different conditions of heat 
treatment and also when subjected to a large number 
of reversals of stress below the yield point subsequent 
to these heat treatments. 

The four sets of tests were conducted as follows :— 

(1) A number of steels were brought to the critical 


_* Paper read before Section G of the British Associa- 
tion at Toronto on August 12, 1924, 
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by Heyn}. This method consisted in measuring the 
length of a round bar of metal after the removal of 
successive concentric layers in a lathe, and in inter- 
preting the change of length of the specimen in terms 
of stress by the use of the elastic constants. In addi- 
tion to this, in the present series of experiments, 
borings were made through the centre of a companion 
bar, and measurements of the length taken after 
successive cores had been removed. These operations 
were so conducted that the area of steel remaining in 
| the solid cylinder could be used in comparison with 
the area drilled out of the companion bar in order to 
calculate the actual stress distribution curve. 

Prior to these machining operations, the end portion 


; was removed so as to avoid the complication set up 


by the end effects of quenching, and also to obtain a 
check on the distribution of the stress through the 
cross-section. The end surface of the specimen was 
then polished as nearly as possible to a plane surface, 
and a traverse made by using a micrometer sensitive 
to measurements of one three-hundredth-thousandth 
of an inch. A thin slab including the traversed end 
was then cut off and a retraverse made of the polished 
surface. A base line determined by two points on the 
surface was used as a reference line for all measure- 
ments. The changes of the surface elevations were 
then calculated and a curve indicating the dis- 
tribution of stress relief was drawn up as shown 
in Fig. 1. 

It will be noticed that the curve in Fig. 1 shows the 
highest point at the centre with two fairly straight 
lines joining the reference points chosen. The total 
elevation of the centre point above the base line is less 
than one five-thousandth of an inch. This diagram 
serves as an indicator of the probable shape of the dis- 
tribution curve. 

If the curve of stress distribution, therefore, is 
assumed to be nearly a straight line between the centre 


a 


* Howard. “ Test on Harveyised Bars,” Tests of Metals, 
Watertown Arsenal, 1893, page 285. 

+ A. Martens aud E. Heyn, “ Materialienkunde fiir den 
Maschinenbau,” 1912. 


of the bar and the outer portions, and if the conditions 
of equilibrium are represented by the equations ; 


ZF, = 2F, =2F, =0 


it is a simple matter to find the relative values of the 
ordinates in compression and tension. 

Due to the fact that tangential and radial strains 
may be set up in the specimen on quenching, if a rigid 
analysis is to be considered, it must be seen from 
Poisson’s ratio that the total value of the longitudinal 
strain may not represent directly the value of the 
maximum stress unless it is found that the average 
effect on that portion of the cylinder which is in 
longitudinal tension is balanced by its effect on that 
portion which is in longitudinal compression. If the 
radial tension at any point in a quenched cylinder is 
equal to the tangential compression at the same point 
there are sufficient grounds for assuming that the effects 
are balanced, and this assumption was made in the 
present case. 

For the solution of the problem in question, therefore, 
measurements were made along the Y-axis only. The 
calculated value of the stress in tension was found to be 
one-half that of the stress in compression (see Fig. 2). 
Fig. 2 was drawn with the aid of Fig. 1, on the assump- 
tion that there is a straight line distribution of stress 
between the centre and outside portion of the bar. 

If the distribution curve of Fig. 2 is applied to the 
case of the change of length of a quenched solid cylinder 
of steel as concentric layers of the material are removed, 
it can be shown that the decrease of length of the bar 
will vary with the change of diameter, according to 
the equation : 

y = 1 = x2, 


where x is the proportional total decrement across the 
diameter of the bar, and y is the proportional total 
decrement along the gauge length of the bar. 

In a similar manner, if concentric cores of the 
material are removed from the centre of the quenched 
cylinder, it can be shown that the increase of the 
inside diameter will vary with the increase of length 
according to the equation ; 


y= v2, 


where x is the proportion of the total increase of the 
diameter of the inside of the hollow cylinder, and y 
the proportion of the total increase in length of the 
cylinder. 

The applications of these theoretical relations are 
shown in Figs. 3a and 3h ; (a) shows the theoretical curve 
for the decrease in the length of a quenched steel cylinder 
as concentric layers are removed from the outside, and 
(b) the corresponding curve for the increase in length as 
the quenched cylinder is bored out. Experimental 
values obtained for three different sets of steel bars, 
varying in diameter from 0-5 inches to 2-0 inches and 
in carbon content from 0:02 per cent. to 0-90 per 
cent., have been plotted in Fig. 3 (a), and for one steel 
bar of 2 inches in diameter in Fig. 3 (b). The plotted 
results follow the theoretical curve very closely indeed 
in the case of Fig. 3 (a), but not so closely in the case 
of Fig. 3 (6). In obtaining these experimental results 
considerable care was taken to avoid increasing the 
temperature of the cylinders in the machining. ‘This, 
however, could not be so successfully accomplished in 
the case of boring out the hollow cylinder, especially 
when the walls of the cylinder became thin. 

The values obtained for the different quenched steels, 
where no further treatment was applied, are plotted 
in the curves in Fig. 3. 

By reference to Fig. 2 it is readily seen that if the 
initial stress in tension as represented by the distance 
OE is present in a member to be tested statically in 
tension, the fibre OE will reach the yield-point load 
earlier than any other fibre, and in consequence 
the stress-strain diagram will begin to deviate from the 
straight line much earlier than would be the case if 
there were no initial stress present. From this con- 
sideration it would appear that it should be rather 
easy to determine the value of the maximum amount 
of initial stress from the difference between the static 
yield-point and elastic-limit values of a material. 
Assuming this to be true, and it seems logical that it 
it, it is obvious that the elastic limit is an accidental 
point rather than a fixed one, as is so often assumed. 
In the testing of metals in fatigue, this is brought out 
by the fact that the fatigue or endurance limit correlates 
not so much with the elastic limit as with the yield 
point or the ultimate strength of a material.* 

The greatest effect of initial stress on the results of 
static testing will be found when the straight line 
relations, as shown in Fig. 2, hold; and the value of 
the maximum initial stress, if we assume that the 
initial stresses cause the stress-strain curve to deviate 
from a straight line before reaching the yield point, 


* H. F. Moore and T. M. Jasper, ‘‘ An Investigation 
of the Fatigue of Metals,” Series of 1922, University of 
Illinois, Eng. Exp. Sta., Bulletin No. 136, 1923. 
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will be two-thirds the value represented between the 
elastic limit and the yield point. 

It has been noticed in the Fatigue of Metals Labora- 
tory at the University of Illinois that, in a heat-treat- 
ment series where a very strong steel is used, the 
elastic limit of a quenched steel with no subsequent 
draw (tempering) is lower than one with a draw 
(tempering) of 600 deg. F. (see Figs. 4and5). In order 
to discover the reason for this a series of measurements 
for initial stress was made, and the results are shown 
in Table I. It will be seen that above 600 deg. F. 


Fig. 6 shows graphically the results obtained with a 
0-50 carbon steel quenched after being raised above 
the lower critical temperatures. The upper curve 
shows the results before, and the lower curve the 
results after, the specimen has been run in a rotating- 
beam fatigue-testing machine. 

A few specimens of different steels were tested for 
initial stresses after heat treatments approximating 
annealing, and the results are shown in Table III. 

From Table III it is evident that the maximum 
initial stresses in annealed steels are very small indeed 


TasLe I.—THe Errecr or Drawing (TEMPERING) ON THE Maximum IniTIat Stress ror A 0-50 CarBon 
Sree Heated To 1,500 pra. F., QUENCHED AND DRAWN WITH NO APPLICATION OF REPEATED STRESS. 


Draw Desar Strain Relief. | sures eae ee Per cent. Reduc- | Maximum Value 
5 in. per in, Ib. per sq. in. Onion minaleine tion of Diameter. | of Initial Stress. 
i Ib. 

0 0-001157 34,300 0-950 0-650 68-5 49,700 

300 0-001107 33,100 0-951 0:658 69-1 47,900 

600 0: 000760 19,300 0-950 0-650 68-5 28,200 

900 0-000227 700 0-950 0-650 68-5 1,020 

1,200 0-000100 350 0-950 0-651 68-4 505 


TasBLeE IJ.—TuHe Errecr oF REVERSAL OF STRESS ON THE Maximum Init1aL STRESS FOR A 0:50 CARBON 


Steet Heatep To 1,500 prac. F., QUENCHED, AND DRAwn. Dramernr 0-40 In. 


Strain Relief Stress Relief in Diameter. P +. Red: Maximum Value 

Draw Deg. F. : sea vey 3 Centre Fibre. fips oe Dis e hee of Initial Stress. 

py i lb. per sq. in, Orig. in. Final in. Leo Oe LeU eLearn per sq. in, 
0 — 0-00064 — 1,930 0°399 0-156 39-1 — 4,950 
400 — 0:00099 — 2,970 0-398 0-158 40-6 — 7,000 
600 — 0-00055 — 1,650 0-400 0-157 39°3 — 4,200 
800 + 0-00086 + 2,570 0-400 0-164 41-0 + 6,270 
1,000 + 0-00045 + 1,350 0-400 0-154 38:5 + 3,510 
1,200 + 0-00013 + 385 0-400 0-157 39-3 + 980 
1,425 + 0:00008 + 240 0-400 0:155 38°8 + 620 


Figs.4&5. CURVES SHOWING THE RELATION 
BETWEEN THE ELASTIC LIMIT & OTHER 


5 aye PROPERTIES FORA STRONG STEEL. 
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draw the initial stresses are considerable, but that ; 


below this value of draw temperature they are 
practically negligible. 

It has been noticed. that the deflection of a rotating 
bar in fatigue seems to increase immediately after 
the beginning of the test, but from then on practically 
does not change for the remainder of the run; and 
also that the specimens exhibit a state of fever or a 
rise of temperature on being placed in a fatigue testing 
machine, this fever subsequently subsiding. This is 
especially true of heat-treated steel with very little 
draw after quenching. It was considered possible 
that the deflection change might coincide with the 
relief of strain due to working. Table II shows the 
effect of repeated stress on heat-treated steel. 

In comparing Table I and Table II it is readily 
seen that the effect of repeated stress on heat-treated 
steel with high initial quenching stresses is to relieve 
those initial stresses to the extent of approximately 
90 per cent. It is also demonstrated that the centre 
fibres have in some instances had the stress changed 
from tension to compression. In order that equilibrium 
may exist the outside fibres are changed from initial 
compression to initial tension through fatigue testing. 


TasBLte [11.—The Values of the Maximum Initial 
Stresses set up in a Steel given Approximately an Anneal- 
ing Heat Treatment. 


| | 
| i Maximum 


Steel. Treatment. Initial Stress. 

Ib. per sq. in. 
0-90 carbon .. Normalised 4,730 
0-92 PS Annealed .. ats 2,260 
0-49 ri 1,200 deg. F. draw 505 


in comparison with those occurring in quenched steels 
that have been given no subsequent heat treatment. 

Summary.—The results recorded in this paper are 
from experiments on 35 bars of steel varying in carbon 
content and heat treatment; about 150 readings of 
gauge length were made on each bar. 

The results indicate that the initial stresses set up 
in steel due to quenching are considerable. In the 
case of a few experiments not described here, on a 
nickel alloy steel, it was found that the quenching 
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stresses exceeded the ultimate strength of the material. 
This was indicated by the fact that several specimens 
cracked to the depth of over } in. in quenching in 
water. 

It would appear that fatigue testing has the effect 
of relieving initial stresses. This was previously 
suspected from the fact that in a regular fatigue test 
many specimens, after a few cycles of stress, exhibited 
a state of fever, or a rise of temperature, which subse- 
quently subsided. This occurred in specimens which 
were tested to 100,000,000 cycles at the endurance 
limit without failure, 

It is suggested that the difference between the 
values of the elastic limit and yield-point strengths 
of a steel might be used as an indicator of the maximum 
value of the initial stress by multiplying the value 
of this difference by two-thirds. This presumes a 
test with a sensitive extensometer. 

It is also suggested that it cannot be presumed 
that the best heat treatment of a steel is shown by 
a small difference between the elastic limit and yield- 
point strengths, because subsequent fatigue tests of 
the materials do not show this to be an indicator. 

It would appear, also, that the elastic limit or limit 
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of proportionality between stresses and strains of — 
ferrous metal is largely dependent on initial quenchin 
and subsequent treatment. From this it would appea 
that the elastic limit is not a static property whic 
should be used as a basis in design. It is suggeste 
that the yield point, and failing this the ultimat 
strength, is the best characteristic static property t 
use with a factor of safety consistent with the requir 
ments of design. 

| 


THE COMPLETION OF THE SURVEY 0) 
NORTH-WEST GREENLAND. ! 


Iv is announced by the Northern News Service tha 
through the strenuous efforts of Dr. Lauge Koch, the we 
known Danish explorer, the last remaining unsuryeye 
portion of the Greenland coast, running north-we; 


—|from De Long Fiord up to Cape Bridgeman, has no) 


been mapped. Dr. Koch, who spent a previous eigh 
years in exploration and scientific work in Greenlan¢ 
was appointed leader of the Jubilee Expedition, recent] 
returned. The work of mapping the coast involved tl 
undertaking of the longest sleigh journey on recor¢ 
a trip full of risk and danger, across glaciers and ove 
a dreaded ice-cap of 3,600 miles, occupying 200 days 

The expedition, which started from Inglefield Gul 
near Cape York, consisted of 19 sledges, 200 dogs, an 
a few selected Eskimos ; Dr. Koch was the only Eur 
pean of the party. Most of the time the temperatm 
was — 40 deg. C., and great hardships were suftere 
both by men and dogs. On May 13, 1921, Dr. Koc 
finished his surveying work, and planted the Danis 
flag in latitude 83 deg. 50 min. North. The retur 
journey was very hazardous, a detour having to |} 
made via Warming Land. Food ran short, diseai 
broke out among the Eskimos, and 190 of the do; 
died or were eaten. In October, however, the exped| 
tion reached the base, having completed its wor) 
the mapping of the territory between Independen: 
Fiord and Humboldt Bay being accomplished on } 
sheets, drawn to a scale of 1 to 200,000, while t} 
whole northern area from Upernavik around Denmai 
Fiord was also covered. Dr. Lauge Koch attach 
great significance to the geological results of his exped 
tion. He has secured some 4,000 geological specimen | 
including fossils of animal life from the earliest perioi 
and of both European and American forms. 


DEHYDRATION OF ALCOHOL BY MEANS OF GLYCERIN.- | 
Since glycerin is known to take up water from liquids an| 
vapours with which it is mixed and to retain the wat 
on distillation, it occurred to Drs. E. Knecht and E, ]) 
Muller, of the Manchester College of Technology, to ti 
whether commercial alcohol could be dehydrated ar 
converted into absolute alcohol by these means. T!) 
experiments were successful, and the method seems to } 
practical and not too expensive. There are ty) 
chief sources of trouble to be guarded against. T!! 
glycerin may retain some alcohol (as well as the watet| 
and traces of glycerin may pass over with the vapou | 
and contaminate the alcohol, although the boilinj| 
point of pure glycerol is 290 deg. C. By distilling tl) 
alcohol-glycerin mixture twice, or by modifying tl 
original process, Knecht found that both these objectioi | 
could be met. The research was made last summer, ar | 
a paper on it was announced to be read before the Societ| 
of Chemical Industry last October ; there was some dele 
however, and the paper was only published in the Journ | 
of the Society of June 6 of this year, while Mariller he) 
described a similar process in the October issue of Chim | 
et Industrie. Mariller works with alcohol vapou) 
whilst Knecht generally mixes the liquids, 25 per cen 
by weight of glycerin being added to an alcohol contai’ 
ing 10 per cent. of water; stronger alcohol requires le 
glycerin for the treatment. 


Rattway ENGINEERS’ CONVENTION, BERLIN.— | 
Railway Engineers’ Convention has been arranged by tl 
Association of German Engineers, in conjunction wil) 
the German State Railways, to take place in Berlin fro) 
September 22 to 27. A number of papers are to be ree) 
and discussed, dealing with the organisation and ec) 
nomics of heavy transport; developments in tl} 
construction of permanent way and bridges; safe' 
devices; signalling; the strengthening of existing ra) 
way bridges ; connection for transfer of freight betwee 
narrow-gauge or road railways and main lines ; improv | 
ment in the thermal efficiency of locomotives; stea) 
condensing on locomotives; ball, roller, and ordinar 
bearings; the firing of locomotives with powdere 
coal; Diesel locomotives ; the standardisation of loci) 
motives and wagons; iron fire-boxes; the vario1| 
locomotive component parts; brake and other tests 
electric railways, &c. We learn from Messrs. Leistikov) 
Allison and Lyon, 19, Southampton Buildings, Chancer 
Lane, W.C.2, that Messrs. Borsig are very anxious (| 
arrange for British engineers who may be attending th 
convention to visit their works at Tegel. Engineers wh 
wish to avail themselves of this opportunity shoul 
communicate with Messrs. Borsig direct or with th 
London firm, stating the length of their stay in Berli 
and the name of their hotel. Messrs. Borsig say that @ 
Seddin railway station, near Berlin, there will be a larg 
display of the most modern types of German Stat 
Railway and other locomotives, rolJjing-stock, &c., an) 
other railway material. 
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WALLSEND-HOWDEN OIL-FUEL BURNING APPARATUS; EMPIRE EXHIBITION, 


CONSTRUCTED BY THE WALLSEND SLIPWAY AND ENGINEERING COMPANY, LIMITED, ENGINEERS, WALLSEND-ON-TYNE. 
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WALLSEND-HOWDEN OIL-BURNING 
APPARATUS. 


Tue remarkable developments in the application of 
oil fuel to industrial heating processes and to steam 
raising, particularly in marine boilers, have frequently 
been referred to in our columns, and engineers are now 
generally familiar with the progress made. Oil, as 
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is well known, has almost entirely superseded coal for 
firing the boilers of naval vessels, and, in the case of 
merchant ships, some 29 per cent. of the world’s steam 
tonnage is now employing oil as fuel. On land, it 
is hardly possible to estimate the extent to which coal 
has been displaced by oil, but, even in this country, 
where coal must be regarded as the natural fuel, oil 


is being employed for boiler firing and heating operations 


Fies. 1 ro 4. Sream Rarstne APPARATUS FOR OIL FUEL 


INSTALLATIONS. 


in numerous land installations where its cleanliness,. 
labour-saving characteristics, and ease of control are 
important considerations. The advantages of oil fuel 
in these respects may now be regarded as well estab- 
lished, and interest in the subject of oil-fuel burning 
mainly centres round the design and arrangement of 
apparatus for the purpose of improving efficiency, 
reliability and safety in use. As is well known, the 
Wallsend Slipway and Engineering Company, Limited, 
Wallsend-on-Tyne, have had a long and wide experience 
in the application of oil-fuel firmg, on the Wallsend- 
Howden system, to marine boilers, as well as to land 
installations, so that some particulars of the firm’s 
latest practice, as exemplified in their exhibit at the 
British Empire Exhibition, should prove both interest- 
ing and useful to engineers. 

We may first refer to the special apparatus provided 
for use while raising steam in the boilers, when no 
steam is available for working the pumps, heating the 
oil, or for atomising the oil if the steam-jet system is 
employed. The apparatus is illustrated in Figs. 1 to 4 
on this page, and, as will be seen, comprises a small 
auxiliary boiler containing an internal coil, shown in 
Fig. 2, through which the oil is passed and heated to 
a temperature at which it is readily inflammable. The 
boiler is usually worked at a pressure of about 100 Ib. 
per sq. in. When the pressure system of atomising 
is employed, the steam pressure in the auxiliary boiler 
is kept just below that at which the safety valve lifts, 
so that there is no loss of steam and no feeding of the 
boiler is necessary, although a small hand-operated 
feed pump is provided as shown in Fig. 1. The 
auxiliary boiler is fired by a paraffin burner, which can 
be closely adjusted to suit the requirements of each 
particular installation. The paraffin for the burner is 
stored in the cylindrical container shown on the left 
of Fig. 1, the necessary air pressure being supplied 
by the hand pump also visible in the illustration. The 
same pump, it may be mentioned, is used for filling 
the container with paraffin, which is drawn from a 
bucket through a hose connected to the pump suction. 


| The fuel oil to be heated for supplying the main burners 


is delivered to the heating coil in the boiler by means 
of a hand-operated or auxiliary power-driven pump, 
the oil entering through the stop valve seen at the top 
of Fig. 1 and passing out through the strainer on the 
left of the illustration. Provision is made for steaming 
out the heating coil with steam from the boiler, the 
cock and pipe connection for this purpose being visible 
in the illustration immediately to the left of the lifting 
eye-bolt. : 
The firm’s latest design of pumping and heating 
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unit is illustrated in Fig. 5, from which its compactness 
and the accessibility of the various parts will be obvious. 
In installations as usually arranged, the oil from the 
storage tank first passes through a duplex strainer, 
only one part of which is used at a time, so that the 
other can be cleaned. From the strainer, the oil 
passes to the fuel pump, shown in Fig. 5, and is dis- 
charged into the heater mounted over the pump. The 
heater comprises a cylindrical vessel supplied with 
steam and containing a nest of solid-drawn steel tubes, 
bent into U form and having their ends expanded into 
a single tube plate, which is also of steel. The tubes 
are thus free to move under the influence of temperature 
variations without any risk of becoming loose. A 
steam connection, shown on the right of the illustration, 
is provided to enable the tubes to be blown through, 
and special flexible cleaners are supplied, which can be 
passed through the tubes to remove any solid deposit. 
The heated oil passes out through the duplex discharge 
strainer mounted in front of the heater, as shown in 
Fig. 5, and thence flows to the burners. Two complete 
pumping and heating units of the type illustrated are 
generally provided for each installation, one unit 
being of sufficient capacity for dealing with the whole 
of the oil required at full load and the other acting 
as a standby. 

Several different furnace arrangements are employed 
with the Wallsend-Howden system of oil panne: the : Kies. Q ae 1D eee een 
particular arrangement adopted depending upon the = OD ee ae 
form of draught employed and upon whether oil is Fia. 9. Forcep Draveut. 
used exclusively or alternatively with coal. Figs. 6, 
7 and 8, above, illustrate the arrangement of the 
furnace front for a marine boiler burning oil only, in 
conjunction with natural draught. From the part 
longitudinal section, reproduced in Fig. 8, it will be 
understood that the bridges, bearers and firebars used SNE st 
when burning coal have been omitted, and a special Firebrick Slabs to be p a 
front fitted which accommodates the burner and air onFirebars when Burning Oil, 
director. With this arrangement, there is a consider- Cf 
able gain in combustion space and effective heating 
surface, and better circulation is promoted in the boiler 
owing to the fact that the lower part of the furnace is 
heated equally with the upper portion. Consequently, 
increased evaporation and high efficiency are obtained. 
The hinged air directors, clearly shown in Figs. 6 and 7, 
permit easy access to the furnace for cleaning and 
inspection, and they consist of two concentric trunks 
with helical vanes fitted between them. The vanes, 
best shown in Fig. 7, impart a swirling motion to the 
air in the furnace, and also, of course, to the fine particles 
of oil carried along with the air, the effect being to 
retain the burning hydro-carbons near the front of the 
furnace, so that combustion is completed before the 
gases leave the intensely hot zone formed at this part 
of the furnace. This, it will be understood, is the best 
condition for efficient combustion and the prevention 
of smoke. The main air supply through the directors 
to the furnace is regulated by a sliding sleeve, shown in | 
Figs. 6 and 8, and the position of the flame is adjusted 
by means of a rotating perforated plate in front of 
the director, most clearly visible in Fig. 6. By 
increasing the air supply through the holes in this 
plate, the flame is thrown farther back into the furnace | 
and reducing the air supply through these holes brings 
the flame more to the front of the furnace. The correct 
position for the flame is, of course, dependent upon the 
quantity of oil being consumed and also upon its quality. 


Figs. 9 and 10 illustrate a furnace front arranged; Fias. 11 ro 13. Furnack ARRANGEMENTS FOR BURNING O1L oR Coat ALTERNATIVELY OR TOGETHER.) 
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Fie. 14. Low Artr-PressuRE BURNER FOR METALLURGICAL FURNACES. 


for burning oil with Howden’s system of forced draught 
and having the bridge, bearers and firebars removed for 
thereasonsexplainedabove. The method of controlling 
the air supply will be obvious from the illustrations, 
but we may mention that this form of front can be 
readily removed in port if it is desired to revert to coal 
firing. If still greater facility for changing from one 
fuel to the other is desired, so that the operation can be 
carried out with the boilers under steam at sea, the 
furnace arrangements illustrated in Figs. 11 to 13 are 
employed, which also permit coal and oil to be burnt 
simultaneously. Figs. 11 and 12 show the arrangement 
used with natural draught and Fig. 13 that used with 
Howden draught. In both cases, the firebars are left 
in position, and, when burning oil, a sheet of asbestos 
millboard is placed on them and covered with firebrick 
slabs or pieces of broken firebrick. There is obviously 
no gain of combustion space or heating surface 
with these arrangements, so that they are only em- 
ployed where rapid interchangeability of fuels is of 
greater importance than maximum efficiency. Wherever 
possible, the burner should be located in the longi- 
tudinal axis of the furnace and the firebars and other 
obstructions removed as in the arrangements illustrated 
in Figs. 6 to 10. 

For land installations, the firm are exhibiting a 
complete Wallsend-Howden steam-jet installation for 
small boiler plants, which, however, is also employed 
at sea for firing the donkey boilers of motor ships. 
A small oil-fired hardening furnace is also exhibited, 
this furnace being fitted with the Wallsend low air- 
pressure burner, a sectional drawing of which is re- 
produced in Fig. 14 above. In this burner, the oil 
entering through the connection on the right passes 
along a central sleeve and escapes through the annular 
opening formed between the sleeve and a coaxial 
regulating spindle. The latter, it will be seen, is formed 
with a tapered portion so that by moving it longitudi- 
nally by means of the handwheel and screw shown in the 
illustration, the area of the annular opening, and con- 
sequently the quantity of oil passing, can be adjusted 
according to requirements. The regulating spindle 
terminates in what may be described as a button, 
which is situated in the nozzle outlet of the burner, 
and the oil issuing in a thin film from the annular 
opening is caught by the air blast and carried over 
the sharp edge of the button. By this means an 
exceedingly fine spray is produced, even with heavy 
and viscous oils, so that the burner can be used for 
metallurgical furnaces of all kinds as well as for heating 
ovens, galleys, &c. The burner is made in several 
sizes, and the air pressure necessary ranges from 10 in. 
to 25 in. water gauge, according to the size of the burner 
and the purpose for which it is required. It should, 
perhaps, be mentioned that the nozzle of the burner 
is provided with internal vanes to give the air a rotary 
motion and also that the longitudinal position of the 
nozzle can be adjusted by inserting a washer of the 
required thickness between it and the burner body. 

The firm’s exhibit includes a number of photographs 
of land and marine ojl-burning installations they have 
supplied, as well as of marine steam engines, turbines, 
boilers, Diesel engines, &c., constructed at their Walls- 
end works for merchant vessels and warships of all 
descriptions. 


ON THE NATURE OF HIGH-SPEED STEEL.* 


By Marcus A. Grossmann and Enaar C. Barn 
(Dunkirk, N.Y., U.S.A.) 


Tuts paper is intended to give a more or less complete 
account of the physical phenomena occurring in 
high-speed steel from the time of casting the homo- 
geneous melt to the production of the hardened tools, 


* Abstract of a paper read before the Iron and Steel 
Institute, London, on Thursday, September 4, 1924. 


so far as the changes in the nature, amounts and 
distributions of the well-known constituents of such 
steel are concerned. 

The Ingot.—The ingot of high-speed steel shows the 
characteristic structure found in all ingots of cast 
steel. There are columnar grains extending inward, 
with major axes normal to the ingot surface from 
which they grew. The central portion of the ingot 
contains more or less perfectly equi-axed grains. 

Photomicrographs of high-speed steel ingots call 
to mind the microscopic appearance of white cast iron, 
and this similarity is sufficiently marked to afford a 
convenient analogy for use in study. The high-speed 
steel structure immediately after solidification is 
undoubtedly very similar to the structure found in 
a low-carbon hypo-eutectic white iron of about 2-0 
per cent. carbon content. Primary grains of austenite, 
cored and more or less decomposed, plus eutectic 
(carbide-austenite) regions constitute the fundamental 
material of the ingot. 

The columnar surface grains and the internal grains 
of the ingot are cored to an unusual degree. The 
crystallites solidified first differ very greatly from the 
subsequently filled-in portions of the primary grains. 
The magnitude of this disparity in composition of the 
original austenite grains from centre to periphery, 
and the persistence of the resulting cored structure, 
play a most important part in all the subsequent 
phenomena, and indeed are the cause of most of the 
manufacturing difficulties encountered. It is well to 
bear this point in mind constantly, and to recognise 
at all times that there is a gradation of concentration 
of carbide from the centres of the dendrites to the 
eutectic, and that this same gradation persists 
tenaciously in the finished bar of high-speed steel. 
It is believed that the diffusion of these carbides, 
once the steel is solidified, is very slow indeed, and 
that the ordinary heating and manufacturing operations 
help comparatively little in securing uniformity. 

In the unannealed ingot the usual amount of eutectic 
found is about 13 per cent. This figure is, of course, 
slightly in excess of what is normal for the composition, 
because the metal solidified first is much poorer in 
carbide elements than the last to solidify, which is 
completely saturated with them. The last portion of 
the primary grains to solidify is, as always, richer in all 
alloying elements. The eutectic temperature is 
probably very close to 2,450 deg. F. (1,340 deg. C.). 
Within the eutectic regions the carbide is the con- 
tinuous phase, and the austenite fills in the dis- 
connected lakes. For completely homogeneous primary 
grains the eutectic regions probably would not exceed 
10 per cent. of the whole. 

The usual ingot of standard practice cools at a rate 
which not only does not preserve the primary grains 
wholly austenitic, but even permits of the nearly 
complete divorce of carbide in a spheroidal condition. 
In the grains near the surface the structure might be 
classed as sorbite, while in many of the internal grains 
the spheroidisation is coarse. Reference to photo- 
micrographs will reveal the fact that while in the 
centre, or first solidified part of each grain, the carbide 
agglomeration has taken place to completion, the 
periphery, or last solidified portion of each grain, is 
still austenitic; no carbide has precipitated here. The 
boundary between these two structures marks the 
critical composition at which the particular rate of 
ingot cooling can effect the austenite-pearlite trans- 
formation. There can be no inference other than that 
saturated austenite in high-speed steel is very stable 
indeed. The stabilising action of alloying elements 
found in steel is probably in the order carbon, man- 
ganese, chromium, nickel, cobalt, molybdenum and 
tungsten. In high-speed steel chromium may have the 
major influence in stabilising the austenite. It will 
subsequently be seen that in finished steel there is 
never produced by any heat treatment austenite so rich 


in the carbide elements as this material in the ingot 
last to solidify, located near the carbide eutectic regions. 

Within the primary grains of the ingot the boundary 
between the transformed and the untransformed 
austenite is usually marked by a nearly continuous 
band of carbide. Just outside this band there is 
usually present a zone of darkly etching material 
with a troostitic appearance, representing probably 
incipient transformation of the retained austenite. 
The location and appearance of this constituent 
suggest strongly the development of troostite at a 
fairly low temperature, whereas the interior of the 
grains transforms readily enough and at sufficiently 
high temperature to allow of complete spheroidisation 
of the carbide. Even this zone probably, to some 
extent, contributes to the carbide band. This may 
be caused by the high concentration of carbide elements 
in the outer region. If diffusion were not so very 
sluggish in high-speed steel there would have been a 
constant migration from these rich regions to the 
poorer for precipitation. The carbide band within 
the grain is doubtless the result of such action greatly 
restricted. It is the authors’ opinion that slowness 
of migration of the alloying elements in high-speed 
steel is its fundamental property. It will subsequently 
be seen that in the finished tools there often remains a 
trace of this composition gradient from centre to edge 
of each grain. 

That there is profound difference between the material 

of the interior of the grains and the material solidifying 
later, outside of the carbide dividing-line referred to, 
may be strikingly seen in the microsection. To 
accentuate this difference, specimens from the centre 
of the unannealed ingots were heated to 1,4C0 deg. F. 
(760 deg. C.), etched and photographed. The austenite 
tims of the grains were transformed to the very darkly 
etching troostite-sorbite material, while the interior 
region merely became more coarsely spheroidised. 
_ The Annealed Ingot—In manufacturing practice the 
ingot may be annealed before heating for forging, or it 
may be taken directly from the casting operation, while 
still hot, to be forged. In the case of annealing, the 
cooled ingot is heated up over a period of six to eight 
hours to a temperature in the neighbourhood of 
1,600 deg. F. (850 deg. C.), held at this temperature a 
short time and then cooled slowly, consuming perhaps 
six to eight hours in cooling to 800 deg. F. (425 deg. 
C.). Before annealing, the ingot consisted of primary 
grains (composed of two structures) and eutectic 
regions. The two structures of the grains were 
austenite (near grain boundaries and near eutectic 
regions), and spheroidised pearlite or sorbite. The 
whole of the primary grains have changed to spheroidised 
pearlite and sorbite, and the eutectic patches have 
been very slightly dissolved. The carbide thus dissolved 
has been reprecipitated in the cooling time of the anneal, 
but the composition gradient from centre to last 
solidifying portion of the grains is still apparent. It 
should be noted that the ingot now consists of eutectic 
carbide regions of essentially the same size and formation 
as when cast, and grains of completely spheroidised 
pearlite or sorbite. These grains vary from point to 
point with the original concentration gradient, but 
there are actually many ferrite grains in which some 
elements are in true solid solution and within which 
tiny carbide particles are precipitated. There are two 
orders of carbide at this stage—the very fine globules 
and vastly larger lace-like structures of original eutectic. 
It is not unusual at this stage to find one of the eutectic 
areas of a section extending for a sixteenth of an inch, 
whereas the spheroidised carbide particles are usually 
not over 0:00004 inch in thickness, although they are 
sometimes longer in some dimensions, being at times 
cylindrical or slightly disc-like in contour. 

In general, extremely rapid solidification produces 
very many fine grains in any metal casting, and slower 
cooling develops large-cored grains. The small grains 
are most easily homogenised, because although they, 
too, are cored, the distances for atomic migration 
involved in diffusion are short. When, however, ex- 
tremely slow solidification takes place, a uniform 
composition is encouraged although the grains are large, 
because time is given for reaction between melt and 
solid. The portions of the crystallites freezing first are 
richer in iron and lower in carbide; given time, they 
will to a certain extent redissolve, being to that extent 
replaced in the crystal lattice by atoms in proportions 
more nearly representative of the melt. 

Having in mind this property of solidifying melt, the 
authors believed that high-speed steel solidified over a 
long period:of time would have a very nearly uniform 
composition throughout any single primary grain of 
austenite, and that in such material there would be a 
smaller amount of eutectic. Such a material was 
obtained which probably solidified at a rate of not more 
than 4 inch in forty-five minutes. The subsequent 
cooling of this material (after freezing) was somewhat 
more rapid than would ordinarily occur even in very 
small ingots, corresponding in rate with an air cooling 
of rolled bars. 

Photomicrographs by the authors show that while 
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the original austenite has extensively transformed to 
martensite in the interior part of every dendrite, 
martensitisation has stopped near the grain boundaries, 
and particularly near the patches of carbide. The 
inference is that the alloying elements were too con- 
centrated to permit the transformation. This unique 
material was further utilised in several tests recounted 
below. Its interest lies in the circumstance of its 
having the highest possible concentration of dissolved 
carbide elements and the minimum amount of carbide 
eutectic. The martensite structure, present here so 
strikingly, will be discussed later in its relation to the 
usually found structure of hardened high-speed steel. 

It is believed that it may be of interest at this point 
to deal with the gradual destruction of the intricate 
figures of the eutectic regions accompanying the cogging 
of the ingot. In general, the original grains of the 
ingot are deformed in much the same manner as is 
the whole ingot. The grains are also flattened; but 
the crumbling of the carbide eutectic is more significant, 
and shows clearly the origin of the ‘‘ carbide streaks ”’ 
in high-speed steel bars. If the large carbide particles 
in the high-speed ingot were solid integral masses the 
problem of producing a steel with uniform dissemina- 
tion of small carbide particles would be difficult indeed, 
probably requiring high temperatures for solution and 
extreme severity of reduction. But the carbide regions 
are frail open structures, and friable as well, hence they 
disintegrate with comparative ease. In subsequent 
forging, the carbide eutectic rapidly breaks up so that 
the distribution of carbide becomes merely a matter 
of mechanical work to effect a thorough “‘ kneading ” 
of the mass. 

It is perhaps well to point out that the whole of the 
good effect of prolonged working in rolls or under the 
hammer is traceable to the uniform distribution of small 
carbide particles throughout the material. In the 
utilisation of the steel, provision must have been made 
for the production of a homogeneous concentrated solid 
solution, in y-iron, of as much carbide as possible. This 
can only be done by the complete crushing up of the 
original carbide eutectic regions and the obliteration of 
the original coring effect. The work actually is accom- 
plished well in, for instance, small high-speed steel 
drill rod, so that the carbide particles derived from 
eutectic areas are nearly indistinguishable in size from 
the particles which have been divorced spheroidally 
from austenite solid solution. 

It is not to be inferred that solution and reprecipi- 
tation are not responsible for some removal of the 
carbide streaks of the billets resulting from the eutectic 
areas. This effect is the more pronounced the smaller 
the size rolled from the ingot, but in all but the smallest 
size of steel bars the carbide distribution is largely a 
matter of mechanical ‘‘ kneading.”’ 


As an example of the persistence of the coring effect 
of the primary grains a photomicrograph taken of 
a l-in. twist drill which was actually an excellent 
tool, showed a typical carbide streak which was in reality 
an elongated and crumbled eutectic region. The 
matrix of sorbitic material about this carbide area was 
however, not uniform in composition. Some of the 
material near the carbide streak was scarcely etched at 
all, while at more remote points the material etched 
black. The greater concentration of carbide elements 
in the adjacent area had probably acted both to reduce 
the attack of etching acid and also to prevent the pre- 
cipitation of carbide particles, which, being unresolved, 
photographed black. Ina photograph of a longitudinal 
section of a large high-speed steel tool bit,.the ‘‘ streaky” 
nature of the structure is clearly in evidence, and in 
the portions etching lighter (the richer regions) the 
carbide particles remaining from the eutectic are larger 
than those in the darker region, which were precipi- 
tated from solid solution. 

To summarise, then, high-speed steel requires 
generous. reduction from the ingot, because, in the large 
sizes at least, the improvement by homogenisation is 
so largely accomplished by mechanical kneading and 
very slightly by diffusion. The cores are “‘ churned ” 
out gradually and the eutectic regions fragmentised. 
In small sizes, solution during annealing followed by 
reprecipitation contributes to uniformity of structure 
and refinement of carbide particles. 

Martensite in High-Speed Steel—The high-speed 
steel which had solidified with extreme slowness and 
had then been cooled rapidly, is here called material A. 
It shows large austenite grains with well-defined charac- 
teristic martensite markings. In order to determine the 
stability of this austenite-martensite mixture, and to 
study the manner of its decomposition, a sample was 
heated for half an hour at each of a series of com- 
paratively low temperatures, corresponding with draw- 
ing temperatures for high-speed steels. he series of 
photomicrographs shows the significant manner in 
which this material responds with the low-temperature 
reheatings. The lower range of drawing temperatures, 
up to 900 deg. F. (about 500 deg. C.), has compara- 
tively little effect, the martensite practically not chang- 
ing at all. The hardness likewise remains about the 
same, as the original piece showed about 55 Rockwell 


C,* and the value after successive draws at 600 deg. and 
900 deg. F. (315 deg. and 482 deg. C.) was still at 
about the same figure. When, however, the drawing 
temperature has been raised to 1,100 deg. F. (593 deg. 
C.), it will be observed that the original martensite 
needles have begun to widen, though still but slightly. 
The effect becomes much more pronounced at 1,200 deg. 
F. (648 deg. C.). It will also be observed that in the 
undrawn material the martensite is in evidence in the 
grains in the central portions only, and that at the high 
draws the decomposition of the austenite proceeds not 
only laterally, by a widening of the martensite bands, 
but also in the direction of the original needles into the 
austenitic regions in the outer portions of the grains. 

It is evident that the mobility of the atoms was 
not great enough below 1,100 deg. F. (593 deg. C.) to 
permit any significant amount of the preserved aus- 
tenite to transform into a-iron. At 1,100 deg. F., how- 
ever, a decisive amount of this austenite does trans- 
form, and the change is accompanied by an increase in 
hardness to about 59 Rockwell C. A further draw at 
1,200 deg. (648 deg. C.) leads to still further decom- 
position of the austenite, accompanied by further 
increase in hardness to 64 Rockwell C. The first very 
marked change in microstructure is observable here. 
The decomposition has now progressed sufficiently to 
establish the fact that the austenite is transforming 
along regions which are contiguous with the original 
martensite needles, and that the transformation pro- 
gresses outward from them in all directions. The 
transforming process is a slow penetration from the 
original martensite needles into the austenite regions, 
the layers of austenite bounding the regions of a-iron 
giving way in slow progression as they too transform 
to a-iron. Heating further to 1,300 deg. (705 deg. C.) 
merely causes the decomposition to proceed further, 
and at 1,400 deg. F. (760 deg. C.) the breaking down is 
nearly complete. It is significant of the sluggishness 
of the reactions in high-speed steel, however, that 
even at a drawing temperature of 1,400 deg. (760 deg. 
C.) the austenite formed in material A was not wholly 
decomposed. The characteristic white patches in 
the microphotograph show the stable character of this 
austenitic material, which was still preserved after 
heating for half an hour at 1,400 deg. F. (760 deg. C.). 
It also gives a very clear and significant indication that 
high-speed steel probably never martensitises so com- 
pletely as, for example, a piece of 0-60 per cent. 
carbon steel. The number of martensite needles in 
high-speed steel is limited, and the intervening regions 
are austenitic. Obviously, this is an instance where 
the fallacy of assuming that a specimen showing mar- 
tensite needles is completely martensitic must be 
avoided. 

It is believed that the phenomena observed in this 
material A are perfectly characteristic of the reactions 
taking place in the drawing of a piece of quenched 
high-speed steel. The authors believe that this 
specimen, far from being extraordinary, merely pos- 
sesses to a more obvious and demonstrable degree the 
structures found always in high-speed steel. In newly 
quenched. high-speed steel the austenite grains have 
numerous martensite markings, which can be observed 
after suitable etching but which are not so clear as 
in the present instance because the austenite grains 
are not so homogeneous, and are often small and 
thoroughly strewn with carbide particles. This lack 
of homogeneity in ordinary quenched high-speed s eel 
is due to two factors: (1) the coring in the original 
dendrites has led to the presence of composition 
gradients which have not been wholly removed ; 
(2) the accidental placing of eutectic carbide particles 
at numerous scattered points due to the working of the 
steel and the resultant kneading and churning action 
has caused small regions of local concentration gradients 
(due to solution) when the steel was heated to the 
quenching temperature. In material A, the austenite 
grains formed with good diffusion in solidification, so 
that they are quite homogeneous, and the eutectic 
carbide is of course segregated in grain boundaries. In 
other words, the crystallisation in the austenite lattice 
in material A has been much more symmetrical and 
uniform throughout large regions, so that the recry- 
stallisation to a-iron (martensite needles) in the quench 
could take place without interruption along much 
longer paths and more completely. 

The hardness changes which accompany this gradual 
breaking down of the austenite are of interest in 
connection with the secondary hardness phenomena in 
high-speed steel. Material A, when reheated to low 
temperatures, preserved its original hardness of 
55 Rockwell C, unchanged up to a temperature of 


* The dial used in the Rockwell hardness-tester ‘«0” 
Scale records readings made by the impression of a 
120 deg. diamond cone at a pressure of 150 kilogrammes. 
70 C (the highest reading) corresponds with Brinell 
hardness No. 745, and 0 C with Brinell No. 140, but the 
intervening equivalents do not interpolate strictly. For 
further information as to the Rockwell tester, see paper 
by 8. P. Rockwell, Transactions of American Society for 
Steel Treating, 1922, vol. ii, pp. 1013-1033. 


900 deg. F. (482 deg. C.). At 1100 deg. (593 deg. ©.) 
there was sufficient recrystallisation into fine-grained 
a-iron to raise the hardness to 59, and at 1,200 deg. F. | 
(648 deg. C.) the proportions of austenite and trans-— 
formed material were such as to increase the hardness 
still further to 64 Rockwell C. Above this tempera- 
ture the further transformation of austenite was more 
than balanced by grain growth and carbide formation | 
in the regions transformed previously. 

This is shown by the fact that the specimen drawn | 
at 1,300 deg. F. (705 deg. C.) showed a drop in Rockwell | 
hardness to about 58, and the subsequent draw at 
1,400 deg. (760 deg. C.) lowered the hardness still 
further to about 49. It must be remembered that 
this softening does not indicate complete softening | 
throughout the piece—it is merely a preponderance 
of the effect of the portions that are softening over the. 
austenite which hardens (changes to a-iron) at these 
temperatures. 

These same changes in material A can be followed | 
by observing the changes in volume which occur on 
reheating. A test-piece 2-0 inches long was pre- | 
pared, and ground as nearly as possible with parallel 
ends, so as to make it possible to measure the length 
after various heat treatments. The length was 
measured on two instruments. One was equipped | 
with an Ames dial reading to 0-001-inch with a 1; 10 
multiplying device, so that the instrument could be | 
read directly to 0-0001 inch. The other was a 
Federal dial reading directly to 0-0001 inch. The. 
readings taken were in each case the average from the 
figures of two operators on each of the two instruments. 
It was observed that there was no significant change 
in the length (i.¢e., in the volume) until the steel had 
been reheated to 1,100 deg. F. (593 deg. C.). At this, 
temperature a very considerable expansion set in, 
to be followed by further expansion at 1,200 deg. 
(648 deg. C.). Beyond this temperature the steel 
begins to contract, but here again it must be borne | 
in mind that we observe merely a preponderance of 
effect. The contraction due to formation of carbides 
and to grain growth of the sub-microscopic grains of 
a-iron is more than sufficient to counterbalance the | 
expansion due to transformation of further austenite. 


(To be continued.) 


ELECTRICITY SUPPLY FOR ADEN. 


We understand from Mr. E. M. Duggan, 
A.M.Inst.C.E., the Chairman of the Aden Settlement, | 
that arrangements have now been made for the supply, 
of electricity in the Settlement and Cantonment of 
Aden and that the scheme is expected to be in opera-' 
tion by September of next year. A licence has been 
obtained by the Executive Committee of the Settle. 
ment, under the Indian Electricity Act, and the scheme) 
prepared by the committee’s consulting engineers and 
agents, Messrs. Barry, Wolfe Barry and Messent, 
2, Queen Anne’s-gate, Westminster, S.W.1, has been) 
adopted and will be financed by a loan from the 
Government of Bombay. 

The tender of Messrs. Crompton, Limited, of Chelms: 
ford, for the power house, which has been accepted by 
the committee, calls for the installation of three Vickers: 
Spearing boilers and three 250 kw. turbo-alternator:| 
to be delivered at Aden in eight months’ time, togethei 
with the necessary auxiliary machinery. Messrs 
W. H. Allen and Sons, Limited, Bedford, will construc! 
the turbines and Messrs. Crompton the alternators 
Three-phase current, generated at 6,600 volts and 5( 
cycles, will be transformed down and supplied to con. 
sumers on the three-phase, four-wire system at a pres 
sure of 230 volts per phase. The maximum charge!) 
allowed under the terms of the licence are 6 anmai| 
(about 64d.) a unit for lighting, heating and fan driving | 
and 4 annas (about 44d.) a unit for power purposes’ 
with a minimum charge of Rs. 3-8 annas (about 58. 
a month to each consumer connected. An enginee) 
will shortly be appointed to investigate the transmissio1 
and distribution system on the spot. ‘ 


| 
| 


| 


LONDON UNIVERSITY COLLEGE ENGINEERING SYLLA\| 
sBus.—This publication for the session 1924-25 has comi| 
to hand and contains particulars of the requirements fo 
the Engineering Degree and Certificate courses. Oppor 
tunities are to be provided for post-graduate study in | 
number of subjects and those interested may secur’ 
copies from the Secretary, University College, Gower 
street, London, -W.C.1. | 


THe Str Jown Cass Tecunican Insrrrute.—th 
session 1924-25 of this Institute will commence 0 
Thursday, September 18, when instruction will begin i 
pure and applied mathematics, physics, chemistry) 
fermentation industries, petroleum technology, meta) 
lurgy, arts and crafts, and languages and trade classe‘) 
Research facilities are provided as well as preparator, 
courses for the examinations of the University of Londor 
the City and Guilds of London Institute, and of th, 
Institutes of Physics, Chemistry and Brewing. A com 
prehensive series of courses in higher technologicé 
instruction are also to be offered this year. 
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THE ANALYSIS OF CRYSTAL STRUCTURE 
BY X-RAYS.* 


By Proressor Sir W. H. Braaa, K.B.E., D.Sc., F.R.S. 


In this address I propose to consider the new methods 
of analysing the structure of materials by means of 
X-rays, considering especially the stages by which they 
move towards their objective. It is convenient to 
recognise three such stages, of which the first comprises 
the simplest and most direct measurements and the 
Jast the most indirect and complex. 

The fundamental measurement of the method is the 
angle at which rays of a given wave-length are reflected 
by a set of planes within the crystal. ‘The planes of a 
“set are all exactly like one another: an imaginary 
observer within the crystal could not tell by any 
change in his surroundings that he had been moved 
from one plane to another. Sometimes there is no 
reflection of the first order from a set so defined, because 
the planes may be interleaved by other planes so spaced 
and of such strength as to annul the true reflection ; but 
this can always be allowed for. When the wave- 
length of the X-rays is known, the angular measurement 
can he used to find the spacing of the set of planes, and 
in this way a linear dimension of the crystal is measured. 
The spacing is the distance between any plane and its 
nearest like neighbour on either side. If the spacings 
of three different sets of planes are found, the volume 
of the unit cell is found. The crystal unit cell is 
bounded by six faces, each set of planes furnishing a 
pair. The pair consists of two neighbouring planes 
of the set. 

The cell may have a great variety of forms, but 
has always the same volume. The specific gravity 
of the substance being known, it is possible to find the 
number of atoms of various kinds which the cell con- 
tains : the proportion of the various kinds is necessarily 
the same as in the molecule of the substance. The cell 
is in practice found always to contain a small integral 
number ‘of molecules, one, two, three, or four, rarely 
more. The assemblage of molecules is fully repre- 
sentative of the crystal; by the mere repetition of the 
cell, without the addition of any new features, the 
erystal with all its properties is produced. There are, 
therefore, three types of assemblage. The simplest is 
that of the single atom, as in helium in the gaseous 
state, in which the behaviour of every atom is on the 
whole the same as the behaviour of any other. The 
next is that of the molecule, the smallest portion of a 
liquid or gas which has all the properties of the whole : 
and lastly, the crystal unit, the smallest portion of a 
erystal (really the simplest form of a solid substance) 
which has all the properties of the crystal. There are 
atoms of silicon and of oxygen: there is a molecule of 
silicon dioxide, and a crystal unit of quartz containing 
three molecules of silicon dioxide. The separate atoms 
of silicon and oxygen are not silicon dioxide, of course : 
in the same way the molecule of silicon dioxide is not 
quartz; the crystal unit consisting of three molecules 
arranged in a particular way is quartz. 

The final aim of the X-ray analysis of crystals is to 
determine the arrangement of the atoms and the 
molecules in the crystal unit, and to account for the 
properties of the crystal in terms of that arrangement. 

The first step is the determination of the dimensions 
of the erystal unit cell: any one of the possible ways 
in which the cell can be drawn will do. When this has 
been completed it is a simple calculation in geometry to 
find the distance between any atom and any other 
atom in the crystal of like kind and condition, or, in 
other words, the distance an observer would have to 
travel from any point within the crystal to any other 
point from which the outlook would be exactly the same 
and would be similarly oriented. This is the only 
measurement which the X-rays make directly: any 
other measurement of distance is made indirectly, by 
aid of some additional physical or chemical reasoning. 
Tt is not possible by direct X-ray measurement to 
determine the distance between any two points—atom 
centres, for example—within the same cell. 

Let us take an example. The crystal unit of 
naphthalene has the dimensions defined in the usual 
way by the statement :— 

a=834A b=605i c=869A 
B = 1:22° 49" a = y = 90° 
Tt contains two molecules: an integral number, as 
always. These facts are given directly by the X-ray 
measurements. But there is no direct determination of 
the distance between any carbon atom and any other 
carbon atom contained within the same cell: the 
measurements given are those of the distances between 
any atom and the nearest neighbours, in three principal 
directions, which are exactly like itself, these distances 
being the lengths of the edge of the cell. There is not 
even a measurement of the distance between the two 
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molecules in the same cell, because they are not simi- 
larly oriented. In fact, there is no clear meaning in 
the term “ distance ”’ in this case, just as we cannot 
state the distance between an object and its image in a 
mirror, unless the object is a point of no dimensions. 
If the molecule of naphthalene has a centre of sym- 
metry, as is indeed indicated during the development of 
the results of the X-ray analysis, it is possible to state 
the distance between the centres of symmetry of the 
two molecules in the same cell, but this does not define 
the distance between any atom in one of the two mole- 
cules and any atom in the other. All such distances, if 
they are to be defined and measured, can only be found 
by the aid of fresh considerations. 

Or again, let us take the case of rock-salt. The 
erystal unit cell of rock-salt contains one molecule : 
one form of the cell has for its eight corners the six 
middle points of the faces of a certain cube (edge = 
5-62 A.U.) and two of the opposite ends of any diagonal 
of the cube. The so-called face-centred cube is four 
times as large as the cell, and contains four molecules. 
The dimensions of the cell are determined directly by 
the X-rays, which measure the distance between each 
of the three pairs of parallel faces that contain it. The 
cell may be placed so that each corner of it is associated 
in the same way with a molecule of sodium, let us say : 
and, of course, the knowledge of the dimensions of the 
cellis equivalent to a knowledge of the distance between 
any two sodium atoms in the crystal, which atoms are 
all alike in every respect. But we have no direct 
measurement by the X-ray methods of the distance 
between a sodium and a chlorine atom. We infer 
that the chlorine atom lies at the centre of the sodium 
cell, or vice versa, from considerations of symmetry. 
Crystallographic observations of the exterior form of 
the cell assign to the crystal the fullest symmetry that 
acrystal can possess. If the cell that has been described 
is to contain the elements of such full symmetry, the 
chlorine atom must lie at the centre of it. Moreover, 
both the sodium and the chlorine atoms must them- 
selves contain every symmetry of the highest class ; 
the full tale of planes of symmetry, axes of rotation, and 
so on. They both have centres, and we can state the 
distance between a chlorine atom and a sodium atom 
because we can state it as between centre and centre, 
and put it equal to half the distance between two 
sodium atoms on either side of the chlorine. The 
structure of sodium chloride is then determined 
completely. 

Let us take one more instance—the diamond. The 
crystal unit cell contains two atoms of carbon; as in 
the case of rock salt, it may be so chosen that, of its 
eight corners, six are the middle point of the faces of 
a certain cube and two are the ends of any diagonal 
of the cube. The sides of this cell are determined 
by the X-rays, and are all equal to 2:52 A.U. This is 
the distance between any carbon atom and the nearest 
carbon atom which is exactly like itself. The distance 
between the two carbon atoms in the same cell is not 
measured directly, hut can he inferred after it has 
been defined. This we are able to do because the 
carbon atom is tetrahedral; a tetrahedron has a 
centre, and we can state the distance between the 
centres of two tetrahedra, no matter how the tetra- 
hedra are oriented. We know that the carbon atom, 
as built into the crystal, is tetrahedral, because the 
X-ray observations show that four trigonal axes 
meet in it. The two atoms in the cell are oriented 
differently ; one may be said to be the image of the 
other, if translation shifts are ignored, in each of the 
faces of the cube. Considerations of symmetry or 
X-ray observations show that the centre of an atom 
of the one orientation lies at the centre of a tetra- 
hedron formed by four atoms of the other orientation. 
The edge of this tetrahedron is the edge of the unit 
cell, and its length is 2:52 A.U. It may then be 
calculated that the distance between the one atom 
and the others, its nearest neighbours, is 1-54 A.U. 
We may call this distance the diameter of the carbon 
atom, but we must remember our original definition 
of the meaning of the term. Thus the 2-52 A.U. is 
the result of a direct unaided X-ray measurement, 
but the 1-54 A.U. is not, and has no meaning except 
after special definition. 

Only such distances between atoms as can be 
calculated from the dimensions of the unit cell can 
be measured directly and without qualification. The 
determination of these distances may be looked on as 
the result of the first stage of the analysis by X-rays. 

We now come to a second stage. It is possible to 
make other statements of the relative positions of 
atoms and molecules which, though less complete and 
informative than those of distances and_ their 
orientations, are necessary to the solution of the 
crystal structure problem. These also are deduced by 
means of the X-ray methods. 

It often occurs that the atoms or molecules in one 
cell can be divided into two portions which are the 
reflections of one another across some plane, or can 
be brought to be the reflection of each other by a shift 


parallel to the plane. In that case the orientation 
of the plane and the amount of the shift can be stated 
definitely, the former by inspection of the crystal or 
by X-ray observations, the latter by X-ray observations 
alone. So also it may happen that the atoms or 
molecules in the same cell may be divided into portions 
which can be made to coincide with each other by 
a rotation round some axis with or without a shift 
parallel to that axis. The direction of the axis can 
be found by inspection of the crystal or by X-ray 
observations ; the amount of the shift can be found 
by X-ray observations alone. 

In these cases the distances that are found by the 
X-ray method are all that can be stated without special 
definition. It is not possible to state the distance 
between an object and its image in a mirror, if the 
object has any extension in space ; but it is possible 
to state the magnitude of a shift. 

Measurements of this sort constitute a characteristic 
feature of the X-ray analysis, for which reason I would 
like to discuss them briefly. 

We know that it is possible to separate crystals into 
32 classes, according to the kind of external symmetry 
which they display. As we have hitherto been unable 
to look into the interior of the crystal, we have been 
obliged to be content with this imperfect classification 
by outer appearance. It has been shown, however, 
that there is a classification by inner arrangement 
which is perfect and includes the other. lt is beyond 
the limits of ordinary vision: out of the range of the 
lens and the goniometer. The interior arrangement 
of the crystal, of which the outer form is one conse- 
quence, is so varied as to furnish 230 diflerent modes. 
With very few exceptions the X-rays now allow us 
to carry the classification to this higher degree. If 
the modes are grouped according to the external 
features of the crystals that follow them, we come 
to the well-known 32 classes, there being several modes 
in every class. I may be permitted to illustrate 
this important point by examples, although it is 
familiar to those who have studied crystallography. 
Let us consider first a two-dimensional example, 
which is much easier to describe than the three- 
dimensional actuality, and contains all the essential 
ideas. 

Consider an arrangmeent of figures in a plane which 
displays symmetry across two planes at right angles to 
one another. Such arrangements may be exhibited dia- 
grammatically, asin Fig. 1, page 350. The unit cell may 
be drawn in various ways, EF KJ, EF LK, RSUT, 
and so on. The cell contains, however it is drawn, 
either a whole diamond or enough parts to make up a 
whole diamond. Each diamond can be divided into 
four parts: B and D are the reflections of A and C 
across a plane; C and D are the reflection of A and B 
across a plane at right angles to the first plane. Unless 
the diamond, the content of one cell, could be divided 
in this way there could not be the double symmetry. 
But, granted this division into four portions, it is not 
necessary that the four should be arranged as in the 
figure in order that the double symmetry may be 
obtained. There are two alternatives (Figs. 2 and 3). 

In Fig. 2 the lower half of each diamond—that is to 
say, the portions C and D—are shifted, whether to 
right or to left is immaterial, by an amount equal to 
one-half of one side of the cell EF KJ. The sym- 
metry about a vertical line in the plane of the paper 
is obviously retained. It is not so obvious that there 
is still any symmetry about the horizontal line until 
we realise that we mean only “‘ observable symmetry ” ; 
that which is to be seen in the outer form of the inde- 
finitely extended figure, corresponding to the crystal. 
Clearly, the whole figure will present the same appear- 
ance from below as from above. In fact, we can see 
that as a whole the lower part of the figure is symme- 
trical with the upper part by imagining the upper and 
the lower to be further shifted relatively as in Fig. 24, 
the two parts sliding on one another along the line 
SS. The two parts are then the image of each other 
across S § in the full sense of the word. 

From Fig. 1 we may also realise that the amount 
of the original shift must be equal to one-half of KF ; 
no other shift will give the symmetry which Fig. 24 
shows. In Figs. 4 and 44 a different shift has been 
given, and the failure is clear. 

In Fig. 4 not only are C and D shifted parallel to the 
horizontal line, but also B and D are shifted parallel 
to the vertical; this time the amount of shift is one- 
half of the side E J. 

The three modes of Figs. 1, 2 and 3 all lead to the 
same external symmetry. There is one more which is 
based, as we should say, on a different lattice and is 
symmetrical, like the others, about two lines at right 
angles to each cther. It is shown in Fig. 5. There 
are no variations of Fig. 5, as of Fig. 1, to be obtained 
by the introduction of shifts. If in Fig. 5 we shift 
C and D relatively to A.and B, as we did in Fig. 24, 
we find that they can now be described as the direct 
reflection of A’ B’ into C D and of A’C into B’D, and 
the mode of Fig. 5a is the same as that of Fig. 5. 
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There are therefore four modes in one class: four 
varieties of internal arrangement which all lead to 
the same external appearance of symmetry. 

Our example is two-dimensional and the crystal has 
three dimensions. But there are no new ideas to be 
added: it is only the numbers of symmetries, modes, 
and classes that are increased. If, for example, we con- 


(8655.A) 


Fig 4. 


Fuga. 


(6655.8) 


tinue the study of the modes of arrangement that lead 
to an external symmetry of reflection across two planes 
at right angles to each other, we find that there are four 
lattices instead of two, and 22 modes instead of four. 
The class containing crystals that possesses this par- 
ticular form of symmetry is generally called the 
“hemimorphic class in the orthorhombic system.” 
Its symbol is C,,: the symbols of the four lattices are 
Ty Ty Ty)” Ty)’. In every case the content of the 
unit cell is divisible into four parts, corresponding to 
the ABCD of Figs. ] and 5. The ten modes in the 
I, lattice are shown in Fig. 6, which will serve to show 
the numerical increase due to the introduction of the 
third dimension. Under each separate figure is given, 
beside the crystallographic symbol, another symbol 
which describes the shifts : D* means a direct reflection 
across a plane parallel to yz; Ej a reflection across a 
plane parallel to yz, together with a shift parallel to 
the axis of y equal to half the y edge of the cell, and 
M? a reflection across a plane parallel to yz, together 
with a shift parallel to the diagonal of the yz face and 
equal to half that diagonal. 

Let us now see how the X-ray analysis distinguishes 
the mode. Let us imagine that Fig. 1 represented a 
number of pits in a plane reflecting surface. The 
surface could be used as a grating having many spacings 
instead of one. If, for example, we so placed it that 
the horizontal lines of the figure were parallel to the 
slit of the spectroscope the spacing would be equal to 
EJ: if the vertical, the spacing would he equal to 
EF. Again, if the grating were so placed that EK, 
for example, were vertical, the spacing would be the 
perpendicular distance between E K and FL. If the 
surface is pitted as in Fig. 2, the spacing when the hori- 
zontal line is parallel to the slit is the same as before ; 
but when the vertical is parallel to the slit the effective 
spacing is only half what it was in Fig. 1. This follows 
from the fact that if we divided the surface into a 
number of vertical narrow strips the diffracting effect 
of each such strip, for this position, depends on the 
total amount of reflecting surface contained in the 
strip, but not on its distribution along the slip. It 
does not matter that C and D are upside down as com- 
pared to A and B. The strata consisting of C and D 
portions have interleaved the strata of A and B por- 
tions. This halving of a spacing of Fig. 2, as com- 
pared with Fig. 1, occurs only when the grating is 
placed so that the slit is parallel to the vertical line 


of Fig. 2, and not when any other line is vertical, 
except by some odd chance connected with the shape 
of the pits. In this way it is possible to distinguish 
between Fig. 1 and Fig. 2. The mode shown in Fig. 3 
is distinguished by the halvings of both the horizontal 
and vertical spacings, and of no others. In the case of 
Fig. 5, as compared with Fig. 1, the spacing is halved 
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when the slit is parallel to the horizontal or the vertical 
line of the figure, and also whenever the grating is so 
placed that the parallel to the slit passing through one 
of the corners of a cell does not pass through the centre 
of that of any other cell, as, for example, if H O, but 
not EK, is parallel to the slit. It is therefore easy to 
distinguish each of the four modes. 

Similar methods are applicable to the three-dimen- 
sional crystal. If, for example, we consider the case of 
C3, or D*E” we can show that, whereas in general 
the spacings of planes are such as are proper to a cell 
of the dimensions and form drawn in the figure, all 
planes of the form Ix/u-+-mz/e = an integer, show 
halved spacings, unless J is odd and m is even: which is 
sufficient identification of the mode of arrangement. 
The symbols a and ¢ denote edges of the cell. 

If we follow this line of reasoning through all the 
thirty-two classes, we end, of course, with the dis- 
covery of the 230 modes which are known to exist : 
and with the identification marks of each, with certain 
qualifications. These last are of two kinds. One of 
them is general in nature and is a consequence of the 
fact that the X-rays can measure only the distance 
between two like points in neighbouring cells, say A and 
B. But they do not indicate any difference that may 
exist between AB and BA. [If such a difference exists 
it may be expected to show in the external characteris- 
tics of the cell, giving it polarity. A good example is 
to be found in zine blende. Layers of zine and of sul- 
phur atoms alternate with one another as in Ike 7 
all of them being perpendicular to a trigonal axis of the 
crystal. The distance between a zinc atom in the layer 
A to a zinc atom in the layer B is found without question 
by the X-ray method. Now we know from observa- 
tion of the crystal that there is a difference between 
AB and BA: the crystal is polar. A erystal plate cut 
so that its faces are perpendicular to the axis shows 
different properties on its two sides: if heated, one 
face becomes positively and one negatively electrified. 
Whichever face we use in the X-ray spectrometer we 
obtain the same value for the spacing, and we find our- 
selves unable to detect any difference between the two 
aspects by means of the spectrometer. observations. 

We may see this point in another way. Suppose 
that Fig. 8 represents a section of a crystal consisting of 


two kinds of atoms, indicated respectively by full and 
empty circles. ‘The arrangement clearly has no sym- 
metry about a vertical line in the plane of the paper. 
But if X-rays were incident from above, as shown, 
there would be equal reflections from the planes 11’ 
and 22’. If the incident rays were heterogeneous and 
a photographic plate were placed to receive the Laue 
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reflections in the usual way, there would be a symmetry 
distribution of spots on either side of A, although there 
is no symmetry in the crystal to correspond, 


(Lo be concluded.) 


ENGINEERS AND PROBLEMS OF PUBLIC INTEREST.— 
A change has taken place in the attitude of American 
engineers towards problems of public interest, says 
Engineering News Record, New York. Up to a few 
years ago, the individual engineer had no means of 
getting together with others in joint action to influence 
community of thought and action, and accordingly he 
made little or no attempt to exert such influence. The 
technical societies have always stood aloof from public 
affairs, and properly so, except where a well-defined 
technical problem was at issue. Organisations outside 
the technical field did not exist. Now, with two such 
organisations, viz., the American Engineering Council and 
the American Association..of Engineers in existence, 
engineers realise their opportunity and responsibility. 
The study given to two important questions by the, 
latter organisation during the past year exemplifies this ; 
the relation of taxation difficulties to public works and 
the problems of land reclamation and settlement, were 
studied to good effect. The study of reclamation, in 
particular, was guided by insight and skill, and is sure 
to prove helpful in the ultimate adjustment of the 
subject. But reports of committees, be they ever so 
good, are likely to be of small effect unless made known 
to the community and urged upon legislators and officials. 
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THE CHANGES OF VOLUME OF STEELS 
DURING HEAT TREATMENT.* 


By} Lustre Arronison, D.Met., B.Sc., F.1.C. (Birming- 
-~ham), and Grorgre Reermatp Woopvine (Shrews- 
‘% bury). “ @bt (78 RS Bie 

In September, 1922,+ the authors presented a number 
of test results dealing with the dilatation and con- 
traction of air-hardening nickel-chromium | steels 
during various and peculiar heat treatments. The 
present record deals with the extension of the series 
of tests previously recorded, which was primarily 
intended to investigate more particularly two points 
that had emerged during the initial series of experi- 
ments. The first of the matters that appeared to 
require careful consideration was whether the lateral 
expansion and contraction of the metal is equal to the 
longitudinal—i.e., whether the steel expands and 
contracts as a truly isotropic material, or whether, 
as has been suggested, its behaviour in the two direc- 
tions is different. The second point to call for further 
investigation follows from the fact that the results pre- 
viously recorded were obtained upon specimens that 
had cooled in the dilatometer from the hardening 
temperature, and had therefore cooled at a fairly slow 
rate. In consequence, the specimens were in general 
not fully hardened, and therefore not really in a 
condition that could be accurately described as “ air- 
hardened.”” It seemed important, therefore, to 
examine whether this method of cooling produced any 
difference in the subsequent dilatometric behaviour 
of the steel as compared with the same steel fully 
hardened. _ 

The first of these points has been investigated by 
examining two forms of material from the same cast. 
The previous experiments had all been carried out on 
round bars. From the same cast of steel flat bars of a 
section 2} in. by ¢ in. were rolled. From these flat 
bars test-pieces of the same dimensions as used pre- 
viously were cut in two directions—7.e., parallel to and 
perpendicular to the length of the bar. These pairs 


- 


of specimens were treated and tested in similar ways, 
whilst a longitudinal specimen from the round bar 
previously used was also subjected to the same treat- 
ment. 

The dilatometric behaviour of the fully hardened 
steel has been examined in two ways. In the first set 
of tests the specimens were heated in a separate furnace 
to the specified temperature, and then removed and 
hardened in the still air. They were then trued up 
very lightly and carefully, and examined during 
various treatments in the dilatometer. In the second 
method the specimens were hardened whilst in the 
dilatometer by cooling at a much more rapid rate than 
that formerly employed. This increased speed of 
cooling was brought about by passing a stream of 
compressed air through the tube of the dilatometer 
until the temperature of the specimen had fallen to 
that of the atmosphere. In order to avoid the oxida- 
tion of the specimens by the compressed air, they 
were copper-plated before being put into the instru- 
ment. The layer of copper on the sides of the speci- 
mens combined with the protective effect of the silica 
discs at the two ends of the specimens prevented any 
oxidation of the surfaces and consequently made the 
dilatometer records quite reliable. Specimens prepared 
in these two ways were therefore suitable for sub- 
mission to the repeated tempering experiments that 
had been executed on the steels cooled slowly in the 
dilatometer, which formed the subject-matter of the 
former report. 

All the experiments were carried out in the dilato- 
meter previously described. The steel used had the 
analysis already reported, a considerable proportion | 
of the experiments being made on specimens cut from 
the bars previously employed, whilst the flat bars 
were rolled from the same cast of steel. Unless it is 
otherwise recorded, the rates of heating and cooling 
in the present series of experiments were the same as 
those previously reported. In all respects, in fact, 
the second and first series of tests were made under 
similar conditions, except where a difference is specifi- 
cally notified. 


jemployed for the first set of experiments. 


The actual experiments carried out to ascertain 


* Paper read before the Iron and Steel Institute, 
London, on Thursday, September 4, 1924. 
}+ See ENGINEERING, vol. cxiv, page 568. 


whether the longitudinal and lateral expansions of the 
steel were similar are described below. No such 
extensive tests as had been made originally appeared 
to be required in order to examine this point, and the 
tempering treatments were therefore only carried out 
at two temperatures—200 deg. C. and 600 deg. C. 
The specimens employed and the treatments given 
comprised the following :— 


A.¥.L.—Longitudinal specimen from the flat bar, heated in a 
separate furnace to 830 deg. C., hardened in air, then tempered 
in the dilatometer repeatedly at 200 deg. C. till no further change 
of length occurred, Five successive heats were required (see 
Fig. 1). 

A.F.T.—Lateral specimen from the flat bar treated in the same 
way as A.F'.L. Five successive temperings were required to 
produce a constant length (see Fig. 1). 

A.R.L.—Longitudinal specimen from the round bar treated in 
the same manner as A.F.L. Three successive temperings were 
required to produce a constant length (see Fig. 3). 


B.F.L.—Longitudinal specimen from the flat bar hardened like | 


A.F.L. but tempered in the dilatometer repeatedly at 600 deg. C. 
till no further change of length occurred. Four successive 
heatings were required (see Fig. 2). 

B.F.T.—Lateral specimen from the flat bar treated in the same 
way as B.F.L. Four successive temperings were required to 
produce a constant length (see Fig. 2). 
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B.R.L.—Longitudinal specimen from the round bar treated in 
the same manner as B.F.L. Four successive temperings were 
required to produce a constant length (see Fig. 3). 


A comparison of the behaviour of the three specimens 
tempered at 200 deg. C., or the set tempered at 600 deg. 
C., as shown in Figs, 1, 2, and 3, reveals the fact that 
there is no noticeable difference in the behaviour of 
the longitudinal and transverse specimens. The con- 
traction of the different kinds of specimens is 
quite similar, and it would be difficult, if not impossible, 
to pick out any noticeable variation in the habits of 
either type of test-piece. From these experiments 
(which have been confirmed by numerous others made 
during the course of the work) it may be concluded 
with safety that the rolled steel behaves isotropically, 
and that there is no appreciable directional effect in 
its expansion and contraction. From this result it 
follows that the experiments described both here and 
previously may be taken accurately to represent 
changes of volume, although the changes actually 
observed are only those of length. 

An extensive series of experiments has been carried 
out to provide the material for a comparison of the | 
behaviour during tempering of the specimens cooled 
slowly in the dilatometer and those hardened in the air 
outside the instrument, and therefore cooled at the 
normal “‘ air-hardening ”’ rate. The specimens chosen 
for these tests were all taken from the round bar 
In every 
experiment the specimens were machined to size plus 
a grinding allowance and then were hardened in the 
air. They were afterwards carefully ground on the 
ends and cleaned on the sides before being put into 
the dilatometer for testing. The hardening of all 
the specimens was carried out similarly amd simul- 
taneously, and the temperature employed was 830 deg. 
C. A complete series of temperings was made at each 
of the following temperatures—100 deg., 200 deg., 
300 deg., 400 deg., 500 deg., 600 deg., 700 deg., and 
750 deg. C. The method of testing was the same 
as for the first series of treatments, the specimens being 
tempered by successive heating and cooling to the 
selected temperature until there was no further change 
in length. The specimens were not maintained at the 
tempering heat at all, but as soon as they had attained 


the specified temperature were allowed to cool again 
to the atmospheric temperature and then reheated if | 


necessary. The results of the treatment given at the 
different temperatures are as follows :— 


C.L.10.—Tempered at 100 deg. C., achieved constant length 
after four reheatings, the final length showing a contraction of 
3 scale divisions from the hardened state. 

C.L.20.—Tempered at 200 deg. C., the length became constant 
after three reheatings, the final length showing a contraction of 
10 scale divisions from the hardened state. 

C.L.30.—Tempered at 300 deg. C., the length became constant 
after four reheatings, showing a final contraction of 14 scale 
divisions, 

C,L.40.—Tempered at 400 deg. C., the length became constant 
after three reheatings, the final length showing a contraction of 
10 scale divisions. 

C.L.50.—Tempered at 500 deg. C., the length became constant 
after three reheatings, the final length showing a contraction of 
20 scale divisions. 


C.L.60.—Tempered at 600 deg. C., the length became constant ~ 


after four reheatings, the final length showing a contraction of 
10 scale divisions. 

C.L.70.—Tempered at 700 deg. C., the length became constant 
after three reheatings, the final length showing a contraction of 
5 scale divisions. 

C.L.75.—Tempered at 750 deg. C., the length became constant 
after three reheatings, the final length showing a contraction of 
2 scale divisions. 
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The first heating and cooling curves of the above 
specimens to their respective temperatures are shown 
in Fig. 4, and these can be compared with the curves 
in Fig. 3 of the previous paper.* In Fig. 5 is shown 
the volume at atmospheric temperature of the various 
specimens after once tempering at the different tem- 
peratures plotted against the tempering temperature. 
This curve can be compared with the corresponding 
curve shown in Fig. 4 of the previous paper. 

One specimen, G.L.1, was treated by hardening in 
the dilatometer, being cooled from 830 deg. C. in 15 
mins. This specimen was then tempered at 600 deg. C, 
until it attained to a constant length. This occurred 
after three heatings and coolings, and the net change of 
length was a contraction of 13 scale divisions. This is 
quite in accordance with the changes produced in the 
corresponding specimens hardened in air outside the 
dilatometer and then tempered in the instrument. 

It is interesting to compare the net changes of 
volume brought about by the tempering of the speci- 
mens cooled in air herein reported and’those cooled 
slowly in the dilatometer as reported in 1922, The 
values are shown in Table I. 


TaBLe I.—Length Changes. 


Net Change of Length, Scale Divisions. 
Tempering 
Temperature. 
Deg. C. Air Cooled, Dilatometer Cooled, 
100 -— 3 — 5 
200 —10 <6 
300 —14 —15 
400 —10 —15 
500 —20 —16 
600 —10 —15 
700 — 5 — 
750 — 2 _ 


It is evident from the figures given in Table I that 
but little difference is produced in the final behaviour of 
the specimens by the two treatments employed previous 
to the repeated temperings. The main difference is 
found in the route by which the specimen arrives at this 
final volume. In the specimens slowly cooled and tem- 
pered at the lower temperatures there is an expansion 


* See ENGINEERING, vol. cxiv, page 568. 
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in the early stages of tempering which is not evident 
in the behaviour of the fully air-hardened specimens. 

The third subject that was examined was the effect 
of cooling the steel from different temperatures. The 
experiments were varied in a good many respects in 
order to determine the effect of the various factors. 
The variants were the maximum temperature employed, 
the period of soaking at this temperature, and the 
rate of cooling therefrom. The temperatures varied 
between 830 deg. and 950 deg. C., the period of soaking 
between nothing and two hours, and the time of cooling 
from the maximum temperature between fifteen 
minutes and six hours. It is recognised that in the 
rapid cooling there is probably some small hysteresis 
between the volume records and the temperature 
readings. This is not likely to affect anything on the 
curves except the apparent temperatures at which the 
critical volume changes occur, and certainly not to 
affect the magnitude of the volume changes in any 
way. 

The first series of curves was obtained by cooling 
specimens at the ordinary cooling speed of the dilato- 
meter from the various temperatures chosen without 
any soaking at the high temperatures. All the speci- 
mens were hardened in the air from 830 deg. C. before 
being introduced into the dilatometer. The tempera- 
tures at which the specimens were treated were respec- 
tively 830 deg., 850 deg., 900 deg., and 950 deg. C. 
The curves obtained in these treatments are shown in 


temperatures as when they are cooled at once. This 
applies to both the specimens heated to 900 deg. C. 
and those heated to 950 deg. C.; whereas those cooled 
at once occupy a volume after reheating that is greater 
than the specimens hardened in the air from 830 deg. C. ; 
those soaked show a smaller volume. This applies to 
those that have cooled quickly and those that have 
cooled slowly. The effect is slightly more marked at 
950 deg. than at 900 C., the latter temperature approxi- 
mating rather more in its effect to that of 850 deg. C. 

On these specimens treated for different periods 
at various temperatures and cooled at different speeds, 
tempering tests have also been made. The experiments 
have all been carried out at 600 deg. C., the specimens 
being reheated successively until the length became 
constant. The results of the tests on the specimens 
heated to 850 deg. C. are shown in Table II. 


Taste IIl.—Tempering Tests. 


Soaking Cooling Change of 
Time. Time. Number of Length. 
Minutes. Minutes. Reheatings, Scale 
Divisions. 
nil 360 3 —12 
60 360 1 nil 
nil 15 3 
60 15 3 — 5 
120 15 1 nil 


to any subsequent change of length on tempering. 
If the cooling is very rapid there may be a change of 
volume,on tempering, but if the soaking has been long 
enough the effect of the rapid cooling is counteracted. 
Both soaking and slow cooling reduce the subsequent 
volume change on tempering, and the soaking appears 
to be able to neutralise in a measure the rapid cooling. 
The absence of soaking is not, however, compensated 
for entirely by slow cooling. 

The corresponding effects of tempering those speci- 
mens that were variously treated at 900 deg. C. and 
950 deg. C. are given in Tables III and IV respectively. 

It would appear from these tests that heating to 
temperatures above 850 deg. C. has an effect similar to 
that of increasing the period of soaking at the lower 
temperature. This result might reasonably be ex- 
pected, 

The principal conclusions that can be drawn from 
these experiments (apart from the previously mentioned 
conclusion that the longitudinal and lateral expansions 
are the same) appear to be connected with the formation 
and stability of austenite and the considerable sluggish- 
ness of the formation of sorbite. The fact that the 
exposure of the steel to higher temperatures, and 
particularly the fact that prolonged exposure produces 
a state of the metal which expands less on cooling either 
quickly or slowly, is probably associated with the 
production of a thoroughly stable austenite—or maybe 
that only such a treatment produces austenite com- 
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Fig. 6. The curves show that the effect of simply 
heating to and cooling from different temperatures is 
not greatly affected by the temperature actually chosen. 
The temperatures at which the critical changes occur 
are the same whatever the maximum temperature to 
which the steel was heated. There is a slight increase 
in expansion in the specimens heated to the higher 
temperatures, but this again is not very marked. 

The next series to be considered is that of specimens 
treated at 850 deg. C., but cooled at different speeds 
and previously soaked for different periods. The 
series comprises the following specimens, all of them 
having been hardened in the air from 830 deg. C., before 
insertion to the dilatometer : 

D.L.1.—Heated to 850 deg. C. in the dilatometer, not soaked, 
and cooled slowly. 

D.L,2.—Heated to 850 deg. C, in the dilatometer, soaked for 
one hour, and cooled slowly. 

D.L.3.—Heated to 850 deg. C. in the dilatometer, not soaked, 
and cooled in 15 minutes. 

D.L.4.—Heated to 850 deg. C. in the dilatometer, soaked for 
1 hour, and then cooled for 15 minutes. 

D.L.5.—Heated to 850 deg. C. in the dilatometer, soaked for 
2 hours, and cooled in 15 minutes. 

D.L.6.—Heated to 850 deg. C, in the dilatometer, not soaked, 
and cooled in 30 minutes. 


The curves illustrating the heating and cooling of all | 


these series of specimens are shown collectively in 
Fig. 7. The curves indicate that differences in the 
period of soaking have a distinct effect upon the sub- 
sequent expansion of the material. When the steels are 
not soaked, and particularly when they are cooled 
slowly after no soaking, there is an expansion at the 
critical temperature to a volume even larger than that 
of the air-hardened material. When the material is 
soaked there is no such expansion, and the volume of 
the steel on cooling after such soaking is generally less 
than that of the specimen cooled in the air. The 
effect is rather striking. 

The experiments corresponding with those shown in 
Fig. 7, but_made by heating to other temperatures, 
comprised the following : 

E.L.1.—Heated to 900 deg. C. in the dilatometer, not soaked, 
and cooled slowly. 

E.L.2.—Heated to 900 deg. C. in the dilatometer, soaked for 
1 hour, and cooled slowly. 

E.L.3.—Heated to 900 deg. C. in the dilatometer, soaked for 
1 hour, and cooled in 15 minutes. 

F.L.1.—Heated to 950 deg. C. in the dilatometer, not soaked, 
and cooled slowly. 

F.L.2.—Heated to 950 deg. C. in the dilatometer, soaked for 
1 hour, and cooled slowly. 

F.L.3.—Heated to 950 deg. C. in the dilatometer, soaked for 
1 hour, and cooled in 15 minutes. 

The curves obtained from the specimens heated to 
and cooled from 900 deg. C. are shown in Fig. 8, whilst 
those obtained at 950 deg. C. are shown in Fig. 9. The 
curves show that the steels when soaked for any 
prolonged period at the high temperatures employed 
for heating do not expand so much at the critical 


TasBLe Ill.—Tempering Tests. 


Soaking Cooling Change of 
Time. Time. Number of Length. 
Minutes. Minutes. Reheatings. Scale 
Divisions. 
nil 360 2 —12 
60 360 1 nil 
60 15 1 _ nil 
TasLe IV.—Tempering Tests. 
Soaking Cooling Change of 
Time. Time. Nunber of Length, 
Minutes. Minutes. Reheatings. Scale 
Divisions. 
nil 360 2 —10 
60 360 1 nil 
60 15 1 nil 


It would appear from the results in Table II that if 
the specimen has soaked at the high temperature for a 
prolonged period the resulting article is not very prone 


low temperatures expand and finally contract. 


pletely. The austenite produced under these con- 
ditions is more stable and appears to change to 
martensite rather reluctantly (hence the smaller 
expansion). : 

The low-temperature heatings undoubtedly cause, 
first of all, a more complete martensite change— 
causing therefore an initial expansion—and then the 
gradual breakdown of the martensite by the agglomera- 
tion of the carbides that are thrown out of solution 
produces a contraction. This is the main and final 
result of the tempering. The heating to lower tem- 
peratures, of course, does not produce the same degree 
of contraction as tempering at 600 deg. C. This is 
found to be true of all the experiments, some of which 
are not reported herein. It is noted that the specimens 
cooled slowly in the dilatometer and then reheated to 
Those 
cooled in the air and then tempered, however, contract 
from the start, and finally arrive at the same volume as 
those slowly cooled. No explanation of this difference, 
which is thoroughly well authenticated by numerous 
experiments, can be suggested. 

The apparent stability of the specimens soaked at 
high temperatures and then tempered at 600 deg. C. 
is partly due to the high tempering temperature. ‘The 
small contraction of the specimens hardened in air and 
then tempered at 700 deg. C. or 750 deg. C. suggests 
that the Ac point starts at a low temperature and is 
well spread out in these steels. ; 

It appears fairly certain that air-hardened nickel- 
chromium steel as ordinarily heat-treated is by no 
means in a stable volume condition. By hardening 
from a high temperature and soaking well greater 
stability can be introduced, but, after ordinary harden- 


| ing, the tempering must be extended for a long time in 


order to produce complete stability of dimensions. 


A New TRANSFORMER O1L.—Users of transformer oil 
may be interested to know that Messrs. Shell-Mex, 
Limited, have recently put upon the market a new water- 
white hydrocarbon oil of a particularly non-hygroscopic 
character, which more than complies with the British 
Engineering Standard Association’s Specification No. 
148 for Class “‘ A’ transformer oil (light grade). The 
oil, which is known as “ All’s Well Transformer Oil 
K.I.,” is to all intents and purposes sludgeless, while 
its disruptive strength is more than double the value 
demanded by the specification, The latter requires a 
disruptive strength of not less than 22,000 volts for a 
0-15 in. spark gap between 4-in. electrodes, while the 
actual value obtained on test with the new oil was 
45,000 volts. The oil has a lower viscosity, a lower 
evaporation loss and a rather higher flash point than are 
called for by the specification, according to tests 
carried out by Messrs. Michie and Davidson .on an 
ordinary sample taken from stock. 
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lieve CHINES POOr- AND ENGINEERING 


Perel L ELON IT 


WE continue below the account, commenced in 
our last issue, of some of the tools to be seen at 
the Machine Tool and Engineermg Exhibition at 
Olympia. On this occasion, apart from lathes and 
drilling machines, which form the two classes of 
machine tools in most general use and are naturally 
therefore very prominent at the Exhibition, we 
are dealing with types of tools not touched upon 
in our first article. Among the rotary motion tools 
we thus include in our notice this: week milling 
machines, with further examples of lathes and 
drills, after which we pass on to reciprocating 
tools such as shapers, planers, slotters, &c. 


Minimye MaAcuInes. 


The “ Rigid” milling machine, forming part of 
the exhibit of Messrs. Crossley and Co., St. Mary’s 
Gate, Manchester, is an interesting development 


lever only controls the quick-power traverse for|by glass, so that the interior mechanism and the 


all three movements. The machine gives a choice 
of 16 spindle speeds, the changes being obtained 
by two dial levers on the column, an index plate 
giving the required combinations. The range is 
from 18 r.p.m. to 450 r.p.m. The number of 
longitudinal feeds available is also 16, extending 
from 0-563 in. to 23-5 in. per minute. The rapid 
table longitudinal traverse is at the rate of 78 in. 
per minute, while for the cross and vertical motions 
the rate is 39 in. per minute. The driving gears 
are cut on the Maag principle, and are of chrome- 
nickel steel, hardened, both for speeds and feeds. 
The main pulley clutch is conical. The keys are 
solid with the shaft. All bearings are fitted with 


bronze bushes, those for the spindle and arbor 


being adjustable. 
Central oiling is arranged for all ordinary bearings. 


effectiveness of the lubrication system can be 
examined. One of the smaller machines we 
illustrate in Fig. 67 herewith. This is a moderate- 
size horizontal milling machine of very neat appear- 
ance, capable of rapid handling and quick cutting. 
The size of the work table is 25 in. by 10 in., the 
maximum distance from spindle to table being 
16 in., and from spindle to steady arm 5 in. The 
maximum distance from spindle nose to arbor 
support with the brace in position is 13 in. The 
diameter of the spindle in the front bearing is 
23 in. and that of the steady arm 3} in. The drive 
is by constant speed belt on to a pulley at the 
head of the column, a clutch coupling up with 
a gear-box giving six changes of spindle speeds 
ranging from 36 r.p.m. to 455 r.p.m., obtainable 
by two levers on the side cover of the gear-box. 


Fic. 66. 


of the knee type of machine designed to give 
greater support to the table with a view to taking 
the heaviest cuts. The actual machine we illustrate 
in Fig. 66 annexed has a table 60 in. by 18 in. 
with automatic longitudinal, cross and vertical 
feed. The machine is of the single-pulley type 
driven by a 22-h.p. motor. It will be noticed that 
the table is supported between the body slide and 
an outer column surrounded by a long sleeve. 
The column is carried right up to the usual over- 
hanging arm so that the arbor receives much better 
Support than is possible with the ordinary arm 
and braces. The upper part of the column is 
removable, and the operation of opening and 
closing it can, it is said, be performed in five 
seconds. The distance between the column and 
pillar is 28? in. and maximum between arbor and 
table 19 in. The table has a vertical adjustment 
of 19 in, The cross traverse is 9} in. and longi- 
tudinal feed 37 in. All these are automatic, or 
can be operated by hand or quick power. One 


HorizonraL Puarin Mittina Macuine; 
Messrs. CROSSLEY AND Co. 


Fig. 67. 


The spindle drive in the column is lubricated 
automatically by a pump. The sliding surfaces 
of knee and table are also automatically lubricated. 
Owing to the long sleeve support given to the knee 
on the outer column, a longer table than usual 
can be employed with this machine, without fear 
of twist, the table being held very rigidly, while 
at the same time it can be elevated instantly. 
As an instance of the class of work this machine 
is capable of it is stated that on 50-ton tensile 
steel with a cutter speed of 60 ft. per minute, 
taking a cut 23 in. wide by } in. deep, it can 
remove 12 cub. in. per minute, the machine 
absorbing 15h.p. On cast iron the rate is 24 cub. in. 
per minute, and with an inserted tooth cutter 
450 lb. of cast iron can be removed per hour. 
At the same time the machine is suitable for light 
work. 

Messrs. James Archdale and Co., Limited, 
Birmingham, have three all-gear single-pulley milling 
machines running with gear-box covers replaced 


HorizontaL Puain Mintine MacuiIne; 
Messrs. JAMES ARCHDALE AND Co., Lrmrrep. 


The gears are of hardened steel and are auto- 
matically lubricated by pump. The spindle runs 
in phosphor-bronze bearings automatically lubri- 
cated. The front bearing is conical and the back 
one parallel. The spindle is hollow, allowing for 
the use of a draw bolt for the arbor. 

The feeds are taken direct from the main gear-box 
and are four in number, ranging from 1-52 in. to 
6-13 in. per minute, the changes being secured by 
means of the left-hand bottom lever on the gear- 
box cover. The feed, transmitted from the box 
by a vertical spindle, is carried to the table by an 
horizontal spindle on the knee. The worm is of 
phosphor-bronze, the other gears being of steel. The 
feed screw on the table is of quick pitch, and is fitted 
with ball thrust bearings. Ball thrust bearings are 
also fitted to the worm and the elevating screw. 
The slide movements are provided with indicating 
collars. An automatic knock-off is fitted to the 
feed to prevent damage by over-running of the 


table. The 9-in. driving pulley runs at 400 r.p.m. 
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VERTICAL MILLING MACHINE AT THE MACHINE TOOL EXHIBITION. 


CONSTRUCTED BY MESSRS. JAMES ARCHDALE AND CO., LIMITED, ENGINEERS, BIRMINGHAM. 


Fig. 68. MacuiInrE Firrep witH 


The machine takes 3 h.p. to drive it. Under test 
conditions on mild steel, a cut 3 in. wide by 0-269 in. 
deep can be taken at a feed of 6-13 in. per minute. 

A second machine is a rather heavier horizontal 
model with a table 37 in. by 11 in. wide. This 
machine is also of the single-pulley constant-speed 
belt type. The pulley is 12 in. in diameter by 34 in. 
and running at 400 r.pm.; the machine takes 
4h.p. to drive it. The spindle diameter in this 
case is 3} in. in the front bearing and the steady 
arm has a diameter of 4 in. In this tool the six 
spindle speeds are very similar to those in the 
machine described above, but the four feeds are 
rather heavier, ranging from 2 in. to 7:38 in. per 
minute. Some interesting tests have been made 
with this machine. In one instance, with one of 
Messrs. Kendall and Gent’s inserted blade cutters, 
a variety of which are to be seen at that firm’s 
stand at the Exhibition, a cut 4 in. wide and 0:28 in. 
deep was taken on 28-ton mild steel, at the highest 
feed, namely, 7:38 in. per minute, the metal re- 
moved being 2:33 lb. of chips per minute. With a 
spiral-nicked cutter 3} in. in diameter by 4 in. wide, 
and cutting speed of 83 ft. per minute in cast iron, 


the metal removed ranged up to 10-8 cub. in. 
per minute with a depth of cut of 0-372 in. Over 
a number of runs the cubic inches removed per 1 h.p. 
per minute averaged 1:17. In another series on mild 
steel the cubic inches removed per 1 h.p. per minute 
was 0:8, the maximum cut being 0-213 in. with a 
feed of 7-3 in., or 0-426 in. with a feed of 3-15 in. 
per minute. With double-spiral cutters, 34 in. in 
diameter by 4 in., and cutting speed of 77 ft. per 
minute, the cubic inches of cast iron removed per 
horse-power per minute were 1-425, the maximum 
depth of cut being 0-372. For mild steel, with a 
maximum depth of cut of 0-213, the amount 
reached 0-765 cub. in, per horse-power per minute. 
The machine shown is fitted with automatic vertical 
feed to the table, but this is not always provided. 

The third machine exhibited by Messrs. James 
Archdale and Co., Limited, is one of their well- 
known 30-in. verticals, of which we gave a number 
of illustrations on the occasion of the last Exhibi- 
tion (see ENGINEERING, vol. cx, page 334). This 
is an excellent machine capable of a large range of 
work. Its adaptability to special jobs is well 
illustrated at the Exhibition, where it is shown 


ATTACHMENT FoR Minuine’' Ports or Piston VALVE LINERS. 


arranged with an attachment for the milling of 
the ports of piston valve liners for locomotives. The 
arrangement is similar to that shown in Fig. 68. This 
machine has a longitudinal traverse for the table 
of 30 in., and cross traverse on the knee of 12 in. 
The vertical table feed is either automatic or by 
hand, through a distance of 18 in., while the spindle 
head is on a slide and is capable of a vertical move- 
ment of 6 in., by hand only. The table measures 
44 in. long by 144 in. wide and the maximum dist- 
ance from the spindle to the table is 20 in. From 
the centre of the spindle to the column the distance 
is 20 in. The machine is usually fitted with a 
circular revolving table 16 in. in diameter, when 
the maximum height from the table surface to the 
spindle nose is 143 in. The spindle has a diameter 
of 34 in. in the bottom bearing. The drive is 
through constant-speed single-pulley and clutch to 
a gear-box giving 18 speeds, ranging from 28 r.p.m. 
to 630 r.p.m. controlled by the combination of three 
levers. An index plate is fixed to the gear-box. 
The spindle head is balanced. The machine also 
has quick and slow hand adjustments and is provided 
with micrometer stops and an index. 
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The feed drive is taken by worm gear off the 
main pulley spindle, by vertical shaft to a gear-box 
giving nine rates of feed for the longitudinal and 
cross-traverse movements of the table. These 
changes are obtained with two levers in combination 
with sliding gears. The feeds are from 0-86 in. 
to 12-4 in. per minute ; all are reversible, the control 
being by lever accessible from either the back or 
front of the machine. Hand traverse is provided, 
of course, in addition to power traverse, while the 
circular table, when fitted, has both hand and power 
rotary movements. All these motions are derived 
from one horizontal shaft from the feed gear-box. 


settings are needed for triangular and rectangular 
openings. The cams are inexpensive and can be 
arranged to give any size and shape within the 
capacity of the machine. After the depth to be 
milled has been adjusted the action is automatic, 
and when an opening is finished the operator has 
merely to index the work by means of the bushed 
face plate and plunger and restart the feed. The 
guiding faces are all hardened. The worm-wheel 
shaft is provided with ball-journal and thrust 
bearings, while the cam-roller pivot is also carried on 
a ball bearing. 

As an example of the work done with this attach- 


Fic. 70. Components oF Drvipinc Hzap; Messrs J. PaRKINSON AND Son. 


A safety arrangement is fitted to the feed to prevent | ment, the output may be quoted for liners with six 


damage in case of accident, and safety stops to 
prevent over-running of the table. Automatic 
knock-offs and dead stops have been included for 
all motions. 

When arranged for milling piston-valve ports, 
as shown in Fig. 68, a large attachment is fitted to 
the table. This consists of a base on which are 
mounted two face plates on shafts carried in bearings. 
The liner to be milled is mounted between these two 
plates, of which the right-hand one serves for index- 
ing, being provided with bushed holes into which 
is pushed a plunger on an arm on the right-hand 
shaft. At the outboard end of the latter is a cam 
roller on a vertical spindle, driven by worm wheel 
and worm and a telescopic shaft. This shaft is 
belt-driven off an extension to the feed-box. The 
roller makes contact with cams set on an horizontal 
plate, and rocking and longitudinal movements are 
thereby imparted to the work. (Separate cam 


rectangular 1}-in. openings, four of which were 
4%, in. long and two 3 in. long, and 14 triangular 
openings of 21-in. sides. The complete port with six 
rectangular openings was machined from the solid 
in 45 minutes, while the port with triangular 
openings was completed in 2} hours floor-to-floor 
time. 

Messrs. J. Parkinson and Son, Shipley, are natur- 
ally exhibiting milling machines and gear planers. 
Of the former, they are showing two of their standard 
types, one a plain milling machine and the other 
a universal. Both are single-pulley machines with 
constant speed belt-drive. The universal machine 
has a table 49 in. by 10 in., and table movements 
of 28 in., 12 in., and 18% in. for longitudinal, cross 
and vertical motions, respectively. At the time of 
the last Exhibition we gave a description of a 
rather larger machine of this class, shown by Messrs. 
Parkinson, while on another occasion in that year 


we went into more detail with regard to certain 
features of the design.* We need scarcely, there- 
fore, enlarge upon these points afresh. The plain 
milling machine shown has a table measuring 64 in. 
by 14 in., with longitudinal table traverse of 40 in., 
cross traverse of 12 in. and vertical adjustment for 
the knee of 20 in. The single pulley is 20 in. in 
diameter, and it runs on ball bearings at 340 r.p.m., 
being intended for a 44-in. belt. A friction clutch 
is combined with the pulley, controlled from the 
front or side of the machine. The gear drive to 
the spindle is similar to that illustrated in the article 
above referred to. The gear-box provides 16 spindle 
speeds, ranging from 14 to 340 r.p.m.; the spindle 
has a large taper bearing at the front, 6% in. 
long, and a parallel bearing 4? in. long at the back. 
The feeds are also 16 in number from } in. to 14-8 in. 
per minute. The feeds are derived from the constant- 
speed shaft, and are independent of the changes 
used for the spindle speed. Index plates are pro- 
vided for both the speed and feed gear-boxes, the 
former box being operated by three levers and the 
latter by two. In addition to the cutting feeds, 
quick power traverse is arranged for all movements 
so that the table and knee can be rapidly adjusted 
without effort. It is driven by the belt driving the 
feed and can be operated when the spindle is at rest. 
A spindle lock is provided for use when tightening 
or loosening nuts on the arbors, etc., and is inter- 
locked with the spindle starting-lever. 

Hand adjustment of the table is effected by a 
wheel, the feed screws being provided with large 
micrometer collars graduated to read to 0-001 in. 
The hand wheels for the three movements are grouped 
together in front, that for the elevating motion 
on the left; the one for the cross traverse in the 
centre; while that for the longitudinal traverse is 
diagonal and stands on the right hand. Automatic 
trips are provided. The machine has a heavy 
steady arm with movable arbor support and brace 
to the knee. 

The universal dividing head, which forms one 
of the accessories for Messrs. J. Parkinson and Son’s 
universal type of milling machine, is illustrated in 
Figs. 69 and 70, annexed. The former shows 
the head on the work-table, while the latter 
shows it with the worm and index plate removed. 
The dividing worm is cut from the solid shaft 
and afterwards ground. It engages with the 
worm wheel at an angle, thus allowing the 
dividing wheel to be of maximum size, while 
the inclination also brings the index-plate into 
the position in which it is most easily read, as 
will be appreciated from Fig. 69. The worm and 
dividing wheel are entirely enclosed and protected 
from dirt ordamage. This head gives three methods 
of indexing, by which a very large range is covered : 
these are direct, simple, or differential. For direct 
indexing the dividing wheel has 24 holes, which are 
engaged by a plunger operated by a lever on the 
top of the head casing. To enable this plunger to 
be used, the whole worm, plate, and crank mounting 
shown lying on the work-table in Fig. 70 has to 
be slid horizontally forward in the casing. Until 
this has been done the direct indexing plunger cannot 
be operated. The worm mounting is run forward 
by a lever and pinion operating a short rack. Both 
of these parts may be seen in Fig. 70. When re- 
engaging the worm, the direct plunger must be 
withdrawn before engagement can be effected. 
Any backlash which may develop between the worm 
and wheel is taken care of by setting the worm closer 
into the wheel. 

For simple indexing, which is most commonly 
used, the divisions are obtained by the plate and 
crank, the latter operating the worm and worm wheel 
direct. For differential indexing the crank and 
index plate are used in the ordinary way, but the 
division plate must be turned backwards or forwards 
as necessary. ‘The movement of the crank operates 
the worm wheel. At the same time, the movement 
of the plate, to the back of which is fixed a bevel, 
actuates a second bevel and worm, to be seen 
exposed in Fig. 70. The latter drives a short shaft 
and gears, through which the spindle of the head is 
driven by a special arbor inserted when this form 
of indexing is necessary. The charts supplied give 


* See ENGINEERING, vol. cx, page 268. 


356 


ENGINEERING. 


[SEpT. 12, 1924. 


particulars for obtaining any number of divisions 
from 2 to 500. 

Messrs. Alfred Herbert, Limited, of Coventry, are 
showing three of their types of milling machines— 
namely, a universal machine, a plain milling machine, 
and a vertical. All these are single-pulley, high- 
powered machines of the class in which Messrs. 
Herbert were such noted pioneers. They all possess 
the general characteristics of Herbert machines, 
most of which will be familiar to our readers, since 
we have on several occasions referred to develop- 
ments of these tools. At the time of the last Exhibi- 
tion we described and illustrated the firm’s vertical 
machine (see vol. cx, page 334), and subsequently 
in the same volume (page 834) gave a full descrip- 
tion of the plain miller; more recently (ENc1- 
NEERING, vol. cxvii, page 491) we have dealt 
with the latest pattern of universal machine. 
Examples of each of these are exhibited now 
at Olympia. All these machines embody ball- 
bearing, single belt pulley drive to the gear- 
box, giving 16 spindle speeds ranging from 16:5 
r.p.m. to 427 r.p.m. The range of feeds is also 
similar in the three cases, extending from 3 in. to 
221 in. per minute, in 18 changes. The spindle 
speeds are obtained by means of two short levers 
and three crank handles, an index plate giving the 
correct combinations. The drive to the feed-box 
is by belt. The changes of feed are obtained by a 
hand wheel with dial indicator. The main clutch 
can be operated from in front of the knee, as can 
also the reverse to the feed, as well as the automatic 
cross and vertical feeds. The universal machine is 
fitted with a swivelling slide allowing angular 
adjustment each side of the centre of 46 deg. The 
dividing head fitted admits work 29 in. long between 
centres. Plain and differential indexing is possible 
for all divisions up to 400, and for selected numbers 
above. 

The knees are similar for the three machines, 
and generally the controls in front of the knee 
for the plain and vertical machines are alike ; in 
the case of the universal machine there are neces- 
sarily differences. The horizontal machines have 
heavy overhanging arms, arbor supports and stiff 
braces, roller steadies being used on the arm. Ball 
bearings are liberally used. Automatic and safety 
stops and trips are introduced for all feeds. The 
gear changes are interlocked and generally the 
machines are made as fool-proof as possible, and 
at the same time convenient and simple to operate. 

A small milling machine at the stand of Messrs. 
Drummond Brothers, Limited, of Guildford, is 
worthy of attention by users who require a handy 
machine for general work. This tool is intended 
to meet the needs of garage and other works in 
which the variety is considerable and the quality 
expected is good. It is belt-driven by a three-step 
cone pulley taking a 2-in. belt, and has eccentrie 
back gear. With a 10-in. countershaft pulley 
running at 250 r.p.m. the spindle speeds range 
from 16 r.p.m. to 450 r.p.m. From the cone 
pulley spindle tail a belt drive is run down to a 
small pulley on the base for driving the elevating 
gear, the vertical adjustment by hand or power 
being 20 in. The hand or automatic longitudinal 
feed is 15 in. at 1/100 in. and 2/100 in. per revolution 
of spindle. The cross traverse of the table is 4 in. 
A strong overhanging arm is fitted, this being 
3 in. in diameter. One of the special features of 
the machine is its tilting table. The whole cross- 
slide and table are carried on a large circular knee, 
on which they can be tilted to 45 deg. on either 
side of the horizontal. 
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As a whole it cannot be said that the display of 
lathes is characterised quite by the same degree 
of novelty that was in evidence in 1920. There 
are, however, a number of very interesting tools, 
some of quite new design; others are notable 
developments of former models. In general appear- 
ance the lathe is improving steadily, and some of 
the types now on view convey an impression of 
real serviceability. 

The Colchester Lathe Company has an exhibit 
of no less than 11 machines, several of which can 
be seen at work. A neat form of electric drive— 
not, of course, new now—is to be seen on some of 


the smaller lathes shown by this company. 
an alternative to treadle drive the motors are 
placed below the bed under the headstock, and 
drive the machines direct by means of a pinion 
on the motor spindle which gears with a spur on 
the periphery of or inside the flywheel. 

In Fig. 71, on this page, and Fig. 72, Plate XX XV, 
we illustrate two examples from among this com- 
pany’s exhibits, deferring our notice of others for 
the present. The first of these is a 6}-in. centre 
tool with cone pulley drive; the second a 7}$-in. 
centre lathe with all-geared head. The tools shown 
range from a 5-in. gap machine to an 18-in. centre 
surfacing and boring lathe similar to a 13-in. centre 
lathe we illustrated on the occasion of the last 
Exhibition (see vol. cx, page 432), except for 
the fact that in the present case the machine has 
an all-geared head instead of a cone-pulley drive. 
The 63-in. centre cone-pulley lathe has a length 
of bed of 6 ft. 6 in., and width of 10 in., with a 
depth of 7 in. It will admit between the centres 
work 48 in. long. The three-step pulley has a 
smallest diameter of 4# in. and largest diameter 
of 74 in., the belt width taken being 2 in. The 
spindle is bored with a hole through it of 1% in. 
diameter for rod work. The front bearing of the 
spindle is 34 in. long by 2} in. in diameter. Over 
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the saddle the height of centre is 4} in., while 
in the gap the lathe will take work of 20 in. swing. 
The width in the gap in front of the face plate is 
5in. The feed change box is of the Hendy-Norton 
type and enables 24 threads from 34 to 48 per inch 
to be cut, or 24 feeds from 104 cuts to 144 cuts 
per inch. 

The 74-in. centre lathe illustrated in Fig. 72, 
Plate XXXV, is a rather more elaborate tool, 
though again designed on simple lines with a view 
to ease of handling and making the machine fool- 
proof. At the same time, every regard has been 
paid to accuracy and cutting power. This machine 
has a length of bed of 8 ft., admitting between 
centres work 45 in. long. The spindle is bored with 
a hole 27; in. in diameter, and the front bearing is 
4} in. long by 3{ in. in diameter. The geared head 
gives eight spindle speeds, ranging from 18 r.p.m. 
to 250 r.p.m., while the feed gear-box is of similar 
design to that of the previous machine, but giving 
32 feeds of from 8 to 120 cuts per inch; it also 
enables 32 threads of between 4 and 60 per inch 
to be cut. Over the saddle the lathe can swing 
work 11 in. in diameter, and in the gap 24 in., 
while the clear width of the gap in front of the 
face plate is 8 in. In this machine the shafts in 
the headstock, except the main spindle, are fitted 
with ball bearings. The saddles run on a narrow 
guide. There is only one handle on the apron for 
engaging and disengaging the sliding and surfacing 
feeds. The apron feeds are thus interlocked and 
one only can be in use at a time, and the gear-box 


As | can only be used to give one feed or one serew pitch 


at a time. Only one gear in the headstock can be 
engaged at a time. The lead screw is cut from a 
master screw tested by the National Physical 
Laboratory, in which the error is 0-00065 in. per foot. 

Messrs. Holbrook and Sons, of Stratford, are 
showing four lathes, two of which are of their tool- 
room types, while the others consist of an 84-in. 
gap lathe with cone pulley drive and a 64-in. gap 
engine lathe with geared head. All these lathes have 
raised vee beds. The lead screws are cut from a 
master corrected by the N.P.L. at Teddington. 
The two tool-room lathes have respectively 6-in. 
and 7-in. centres. The one we illustrate in Fig. 73, 
Plate XXXV, is the larger of the two. These 
machines are provided either with cone pulley or 
geared head drive. In the former case, a four-step 
cone pulley is fitted giving eight speeds, with back 
gear. In the latter the gear-box gives 12 spindle 
speeds controlled by three small handles on the 
front of the headstock. The standard feed change 
box gives 36 feeds, ranging between 8 to 420 cuts 
per inch without loose gears. The box is of the 
tumbler pattern. Threads can be cut from 1} 
to 80 perinch. The four shafts extending from the 
feed box to the right-hand end of the lathe, are the 
lead screw at the top; next below is the feed shaft ; 
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below this again is the stop shaft, and lowest of all 
is the reverse shaft. The latter enables reversing 
of the feed to be controlled from the saddle by the 
bottom lever on the apron. At the bottom of the 
apron is also a lever engaging the cross traverse for 
surfacing (to the left), and one to the right for the 
longitudinal traverse. The cross slide screw is 
fitted with a large micrometer dial, and a quick 
withdrawal self-locking motion for use when screw- 
cutting, giving a travel of 4 in. The top slide 
swivels to any position, and is graduated to 45 deg. 
on either side of the zero. An elevating tool rest 
enables the tool to be set at the correct height for 
different diameters without packing. The apron is 
double walled. A taper-turning attachment forms 
part of the equipment of this lathe, which is intended 
for the full range of tool-room work. A relieving 
attachment is also supplied, driven through change 
gears off a back shaft. This gear includes a uni- 
versal shaft drive from these gears to the saddle 
where the cross slide is under the control of a cam 
movement. 

The well-known lathes of Messrs. H. W. Ward 
and Co., Limited, of Selly Oak, Birmingham, are 
shown in three sizes. One machine exhibited is a 
63-in. capstan lathe with 14-in. automatic chuck, 
a lathe which is largely used for the production of 
fire-box stay bolts. The other two lathes are 
combination-turret machines, one being a 7-in. and 
the other a 10-in. The latter is illustrated in 
Fig. 74, Plate XXXV. It isa very powerful machine 
with single-pulley drive for a 5-in. belt, and with 
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the firm’s patent geared headstock controlled by 
five levers. The driving pulley is mounted on 
ball bearings, and the clutch is of the metal-to- 
metal cone type. The speed-change levers give 
16 speeds forward and 8 in reverse. An index plate 
below the levers shows the various selections. They 
engage with a slotted plate to eliminate risk of 
accidental movement. Lach lever is connected to 
the driving clutch as well as to its sliding gear, 
and depression of the lever releases the clutch. 
Without this downward movement the gear cannot 
be moved. Six-spline shafts are used for the sliding 
gears. Each lever has three positions, one of which 
is neutral, and all are interlocked to prevent con- 
flicting gears being engaged. ‘The final drive to 
the spindle is to a gear close up to the front bearing. 
The spindle speeds in the 10-in. machine vary from 
8 r.p.m. to 250 r.p.m. The spindle is of large 
diameter, having a 54-in. hole throughout its length 
so that the machine can be employed on very heavy 
bar work. 

The saddle allows a swing over the cross-slide of 
12 in., and has a longitudinal traverse (automatic 
feed) of 49 in. The feed gear-box gives a selection 
of eight feeds for sliding and surfacing, ranging from 
15 cuts to 156 cuts per inch traverse. Further, four 
changes of the lead screw are possible, so that with 
one leader four different pitches can be cut. The 
sliding and surfacing and screw-cutting motions 
cannot be engaged simultaneously, while reversing is 
arranged for at the saddle. The sliding and surfacing 
saddle has a square tool turret. The main turret is 
hexagonal and is mounted on a-heavy saddle having 
a movement of 49 in. on the bed. The turret has 
12 rates of feed by a special shaft from the gear-box. 
The feeds range from 8 cuts to 208 cuts per inch. 
Quick-power traverse is also available from a 
constant-speed shaft, from which also is taken the 
drive for the automatic rotation of the turret. The 
maximum distance between the spindle nose and 
the turret face is in this machine 66 in. Stops are 
provided for longitudinal and cross-traverse move- 
ments of the saddle and slide, and indexing stops 
for the turret, by the splined (bottom) bar extending 
from the tail towards the headstock of the lathe. 

_ The 7-in. machine is, of course, intended for a 
smaller class of work, having only a 23-in. hole 
through the spindle. It is also a single-pulley 
machine, with Ward geared headstock and control 
of eight changes of spindle speed in both directions 
by means of four levers. The saddle has automatic 
and hand traverse for sliding and surfacing, a 
choice of ten rates of feed and three changes of the 
lead screw being possible. Sliding and surfacing 
moyements are interlocked. The turret feeds are 
10, by an independent shaft. Automatic stops are 
fitted for the saddle traverses, while indexing stops 
are furnished for the turret slide. The bar carrying 
these is rotated automatically when the turret is 
rotated, the latter being effected in this lathe by 
hand and not by power, as in the larger lathe 
exhibited. 

Messrs. Ward’s 6}-in. capstan is a cone pulley 
machine, with a hollow spindle, bored tol?in. The 
spindle thrust is taken on ball washers. The lathe is 
fitted with a capstan rest and cut-off slide. The latter 
has longitudinal movement by hand wheel, spirals 
and screw. Adjustable dead stops are furnished. 
The capstan saddle can be clamped to the bed in 
any position. The slide has a useful movement of 
8 in. Six stops are arranged to index with the 
turret, which is hexagonal. The turret is rotated 
by hand. Automatic feed to the turret slide is 
fitted if required, otherwise the feed is by a large 
star wheel. The automatic chuck fitted to this 
lathe is operated by a lever on the side of the head- 
stock, which, by means of a pinion, transmits a 
rotary movement to a sleeve. As this occurs, 
owing to spiral slots in the sleeve, in which are 
guides fixed to the head, the sleeve is advanced. 
This causes a set of balls in pockets to be forced up 
a coned surface on a second sleeve of smaller dia- 
meter. The latter is coned inside, and contains 
the split collet. As the balls are pushed on to the 
exterior conical surface, they force the sleeve for- 
ward, and this, in turn, causes the collet to close 
on to the work. 

In our last issue we described the large 184-in. 
centre lathe shown by the Selson Engineering Com- 
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pany, Limited. This company is exhibiting two other 
machines, both of which are very serviceable look- 
ing tools. One of these is an 8-in. centre lathe 
with single pulley geared head and the other is a 
63-in. centre lathe with cone pulley drive. The 
former, which is quite a new model, is illustrated 
in Fig. 75, Plate XXXV. The latter has already 
been on the market about three years. We under- 
stand that both types have already made their way 
to many distant parts of the Empire, to South 
America, and numbers of Continental countries. 
Both combine British and American characteristics. 
Among the latter may be noted the inverted vee bed, 
the design of the tool slide on the left side of the 
saddle, and the quick-change feed box. British 
features include the large hollow spindle, design 
of the bearings, the gap bed and general massiveness 
of the build. The tailstock spindle also passes com- 
pletely through the tailstock, giving a bearing of 
excellent length. The two designs have been pro- 
duced after close study of the probable requirements 
of purchasers with a view to the evolution of 
machines which might be standardised and yet 
appeal to the large majority of possible customers 
who have to pay strict regard to considerations of 
price. In the 6$-in. lathe the 3-step cone pulley 
with back gear and two-speed countershaft gives 
12 changes of spindle-speed, while the feed change- 
box gives 28 changes. An index plate of threads 
and feeds is placed on the feed box. The tumbler 
notches are arranged so that a full gear must be 
engaged. The maximum length between centres 
is 39 in., and the swing over saddle, 8 in. In the 
gap the lathe will swing work 20 in. in diameter. 

The 8-in. lathe, which we illustrate, has a length 
of bed of 9 ft. 2 in., and will take work between the 
centres of 5 ft. long. The swing in the gap is 21 in., 
and the width of gap in front of face plate, 94 in. 
Over the saddle the swing is 10 in. The tailstock 
spindle has an adjustment of 9 in., the spindle 
being 24 in. in diameter. The main spindle has a 
diameter at the front bearing of 32 in. It is bored 
through with a 2-%,-in. hole. 

The single pulley drive to the headstock is fitted 
with a friction clutch operated by a wooden rod 
running the length of the machine above it, within 
easy reach of the operator. The geared head gives 
eight changes obtained with two levers on the cover. 
The gears are of chrome-nickel steel and run in an 
oil bath. The driving pulley is 11 in. in diameter 
and takes a 3} in. belt, the horse-power required 
being from 5 to 6. With the pulley running at 
240 r.p.m. the change gears give spindle speeds 
ranging between 14 r.p.m. and 345 rpm. The 
spindle runs in gun-metal bearings and is lubricated 
by ring oilers. The feed box gives 28 feed and 
screw-cutting changes; the feeds vary from 8 
cuts per inch. to 112 cuts per inch. An index 
plate is provided on the feed box and also on the 
headstock. Metric or special pitches can be cut 
by the use of extra change gears at the end of the 
bed. 

The saddle is fitted with a compound slide rest 
with micrometer collar reading to 1/1,000ths of an 
inch on the cross traverse screw. The tool post is 
a square turret capable of carrying four tools. 
Normally, the tools are of 14 in. by 2 in. section. 
The apron provides double bearings for the principal 
shafts. The forward and reverse controls of the 
feed are effected at the apron by means of a small 
handle interlocked with the guide screw nut. The 
hand wheel for saddle traverse is on the left of the 
apron close to the work. All gears are fully encased 
and a guard protects the lead screw from cuttings. 
The traverse screw of the slide is also protected. 

Messrs. John Holroyd and Co., Limited, Milnrow, 
near Rochdale, are also among the exhibitors of 
lathes. This firm is showing the 9 in. combination 
turret lathe illustrated in Fig. 76, Plate XXXVI, 
and besides this a 9} in. universal relieving lathe 
for backing off milling cutters and parallel or taper 
hobs with straight or spiral grooves. Another tool 
shown is a 6} in. test piece lathe using scroll 
formers, while three small capstans are also shown 
for bar work of  in., 3 in. and 14 in. diameter, 
respectively. A bar turret lathe of up-to-date 
design is also to be seen at the firm’s stand. 

The 9 in. combination turret is a machine designed 
for heavy work. It has a single pulley drive with 


fast and loose pulley on the headstock. These are 
14 in. in diameter and 44 in. wide. The gear changes 
are controlled by three levers, 18 spindle speeds 
being obtainable varying from 9 r.p.m. to 378 r.p.m. 
The gear box encloses sliding gears and one friction 
and one positive clutch. All gears run in oil and 
the shafts have ring oiled bearings except in the 
case of the main bearings. The spindle is hollow, 
being bored out to 28 in. The bearings are parallel 
and of phospher bronze, the front one having a length 
of 63 in. by 44 in. diameter. The spindle tail has 
a bell chuck for steadying bars. The saddle has 
large surfaces and is guided by the front shear only. 
Felt oiling pads under the saddle wipe the surfaces 
clear of dirt during traversing movements. The 
saddle runs close up to the headstock so as not to 
interfere with the turret slide. The length of 
traverse of the tool saddle is 36 in. The cross slide 
has a square revolving tool post taking four tools. 
Four automatic length stops are provided for the 
saddle, and four for the cross slide. 

The feed box is controlled by three levers, one 
being for forward and reverse, and the others for 
the feed changes, which are six in number, ranging 
from 8 to 48 cuts per inch. The feed box drives 
a traverse shaft and also a chasing screw. A 
slipping clutch is embodied in the feed shaft to 
prevent damage to the gears. The change from 
sliding to surfacing is controlled by a plunger on 
the apron, on which is also a lever for engaging 
the power traverse arranged with an interlock 
which prevents the chasing gear being put in 
when the traverse is in and vice versa. The feeds 
are engaged at the apron by a falling worm box, 
the end thrust of the worm being taken on ball 
washers. All shafts in the apron have double 
bearings. 

The turret slide also has felt oiling pads, and 
is guided by the front shear only. It has a 
travel of 36 in. The indexing plunger works in 
bushes, both being of tool steel hardened and 
ground. The slide can be locked to the head by 
a lever. One of the special features is the lever 
on the top of the saddle to the right of the turret. 
By means of this lever the turret can be slightly 
lifted off its face on to ball bearings so that it 
can be very easily revolved. This greatly eases 
the effort required in a day’s work and at the 
same time preserves the turret seating. The lever 
acts also as a lock. The turret slide apron is 
double walled and a feed change plunger on it 
enables six additional feeds to be utilised, making 
12 in all of from 20 to 200 cuts per inch. Quick 
power traverse can be utilised for the turret 
slide, engaged by a small lever above the hand- 
wheel to the right. This motion is derived from 
a shaft, at the back of the bed, cut with a quick 
thread in both directions. This shaft is belt-driven 
from the fast and loose pulley shaft, the small 
back shaft pulley being visible in Fig. 76 below the 
fast and loose pulleys. Trips are provided for 
the turret traverse, one or more of which can 
be used for each face. The automatic stop bar 
is the lowest shaft just above the suds tray and 
the trip plunger on the turret slide apron will 
be seen behind the hand wheel. Suds trays surround 
the legs of the machine and drain into a central 
tray carried on wheels. The central tray is arranged 
with a strainer and sump. 

The greatest length of bar that can be worked 
is 30 in., and that can be chased 12 in. The largest 
finished size of bar work is 24 in. The swing over 
the bed is 18 in. and over the tool saddle 123 in. 

A very uncommon tool is to be seen at the stand 
of Messrs. A. A. Jones and Shipman, Limited, of 
Leicester, in the form of the Sundstrand stub 
lathe. This is an American machine developed by 
the Rockford Tool Company, of Rockford, Llinois, 
and for which Messrs. Jones and Shipman are 
sole agents. The tool is illustrated in quarter 
front and back views in Figs. 77 and 78, Plate 
XXXVI. It has been designed to secure great 
rigidity and entire freedom from vibration and 
chatter on maximum output. The height of 
centres over the tool slide is 4 in. and maximum 
length between centres 11 in. The bed is of box 
section heavily ribbed and the headstock is solid 
with it. The provision of the overhanging arm 
is another unusual feature, introduced to give the 
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maximum support to the tailstock, which, as will 
be seen in Fig. 77, is clamped to the arm and further 
held below by a stud fitted with a nut and collars. 
The combination of collars allows the tailstock to 
be rigidly held by the stud whatever the position 
of the overhanging arm. The latter is cut with 
rack teeth and can be adjusted over a range of 
positions. The overhanging arm, which has a 
diameter of 34 in., causes the machine to resemble 
in this feature the modern horizontal milling 
machine, but in this case instead of the cutter 
being mounted on the spindle the work is carried 
on this part by suitable chucks, which may be 
arranged for air operation or otherwise as pre- 
ferred. 

The Sundstrand stub lathe is driven by electric 
motor housed in the base under the headstock, 
where it is mounted on a pivoted plate, with adjust- 
ment to obtain the necessary belt tension. The 
single constant-speed pulley at the back of the 
machine is shown in Fig. 78. It is fitted with a 
friction clutch mounted on roller bearings, con- 
trolled by a lever reaching over the headstock to 
the front of the machine. The main shaft drives 
change wheels on the front of the machine, whence 
the drive is transmitted to the spindle through 
bronze worm gearing. The worm is fitted with a ball 
thrust bearing. The standard reduction of the worm 
gear is 8 to 1, while four sets of change wheels give 
eight spindle speeds of 30, 40, 50, 65, 85, 110, 145, 
and 192 r.p.m. In certain cases, higher spindle 
speeds are advisable, and the. 8:1 reduction is 
then changed to one of 3:1. 

The spindle is of crucible steel, and runs in 
phosphor-bronze taper bearings. The front bearing 
is 6 in. long, and tapers from 4} in. to 3fin. Take- 
up for wear is arranged by means of a single nut 
at the rear of the spindle. ‘The spindle nose is 4 in. 
in diameter, and cut with two threads per inch. 

Both front and rear tool saddles are provided, the 
front one being arranged with automatic longi- 
tudinal traverse and hand cross traverse, and the 
rear one with cross traverse only. The front saddle 
is 18 in. long and works on a horizontal slide, 
having very large bearing surfaces. The vertical 
face is 8 in. deep and the angular face of the top vee 
4 in. wide. There is an angular gib at the bottom 
of the saddle for adjustment. The saddle traverse 
is 8 in.: The front tool slide has stop screws for 
adjusting depth of cut, and several tools can be 
clamped to the tool block at once. An adjustable 
tripping dog is arranged in a slot on the saddle 
and can be set as required to trip a lever which 
causes the feed worm to disengage from the worm 
wheel of the feed drive. This trip is very accurate 
in action. The feed drive is taken from the main 
spindle by sprocket and chain to a shaft on which 
is mounted a worm driving a large worm wheel. The 
hardened steel worm is immersed in oil. To engage 
the feed, the worm is lifted into engagement with 
the worm wheel by a lever at the front of the 
machine, close to the saddle. The worm wheel 
is keyed to a pinion shaft driving the carriage by a 
rack. On the pinion shaft is a 15}-in. hand wheel 
for hand feed to the carriage and rear slide. Change 
gears give eight feeds for the saddle ranging from 
0-005-in. to 0-046-in. -per revolution of spindle. 

The rear saddle is used for facing and parting. 
Tt has a travel of 4in. It is operated simultaneously 
with the front saddle, but change gears, whose 
location will be noted in Fig. 78, at the back of the 
machine, provide for a range of feeds to suit different 
jobs. By ten changes of gears the cross traverse 
of the rear slide can be made to vary between 7; in. 
to 4 in. for a longitudinal movement of the front 
saddle of from 1 in. to 8in. The tailstock spindle 
diameter is 22 in., the maximum travel of the 
spindle being 6 in. The spindle bearing is split 
and held in position with screws, which may be 
adjusted for wear. 

The power taken by the machine varies with the 
class of work; 5 h.p. suffices for some jobs, while 
15 h.p. would be recommended for regular produc- 
tion work on others. The machine lends itself 
well to multi-cutting arrangements both for the 
back and front slides, while the overhanging arm 
may also be utilised to carry additional tools. It 
is not possible here to go into the question of tooling, 
but we may say the possibilities of the machine are 


very large from a tool that is in reality a very simple 
one. 

A single-purpose machine coming within the class 
of lathes is the pulley-turning lathe illustrated in 
Fig. 79, Plate XXXVII, and exhibited by Messrs. 
Ward, Haggas and Smith, of Keighley. This 
machine is very simple and straightforward in 
design, as will be gathered from our illustration. It 
is designed to turn pulleys in the shortest possible 
time, running up to the limit of high-speed tool 
steel. The bed consists of a rectangular box-shaped 
casting on one side of which, and cast integral with 
it, is a headstock, and on the other a tailstock. 
The main drive, as will be seen, is by cone belt pulley 
and worm reduction gear to the spindle. The worm 
gear runs in oil, and the thrust is taken on heavy 
ball-thrust bearings. The spindle is 5 in. in diameter 
and runs in a bearing 16in. long. The spindle thrust 
is taken by ball-thrust washers. The spindle is 
fitted with a self-adjusting driving plate. 

The top of the central portion of the bed, between 
the head and tail-stock, is solid, and on either side has 
a T-slotted surface. Two cross-slides are mounted 
on these, one in front and one at the rear. They 
can be adjusted independently towards or away 
from the work by screws, and clamped. The cross- 
slides carry saddles with square tool turrets mounted 
on the upper slide, capable of being rotated and 
locked in four positions. The saddles have each 
three independent feeds and reverse, while automatic 
trips are arranged to the feed in both directions. 
All gears in the feed box are of steel. 

The machine is illustrated in Fig. 79 arranged to 
finish the pulley face to a radius. A carrier is bolted 
to the face of the cross-slide, and in this is 
fixed a radius plate. A roller on a lug under the 
cross-traverse tool slide moves in the slot in this 
plate, and as the saddle is fed across, the pulley 
face causes the tool to repeat the curve of the 
template on the pulley. The speeds are arranged 
to give approximately a cutting speed of 40 ft. per 
minute on a regular gradation of pulley diameters. 
The machine is driven by a 5 h.p. motor. 


DrintiIng MACHINES. 


In our last issue we dealt with a number of drilling 
machines exhibited by various firms, including 
several of the high-speed ball-bearing type of 
sensitive drills. In this article we propose to deal 
mainly with the larger classes of machines. Before 
passing to these, however, we wish to refer to the 
small ball-bearimg multiple sensitive illustrated in 
Fig. 80, Plate XX XVII. This is made by Messrs. 
Smith and Coventry, Limited, of Manchester, and 
can be had as a single spindle tool, or 2 or 3, and 
up to 6-spindle multiples. The machine shown is 
fitted with a central head of the plain type. The 
right-hand head has automatic feed, while that 
on the left has reduction gear for facing, counter 
boring and tapping. The spindle and idler pulleys 
run in ball bearings. The length of feed is 5 in. 
and the distance from spindle centre to face of 
column is 7$ in. The quill is carried in a sliding 
head. At the upper end is an automatic take-up 
to eliminate all end play of the spindle. The 
greater part of the weight of the quill and spindle 
is balanced. The spindle is belt-driven from a 
countershaft at the back of the column. Each head 
has a 3-step pulley on the countershaft, while the 
spindle cone has two steps; the belt may be used 
to drive any combination, by means of a patented 
idler gear which includes a pulley on a throw-over 
arm, by which correct belt vertical alignment is 
obtained. The correct tension is obtained by a 
lever sliding the idlers away from the head. All 
belt shifting can be done from the front of the 
machine. The geared spindle gives a reduction on 
normal spindle speeds of 4 to 1, these gears running 
in ball bearings. The automatic feed is taken from 
the spindle belt pulley by chain belt to a vertical 
feed shaft extending to the feed box on the sliding 
head. The automatic feed is engaged by twisting 
the cross-axle hand lever on its own axis; this 
movement engages a coil friction clutch in the head, 
the resistance of the drill assisting to maintain the 
clutch in engagement. A slight resistance offered 
to the rotation of the hand lever on the head causes 
the clutch to disengage. An automatic trip is 
available on the head. Three feed changes are 


operated by a sliding thumb piece on the top of 
the feed box. The standard spacing of the heads 
in multiple machines is 9 in. 

Turning now to heavier machines the most 
conspicuous exhibit of this class will be found to 
be that of Messrs. William Asquith (1920), Limited, 
of Halifax. One of this firm’s machines is illus- — 
trated in Fig. 81, Plate XXXVII. This is a 7-ft. 
radial for medium-duty drilling, boring and tapping, 
fitted with separate spindles for drilling and tapping. 
The gear box is mounted at the end of the arm, 
the total available spindle speeds being 18. The 
main drive includes three pulleys, two fast and 
one loose. The fast pulleys give opposite directions 
to the vertical shaft. With gearing on the saddle 
one pulley gives correct rotation for drilliag in 
single gear. The other gives the correct sense for 
double gear, and for reversing after tapping the 
spindle is thrown over to single gear. This move- 
ment reverses and at the same time gives a quick 
speed for backing out. In a universal radial 
machine shown, of somewhat similar type, the arm 
is arranged to swivel through 180 deg. while the 
saddle swivels through 85 deg. making the drill 
available for holes in any direction. 

Another fine example of the radial class of 
machines is shown in Fig. 82, Plate XXXVIII. 
This is a new model by Messrs. William Asquith, 
of 6-ft. heavy-duty central-thrust radial drill. As 
may be gathered from the illustration this machine 
is intended for the heaviest class of work. The 
diameter of the spindle at the driving part is — 
3} in., the spindle end being bored to Morse taper 
No. 5. With a maximum radius of 6 ft. the spindle 
can be run into a minimum radius of 2 ft. 1 in. 
The maximum height from the spindle nose to 
base is 6 ft. lin. and the minimum 3 ft. 3in. The 
vertical adjustment of the arm is 2 ft. 10in., and the 
hand and self-acting feed for the spindle is 1 ft. 6 in. 
The feeds are six in number. The base plate has a 
length of 12 ft. 7 in. and width of 4 ft. 6in. The 
machine is driven by a variable-speed motor with 
shunt regulator control from the saddle, all other 
controls being centralised here as well. The drive 
includes single, double and treble gear changes 
obtained from the saddle and giving a continuous 
range of speed variation, from a maximum of 
400 r.p.m. in single gear, to a minimum of 8r.p.m. 
in treble gear. The motor is carried on a tail 
bracket on the arm sleeve, making a very well- 
balanced and neat design. The main sleeve is 
mounted on a large column. Power elevating of 
the arm is secured by means of a separate motor 
mounted on the top of the column. Hand or 
power radial movement is obtained from the 
saddle through a vertical spindle and pinion at 
the column engaging with a spur on the column 
base. The advantages of the central thrust type 
of arm and saddle are so apparent for heavy work 
that we need not enlarge upon them here. The 
model is made in sizes from 5 ft. up to 10 ft. and 
over. 

The vertical drilling machine represented in 
Fig. 83 is another new model of Messrs. Asquith’s. 
This is a 24-in. drill, admitting work of a diameter 
of 48 in., the circular revolving table having a 
diameter of 3 ft. 6 in. and a traverse of 2 ft. 1 in. 
The table is locked for both motions by a single lever 
to be seen at the near corner of the saddle in Fig. 83. 
The revolving and longitudinal motions enable 
every part of the table to be brought under the 
spindle. No table elevating gear is provided and 
the support is therefore exceptionally rigid, the 
machine being intended for high speeds and heavy 
duty. The spindle is six-splined and has a diameter 
of 22 in. at the driving part. Eighteen spindle 
speeds are obtained from a gear box on the side 
of the column, with two levers, the main drive 
being by motor on a bracket at the back of the 
base to the gear box, by silent chain and sprockets. 
The gear box gives nine speeds, which are doubled 
by back gear in the head. The spindle speeds 
range from 27 r.p.m. to 405 r.p.m. There are 
four rates of feed from 35 to 120 cuts per inch. The 
spindle feed is 15 in., hand feed being available: 
as well as power. Changing speeds, stopping, 
starting or reversing, can all be controlled from 
one position at the side of the machine. Quick 
vertical hand adjustment of the spindle is by 
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the star wheel, the auto-feed being engaged by 
the small cross handle in front of this. Feed 
changes are obtained by the small handle with 
dial at the side of the head. The speed changes 
are worked by two pendent levers, one of which 
is shown in the hand of the operator. These 
couple by rods to the gear box at the back. The 
back gear lever on the head is the one slanting 
downwards close to the feed box. The short- 
crank lever under the head coupled by rod to the 
gear box at the back controls the starting, stopping, 
and reversing operations by means of clutches. 
The column and head of this machine are also 
utilised by Messrs. Asquith in a multiple pattern 
machine. 

We have on previous occasions illustrated Messrs. 
William Asquith’s design of a girder drilling machine. 
The latest development of this type is shown in 
Fig. 84, and introduces several improvements, 
notably a new feed lock, and still further centralised 
control. The machine exhibited is a 6-ft radial, 
but 10-ft. and 12-ft. radius models are also made. 
As regards construction the chief features are the 
central thrust arm, and the motor mounted on a 
bracket on the tail of the arm and serving, to some 
extent, to balance it. A lighter type is made with 
the saddle on the front face of the arm, after the 
usual practice in radial machines. The drill is 
usually supplied without a base plate as it is intended 
for placing as convenient on a large floor plate, or can 
be arranged in gangs for long girder work. The 
height from spindle nose to bottom of pillar with 
spindle in its highest position is 4ft.3ins. The head 
can be run into the column close enough to give a 
minimum drilling radius of 1 ft. 9 ins. The feeds 
are three in number and the feed traverse, either 
hand or self-acting, is 15 ins. In the machine 
exhibited the drive from the motor is to a four-speed 
gear box. The patent feed lock fitted to the drill 
enables the arm to be locked against radial move- 
ment, the head to be locked on the arm and the 
power feed to be started, with a single lever 
movement at the head. The lever by which this 
is accomplished is the one projecting diagonally 
upwards, seen behind the two hand wheels on the 
head in Fig. 84. When the drill point has been 
correctly located this single lever operates the locks 


and throws in the feed so that the risks from possible‘ 


carelessness on the part of the operator are greatly 
reduced, with a resulting reduction of drill breakages. 
At the same time, this single movement tends to 
increased output since the man has one, instead of 
two or three operations to attend to. The com- 
bination absolutely eliminates all risk of the operator 
working at a high speed omitting to lock the arm 
or saddle before getting the drill to work. 

A 4-ft. 6-in. radial by Messrs. James Archdale 
and Co., Limited, is illustrated in Fig. 85. This 
machine is somewhat similar to the radial drills 
exhibited by this firm in 1920, but embodies several 
modifications. Among these is the more extended 
use of ball bearings. This, in fact, is a marked 
tendency throughout machine tool design. The 
drive in the 4-ft. 6-in. radial now under notice is 
by belt to a single-speed pulley at the base, whence 
it is transferred to gears at the top of the column. 
Except for the belt thrower and the arm elevating 
gear, all controls are on the saddle. The elevating 
gear is controlled by a lever at the base of the sleeve 
working a vertical rod which locks and unlocks the 
arm and throws in the elevating motion gears 
transmitting the drive to the vertical screw hanging 
from the gear box. This combination prevents 
engaging the elevating motion while the arm is 
locked or locking the arm while the gear is engaged. 
Among the recent modifications may be mentioned 
a third rail on the arm to give additional steadiness 
to the saddle. The clutch lever and speed levers 
are interlocked so that the gears cannot be changed 
under load. Improved multi-dise clutches have 
been introduced for the spindle control. The 
spindle is of the splined type, this being another 
instance in which high-class motor car engineering 
has been applied with advantage to machine tool 
design of late years. The gear box on the saddle 
gives nine speeds, which, with back gear for the 
spindle, enable a range of 18 spindle speeds to be 
obtained from 27 r.p.m. to 580 r.p.m. The spindle 
has a vertical feed of 15 in. at four rates of between 


32 revolutions per inch and 120 revolutions per inch. 
The machine has a base plate, the working surface 
of which measures 4 ft. 9 in. by 3 ft. On this is 
a removable work table 32 in. by 27 in. 

Fig. 86, Plate XX XVIII, illustrates a sensitive 
radial drillimg machine of the geared type, by 
Messrs. James Archdale and Co., Limited. The 
single belt pulley at the base of the column drives 
a horizontal shaft transmitting to a vertical spindle 
running to the main gear box at the top of the 
column. The sleeve has ball and roller bearings. 
At the end of the arm a stay is provided connecting 
with the bed. This stay is supported on roller and 
ball journal bearings on a segment which extends 
to the rear of the bed, so that it may perform its 
duty with the spindles working over most of the 
bed. A clamp is brought into action as soon as 
the thrust is taken by the drill. Even with the 
saddle at the end of the arm the effort to move the 
arm and stay is very small. The saddle is carried 
on rollers on a square edge. The saddle carries a 
lever by which the arm is locked on the column, 
this being effected by the horizontal bar below the 
arm and a lock at the column base. The saddle can 
also be locked to the arm. The maximum radius 
at which the drilling spindle will work is 4 ft. 6 in., 
and for the tapping spindle 4 ft. lin. The vertical 
feed of the spindle is 6 in. and the vertical adjust- 
ment of the spindle head on the saddle, 8in. The 
horizontal traverse of the saddle is 2 ft. 10 in. 

The gear box at the head of the column gives nine 
spindle speeds of from 126 to 1,440 r.p.m. The 
spindle runs in a quill and has roller and ball thrust 
bearings, and is counterbalanced. It is driven from 
the backshaft by helical gearing. The tapping 
or studding spindle is fitted with reverse, operated 
by lever. It runs at one-quarter the spindle speed 
and reverses at 1-5 times the tapping speed. One 
turn of the star wheel locates the tapping spindle 
directly over the hole just drilled. The necessary 
slipping device for tapping is embodied in the 
saddle, and an external tapper is unnecessary. For 
backing out a large Ferodo-lined clutch is brought 
into action. The automatic feeds are three, namely, 
50, 95 and 180 revs. per inch. 

The next machine we illustrate is a special gang 
drill for motor car front axles, for the swivel pin 
and spring pad holes. As will be gathered from 
Fig. 87, the two outer heads swivel on the slide, 
while the two inner heads are provided with five 
spindle multi-heads. The main drive is by belt 
and pulleyjto the cross rail, with change wheels. The 
spindles have self-acting feed of 9in. and four rates 
of feed are arranged for. The machine will drill 
four 14-inch holes, and is tested by drilling in steel 
four 2-in. holes at a penetration of 54 in. per minute. 
The two inner spindles can be set as close as 10 in. 
apart; the distance between an outer and the 
nearest inner spindle can be made as little as 7 in., 
while the greatest spread between two outer is 54 in. 
The size of the table is 15in. by 69in. It is carried 
on vertical slides on the two columns and is sup- 
ported by two telescopic elevating screws worked 
by spur gear and a single handwheel. The 
main motion shafts are fitted with ball or roller 
bearings. The spindle quills are fitted with ball 
and roller bearings. The spindles are driven by 
helical gearing, each having a friction clutch, so that 
any can be disengaged when necessary. Each head 
is provided with trips, and the spindles may be fed 
simultaneously or independently. They are not 
engaged simultaneously. Quick change speed and 
feed boxes provide suitable speeds for reaming. 

Another gang drill shown by Messrs. James 
Archdale and Co. is illustrated in Fig. 88. This 
is a three-spindle heavy-duty vertical drilling 
machine capable of drilling up to 3-in. holes, the 
distance from the centre of spindle to column 
being 10 in. This machine is a multiple-unit tool, 
each drill being similar to but independent of the 
others except as regards base and table. A single 
unit forms one of Messrs. Archdale’s standard single- 
spindle machines, while in the multiple form it is 
to be had in either two-, three- or four-spindle 
machines. In these standard forms the spindles 
are spaced 264 in. apart. For the three-spindle 
machine the table top is 15 in. by 69 in., the length 
of course differing in other models. The table, it 
may be pointed out, is similar to that of the 


preceding machine, having two elevating telescopic 
screws worked by one handwheel and gearing. The 
table can be locked to the columns. 

The drill is for heavy work, requiring 64 h.p. per 
head to drive it at full capacity. Each head has a 
separate belt pulley. All shafts run on ball bearings 
and a feature of the design is the use of spiral 
bevels both for the driving shaft and the spindle 
drive ; these result in a very silent machine. The 
spindle is of liberal dimensions, being 1$ in. in 
diameter below the splines, and 2% in. in the quill. 
The quill diameter is 44 in. It has ball journal and 
thrust bearings. The spindle is cut with six splines, 
ensuring freedom from failure of feathers. The 
range of spindle speeds is 24, obtained by change 
gears, sets being provided according to requirements: 
The lowest and highest speeds are 66 r.p.m. and 
265 r.p.m. The vertical self-acting feed is 10 in., 
four rates being provided, obtained by a single 
lever on the side of the head. They range from 
32 revolutions per inch to 130 revolutions per inch. 
The automatic feed is engaged by means of a friction 
clutch. An automatic depth drilling device is in- 
cluded in the design, a large graduated disc facili- 
tating accurate setting. This enables a number of 
heads to be attended to by one operator with 
perfect safety, so that the machine is capable of 
heavy work at low cost. The whole has been 
developed with a view to producing a simple and 
robust machine, as many parts as possible being 
eliminated to ensure immunity from breakdown, 
and the rest made as substantial as consistent 
with good design, for the same reason. The 
machine can be utilised for multiple drill heads, and 
can be used for rolling the bore of cylinders for 
automobile engines, &c. 

A drill shown by Messrs. Crossley and Co., St. 
Mary’s Gate, Manchester, is a radial of 5 fbacairs 
It is a high-speed machine of the single-pulley 
and gear-box type as will be seen from Fig. 89, 
Plate XXXVIII. The gear box, by means of 
two levers, gives six changes of spindle speed, 
which can be used with or without back gear on 
the saddle, allowing a range of 12 changes of from 
46 r.p.m. to 400 r.p.m. The arm is solid with a 
long sleeve, which is supported on the column by 
ball and roller bearings, and can swing the complete 
360 deg. The spindle has a diameter of 2} in. 
at the driving part and 24 in. in the quill. It is 
fitted with ball thrust bearings and driven through 
a friction clutch, and is started, stopped and 
reversed by a lever on the saddle. The spindle 
is counter-balanced and has a vertical feed of 
15 in., four rates of automatic feed being provided, 
namely, 40, 58, 85 and 135 revolutions per inch. 
Quick hand and fine hand motions are furnished, and 
also an automatic trip. After tapping, the tap can 
be run out at 3-3 to 1 by putting in the single 
gear. The traverse of the saddle on the arm is by 
rack and pinion on the saddle. The minimum 
radius at which the drill will operate is 1 ft. 4 in. 
The maximum distance from spindle work table 
is 2 ft. 2 in. and the minimum 11 in. 


SHAPING MACHINES. 


A 30-in. stroke double-geared shaping machine 
shown by the Selson Engineering Company, Limited, 
is illustrated in Figs. 90-98, Plate XX XIX, and 
Figs. 99-107, page 360. From the photograph given 
in Fig. 95 this will be seen to be a very neat machine. 
The drive is by fast and loose pulley on the left- 
hand of the machine, through a shaft carried at 
the back of the body to a gear-box on the right side 
shown in our illustrations, Figs. 91 and 95. Details 
of the drive are illustrated in Figs. 100 and 101. 
An alternative drive by four-step cone pulley is 
illustrated in Fig. 99. In this case the cone pulley 
is mounted without gear-box on the first motion 
shaft of the ram drive. In the geared model the 
driving pulley is 14 in. in diameter and runs at 
300 r.p.m. The gear-box gives four speeds, with 
two levers shown in plan in Fig. 107, and in elevation 
Fig. 106, which drawing shows the sliders for the 
gears on the first and third shafts, the gears on the 
intermediate shaft being fixed. The levers have two 
operating positions and neutral, and by means of 
sliding back gearing the changes can be increased to 
eight. These give a range of eight changes of strokes 
per minute. The back gear arrangement will be 
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understood by reference to Fig. 100, where it 
will be seen that two gears sliding on the shaft 


fitted with the hand wheel can drive the bull wheel’ 


direct through a small spur, or if moved to the 
other side of the body can be made to engage with 
a much larger spur on the same shaft as the former. 
The feed box shafts run in bronze bushes oiled 
from oil wells shown in Figs. 104 and 105. The 
gears run in oil. The pulley shaft and the inter- 
mediate spur shafts in the body are provided with 
ring-oiled bearings. Details of these ring oilers are 
given in Figs. 102 and 103. Details of the feed 
motion and stroke adjustment gear are shown in 
Figs. 93 and 94, a stroke indicator shown in Fig. 92 
being fitted just above the stroke-adjusting handle. 
The bull ring is carried by a large hollow shank 
through which passes a spindle gearing by bevels 
with a screw which adjusts the distance of the 
erank-pin in a slide revolving with the bull ring. 


of the ram. The main driving link is coupled to 
the ram by a connecting link, giving a draw stroke. 
The tool head swivels, the circular edge being 
graduated. Details of the head are given in Figs. 
96 to 98, Plate XX XIX. The box has a vertical 
adjustment of 9 in. on the slide. The vertical 
hand feed is by an inverted hand wheel and_ bevels, 
giving a much more convenient position for the 
wheel than is usual on a large machine, and enabling 
the operator to observe the tool point closely. 
The collar of the feed screw is graduated. 

The table is 17 in. by 30 in. across the top face 
and the sides, 17} in. deep, are both planed with 
T-slots. The table traverse on the cross slide is 
314 in. and the vertical traverse of the cross slide 
is 15 in. The table can be raised to within 4 in. of 
the tool-box, while the maximum distance available 
is 19 in. The automatic and hand cross traverse 


motions are by the upper of the two shafts on the 


mum stroke of 26 in., the heads being arranged to 
traverse on a long rectangular body, fitted with 
slides on the top, for the heads, and on the front for 
two box-work tables. The body is 12 ft. long, 
28 in. wide, and 32? in. deep. The centres of the 
heads can be approached to as close as | ft. 6 in., 
or spread as far apart as 8 ft. 3in. The tables are 
each 27 in. long, 20 in. wide, and 20 in. deep. The 
machine is driven by two independent direct-current 
motors of 15 brake horse-power, made by Electro- 
motors, Limited, Openshaw, Manchester. These 
run at 1,050 r.p.m. They are carried. on brackets 
at the back of the machine, attached to the 
body, and drive the heads through friction clutches 
and gear-boxes. Two horizontal shafts transmit 
the drive to the heads whatever their position 
on the bed. The clutch-operating gear includes 
a brake by which the ram can be arrested in any 


position while the motor is allowed to continue 
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DETAILS 


The stroke-adjusting spindle is screwed and is 
surrounded by an internally screwed sleeve or nut 
in which a groove is turned. In this groove works 
a smaller roller on the end of the pointer lever. 
As the adjusting spindle is turned the sleeve moves 
in or out and the groove and roller cause the 
indicator to travel over the scale on the top of 
the box. This will be followed by reference to 
Figs. 92 and 93. A great advantage arises from 
the indicator being a stationary one. 

The traversing feed is by means of a small slotted 
disc crank, graduated as shown in Fig. 93. This is 
revolved by means of a spur on the end of the 
bull wheel shank. This spur wheel is in mesh with 
a second underneath it in the feed-box carried by 
the hollow shank. of the bull wheel. This spur 
can either revolve freely on the shank, or be locked 
by key to it, the key being operated by a spring 
plunger passing through the centre of the shank 
and worked by a lever below the box in a manner 
which is clearly seen in Fig. 94. 

The ram is adjusted by means of a large hand 
wheel on the top, and rack and pinion. Combined 
with this is a locking lever, the block of which 
clamps on to a serrated surface on the upper side 
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cross slide (Fig. 90). The lower shaft is for the 
vertical traverse, by hand only, the shaft working a 
nut on the elevating screw. The cross traverse 
shaft has a graduated collar. A strong double 
brace support is provided for the table, with rollers 
running on a guide extending across the front of the 
base far enough to give support to the table when 
in its extreme positions of cross traverse. The 
table is fitted with a large swivelling vice, graduated 
on the plate edge, and giving a maximum opening 
between the jaws of 1 ft. 2 in. Throughout the 
machine the slides are fitted with adjustable taper 
fitting strips, while felt wipers protect all oiled 
moving surfaces. The body is hollow under the 
ram to admit shafts up to 4 in. diam. for key 
seating. 

The Butler Machine Tool Company, Limited, 
Halifax, are well-known makers of shaping machines, 
and their exhibit includes five machines of this class. 
Four of these are single-head crank shapers, the 
fifth being a double-headed machine. The latter 
and the largest single-head machine are illustrated 
in Figs. 108 and 109, page 361. 

The double traversing head shaper, illustrated in 


Fig. 108, has two heads with rams having a maxi- 


running. The clutches are to be seen at the ends 
of the machine, with starting and brake handles 
on the outside. The heads, being driven by 
independent motors, can be operated as desired 
regardless of one another, each having available 
the choice of eight changes of speed. The boxes 
give four changes and these can be doubled by 
gearing. The ram motion is of the Whitworth 
quick-return type, combined with helical wheel 
drive from the shaft. The ratio of quick return 
is 2+ to 1 for all strokes. With this form of 
motion the tool speed is low at the moment of 
entering and leaving the cut, tending to accuracy of 
work. The headstocks are furnished with quick 
power traverse, so that the operator is relieved of 
exertion and the capacity of the machine is con- 
siderably enhanced. The choice of traverse feeds 
for the head is the same as for the speed, viz., 
eight. The quick traverse is controlled in each 
case by an extensible lever close to either head 
so that whatever the setting of the ram the lever 
may be within reach. 

The tool boxes swivel and are arranged with 
are slot and worm quadrant. The vertical feed 
Screw is operated by a reciprocating quadrant 
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Fig. 109. 22-In. Orank SHapinc MAcHINE, 


and’ connecting rod. The drive is obtained by 
lowering the quadrant which is hung on the ram 
into contact with the stationary slide. Friction 
between the surfaces rocks the quadrant and this 
action is transmitted to pawl gear on the head. 
This arrangement is self adjusting to the length of 
stroke, and is capable of instant release. The 
traverse feed is by pawl and ratchet off the crank- 
shafts on the head. A slotted dise crank provides 
for variation of traverse. Fine hand traverse is 
also provided, the ratchet handle for this being 
balanced so as always to return to the vertical 


position. The feed is reversed by turning round 
the pawl in its sleeve so that it catches the ratchet 
teeth when moving in the opposite direction. 

The two tables are mounted on saddles capable 
of being traversed along the front of the body by a 
rack and pinions. The latter are operated by 
spanners. The tables can be elevated by screws 
housed in vertical slides in the saddles, all pro- 
jecting screw ends thus being avoided. The 
tables are locked on the saddles by long bolts 
passing through to the front. Two faces, the top 
and one side, are finished with Tee slots on each 


LIMITED, HALIFAX. 


26-In. DouBLE TRAVERSING Hrap SHapina MACHINE. 


table. A strong vice forms part of the equipment 
with gripping screw in tension. 

The 22-in. stroke single head shaper is illustrated 
in Fig. 109. . It is driven by a direct current elec- 
tric motor of 7 h.p. running at 1,100 r.p.m. The 
main drive is fitted with a friction clutch controlled 
by a handle at the side of the machine. This 
also applies a brake and the tool can therefore 
be stopped when required without stopping the 
motor. The ram can be adjusted whilst running. 
The drive is by raw hide pinion on the motor shaft 
meshing with machine-cut spur. The machine is 
fitted with a self-contained change speed gear box 
inside the body, giving 6, 9, 13, 18, 28, 38, 55 and 81 
strokes per minute. There are two levers for the 
gear box and one for back or double gear. The 
work table has a rectangular Tee slotted top, and 
slots, both vertical and horizontal, are also cut in 
the vertical finished side faces so that a great 
variety of work can be readily fixed to it. The table 
has automatic traverse and is carried by a cross 
slide having power elevating motion or vertical feed. 
The former movement extends for 25 in. and the 
latter, extending over 14 in., is effected by a 
friction drive of the type described above in con- 
nection with the double head machine, with rocking 
quadrant. The usual pawl motion is fitted to the 
cross traverse. The tool-box tool holder and vertical 
slide are of forged steel. The ram slides are 
hardened and ground. 

The crank is of the closed type and is balanced, 
eliminating vibration and giving smoothness of 
running. The stroke may be changed while the 
machine is in motion. The upper part of the body 
gives a clear way for the ends of shafts, etc., 3} in. 
in diameter, when the machine is used for key-way 
cutting. The table in its lowest position will 
allow of work of a height of 14 in. under the tool 
box.. The latter has a vertical adjustment of 74 in. 
and swivels to either side. The work vice is fitted 
on a swivel base which has jaws 12-in. wide by 
23 in. deep, and a maximum opening of 14 in. 
The vice is arranged with the clamping screw in 
tension and not in compression, the thrust being 
taken on a steel collar which relieves the frame from 
strain. We may add that felt wipers are fitted to 
all slides. 

The two other standard machines shown by the 
Butler Machine Tool Company are 12 in. and 18 in. 
crank shapers similar to the above but belt driven 
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on to a constant speed fast and loose pulley set, 
the internal gear-box giving six changes for the 
smaller tool and eight for the larger. The belt- 
shifting gear embraces a safety lock and brake 
by which the ram can be arrested in any desired 
position. The vertical traverse of the table is 
automatic and 12 in. in length for both machines. 
The horizontal traverse, also automatic, is 18 in. 
for the smaller tool and 20 in. for the larger. In 
addition to the above an 8$-in. stroke shaping 
machine for tool room use is exhibited. This little 
tool is intended for machining parts which ordi- 
narily would require the provision of a milling 
machine. It has Whitworth quick return motion 
of 2-25:1, for all strokes. The drive is by single 
belt pulley, the gear box giving four rates of from 
48 to 113 strokes per minute. Four cross and 
vertical feeds are also available. One of the chief 
features of the machine is its table which is 10 in. 
by 104 in. on the top and 7 in. deep. The table 
can swivel through 180 deg. and the top face can 
be tilted to 15 deg. The tool also swivels. A 
4i-in, vice swivelling on a base is available on the 
top surface, while there is a second vice with 6 in. 
jaws on the side face of the table. 

In the belt-driven machines, as mentioned 
above, the belt-shifting lever applies a brake to 
the drive so that it can be arrested as required. 
The lever has to be lifted out of a slotted plate 
before it can be operated, thus making it im- 
possible for the belt to be accidentally thrown 
over. 

PLANING MACHINES. 


Only one example of the open-side planing 
machine has come to our notice up till the present 
at the Exhibition. This is of the travelling table 
type associated with the name of Messrs. Ward, 
Haggas and Smith. Messrs. Geo. Richards and 
Co., Limited, of Broadheath, had intended show- 
ing one of their chain-driven travelling tool-head 
planers, but the firm finally decided to exclude it 
in favour of other machines. 

The Ward, Haggas and Smith model is now well 
known. The machine exhibited on this occasion is 
substantially similar to that shown at the Exhibi- 
tion of 1920, and described and illustrated then in 
our columns (ENGINEERING, vol. cx., page 333). The 
model we illustrated was driven by single-belt pulley 
and clutch. The present machine is motor-driven, 
with enclosed Coventry chain. The travelling 
work table has a length of 46 in. and width of 18 in., 
the tool box having a horizontal traverse on the 
arm of 22 in. The tool has a vertical adjustment 
on the sude of 6in. The table, which has six changes 
of speed, is operated by crank. It runs on V guides 
and is held down by gibs under the guides. Power 
movement is available for the arm and the hori- 
zontal, vertical or angular feeds to the tool are 
either by hand or power. 

An interesting example of modern planing 
machine design is afforded by the exhibit of one 
of the range of the Bateman high-speed machines 
made by Messrs. Ward, Haggas and Smith, of 
Eastwood Works, Keighley. This machine is 
shown in Fig. 110 on Plate XL. It is driven by 
a variable speed motor which runs continuously 
in the same direction. The return speed of 190 ft. 
per minute is constant no matter what variations 
of cutting speed are used. Actually the cutting 
speed is varied by the use of a simple type of 
regulator control for the motor made by the Igranic 
Electric Co., Ltd., which is operated by turning 
an index handle over a disc graduated to read 
in actual feet per minute. The operator can, 
therefore, easily set the working of the tool to 
suit the particular class of work it is momentarily 
engaged on. Variation of the cutting speed be- 
tween 20 ft. and 60 ft. per minute is thus possible. 

The mere raising of the speed of cutting does 
not necessarily make for increased economy, because 
as the speed is increased, acceleration and retardation 
effects at the beginning and end of the cutting 
stroke continuously increase. This means that 
time is only saved at the middle of the stroke and 
is lost at the ends. To overcome this disadvantage 
of high speed working the Bateman design has 
incorporated in it the use of a flywheel drive. This 
works on the principle of restoring energy during 
the stroke and releasing it at the beginning and 


end of the stroke, so as to avoid making heavy 
demands upon the motor at these periods. It is 
fitted at both sides of the machine, and consists 
of a heavy flywheel as a loose pulley and a simple 
type of fast one. The flywheel is wider than the 
fast pulley, and when the belt is thrown on to this 
it partly overlaps the flywheel, taking away part 
of its energy. As an additional means of making 
use of the rotational energy of the flywheel, contact 
is established between the fast pulley by means of 
a friction cone. For this purpose a small lateral 
movement is given to the flywheel at the instant 
that contact is desired. Almost instantaneous 
reversing is thus made possible and the acceleration 
is exceedingly rapid. Asa result of this introduction 
it has been demonstated that at high speeds it is 
possible to cut and return exactly to a mark 

The table of the planer differs from the ordinary 
type in that the rack is not rigidly fixed to the table 
but is free to slide for a short distance longitudinally 
in planed grooves. On each side of the rack and 
secured to it by a crosshead at the end of the table 
are buffer rods supported by brackets. This 
arrangement facilitates the introduction of springs 
which bring the table to rest without the commonly 
excessive shock. Adjustment of the springs is 
possible to meet the requirements when unusually 
heavy loads are carried on the table. 

A high-speed planing machine capable of dealing 
with work 16 ft. long by 4 ft. wide and 4 ft. in height 
is shown by The Butler Machine Tool Company, 
Limited, of Victoria Iron Works, Halifax. This 
machine is shown in Fig. 111 on Plate XL. It is 
driven by a reversing motor equipment manufac- 
tured by the Lancashire Dynamo and Motor 
Company, Limited, of Trafford Park, Manchester. 
The motor is of 24 b.h.p. and runs at speeds between 
575 and 1,150 r.p.m. This gives cutting speeds of 
from 20 to 75 ft. per minute and return speeds 
of 55 to 150 ft. per minute. When work is being 
done on two surfaces with a gap between them 
speeding up during the interval is effected by the 
use of an accelerating device, which also serves to 
give an increased speed after the tool has started 
the cut. For the quick power traverses and to 
raise and lower the cross slide a small motor of 
4 h.p. is provided on a bracket on one of the side 
standards. The cross slide carries two main 
tool boxes, and in addition there are two side tool 
equipments. Quickly-operated power adjustment 
is provided for the tool boxes and the feeds are 
mechanically operated. The table of this machine 
was specially designed to resist the deflection 
due to the tightening of the fixing bolts, and side 
thrust flanges are introduced to prevent the table 
lifting at the Vees. Oil channels are placed 
throughout the length of the bed, and coned lubri- 
cators supported by springs in the many oil recesses 
as well as waste pockets serve to deal with the 
oil. Much more than the standard thickness of metal 
is provided above the Tee grooves to permit the 
replaning of the table. All the gears except the 
rack members have single helical teeth in order 
that smoothness and silence of working is ensured. 

Messrs. John Stirk and Sons, Limited, Halifax, 
show a Veloplane which takes work 36 in. wide 


and 30 in. high, and has a length of stroke of 


6 ft. This machine is made witha very substantial 
bed on which the table is accommodated with 
Vee ways cut from the solid. The drive is by 
belt from a line shaft, and there are two open 
belts taken from the countershaft to the machine 
pulleys. The table is geared to give three cutting 
speeds of 24, 36 and 48 ft. per minute, while the 
return speed is constant at approximately 100 ft. 
per minute. Feeds that are easily varied are 
obtained through a friction disc. 

On the same stand is to be seen the largest and 
one of the most exceptional designs of machine 
tools in the Exhibition. This is the 100-in. Stirk 
Hiloplane, which is illustrated in Fig. 112, Plate X LI. 
When it is remembered that the weight of this tool 
is no less than 48 tons, it must be regarded as no 
mean accomplishment that it has been possible to 
erect for exhibition purposes, so that its running 
under working conditions may be studied. 

The bed of the Hiloplane rests on the floor 
throughout its entire length, and is of the continuous 
plate type with double walls and solid bushed 


bearings. On the top, flat ways are provided for 
the table. This has adjustable side strips, and 
the tee slots in it are cut from the solid, while 
troughs are provided at each end for cuttings. 
The housings are firmly attached to the bed and 
connected to each other at the top by a deep tie bar. 
Two cutting heads are carried by the cross slide, 
which is raised and lowered by power through 
twin screws and enclosed worm gears. Side heads are 
provided on each of the side columns. The driving 
gears are made of steel throughout the machine, 
the first gear from the motor being of the double 
helical type. Automatic lubrication is given to the 
sliding ways by means of rollers in oil boxes, while 
sight feed lubricators serve for all the bearings 
on the bed. It will be seen that the special 
mechanical features of the machine are: continuous 
plate bed ensuring rigidity, the keyless change 
driving gear, and cross and vertical planing by 
main and side heads, which enables a saving of 
time in resetting of work. 

The method of driving, however, is its most out- 
standing feature. This is the system of split field 
electrical driving designed by the firm, which makes 
possible a quick change in feed from 4 in. to 14 in., 
while a magnetic relieving device is fitted to the 
machine for broad feeding. The electrical control 
is obtained by coupling a motor directly to the 
machine gearing, and this is supplied by current 
from a special generator driven by a suitable 
primary motor connected to the direct or alternating 
current supply. By manipulation of the magnetic 
field of the special generator it may be made to 
give a supply at variable voltage and in both 
directions. As the final motor which receives this 
current is independently excited, the variation of 
voltage gives alterations of the speed, and the 
change of polarity of the supply causes corresponding 
reversals in the direction of rotation. A graduated 
rocking disc with adjustable stops on it actuates 
contactors through a master switch, and effects the 
control of the table drive by the motor. The result 
is obtained through the use of two windings, 
or a split field as it is termed, on both the generator 
and the motor. In the case of the generator the 
two sections are connected to oppose each other 
so that they may be excited alternately to obtain 
the reversed polarity of the output. The motor 
field windings are arranged to work together. One 
of these is permanently excited and is for the 
production of the high speed for the return stroke, 
while the other comes into action to give the 
greater magnetic field necessary to obtain the 
slower speeds required for cutting. The range of 
speeds may be extended indefinitely by the variation 
of the generator voltage, and the standard equipment 
embodies two shunt regulators which enable the 
cutting and return speeds to be varied independently 
to any desired extent. 

From the description of the arrangement it may 
be assumed that the gear is elaborate and necessitates 
special attention, but that is very far from being 
the case. The whole equipment is controlled by 
start and stop push buttons on both sides of the 
machine, and a separate inching button is provided. 
Features of the system are the use of regeneration 
at the end of the return stroke, and a simple 
accelerator is used to speed up, once the cut is 
started, and also in jumping gaps in the work. 
The accuracy and speed of reversal, and the ease 
of control are characteristics of the drive which 
are impressed upon the visitor to the Exhibition 
by the demonstration of the use of the system 
on actual work. 

The split field system of driving a planing machine 
may appeal to many who have already got tools 
to which they would like to apply it, and for that 
reason Messrs. John Stirk and Sons, Limited, have 
designed and placed upon the market a conversion 
set which can be so used. This equipment is shown 
in Fig. 115, page 363. It consists of a direct or 
alternating current motor for driving, together 
with the generator and motor having the split 
field coil system and the requisite control gear, all 
on a common bed plate. All that it is necessary 
to do to apply the conversion set is to remove the 
old pulley from the shaft of the planer, and shorten 
the shaft to permit it being fitted to the coupling on 
the motor when the conversion set is in position 
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beside the planing machine. Equipment of this 
type suitable for working from direct current 
single, two- or three-phase alternating current at 
any voltage may now be obtained. 

)* Messrs. Thomas Shanks and Co., Limited, of 
Johnstone, show an example of their planer drive 
system which is suitable for application to existing 
machines as well as for use in new models. In the 
design of this device an endeavour has been made 
to reduce the power that is lost through the 
stopping and restarting of the high speed pulley 
of the usual equipment. It is claimed that in 
doing so the firm has kept down the cost of 
the equipment to a small sum in comparison with 
any motor reversing system, while in point of effi- 
ciency and service it compares favourably with 
that system. The complete drive, which makes 
use of non-rotating magnets of annular form 
provided with energising coils, is housed in a 
circular casing made in two parts, bolted together, 
and with a cover which carries thé gearing’ and the 


drive is through pinions and gears to a spur wheel. 
On the other side of the head is another similar 
wheel. The two wheels run on trunnions about three- 
quarters of their diameter, in bushed bearings, and 
connection is made between them by an adjustable 
eccentric crank pin off which the slotter head is 
taken. This drive is similar to that fitted to the 
puncher slotter of which a view is given in Fig. 114, 
Plate XLI, and our remarks will be rather more clear 
if for the moment we refer to this illustration. On 
the large wheel there shown is a block cut with teeth 
and gearing with a small pinion. The toothed 
block has two bolts as shown. One runs right 
through to the wheel on the far side of the machine ; 
the other is merely a locking bolt, while the small 
pinion is also a locking device. The crank bolt is 


eccentric to the block, and by rotating the disc 
relatively to the wheel the throw can be changed. 
This is effected by slacking off the nuts and working 
the rim of the large wheel round, an indicator showing 
the length of stroke at any point. 


The setting is 
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lever for changing the cutting speed. Two sub- 
stantial bearings support the driving shaft within the 
housing and one end of it is left free for coupling to 
the machine by the necessary gears. 


SLorring MACHINES. 


Three slotting machines are exhibited by the 
Butler Machine Tool Company, Limited, Halifax. 
Two of these are of the ordinary type, while the 
third is a new puncher slotter. The two former are 
a 10-in. stroke machine and a 14-in. machine. The 
10-in. machine is similar to 8 in. and 12 in. sizes by 
the same firm, while the 14 in. is representative 
also of 20 in. and 26 in. stroke machines. The 
smaller class has a change gear box in the body of 
the machine. The drive is by motor and short belt 
to fast and loose pulleys. The operation of belt 
shifting applies a brake to the flywheel. The 
slotting head is driven by Whitworth quick return 
motion. A scroll cam on the crankshaft imparts 
a rocking movement to a bell crank having a 
slotted arm, off which the adjustable ratchet feed 
movement is taken. The gear-box gives changes 
of speed ranging from 27 cycles to 65 cycles per 
minute. : 

The larger machine is illustrated in Fig. 113 
Plate XLI. The drive in this case is on the Butler 
eccentric system, from a 12 b.h.p. motor running 
at 990 r.p.m., and mounted as shown at the back 
of the column. The motor is by the English 
Electric Company, Limited. From the motor the 


locked by tightening up all three nuts. The crank 
is furnished with a gun-metal die. This slides in a 
steel link. 

Reverting now to Fig. 113, on the face of the 
wheel on the far side of the machine is a large 
cam roller path, and in this runs a roller on the 
end of a bell-crank lever. The second arm of this 
is slotted, and from it is taken by an adjustable 
rod, a ratchet feed motion which is transmitted 
through the base to the small box on the bed to be 
seen close to the column. This contains bevels 
which transmit the motion to the slide and table. 
From the motor a belt drive is also taken to a small 
supplementary countershaft mounting (see Fig. 113) 
and thence to the horizontal feed shaft. This drive 
provides the quick traversing motion, and a lever 
controlling two clutches throws in either this quick 
traverse or the slow ratchet feed as required. 
The slide is fitted with a circular revolving table, 
and hand feed ratchet feed or quick power traverse 
are available for all movements of the slide as well 
as the rotation of the table. The starting lever 
seen on the side of the column is interlocked with 
the quick power traverse, so that the head cannot 
be clutched in when the quick traverse is operating. 
This is effected by the slanting locking bar shown 
in Fig. 113. To operate the starting lever this baz 
has to be cleared from a notch in a disc on the start- 
ing lever spindle. This, however, is prevented 
when the quick traverse is engaged by a lug on the 
disc at the end of the upper of the two horizontal 


shafts, fouling the locking bar. The speed changes 
are obtained by gears in the trunk of the machine, 
and the range covers from 13 to 28 cycles per minute. 
The clutch lever applies a brake to the slotter 
head motion so that the ram may be stopped where 
required. 

The puncher slotter illustrated in Fig. 114 is a 
very powerful machine, built for the heaviest work, 
such as cutting out crank axle webs, spring buckles, 
&c. In many respects it is similar to the previous 
machine, and the description of the eccentric drive 
need not therefore be repeated. This machine has 
no quick power traverse, but, the feed transmission 
being by gearing, feed trips are provided. The 
machine is driven by a 20 brake horse-power motor 
by the English Electric Company, Limited, running 
at 920 r.p.m. The motor drives through a Fabroil 
pinion into staggered laminated tooth spur. The 
speed changes are four in number, ranging between 
11 and 33 cycles per minute. The feed is by ratchet, 
derived, as in the previous case, from a bell crank 
motion driven off a cam on the wheel on the far 
side of the machine (Fig. 114). The feed is thrown 
in by clutch. 

The machine is exceedingly substantial, having a 
6-in. flange to the base while the base and upright 
trunk are all one casting. The table measures 30 in. 
square, the in-traverse being 12 in. and cross 
traverse 30 in. The motor is controlled by a 
Brookhirst panel, and stop and inching push 
buttons are fixed at two points on the machine. 
The head is shown with a single tool holder. A 
double tool head can also be used. The tools are 
held in holders on the head giving slight relief for 
the up-streke. The machine will work well up to 
15 or even 12 cuts per inch. The inside of the bed 
is used as a tank for the cutting lubricant ; a pump 
worked off the main drive is arranged for this on 
the far side of the machine. As an instance of the 
work which this machine will do we may give some 
figures for buckles, the machine cutting square 
holes 7 in. by 3 in. in steel 3 in. thick. With two 
tools the output is 32 buckles in eight hours, and on 
a duplex machine with four tools the output is 60 
in eight hours. 

Gear PLANERS. 


We conclude our account this week of recipro- 
cating cutting tools at the Exhibition by reference 
to the Sunderland gear planers, shown by Messrs. 
J. Parkinson and Son, of Shipley. These machines 
will be familiar to many of our readers. On the 
occasion of the last Exhibition we illustrated Messrs. 
J. Parkinson’s No. 5A type of planer. A machine 
of practically the same design is being shown at the 
present Exhibition, set for. double cutting, on two 
wheels. Reference to our former article (vol. ex, 
page 363) will explain how these machines may be 
set for cutting helical gears, an illustration having 
then been given of one being cut on the 54 machine. 
An interesting development which has arisen since 
that date is the adaptation of the Sunderland machine 
to cutting double helical gears. A new machine of 
this class is being shown by Messrs. J. Parkinson 
at the present exhibition, made by arrangement 
with Messrs. David Brown and Sons (Hudders- 
field), Limited. This machine is illustrated in 
Figs. 116 to 118, page 364. The machine has a 
capacity for cutting gears up to 48 in. in diameter 
with 10 in. face, and up to 2} D.P. The principle 
of construction is similar to the former machines, 
but instead of a single horizontal or inclined slide, 
two slides are employed, set at an angle of 22} deg. 
This angle for the spiral cannot be altered and 
there is, therefore, no risk of wrong settingup. The 
cutters are similar to the rack cutters used on the 
other Sunderland machines, except that the rack 
teeth are inclined at the spiral angle. The recipro- 
cating motion causes the cutters to enter the work 
alternately, and there is no risk of fouling. Double 
helical continuous teeth can be cut to a dead line, 
and finishing by any other process, subsequently, is 
unnecessary. 

The machine is driven by belt of 4 in. width on 
to fast and loose pulleys on the machine, 16 in. in 
diameter and running at 330 r.p.m. Changes of 
speed are obtained with change gears ; changes of 
feed by four-stepped pulleys, shown in Figs. 116 
and 117. The drive is very similar to former 
machines, but the drive of the reciprocating slides 
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is duplicated, there being two cranks driven off | 
two helical gears in mesh. The cranks work the 
cutters to and fro. As the work-proceeds the whole 
cutter slide is fed downwards, and at the same time 
the workis rotated. At the end of the vertical travel 
of the tool slide the cutters are withdrawn and the 
slide is moved up again to its highest position. 
This movement corresponds with one pitch of the 
teeth being cut, and on the completion of this 
traverse the cutters are again brought in to the 
work, and development of a new tooth on the work 
is begun. 

It is difficult to do justice to the mechanism of this 
tool without diagrams. The principal points 
however, may be touched on. Apart from the 
cutter drive, two drives by worm and worm-wheel 
are embodied in the machine, one being a high-speed 
drive, and the other of a lower speed, through the 
belt and pair of cone pulleys at the side of the 


machine. Both drives connect through to the 


48-In. Douste Hettoat Gear Berne Cor. 


cutter vertical feed and to the index worm-wheel 
drive. The fast drive is intermittent, as it embodies 
a pawl and ratchet, which for part of the cycle are 
held out of engagement by a timing plate. 

The normal cutting feed is derived from the 
cone pulley slow-speed gear which drives a train 
of gear wheels through a set of ratchets, but when 
the fast gear is engaged the latter overtakes the 
slow drive and the vatchets of the slow drive 
click over idle. When this occurs the vertical 
movement to the cutter slide is at a quick rate, 
but when this gear is in, the direction is reversed, 
so that the fast rate is only employed when the slide 
is being returned to its <op position to recommence 
a downward cutting stroke. The timing of this 
fast drive to the slide motion is controlled by a 


| Second timing plate, tripping a pawl and allowing it 


to re-engage at the required moment. The work 
indexing drive is also intermittent, but always 
in one direction. It is taken off the reversing gear 
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SHIPLEY. 


GRINDER FOR SUNDERLAND GHAR 
PLANER CUTTERS. 


by a train which also includes a ratchet movement. 
When in what may be termed forward gear, and 
the cutters are being fed downwards in their work- 
ing stroke, the indexing wormwheel drive is operative 
in a corresponding degree, so that the work and rack 
are moving in rolling unison. When the head is 
withdrawn and the feed train is reversed to return 
the slide to the top again, the ratchet of the indexing 
train operates and the index wormwheel and 
work remain stationary. 

In the Sunderland gear planer previously des- 
cribed the cutters are withdrawn from the work by 
moving the whole head away from the work blank. 
In the machine under notice this is not done, the 
head remaining where set throughout the opera- 
tion. After each stroke, the tools are given a 
positive relief movement in the slides by a motion 
taken off the drive, and when the downward feed 
is completed the same gear withdraws the cutters 
and blocks completely so that they clear the work, 
and the slide can be traversed vertically for the 
commencement of a new stroke. The cutters are 
ground in this instance over the whole face and are 
finished on the ends, so that when placed in the 
block of the head they must be correctly set. As 
the giinding of the inclined teeth to a flat face 
would give an unsuitable edge on one side of the 
rack tooth, for cutting this edge is slightly ground 
hollow so as to give it practically a curved lip. _ 

The work blank is mounted on an arbor carried 
in bearings, the arbor being connected with the 
shaft of the indexing worm wheel. ‘This spindle is 
hollow, and shafts can be inserted through it so 
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that it is possible to cut, on the machine, pinions 
solid with their shafts. The work is supported 
laterally by bridge pieces one of which is shown on 
the head in Figs. 116 and 118, while the other is 
to be seen in Figs. 116 and 117, lying by the side 
of the machine on the ground. To ensure the 
central line of the double helix being properly 
positioned, the work spindle headstock is mounted 
on a slide and can be adjusted endwise by screws. 
All controls are conveniently brought together at 
the front of the machine. The planer will cut 
continuous. interrupted or staggered teeth equally 
well. The smallest gear cut has a bottom diameter 
of 24 in. 

In the process of grinding, the cutters are naturally 
reduced in thickness, and, in order to utilise them 
down to the utmost limit, backing plates are used 
to give support to the teeth. Fig. 119 illustrates 
a little machine made by Messrs. J. Parkinson and 
Son, for sharpening Sunderland gear planer cutters, 
a straight cutter being shown mounted on the table, 
in the illustration. The machine hardly requires ex- 
planation. The cup grinding wheel is 6 in. in 
diameter by 2$in. wide. It is fed forward by hand- 
wheel and worm operating a wormwheel, pinion and 
rack. The cutter is mounted in a special clamp 
bolted to a work table which is traversed across the 
wheel. The table is mounted on a Vee and flat face 
on a small knee which has vertical adjustment by 
elevating screw and wheel. The spindle runs on 
ball bearings and is belt driven from a countershaft. 
A trunk casing is often used, connected with an 
exhausting system, but we have illustrated the 
machine fitted with the plain guard in order that 
the wheel, etc., might be more clearly seen. The 
little appliance can, of course, be utilised for surface 
grinding. 

(Lo be continued.) 


THE IRON AND STEEL INSTITUTE. 


Smr Wixu1Am H. ELtis, in opening the proceedings 
at the meeting of the Institute, on Thursday morn- 
ing, the 4th inst., stated that under the new bye- 
law he would vacate the chair at the next Spring 
meeting. It had always been the custom to an- 
nounce the name of the new President at the pre- 
ceding Autumn meeting. The Council had selected 
four gentlemen, either vice-presidents or members 
of Council, to succeed him in the chair; these 
were Professor H. Le Chatelier, Mr. W. H. Hewlett, 
Mr. E. Steer and Mr. C. J. Bagley. All of these gen- 
tlemen were unable to accept the Council’s invita- 
tion to become President of the Institute, on account 
of age and of their present very onerous duties and 
responsibilities. He expressed the hope that the new 
bye-law, according to which the President was 
elected for one year only, would, as a rule, 
apply, unless altered by very exceptional circum- 
stances, so that the loss to the Presidentship of 
four such gentlemen as those named above might 
not be experienced in the future. As a mark 
of esteem, the Council had elected them Hon. 
Vice-Presidents of the Institute. Sir William 
then announced that Sir Frederick Mills, Bart., 
had agreed to be the next President. Colonel Sir W. 
C. Wright, Mr. F. W. Harbord and Mr. W. R. 
Lysaght had been proposed as Vice-Presidents, and 
in their place as members of Council, it was intended 
to appoint Professor Desch, Captain V. Beardmore 

Stewart, and Mr. W. Simons. 

' Sir William Ellis then said that although the 
Institute was primarily concerned with the study 
of the technical side of the iron and steel industry, 
it was impossible not to say a few words on the very 
serious position of the industry at the present time. 
This was a commercial question, but it was so closely 
associated with the work of the Institute that he 
wanted to give a few moments consideration to it. 
There never had been a more suitable occasion 
than existed to-day for the proper appreciation of 
the researches of the members, both past and 
present, who had been closely studying the scientific 
side of metallurgy, as an aid to furthering the 
industry. Iron and steel manufacture had now to 
contend with most formidable difficulties, financial 
and others. Our competitors had renewed their 
plant and equipment since the war; we had not 
been able to do so owing to depleted finances. This 


country’s difficulties would increase by the failure to 
recognise the practical value of modern equipment. 
The criticisms put forward in this connection by every 
member of a works’ staff should be duly listened to. 
Plant renewal and the adoption of all labour-saving 
devices were now absolutely essential to us, as 
well as complete collaboration between engineers 
and metallurgists, and between these and all the 
members of the works’ staff. The steelmaker and 
the maintenance engineer were well equipped with 
practical knowledge, but they very frequently had 
to carry on their duty whilst bearing also the weight 
of administrative routine work. Full advantage 
should be taken of the younger men, technically 
trained and having knowledge of modern methods 
of manufacture ; suggestions from these on fuel 
economy,machinery equipment, electric working and 
so forth, could form bases upon which the steelmaker, 
maintenance and other engineers, in actual charge, 
could start their own consideration of the problems 
involved, on which they would bring to bear the 
weight of their own experience. For this country 
to be able to compete—and it was now fighting 
for its very existence—tull advantage would have 
to be taken of all the advances made in the scientific 
studies of metallurgical problems. 


Picktineg AND HyproGEeN DIFrusIon. 


The first paper taken had for its title “ Pickling ; 
or the Action of Acid Solutions on Mild Steel and 
the Diffusion of Hydrogen through the Metal,” by 
Professor C. A. Edwards, who read it in abstract. 

Professor Edwards explained: the manufacture 
of steel sheets used for tinplate manufacture, 
namely, their rolling, doubling and_ re-rolling, 
each sheet in the finished bundle being separated 
from its neighbour by a film of oxide of iron, the 
final rolling operations being carried out at a good 
red heat. When pickling the sheets, the hydrogen 
generated by the acid was not freely liberated from 
the bath ; some diffused in the metal and produced 
hydrogen brittleness. He had taken up the ques- 
tion with a view to investigate the “ peppery 
blisters”? frequently formed in tinplates. He 
explained that whilst isolated patches of oxide 
might give rise to blisters, it did not seem necessary 
to postulate that reduction of this oxide needed 
to take place. Undissolved impurities, or con- 
stituents as carbide of iron and manganese sul- 
phide, might behave, in this respect, in the same 
manner as oxide of iron. He showed in a diagram 
an inclusion in iron and pointed out how the 
hydrogen atoms entered, passing from one atom of 
iron to another until the hydrogen reached the 
boundary of the inclusion. Molecular hydrogen 
accumulated at the boundary, the amount of 
entrapped gas continued to increase so long as 
pickling continued. In very thin plates the internal 
pressure at the inclusion became so great as to cause 
a blister by forcing out the surfaces of the sheet. 
The amount of hydrogén thus accumulated was a 
function of the duration of pickling, of the distance 
of the inclusion from the surface being acted upon 
by the acid, the strength of the acid and tempera- 
ture; it increased with time, temperature and 
acidity, but was inversely proportional to the 
distance. The author explained the apparatus he had 
devised by which he made quantitative measure- 
ments of the rate at which hydrogen diffused through 
iron and steel, under varying conditions of acidity 
and temperature. The rate of diffusion was con- 
siderably quicker with sulphuric acid solutions 
than with hydrochloric acid solutions of corre- 
sponding acidities. Electrolytical pickling was also 
investigated and its results were satisfactory, a 
specimen illustrated showing no blisters. Experi- 
ments made with specimens containing only one 
crystal showed that the hydrogen passed through 
this quite readily. 

Mr. J. H. Whiteley thought that if hydrogen in 
the molecular state could collect in sufficient 
quantities to lead to blisters, evidence of a separa- 
tion in the metal giving rise to cavities could be 
obtained by the microscope. The embrittling 
action of hydrogen was well known. He had sent 
out a steel plate for an oil press ; when delivered 
it showed a tensile strength of 274 tons per square 
inch and 30 per cent. elongation. This plate ulti- 
mately came back to the works and was found to 
be very brittle. Microscopic examination showed 


no evidence of brittleness. Normalising restored 
to the plate its former test figures. The percentage 
of hydrogen was found to be quite extraordinarily 
low. It might be asked whether the passage of 
hydrogen through the metal should be considered 
rather than its presence in the metal. 

Mr. E. F. Law said that the subject had been 
brought before the Institute many years ago and 
he was glad Professor Edwards had dealt with it 
afresh, since it was an important one for many 
members. The tinplate manufacturers of South 
Wales were large consumers of acid ; large amounts 
of steel were lost by dissolution in the acid in the 
course of a year. Adding to this the galvanising 
industry, it would be seen that both the tinplating — 
and galvanising processes were important ones in 
the country and saving in manufacture would result 
in greatly improved assets. He did not quite 
agree with the author’s theory of blisters. Accord- 
ing to the author, hydrogen penetrated the steel 
until it met an inclusion, an impurity, and accumu- 
lated in molecular form, leading to a blister. The 
author had said it was impossible to state with any 
degree of finality that manganese sulphide would, 
or would not, behave like oxide inclusions, but was 
very much inclined to believe that it would. He 
(the speaker) thought it did not so behave ; if it 
did there would be still more blisters than oc- 
curred now, for there was manganese sulphide in 
every plate. He thought that when the author 
went more fully into the matter he would conclude 
that the “‘ peppery blisters ” were due to reduction 
of oxide. 

Mr. C. H. Ridsdale, referring to his previous 
work on the subject, said his facts still held good 
although they had been stated twenty-three years 
ago. He had arrived at the conclusion that a micro- 
scopic lamination was the cause of the trouble. He 
had dealt at the time with the subject more from the 
commercial side, and one of the earliest facts he 
established was that too long pickling gave rise 
to the blisters, although the steel beforehand was 
satisfactory. Taking the same bars, the over- 
heating of some for various periods also led to blister 
formation; the case was similar with the outside 
sheets of a pack, and with the slightly aired sheets 
out of the annealing box. In the ordinary course 
of manufacture a sheet underwent as much work as 
it possibly could stand; if it were subjected to ° 
just a little more heat, or a, slightly longer pickling 
time, blisters would be formed. In some of his 
own work he had found some patent oxidising agents 
of value. 

Dr. Rosenhain questioned the author’s theory of 
the diffusion of hydrogen; it was hydrogen ions 
carrying an electric charge which led to the occur- 
rence, and he could not see how hydrogen ions 
went through a crystal. He doubted whether there 
were no air spaces in the sheet thickness ; if there 
were cavities they would fill up with hydrogen 
The gassing of copper was well known. An alu- 
minium sheet might roll well, and on annealing 
blisters would occur, as in the tinplates referred 
to by the author, and this was a question of the 
gas content. 

Dr. W. H. Hatfield, in regard to blisters, did not 
find the author’s explanations convincing, nor those 
put forward by Mr. Law. The question had to be 
viewed from two aspects, the embrittling action of 
the acid, and the blisters. In regard to embrittling, 
one was dealing with a thin sheet of steel, attacked 
by acid, tested after pickling without polishing the 
test piece ; the roughening action of the acid caused 
the steel to behave as brittle, whilst it was not brittle. 
The question of blisters was a very important com- 
mercial one and a difficult one. In his view, 
when rolling there occurred an imprisonment 
of gas under high pressure in the locality of an 
oxidising slag inclusion. By pickling, a part of the 
metal thickness covering the imprisoned gas was 
dissolved, changing, as it were, a strong vessel 
containing gas into a flimsy one. Cementing 
wrought iron gave blister steel, where an analogous 
action took place. He was gratified to hear that 
the author had found the hydrogen to pass through 
a single crystal quite readily. 

Engineer Captain J. A. Richards gave his ex- 
perience of blisters oceurring in boiler tubes, and 
Mr. Stromeyer also referred to boiler tubes which 
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had developed pitting to such an extent that they 
had to be removed after the first voyage. In 
future, he would examine tubes from the blister 
point of view. 

Sir William Ellis asked the author why the electro- 
lytic method of pickling was not followed, since it 
did not lead to the blister effect. 

In the course of a brief reply, Professor Edwards 
thought it would be very difficult to use the micro- 
scope in the detections as suggested by Mr. Whiteley. 
The amount of hydrogen absorbed was not small 
when considering the matter fully. Great care had 
to be taken in measuring the hydrogen absorbed by 
the steel as a result of pickling. The experiments 
had to be carried out immediately after pickling ; 
the time factor had to be bornein mind. He did not 
think Mr. Law was quite right in saying that 
manganese sulphide did not give blisters; some 
men in the trade believed that manganese sulphide 
was the cause of them. He (Professor Edwards) 
did not specify the oxidising agents he had tried so as 
not to mislead anyone until they were fully tested, 
but he did not use any patent solution. His diagram 
illustrating hydrogen diffusion was not intended to 
describe the path of the hydrogen, but to give a 
picture of what was proceeding in the metal. In 
regard to embrittling and Dr. Hatfield’s remarks, 
the roughening action of the acid could not be 
neglected in testing. In the matter of electrolytic 
pickling as against acid pickling, this was entirely 
a question of cost. 


FREE SURFACES AND PLASTIC DEFORMATION OF 
METALS. 


The next paper dealt with “The Effect of Free 
Surfaces on the Plastic Deformation of Certain 
Metals,” by Dr. F. C. Thompson and Mr. W. E. W. 
Millington. It was read in abstract by the former. 

This paper was a continuation of former work 
by the same authors, reported in our last volume 
on pages 344, 353 and 631. It confirmed their 
former work in every particular, and, Dr. Thompson 
added, had an important and distinct practical 
bearing on manufacture from the point of view of 
the engineer. The authors in the present paper 
gave reasons for believing that at the free surfaces 
deformation would probably differ distinctly from 
that within the mass. In close-packed cubic 
material (gamma iron and many of the non-ferrous 
metals) the deformation was considered to be 
effected in its earlier stages by the “ easy glide ”’ of 
the atoms on the octahedral planes. Such movement 
appeared of necessity to be restrained by the crystal 
boundaries, and at the free surfaces, where there 
was a partial removal of this restraint, it was not 
difficult to imagine that the atomic movement 
would be more easily initiated ; in other words, 
the elastic limit would be lower at the surface than 
it was internally. Points brought out were to the 
effect that elastic failure was controlled by the free 
surfaces, and that the elastic limit variation was 
not due to the structure but to the surface. 

Dr. D. Hanson said he was now more in agree- 
ment with the authors than he was formerly, but 
he did not go quite so far as they did; he did pot 
agree with them when they said that the observa- 
tion of the stress at which slip-bands first made their 
appearance was practically valueless for the pur- 
pose. The surface could only strain as it was 
allowed to do so by the elastic-strained interior. 
The outside layer moved and the inside as well. 
Their suggestion that the elastic limit was lower 
at the outer layers than in the interior was an 
interesting one. He questioned the authors’ figures 
for safe range of stress in the Haigh fatigue test. 
They gave 11-5 tons per square inch for annealed 
copper and 37 tons per square inch for annealed 
nickel. He also disagreed from their elastic limits 
for these same materials. Both sets of figures were 
much too high. 

Professor Edwards would have liked the paper to 
include accounts of actual experiments carried out 
by the authors. He found that the authors’ quota- 
tion of Professor Unwin’s figures were insufficient 
in themselves without adding the conditions under 
which Professor Unwin’s test specimens were 
obtained. The same remark applied to their quota- 
tion of figures for wires. Dr. W. H. Hatfield agreed 
with these remarks by Professor Edwards. 


Professor Thompson, in his reply, with reference 
to the Unwin figures, said they were careful to note 
in the paper that it would probably be possible to 
discredit any one of the set, but since they all 
pointed in the same direction and to the conclusion 
that as the surface increased the elastic limit fell, 
the combined value of all the results was cumulative. 
In the matter of the figures giving the physical 
properties of annealed steel wires of varying dia- 
meters, Professor Thompson added that in their 
(the authors’) diagram, the points fell well on the 
lines which their theory demanded. The case was 
the same with the results of Tammann, Jeffries and 
others, all these pointing in the direction in which 
they (the authors) required them to point. Professor 
Thompson also called attention to the paper by 
Professor Edwards and Mr. Pfeil, in the matter 
of surface deformation, and in quoting this 
and an earlier one by Professor Carpenter, said 
that the essential difference between iron and 
aluminium in respect of the surface film of small 
crystals pointed strongly to the fact that in the 
former metal the nature of deformation at the 
surface differed from that away from the surfave, 
whilst in the close-packed metal the surface films 
of crystals, when they did occur, were more probably 
to be ascribed merely to variations in the extent 
of the preliminary deformation. 

On the members re-assembling on the morning of 
Friday, the 5th inst., the chairman gave the names 
of the Vice-Presidents and Members of Council who 
were retiring according to the bye-laws, and who 
offered themselves for re-election. 


Frrrous ALLOYS RESEARCH. 


The first papers taken consisted of a joint contri- 
bution by Mr. F. S. Tritton and Dr. D. Hanson, on 
“Tron and Oxygen,” and one by Mr. T. E. Rooney, 
on “The Estimation of Oxygen in Pure Iron.” 
Both were read in abstract. They were preceded 
by an introduction by Dr. Rosenhain, who stated 
that they contained the first results of a research 
on the alloys of iron which was commenced about a 
year ago under the auspices of the newly-formed 
Ferrous Alloys Research Association. Dr. Rosenhain 
had suggested to the Alloys Research Committee 
that the study of alloys of iron, apart from those 
in the form of steel, was a desirable one, and the 
suggestion was warmly approved by the Committee. 
Dr. Rosenhain alluded to the great interest which 
Sir John Dewrance was taking in the work of the 
Ferrous Alloys Research Committee, a committee 
composed of the leading scientific and technical 
societies and institu*ions of the country. He also 
gave an outline of the various difficulties which the 
authors had had to cvercome in connection with the 
researches dealt with in the papers then before the 
meeting. The whole of the work was done at the 
National Physical Laboratory. 

Mr. Tritton detailed the work which had been 
carried out for the determination of the constitution 
of the iron-oxygen alloys and the effect of oxygen 
on the mechanical and physical properties. The 
purest iron readily available at first was Armco iron, 
and this was taken, but later it was found to be 
unsuitable, and arrangements were made to produce 
at the Laboratory electrolytic iron in the necessary 
quantities. The average analysis of the material 
as deposited was: carbon, trace, and no silicon, 
sulphur, phosphorus and manganese. With this, 
ferric oxide was used, containing silicon, 0-16 per 
cent.; sulphur 0-044 per cent., and phosphorus, 
trace. One of the greatest difficulties was to obtain 
suitable pots and refractories. These were ulti- 
mately manufactured at the Laboratory, where a 
method was developed for producing pots of a new 
shape and having internally-glazed surfaces, of 
great resistance to chemical attack, the glazing 
produced by means of direct fusion of the refractory 
in an electric arc. The Laboratory pots were the 
only kind able to hold molten iron and iron-oxide 
at the same time. A high-frequency, induction 
Ajax-Northrupp furnace was used ; it made possible 
the melting of iron in vacuo or hydrogen. The 
paper also detailed the improvements made in the 
thermo-couples and the taking of cooling curves 
from 1,530 deg. C. Varying oxide contents were 
found to have no influence on the lower critical 
points. The solubility of oxide in iron and other 


points were gone into in detail. From the results, 
the authors were able to draw a very simple con- 
stitutional diagram of the system. The ingots were 
hot-rolled into rods. Attempts to cold-roll a bar 
of high-oxgyen iron, giving a very small reeuction, 
at once caused severe cracking, and were abandoned. 
The paper gave the electrical conductivity, magnetic 
permeability, tensile tests, impact, and other tests 
of the alloy, the effect of cupric reagents and of 
case-hardening oxygen-iron alloys. 

The second paper, by Mr. Rooney, described the 
investigations for the estimation of oxygen in pure 
iron and the apparatus used. 

Sir William Ellis referred to the liberal way in 
which Sir John Dewrance had helped financially to 
carry out work such as that then under con- 
sideration, a work which could only be undertaken - 
by an establishment such as the National Physical 
Laboratory. Industrial establishments could not 
possibly concentrate on researches of this nature, 
nor could they provide the time and the staff. 
With iron-oxygen alloys the task was only at its 
beginning, and it could only be continued if the 
various institutions forming part of the Ferrous 
Alloys Research Committee continued, on their 
part, to provide the funds. 

Sir Robert Hadfield, speaking as one of the 
members of the Committee, said no one better 
than Dr. Rosenhain could have been found to 
supervise the research ; the Committee might feel 
quite safe in his hands. Sir Robert also paid a 
tribute to Sir John Dewrance for providing money 
for the work at a time when funds were not easily 
available ; Sir John would feel satisfied with the 
first results achieved. But the work was going to 
be a most formidable one, since the number of 
binary alloys could extend to 230, the ternary to 
2,530, and the quarternary to 17,710. These figures 
would give an idea of the work before the Research 
Committee. Dr. Rosenhain had done well to 
investigate first pure iron itself. He (Sir Robert) 
looked forward to the investigations in iron and 
manganese in the absence of carbon. Before the 
war he had started researches in that direction, 
but had been compelled to stop them; he might 
put forward his results later to compare them with 
others made on the lines of the papers then before 
the meeting. The effect of copper in an alloy was 
at first passed over; it had been ascertained since 
that it had a great influence. The same could be 
said of the effect of gases. When carbon was 
present, its form and particular carbide had to 
be ascertained. There had to be investigated 
also the physical quality of the material, its - 
characteristics as cast, its toughness, tenacity, 
elongation, reduction of area, tests figures, dura- 
bility, corrodibility, and so forth, all of which 
points showed the extent of the work still to be 
done. This work, he repeated, had been started 
ona good basis by the National Physical Laboratory. 

Dr. Desch found that the authors had begun 
with one of the most difficult systems, one which 
had been abandoned by the Washington research 
authorities, their vessels not being able to resist the 
action of the iron oxide. The authors had shown 
remarkable skill in the manufacture of apparatus 
for overcoming these difficulties. Their constitu- 
tional diagram well represented the conditions of 
the iron-oxygen alloy. The glazing of the inside 
of the crucibles by direct fusion of the refractory 
in an electric arc seemed a good process, and most 
laboratories would now improve their crucibles in 
the same way. The authors, by their improvement 
of the Ajax-Northrupp furnace, had sacrificed 
themselves in the interest of other workers, since 
the makers of the furnace now used the experience 
gained by the National Physical Laboratory, and 
embodied the improvement in furnaces supplied to 
other researchers. The author’s case-hardening tests 
of two samples having high or low oxygen contents, 
together with one of ordinary case-hardening steel, 
the microscopic examination of which specimens 
showed the depth of penetration by the carbon to 
be quite unaffected by the presence of oxide, were, 
Dr. Desel thought, remarkable, the depth of case 
being the same for all three specimens. He could 
not see any fault in the authors’ statements in the 
matter of these particular tests. 

Dr. W. H. Hatfield said that the part of the 
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authors’ constitutional diagram up ‘to 0-2 of| 


oxygen should receive more extended investigation, 
and asked whether the authors could state what 
was the equilibrium content of oxygen under an 
oxidising slag in an open-hearth furnace. He would 
be able to send the authors a number of ferrous 
products with a view to obtaining from them 
reliable data as to the oxygen, the oxygen deter- 
mination being a very difficult one. 

Professor Carpenter referred to the authors’ 
statement with reference to iron containing about 
0-08 per cent. of oxygen, with which no difference 


was observed in the arrest points, the freezing 
point being 1,535 deg. C., when referred to the 


melting point of palladium taken as 1,555 deg. C. 


He said he had found 1,519 deg. C. on the optical 
scale; he took no means to exclude oxygen, but 
the difference was only 16 deg. C. Oxygen would 
thus seem to have no influence on the freezing 
The simplicity of the authors’ constitutional 
diagram greatly appealed to him and would also 


point. 


appeal to his students. 
Professor Louis said the paper dealt with the 


solubility of oxygen in iron ; should it not be rather 


the solubility of oxide of iron? He also objected 
to the term alloy when speaking of iron and oxygen, 
since an alloy was a combination of two or more 
metals. 

Colonel Belaiew asked what was the actual 
influence of oxygen on iron in solid solution ; it did 
not appear so great as one had been led to believe 
previously. He also pointed out the difference in 
the influence of an impurity following the struc- 
ture of that impurity—spherodised oxides, for 
example. 

Mr. F. W. Harbord suggested that there would 
be a great difference in the alloy when iron was 
melted in the presence of an oxide, and when the 
alloy was obtained in a Bessemer converter, and 
suggested a consideration of this point. 

Mr. J. E. Fletcher, like Professor Carpenter, 
greatly appreciated the authors’ constitutional 
diagram, and confirmed Mr. Harbord’s remarks. 
The method mentioned of obtaining the internal 
glazed surface, as well as the other practical 
points covered, would prove of great help to 
manufacturers. 

Mr. J. H. Whiteley found the paper interesting 
in connection with the reactions which took place 
in the open-hearth furnace. 

Dr. Hanson, in his reply, agreed with Dr. Hat- 
field that the diagram up to 0-2 of oxygen would 
require further investigation ; it might be that the 
difficulty in that region was due to the refractories. 
In all their iron saturated with oxygen—or oxides— 
the results showed that there were no deleterious 
effects on the iron, although brittleness was set up 
under impact ; one of the causes of this brittleness 
might be the coarse grain-size of the iron. The 
extension of the researches to the open-hearth 
furnace would have to be made; the slag layer in 
the furnace was not, however, a simple iron oxide. 
With regard to Colonel Belaiew’s remarks, the 
effect of the oxide was greater when distributed 
in different forms; there were some rounded oxide 
particles, but they did not have much influence 
upon the embrittling action. There would probably 
be more oxide in blown metal than when melting 
the iron and oxide together. 

Dr. Rosenhain acknowledged the financial help 
received by them for these researches; the work 
was a most complicated and lengthy one, and they 
had to rely on similar aid in the future for its 
continuation. As to the nomenclature and in reply 
to Professor Louis, it was more correct to say 
“oxygen” than “ oxide of iron”; in solid solution 
it was present in atoms, and the authors were 
justified in calling the system the “ iron-oxygen 
system.” Further, in regard to alloys, there was 
the iron and carbon system, among many others, 
and one could not call carbon a metal, nor any 
other non-metallic component of other alloys. 


Tur HARDENING OF STEEL. 


The second paper dealt with “ The Hardening 
of Steel,” by Dr. Rosenhain, who read it in abstract. 


It was not discussed at the meeting owing to lack 


of time. We reproduce it in a slightly abridged 
form on page 391 of the present issue. 
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Harp STEEL Batts. 


The last contribution was on ‘“‘ Improvements in 
the Brinell Test on Hardened Steel, including a New 
Method of Producing Hard Steel Balls,” by Mr. A. 
Hultgren, Gothenburg, who read it in abstract. 

It stated that the Brinell balls were generally 
made of high carbon steel (carbon about 1-20 per 
cent.), sometimes containing chromium, usually not 
above 1 per cent. They were hardened in water and 
not tempered, or tempered at low temperature. 
They represented the maximum hardness generally 
obtained in hardened steel articles, namely about 
700 Brinell. Chromium-tungsten steel balls were 
somewhat harder, but not sufficiently so to enable 
accurate hardness determinations to be made on these 
very hard steels. The author made attempts to pro- 
duce balls of increased hardness of alloy steels, con- 
taining tungsten in one instance, chromium and sili- 
con in another, but these were not successful. Some- 
what better results were obtained by special heat 
treatment using a steel containing carbon 1-10 per 
cent. and chromium 0-60 per cent. The balls were 
first heated to 900 deg. C. and cooled in boiling water, 
thus producing a homogeneous sorbitic structure ; 
they were then hardened from 760 deg. C. in water 
and left untempered. The resulting structure 
consisted of extremely fine martensite with the 
hypereutectical cementite distributed in numerous 
small grains. The hardness of the finished ball was 
distinctly greater than that of the ordinary Brinell 
balls and very uniform. The author then described 
his method for cold-working the balls, and the 
various tests he made with balls treated in different 
ways, including rebound tests. In order to obtain 
sharper definition of the impression he tried with 
success the use of etched balls; the impression 
with these was sharply defined and could be read 
easily and accurately with the microscope. 

Sir Robert Hadfield referred to the author’s state- 
ment to the effect that tempering of ordinary balls 
at 150 deg. C. did not lower the rebound hardness, 
but slightly raised it, whereas tempering at 225 deg. 
C. lowered the hardness to a marked extent. Sir 
Robert asked by how much it was lowered and 
whether the author could give the shock quality 
of such a material, so as to indicate by how much 
the toughness was increased. He also asked whether 
the author had gone above the 700 Brinell hardness 
number. If one could determine up to 800 it 
would be of great advantage. 

Dr. Rosenhain stated that the dulling of the ball 
by etching was good in some ways, but he questioned 
whether it did not affect the reading. The rough 
surface increased friction and diminished the depth 
of the impression; it had some effect, but the 
question was whether this was measurable. 

Mr. Hultgren referred to his table giving the 
results of his rebound tests, and showing that the 
balls tempered at 225 deg. C. had the lowest rebound 
value. He had not made shock tests on balls. He 
had not met with Brinell hardness values up to 
800. The point in the remark by Dr. Rosenhain 
in regard to the dull ball had occurred to him (the 
author) and he had made comparative tests with 
the ordinary bright ball. With the latter, measure- 
ment was difficult. He had not found that the 
objection raised in the matter of the dull ball led 
to the difference suggested. 

The other papers on the list were taken as read. 
We reproduced in part on page 347 ante, one 
““On the Nature of High Speed Steel,” which we 
conclude on page 393 of the present issue. On page 
351 ante we reproduced that on ‘“‘ The Changes of 
Volume of Steels during Heat Treatment.” 

All the authors received the thanks of the meeting 
for their contributions. Thanks to the Chairman 
concluded the proceedings. 


THE BRITISH ASSOCIATION MEETING 
AT TORONTO. 


(Continued from page 323.) 
SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCE. 
RavraTion at Low TEMPERATURE. 


Tue paper by Professor J. C. McLennan, F.R.S., 
of Toronto, on “‘ Recent Developments in Low- 


Temperature Research,” was taken at this stage 
because it dealt chiefly with the effect of cold on 
spectra. 
plant, consisting of air, hydrogen and _ helium 
cycles—erected in the basement of the Physics 


Saying a few words on his liquefaction 


Building in which the Section met—Professor 
McLennan mentioned that they had, three years 
ago, begun to liquefy helium (from the natural gas 


of the Calgary district) and could make half a ton 


of liquid air per day. Dewar vessels of glass being 
too fragile, they had had metal containers made, but 
had first to repair them frequently ; some charcoal 
was placed in the vacuum jacket ; the draw-off tube 
of a container was made by bending a 3-in. tube of 
German silver and was provided with a safety trap 
to meet sudden rises in pressure. The coil of the 
hydrogen liquefier had its valve within a Dewar 
flask, from which a tubular expansion device (due 
to his assistant, Mr. G. M. Shrum, M.A.) extended 
outward ; this tube opened out into a cylinder and 
narrowed again to a short tube, sliding in an outer 
tube ; the whole was encased in another Dewar 
flask containing some blocks of charcoal. The 
hydrogen issuing from the valve blew any particles 
of solidified gases out through the tube, so that no 
clogging occurred. The liquid helium exhibited 
looked. a colourless, quietly-boiling liquid; the 
liquid air was distinctly blue. 

Passing to the researches, Professor McLennan 
stated that, if helium formed molecules at all, they 
should be more stable at low temperature, and the 
molecular spectrum bands should become more 
marked in the spectra as the temperature was 
lowered. His photographs, taken at the tempera- 
tures of the room, of liquid air and of liquid hydrogen 
(— 252 deg. C.), entirely confirmed that ; the bands, 
indistinct at first, became enhanced. Stellar 
nebule seemed to contain molecules of both helium 
and of a hydrogen-helium compound at very low 
pressure and temperatures. As regards nitrogen, 
Vegard, now working at Leiden with Kammerlingh 
Onnes—whose advice on the construction of the 
helium plant Professor McLennan acknowledged— 
had stated that solid nitrogen gave a new spectrum, 
differing from the ordinary spectrum and containing 
the green line 5577, considered characteristic of 
aurorae. Professor McLennan could not support 
that ; they measured three new lines in the vapour 
from solid nitrogen, but none near 5577. Nor had 
they observed this green line in helium, hydrogen, 
oxygen, neon, carbon dioxide or ammonia, so that 
the origin of the green line remained obscure. These 
last four substances did not phosphoresce, whilst 
solid nitrogen showed a brilliant green phosphores- 
cence when bombarded with kathode rays, as Mr. 
Shrum demonstrated. For this purpose a glass tube 
containing liquid nitrogen was lowered into liquid. 
hydrogen ; a white snow of solid nitrogen settled 
on the inner glass wall, where it was bombarded by 
rays from a cathode mounted in the tube. The 
vapour pressure of the solid nitrogen was so low that 
the discharge would not pass until a trace of helium 
or hydrogen was introduced. The nitrogen had. to 
be chemically prepared for the phosphorescence 
and the spectroscopic study ; commercial nitrogen 
was too impure with neon. Solid hydrogen was also 
shown ; when the hydrogen tube was joined to a 
Gaede pump, snowy crystals settled on the glass 
wall above the boiling liquid. 


THE SCATTERING OF LIGHT. 


In his paper on “ Controlled Orbital Transfers of 
Electrons in Optically-Excited Mercury Atoms,” 
Professor R. W. Wood, of Baltimore, described 
further experiments with mercury vapours at 
various temperatures. Jacketing a quartz tube 
containing mercury vapour at 0-001 mm. pressure 
with a mercury arc lamp to illuminate the vapour by 
the ultraviolet rays of \2536, he observed peculiar 
effects when he closed the ends of the tube by 
prisms and filtered the light through bromine vapour 
and other colour screens for intensity measure- 
ments. The incoming rays, he explained, would 
expel an electron to an outer ring orbit ; that would 
be accompanied by light absorption. The electron 
might revolve in that orbit or at once fall back, 
giving rise to a light emission ; it might also receive 
a further impulse, leading to new absorption, 
falling back then to the temporary orbit or to the 
original orbit, again emitting radiations (triplets and 
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and the refractive data were in close accord. Similar 
considerations should, and did, apply to sodium 
nitrate, and should apply also to gases, and the 
planes of polarisation could likewise be deduced. 

Professor Bragg subsequently exhibited models 
of these crystals, explaining that each atom took 
up a certain space, which was larger for chlorine 
than for potassium, and larger for manganese 
than for iron. Hence the axial ratios (the rhom- 
bohedral angles) of the crystals of carbonates 
should vary indirectly as the molecular volume ; 
this seemed to hold for the carbonates of mag- 
nesium, zinc, manganese, &c., calcium; the mole- 
cular volume increased in that order from 27 to 36, 
whilst the angle decreased from 103-5 deg. to 101-9 
deg. The argument was based upon calculations 
of the electrostatic potential energy per gram- 
molecule, assuming that the rhombohedrons of 
different crystals were elongated or shortened by 
the introduction of different metals. These calcu- 
lations formed the subject of a further paper by 
Professor S. Chapman, F.R.S., and Professor 
Bragg on “ Theoretical Calculations of the Rhombo- 
hedral angle of Calcite Crystals.” 

Dr. G. Shearer’s contribution on “‘ The Chemical 
and Physical Significance of X-Ray Measurements 
of Compounds containing Long Chains of Carbon 
Atoms” gave the result of researches by himself 
and Dr. Alexander Miiller, conducted under Sir 
William Bragg and partly noticed by us in con- 
nection with Sir W. Bragg’s recent Royal Institution 
lectures. As the number of carbon atoms (the CH, 
groups of paraffin bodies) increased, Dr. Shearer 
showed the length of the molecules also increased, 
and certain X-ray doublets, lines, &c., approached 
one another more closely; that straight line 
relation, Dr. Miiller added, broke down, however, 
as the number of carbon atoms (more than 30 in 
some cases) fell to four and less. The regularity 
showed that the successive carbon atoms were 
linked at the tetrahedral angle, and indicated a 
marked directive property of the valency bond in 
carbon. The new work described on ketones and 
double bonds in various parts of the chains (centre 
or end) was of considerable chemical interest. 

The paper, by Mr. 8. H. Piper, of Bristol, on “‘ X- 
Ray Measurements as an Aid to Chemical Research,” 
was of a similar character, and also of practical 
interest. Normally hydrocarbon paraffins are not 
supposed to oxidise on distillation; some waxes 
which Mr. Piper distilled did oxidise, and the X-ray 
measurements did not agree with the ordinary 
molecular weight determinations and suggested 
that some of these hydrocarbons were not normal, 
but contained side chains. The paper on “ The 
Determination of Molecular Symmetry in Crystals 
and its Possibilities as a Method of Deriving Struc- 
tural Formule,” by Mr. W. T. Astbury (Royal 
Institution), dealt with the general help which 
X-ray measurements give in making a choice of 
several possible formule, and in particular with 
the isotrimorphism of the tervalent metallic 
acetyl-acetones (of aluminium, chromium, gallium, 
iron, &c.). 

The paper of Professor C. H. Desch, F.R.S., on 
“ Crystal Surface,” was of a different kind. Whilst 
the atoms in the interior of crystals were held in 
position by symmetrical forces, he remarked that 
symmetry disappeared at the surface and the 
difference partly manifested itself as surface ten- 
sion. When the temperature was raised, cohesion 
and surface tension decreased, but not necessarily 
at the same rate. High temperature, though 
hundreds of degrees below the melting point, 
might deform crystals somewhat as did cold work, 
and might round off the sharp angles. Hexagonal 
crystals of gold (melting point 1,062 deg. C.) began 
to crumple with prolonged heating to 600 deg., 
and changed into globules at 900 deg. Slowly- 
cooled gold beads might form a single crystal, 
which behaved and looked as if they were provided 
with a skin of gelatine. When this skin was etched 
off the crystalline structure underneath it became 
visible, but was lost again by heating; a removal 
of a layer of 0-62 « y thickness brought out the 
first appearance of roughness. Similar results 
were obtained with silver, which was not so pure and 
not so suitable as gold, however, whilst tin (melting 
point, 232 deg. C.), of a metal of lower surface 
tension, retained its crystalline sharpness at 213 deg. 


other lines). Thus there would be several “ trans- 
fers’ to different energy levels, which Professor 
Wood discussed at length. One of his peculiar, so 
far unexplained, observations was that the ad- 
mixture of a trace of nitrogen to the mercury caused 
a powerful emission of the so-called ‘“‘ water band ”’ 
in the ultraviolet, a 30-fold increase of the intensity 
of the line 2536, and a weakening of other lines. 

Professor C. 8S. Raman, F.R.S., of Calcutta, 
followed with a long communication on the “‘ Scat- 
tering of Light in Relation to the State of Molecular 
Aggregation.” In conjunction with several colla- 
borators (Messrs. Ramdas, Krishnan, Ganesan and 
Ramathan), he said, he had studied the scattering 
by gases and vapours, single and mixtures (oxygen, 
carbon dioxide, &c.) at pressures up to 150 atmo- 
spheres and found that the phenomena were best 
discussed with the aid of thermodynamic surfaces 
representing the properties of the gases, Liquid 
surfaces (mercury, alcohols, ether, benzene and 
70 others, pure and freed of all dust) scattered more 
light in directions adjacent to the angle of regular 
reflection than in others and showed opalescence, 
which was also marked at the interfaces between 
two immiscible liquids; the transition from the 
liquid to the glassy amorphous condition could 
be investigated by observing the scattering. The 
want of planeness of the liquid surfaces was 
an important factor. Crystals always scattered 
a little when reflecting light, but with fresh 
cleavages there was hardly any reflection, and 
the surfaces might be invisible therefore ; freshly- 
blown glass was opalescent. The light scattered by 
gases and vapours seemed to be the less polarised, 
the more complex the molecules. Professor Raman 
also discussed the scattering of X-rays considered 
as ideal gases, on Boltzmann’s theory, and the 
relation of molecular anisotropy to constitution 
and to double refraction. 

We mention two other papers. Professor F. B. 
Kendrick, of Toronto, on ‘“ Light Scattering of 
Aqueous Solution” (comparison of experimental 
and theoretical data of dust-free solutions); and 
Professor W. H. Martin on ‘“‘ The Depolarisation 
Factor of Scattered Light and the Electrical Double 
Refraction in Liquids.” The latter did not 
observe any change in the depolarisation factor of 
nitrobenzene in a magnetic field of 5,000 gauss. A 
mathematical paper by Dr. L. B. Loeb, of Cali- 
fornia, on “ Gas Ion Mobilities and their Independ- 
ence of the Nature of the Ion,” was taken as read. 
A paper by Professor Frank Allen, of Winnipeg, 
on “ Visual Sensory Reflexes,” dealt with colour 
vision and experiments on fatigue of the eye by 
monochromatic light, supporting the three-com- 
ponent colour theory of Young-Helmholtz. 


CRYSTAL STRUCTURE. 
The delivery of Sir William Bragg’s presidential 


5 
address on “Crystal Structure ’’*—an unusually 
brilliant address, Sir E. Rutherford said in propos- 
ing a vote of thanks—was followed by a general 
discussion on the subject by Sections A and B. 
In a paper on “The Relation between Crystal 
Structure and Refractive Index,’”’ Professor W. L. 
Bragg (son of the President) said that when 
an electromagnetic wave passed through a medium 
the electric field polarised the atoms and displaced 
their positive and negative components, creating 
an internal field equivalent to an electric doublet 
around each atom. The atom would be affected 
by the general field and its polarised neighbours. 
The latter effect could be calculated by X-ray 
analysis, and by these and optical arguments the 
double refraction of the two crystal forms of calcium 
carbonate, the rhombic calcite and the monoclinic 
aragonite, could quantitatively be explained. In 
both crystals the atoms of Ca and CO, molecules 
(with the carbon in the centre of the oxygen atoms) 
were lying in parallel planes, at right angles to the 
drigonal axis in calcite and to the pseudo-hexagonal 
axis in aragonite. The light waves polarised the 
oxygen atoms more than the others, and the mutual 
action of the oxygen atoms upon one another 
depended upon their spacings, as Professor Bragg 
exemplified with the aid of models of three magnetic 
needles, placed either horizontally or vertically. 
The spacings determined by X-ray measurements 


* See page 349, ante. 
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On behalf of Mr. J. E. Jones, of Cambridge, Mr. 
R. H. Fowler presented a paper on the “ Crystal 
Structure of Solid Argon,” dealing with the corre- 
lation of the forces acting between the atoms of an 
element in the gaseous and in the solid states. 
Mr. Jones had made use of the equation of state of 
Kamerlingh Onnes, pv = RT + B/v, where B was 
an experimentally-determinable temperature func- 
tion, which could also be calculated given the 
laws of force between the atoms. According to 
Simon and Simson the crystal form of solid argon 
was face-centred cubic, and the distance between 
adjacent atoms was 3:84 x 10°8cm.; that agreed 
with the B calculations. Moreover, the crystals of 
potassium chloride and calcium sulphide had similar 
structures, and the agreement between measure- 
ments and calculations was close in these cases. 

Jn the general discussion, Dr. A. W. Hull referred 
to the structure of graphite, mentioning measure- 
ments made on a natural crystal, as to which he 
agreed with Sir W. Bragg, but not with Debije 
and Scherrer. Professor L. C. Graton, of Harvard 
College, raised another point. He suggested that 
changes in minerals were due rather to diffusion 
of solutions than to flow phenomenon. Diffusion 
allowed of interaction in opposite directions. 
When biotite gradually changed into muscovite 
(two kinds of mica) the latter formed an inceasing 
shell of pure muscovite round a decreasing core of 
biotite ; potassium had passed inward, iron and mag- 
nesium outward; it was not a question of leak, 
and the space lattices would have to permit of the 
migration of ions. Was that confirmed by measure- 
ment, and were the lattice spacings sufficiently 
open to permit foreign ions to pass without colliding ? 
Further, would the forces at play vanish at abso- 
lute zero ? 


Atomic DISINTEGRATION. 


Sir Ernest Rutherford’s discourse on “‘ Atomic 
Disintegration,” delivered on the Tuesday afternoon, 
was a summary of the remarkable researches by 
himself and his collaborators, with which we dealt 
last on pages 458 and 459 of our issue of April 11, 

We regret to have to limit ourselves on this 
occasion to his most recent work, showing that 
hydrogen nuclei (protons) could be ejected from 
the nuclei of more than the six elements of odd 
atomic numbers (boron 5, nitrogen 7 fluorine 9, 
sodium 11, aluminium 13, phosphorus 15), which 
had at first seemed to stand apart. To get at 
close ranges at slow speed, essential for the light 
elements, Sir Ernest stated, Dr. Chadwick had 
so arranged the apparatus that the vertical rays 
fell at 45 deg. on the substance (a film or plate) ; 
any primary hydrogen particles present (most 
difficult to eliminate) would then escape at very 
short ranges (because ejected by collisions at right 
angles), and would not disturb the observations. 
They then found that oxygen gave no protons ; 
neon gave some of 16 cm. range, silicon of 20 to 
30 cm., sulphur of 20 to 30 cm., chlorine (uncertain 
before) and argon also, of 20 to 30 cm., and 
potassium of 17 to 25 cm. Pure iron had given 
protons, but they had vanished on heating, which 
expelled nitrogen. 

Thus oxygen (atomic weight 16 = 4 times helium) 
could not be disintegrated, but sulphur (atomic 
weight 32) could be and should, therefore, contain 
protons in addition to helium nuclei. The radio- 
active elements, on the other hand, seemed to be 
free of protons. Carbon had given no particles 
either ; Petterson claimed to have obtained some, 
but this work was full of pitfalls. Some atoms of 
even atomic numbers had been disintegrated, but 
those of odd numbers seemed in general to be much 
more liable to disintegration, and that was in accord 
with the striking relative predominance in our Harth 
of elements of even numbers. The forces involved 
in these bombardments by « particles were of the 
order of four million volts; ordinary speeds of 
thousands of volts could do nothing. There 
appeared to be no other way of attacking these 
problems, except by the study of y-rays which 
Dr. Ellis and others on the Continent had taken up 
successfully. Sir Ernest concluded with the 
remark that they had achieved much that he had, 
still in 1913, thought must be left for the next 
generation to deal with. 


(To be continued.) 
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THE FOTTINGER CLUTCHES OF THE 
MOTOR-SHIP “ VULCAN.” 


In the issue of ENcrnnrrine of July 18, pages 92 
to 94, a full description, with illustrations, was given 
of the complete single-serew geared Diesel machinery 
of the motor-ship Vulcan, built by the Vulcan Werke 
of Hamburg and Stettin. In connection with this 
installation further information has now come to hand 
as to the efficiency of the oil-filled Féttinger clutches, 
which no doubt will be of considerable interest. 

The diagrams in Fig. 1 show the torsional oscillations 
in the Diesel engine shaft of the Vulcan’s engines 
(T, and T,) as compared with those in the shafting 
abaft the oil clutches (T, and T,) obtained in recent 
tests. ‘The power of the engine for these special tests 
in the makers’ works was absorbed, as shown in 
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through a Féttinger clutch on to a water brake. The 
curves given in Fig. 2 indicate the relation for both sizes 
between a design constant and the slip, 7.e., the ratio 
of the speed of revolution of the driven and the driving 
shafts. Torsionmeters in the experimental plant were 
placed one on each side of the Fottinger clutch. The 
percentage slip is a direct and proportional index of the 
efficiency. This diagram shows that with the larger 
diameter clutch, the efficiency is considerably higher 
than with the smaller, and therefore can be varied 
according to the dimensions of clutch which may be 
decided upon. Taking a designed constant figure of 
3, and assuming the oil temperature to be 45 deg. C., 
the slip, with the larger clutch, will be 43 per cent. or 
the efficiency 95} per cent., whereas with the smaller 
clutch the slip would be more than 6 per cent. with 
an efficiency of approximately 94 per cent., when 
transmitting the same power. This increase in 
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Fig. 1, by a water brake ¢. This particular submarine 
type of oil engine had a very bad period of crankshaft 
torsional oscillations at a speed of revolution of 301 
r.p.m., and similar vibrations of considerably lesser 
amplitude at 275 r.p.m. At all four speeds used, 301, 
292, 275 and 267 r.p.m., all the torsional vibrations 
of the engine shaft were damped out by the oil in 
the Féttinger clutch as shown by the graphs. The 
positions in which the recording instruments were 
located is clearly indicated in the illustration. The 
distance a in the diagram represents 0-4 second, and 
the distance ) is one revolution of the Diesel engine. 
These diagrams serve to prove the efficiency of this 
‘clutch in damping out torsional vibrations. 

A number of further experiments have very recently 
been carried out in the makers’ works with a clutch of 
greater size and power than those fitted to the machinery 
of the motor-ship Vulcan. This was a unit nominally 
rated at 2,000 brake horse-power and of 2,200 mm. 
diameter, and the results have been compared with 
those of the earlier clutch of 1,400 mm. diameter. The 
results of these experiments are given in Fig. 2. The 
plant on which they were tried out comprised a standard 
steam turbine driving through reduction gear and 
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efficiency is probably due to the larger number of vanes 
with which the larger coupling is fitted. 

From the curves in the diagram, Fig. 2, it will be 
seen, for instance, that with a slip of 3 per cent. or an 
efficiency of 97 per cent., the larger coupling would 
transmit 1-6 times the horse-power of the smaller. 
In other words, assuming, in the case of the smaller 
coupling, that 285 h.p. is transmitted at 300 revolutions, 
a constant of 1 with oil at a temperature of 40 deg. C. 
will correspond to a slip of 3 per cent., or an overall 
efficiency of 97 per cent. ; whereas the larger coupling 
will transmit 800 h.p. at 250 revolutions per minute, 
and, as is shown in Fig. 2, with only a slip of 2-2 per 
cent. or an efficiency of 97-8 per cent. Alternatively, 
of course, a smaller coupling than that of 2,200 mm. 
diameter might be used for the transmission of the 
higher horse-power, namely, 800 h.p., to give the same 
efficiency, namely, 97 per cent., as the smaller coupling 
of 1,400 mm. when it transmits 285 brake horse-power. 
Water can be used, as shown, with a slight gain in 
efficiency, although, for reasons of expediency and 
the elimination of corrosion, oil will doubtless be 
generally preferred. The manner in which, therefore, 
the foregoing efficiencies can be gained, or a compromise 
can be made, will be clear from the results of these 
trials. They show definitely such a remarkably high 
overall power transmission efficiency for these clutches 
that any loss of power in the coupling should be no 
deterrent to their successful application. 


THE MOTORSHIP “BRITISH AVIATOR.” 


To Messrs. Palmer’s Shipbuilding and Iron Company, 
Limited, of Jarrow-on-Tyne, is to be given the distinc- 
tion of having completed and delivered the highest- 
powered single-screw motorship to date. The British 
Aviator is an oil-tanker with a deadweight capacity 
of 10,200 tons, which was recently built for the 
British Tanker Company, Limited. It is driven by a 
Diesel engine of 3,000 b.h.p. The principal dimensions 
of the vessel are: Length between perpendiculars, 
440 ft.; breadth extreme, 57 ft.; depth to upper 
deck, 33 ft. 11 in., and it is classed 100 A.1. at Lloyds. 
This vessel is of the two-deck type, with poop, bridge 
and forecastle, and has been built on the longitudinal 
system of framing. The arrangements for the officers 
and crew and the whole of the accommodation on this 
ship are of elegant and comfortable design and finish. 
Very successful sea trials were recently carried out. 
A large number of visitors attended, and interest 
naturally centred in the large Camellaird-Fullagar 
engine which is the main propelling unit. This engine 
was very fully described and illustrated in ENGINEERING 


of August 31, 1923; further details of test results 
were published by us on March 28, 1924, and interesting 
improvements to facilitate dismantling and overhauling 
were described in our columns on July 25. 

It might be restated that the main engine}has six 
working cylinders of 23 in. diameter, and the pistons 
have each a stroke of 36 in. The combined stroke of 
the two pistons in each cylinder is 72in. Ata maximum 
speed of revolutions of 90 r.p.m., the piston speed is 
the very moderate figure of 540 ft. per minute. Duriug 
sea trials a maximum speed of 11-7 knots was attained, 
when the engines developed 2,950 b.h.p. (3,720 i-h.p.) 
and the propeller speed was 82-5 r.p.m. This result 
was obtained when using Anglo-Persian Diesel oil of 
18,900 B.Th.U. ealorific value. At 1,920 b.h.p. 
and 72-8 r.p.m. the speed was 10:58 knots. 

Throughout the trials the main engines ran steadily 
and without vibration. Experiments are now being 
conducted in connection with the air inlet valves to 
the square section scavenging pumps, which, as is 
normal with this type of engine, are placed above the 
main cylinders. The pistons of these scavenging 
pumps form the crossheads, which take the side thrust 
of the upper pistons. The air being drawn into these 
pumps caused a certain amount of noise, which 
doubtless can be eliminated when the best combination 
of valve and port area and form are found. Manceuvring 
trials were carried out and demonstrated the ease of 
handling of the engine by one operator. With the 
ship having full way on ahead the engine was put 
full astern successfully and a large number of orders 
were rapidly carried out. 

The displacement of the British Aviator is 14,590 
tons and the cargo is carried in 10 main oil tanks. 
For dealing with the oil cargo two steam-driven 
Hayward-Tyler pumps are fitted in a pump-room 
amidships. Each of these pumps has a capacity of 
325 tons per hour. There are also steam-driven ballast 
and fuel-oil transfer pumps placed forward. Many of 
the auxiliaries of the ship are steam driven and are 
supplied from two Scotch boilers of 11 ft. 6in. diameter 
and 11 ft. 6 in. length, and provided with two furnaces. 
They are installed on the stiffened upper deck forward 
of the main engine and work at 150 1b. per square inch 
pressure. Both have oil-firing gear and one is also 
fitted to take the exhaust gases from the main engine. 
Apart from the Weir feed pump for the boilers and 
the oil-firing gear, the principal steam auxiliaries in 
the engine-room are a steam-driven air compressor, 
made by Messrs. G. and J. Weir, Limited, fire, bilge 
and ballast pumps, an auxiliary condenser, a 15-ton 
evaporator and a 25-ton water distilling plant. The 
steam-driven air compressor is of a capacity sufficient to 
deal with 450 cub. ft. of free air per minute, and delivers 
at a pressure of 1,000 lb. per square inch. This large 
auxiliary has ample capacity to meet all the require- 
ments of heavy manceuvring. All the oil for fuel 
injection and starting is stored in bottles at this 
maximum pressure. Air-control valves for all the 
services are conveniently grouped on a control board 
beside the operator at the starting platform of the 
main engine. 

The auxiliaries normally required at sea, including 
the steering gear, are electrically driven, power being 
developed by two Polar four-stroke cycle two-cylinder 
Diesel engines of 90 brake horse-power, driving Metro- 
politan-Vickers dynamos at 300 r.p.m. These are 
extremely interesting sets. The injection air com- 
pressors for these auxiliary engines are driven by beam: 
levers from one of the engine gudgeon pins. The 
electric power developed is utilised to drive the motors 
of oil-transfer, sanitary, bilge and general service 
pumps, as well as a stand-by forced-lubrication pump 
and a pump for circulating the oil and fresh cooling 
water in an oil cooler. An electrically-driven oil 
purifier is also installed. By means of links and levers 
from the main engine compressor crosshead, the drive 
is obtained for three pumps for combined piston and 
cylinder fresh-water cooling, salt-water circulation of 
the compressor and guides and forced lubrication to 
all the main bearings. It is expected that sufficient 
steam will be raised in the one Scotch boiler capable of 
being exhaust-gas fired, to perform any duties, at sea 
demanding steam. 

The lay-out of the machinery, especially observing 
that it is placed aft, is excellent. Good passage ways 
are provided and a very considerable area of floor 
space, useful in the event of overhaul of the main 
machinery, &c., is available abaft the main engine in 
way of the main Michell thrust block. The thrust 
shaft has two collars, so that in the event of damage to 
one the shaft can be turned end for end. 

The British Aviator sailed on her maiden voyage to 
Abadan on August 13, after completing her trials by 
the Marine Oil Engine Committee. On the continuous 
run to Port Said from the Tyne the following results 
were obtained by the owners : ih.p. 3,115, s.h.p. 2,492 ; 
revolutions per minute, 74; consumption of Anglo- 
Persian oil (of 18,900 British Thermal units per pound) 
9-02 tons per day for all purposes. The consumption 
of oil fuel is equivalent to 0-28 lbs. per indicated 
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horse-power per hour, or 0°35 lbs. per shaft horse- 
power per hour. The de Laval centrifugal oil separa- 
tor was in continuous use throughout the voyage, 
which was completed at an average speed of 11°31 
knots. 


THE TRANSPORT OF LARGE ELECTRICAL 
PLANT. 


THE art of handling materials has made very rapid 
strides within the last few years, so much so that it 
might almost be said that the problem of moving a 
certain mass of a given material from one situation 
to another can be solved by consulting a curve or two 
on a suitable chart. But a problem far beyond this 
method of treatment was that involved in the recent 
transport of a turbo-alternator stator from the Witton 
Works of the General Electric Company, Limited, to 
the hold of the ss. Clan Mackellar, which is taking the 
stator from Manchester Docks to Sydney Harbour. 
The turbo-alternator referred to is for Sydney Muni- 
cipality, and has an output of 16,000 Kv.-a., ata pres- 
sure of 5,400 volts, when running at a speed of 3,000 
r.p.m. When it is realised that the power generated 
is in excess of 20,000 h.p., an idea of the weight and 
dimensions of the machine may be gained. 

The stator weighs 50 tons, and has overall dimen- 


sions of 12 ft. 9 in, in length, 9 ft. 10 in. in height, and 
10 ft. 7 in. in breadth. Powerful overhead travelling 
cranes solved the initial stage of the problem of moving 
the stator within the works, but the real difficulties 
began when the operation of transporting it to the 
railway siding. Although the distance was short, 
nearly five hours were occupied in performing the 
journey, due to the necessity for avoiding all risk of 
the wheels of the lorry, on which the stator was carried, 
sinking into the roadway and possibly damaging the 
various service mains below. To prevent this, steel 
plates were laid beneath the lorry wheels along this 
entire section of the journey. 

The continual relaying of this emergency metal track 
was the primary cause of this part of the operation 
taking so long. 

The transfer of the stator from the lorry to a railway 
truck was the next difficulty. Two of the largest 
cranes of the L.M.'& 8. Railway Company were utilised, 
these being specially sent down from Crewe for the 
purpose. 

The truck used to carry the stator was of the double 
bogie pattern, built at the L.M. & S. Railway Wagon 
Works, Newton Heath. 

The lowering of the stator on to this truck was per- 
formed with a view to secure perfect balance and 
distribution of weight. During the journey to Man- 


chester, by special goods train, careful watch was kept 
on the load to avoid accident. On arrival at Manchester 
Docks, it was handled by special floating cranes, and it 
was noted that the entrance to the ship’s hold was just 
sufficiently large to admit the stator. 

The safe transport of such a huge piece of apparatus 
must be warmly commended. | 


STEEL SCREW TUG AND WATER-BOAT 
“LORD COMBERMERE.” 


Tue illustrations on this and the opposite page show 
the general arrangement and details of the Lord Com- 
bermere, a sea-going steamer designed and built by 
Messrs. J. Samuel White and Co., Limited, of Cowes, 
Isle of Wight, for service as a Tug and water-boat at 
Barbados. She is primarily intended for conveying 
water to ocean ships lying in the Bridgeton Roadstead, 
the outer harbour of Barbados. Built to the order 
of the Crown Agents for the Colonies under the super- 
vision of Messrs. Flannery, Baggallay and Johnston, 
Limited, she is of the single-deck type, with straight 
stem and cruiser type stern, and has the following 
dimensions :—Length overall, 85 ft. ; length between 
perpendiculars, 80 ft.; breadth moulded, 20 ft. ; 
depth moulded, 12 ft. 6in. ; draft loaded, 10 ft. 

As will be seen from the longitudinal section given 
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in Fig. 1, the vessel is divided by five transverse 
watertight bulkheads into the following compart- 
ments :—Fore peak and chain locker, crew’s quarters, 
fresh-water tank, engine and boiler-room, fresh-water 
tank and officers’ quarters. Each fresh-water tank 
is sub-divided by two longitudinal bulkheads, which 
are shown in Figs. 4 and 5. Thwartships wash-plate 
bulkheads are fitted in each tank. The total water 


carrying capacity is 105 tons. Two fuei tanks having 
a capacity of 26 tons of oil fuel or alternatively 
21 tons of coal are fitted one on each side of the boiler- 
room. 

The officers’ accommodation aft is provided with 
two sleeping berths and a separate cabin for the 
captain, pantry, &c., while the crew’s quarters forward 
are provided with four sleeping berths. The vessel 


is rigged as a fore-and-aft schooner, with two pole 
masts foresail and fore-and-main topsail, Its general 
appearance is well shown in Fig. 10. A teak chart- 
house is fitted forward on the main deck, the navigating 
bridge, being arranged above a canvas awning, is carried 
round fore and aft, at the level of which a motor Jife- 
boat is mounted, the fittings permitting of launching 
from either side should this be necessary. The anchor 
and cables are worked by means of a hand windlass, 
while hand steering gear is fitted on the navigating 
bridge and a ship towing hook aft of the mainmast. 
The vessel is electrically lighted throughout on current 
supplied by a steam coupled generating set of 2-kw. 
capacity. A large bow fender and quarter bolster 
fenders are provided for protection when running 
alongside vessels. 

The propelling machinery which has been constructed 
and fitted by the builders consists of a set of compound 
surface condensing engines having cylinders 11 in. 
and 23 in. diameter by 16 in. stroke, developing 
200 ich.p. at 160 revolutions. The air, feed and bilge 
pumps are driven off the main engine, which is con- 
trolledfrom the bridge. Steam is supplied at a pressure 
of 140 1b. per square inch by one single-ended marine 
type return tube boiler, 9 ft. 6in, diameter and 9 ft. 6 in. 
in length, fitted with two furnaces arranged for burning 
either coal or oil on the low-pressure system of 
J. Samuel White, of Newcastle. The boiler has 882 sq. 
ft. of heating surface and 34 sq. ft. grate surface. The 
auxiliary machinery consists of two vertical duplex 
water pumps, with cylinders 73 in. diameter, and pumps 
5 in. diameter by 7 in. stroke, of the Mumford type ; 
a donkey feed pump with a 6-in. diameter cylinder 
and 4-in. diameter 7-in. stroke pump of the Weir type 
and a circulating Mumford pump. - 

The vessel prior to her departure for Barbadoes 
underwent sea trials which gave satisfactory results, 
the contract speed of eight knots being easily 
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attained. Specially good ventilation has been ensured, 
in view of tropical working conditions, in all parts of 
the vessel by means of extra large cowl ventilators 
to the engine room and stokehold, with cowls extending 
above the awning deck. The vessel proceeded to 
Barbados under her own steam. 


EXTENSION OF THE BRIGHTON POWER 


STATION. 


A pusBuio electricity supply was established in 
Brighton in 1882 by Messrs. Hammond and Co., and 
the corporation in the following year obtained a Pro- 
visional Order for themselves. As is often the case with 
public authorities, however, they decided to leave 
pioneering risks to others, and it was not till 1890 
that they installed their first plant at the North-road 
Power Station. In 1900 it was decided to construct 
a new station at Southwick, on the eastern arm of Shore- 
ham Harbour, and the capacity of this has been ex- 
tended from time to time, until to-day the machines 
have a rated output of 20,000 kw. On page 371 in 
Fig. 1 we reproduce a view of the turbine room as it 
now exists and in Fig. 2 we show separately the latest 
addition to the plant which was “ officially ” brought 
into operation on Wednesday last. This machine 
is rated at 6,000 kw. but will carry an overload of 25 
per cent. for two hours. It was supplied by the 
Metropolitan-Vickers Electrical Company, Limited, of 
Trafford Park, Manchester. 

Three-phase current is generated at 8,000 volts, the 
periodicity being 50 per second. The machine runs 
at 3,000 r.p.m. The condenser has 12,000 sq. ft. of 
cooling surface. Auxiliary plant installed at the 
same time comprises a gear-driven direct-current 
turbo-generator constructed by Messrs. W. H. Allen, 
Sons and Co., Limited, of Bedford. This is repre- 
sented in Fig. 3. It has a rated capacity of 400 to 
500 kw. and has been provided to maintain a supply 
in times of emergency. The auxiliaries ordinarily in 
use are steam driven. To the boiler house two Yarrow 
marine type boilers have been added, of which one is 
oil-fired and the other coal-fired with Underfeed 
stokers. Economisers have been dispensed with, the 
waste heat being utilised instead to pre-heat the air 
entering the furnace. A view of one boiler is repro- 
duced in Fig. 4. Each of the new boilers has a 
rated capacity of 40,000 lb. of steam per hour. The 
designed working pressure is 250 lb. per square inch, 
and the intended steam temperature 600 deg. F. The 
oil-burning gear has been supplied by the Wallsend 
Shpway and Engineering Company, whose apparatus 
has also been fitted to three of the nine Babcock and 
Wilcox boilers which are also installed, The storage 
tanks for the oil will hold 1,000 tons. Oil firing has 
special advantages when heavy peak loads have to 
be dealt with. Brighton being largely a residential 
town, the peaks in the load curve are somewhat more 
prominent than in industrial towns of similar size. 

The old generating station at North-road has 
been turned into a sub-station and is interlinked with 
the power station by five trunk feeders each of one- 
quarter square inch section. The aggregate rated 
capacity of these five lines is 15,000 kw. There are 
in addition three smaller sub-stations of which that at 
Kemp Town is of interest in that it is the only one which 
is automatic, but can at will be “ remote controlled ” by 
pilot wires from the main sub-station at North-road. 
A full description of the Peebles-Reyrolle system of 
automatic control, which has been adopted here, will 
be found on page 323 of our last issue. 


Tue Karriur Lorry.—The Karrier Motor Company, 
Limited, of Huddersfield, have recently placed on the 
market their “‘ J.H.” type lorry. Several features of this 
are of interest. The lorry body is specially constructed 
with a cab which is narrow to allow of lengths of strip 
metal being carried along the platform and on the special 
brackets. The chassis, designed for a load of 3 tons, 
is fitted with a power unit of 34 h.p., of four cylinders. 
The cylinders are cast in pairs and have a bore of 
110 mm., with a stroke of 140 mm. The valves are of 
the side-by-side pattern, with forced lubrication. Pump 
circulation isemployed. The cone-type clutch is entirely 
enclosed, dust proof, easily adjusted and lined with 
fabric. The machine is fitted with four forward speeds 
and reverse, the top gear ratio, at 1,000 revolutions, being 
7 to 1, corresponding to a speed of 14-7 m.p-h. The rear 
axle arrangement is interesting. This is driven from the 
gear-box by a tubular propeller shaft fitted with flexible 
dise couplings, and is of the worm-driven type with the 
whole of the gearing mounted in a self-contained member, 
easily removable from the differential casing. The latter 
itself, with the sump, is a steel stamping, which makes 
an extremely strong and reliable construction. Two 
independent brakes are fitted, one of the external con- 
tracting type, acting on the transmission by means of 
a foot pedal, and the other, of the internal expanding 
type, operating on drums on the road wheels by means 
of a hand lever. Solid tyres, 120 mm. by 878 mm., 
are fitted with twin tyres on the back wheels. The 
wheel track is 5} ft. and the wheel-base 14 ft., while 
the machine itself can completely turn in a 55-ft. circle, 
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By A. C. Kermope and otumrs. [Price ls. 6d. net.] 
London: His Majesty’s Stationery Office, 


Tue Roya Santrary Instirute.—The syllabus for 
the autumn term contains a programme of the courses 
of lectures and demonstrations to be given at the Royal 
Sanitary Institute, 90, Buckingham Palace-road, S.W.1, 
has now been issued. Notification of dates and centres 
for forthcoming examinations are included, and any 
further information may be had on application to the 
Secretary of the Institute, Mr. E. White Wallis. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—Conditions in the Welsh coal trade 
have gone from bad to worse. Already half a dozen 
collieries have been shut down, rendering some 20,000 
men idle because of the trade depression and the impossi- 
bility of making revenue meet expenditure. To-day 
it is announced that Messrs. Guest, Keen and Nettlefolds, 
Limited, have decided not only to close down but to 
dismantle the Bedlenog pits in the Dowlais district 
near Merthyr, which will add another 2,000 to the 
unemployed. The reason for this drastic step is the 
rising cost of production coupled with the fact that the 
pits are old and have already mulcted the owners in 
heavy losses. A report that the Italian State Railways 
have reached an agreement to replace English coal 
with deliveries from Russia is not taken too seriously 
by South Wales operators, who are of the general 
opinion that Russia cannot produce sufficient coal to 
meet her own requirements, and will not be able to 
do so for some years because of lack of capital necessary 
to sink new pits and repair existing ones. The question 
of transportation, too, is another important difficulty 
which will have to be solved before Russia can expect 
to compete with this country in the coal trade. In the 
meantime it is discouraging to have to record the fact 
that exports of coal as cargo from South Wales in 
August were the lowest for any month of the year, 
with the exception of June. In all 1,983,330 tons of 
coal were shipped or 318,460 tons less than in July 
last, and 393,180 tons less than in the corresponding 
month of last year. Shipments from Cardiff totalled 
1,175,280 tons, from Newport 367,920 tons, from 
Swansea 249,430 tons, from Port Talbot 156,370 tons, 
and from Llanclly 34,3840 tons. France as usual took 
the bulk of the exports with 729,570 tons, which was 
217,520 tons less than was taken a year ago. Italy 
also reduced its taking from 342,730 tons to 299,430 tons. 
On the other hand, shipments to South America were 
increased from 307,350 tons to 316,440 tons, and to 
British coaling depots from 135,480 tons to 161,090 tons. 
Meanwhile market prices generally are a matter of 
individual bargaining, and buyers with definite business 
experience little difficulty in securing their requirements 
at concessions on the quoted prices. Best Admiralty 
large rules from 28s. to 28s. 6d., with seconds from 
26s. to 27s. 6d., and Monmouthshires from 23s. 6d. to 
25s. 6d. while smalls range from 11s. to 16s, 6d., according 
to quality. 

Tron and Steel.—There was another reduction in the 
volume of iron and steel exports last week, the total 
of 9,533 tons comparing with 10,340 tons in the preceding 
six days. Shipments of tinplates and _ ternplates 
amounted to 5,866 tons compared with 4,856 tons ; 
black plates and sheets to 1,450 tons against 2,930 tons ; 
galvanised sheets to 872 tons against 1,639 tons and 
other iron and steel goods to 1,344 tons against 915 tons. 
The Stabilisation (Prices) Committee have increased the 
minimum price of Welsh tinplates by 6d. to 23s. 6d. 
basis I.C., f.0.b., owing to advancing costs. 


Tue ScHodrt or AccounTaANcy.—In a leaflet entitled 
“Careers in Commerce” the School of Accountancy 
gives a list of examinations for which candidates are 
prepared together with information relating to the 
personnel of the staff and details of evening classes. 
Fuller particulars may be had on application to the 
Secretary, The School of Accountancy, 10, Essex-street, 
Strand, London, W.C. 2. 


SyntHETIC NirroceN Propucrs.—We published in 
our issue of August 22, page 263, an article on this 
subject, and the impression may have been formed that 
nothing is being done in this country on the lines indicated 
in the article. This, however, is not the case, as at 
the Billingham Works of a subsidiary company of 
Messrs. Brunner, Mond and Co., Limited, the manufacture 
of ammonia from the nitrogen of the atmosphere is being 
actively carried on. 


New Tyne Bripce.—The Neweastle City Council 
have adopted a report of the Joint Bridge Committee, 
authorising the Council to proceed with the initial 
work in connection with the construction of a new 
bridge across the Tyne. The Committee recommend 
the appointment of Sir Maurice Fitzmaurice and Mr, Basil 
Mott to be thé consulting engineers. It is further 
recommended that Mr. Edge and Messrs. Sanderson, Son 
and Townend be instructed to act on behalf of the 
Newcastle Corporation in negotiations for the settlement 
of the compensation to be given for such lands as are 
required for erection purposes. 


CuinA ARCHITECTS’ AND BUILDERS’ CoMPENDIUM.— 
Those who are concerned with carrying out civil engincer- 
ing or constructional work in China will find much 
helpful information contained in the ‘ China Architects’ 
and Builders’ Compendium,’ an annual publication 
of the North China Daily News and Herald, Limited, 
Shanghai, the first edition of which has just been pub- 
lished. The bookisintended to bea collection and classi- 
fication of local information and contains extracts from 
civil regulations relating to taxes, fire insurance, and 
land fees, together with water supply, electricity, tele- 
phone and gas charges in Shanghai and Hankow. Excel- 
lent maps of these districts are supplied, while building 
rules and data on the costs and properties of materials 
most commofily used in structures are given. The 
inclusion of a business directory and a list of advertise- 
ments arranged so that descriptive matter relative to 
similar products, is kept together should assist in ensur- 
ing a welcome for the volume. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—Evidence continues to accumulate 
of the abnormal difficulties which steel makers have met; 
and are still facing, in their endeavour to keep plant 
operating. One of the largest forge and rolling mills 
plants in this district reports a loss on the past year 
of nearly 13,000/., this adverse result being attributed 
to high cost of production, wages, and fuel, and the 
ever-increasing burden of Imperial and local taxation. 
As in other comparable cases output has been dis- 
appointingly low and prices most unremunerative. 
Increased competition is feared from the prospective 
loans to countries already indebted to us. In other 
sections of the heavy steel industry conditions seem to 
be drifting from bad to worse. There appears to be 
no prospect of a break in the present slump in buying, 
despite the fact that from the price standpoint circum- 
stances have not been so favourable for renewing stocks 
at any period during the past 12 months. Orders are 
confined to small tonnages which for the most part 
yield no profit, and merely serve to keep machinery 
operating intermittently and prevent a further spread 
of unemployment. Sheffield Corporation is evidently 
preparing for a bad winter. Relief schemes under 
consideration will call for a total estimated expenditure 
of nearly half a million pounds, including 60,000J. to 
be spent on road widening, 61,0007. on electrical 
extensions, 100,000/. towards the provision of a modern 
abattoir, and 112,0007. in connection with . sewage 
disposal. The execution of these schemes will to a 
certain extent benefit the local staple industries, as a 
considerable quantity of machinery and tools will be 
required. Failure to arrive at a settlement in the basic 
steel trade dispute is responsible for a big curtailment 
of output, though the demand, being so greatly restricted, 
is easily satisfied from alternative sources. Brighter 
conditions prevail in the lighter sections. An effort 
has this week been made to assist tool manufacturers 
to regain overseas trade by exhibiting representative 
samples of files, hammers, saws, chisels, axes, agri- 
cultural requisites, &c., as offered for sale in Shanghai, 
British North Borneo, South Africa, Batavia, New 
Zealand and Denmark, by German, Swedish, Japanese, 
American and Chinese manufacturers. 


South Yorkshire Coal Trade.—The stronger tone 
recently displayed in best quality house coal has resulted 
in an advance of ls. per ton in leading brands. There is 
still an abundance of inferior sorts on offer at old rates. 
Buyers are coming forward more freely, but there is 
by no means any rush for supplies. Best steams are 
selling rather better on export account, though the 
home demand is far from active and quotations are 
unaltered. Slacks and small coal are somewhat firmer. 
Quotations :—Best hand-picked branch, 32s. to 35s. ; 
Barnsley best Silkstone, 26s. to 28s.; Derbyshire best 
brights, 26s. to 28s. ; Derbyshire best house, 23s. to 25s. ; 
Derbyshire best large nuts, 21s. to 25s.; Derbyshire 
best small nuts, 15s. to 17s. 6d.; Yorkshire hards, 
21s. 6d. to 22s. 6d.; Derbyshire hards, 21s. to 22s. ; 
rough slacks, 12s. 6d. to 15s. 6d.; nutty slacks, 12s. 
to l4s.; smalls, 6s. to 8s. 6d. . 


THe Ceramic Soctrety.—The fourteenth meeting of the 
Refractory Material Section of the Ceramic Society will 
be held in Conference Hal! No. 4, at the British Empire 
Exhibition, on Thursday and Friday, September 18 and 
19, when Mr. .J. Holland will preside. A Council meeting 
will be held on Thursday, September 18, in Committee 
Room ‘“‘ A,’”? Wembley, at 2.30 p.m., while a general 
meeting will take place in Conference Hall No. 4, Wem- 
bley, at 3.15 p.m. A number of papers on clays and 
other ceramic substances, will be read and those desiring 
tickets may have them on application to Miss G. Hulme, 
Central Science School, Stoke-on-Trent. 


InstITUTION OF MuNIcIPAL AND County ENGINEERS. 
—A meeting will be held of the West Midland District 
of the Institution of Municipal and County Engineers, 
at Malvern, on Saturday, September 13 next, at 11.30 
a.m. Members will be received at the Public Library, 
Graham-road, Great Malvern, at 11.30 a.m., by Dr. H. 
W. Jacob, Chairman of the Council, when a paper on 
works in Malvern will be given by Mr. W. Osborne Thorp, 
engineer and surveyor. After lunch, local works will 
be inspected, a motor char-a-bane being provided for the 
party. In order that the necessary arrangements may 
be made, members intending to be present must give 
notice to Mr. A. R. Gray, City Engineer’s Office, Council 
House, Birmingham. 


PpeRsonaL.—Messrs. Bates and Windibank, distribu- 
tors for London and the south of England for Messrs. 
F. and A. Parkinson, Limited, and Messrs. Flather and 
Co., Limited, have removed from Sentinel House, South- 
ampton-row, W.C.1, to 140, Southwark-street, London, 
8.E.1, where larger accommodation is available— 
Messrs. Rudge-Whitworth, Limited, Coventry, have 
now transferred the business and manufacture of their 
motor wire wheels to their Tyseley Works, Reddings- 
lane, Sparkhill, Birmingham.—Many readers will be 
interested to know that Mr. James Horne has just 
retired from active service with Messrs. Vickers Limited. 
He commenced at the Barrow Factory in August, 1898, 
as chief hydraulic engineer to the company. Mr. Horne’s 
special work has been the designing of heavy gun 
mountings and accessory mechanisms, and his brilliant 
gifts in this direction have won for himself and for 
Messrs. Vickers Limited, world-wide recognition. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MiIppLEsSBROUGH, Wednesday. 

The Cleveland Iron T'rade.—There is not a great deal 
of Cleveland pig iron in stock, for the bull of the iron 
lying at makers’ yards has been disposed of, but as 
customers are not lifting their full quantities in fulfil- 
ment of purchases, and present demand is not quite 
sufficient to absorb output, accumulations are, to some 
extent, being added to, and the position is far from 
satisfactory. Prices continue to show downward move- 
ment though makers are very reluctant to follow the 
fall. No. 1 is searce, but small parcels can be bought 
at 87s. 6d., whilst No. 3 g.m.b. is quoted 82s. to 82s. 6d. ; 
No. 4 foundry, 8ls.; and No. 4 forge, 80s. 


Hematite-—The East Coast hematite branch is quiet. 
A few home and export sales have been made, but 
supply is very plentiful, and prices are weak. Makers 
are selling Nos. 1, 2 and 3 at 9ls.; and No. 1 is put at 
6d. above mixed numbers. 


Foreign Ore.—There is very little doing in imported 
ore. Values are unaltered on the basis of best rubio 
at 22s. c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
only very moderate request, but sellers are markedly 
disinclined to lower prices, and threaten that rather 
than do so they will put out ovens. Good medium 
qualities are obtainable at 25s. 6d. delivered to local 
consumers, but some firms hold out for 26s. 


Manufactured Iron and Steel.—Manufactured iron and 
steel may be said to be without new feature. Practically 
all descriptions of material are slow of sale, and fal! in 
prices would cause no surprise. Recognised market 
quotations stand: Commion iron bars, 12/. 10s.; iron 
rivets, 141. 5s. ; packing (parallel), 97. ; packing (tapered), 
121. ; steel billets (soft), 87. 10s.; steel billets (medium), 
91. ; steel billets (hard), 9/7. 10s.; steel boiler plates, 
131. 10s.; steel ship, bridge and tank plates, 10/. 5s. ; 
steel angles, 10/.; heavy sections of steel rails, 94. ; 
and fish plates, 132. 


TENDERS.—We learn that the Direction de l’Outillage 
du Port, Antwerp, is calling for tenders, to be presented 
by October 6 next, for the supply and delivery in the 
Port of Antwerp of a floating grain elevator. Further 
information may be had on application to the Depart- 
ment of Overseas Trade, 35, Old Qucen-street, London, 


a 


8.W.1, on quoting reference number A.X. 1296. 


NortHAMPTON PoLyTECHNIC InstituTE.—The hand- 
book ‘‘ Announcements ”’ of this Institute for the Session 
1924-25 has now been issued, and contains full details 
of the day and evening courses of study offered. Civil, 
mechanical and electrical engineering, optical engineering 
and applied optics, horology, automobile engineering, 
aeronautics, and radio-telegraphy are all included in 
the scheme of work set out in the book; 


SALVAGE OF THE GERMAN SuHIps aT Scapa FLow.— 
We regret that in our article on this subject, in our 
issue of August 15, page 233, we gave the impression 
that the work of salvage has been undertaken for the 
Admiralty. Messrs. Cox and Danks, Limited, inform 
us that, having purchased a number of the ex-German 
ships as they lie at the bottom of the sea, they are 
raising the vessels on their own account. On Friday 
night last, after a delay of 12 hours owing to bad weather, 
they were successful in lifting the third destroyer, S. 55, 
which is now safely in shallow water at Mill Bay, after 
having been carried by their floating docks and tugs 
a distance of about 2 miles. 


Institution oF Nayat Arcuitects.—The following 
scholarships have been awarded by the Council of the 
Institution of Naval Architects :—Royal Commissioners 
for the 1851 Exhibition Post Graduate Research Scholar- 
ship in Naval Architecture (1924) (2507. per annum), to 
Mr. J. Lockwood Taylor, B.Sc., of Armstrong College, 
Neweastle-on-Tyne (Durham University). Sir Wiliam 
White Post Graduate Research Scholarship (1924) (1501. 
per annum), to Mr. S. A. Hodges, of the Royal Naval 
College, Greenwich. Institution of Naval Architects’ 
Scholarship (1924) (1307. per annum), to Mr. Leslie Digby, 
of H.M. Dockyard, Devonport. Earl of Durham Prize, to 
Mr. F. S. Sutherby, of H.M. Dockyard, Portsmouth. 


Contracts.—We learn that the Mirrlees Watson 
Company, Limited, of Glasgow, have secured an order 
for three surface condensers, complete with auxiliaries, 
to be utilised in connection with the electrification of 
the Capetown Suburban Railways. Each condenser is 
designed to deal with 104,000 lb. of steam per hour from 
a 10,000 kw, turbo-alternator set——The Westinghouse 
Brake and Saxby Signal Company, Limited, have 
received an order from the Collins Green Colliery Com- 
pany, Limited, for electro-pneumatic safety appliances 
for their No. 1 Bold Pit, comprising two sets of completely 
interlocked air lock door control gear, tub retarders for 
the running-off side of pit head, blocks for holding tubs 
in front of pit head, and point operating cylinders 
for control of the diverging roads at the running-on side 
of the pit.—We are informed that Messrs. Joseph Kaye 
and Sons, Limited, of 93, High Holborn, London, W.C.1, 
have secured a contract from the Adimiralty, for their 
patent seamless stoel serrated valve oilfeeders, fitted with 
interchangeable spouts.—The Clyde Crane and Hngineer- 
ing Company, Limited, have been successful in securing 
an important contract for level luffing cranes for the 
Great Western Railway Company for service at 
Alexandria Dock, Newport. 


NOTES FROM THE NORTH. 
GrLasaow, Wednesday. 

. Scottish Steel Trade.—Conditions in the steel trade of 
Scotland are not improving, and signs of any betterment 
would seem to be as far off as ever. The past woek has 
not brought out much new business, and with the 
limited demand now prevailing most of the works are 
very slack. A fair number of inquiries are in circulation, 
but the foreign competition is so keen that the local 
makers have much difficulty in securing fresh contracts. 
Most of the activity is still centred in the black sheet side 
of the industry, with makers about full up for the 
remaining months of this year. Prices all round keep 
firm and without change. The current quotations are 
as follow: Boiler plates; 137. 10s. per ton; ship plates, 
102. 5s. per ton; sections, 10/. per ton; and sheets, 
#; in. to $ in., 12/. 10s. per ton, all delivered Glasgow 
stations. 


Malleable Iron Trade.—A quiet tone still prevails in the 
malleable iron trade of the West of Scotland, and makers 
are not securing very many specifications. The future 
of the industry is not very bright and, indeed, for that 
matter, neither is the present, as only hand-to-mouth 
conditions prevail. The steel re-rolling branch is also 
quiet, and little buying is being experienced. Prices are 
unchanged, with “crown” bars at 12/, 10s. per ton, 
delivered Glasgow stations. 


Scottish Pig-Iron Trade.—No change of any moment 
has taken place in the Scottish pig-iron trade this week 
and dullness is general. Home consumers are not placing 
orders for anything beyond their actual immediate 
requirements, and in most cases these do not amount to 
very much, either for hematité or foundry iron. Export 
parcels are also not easy to pick up and there is no 
inducement at the present time to increase output; 
the tendency is in reality all the other way. The current 
prices are as follow: Hermatite, 41. 16s. 3d. per ton, 
delivered at the steel works; foundry iron, No. 1, 
41. 18s. 9d. per ton, and No. 3, 4l. 13s. 9d. per ton, both 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 


Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, September 6, amounted to 1,011 


‘tons. Of this total, 611 tons went overseas and 400 tons 


went coastwise. During the corresponding week of last 
year 728 tons went overseas and 86 tons coastwise, 
making a total shipment of 814 tons. 


Clyde Shipbuilding.—A contract for a motorship of 
4,600 tons deadweight has lately been secured by Messrs. 
Barclay, Curle and Co. (Limited), Whiteinch, Glasgow. 
This vessel, which will have accommodation for 100 
passengers, is to the order of Messrs. Burns, Philp and 
Co. (Limited), of Sydney, N.S.W., and her dimensions are 
to be 355 ft. in length, 49 ft. in breadth, and 26 ft. in 
depth. The machinery is to be supplied by Messrs. 
John G. Kineaid and Co. (Limited), Greenock, and will 
be of the Harland and Wolff-Burmeister and Wain type. 


ACCIDENTS IN Swiss ELectric Powrr PLants.—The 
accidents due to electric current that have come under 
the notice of strong current inspectors of Switzerland, have 
shown a steady and satisfactory decrease in late years. 
The figures for the year 1923 are the following (figures in 
brackets refer to the year 1922); Altogether 58 (65) 
accidents were reported ; they affected 65 (68) persons, 
23 (29) fatally. Of these persons 13 (29) were employees 
of the works concerned; 22 (18) persons were fitters 
or other members of installation firms; the remaining 
30 (21) accidents concerned the general public. Of the 
fatal cases, 13 (16) were due to high-tension currents, 
and 10 (13) due to low-tonsion currents. The number 
of fatal accidents was 41 in 1920, and the decrease is 
particularly marked; in the case of the serious accidents. 


ADMIRALTY CoNTRACT FOR LARGE AUTOMATIC TELE- 
PHONE ExcHance.—The Relay Automatic Telephone 
Company; of Marconi House, has secured, in strict 
competition, an important contract to supply H.M. 
Dockyard, Chatham, with a special model 550-line 
*“Relay’”’? automatic telephone installation, and also 
to supply a 50-line “‘ Relay’ exchange for the Army, 
Navy and Air Force Hospital, Chatham. The work of 
manufacture has already begun, and it is anticipated 
that these exchanges will be working shortly. The 
installations are to replace the existing manual equip- 
ment at both places, but a special building is being 
erected to accommodate the 550-line “ Relay ”’ at the 
dockyard, where a new main and intermediate distri- 
buting frame will be installed, also a new manual board 
to control the 40 trunks to various exchanges. Although 
two positions will be fitted to the latter, only one operator 
will be on duty instead of the four at present required 
to operate the existing manual exchange. No operator 
will be employed in connection with the hospital installa- 
tion. Both models are of the latest 32-volt type, the 
dockyard exchange being on the trunk line principle, 
and operated by batteries haying a capacity of 
350 a/h. Sixteen subscribers will have conference 
facilities on the dockyard exchange, and 50 will have 
priority of service, while three lines will have priority 
on the hospital automatic exchange. Two ringing 
machines will be fitted on the 550-line exchange, one 
of which will run off the 220-volt mains and the other 
off the exchange battery. The hospital exchange will 
be equipped with duplicate ringers, both of which will 
run off the exchange battery. The dockyard building 
will be equipped with a motor generator for charging 
the batteries, and for the hospital exchange the charging 
will be carried out by resistance from the 220-volt mains. 
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PUBLIC SERVICE AND THE ENGINEER. 


One of the most prolific of our present day prophets 
has predicted that we shall be governed to the end 
of time by the lawyer and the politician. Human 
nature being what it is, past experience renders 
it probable that this forecast will prove in 
greater accord with the actual course of events 
than the vast majority of the varied vaticina- 
tions which have emanated from the same 
source. That such a condition of affairs is not 
wholly satisfactory has long been recognised, 
and it appears that in America in particular, a 
strong. feeling has been manifest for some years 
past that engineers should play a more active 
part in public affairs than has been customary in 
the past. As to the abstract desirability of such 
a change there can be little difference of opinion. 
At least twenty good reasons could be advanced 
in favour of such a policy, and perhaps not: more 
than one against it. In the well-known fable, 
however, the cat’s one trick of running up a tree 
to escape from the dogs, proved to outweigh in 
effectiveness, the whole twenty of the boastful, 
but ingenious fox, and there is a danger that the 
one disability of the engineer for a public life, may 
well prove an insuperable bar to the profession as 
a body playing any prominent part in municipal.and 
national affairs. At least this seems likely to hold 
good in normal conditions, though when emer- 
gencies arise—when. it is a matter of getting good 
work done rather than of scoring dialectic triumphs 
—the engineer may again be called upon to fill 
ministerial and administrative positions. 

The particular disability for public affairs which 
we have in mind lies in the fact that the whole 


of an engineer’s training tends to unfit him for 
a political career. Like Kipling’s Mariner, the engi- 
neer “‘ serves no easy cheated altars” but ‘a jealous 
and oppressive ged,” and his work is judged by far 
more rigorous standards than are applied to the 
politician. The failure of the Tay Bridge ruined 
the professional status of Sir Thomas Bouch and 
probably contributed to his early death, but the 
fact that the late Lord Morley qualified as the 
“false prophet of the Soudan”’ seemed. to do little 
or no injury to such reputation for foresight and 
sagacity as he happened to possess. 

As Mr. Elihu Thomson pointed out at the Kelvin 
commemoration, the engineer stands alone amongst 
professional men in that he has to guarantee results 
at his own personal risk. ‘The politicians, on the 
other hand, who imposed on London the tramway 
services which in the coming year will require 
a contribution of some 360,000/. from the rates, 
made very confident claims as to highly-profitable 
returns, but their guarantee was a mere matter of 
phraseology. At worst, the politician who makes 
a mistake may lose his seat in consequence, but 
he runs no real risk of any serious personal in- 
convenience, and it is probably this consideration 
which makes work on the municipalities and in 
parliament so attractive to the many who love 
to exercise power without involving themselves in 
any serious personal responsibility. 

No engineer, moreover, dare trifle with natural 
laws in the same way that the government of the 
day did with its “‘ principles” when, for example, 
the Trades Disputes Bill was under: discussion. 
In that case official orators repeatedly pointed 
out that certain provisions of the bill violated 
considerations of justice, but when the pinch 
came these protests were forgotten, and like one 
of the heromes in Don Juan, the government, 
swearing they ‘would never consent, consented.” 
The whole of an engineers’ training tends to 
deprive him of any similar pliability. Natural 
laws being based on observation and experience, 
and not upon a prior? plausibilities, cannot be violated 
with any corresponding impunity. Evidence, not 
strength of volition, is the basis of the engineer’s 
beliefs, which thus constitute a policy rather than 
a creed. 

It would undoubtedly be greatly to the public 
benefit if more of this spirit could be imported into 
the discussion of public questions, and that such 
matters as the nationalisation of railways or of 
mines, or the respective merits of free trade and 
protection, should be dealt with from the point of 
view of recorded experience, rather than as logical 
deductions from hypothetical first principles. It 
would then be recognised that radical changes 
should only be introduced tentatively and experi- 
mentally, on a small scale and not on a large one, so 
that mistakes might be readily rectified or a policy 
reversed if experience thus gained should indicate 
that hopeful anticipations were likely to be falsified. 

The view appears to be widely held by town 
councillors, aldermen and ministers of State that 
the technical expert is unfitted for an adminis- 
trative position. As Mr. Sidney Webb argued at 
the recent congress of science and labour, they 
hold that the experts should act solely as con- 
sultants, leaving the actual work of administration 
to laymen having what Mr. Webb termed the 
characteristics suited to government. This arrange- 
ment has been largely followed in our Government 
services, where, as Lord Sydenham has observed. 
it is too frequently the case that the man who 
knows all about a certain matter has to report to 
one who knows less about it, and the ultimate 
decision is frequently made by the man who knows 
nothing. Another drawback attaching to the 
system is that unpalatable reports may be sup- 
pressed, as for example by that Lancashire town 
which, on taking over the gas works, instructed 
its gas examiner that he must no longer publish 
reports indicating bad gas. 

The commissioner system in America and Canada 
was admittedly very successful in conducting all 
public services, yet in town after town the system 
was abandoned after trial. and the previous 
extravagant and wasteful methods restored. Pos- 
sibly this was due to the circumstance that the 
commissioners were more or less autocrats, and 
though highly successful as administrators, had 
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little personal intercourse with the ‘common 
people,” and conducted no propaganda to imbue 
them with the view that the methods of science 
are as applicable to social and economic questions 
as to purely technical matters. During the war 
again we had quite a number of ministerial posts 
successfully filled by very able men who were 
essentially non-politicians. With the restoration of 
more normal conditions, however, these men, in 
spite of their past success, proved unpopular. 
They lacked presumably what Mr. Webb called 
‘the characteristics suited to government,” al- 
though their administrative powers had been 
proved in railway management, or the building up 
and conduct of other great industrial undertakings. 
A Carnegie, following the dictates of his individual 
judgment, developed the greatest steel-making 
business in the world, but he might quite probably 
have done nothing of note had he been compelled 
to justify every venture to doubting colleagues 
or to an opposition who took the view that the 
main duty of an opposition was to oppose. Genius 
is, in fact, essentially individualistic, and for full 
development must have more or less autocratic 
powers. It is here that all systems of co-operative 
or public management break down. The co-opera- 
tive societies have not founded a single new industry 
nor is any important improvement in transport 
attributable to State railways. Like government 
departments these have been managed just by 
ordinary clever men. The man that possesses the 
“little more,” of which Browning emphasised the 
importance, is ever unhappy as a departmental 
officer. 

A parallel to the history of the town commis- 
sioners is afforded by the history of the Australian 
State railways. At the outset the attempt was made 
to take the railways “‘ out of politics ” by entrusting 
the administration of them to expert commissioners, 
but in the course of years many of the powers 
originally held by these have been transferred to 
the politicians, and it appears that there are 
evidences of a similar tendency in connection 
with the South African railways. In view of 
these experiences, it will be of interest to learn 
for how many more years the Hydro-electric Com- 
missioners of Ontario will be allowed to retain their 
present powers. 

The commission system seems, indeed, to be 
doomed, and the engineer who wishes to serve his 
town or state must, apparently, do so on the same 
terms as the non-expert, and seek election in the 
ordinary way. From an address delivered a few 
months ago to the Engineers’ Society of Western 
Pennsylvania by Mr. Morris Knowles, we learn 
that not a few trained engineers in America 
have ‘“‘ gone into politics’’ there, and it will be 
interesting to note whether their early training 
or their new environment will ultimately secure 
the mastery. Mankind has no doubt an extra- 
ordinary capacity for thinking in watertight com- 
partments, and hence the two may in many cases 
never come really into violent collision, but still 
the main hope for the future does lie in a 
greater recognition of the methods of science as 
compared with those of the lawyer and school- 
man who have controlled public affairs in the 
past. The influx into public positions of men 
with a technical training ought to tend to good, 
though it is probably true that no man with any 
marked capacity for making important advances 
in either pure or applied science would take by 
choice any alien career. Such an _ exceptional 
genius would fail to be attracted even by such a 
prize as the presidency of the United States or the 
premiership of Great Britain. His ambitions would 
lie rather in the craving to add something of definite 
importance to the sum total of human knowledge 
and achievement, than to play the most prominent of 
roles in party manipulations. It is probable, more- 
over, that, as already indicated, a man of real 
creative genius would prove out of place in public 
affairs as now conducted. Even as matters stood 
under Napoleon, Laplace proved a failure as 
departmental head. He brought in matters of 
administration ‘“‘the spirit of the infinitesimals.” 
Newton was a greater success as master of the 
mint, but he had there much scope for the exercise 
of his scientific powers, as many technical opera- 
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tions were being badly and inefficiently conducted. 
Whether he would have given equally steady atten- 
tion to his duties had they been of the ordinary 


routine type is a matter of surmise, but even as 
matters stood it was asserted by some that science 
lost more by this appointment than the mint 
gained. 
never have accepted the post, even as matters 
stood, had he been, like Charles Darwin, possessed 
with independent means. 


In fact it is quite probable that he would 


NON-FERROUS METALLURGY IN 
AMERICA. 


Tue third autumn lecture to the Institute of 


Metals was delivered on Monday evening last, in 
the building of Insti‘ution of Mechanical Engineers 
by Mr. W. M. Corse, who said that he proposed to 
describe some of the more important developments 
which had been recently made in America in the 
utilisation of non-ferrous metals, devoting special 
attention to nickel and its alloys’ and to the alu- 
minium bronzes, and he would also refer to the 
advances made in the use of metal moulds for 
castings. 
of nickel alloys some of which were used for coinage 
as far back as 235 B.o. 


The lecturer described briefly the history 


There was little further 
development, however, until quite recently. Indeed, 


nickel owed its name to the fact that its ores 


were mistaken by German miners for copper ores, 


which as they could not be reduced to copper 


were dubbed Old Nick’s copper, and cast aside 
The metal was, in fact, not iso- 
lated till 1751, but it only entered extensively 
into commercial metallurgy after the publication, 
in 1889, of Mr. James Riley’s paper on nickel steel. 
The original of this later research was peculiar. A 
certain Mr. Gamgee in 1876 conceived the plan of 
constructing a refrigerated ship, which was intended 
to visit the yellow fever area and to receive patients 
on board, the idea being to freeze out the germs. 
To this end he required an alloy which would “ hold ” 
ammonia, and decided to try an iron-nickel alloy. 
He brought the matter before Mr. Ritchie who 
was the principal owner of copper-nickel mines in 
Canada, and the latter succeeded in interesting 
British steel makers, and thus led to the produc- 
tion of Riley’s paper. About the same time, it 
was discovered that the addition of nickel to 
armour plate made a marked improvement. In 
1894 Edison used the metal for his alkaline storage 
cell. The alloy of copper and nickel, known as 
monel metal, was introduced in 1905, and was now 
being made on a very large scale at Huntingdon. in 
Virginia. This alloy occurred naturally in the 
reduction of certain copper-nickel ores, but a 
similar material was being made synthetically from 
copper and nickel by Messrs. Henry Wiggin, of 
Birmingham. 

The peculiar chemical and ,hysical properties 
of nickel presented a baffling problem to the metal- 
lurgist, and the earlier attempts at effecting its 
separation from copper involved many disappoint- 
ments, but the very properties that occasioned these 
difficulties were those on which the usefulness of 
the metal depended. Nickel ores were very widely 
distributed but, practically speaking, the whole 
output was now derived from three sources: 
Canada, New Caledonia and Norway. Canada was 
responsible for 90 per cent. of the total production. 
The mine was discovered in 1883, during the con- 
struction of the Canadian Pacific Railway. The ore 
as mined seldom contained more than 5 per cent. 
of the metal, so that much concentration was 
necessary. In addition to nickel these ores contained 
copper, and small percentages of the metals of the 
platinum group and of gold and silver. The New 
Caledonian ores were quite different. They were 
free from sulphur and contained no copper. The 
Norwegian ores were similar to the Canadian, but 
of lower grade. During the war, however, they 
were worked profitably to meet the requirements of 
Germany. Two main methods were used in reducing 
the Canadian ores, that of the International Nickel 
Company of Canada and that of the Mond Nickel 
Company. The process used by the latter was of 
particular interest, since use was made of the fact 
discovered by the late Dr. Mond in 1889 that nickel 
formed a volatile carbonyl when carbon monoxide 


gas was passed over it at temperatures between 
30 deg. C. and 70 deg. C. and that this carbonyl 
was decomposed at a higher temperature, depositing 
metallic nickel. The nickel thus produced assayed 
99-8 per cent. of nickel and was free from cobalt. 

Whatever process was used the reduction of 
nickel involved many steps, and was much more 
complicated than the reduction of copper. 

The pure metal took a more brilliant polish than 
platinum and was not attacked by sea water. It 
would, moreover, resist for a long time attack by 
organic acids. Its melting point was 1452 deg. C., 
and commercial qualities had a specific gravity 
ranging from 8-7 to 8-9. The Brinell hardness of 
the cast metal was about the same as that of mild 
steel. As cast it had a strength of 25 tons per square 
inch, but rolled, this figure rose to 33 tons, whilst 
by cold rolling a tensile strength of 44 tons per 
square inch could be obtained, and in the form of 
wire the tensile strength might be over 70 tons. 
The yield point of the cast metal was 9 tons, and 
of the hot rolled metal 11 tons per square inch. 
The metal lost its magnetic properties at tempera- 
tures above 350 deg. C, 

The world production was now about 35,000 tons 
per annum. Of this only some 5 per cent. was used 
for electroplating. In pre-war conditions the 
nickel steels were used mainly for armour and 
guns, absorbing thus 60 per cent. of the output. 
Other alloys took 25 per cent., whilst malleable 
nickel formed about 5 per cent. and miscellaneous 
uses accounted for the remainder. The disarmament 
agreement had at first reduced largely the demand 
for nickel steels, but other uses had been found for 
this product, as for example in bridge work and for 
automobiles, so that the tonnage was now equal to 
the pre-war figure. Mention might be made of 
two peculiar nickel steel alloys, viz., that containing 
34 per cent. to 36 per cent. of the metal which had 
nearly a zero coefficient of expansion with tempera- 
ture, and that with 46 per cent. of nickel which had 
the same coefficient expansion as glass, and was 
therefore largely used-for ‘“‘leading in” wires. A 
peculiar property of nickel was its power of de- 
colourising the metals with which it was alloyed. 
Thus, 1 part of nickel decoloured 3 parts of copper, 
the alloy being known as nickel silver. Nickel had 
10 times as great a resistance to abrasion as silver, 
and this had led to its use for coinage in pre-war 
times. These coins were melted up during the war 
to make the nickel steels, but the demand for 
nickel coinage had increased so much of late that 
1,800 tons were thus used in 1923. 

The monel metal alloy which contained 67 per 
cent. of nickel and 28 per cent. of copper, the 
remainder being iron manganese and carbon, 
resembled nickel in appearance. It resisted corro- 
sion and retained its strength and hardness at high 
temperatures. It combined the physical properties 
of steel with most of the chemical properties of 
nickel. The tensile strength ranged from 33 to 45 
tons per square inch, and the elastic limit from 
18 tons to 33 tons per square inch. The elongation 
on 2 in. ranged from 30 per cent. to 50 per cent. and 
the Brinell hardness number from 160 to 190. It 
was found specially serviceable for withstanding 
severe shocks, and in all cases where toughness was 
required to be combined with strength. It lost its 
magnetic properties at a temperature a little above 
100 deg. C. This alloy was a very interesting metal 
and met a long felt want, but it had, of course, its 
limitations, and would dissolve in strong acids or 
when exposed to certain molten metals. 

Nickel formed solid solutions with 7 of the 22 
commoner metals, ard dissolved important quan- 
tities of eight others. With 12 of the commoner 
metals the alloys were of commercial value. Over 
420 chemical compounds of nickel had been enu- 
merated, and its use as a catalyst in the hydro- 
genation of oils had proved very valuable. 
Aluminium bronze, the speaker continued, was 
another non-ferrous product which was being very 
largely used in the United States. Much of the 
development was based on the work of the Alloys 
Research Committee of the Institution of Mechanica’ 
Engineers published in 1907, which had been supple: 
mented by American researches. Its outstanding 
property was its resistance to corrosion, and t¢ 
alternating stresses, whilst in hardness and strengtl 
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it was comparable with steel, and like steel, special 
properties could be imparted by heat treatment. 

The 10 per cent. alloy as cast, had a tensile 
strength of 74,500 Ib. per square inch, and an 
elastic limit of 19,800, whilst the elongation was 
19°5 per cent., and a reduction of area of 23-7 per 
cent. The addition to this of 1 per cent. lead 
gave a tensile strength of 72,600 lb., a yield 
point of 25,100, whilst the elongation and reduc- 
tion of area were increased to 25 per cent. and 26-9 
per cent. respectively. The addition of iron to the 
alloy raised the strength and the elastic limit. 
Alloys of large cross section were self-annealing, but 
with the addition of iron they were no longer self- 
annealing. For worm gear wheels it had been 
found advisable to keep the aluminium between 
10 per cent. and 11 per cent., brittleness being the 
result of a larger proportion. 

The alloy was free from hot shortness, and could 
be rolled and forged hot, and could be cast in metal 
moulds. This latter property had led to a very 
extensive use of the alloy for automobile parts. 
Bevel gears thus produced were used as cast, and 
such castings were extensively employed by the 
Ford Company who, since 1916, had used eleven 
million pounds of such castings for the worm 
wheels: of their 1-ton truck and two million pounds 
for other parts. The results had been most satis- 
factory. For six years there had been no failures 
at all and since 1922 the total failures recorded 
had not exceeded 2 per cent. 

More recently, the worm wheels had been made 
with 2 per cent. of lead added to the aluminium- 
bronze. This alloy had a tensile strength of 82,200 
Ib. per square inch, a yield point of 30,700 lb. per 
square inch, an elongation of 15:3 per cent., and a 
reduction of area equal to 16-0 per cent. A service 
test was made in which the “one ton” design was 
fitted to a truck having a ‘‘5 ton engine” and a 
4-ton body. This was run for 1,000 miles in a 
hilly district. Subsequent examination showed no 
signs of wear or abrasion. 

The alloy was not so readily machined as some 
of its rivals, but with proper cutting speeds and 
tool angles there was no real difficulty. 

Metal moulds were being successfully used also 
for other metals besides the aluminium-bronzes, and 
in particular for cast-iron. The moulds were them- 
selves of cast-iron, and in the earlier experiments 
had been made with thick walls, which resulted in 
cracks and rapid wear. They. were now made 
lighter, and steps taken to ensure that their tem- 
perature never rose above 850 deg. F., so as to 
avoid “growth.” The Holley Carburetor Com- 
pany used cast iron moulds }-in. thick to pro- 
duce intricate iron castings, ranging from } in. 
to $ in. in thickness, and these castings were 
free from pores and quite soft throughout. The 
average foundry loss in this particular product was 
7 per cent. to 8 per cent., as against 20 per cent. 
when made in sand. The work was done by 
machines tended with unskilled labour, and each 
machine produced 2,000 castings in five hours, 
which was eight times as much as with sand mould- 
ing, and the product was of better quality ; in fact, 
castings were thus produced which could not be 
made at all in sand moulds. 

The moulds had radiating fins, and the rate of 
cooling was controlled by an air current. They were 
heated to a definite temperature before use, and 
maintained at this in service. The moulds lasted 
generally for 8,000 to 10,000 casts, and a life of 
25,000 casts had been recorded. They were coated 
with a wash of water, fireclay and water glass, 
to a depth of 2, in., and this clay lining lasted 
a month. The clay was coated with lamp black, 
and this lamp black facing was renewed after 
every cast. The shrinkage of the metal was only 
as half as much as with sand moulding, and the 
_ dimensions of the castings ‘‘ held ” within 5, in. 

More development work was needed, but for 
certain castings the process was now an assured 
commercial success. 

At the conclusion of his lecture Mr. Corse ex- 
hibited cinematograph films taken at the Hunting- 
don works. These showed in progress the various 
Operations of furnace charging, ingot casting and 
forging, and also the machinery of the ingots to 
get rid of any. contaminations which the skin 
may have absorbed from the mould. 


ELECTRICITY SUPPLY IN GREAT 
BRITAIN. 


Tue fourth report of the Electricity Commission, 
just issued* is accompanied by a separate pamphlet, 
giving analyses and summaries of the returns of 
fuel consumption made by the various authorised 
undertakers for the year ending March 31 last. The 
total units generated at steam stations amounted 
to 6,342,107,841, and the fuel used to 7,561,991 tons, 
so that the average consumption was 2-67 lb. of 
coal per kw. hour. A comparison with the corre- 
sponding figures for the previous year shows that 
production was increased by 16-4 per cent., and 
the fuel consumption by 11-3 per cent., the coal 
per kw.-hour being 2-78 lb. for the year ending 
March, 1923. It is evident that the new large and 
economical units which have been recently installed 
are effecting an appreciable economy in coal, but 
the Commissioners report that much still remains 
to be done. A reduction of the average coal con- 
sumption per unit generated to 2 lb. would result 
they say, in a saving of 20 per cent. of fuel, 
whereas at a number of the large stations, figures 
well below the 2-lb. limit have been recorded. The 
pride of place in this matter is now taken by the 
new Barton Station of the Manchester Corporation, 
where the average fuel consumption was 1-48 lb. 
per kw.-hour. This particular return refers, how- 
ever, to less than half a year’s working, as the station 
was not started up till October, 1923. This station 
is new throughout, and not saddled with either 
obsolescent machines or with the drawbacks to 
economical working, which often are encountered 
when a station grows from a small capacity to a 
large one. In such case, it is often impossible to 
arrange the additional plant as conveniently and 
economically as when constructing an entirely new 
station. The North Tees Station, of the Newcastle 
Electricity Supply Company, stands second with an 
average fuel consumption of 1-67 lb. per kw.-hour, a 
result which is possibly somewhat disappointing, 
but this station represented, it will be remembered, 
a bold pioneering advance by which all stations 
subsequently designed have benefitted. The third 
place is taken by Carville, at which the consumption 
averaged 1-81 lb. per kw.-hour. This is a really 
remarkable performance for a station which has 
been pre-eminently the pioneering power station 
in this country; and which has time after time 
established new records in the economical generation 
of electricity. 

In thermal efficiency, Barton again stands first 
with a record of 20-33 per cent. The North Tees 
station comes next with a figure of 17-60, and 
Glasgow third with a thermal efficiency of 17-47 
per cent. After this, there is a rapid tailing off, and 
the best of the steam stations with an output of 
between 100,000 units to 250,000 units per year 
showed a thermal efficiency of but 2-96 per cent. 
No figure is given for the worst of these, but the 
Queenborough Pier station of the Southern Railway 
consumed 11 lb. of coal per kw.-hour., and this 
was best fuel consumption in its class. 

Three stations produced over 200 million units 
per year, and eight between 100 million and 200 
million units. The most numerous stations were 
those producing between 25 million and 50 million 
units per year, but stations with an output of be- 
tween one and two million units were nearly as 
numerous. 


The report also gives figures for stations operated 
with gas and oil engines, and here it is noteworthy 
that the large steam stations are much more econo- 
mical of fuel than the stations operated with producer 
gas. In practice, therefore, it would seem that the 
steam turbine has definitely beaten the gas engine ; 
since the best thermal efficiency recorded for the latter 
was but 14-08 per cent. Of course, the output 
of these stations was small, but it is generally 
admitted that a gas engine of some 60-h.p. is about 
as economical as the largest made, whereas the 
steam turbine is essentially a large unit machine, 
so that it is not unfair to make a direct comparison 


* Fourth Annual Report of the Electricity Commissioners. 
H.M. Stationery Office. [Price 3s. net.] ; Generation of 
Electricity in Great Britain. H.M. Stationery Office. 
[Price ls, 6d. net.] 


between the best of the gas stations and the best 
of the steam stations. 

The oil-engine stations show, on the other hand, a 
materially higher efficiency than the best of the steam 
stations. The highest thermal efficiency at an oil- 
engine station recorded in the report is 29-10, which 
is nearly 50 per cent. better than the Barton record, 
but it is, of course, probable that there is.a greater 
possibility of improvement in the steam figures than 
in the oil-engine figures. Water-power stations 
have in this country an almost insignificant output, 
being responsible for but 0-6 per cent. of the total 
units generated during the year. The largest 
water-power station now in operation is that of the 
North Wales Power Company at Cwm Dyli, where 
the installed capacity is 5,500 kw. Powers have now 
been obtained for some larger plants in Scotland. The 
Lochaber scheme provides for a 70,000 h.p. station 
at Fort Wiliam, and the Grampian scheme provides 
for the generation of 56,000 h.p. Unfortunately, the 
ill-considered action of the House of Lords checked 
the development of Scottish water power by un- 
reasonably rejecting one of the most important 
schemes when first brought forward, a procedure 
by which extravagantly-paid parliamentary counsel 
were the sole beneficiares. 

The report states that, so far as can be ascer- 
tained, about half as much electricity is supplied 
from private plants as from all public utility stations, 
so that the total consumption per head of the popula- 
tion of the country is about 200 units per annum. 

As is well known, the political and economic views 
of Mr. Chamberlain forced electrical development 
on this country on to wrong lines, with the result 
that we were saddled with a multitude of small 
stations, at which efficient generation was impossible, 
whilst in other cases comparatively large stations 
were erected in regions without an adequate supply 
of condensing water. Even now Salford and Liver- 
pool have sought, and succeeded in obtaining, a 
reluctant consent to an enlargement of their existing 
badly-sited power stations. 

Much of the work of the Commissioners is devoted 
to attempts to repair these evils and to persuade the 
owners of small and inefficient stations to abandon 
attempts at further development, and to take 
supplies from whoever can furnish the current most 
cheaply. In this matter, of course, future conditions 
as well as those temporarily existing have to be 
considered. The negotiations have not been free 
from difficulty, which in certain cases have been 
aggravated by purely political considerations. 
Bulk supplies are, however, proving increasingly 
acceptable and are taken now by 207 authorised 
distributors. Progress is slow, but is undoubtedly 
being made. Since 1920 the Commissioners have 
sanctioned the installation of 78 units of over 
10,000 kw. rated capacity and 8 units of over 
20,000 kw. capacity. 

The Commissioners have also revised during the 
year the pre-existing regulations for overhead 
mains; and have mitigated certain restrictions on 
their use. One of the lines sanctioned on the North 
East Coast system is to be operated at 66,000 volts ; 
a 49,500-volt line has also been authorised, and 
sixteen 33,000-volt lines. 

Some difficult questions have arisen in connection 
with railway supplies. Powers have been sought to 
supply the whole of the Southern Railways lying 
east of Southampton and Winchester. The bodies 
affected or concerned in this matter include 200 local 
authorities, of which 40 are authorised undertakers 
and 43 companies. A decision on the matter has 
been postponed for further consideration. 


NOTES. 


CoMMERCIAL EDUCATION. 


Tue Royal Society of Arts, John-street, Adelphi, 
is endeavouring to bring before the heads of large 
business establishments the comprehensive arrange- 
ments for evening instruction in commercial subjects 
which have been made by the London County 
Council. The Society hopes that employers will 
facilitate the attendance of their junior employees 
at these classes, and encourage them to take the 
sessional examinations. A number of firms in the 
London area are already doing this. Special im- 
portance is attached to regular attendance, and 
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hence overtime should not be asked for on class|Brass Tubes.” It was read in abstract by Mr. 


nights, and it is suggested that where students 
obtain certificates, the firms employing them might 
agree to refund the amount of the fees. The Society 
state that as matters stand too many young people 
are reluctant to pursue their education after leaving 
school, and do not realise their mistake till after 
the lapse of years. Pamphlets describing the 
courses provided can be obtained on application 
to the Education Officer at the County Hall. 


VOLUMETRIC GLASSWARE TESTING. 


A pamphlet, just issued by the Metrology Depart- 
ment of the National Physical Laboratory, gives 
particulars of their “Tests on Volumetric Glassware ”’ 
and of the tolerances allowed. Vessels required to be 
correct within the class A tolerances should be 
submitted for “‘ Class A Test without certificate ” ; 
when a more correct knowledge of the capacity 
of the vessel is desired, the vessel should be sub- 
mitted for “Class A Test with certificate.” For 
commercial accuracy the Class B Test will be 
sufficient. The pamphlet deals with the testing 
of flasks, pipettes and burettes, graduated or not, 
cylinders, specific gravity bottles and tubes, and 
vessels for gas analysis. In the case of pipettes, 
é.g., we notice that the mark “50 ml. D 15 deg. C. 
(30 + 15) secs.” would indicate that the pipette 
will, at 15 deg. C., take 30 seconds to discharge 
50 millilitres and that 15 seconds more should be 
allowed for “draining”; during the latter period 
the jet should remain in contact with the side 
of the receiver. The Laboratory states the 
capacity of volumetric glassware in millilitres in 
preference to cubic centimetres. A litre is defined 
as the volume occupied by one kilogramme of water 
at the temperature of its greatest density and normal 
atmospheric pressure ; the kilogramme here signifies 
mass, not the apparent weight of a kilogramme in 
air. The millilitre is the thousandth part of a litre ; 
the cubic centimetre being a cube of one centi- 
metre edge, 1,000 millilitres = 1,000:027 cub. cm. 
For the present, the Laboratory will accept glass- 
ware marked c.c. and will determine the capacity 
in cubic centimetres*; but it is hoped that manu- 
facturers will soon use the inscription ml. exclusively. 
On the request of the Joint Committee for the 
Standardisation of Scientific Glassware, the Labora- 
tory further accepts vessels graduated in terms of 
G.W.A. units. The G.W.A. unit is described as 
a substitute for Mohr’s grammes or Mohr’s cubic 
centimetres and is defined by 1,000 G.W.A. = 1,002 
ml. Vessels graduated in terms of the imperial 
gallons or in cubic inches are also accepted; the 
gallon is defined as the volume occupied by 10 
imperial pounds weight of distilled water as weighed 
in air against brass weights, both water and air 
being at 62 deg. F. and the barometer at 30 in. 
The gallon has been legalised as 4-5459631 litres, and 
1 cub. in. is equivalent to 16-38659 ml. 


THE INSTITUTE OF METALS. 


Tue Autumn meeting of the Institute of Metals 
was held in the hall of the Institution of Mechanical 
Engineers on Tuesday and Wednesday, the 9th and 
10th inst. At the opening proceedings Dr. Rosen- 
hain welcomed the visitors on behalf of the Local 
Reception Committee. Professor Turner, the presi- 
dent, announced that Mr. A. E. Seaton had desired 
to be relieved of the hon. treasurership ; the council 
had reluctantly agreed to Mr. Seaton’s request and 
had appointed temporarily in his stead Mr. John 
Fry. Professor Turner then voiced the regret of 
the meeting at the death of Sir John Beilby, a 
past president of the Institute. He also announced 
that Mr. Leonard Sumner, past president, had con- 
tributed 1,000/. towards the formation of the 
endowment fund which he (the speaker) had men- 
tioned in his presidential address.* He expressed 
the hope that this would be the foundation of a 
larger scheme. 


INTERNAL STRESS MEASUREMENTS IN BRAss 
TURES. 
The first paper taken was by Mr. R. J. Anderson 
and Mr. E .G. Fahlmann, both of the United States 
on “A Method for Measuring Internal Stress in 


* See ENGINEERING, vol, exviv, page 344. 


W. M. Corse. 

It described a new method for the quantitative 
estimation of longitudinal iaternal stress in tube 
shapes—for example, cold-drawn brass tubes. It 
showed that the major stress was longitudinal, and 
the stress in the outer part of the wall of the tubing 
was a longitudinal tensile stress, while that in the 
inner portion was a longitudinal compressive stress. 
The summation of the balanced stresses was zero. 
Absence of circumferential stress in tubes was 
indicated by the failure of diametrically cut mngs 
to spring in or out on being slit in two. Experi- 
ments showed that the usual testing methods which 
had been applied to bars and rods for the estimation 
of stress were not applicable to tubes, especially 
where the bulk of the stress was longitudinal. The 
method described for measuring longitudinal internal 
stress was called the strip method, and was carried 
out by slitting a narrow strip longitudinally in a 
piece of tubing—for example, a strip 2-75 in. long 
and 0-10 in. wide in a 3-25 in. tube length—and then 
releasing one end of the slit strip by cutting. Stress 
was indicated by the springiog out of the freed end 
and could be calculated by a formula based upon the 
modulus of elasticity of the material and the distance 
in movement of the freed end. The method gave 
the amount of internal stress in cold-drawa tubes, 
and the effect of a low-temperature anneal upon 
stress release. It had often been thought that 
because cold-drawn brass did not crack on applica- 
tion of an accelerating cracking agent it was free 
from internal stress. The strip method was applic- 
able for the quantitative estimation of stresses 
inferior to those necessary for cracking under the 
application of mercurous nitrate. 

Professor K. Honda said the method was not new 
in principle, and was one of interest to engineers and 
metallurgists. What the authors measured was 
an average stress along the length of a tube. There 
were also local stresses, in tension and in compression 
intermixed, and in every small part of the tube. 
There occurred a great reduction of area by cold 
work, and some part might undergo a little greater 
elongation than a neighbouring part; then the 
former part underwent tension and the latter 
compression. What was measured was a differential 
effect, yet no method was available to measure the 
absolute internal stress in a cold-worked specimen 
or in a quenched steel. As an illustration he gave 
the martensitic structure of quenched steel. Mar- 
tensite by rapid cooling underwent great local 
internal stress, some crystals were in tension, some 
in compression, and others neither under tension 
nor compression. Hence, in certain groups of 
crystals the lattice constant increased a little and 
in others it decreased, the amounts depending upon 
the intensity of the stress. There were also groups 
of crystals whose lattice constant remained un- 
changed. The aggregate of crystals gave rise to the 
diffusion of X-ray spectrum lines. By measuring 
the range of diffusion of the lines by an accurate 
photometric method the maximum internal stress 
could be estimated. This same method could also 
be applied to a cold-worked specimen. It was usual 
to explain the diffusion of the spectral lines by 
supposing that each individual needle-shaped crystal 
of martensite consisted of a very large number of 
fine crystals, whose linear dimensions contained only 
a few hundreds of atoms ; but this explanation did 
not agree with the result of microscopical investiga- 
tion. Professor Honda explained on the blackboard 
how a metal and its density varied by cold work. 

Dr. Rosenhain thought the authors could not 
arrive at the real stresses in the material by the 
method they described. The longitudinal strip 
they found in a tube had a transversal curvature 
which complicated the calculations. The springing 
out of the strip cut in the tube was significant, 
and what it meant would have to be investigated. 
He (Dr. Rosenhain) also said the lattice constants 
and the diffusion of the X-ray spectrum was not 
the method to use. In pure metal, by diffusion, 
one could arrive at the distortion of the lattice. 
Diffusion, however, in the present instance was 
not regular throughout, there was not a uniform 
expansion and contraction of the lattice, and 
accurate measurements were difficult. He differed 
from the last speaker in his remarks on X-ray 


examination in the case under consideration, and 
in his statement to the effect that the atoms were 
closer together when compression of the metal 
took place in the ordinary way. 

Professor Turner said, what was interesting to 
find out by tests was whether a tube would be 
safe for a number of years. If an acceleration test 
revealed cracking of a tube, it could be anticipated 
that the tube would have cracked sooner or later 
in service. The authors’ conclusion to the effect 
that because a wrought brass did not crack under 
the application of an accelerating cracking agent, 
it did not follow that the material was free from 
internal stress, was one which he found correct. 
The authors’ method appealed to him as a useful 
and practical second test, giving information which 
the ordinary tests did not reveal. 


NICKEL FOR COINAGE. 


The second paper dealt with “‘ Experiments on 
the Working of Nickel for Coinage,”’ by Sir Thomas 
K. Rose and Mr. J. H. Watson. It was read in 
abstract by the latter. 

The experiments were made in order to determine 
the conditions in which nickel for: coinage could 
be cold-rolled in the existing rolls at the Royal 
Mint. It was found impossible to prepare coins 
containing 99 per cent. nickel with 1 per cent. of 
manganese, magnesium, carbon, iron, silicon, &c., 
such as are manufactured with the aid of hot rolling. 
By the addition of 2 per cent. manganese, however, 
castings could be prepared suitable for cold-rolling 
and conversion into coin. The carbon must not 
exceed 0-2 per cent. and the bars should be not 
less than 1 in. thick and 2 in. wide. The maximum 
crucible charge tried was 100 Ib. Mond nickel 
with the addition of not more than 50 per cent. of 
scrap made a suitable charge. Four annealings 
were necessary—two at 800 deg. during rolling, 
and one at 675 deg. after rolling and before cutting. 
The blanks were also annealed. Air was excluded 
during annealing. The blanks were cleaned before 
striking by being rumbled in a wooden drum with 
half their weight of nickel pellets in a 24 per cent. 
acetic acid solution for half an hour. The coins 
consisted of a solid solution, and accordingly resisted 
tarnishing and corrosion equally well with those 
containing 99 per cent. or more of nickel, such as 
were in circulation abroad. The two kinds of coin 
were indistinguishable in appearance, were similarly 
magnetic and equally hard and resistant to abrasion. 
They appeared to be similarly suitable for circulation. 

Mr. W. R. Barclay appreciated the work of the 
authors on nickel-manganese which would be useful 
to the industry quite apart from coinage. 

Dr. F. Johnson, with reference to the high iron 
content, which, the authors stated, was probably 
derived mainly from the moulds and the rolls, 
expressed the opinion that this view of theirs seemed 
improbable and asked for more evidence on the 
point. 

Dr. Rosenhain referred to the author’s use of 
glass as slag. This had been used with success 
at Teddington and also with the melting of nickel, 
but laboratory selected scrap glass was taken. 
There were various grades of glass and careful 
attention should be paid to that used for such 
a purpose. 

Sir Thomas K. Rose, in his reply, said they had 
not yet much evidence as to how the iron had been 
derived. Iron crept in continuously in increasing 
percentages. He thanked Dr. Rosenhain with 
regard to the selection of the slag forming glass. 


_ CORROSION. 


Dr. Bengough then gave a brief abstract of the 
“Seventh Report to the Corrosion Research 
Committee of the Institute,’ which he contributed 
together with Mr. R. May. 

The Report considered the problem of corrosion 
largely from the point of view of the “Scale ” of 
corrosion products which soon forms on the surfaces 
of such metals as copper, zinc aud brass immersed 
in sea-water. An account was given of the more 
important reactions which led to the production 
of these scales, and of the way in which they were 
affected by changes in the conditions surrounding 
the metal and in the composition of the metal 
itself. An important feature of the Report was 
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the study of the behaviour of high-speed streams 
of aerated sea-water in glass and brass tubes and the 
correlation of the behaviour of such streams with 
local corrosion. It was suggested that a large 
proportion of tube failures in modern condensers 
was due to local impingement of aerated sea-water, 
and that the actual distribution of corroded tubes 
in condensers often supported this view. The rapid 
corrosion was due to the local removal of protective 
scale by the impinging stream. Certain types of 
pre-formed scale might be very resistant to this 
type of action, and a useful field of work had been 
opened up in this direction. The occurrence of 
** dezincification ” had been found to be due, not 
to bad mixing of copper and zinc in the manufacture 
of brass, but to the absence of arsenic from tubes ; 
even a mere trace of arsenic had been found to 
prevent “ dezincification ’’ in condenser conditions. 
The presence of arsenic, however, was by no means 
always desirable and in some conditions a 
“dezincing”’ tube might behave better than a 
“non-dezincing ” tube. 

Careful observations on the electrolytic method of 
protection of condenser tubes had tended to throw 
grave doubts on the utility of this process, per se; 
usually the results were negative but occasionally 
good results had been reported and it seemed 
probable that these must be due to chance secondary 
effects particularly of the anode products. The 
great difficulty with which the process had to 
contend in condensers was the uniform distribution 
of the current along the tube ; most of it was short 
circuited to the water-boxes, tube plates, &c., which 
were protected in preference to the tubes. 

On the theoretical side, the view was adopted 
that the corrosion of brass might be due to metal-ion 
concentration cells or oxygen-distribution cells ; 
these might either reinforce or oppose one another 
according to the conditions. With high-speed 
water streams the metal-ion concentration cell 
might become the more powerful and render the 
metal anodic and severely corroded; deposits of 
sand, porous masses of corrosion products, &c., 
might cause oxygen distribution cells to become 
active and set up local corrosion, but the most 
rapid cases of corrosion seemed to belong mainly to 
the former type, Sometimes the two types of action 
reinforced one another, as when pits were started 
by oxygen-distribution effects, owing to the unequal 
porosity of the scale ; the thin layer of scale which 
covered them was finally broken down by the action 
of an impinging aerated water-stream, and the attack 
was carried on by the action of a metal-ion con- 
centration cell. 

Professor Carpenter stated that this would be 
the last report presented to the Institute by 
Dr. Bengough, who had been engaged by the 
Department of Industrial and Scientific Research, 
for whom he would continue to work on the scien- 
tific side of the same problems. The Institute’s 
Corrosion Research Committee would continue 
investigating the practical side. The services of 
Dr. Bengough would be available to the latter 
Committee to a reasonable extent. 

Mr. U. R. Evans expressed very general agree- 
ment with the report. Direct chemical oxidation of 
metals—although often producing tarnishing—did 
not usually cause deep-seated corrosion ; direct 
oxidation produced a layer of oxide over the surface, 
and this generally protected the underlying metal 
from the access of oxygen. On the other hand, 
electro-chemical corrosion might produce the in- 
soluble corrosion product at a distance from the 

surface. In the electro-chemical attack of salt 
water upon zinc, for instance, the anodic product 

_ was zine chloride, and the cathodic product sodium 
hydroxide. Where they met they yielded insoluble 
zine hydroxide by precipitation. 

The necessary electric currents might be set up 
in at least three ways :—(1) If a noble heterophase 
impurity (i.e., an impurity present as a separate 
phase) was embedded in the dominant metal, it 
might act as cathode, and the dominant metal as 
anode. Until recently this was considered the main 
cause of the corrosion current, but it was now 
believed to be comparatively unimportant. (2) If 
oxygen had greater access to one part of a surface 
than to another, currents were set up, the unaerated 
place being anodic and suffering corrosion. One 


example, the local attack of condenser tubes at 
places where débris had settled, had been given 
in the report. An instructive example was afforded 
by the action of salt water on iron ; here the metal 
around the edge of the drop, to which oxygen had 
best access, was cathodic and suffered no attack, 
although marked corrosion occurred below the 
centre of the drop. (3) A third method was 
important in the case of copper. If over one part 
of the surface the water was stirred, and over the 
rest it was relatively stagnant, the stirred part 
became anodic, and the stagnant part cathodic. 
The marked local corrosion which often occurred at 
points of high local water-velocity near the entrance 
of condenser tubes was, no doubt, due to this cause, 
and condenser designers could do much to diminish 
corrosion by reducing local variations in water 
velocity to the minimum. 


In a differential aeration cell with copper elect- 
rodes, there were—as the authors pointed out—two 
opposing effects. If oxygen were completely absent 
from one compartment and air were bubbled through 
the other, the aerated. electrode was cathodic not- 
withstanding the stirring. But if a considerable 
amount of oxygen was present in both compart- 
ments the electrode over which bubbles were passing 
became anodic, owing to the stirring. 

Homophase impurities (those present in solid 
solution) had no immediate stimulative effect on 
corrosion, and often (as in the case of chromium in 
iron) considerably reduced it. Heterophase im- 
purities (present as a second phase) were important 
in setting up currents by the first method, and 
important for the second method also. Under 
some conditions it was not possible to obtain a 
current from a differential aeration cell unless a 
second metal was in contact with the dominant 
metal in both the aerated and unaerated compart- 
ment; it was possible that a differential aeration 
electro-motive force might exist in the abeence of 
the second metal, but it was too small to overcome 
adverse electro-motive forces due to stirring and 
other causes. On the other hand, in the third 
method of producing local currents—important in 
copper—the presence of heterophase impurities 
was not required. In general, the influence of 
heterophase impurities was important in the 
corrosion of zinc and iron, and neglible in that of 
copper. 

He (the speaker) had never liked the use of the 
word “‘scale’’ for bodies which were formed, at 
least in part, by precipitation. A porous corrosion 
product, by shielding the metal from oxygen, might 
actually promote local attack upon the area so 
shielded. But a compact corrosion product would 
protect the metal covered, although it might some- 
times promote the destruction on the bare metal 
around. The complete covering up of the whole 
surface of an article by a protective deposit, as 
statedjin the report, might often prove the best means 
of avoiding attack, but if at one point the deposit 
became scraped away the effect was very serious. 
Electro-chemical action was set up between the 
encrusted area, which would be cathodic, and the bare 
portion, which would be anodic ; the total amount of 
corrosion would be determined by the rate of access of 
oxygen to the large encrusted region, but the corro- 
sion, instead of being spread over the whole area, 
would be concentrated on the small bare portion, and 
here the linear rate of pitting would be high, and 
perforation soon occur. 

Local corrosion was, to some extent, a combination 
of mechanical erosion and electro-chemical corrosion. 
The protective skin was, it is true, removed me- 
chanically, but the destruction of the metal was 
chemical or electro-chemical. As the report showed, 
the mechanical qualities of the scale, and not of the 
metal, were important. Viewed in this way the 
controversy regarding whether the destruction of 
propeller blades was due to erosion or corrosion 
assumed a pew aspect. 

In some soluticas the anodic reaction might cause 
the formation of a fresh protective skin over the 
grazed portion, and a detailed study of the con- 
ditions under which abrasions in a protective layer 
could “‘ heal themselves ” would be of great practical 
importance. 

Dr. Vernon found the report of great practical 
value, and one which appealed both to scientists 


and practical men. He was specially interested 
in the stirring corrosion produced and gone into 
thoroughly by the Report. The scale adhering to 
metal was not necessarily protective. The experi- 
mental apparatus illustrated by the authors, to 
arrive at the relation between the metal-ion and 
the oxygen concentration effects, was of special 
interest to him. 

Mr. T. C. Finlayson said he had been engaged on 
corrosion work on aluminium alloys for radiators 
for motor vehicles, and where he was on common 
ground with the authors he was in complete agree- 
ment with them. The authors’ experiment to 
measure the difference of potential of two alloys 
did not yield sufficient information, or else the 
information was not easy to interpret. By fitting 
up two alloys with a millivoltmeter and a resistance 
the readings gave the electro-motive force, and one 
could arrive at the driving force of corrosion and 
the resistance to corrosion. Colloidal chemistry 
came in and he thought the authors should not have 
abandoned it, since some phenomena could only 
be explained by colloidal chemistry. 

Mr. A. Marks expressed the belief that more in- 
vestigation had been carried out on condenser tubes 
than the subject probably warranted. The corrosion 
of a few tubes was of little importance compared 
with the corrosion of the hull of a ship. The 
work, however, led to the scientific investigation of 
corrosion and enabled one to the arrive at means to 
protect condensers better. But one was apt to lay 
too great a stress on condensers as apart from the 
other portions of a vessel. In regard to propellers, 
the tendency was to say they eroded rather than 
corroded, but he (the speaker) had studied this 
particular problem and his conclusions were at 
variance with the mechanical theory both as to 
propellers and to tubes. It was easy to reduce the 
water flow velocity through the condenser, but this 
reduced the efficiency, although the reduction in 
flow velocity might be good from the corrosion point 
of view. But, he repeated, the condenser tube 
trouble was not comparable with the other troubles a 
shipowner had to face, and the corrosion of the 
hull and of the propeller was a graver problem. 
The Institute should take up the Government 
report on propellers and look into the question. A 
ship formed, as it were, a chemical system floating 
in probably the most corrosive agent that existed. 
He warned all who were protecting the condensers 
from corrosion to go carefully, inasmuch as the 
cost of replacing a few condenser tubes was not 
to be compared with the replacing of a whole ship 
plating length which corroded heavily. The cure of 
the condenser might be at the expense of the whole 
ship. 

Mr. W. M. Corse gave an outline on the work on 
corrosion being carried out in the United States, 
adding that the problem was a World problem, not 
a national one. American researchers would be 
glad of an interchange of opinions between the two 
countries. 

EXTRUSION OF Brass. 


The fourth paper had reference to “‘ The Extrusion 
of Brass Rod by the Inverted Process,” by W. R. 
Genders, who read it in abstract. We reproduce 
the paper on page 387 of the present issue. 

Dr. R. S. Hutton said he had witnessed the 
demonstration with the new press after this was 
built and had seen it work with success. He 
hoped that results of the practical work of the 
press in India would soon be forthcoming to con- 
firm the test results. 


Errect or [RON ON COPPER. 


The last paper taken on Tuesday was an “ In- 
vestigation of the Effects of Impurities on Copper : 
The Effect of Iron on Copper,” by Dr. D. Hanson 
and Miss G. W. Ford. It was read in abstract by 
the latter. 

It showed that iron exerted a very considerable 
effect on the properties of pure copper; the effect 
of this impurity was in many respects very much 
greater than that of oxygen. The observed effects 
on the mechanical, electrical and other properties 
were in keeping with the structure and constitution 
of iron-bearing copper, as revealed by a micros- 
copical study of this material. Solid copper dis- 
solved 4 per cent. of iron at 1,100 deg. C., but the 
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solubility at lower temperatures was much less. 
Within the limits of solid solubility the effect of 
iron was considerable, particularly on the electrical 
resistivity, which increased rapidly as the iron 
content was raised; this increase was so rapid 
that iron must be regarded as extremely dele- 
terious in copper for electrical purposes. When the 
iron content exceeded about 0-2 per cent. the effect 
on the resistivity depended largely on the heat- 
treatment of the material. 

The effect on the tensile strength was less than 
might have been anticipated in the case of a soluble 
impurity and, although in this respect iron had 
more effect than oxygen, it still produced a relatively 
soft material, even when the copper was saturated 
with iron. The tensile strength was raised by 2 
per cent. of iron from 14-5 tons per square inch 
to about 20 tons per square inch. The effect of 
heat-treatment was relatively small, in spite of the 
large differences in solubility of the iron, and a 
considerable improvement in strength as a result 
of heat-treatment, such as could be obtained in steel 
and some aluminium alloys, had been realised. 

Iron had no great embrittling effect and copper 
containing iron could be rolled with great ease. 
Iron was a deoxidiser for copper, but it created 
difficulties during casting owing to the formation 
of films that destroyed the continuity of the metal. 
The deoxidising action was not great, as a con- 
siderable excess of iron would appear to be re- 
quired to remov. allthe oxygen. Copper containing 
iron as a sole impurity was difficult to machine ; 
it was soft, and “dragged” under the tool. 

Dr. Rosenhain said this was a further step in the 
National Physical Laboratory’s investigations of 
the effect of impurities in copper. In this case the 
metal was not a copper-iron alloy. The hardening 
of copper containing iron was very remarkable. 
The Brinel hardness was nearly double and the 
tensile strength was not very largely affected. 

Dr. F. Johnson found specially interesting the 
fact that a short annealing at 700 deg. C. for 
thirty minutes increased the conductivity of a 
casting containing 0-06 per cent. of iron from 
99-7 per cent. to 101 per cent., whereas a drastic 
annealing at 1,000 deg. C, and a re-annealing at 
650 deg. C. for an hour reduced the conductivity 
to 91-2 per cent. 


(To be continued.) 


THE NEW CUNARD LINER “ AURANTA.” 


Tue Cunard Line lost during the war probably 
more ships than any other company, some twenty-six 
in all, including the Lusitania. Some of these had 
been purchased in order that the duties imposed by 
the Government might be effectively fulfilled. As a 
consequence, there were ordered new ships to the 
number of seventeen. Many have already been com- 
pleted and have entered the various passenger services 
of the company; but when the collapse in freight 
rates came and the flow of passengers lessened, the 
company decided to stop work on several vessels. 
Recently, however, the shipbuilding firms were allowed 
to proceed with building operations. Messrs. Swan, 
Hunter, and Wigham Richardson have now delivered 
one of these liners, the Aurania, and she will be followed 
soon by the Alaunia, from the Clydebank works of 
Messrs. John Brown and Co. Ltd., the Esthonia, from 
the Tyne works of Sir W. G. Armstrong, Whitworth 
and Co., Limited, and the Servia from the Barrow 
works of Messrs. Vickers Limited. It may be said 
that the Cunard Company, when these vessels have been 
delivered, will have replaced all the passenger vessels 
lost, but at what cost ? It would not be an exaggera- 
tion to say that the cost of the new ships per ton is 
about three times that of the pre-war price paid for 
the steamers they replace. In addition, some of the 
vessels have had to be sent to European ports to be 
completed, owing to the joiners and other disputes. 
These facts carry their own moral. 

The Aurania, which sails for Canada on Saturday, 
had a trial from the Tyne to the Mersey round the 
north of Scotland last week-end. She is of special 
interest as she and the five other vessels of the class, 
are of moderate size and speed. While the passenger 
accommodation is thoroughly comfortable, there is 
no display of luxury, as such. In other words, 
she is what may be termed a good financial proposition. 
With a length b.p. of 519 ft. and overall of 540 ft., 
a beam of 65 ft. 34 in. and a depth of 43 ft., she has 
a gross tonnage of 14,000 tons. On a draught of 30 ft. 
10 in., her displacement is 21,875 tons. 


She is of the two-class passenger type, carrying 520 
in cabins, and 1,042 in the third class. She has a large 
cargo capacity and fully laden can be driven at 15 
Inots, with a consumption for all purposes of about 
90 to 93 tons of oil per day. The arrangement of the 
passenger accommodation follows the now usual lines. 
In addition to a small lounge on the boat deck forward, 
the public rooms are arranged as follows, beginning at 
the forward end of the deckhouse on ‘“ A” deck :— 
Winter garden or main lounge, grand entrance with 
circular stairway, then on the port side, the nursery 
and drawing room, which latter is entered from a long 
gallery on the starboard side, serving as a supplementary 
lounge, and still further aft the smoking room and a 
gymnasium, each occupying the full width of the deck- 
house. The promenade is around all sides of this deck- 
house. A feature which is commendable is that each 
room has its separate entrance, and is in no sense part 
of a corridor connecting different rooms. 

The Aurania is the eleventh Cunard liner built by 
Messrs. Swan, Hunter, and Wigham Richardson includ- 
ing the Mauretania. She is the third of the same 
name. They have all been engined by the Wallsend Slip- 
way and Engineering Co., Limited, but it is equally 
interesting to note that Mr. Andrew Laing, the managing 
director of this company, has been responsible for the 
construction of the machinery for nineteen Cunard 
liners at Fairfield and Wallsend. The machinery of 
the Aurania consists of two sets of double-reduction 
geared turbines of the Parsons impulse and reaction 
type, each driving a propeller. The turbine construc- 
tion follows normal design, with the condenser located 
under the turbine. When working at full power—8,500 
shaft horse-power, when the service speed will be 
15 knots—the propellers will run at 90 revolutions per 
minute ; but the h.p. turbines will make 3,193 revolu- 
tions and the l.p. turbine 2,171 revolutions, the reduc- 
tion, as stated, being by double gear. The condensers 
by Messrs. Weir, have a cooling surface of 4,250 sq. ft. 
each, and the closed feed water system is adopted. 
Steam is supplied by four double-ended and two single- 
ended boilers, having a total heating surface of 20,262 
sq. ft. 

Superheaters are used to give 200 degrees, and 
the working pressure is 220 lb. The double-ended 
boilers are 17 ft. 6 in. by 22 ft. 6 in. and the single-end 
boilers 17 ft. 6 in. by 11 ft. 6 in. This arrangement 
has been adopted as one single-ended boiler suffices 
for all harbour duties. As with the ship, the auxi- 
liary machinery conforms to the highest standard of 
British marine practice. 


LABOUR NOTES. 


THE opinion of the movement’s responsible men 
seems to be that the amendment to the standing 
orders passed by the Hull Trades Union Congress on 
the proposal of the General Council, will have the 
effect of lessening rather than increasing the number 
of stoppages of work through disputes—with employers 
or differences between unions. Where unions refuse its 
assistance or reject its advice, the General Council 
is empowered to report to that effect to Congress, which 
will then, presumably, proceed to discipline the rebel- 
lious organisations. At first sight, that seems to be 
an advance on the practice hitherto obtaining. In 
fact, however, it is not, as more than one union— 
notably the old Amalgamated Society of Engineers 
—have, in the past, declined to be disciplined for 
‘* offences.’ of this character and ceased to be affiliated. 
Where unions in dispute with the employers of their 
members accept its assistance and advice, the General 
Council now has the power to organise all necessary 
moral and material support on their behalf. The more 
militant trade unionists appear to regard that part 
of the addition to the standing orders as something 
which may be used effectively—in the “ fight against 
Capitalism.” Moral support may be effectively 
organised, but material support is a totally different 
matter. Under the rules of most of the craft unions, 
no strike, sympathetic or otherise, can take place with- 
out a ballot of the rank and file. Nor, until a ballot 
vote has authorised it, can a levy for any purpose be 
taken. Wisely used, the new powers of the General 
Council can achieve much good, but it is a mistake 
to assume, as is being done, that they over-ride the 
constitutional authority of the affiliated unions. 

The ‘‘ Industrial Workers’ Charter,” which was 
passed unanimously by the Congress on September 3, 


is a mixture of politics and economics which, no doubt, | 


accurately expresses the aspirations of Labour's rank 
and file. 
of industry and its management does not seem to be 


the kind of thing demanded by the leaders of the 


National Minority Movement. What these extremists 


desire is, absolute control by the workers in the interest 


of the workers. To that extent, therefore, the “‘ charter ”’ 
will probably be regarded by them as reactionary. 
But in respect of its demands for a 44-hours’ week and 


Participation by the workers in the control | 


a legal minimum wage, the framers and approvers of 
the “ charter’ shut their eyes as tightly to economic 
facts as the most extreme of the extremists regularly 
do. An international 44 hours’ week and legal mini- 
mum wage might do no harm, but with Great Britain’s 
principal rivals working longer hours for lower wages, 
it is not unreasonable to assume that the “ charter” 
conditions would be a fatal handicap to British industry 
—even to British industry re-organised as the extremist 
desire to re-organise it. 


The Railway Review, which is the organ of the 
National Union of Railwaymen, thinks that instead 
of a “maximum working week of 44 hours,” that 
line in the “‘ charter ’’ should be “a standard working 
week of 44 hours,’ because in occupations such as 
railways there are occasions when men cannot possibly 
be relieved at the expiration of the normal working 
period of duty. Unlike factories and workshops, in 
order to meet the general convenience and requirements 
of the public, the writer says, railways have to operate 
continuously throughout the 24 hours, Sundays and 
weekdays, and it is, therefore, quite impossible to 
treat a railway as though it could be closed down at 
a given moment. Train delays are, moreover, not 
infrequent, consequent on fog or other weather con- 
ditions, rushes of traffic, breakdown of apparatus 
or other mishaps, train connections at junctions, and 
other causes. These delays are liable to occur, it is 
pointed out, when railwaymen could not possibly 
be relieved from duty precisely at the end of the 
normal shift, the expiration of which might find them 
at a place miles away from where relief staff was 
available. It should suffice to say, it is contended, 
that the normal or standard working day and week 
should be, respectively, so many hours. It could 
then be safely left to the railway trade unions to see 
that excessive hours were not worked, and that every 
man was afforded adequate rest intervals between 
shifts of duty, and was paid at enhanced rates for any 
time worked beyond the standard day and week. 


An award of more than ordinary interest was issued 
by the Industrial Court last week. The parties to 
the reference were the National Union of General 
and Municipal Workers and Messrs. Nevill Druce 
and (o., Limited, copper and yellow metal refiners 
and manufacturers, Llanelly, and the point which 
the Court was asked to decide was whether the firm 
as the result of their trading as and on April 1, 1923, 
were in a financial position to consider an advance 
in wages. An application for an advance in wages 
had been made by the union for 310 out of 410 of 
the firm’s workpeople, and. no agreement having been 
reached, the case was referred to the Court. The 
union submitted that the present rates of pay were 
insufficient in view of the cost of living, and especially 
in view of the burden of weekly rents which were 
equivalent to about one-fourth or one-fifth of the 
weekly wages. On behalf of the employers, it was 
contended that the company had only two cottages 
and were not otherwise responsible for the rents 
payable by the workers. It was urged that the result 
of the trading for the year commencing April 1, 1923, 
made it impossible for the company to consider the 
question of an advance of wages. The unsatisfactory 
result of the year’s trading was attributed, by the 
company’s representative, principally to the effects 
of foreign competition, especially in the yellow copper 
export trade to India, and also to the high price of — 
coal. The Court decided that, as a result of their 
trading as and from April 1, 1923, Messrs. Nevill, 
Druce and Co., Limited, were not in a financial position 
to consider an advance of wages at the present time, 


A conference took place at Edinburgh on Thursday 
of last week between the Executive Committee of the 
Shipbuilding Employers Federation and the Executive 
Council and other delegates of the Ship Constructors’ 
and Shipwrights’ Association for the purpose of con- 
sidering certain points relating to working conditions, 
and also a number of anomalies, which the men contend 
have arisen in the application of the Overtime and 
Night Shift Agreement. After a lengthy exchange of 
views, the conference was adjourned, to resume at an 
early date. 


The Minister of Health has appointed a committee 
to inquire and report as to new materials or methods 
of construction which are, or may be, available for the 
building of houses for the working classes, and to make 
recommendations as to the organisation required for 
securing the adoption and use of approved new materials 
or methods, by local authorities and other bodies or 
persons providing such houses. The committee is to 
be constituted as follows :—Sir Ernest W. Moir, Bart., 
(chairman), Sir Frank Baines, Sir Charles T. Ruthen, 
Major Harry Barnes, Mr. John A. Brodie, Mr. R. 
Coppock, Mr, B. R. Forber, Mr. G. Hicks, Mr. H. J, C. 
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Johnston, Lieut.-Col. Cecil B. Levita, Mr. W. H. | 
Nicholls, Mr. A. G. White, Mr. C. E. Whyte, and Mr. J. 
Wilson. The secretary is to be Mr. T. H. Sheepshanks. 


Conversations took place in London last week on the 
subject of the seamen’s working day between M. Leon 
Mayer, Under Secretary of State for the French Merchant 
Marine, and Mr. Sydney Webb, President of the British 
Board of Trade. According to M. Mayer, they agreed 
upon a formula which is to be submitted within a 
fortnight to a committee of British shipowners and 
seamen. If it is then approved, a conference is to be 
called of all the nations represented in the International 
Labour Bureau, which will be invited to adopt the 
formula as an international agreement. 


The report of the National Union of General and 
Municipal Workers for the first half of the current 
year states that the paying membership of the organisa- 
tion is 220,740, and that the funds in hand amount to 
210,900. The secretary, Mr. W. Thorne, M.P., mentions 
that the union now numbers amongst its members 13 
members of Parliament, three of whom are women, 
and two are members of the Government. ‘‘ No other 
single union in the country has,” he claims, ‘‘ this note- 
worthy distinction.” 


Russian Information and Review states that the 
Union Commissariat for Labour has issued regula- 
tions whereby those lacking the means of existence 
are allowed deductions or exemption from the pay- 
ment of rent and taxes and for various municipal 
services, such as water supply, &c. The right to such 
privileges is entirely independent of whether the 
recipient is registered at a labour exchange. The 
only condition made is that the applicants must really 
be in need and that, having been a wage worker, he 
or she does not, at the time of application, enjoy an 
additional income from trade, industry or farm, or 
is not being supported by people who have an inde- 
pendent income or salary. The degree to which the 
applicant is in need and has a right to the privileges 
indicated is determined either by special investigation 
of his, or her, social and material position, or by a 
special certificate on this subject from his or her trade 
union, or in the case of citizens who are not trade 
union members, by a certificate from the administra- 
tive boards of their respective Housing Associations 
or District Housing Committees. 


A national conference on unemployment, which met 
last week in Toronto, decided against the payment of 
doles, and urged the Federal and Provisional Govern- 
ment to call for tenders and to begin all public works 
for which grants have been passed. It also recom- 
mended that shorter hours should be worked in order 
to spread the available employment over a larger 
number of men. According to the 7'imes correspon- 
dent, a national committee is to be set up to survey the 
whole field, and to determine where work can he 
found. The committee is to consult with the various 
governing bodies as to ways and means of financing 
such undertakings. Where unemployment exists, it 
was suggested, a definite understanding should be 
reached between the various official bodies concerned, 
and emergency relief should be provided, 50 per cent. 
of the cost of which should be borne by the local 
authorities and the remainder in equal proportions by 
the Federal and Provincial Governments. Another 
recommendation agreed upon was that steps should 
be taken to induce the Provisional Governments to 
maintain advisory unemployment services, for which 
grants would be provided by the Dominion Govern- 
ment. 


Sir William Mackenzie has sustained a claim of the 
Constructional Engineering Union for workmen’s 
travelling expenses which, at first sight, did not seem 
to be too well founded. ‘The other party to the refer- 
ence was the Bridgebuilding and Constructional 
Engineering Employers’ Association (Lancashire and 
Cheshire District) acting on behalf of Messrs. Lam- 
bourne and Co., of Manchester. Messrs. Lambourne 
are engaged under contract on steelwork erection at 
Cheadle Heath, and nearly all the men employed by 
them there were engaged ‘‘on the site.” Some of 
them lived in Stretford, some in Manchester, and others 
in Salford and elsewhere, and the Union claimed on 
their behalf a sum in respect of local travelling expenses. 
The matter was governed by Article 9 of a decision of 
the Industrial Court, given in 1920, which provides 
that in the case of men returning home each night 
“ certain payments in respect of travelling between a 
central point (to be agreed upon) and the site of con- 
tract’ shall be made. The Union contended that 
St. Ann’s Square, Manchester, was the “‘ central point ” 
agreed between the parties, and that each man was 
entitled to 1s. 6d. per day. The Employer’s Associa- 
tion held that the provision for local travelling expenses 
did not apply to men taken on “at the site,” Sir 


William Mackenzie held that the only qualification 
required of the men under Article 9, toentitle them to 
travelling expenses, was the fact that they returned 
home each night. If they did, the distance of the site 
of the contract from the “ central point” determined 
the amount, if any, to be paid. The article did not, 
Sir William said, introduce any other qualification, 
such as that the men must be sent from the works, nor 
did it exclude men taken on at the site. The ‘ central 
point ” was one that had to be determined from time 
to time, according to the situation of the site. It was 
not a fixed point but a movable one. If St. Ann’s 
Square, Manchester, had been agreed as the “ central 
point ’ the Union were right in their claim. 


On the recommendation of its Tramway’s Committee, 
Manchester City Council has, by a narrow majority, 
decided to give a contract for steel rails of the value of 
8,375]., to American manufacturers. At the same time, 
it resolved to place a contract of the value of 6,9501. 
for similar material, in Sheffield. The contention of the 
minority was that the whole of the order for rails 
should be executed in this country. Interviewed 
afterwards, Alderman Tom Fox, a former Labour Lord 
Mayor of Manchester, who declared. that he was 
“neither an idolatrous Free Trader nor a stubborn 
Protectionist,” said that he regarded it as altogether 
wrong to send such a contract out of the country at 
a moment when unemployment was tending to in- 
crease. “‘I am anxious,” he went on to say, ‘‘ about 
the thousands of our men and women who cannot 
find jobs. It seems like wilfully stultifying ourselves 
to send orders abroad, when firms supplying this very 
class of rails at Barrow and Sheffield are closing down 
their works for want of orders. We can buy the best 
class of steel rails in this country. Private individuals 
would, it is contended, buy in the cheapest market. 
Some might,” the Alderman admitted, “ but munici- 
palities with responsibilities to the public cannot afford 
to do so.” 


The Ministers of Labour of Belgium, France, Germany 
and Great Britain met at Berne on September 8 for 
the purpose of considering “‘ the practical international 
application of the principle of the eight hours day on 
the basis of the Washington Convention.” The 
Ministers “ were glad to find,” it is officially stated, 
“that on most points their views coincided entirely, 
and that where differences existed they were not con- 
siderable.” The conference “closed with the unani- 
mous feeling,” it is added, ‘“‘ that common ratification 
of the Convention is “possible.” Judging from the 
reports submitted to the Metalworkers’ International 
and the Textile Workers’ International, other countries 
besides Germany have working days that are in reality 
much longer than eight hours. But at Berne it seems 
to have been assumed that the chief obstacle to inter- 
national application of the Washington Convention was 
Germany. 

According to the Times correspondent, Herr Brauns, 
the German Minister, made it clear that he could 
accept nothing which implied any sort of foreign control 
over German economic legisJation ; but he was assured 
that the position of all the countries signing the Con- 
vention would be exactly the same. If doubts are 
felt by any country as to the efficacy of the applica- 
tion of the eight hour day in another, it may lodge a 
complaint with the Governing Body of the Interna- 
tional Labour Office, which, if it considers the com- 
plaint well grounded, may enquire into the matter. 
Ultimately the complaint may have to come before the 
International Court of Justice. Reassured on this 
point, the German Minister agreed to recommend 
ratification of the Convention by Germany and ex- 
pressed confidence that his Government would shortly 
rescind the order of December, 1923, extending the 
working day beyond eight hours in certain industries. 
The result is assumed to be a success for the Inter- 
national Labour Office. Obviously, however, unless 
there is provision for the simultaneous application of 
the Convention, without any modification or qualifica- 
tion, a real danger to British industry will arise, if our 
Government persists with its Bill to ratify the Wash- 
ington bargain. An industry might easily be irre- 
trievably ruined while the prescribed appeal procedure 
was being followed. 


‘ 


The special tribunal, which has been set up to 
examine and report upon the facts material to the 
issues between the employers and the workers in the 
electricity supply industry, arising out of the applica- 
tion of the men for an advance in wages of 10s. per 
week, began its sittings on September 10. At the 
outset of the proceedings, Mr. W. Addington Willis, 
the chairman, explained that the tribunal was not a 
Court of Arbitration to determine finally the matters 
at issue and make an award; nor was it, he said, a 
Court. of Inquiry set up by the Minister of Labour 
under the Industrial Courts Act for the purpose of 
reporting to him after investigation. It was a tribunal 


set up by the National Joint Industrial Council for the 
electricity supply industry, and constituted by it, 
in order that all the members of the council might have 
knowledge of the facts and issues before they arrived 
at a final decision on the matter in dispute. 


At its last meeting the National Committee of the 
Amalgamated Engineering Union recommended the 
imposition of a levy of 6d. per week to provide for the 
payment of half-donation benefit to discharged unem- 
ployed members. The proceeds would, it was pointed 
out, enable the executive to enter into an arrangement 
with the Ministry of Labour for the payment of State 
unemployment benefit through the branches. The 
ballot, which it was necessary to take on the subject, 
has, however, rejected the proposal by 26,716 votes 
to 19,481, 


The A.H.U. Monthly Journal for September states 
there was an increase of 1,300 in the number of unem- 
ployed members in August. The total is now 20,112 
or 8:75 per cent. The membership of the organisa- 
tion has decreased from 253,355 to 253,264. 


On September 1 there were 1,162,700 unemployed 
persons on the registers of Employment Exchanges in 
Great Britain—869,200 men, 40,900 boys, 218,000 
women, and 34,600 girls. The total is 13,632 greater 
than.the figures for August 25, but 122,923 less than the 
figures for December 31. 


South WALES AND MONMOUTHSHIRE SCHOOL OF 
Mines.—The calendar of the South Wales and Mon- 
mouthshire School of Mines for the session 1924-25 has 
just been published, and contains particulars of both 
full-time and part-time courses of instruction, available 
for colliery students. Time-tables of courses are included, 
together with information relating to scholarship and 
post-diploma work. These classes are given at both 
Treforest and Crumlin, and all inquiries should be 
addressed to Mr. Hugh M. Ingledew, 4, Mount Stewart- 
square, Cardiff. 


New SpanisH Navat Construction.—The new light 
cruiser Mendez Nuiiez has just completed her trials, and 
will shortly be placed on the Spanish fleet list. Her 
characteristics are: Displacement, 4,725 tons; length, 
462 ft.; beam, 46 ft.; draught, 13 ft.; speed, 29 knots ; 
i.h.p., 45,000; armament, six 5-9-in. guns and four 
4-2-in, anti-aircraft guns. The Mendez Nufiez was 
built by the Sociedad Espafiola de Construccion Naval, 
and has been named after the Spanish admiral who 
bombarded Valparaiso and Callao in 1866. The centen- 
nary of his birth has recently been celebrated throughout 
the Spanish navy. 


CANADIAN MINERALS.—In connection with the British 
Empire Exhibition, the Canadian Pacific Railway Com- 
pany has issued a series of leaflets dealing separately 
with the situation of the several industrial resources 
of the Dominion, on the latest available information, 
mostly for 1923. In addition to the leading facts in 
regard to the properties and sources of the substances 
in question—mostly minerals—these leaflets contain a 
considerable amount of information as to production, 
course of prices, Canadian and United States tariffs 
and applications; in many cases with names of the 
principal operators in the industry. They present in a 
convenient form the chief information that would be 
wanted by those interested in the minerals in question, 
and further information is offered on application to either 
the Company’s development engineer in Montreal, Mr. 
A. E. Moore, at 62-65, Charing Cross, or any of the 
Company’s representatives at the Exhibition. In our 
recent article on the Canadian Pavilion (p. 137, ante), 
reference was made to the variety and extent of the 
Dominion’s industrial resources, and the particulars 
given in these leaflets furnish a useful amplification of 
those there given. The resources dealt with in these 
leaflets include water power, natural gas, peat, bitu- 
minous sand and coal, as well as all the metallic and 
non-metallic minerals that are worked industrially, 


CemMENT MANUFACTURE WITHIN THE EmPIRE.—In 
many Overseas countries, particularly those remote 
from the present centres of production, the use of cement 
is greatly restricted owing to the heavy cost of shipment 
and the consequent high price of imported supplies. 
Portland cement is already being made in large quantities 
in several countries of the overseas Empire, such as 
Canada, South Africa, Australia, New Zealand and 
India, whilst operations on a smaller scale are being 
carried on in the Sudan, Rhodesia, and Malaya. It 
seems probable that the raw products required for 
cement manufacture exist in nearly all parts of the 
Empire, but hitherto little information has been available 
regarding the possibilities of establishing a cement 
industry in most of the Crown Colonies and Protectorates. 
Considerable attention has been devoted to this question 
in recent years by the Imperial Institute, and the current 
number of the “ Bulletin of Imperial Institute ” contains 
an outline of the properties of cements and particulars 
relating to manufacturing possibilities in the Crown 
Colonies and Protectorates. In the first part of the 
publication British West Africa is dealt with. It is 
shown that Nigeria possesses the necessary materials 
for cement-making, as well as coaland lignite, Suitable 
limestones occur on the Gold Coast, but Sierra Leone 
does not seem to have the resources for cement-making. 
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AGRICULTURAL ENGINEERING EX- 
HIBITS AT THE BRITISH EMPIRE 
EXHIBITION. 


Tuer decision of the Agricultural Engineers’ 
Association not to take part in the British Empire 
Exhibition has resulted in the agricultural industry 
of Great Britain being almost entirely unrepresented 
at Wembley. With the exception of, three firms 
of general engineers who have allotted a portion 
of their stands to the display of an agricultural 
exhibit, no agricultural machines or implements 
are shown in the Palace of Engineering. The 
display of motor cars and accessories invite com- 
parison with a similar collection of agricultural 
machines and implements which could have been 
shown, and inquiry amongst the demonstrators 
of the car section revealed the disappointment of 
many visitors at not seeing a representative show 
of the engineering appliances which serve what is 
still the largest industry of Great Britain. Although 
this failure to exhibit is a matter to be deplored, 
it must yet be realised that manufacturers of 
agricultural machines and implements are com- 
pelled to spend a considerable amount of money 
to exhibit their wares at the numerous agricultural 
shows taking place throughout the year in every 
part of the country. 

The model power farm constructed by the Leeds 
Model Company to the direction of the Research 
Branch of the Ministry of Agriculture and Fisheries 

-may be called the only composite collection of 
agricultural machines and implements shown at 
the Exhibition. Considerations of space have 
caused the models to be constructed on a very 
small scale, and the size of the fields are much 
smaller than they should be in comparison with 
the machinery and farm buildings. This model 
serves to represent the ideal use of power on the 
farm and affords an example of its use for practically 
every operation and in every season. It has been 
divided broadly into the application of power in 
house, barnyard and field. Methods of cultivation 
are demonstrated by a model of the well-known 
Fowler and McLaren system of cable haulage, and 
a balanced multi-furrow plough is used. As the 
model is intended to demonstrate the use of power 
on the farm, horses are consequently entirely 
eliminated, and every field operation demonstrates 
the use of tractors. It is worthy of note that many 
farmers of to-day regard the tractor as an indis- 
pensable adjunct to most farming operations, and 
many more would purchase tractors at the present 
time if they could secure drivers with sufficient 
knowledge of internal combustion engines to keep 
them in running order and to avoid the abuse to 
which so many tractors are commonly subjected. 
The model serves the purpose of demonstrating 
to farmers some of the numerous operations which 
can be performed. 

A tractor is shown drawing a mole draining 
plough, an implement used to make circular drains 
in heavy clay soils. This is an operation for which 
the tractor is particularly suitable as the draught 
is too heavy for a convenient number of horses. 
Until recently mole ploughs were only employed 
with steam tackle sets, but miniature mole ploughs 
to be drawn by tractor have now been invented, 
and produce very excellent results. A further 
implement used with a tractor is a subsoiling 
plough. Beneath the ordinary depth of ploughing 
is often found a “hard pan”’ or solid stratum of 
soil which adversely affects the growth of crops. 
This “hard pan” is disrupted and not brought to 
the surface by means of a subsoiling tine attached 
to the plough. This is an operation which can be 
done by horses, but the number of hours of work 
possible is limited, whereas a tractor can work 
continuously and also subsoil to greater depths. 
Tests conducted during recent years with sub- 
soiling ploughs drawn by tractors proved that an 
increased yield was obtained in all cases, amounting 
sometimes to as much as 60 per cent. This 
increased yield was chiefly due to the assistance 
rendered by tractors. Tests conducted last year 
also showed the efficiency of tractors for hauling 
harvesting machinery, and many farmers keep a 
tractor solely for work during harvest. Tractors 
are shown in the model hauling a mowing machine, 


a self-binder, a hay loader, and also driving a 
threshing machine. The tests previously referred to 
showed that a tractor was most economically 
employed when hauling two or more machines, 
but the limitations of space in the» model have 
prevented more than one machine being used in 
every case. 

The machinery barn has a portion of its roof 
removed to show the machinery contained. An 
electric motor drives the shaft from which the 
various machines obtain their power. A metal 
“Economic” silo manufactured by Messrs. G. H. 
Gascoigne and Co., Reading, is displayed. The 
silo is used for preserving green fodder in a succulent 
condition for winter feed and is charged by a cutter 
and blower furnished by Messrs. K. H. Bentall & Co., 
Ltd., of Heybridge, Maldon, Essex. The silo, 
constructed from either metal, concrete or wood, is 
being largely adopted in this country. 

On the power house is shown a windmill for genera- 
ting electricity. Thisis supplied by Messrs. Telford, 
Grier and Mackay, Limited, of Glasgow. The full- 
sized windmill ‘represented by the model, generates 
electricity by means of a generator coupled to the 
wheel through gearing, and the generator “cuts 
in” at low speeds and “‘ cuts out”? when the wind 
speed becomes excessive. Tests will be conducted 
shortly upon this and other types of mills by the 
Institute of Agricultural Engineering, Oxford 
University, to determine the efficiency and economy 
of windmills used for this purpose. 

A circular stack is shown with a section cut 
away, to demonstrate the system employed to 
dry crops in the stack. Experiments are still 
proceeding in which grass or other crops are built 
into a stack around a central chamber shortly after 
cutting, and the surplus moisture removed by means 
of a blast of air circulated by a power-driven fan. 
The system is directed to save many of the costs 
of harvesting operations subsequent to cutting, and 
also to insure that crops may be harvested irrespec- 
tive of unfavourable weather conditions. 

Rothamsted Experimental Station enjoys a wide 
reputation for the experimental work in agriculture 
conducted there. The Soil Physics Department for 
some years past has been investigating the subject 
of tilth—the criterion by which all cutivating 
methods must be judged. The exhibits include 
a plough breast made by Messrs. James and 
Frederick Howard, Ltd., Britannia Iron Works, Bed- 
ford, and, with several glass bricks placed along the 
length of the breast, the furrow-turning motion of a 
plough is demonstrated. A small circular track 
turned by hand demonstrates the production of tilth 
by the successive actions of the plough, harrow, 
roller and frosts. The plough first turns the furrow, 
the harrow breaks up the furrow and the roller 
crushes any clods which may be left and leaves a regu- 
lar surface to the field. Given these cultivating con- 
ditions it only remains for the disintegrating effects 
caused by frosts to complete the production of tilth. 

A further exhibit is the self-recording traction 
dynamometer, specially designed by Mr. G. Watson, 
M.1.A.E., for use in the tractor trials two years ago. 
This instrument has been exceptionally useful, in 
researches into cultivating machinery, and can be 
regarded as almost indispensable in the equipment 
of an implement designer. It serves to measure 
drawbar pull, distance travelled, depths ploughed 
and time occupied. It was described in our issue 
of June 30, 1922, p. 814. 

Near the Government Pavilion may be seen an 
up-to-date cowshed, arranged by the National 
Federation of Dairymen’s Associations. The equip- 
ment shown includes machinery for cooling, bottling 
and pasteurising, manufactured by Messrs. Arthur 
G. Enock, Ltd., and illustrates the great advances 
made during recent years by British firms to capture 
a market which has hitherto been chiefly foreign. 

The electro-farming exhibit arranged for the 
British Electrical Development Association by 
Mr. R. Borlase Matthews, is of particular interest 
to the farmer at present, owing to the proposals 
contemplated by the Government for the extension 
of electric supply from main towns into urban and 
rural districts. This exhibit is situated near the 
Government Pavilion, and may be located by the 
windmill with “ Electric Farming” painted on its 
vane. The windmill manufactured by the Glasgow 


firm still maintains its hold on the market. 


Hlectrical Engineering Company, generates elec- 
tricity by means of a generator driven through 


bevel gearing. Provision is made for “ cutting in ” 


and “cutting out’? when the wind-speed is 
low or too high respectively. A very simple form 
of tower is used, consisting of a singular tubular 
rod, 40 ft. long in this case, supported by adequate 
guys. 


The whole unit is essentially simple, and 
designed to call for the smallest possible attention 
by the owner. 

The remaining exhibits demonstrate the applica- 
tion of electricity to particular groups of agriculture. 
Milking machines, separators and churns are shown 
working in the dairy; barn yard machinery is 
driven by an electric motor ; water is pumped by 
electricity, and electrical sheep-shearing equipment 
is also displayed. A further interesting exhibit is 
a straw rope-making machine cf suitable size for 
use by ordinary farmers.- This machine should go 
far to solve the problem of the disposal of surplus 
straw, and should enable manufacturers in this 
country to be independent of foreign straw rope 
supplies. Itis satisfactory to know that if ever elec- 
tricity supply is available throughout the country, 
there exists an organisation, which, by its past 
experience, can provide farmers with assistance to 
take the fullest possible advantage of the new form 
of power placed at their disposal. 

Messrs. John Fowler and Co. (Leeds) Limited, 
show a compound type steam ploughing engine in 
the Palace of Engineering. This company has had 
experience of steam cultivation over many years, 
and the system of cable haulage evolved by them 
is universally used. Most sets of steam tackle in 
this country are owned by contractors who travel 
from farm to farm performing work at charges 
which are fixed for the particular area. The latest 
model displayed at the exhibition is in every way 
a worthy successor to the previous models which 
have created such a high reputation. The boiler is 
constructed for a working pressure of 180 Ib. per 
square inch, and the engine is fitted with duplicated 
injectors, and employs a mechanical “ Manzel ” 
type cylinder lubricator. The arrangements for 
dealing with the cable offer the greatest difficulties 
in this system, but they have been successfully 
overcome by the aid of several ingenious devices. 
The winding drum, driving gear, ploughing gear 
and shaft brackets are all of cast steel ; the drum 
carries 600 yards of cable, and a brake is fitted on the 
ploughing clutch (operated by the driver from the 
footplate) to prevent the slack rope dropping when 
the opposite engine has completed its pull. The 
pawl catch for the brake is automatically lifted 
out of engagement when the engine is winding. 

This company, although so intimately connected 
with steam practice, has not failed to appreciate 
that the internal combustion engine has made great 
headway during recent years, and in some cases 
provides facilities unobtainable with steam engines. 
This realisation of changing times takes concrete 
form in the shape of a 70-h.p. motor cable ploughing 
engine. The engine is typical of the application of 
steam cable ploughing experience to internal com- 
bustion engine practice. A four-cylinder engine of 
the heavy-duty type is fitted, and a novel arrange- 


jment is made whereby the main engine is started 


by a single-cylinder air-cooled engine with the aid 
of friction discs in contact with the flywheel. This 
is an arrangement which will be appreciated by all 
who have endeavoured to start up heavy internal 
combustion engines in the field on a cold morning. 
The carburettor is suitable for either petrol or 
benzol, and special vaporisers can be fitted for use 
with paraffin or alcohol. A  four-furrow anti- 
balance plough manufactured by Messrs. Howard, 
of Bedford, for cable haulage is shown on the Fowler 
stand. 


In the motor section of the Palace of Engineering 


}under the auspices of the Society of Motor Manu- 


facturers and Traders may be seen an Austin tractor, 
and a ‘‘ Yorkshire” steam power farmer. It is a 
regrettable thing that the majority of the agricultural 
tractors used in this country are of American 
manufacture, and it is satisfactory that an English 
The 
Austin tractor, which is rated at 25 h.p., achieved 
very good results in the tractor trials conducted 


during recent years, and the manufacturers have 
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. shown their appreciation of the necessity of making 
it a general utility machine, by preparing special 
wheels with rubber tyres which can be fitted for 
road haulage. It is understood -that a special 
three-wheeled Dobby cart with a tipping end is 
manufactured specially for haulage purposes, but 
this is not shown at the Exhibition. 

The “ Yorkshire” steam power farmer marks 
an incursion of the Yorkshire Patent Steam Wagon 
Company of Hunslet, Leeds, from road haulage 
into the sphere of agriculture. The machines are 
designed for cable haulage on the double engine 
system and embody a fire tube boiler with super- 
heater similar to that used in their road transport 
wagons. The engine is a vertical compound balanced, 
with reversing gear, indicating 50 h.p.; the machine 
is very solidly constructed and a pulley wheel is 
conveniently placed. The cable anchorage and 
winding gear are very well designed. There are 
several interesting models shown in the India 
(Bengal) section of natives using wooden ploughs. 

In the Australian Pavilion are shown some agri- 
cultural machines, manufactured by Messrs. H. V. 
McKay (Proprietary), Limited. The first of these 
is a Sunshine harvester which collects and threshes 
the grain in one operation. It is hoped that some 
tests of this machine may be conducted next season. 
The machine is pushed through the corn by horses 
or a tractor and the heads are stripped from the 
straw by means of a comb at the front of the machine. 
It is interesting to note that this is a return to the 
original harvesting methods described by Pliny as 
in use on large estates in Gaul in the first century. 
The heads of corn so collected in the Sunshine 
harvester are conveyed by two archimedian screws 
to a miniature thresher which forms an integral 
part of the machine, and the clean grain is deposited 
in sacks. It is doubtful whether the machine will 
enjoy much popularity in Great Britain, as by its 
use the straw is not collected, and also the corn must 
be dead ripe when the machine is used, a condition 
not favoured here. The Sunshine harvester with 
the aid of an engine may be used as a stationary 
threshing machine. A ,““ Suntyne”’ drill made by 
theysame company is also shown. The feature of 
this drill is the great number of spring tines 
employed to pulverise the top soil to obtain a good 
tilth. The drill makes it apparent that seed beds 
are not so well prepared in Australia as in this 
country. 

In the same pavilion are shown Trewhella monkey 
jacks and winches for timber clearing. The jack, 
which is worked by hand, is of the well-known rack 
and bar type in which the casing is made to move 
up and down the pillar instead of remaining 
stationary. The casing carries two lifting claws 
fitted at different heights and on opposite sides, 
the top claw being at a convenient height to go 
under a load which the bottom claw has raised to its 
limit. The working range of the jack may be 
increased by fitting spears of different lengths. The 
mechanism of the monkey winch does not depart 
greatly from the ordinary winch fitted with a 
ratchet gear, except that the steel rope is specially 
adapted for holding and pulling timber. Tests 
conducted with these two devices two years ago 
proved them to be efficient and more economical 
than hand labour when large tracts of land had to 
be cleared. An article of this kind must close with 
a note of regret that visitors to the Exhibition are 
offered no opportunity to gain any worthy impression 
of the great agricultural engineering industry of this 
country. 


INTERNATIONAL FounpRy TRADES EXHIBITION, BIrRM- 
IncHAM, 1926.—The Birmingham Chamber of Commerce 
has decided again to organise the International Foundry 
Trades Exhibition in 1926, upon the same lines as the 
hg two successful exhibitions held in 1922 and 

4. 


Institution or Mpnicipat anp County ENGINEERS.— 
The East Midland District meeting of the Institute is to 
be held at the Town Hall, Mansfield, on Thursday, 
September 18. A programme has been arranged, extend- 
ing from 10.15 a.m., when an Executive Committee 
meeting will take place, until 4.30 p.m., when, after tea 
at Carr Bank House, a paper will be read by Mr. W. 
Warde Thompson, A.M.Inst.C.E., Mansfield. Members 
are requested to intimate their intention to attend the 
proceedings, not later than Saturday, September 13, to 
the District Secretary, Mr. Thos. Wood, City Engineer’s 


FIRE PROTECTION SERVICE AT THE 
BRITISH EMPIRE EXHIBITION.—II. 


Tue third large motor fire engine on loan for the 
fire protection service at the British Empire Exhibi- 
tion at Wembley is illustrated in the general views, 
Figs. 12 and 13, below, while Figs. 14 to 17, on pages 
384 and 385, show the construction of the engine, 
and Figs. 18 to 20 on pages 385 and 386 indicate 


clutch, with a composition lining, to a four-speed 
gear-box. At normal engine revolutions, a speed of 
approximately 35 miles an hour may be maintained 
when travelling, and the low gear is such that the 
machine is capable of ascending a gradient of 1 in 
6 when fully laden. To obtain silent and reliable 
working, an overhead worm gear is fitted to drive 
the back axle. The pump is mounted at the rear 
of the chassis together with the exhauster or priming 


Office, Town Hall, Leicester, 
| 


- 


Fira. 
500/600-Gatton Moror Fire Encine; Messrs. Dennis Brotuers, Limirep. 


Fias. 12 anp 13. 


the means of transmission of the engine power to 
the turbine pump; Fig. 21 shows the actual arrange- 
ment of the pump. This machine is by Messrs. 
Dennis Brothers, Limited, of Guildford. 

The engine is a four-cylinder one of 60 h.p. to 
70 h.p., and the pump is capable of utilising its 
power to deliver from 500 to 600 gallons of water 
per minute. The customary features in the design 
of a high-class commercial chassis are to be seen in 
the vehicle, and the drive from the engine, of which 
the cylinders have a bore of 127 millimetres and a 


stroke of 180 millimetres, is te through a cone | 


Anuger, APs 


13, 


device necessary at starting. The drive for this is 
also taken from the engine in a manner described 
below. 

The engine cylinders are cast in pairs, and the 
sturdy construction of the pistons is clearly indi- 
cated in the section through the first cylinder in 
Fig. 14. The crankshaft runs in five supporting 
bearings. From this crankshaft drives are taken 
to the two camshafts, one at each side of the engine, 
(see Fig. 15), which transmit motion to the valves 
through tappets. Rollers are mounted on the ends of 
the tubular tappets, the rollers running on the cams. 
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500/600-GALLON MOTOR FIRE ENGINE; 


BRITISH EMPIRE EXHIBITION. 


GUILDFORD. 


LIMITED, ENGINEERS, 


BROTHERS, 


CONSTRUCTED BY MESSRS. DENNIS 
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The latter are not solid with their shafts, but each 
is held in position by two taper pins. Adjustment 
is provided for the tappets 3o that they may be 
accurately set to give the required clearance. It 
will be noticed that the valve spindles are accom- 
modated in extra long sleeves. The crank-chamber 
is provided with troughs from which the dippers 
on the connecting-rod ends throw up the oil. 


Before the oil is pumped back into the system 
of pipes by a gear-type pump, driven from the 
camshaft, as shown in the middle of the hori- 
zontal section through the .camshaft bearings, 
Fig. 15, and also in Fig. 17, it is passed through 
two cylindrical filters with large gauze-covered 
openings. The pump for the jacket water is 
seen at the top of Fig. 15. and is driven from the 


timing gears. On the other side of the engine the 
magneto occupies a similar position. Starting is 
accomplished by the usual hand-turning or by 
the use of a motor-starter device, the latter being 
shown in Fig. 15. This, though not always fitted, 
is of the type in which the pinion is driven 
along a quick-threaded shaft when current is 
supplied to the electric motor. When this is done, 
the pinion engages with the teeth on the flywheel 
and turns it until such time as the explosions take 
place in the cylinders, when the drive is obtained 
from the engine and the pinion runs back out 
of action. A gear system is introduced between 
the motor and the driving shaft to obtain a seduced 
speed for the pinion. 

The drive for the pump is taken from the gear pox 
(see Figs. 18 and 19), in which the extra gear wheels 
are mounted for this purpose. The pump-drive 
pinion is put into gear for pumping by an operating 
lever. which slides the pinion along a squared shaft. 
The drive is taken through a shaft which is articu- 
lated with fibre-disc universal joints, the construction 
of which is shown in Fig. 20, on page 386. A sup- 
port is provided for this shaft at its mid-length, by 
means of a ball bearing mounted on a cross-frame 
member.: The fabric discs ensure that the pump 
spindle is free from any straining action likely to be 
caused by the deformation of the chassis frame 
under road running or pumping conditions. The 
priming device of the pump consists of two single- 
acting air pumps, set immediately behind the 
turbine pump and worked from the pump shaft 
through a clutch, These exhausters are capable of 
giving 26 in. of vacuum within half a minute of 
starting. The cylinders have quickly detachable 
covers, which give access to the exhaust valves, 
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while the pistons act as inlet valves, covering and| Although giving a large delivery of water under 
uncovering ports in the cylinder walls. A three-| pressure—actually it has been found capable of 
way rotary valve on the front of the turbine pump | delivering 550 gallons at 120Jb. per square inch, and 
enables the two exhausters to be worked together | larger quantities at lower pressures, when working 
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'Fias, 20 AND 21. TRANSMISSION AND Pump ror 500/600-Gatton Moror Fir ENGINE; 
Messrs. Dennis BROTHERS, LiMiTED. 


Fic. 22. 200-Gatton Motor Fire Enoine; Tue Srantey Fire Enaine Co. 


or singly, and also allows the air cylinders to be dis- | through 23-in. unlined hose—the weight is only 
connected from the turbine pumps. about 4 cwt. The method of adjusting the pump 

The latter has two stages, the water delivered | gland is very simple and convenient. The output 
from the one side being carried in the casing to|from the pump is carried to two hose connections 
the second stage on the other side of the pump | after passing. through rubber-seated non-return 
(see Fig. 21). The design is very compact | valves. The whole equipment is designed to be suit- 
and the construction is entirely in gun-metal. ' able for heavy and continuous working, and, in use, 


the Dennis fire engine has proved eminently satisfac- 
tory in the service of many public and private fire 
brigades. 

Turning now to the smaller equipment, we notice 
first the only mobile unit of this class of which an 
example is on loan to the exhibition authorities. 
We refer to the engine supplied by the Stanley Fire 
Engine Company, of Halifax, whichis a light 
machine of much smalier capacity than the fore- 
going motor units. It has a maximum capacity 
of 200 gallons per minute at a pressure of 120 
lb. We give an illustration of a similar machine 
of this make in Fig. 22, on this page, from which it 
may be gathered that the chassis employed is 
of the standard Ford 1-ton pattern. The pump 
is a Rees-Roturbo unit, the whole combination 
forming a very compact and light machine which 
will take almost any ground’in the well-known 
Ford cross-country manner. The advantages gained 
by adapting this chassis to the purpose include 
simplicity, low first cost and easy renewal of 
parts in case of wear or of replacement being re-- 
quired for other reasons. The standard Ford 
starter and lighting set are not fitted. On the other 
hand, additional oil feed to the front portion of the 
crank-case is provided, as well as oil cooling chambers 
on the base of the crank-case and a special water 
feed to the radiator system. This feed is passed 
through a filter which can be examined while the 
pump is in use. We understand that one of these 
machines has actually pumped continuously for 
16 hours without a stop and without apparent ill- 
effect. 

The pump is of the high-speed turbine type 
driven from the engine flywheel by enclosed gear- 
ing running in oil. The pump drive is brought 
into action by means of a simple friction clutch. 
The pump is provided with a suction connection on 
each side so that suction pipes may be fitted to 
either or both sides of the machine. With engine 
speeds of between 800 and 1,000 r.p.m., the pump 


can deliver any quantity of water between 50 and 200 — 


gallons per minute at pressures up to 120 lb. Its 
capacity suffices to throw two 32-in. jets over a 
three-storey building, or it can be employed with 
a }-in. or j-in. jet to a much greater height. It 
will work with a suction lift of 25 ft. and a good 
8-in. jet can be delivered at the end of 1,000 ft. of 
hose. It can also be used for pumping direct from 
hydrants in cases of low pressure. The pump is 
placed in the centre of the chassis and is conse- 
quently well protected when travelling. The two 
delivery connections are 24 in., the suctions being 
3 in.; two 10-ft. 6-in. lengths of suction pipe are 
furnished, with copper-basket strainer, &c., as part 
of the outfit. The priming pump is a simple piston 
pump driven by “ V ”-type metal-to-metal wheels 
from the main pump shaft. The valves are of 
rubber composition and are placed in a small 
and easily detachable mounting. 

The body is arranged to carry 8 or 10 men, about 
1,000 ft. of hose, extension ladder, standpipes, 
nozzles, &c. ‘The control of the whole unit can be 
mastered by a driver familiar with the Ford chassis 
in a very short time. The pump can be controlled 
while working by one man standing on the off-side 
between the pump and engine. The number of 
controls has been kept throughout as low as possible, 
in order to avoid all unnecessary complication, and 
the maker’s claim as to the simplicity of the 
machine appears to be thoroughly justified. 


NOTE ON THE EFFECT OF PROGRESSIVE 
COLD-ROLLING ON THE  BRINELL 
HARDNESS OF COPPER.* 


By H. Moors, O.B.E., D.Se., Ph.D., 


‘Communication from the Research Department, 
Woolwich.) 


DisconriInuririEs in the rate of hardening of copper 
by progressive cold-working have been observed by 
Alkins, Johnson, and others. In Johnson’s experi- 
ments annealed strips 1-5 in. thick were cold-rolled to 
a final thickness of 0-033 in., and various properties 
were determined at numerous stages in the reduction. 
The Brinell hardness number rose from 40 in the 
annealed condition before rolling to 114 at 87 per cent. 
reduction in thickness, and then fell irregularly to 


* Paper read before the Institute of Metals, London, 
on Wednesday, September 10, 1924, 
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93-5 at 97-8 per cent. reduction. A load of 500 kg. 
with a ball of 10 mm. diam. was used, and it is not 
quite clear that Johnson regards the accuracy of the 
tests on the thinner strips as being beyond doubt. 
Brinell tests were not made by Alkins, but, although 
he observed a discontinuity in the rate of increase, he 
found no fall in tensile strength in copper wire pro- 
gressively cold-drawn to an area of cross-section of 
about >}, of that of the original rod, and in each series 
the maximum reduction gave the highest tensile 
strength. 

More recently, Rawdon and Mutchler have applied 
severe cold-rolling to copper, iron, tin and other metals 
and alloys, and state that the Brinell hardness rose 
rapidly during the initial stages of deformation and then 
diminished; ‘‘the metal becomes softer, and in its 
final form may be softer than the metal in its initial 
stage.” These results: would lead to the conclusion 
that, by severe cold-working, a metal could be brought 
into a state in which its hardness would be little or no 
higher than that of the annealed metal, and that, in this 
state, the metal could not be hardened by further cold- 
work. Such a conclusion would be of great practical 
importance, but appears so contrary to common 


cent., this being the method used by Johnson, Alkins, 
and others. In curves A and C the points are incon- 
veniently crowded at the two ends of the scale, respec- 
tively. The logarithmic plotting of curve B has the 
advantage that equal increments in length on this scale 
represent equal reductions, in proportion to the thick- 
ness at the given stage of cold-rolling. 

Tt will be seen that an increase in Brinell hardness 
number takes place at each reduction to one-half the 
thickness, the total increase being from 48 for the 
annealed copper 3-12 in. thick to 130 when the thickness 
has been reduced to 0-0125 in., 33, of the original 
thickness. 

These results afford no support to the view that, on 
progressive cold-rolling, the hardness of copper falls 
considerably after rising to a maximum, as stated by 
Rawdon and Mutchler. In their experiments on 
commercial copper (the results of which are also shown 
in the diagram) the initial thickness was 0-4 in., the 
Brinell number reached a maximum at a thickness of 
0-134 in. and then diminished fairly rapidly ; the final 
thickness was 0:0015 in. Possibly the heat generated 
during rolling was sufficient to bring about a marked 


annealing effect, or the strip may have been too thin 
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experience that confirmation is necessary before it 
can be accepted as established. This confirmation was 
sought in the following experiments. 

Electrolytic copper of high purity was melted, 
deoxidised with manganese, and cast in a chill mould. 
The ingot (containing 0-16 per cent. manganese), 
3-5 in. square in section, was cold-rolled slightly, 
machined to remove surface defects, and annealed for 
3 hours at 650 deg. C. The bar was cold-rolled from 
3-12 in. thickness to 0-0125 in. thickness, one-half of 
the material being withdrawn and retained for testing 
after each reduction of 50 per cent. of the thickness. 
Immediately after each pass, the copper was plunged 
into cold water, rises of temperature up to 60 deg. C. 
being observed in the rolling. Brinell hardness deter- 
minations were made on the rolled surfaces, in dead- 
load machines. A ratio of load (in kilogrammes) to 
square of diameter of ball (in millimetres) of 10: 1 was 
used throughout. Each Brinell hardness number given 
is the average of two to four tests with the same ball 
and load; there was good agreement throughout. 
Below the thickness of 0-8 in., the whole of the rolling 
and testing was carried out within a total time of 
5 hours. 

Details of rolling, testing, and results are given in 
Table I, and Brinell hardness numbers are plotted against 
reduction in thickness in the above diagram. Three 
methods of plotting are employed. The reduction in 
thickness is plotted in curve A as ratio of initial thick- 
ness to thickness after rolling, on an arithmetic scale, 
for comparison with the curves given by Rawdon and 
Mutchler ; in curve B as the same ratio on a logarithmic 
scale; and in curve C as reduction in thickness per 


after a certain stage had been reached, comparatively 
early in the rolling, to give correct Brinell hardness 
numbers by the method used. 

In the author’s opinion, convincing evidence of any 
marked softening effect occurring generally in metals 
and alloys when cold-rolled, however severely, is still 
lacking. 

The author’s thanks are due to Mr. H. Waterhouse, 
who carried out the experimental work. 


THE EXTRUSION OF BRASS ROD BY THE 
INVERTED PROCESS.* 


By R. Gunpzrs, M.B.E., M.Met., F.I.C., Member. 


(Communication from the Research Department, 
Woolwich.) 


Tue work already published by the author on the 
subject of extrusiont has dealt with the character of 
the defect which appears as a concentric core in the 
rod (termed “the extrusion defect’), and its relation 
to the peculiar nature of the flow taking place in the 
container of the press under the usual conditions, in 
which the pressure is applied at the end opposite to the 
die. The’ defect is ascribed to the turning inwards 
of the skin of the billet at the edge of the plunger, the 
surface of separation due to foreign matter in the billet 


* Paper read before the Institution of Metals, London, 
on Tuesday, September 9, 1924, 
+ ‘The Extrusion Defect,” J. Inst. Metals, 1921, 26, 


237; *‘The Extrusion Defect in Brass Rods Extruded 
from a Multiple Die,” ibid. 1923, 29, 279. 
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skin following a characteristic path and reaching the 
die before the billet is completely extruded. Schweiss- 
guth arrives at the same conclusion. By extruding 
composite billets and analysing the process at different 
stages, he was able to show that, to obtain sound rod, 
only it is necessary to leave a discard in the container 
equal in length to its diameter. The effect of ordinary 
piping in the billet was found to be small in relation to 
that of the billet skin, and could be compensated by 
having the piped end of the billet next to the plunger 
and leaving an additional inch of discard. The 
formation of a shell of regular thickness in the receiver 
by the use of a false plunger head smaller in diameter 
than the bore of the receiver is recommended by 
Schweissguth for the avoidance of the defect, but it 
is stated that this has not been achieved, owing to the 
difficulty of securing true concentricity of the plunger 
head. The normal total discard of the process is 
stated to be 30 per cent. Doerinckel and Trockels 
followed Schweissguth’s work with a number of experi- 
ments on billets built up from discs, which essentially 
confirmed the former work. 

Despite evidence to the contrary, the opinion still 
seems to be held by some that defects in extruded rod 
are solely ingot defects, and therefore of the same 
character as those in rolled rod. No evidence has been 
presented, however, to support this opinion against 
the fact that the characteristic mode of flow which 
gives rise to the defect is found to be unaffected, 
whether the piped end of the billet is placed at the die 
or the plunger end of the receiver. 

The method now commonly, but not universally, 
used by manufacturers is the extrusion of sound rod 
only, leaving a billet residue of 15 to 20 per cent. 
for remelting. Precautions against entry of the billet 
skin are also taken by the use of billets which closely 
fit the receiver and a plunger which can be centred 
so as to Jeave a uniform shell. 

These measures appear to be the most effective of 
those which could be applied in existing presses, and 
must decrease very considerably the possibility of 
producing defective rod. Since, however, the mode 
of flow remains unaltered, any relaxation of the pre- 
cautions or the presence of deep surface defects in the 
billet must inevitably lead to the production of the 
coring defect, while the avoidance of the defect involves 
a large percentag of scrap. 

The method of overcoming the formation of the 
defect favoured by the author, consisted in completely 
altering the direction of flow in the receiver by inverting 
the process, so that the die was pressed into the billet, 
the rod being extruded through a hollow plunger. 
In small-scale experiments on brass, it was found that, 
under these conditions, no internal defect was produced, 
the billet skin piling up on the inner face of the die, and 
overflowing on to the surface of the rod only in the 
final stages. The method promised to be a solution of 
the difficulty and to be economical both in power and 
in material. 

The present paper deals with a number of experi- 
ments carried out on a: manufacturing scale with a 
press designed to extrude by the new method. 

The Press.—An extrusion plant was required by the 
Indian Government factories, and, after making 
enquiries in various directions, the Ordnance Consulting 
Officer for India, Colonel Lawrence-Archer, recom- 
mended the adoption of the inverted process. The 
design and construction of the press were under- 
taken by Messrs. Henry Berry and Co., of Leeds, 
who first made as detailed a survey as possible of the 
extrusion methods in use in this country, satisfying 
themselves that a large proportion of discard was 
inevitable in the ordinary process, and that the pioneer 
task of making the first inverted horizontal press was 
likely to be justified by the possibilities of the new 
method. 

The press specified was one of 900 tons power at 
14 tons per square inch hydraulic working pressure, 
suitable for the extrusion of lead-free brass, and other 
alloys, to rod of diameters up to 24 in. The bore of 
the receiver was 63 in. in diameter and 27 in. in length, 
allowing the use of a billet 63 in. in diameter and 24 in. 
in length. In view of the experimental nature of 
the press, a working test was imposed requiring the 
successful extrusion of five billets of 60:40 lead-free 
brass to 1 in. diameter rod. 

In preparing the design, the same margins of power 
and strength were allowed as in the case of a press 
working by the usual method. 

The press consisted of two main cross-heads, one 
carrying the hydraulic cylinder and charging arrange- 
ment and the other holding the hollow plunger. The 
two cross-heads were connected by steel columns. 
These carried the container, which was movable 
either by means of the main ram or by two small 
auxiliary vicing or stripping rams. The charging 
arrangement consisted of a laterally-movable solid 
block, having attached to one side a cradle for the 
billet. On centring the cradle with the container, 
a small hand-operated pusher in the hydraulic ram 
can be used rapidly to charge the billet, and, by moving 
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the carriage across the press, the solid block or “ gag ” 
is interposed between the receiver and. the hydraulic 
ram. 

The receiver was of the usual jacketed type, and 
was heated by gas-burners. Fig. 1, on this page, 
shows the press as temporarily erected for testing. 
The essential] features of the design are shown in the 
sectional drawing, Fig. 2. 

Circumstances demanded that the tests should be 
carried out at Messrs. Berry’s works, although they 
are not equipped for extruding. The maximum 
hydraulic pressure available at the works was 1,850 lb. 
which, allowing for the same pressure on the billet 
as in the ordinary method, necessitated the reduction 
of the bore of the receiver to 4% in. for the purposes 
of the tests. The hollow plunger was 4% in. in dia- 
meter, with a bore of 14-in. diameter. 

The sequence of operations is as follows: The billet 
to be extruded is placed on the ramp attached to the 
gag, which allows it to fall into the cradle cast on the 
side of the gag; the gag is then moved across the 
table to the stop, which brings the billet central with 
the container; the internal pusher is actuated by a 
hand-wheel rack and pinion and pushes the billet into 
the container. 

The pusher is brought back, and the gag moved 
back against the end stop to close the container. 
The vice rams are moved forward to seal the container 
against the gag. Pressure is now applied to the main 
ram, ,which moves forward carrying the container 
and extruding the metal through the stationary 
plunger. When this is completed, the main cylinder 
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is exhausted and the stripping rams pull the container 
forward to eject the discard at the back. 

Extrusion of Billets—The press was completed only 
a few weeks before the date of shipment, and this 
excluded any possibility of making an exhaustive 
investigation. In all, 24 billets were extruded, com- 
prising 19 of lead-free 60 : 40 brass (48 in. diameter by 
24 in.), two of 57 copper, 41 zinc, 2 per cent. lead alloy, 
of the same dimensions, and three of 57:40°5:2°5 
alloy (434 in. diameter by 23 in.). The latter three 
billets had not been cropped, and each contained 
a pipe 1} in. in depth, but the remainder were ingots 
from which all trace of visible piping had been removed. 
The surfaces of the lead-free brass were good, but 
those of the lead-brass were defective, some having 
a potential “skin” of not less than } in. in some 
places. 

The billets were heated in a gas-fired oven furnace, 
two at a time, and soaked for about 15 minutes 
at temperatures varying from 780 deg. C. to 830 deg. C. 
The time taken to charge—i.e., from the opening of 
the furnace to the commencement of movement of 
the hydraulic ram—occupied from 20 to 50 seconds. 
It is estimated, however, that, in routine working 
with the furnace at a suitable elevation, charging 
could be regularly completed in 10 seconds. The 
temperature of the container was 150 deg. C. to 200 
deg. C. A uniform central aperture in the die of 1 in. 
diameter was used throughout. Speeds of extrusion 
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from 0-27 in. to 2-1 in. movement of the hydraulic 
ram per second were employed. The die was not 


attached to the hollow plunger, being inserted in the 
container from the opposite end and pushed into 
contact by a bar. : 

The whole of the operation of the process was carried 
out by workmen, none of whom had previously seen 
the extrusion of metal. 

The first step was the extrusion of as much of the 
billet as possible with the object of ascertaining the 
mode of flow and the degree to which the rear portion 
of the rod was affected by the oxidised billet skin, 
which, in the small-scale experimental work, collected 
on the die until all but about 5 per cent. of the rod 
had been extruded. A die which closely fitted the 
container was used, so as to leave a minimum thickness 
of “ shell.” 

The inner face of the die was flat, with a sharp 
edge to the aperture and at the periphery. Ex- 
truding 60: 40 lead-free brass in this way, it was 
found that the billet could be reduced to a length of 
under 1 in., the pressure necessary only reaching 
the maximum at about 14 in. from the end of the 
pressing in some cases, while in others the maximum 
was not required. The average pressure per square 


,inch on the billet throughout the major portion of 


the stroke was about 16 tons to 21 tons. The surface 
of the rod was good over the forward third of the 
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length, but after that was poor, the under side, coming 
from the lower part of the billet, showing longitudinal 
tears and small patches of oxide and dirt embedded 
in the metal. Fractures taken at different positions 
along the rod were all sound and showed no indication 
of the core defect. The extrusion of billets with a thick 
defective skin produced correspondingly worse surface 
defects, while billets from which the outer surface 
had been machined gave only a small number of 
slight defects. It was evident that the billet skin 
was not collecting on the die face to the large extent 
which had been anticipated. Small modifications, such 
as the machining of a step on the inner face of the die, 
did not appear to affect the flow to any appreciable 
extent. 

A very thin shell, sometimes completely cylindrical, 
was generally left in the container, its weight averaging 
under 1 lb. This gave considerable difficulty, since 
it was too thin to be ejected with the die and billet 
residue, and was too tough to be broken away easily 
by prising from the container walls. 

Improvement in all directions was obtained by 
reducing the overall diameter of the die. With a 
clearance of just under 7 in., a shell was left which 
was cleanly ejected with the billet residue. In many 
cases the die centred itself sufficiently to give a complete 
eee and the surface of the rod was uniformly 
good. 

When portions of the shell were missing, defects 
were produced in the corresponding portion of the 
rod. The further step of centring the die on the 


end of the plunger removed this difficulty and the © 


resulting rod was uniformly good. The clearance 
given by a die of 4% in. diameter was somewhat too 
large, the shell being extruded round the edges sufti- 
ciently to lengthen it considerably and so increase the 
wastage to from 8 per cent. to 15 per cent. A total 
discard of 10 per cent. to 12 per cent. would appear 
a reasonable figure for practical working on the lines 
indicated. 

The brass containing lead, which is probably the 
material most generally used in the extrusion process, 
proved much easier to extrude than the lead-free brass. 


The maximum power of the press was never required - 


with this material, even when extruding down to a 
residue of @-in. thickness. The ayerage pressure 
used was 15 to 17 tons per square inch on the billet, 
representing a considerable economy in power over the 
ordinary method, in which a pressure of 25 to 28 tons 
is understood to be required under similar conditions. 
The effect of varying speeds of extrusion was not 
great within the range of 0-5 to 1-5 in. per second 
movement of the ram. Very slow speeds, however, 


necessitated higher pressure, owing to cooling of the 
billet, while high speeds of about 2 in. per second - 
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produced a smooth blistered surface on the bar, which 
suggested that incipient melting had occurred. A speed 
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SECTIONAL DRAWING ILLUSTRATING THE ESSENTIAL FEATURES 


THE DESIGN OF THE PRESS. 


of 1-0 to 1-5 in. per second was found most suitable, 
giving a good surface and reasonably good uniformity 
in diameter along the length of the bar, 

Rounding the edge of the die aperture to a radius 
of about 0-02 in., appeared to give a somewhat smoother 
surface to the rod, and there was no indication of any 
effect on the power required for extrusion. A number 
of billets were partially extruded to leave varying 
lengths in the container. 

Examination of Material.—Each billet residue, with 
attached rod varying from 3 in. to 2 ft. in length, was 
sectioned axially on the plane which was vertical in 
the press during extrusion, z.¢., at the position corre- 
sponding with minimum and maximum thickness of 
the shell. In addition, transverse sections were cut 
at each 5 ft. from the rear end of six rods, and at each 
10 ft. in six others. The sections were pickled in 
5) per cent. nitric acid. 


The general features of the flow structure in the — 


billet were similar to those shown by the specimens 
previously prepared on a small scale. No trace was 
found of the formation of any internal defect. The 
flow was entirely confined to a dome-shaped region 
adjacent to the die, about 1-2 in. in depth. The 
appearance is shown in Figs. 3 and 4, on page 389. 
Although, in Fig. 4, only 2-2 in. of the billet remains 
unextruded, there is no indication of flow except in the 
region of the die. Exactly the same flow pattern is 
found in a billet residue 12 in. in length. It would 
appear that, at the commencement of extrusion, the 
material flows along the curved formation indicated, 
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acceptable. It would not be justifiable without further 
evidence to predict how far it might be possible to 
perfect the process. 

The effect of piping in the billet was to produce 
defeets in the rod for a distance of about 3 ft. at the 
forward or rear end, according to the direction in 
which the billet was charged. At the forward end 
the defect was a split extending to the surface, and at 
the rear end an irregular internal fissure. 

Mechanical Tests.—Tensile test-pieces 0-564 in. in 
diameter, machined from the bar (lead-free brass) at 
distances of 1 ft. and 30 ft. from the die, gave the 
figures shown in the accompanying Table. 


Mechanical Tests on Extruded Brass Rod. 


aes Break- | Elonga- | Reduc- 
_—— - O15 per ing tion on | tion of 
conte Load 2 in Area 

Tons Tons, |Per cent.|Per cent. 
20 { 1 ft. from die .. 13-4 29-9 48 68 
“~ \ 30 ft. from die .. 7A 25-6 5b 56 
o3f 1 ft. from die .. 10-0 29-1 51 67 
\ 30 ft. from die .. 6°8 25-4 58 60 
24 { 1 ft. from die.. 12-2 29-6 49 66 
“" \ 30 ft. from die .. 6-8 25-2 61 59 


Brinell hardness tests made with a ball of 2 mm. 
diameter showed that the forward half of the bar was 
uniform in hardness. In the rearward half the central 
region remained constant, while the outer region rose 
in hardness. 

The mechanical properties of the rod made in the 
experimental tests are probably not representative 
of material which would be produced in normal manu- 
facture, where devices can be employed for the pur- 
pose of producing uniformity. 

Structure.—The extreme forward end of the bar 
showed in all cases a grain-size similar to that of the 
billet. At a few inches from the end the structure 
became uniformly fine, little variation being found up 
to the middle of the bar. In the rearward half the same 
structure continued in the central region, which gradu- 
ally diminished in diameter towards the rearend. The 
outer zone was extremely fine in structure. Fig. 6 
shows the variation in structure in a series of sections 
cut at each 10 ft. from a typical bar. 

Conclusions.—The’ experiments carried out on a 
manufacturing scale, although not extensive enough 
to constitute a complete study of the method, have 
provided ample data to show that the inverted process 
is incapable of producing internally defective rod when 
sound billets are used. 

Precautions are necessary to secure good surface, 
the method adopted for the present being the avoidance 
of entrance of the skin of the billet into the region of 
flow. The consequent increase in the proportion of 
discard, although rendering the ejection of the billet 
shell more simple, brings the total discard above the 
ideal minimum of about 5 per cent., which might other- 
wise have been possible. Even so, however, the pro- 
portion is considerably less than in the ordinary 
method. 

The observations of the relative pressures required 
by the two processes operated on a small scale are fully 
confirmed by the large-scale practice. For the same 
types of material, the pressure required by the new 
process is about 25 to 35 per cent. lower than for 
the ordinary process. This advantage must also be 
reflected in decreased wear and tear of the plant. 

The structure of the extruded rod does not show the 
concentric zones of material, varying in crystal size 
and physical properties, often produced by the peculiar 
nature of the flow which obtains in the ordinary process. 
The rear portion of the rod is variable in structure and 
hardness from centre to outside, but in a continuous 
gradient. 

For the manufacture of ornamental sections and other 
types of material in which absolute reliability is not 
essential or is subordinate to the requirement of im- 
maculate surface, the advantage of the inverted method 
lies mainly in its saving of power. For certain purposes 
it may be limited to some extent by the dimensions of 
the hollow plunger, although it is estimated that with 
a 1,000-ton press a container of 8} in. diameter and a 
plunger of 54 in. bore can be used. 

For the production of engineering material, however, 
the inverted method possesses the advantage that all 
possibility of the occurrence of the “core’’ defect is 
excluded, and that, if defects are allowed to arise 
they will be visible on the surface of the rod. It is thus 
safe to extrude the billet nearly completely and so 
reduce scrap to a minimum without risk of the rod 
being affected internally. 

The experiments carried out have been confined to 
the production of l-in. rod, but no serious difficulty 
is foreseen in the application of the method to the 
varied practice of the modern works. Further work 
will be necessary before the method can be regarded 
as giving the best results of which it is capable. The 


experiments described have, however, been sufficient to 
confirm the previous small-scale work as regards the 
type of flow, internal soundness of rod, and the saving 
of power. 

There seems to be no reason why extruded rod made 
by this process should not rank as a thoroughly reliable 
engineering material. 

In conclusion, the author wishes to express his in- 
debtedness to Dr. H. Moore, O.B.E., Colonel J. H. 
Lawrence-Archer, C.I.E., and Mr. A. L. Haas, M.I. 
Mech.E., for their encouraging interest and advice ; 
to Messrs. Henry Berry & Co. for providing facilities 
for the tests; and to Mr. B. R. Davidson, for assist- 
ance in the examination of material. 


NOTES ON NEW BOOKS. 


Proressor J. Jahn, of the Technical High School of 
Danzig, has no doubt bestowed a deal of con- 
scientious work on his ‘‘ Dampflokomotive”’ [Berlin; 
Julius Springer; price 4-30 dollars]; but the book is 
too precisely what its full title indicates: ‘* Die 
Dampflokomotive in entwicklungsges chichtlicher 
Darstellung ihres Gesamtaufbaues ” (the steam loco- 
motive in the evolution of its general construction), and 
we are afraid that the volume will not be found of much 
more than historical interest. Most of the 332 illu- 
strations of the 356 pages are diagrams of types of 
locomotives; the types are taken from all countries. 
The date is stated and the source—our own columns 
not infrequently—is acknowledged in every instance. 
But there is too little detail in description and 
diagrams; locomotives from 1840 and 1850 hardly 
require illustration, and the author practically seems 
to have ended his compilations with the outbreak of 
the war. 


Many definitions of the word and position of fore- 
man have been given, these varying considerably in 
their substance and clarity. Foremanship is a vastly 
more important job than it is frequently thought to 
be. The requirements for the position call for some- 
thing more than is usually conceived—efiicient crafts- 
manship and a fluent tongue. While the duties of 
foreman have not undergone much change, the 
industrial and commercial conditions are now so 
different that the carrying out of those duties 
presents very different problems, requiring great 
tact and discrimination. This is fully recognised 
by Mr. Grimshaw in his hook, “The Modern Fore- 
man” (New York: The Gregg Publishing Company), 
in the twenty-eight chapters of which the whole range 
of a foreman’s duties is described and discussed. 
Amongst these are “The Art of Handling Men”; 
“ Duties of the Foreman ”’; ‘‘ Cutting out the Wastes” ; 
““Modern Factory Methods’’; ‘“‘ What the Foreman 
should Have’’; *“‘ What the Foreman should Know ”’; 
““A Good Foreman in the Making’’; ‘‘ The Foreman 
Personally’’; ‘‘Leadership’’; ‘‘The Foreman and 
Labour.”” Each of these phases of the subject is dealt: 
with in a breezy and easily-followed manner, there 
being sound common sense underlying most of the 
remarks. Under “ A Good Foreman in the Making ”’ 
Mr. Grimshaw says, ‘“‘The foreman of to-day has 
opportunities for self-improvement far superior to 
those within reach of his predecessor of twenty years 
ago Employers are beginning to see that he 
has been the weak link in the chain ; that he has not, 
and the workers under him have not, clearly under- 
stood his responsibility and authority ; and that he is 
an interpreter, not a buffer, between employer and 
working force.”” Too often is it assumed that crafts- 
manship is the chief if not the only qualification for 
foremanship. While efficient craftsmanship is emi- 
nently desirable it is probable that it covers much less 
than 50 per cent. of the total qualifications for fore- 
manship. Man-handling, administration and organisa- 
tion are no mean questions, and we venture to suggest 
that the weaknesses that foremen as a body may show 
are a reflection not of their incapacity but of the lack or 
appreciation by management of the importance of their 
duties. In a book of this size and on such a subject 
it is to be expected that the author’s views cannot be 
accepted in toto. We take exception to one of the 
recommendations given because we believe it to be 
entirely wrong in principle. It is stated that ‘‘ each 
foreman should receive a bonus proportionate to the 
total bonus sums in his department. When this is 
done, each foreman has an additional incentive to keep 
down the unit cost and the labour turn-over.”” In too 
many cases the experience has been that the foreman 
has been given a direct interest in high job rates; the 
higher the job rates the larger the workmen’s bonus 
and, consequently, the larger the foreman’s bonus. 
The book is one we can commend with confidence to 
our readers, to managers and directors, as well as to 
foremen themselves. 


The progress of science, though continuous, does not 
proceed by equal steps. At times progress is accele- 


rated by the vision of some genius; new horizons are 
opened before skilful inventors, fresh discoveries reward 
experiment, and the world finds itself in presence of 
sudden opportunities for the exercise of its activities. 
The history of these epochs possesses great fascination, 
and the dramatic moments when success rewards toil, 
and hope grows into certainty, afford the motive of 
many interesting tales of excitement and encourage- 
ment. It is the plan that Mr. Floyd L. Darrow has 
employed in his ‘‘ Masters of Science and Invention” 
(Chapman and Hall, Limited, London; price 10s. 6d. 
net) to present a series of pictures that illustrate the 
giant strides that progress has made. In arather vague 
phrase, he tells us that his object is “to humanise 
science and to give an accurate and comprehensive 
outline of its salient features.”’ Whether this feat is 
possible in a small volume, that glances at the science 
of Newton and Einstein, of Davy and Perkin, of 
Henry and Marconi, of Arkwright and Edison, of 
Lamarck and Darwin, and of many other pioneers, 
may be doubted, but the author has produced a 
very readable book, interesting and stimulating. It 
emphasises or illustrates on every page the necessity 
of work and perseverance. It shows how frequently 
baffling failure awaits the temporary success of patient 
toil, and that permanent advance only rewards sincere 
conviction and unwearied resolution. Sometimes it 
would seem that resourceful ingenuity is a more potent 
factor in attaining success than theoretical research, 
and that the element of chance is not altogether 
eliminated. A closer and more philosophical analysis 
of those processes which have led to success would 
have added to the attractions of the book. 


Chemists have sometimes been charged, and not 
without reason, with having started at a very late 
eriod to advance one of the oldest of all industries, 
he textile industry, which in many respects is virtu- 
ally the cellulose industry. This, perhaps, explains the 
reproach. Cellulose is generally described as a carbo- 
hydrate more or less of the formula C, H,) O;. It has 
been described thus for decades, and when chemists 
began to study cellulose more systematically, they 
agreed that the molecule of cellulose was complex 
and that the formula should be written (C; Hy, O;) #. 
But they could not agree as to the different values of 
the a in different celluloses, and still less as to the 
constitution of the single molecule. There have been 
researches on cellulose, especially in this century, and 
the colloidal character of cellulose has more and more 
been accentuated. But the first textbook on the 
chemistry of ‘cellulose was, we believe, written by 
Professor Emil Heuser, of Darmstadt, in 1920. An 
English version of the second edition of his book has 
now been brought out by Messrs. Clarence J. West 
and Gustavus J. Hsselen, jun., of Washington, D.C., 
under the title ‘‘ Textbook of Cellulose Chemistry ” (Lon- 
don, E.C.4: McGraw-Hill Publishing Company, 
Limited, price 12s. 6d. net). The book is essentially 
theoretical, and the reasons why Heuser rejects the 
formule of Cross and Bevan, of Tollens, of Hibbert, 
of Pringsheim, Herzog, Karrer and others, can only 
be discussed by chemists. The translators support 
Heuser in general, but they attach more weight than 
he does to the quite recent remarkable work of Irvine. 


Though Messrs. Sulzer Brothers and the Borsig works 
of Berlin built an internal combustion-locomotive, 
with a four-cylinder two-cycle Diese] motor, as early as 
1913, and Diesel engines have steadily been gaining 
ground, the Diesel locomotive has not yet become a 
railway tractor. The objections against it are want of 
simplicity and of flexibility and heavy weight. The 
problems are studied with special regard to electric 
propulsion by Dr. Ing. Herbert Brown, of Baden, 
Switzerland, in a pamphlet of 68 pages with 27 text- 
figures entitled ‘‘ Veber Diesel-elektrische Locomotiven 
im Vollbahnbetrieb”’ (Ziirich : E. Waldmann). Review- 
ing the different systems of power transmission, 
toothed gearing, and hydraulic, compressed air or 
electric transmission, Dr. Brown comes to the con- 
clusion that the Diesel-driven direct-current generator 
and motor offer the best solution of the problem. 
He pays particular attention to cooling, on which 
experiments were made in the works of Messrs. 
Brown, Boveri and Co., to control, to starting 
and stopping, and to economic features. Technically 
Dr. Brown considers the Diese! electric locomotive 
as equal to the steam-engine of equal power, apart 
from simplicity of construction and weight ; economic- 
ally he regards the Diesel-electric locomotive as 
inferior and as able to compete with the steam engine 
only when of high power (1,200 h.p. and more), and 
under special conditions. Conditions would be favour- 
able in districts where coal is difficult to obtain and 
oil readily obtainable, where water is scarce and where 
heavy trains have to be moved on fairly level ground. 
The construction of higher-speed Diesel motors would — 
shift the balance more in favour of the Diesel drive. 
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THE HARDENING OF STEEL.* 


By Watrrr Rosenman, D.Sc., F.R.S., F.Inst.P. 
(The National Physical Laboratory). 


PrerHArs the best way of approaching the present 
position of the subject is to describe, as briefly as 
possible, some of the outstanding phenomena con- 
nected with the hardening and tempering of certain 
non-ferrous alloys, in order to show the analogy which 
exists between these phenomena and the well-know 
behaviour of iron-carbon alloys. 

The fundamental discovery of hardening phenomena 
in non-ferrous alloys was that made by Wilm in the 
year 1909, when he showed that certain aluminium 
alloys containing a small percentage of magnesium 
were capable of hardening. This fact, as it subse- 
quently transpired, had already been discovered in 
the laboratories of the Royal Arsenal at Woolwich, 
but, in accordance with the general policy pursued at 
that time in connection with War Department re- 
searches, had not been published. ’ 

The hardening which occurs in aluminium or its 
alloys containing magnesium differs markedly, at first 
sight, from that to which we are accustomed in the 
ease of steel. Steel, when heated to a temperature 
above the critical point and quenched, is fully hardened 
as soon as it is cold. The aluminium-magnesium 
alloys, of which the well-known ‘“ Duralumin”’ ma 
be regarded as typical, are not appreciably hardened 
immediately after quenching. On the other hand, the 
hardness of the aluminium alloy increases with time 
after quenching, if kept at the ordinary temperature. 
The hardening is rapid at first, but the rate falls off 
and the maximum value is reached generally after a 
period of about four days. This behaviour is illus- 
trated by the time-hardening curve, Fig. 1. ; 

The changes which occur in Duralumin and similar 
alloys, have formed the subject of extensive investi- 
gations which have been carried out mainly in this 
country at the National Physical Laboratory, and in 
America at the Bureau of Standards. Both groups of 
investigators have arrived at a satisfactory explanation 
of the phenomena, although their explanations differed 
in detail. Subsequently, these differences have been 
completely reconciled, and the transformations which 
occur in alloys of this kind during quenching and 
subsequent hardening are now thoroughly understood. 

An early stage in the investigation consisted in the 
study of the equilibrium diagram of the alloys of 
aluminium and magnesium.t 

Although the equilibrium diagram arrived at in this 
research differs considerably from earlier diagrams 
published by German and other workers, it did not 
exhibit any features which could account for the 
hardening of aluminium-magnesium alloys. The 
explanation was found in the discovery that silicon 
plays a part in the hardening of the alloys of aluminium 
and magnesium. Silicon is always present in commer- 
cial aluminium, and, indeed, the preparation of alumi- 
nium entirely free from silicon has not yet been 
achieved. ite 

It was, however, found that in the aluminium 
magnesium alloys, when the amount of silicon was 
progressively reduced, the hardening effect was cor- 
respondingly diminished. It was also found that an 
alloy of the Duralumin type, as free as possible from 
silicon, showed very much less age-hardening than 
the normal material. In the search for the explanation 
of these phenomena, a study of the ternary equilibria 
of the system aluminium-silicon-magnesium was 
undertaken, but, owing to the immense amount of 
labour involved, only the region of special interest in 
the present connection, covering the alloys rich in 
aluminium, has been studied in detail. The results 
have been published in the eleventh Report to the 
Alloys Research Committee, and more fully in a 
paper by Hanson and Gayler.§ 

It is unnecessary to reproduce here the equilibrium 


model and the various diagrams and sections which |. 


have been obtained by these authors. The point of 
principal interest is the existence of a well-defined 
compound of silicon and magnesium corresponding to 
the formula Mg,Si, which is found to be capable of 
passing into solid solution in aluminium to a much 
greater extent at high temperatures than at the ordinary 
temperature. In thus thinking of the compound as 
passing into solid solution, it is not suggested that the 
compound as such is present in the solid solution, since 
it appears more probable, on general grounds, that 
silicon and magnesium atoms are scattered through 
the lattice of the aluminium crystals. None the less, 
when the amount of silicon and magnesium present 
reaches the limit of solid solubility, the excess appears 
in the form of minute crystals of magnesium silicide, 


* Paper, abridged, read before the Iron and Steel 
Institute, London, on Friday, September 5, 1924. 
See ENGINEERING, vol. cx, pages 404, 788, 819. 
{ See ENGINEERING, vol. cxii, pages 594, 613, 624, 644. 
§ See ENGINEERING, vol. cxii, page 519. 


Mg,Si. Fig. 2 is a horizontal section of a portion of 
the ternary equilibrium model on which the limiting 
solid solubilities of silicon and magnesium, or of 
magnesium silicide in aluminium at a temperature of 
500 deg. C., are indicated by the line x-y, the composi- 
tion of the corresponding alloys being represented in 
the usual manner on a portion of the equilateral triangle 
forming the basis of the ternary model. For a number 
of alloys of varying compositions the increase of 
hardness, due to age-hardening after quenching, is 
indicated on the diagram by numbers which show the 
increase in tensile strength by hardening in each case, 
A very striking result is seen. The hardening power 
of the alloys increases steadily as their composition 
approaches the line of limiting solubility, x-y. The 
maximum increase of hardness is obtained in alloys 
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lying close to this line, but increase of either silicon or 
magnesium, or both, beyond the amount which can 
be held in solid solution at 500 deg. C results in no 
further increase in hardening power. The inference 
from this result is clear, that hardening is associated 
with the amount of silicon + magnesium which is 
present in solid solution at the high temperature when 
the alloy is quenched. This quantitative connection 
between hardening power and the amount of magne- 
sium and silicon held in solid solution can be clearly 
traced in a variety of other ways, which have been 
described in detail in the papers already mentioned. 
They justify the inference that the age-hardening of 
aluminium-magnesium-silicon alloys of suitable compo- 
sition is due to the separation from a supersaturated 
solid solution, obtained by quenching from a high 
temperature, of magnesium silicide in a state of very 
fine division. Microscopic examination shows that 
these alloys, when quenched and examined immediately 
afterwards are homogeneous—that is to say, consist 
of crystals of a single solid solution only. After age- 
hardening there is no appreciable difference in micro- 
structure, so that we are forced to the conclusion that 


(8713.C) 


the particles of magnesium silicide that have been 
deposited during ageing at the ordinary temperature 
are too minute to be traced by means of the microscope. 
On the other hand, if such an alloy be slowly cooled 
from a suitable temperature, so as to allow the excess 
of magnesium silicide to separate at a higher tempera- 
ture, well-defined crystals of magnesium silicide are 
formed. 

While the behaviour of aluminium alloys containing 
magnesium and silicon was being investigated at the 
National Physical Laboratory, a number of workers 
at the United States Bureau of Standards at Wash- 
ington, including Merica, Waltenberg, and Scott, 
investigated the alloys of aluminium and copper from 
this point of view. Here also a solid solution is formed 
in the case of alloys containing less than 4 per cent. of 
copper, which can be rendered apparently homogeneous 
by quenching from a suitable high temperature after an 
adequate period of annealing to bring the copper into 
solid solution. If slowly cooled from that temperature, 
crystals of the well-defined and well-known compound 
CuAl, appear. If the alloy be quenched, the forma- 
tion of these crystals is suppressed and the alloy 
appears to be a homogeneous solid solution. This 
also, on ageing, undergoes a certain amount of harden- 
ing, and the American investigators attributed this 
hardening to separation of very minute particles of 
CuAl, from the supersaturated solid solution. More 
recently Dr. M. L. V. Gayler, at the National Physical 
Laboratory, has examined certain groups of alloys 
containing aluminium, together with magnesium, 
silicon, and copper,* and has found that in these alloys 
age-hardening at room temperature is due essentially 
to the separation in a finely-divided state of magnesium 
silicide, MgSi, from the super-saturated solid solution 
formed during quenching. On the other hand, a further 
degree of age-hardening can be obtained by exposing 
the quenched alloys to temperatures in the neighbour- 
hood of 150 deg. to 200 deg. C. for varying periods 
of time, and this further age-hardening appears to 
be due to the precipitation of the copper compound 
CuAl,. The results of the two independent series of 
investigations are thus reconciled, and the explanation 
of the hardening of alloys of the Duralumin type, and 
of similar aluminium alloys in which supersaturated 
solid solutions can be formed by quenching, is placed 
on a satisfactory basis. 

In the course of an investigation of the effect of 
impurities on copper being carried out for the British 
Non-Ferrous Metals Research Association, Hanson 
and Ford at the National Physical Laboratory have 
studied the alloys of copper with iron, so far as those 
consisting mainly of copper are concerned. In the 
course of this investigation the solubility of iron in 
solid copper was determined, and it was found that 
at 1,100 deg. C. copper could hold 4 per cent. of iron 
in solid solution, while at 750 deg. C. the solubility 
is reduced to less than 0-2 per cent. Consequently, if 
an alloy containing 0-7 per cent. of iron is held at a 
temperature of 1,000 deg. C. and then quenched, a 
supersaturated solution of iron and copper is produced. 
In this supersaturated solid solution at the ordinary 
temperature no further change occurs, nor would any 
such change be anticipated in view of the fact that 
at the ordinary temperature this alloy is some 1,000 
deg. C. below the freezing point. When, however, the 
temperature is raised to about 500 deg. C. in order to 
allow of greater mobility, a change in the nature of age- 
hardening occurs. Measured in terms of Brinell hard- 
ness, there is a very appreciable change, the value 
increasing from 36 to 53, thus verifying the anticipation 
derived from the generalised view of the cause of harden- 
ing. In this particular case, however, there is not a 
corresponding increase in tensile strength, a fact which 
is possibly connected with the well-known peculiarity 
of copper in regard to correspondence between tensile 
strength and Brinell hardness. None the less, these 
alloys behave in the-same manner indicated by the 
general theory, although, quantitatively, the results 
are disappointing. 

A much more striking verification of the general 
theory, and one which presents remarkable analogy 
in detail with the iron-carbon system, has been dis- 
covered by Hanson and Gayler in the alloys of alum- 
inium and zinc, These authors} have established for 
these alloys an equilibrium diagram which is repro- 
duced in Fig. 3. The metallographic data upon which 
this diagram is based are so complete and have been’ 
so carefully determined that there can be no reason- 
able doubt of its validity, which has been further con- 
firmed by a Japanese worker, Tanabe, using entirely 
different methods. ; 

The portion of this diagram which is of particular 
interest in the present connection centres around a 
triangular area marked with the letter 8. In this 
region of temperature and concentration the alloys, 
when equilibrium has been attained, consist of a single 
homogeneous solid solution. If they are kept at this 


* See ENGINEERING, vol. cxiv, p. 394. 3 
+ See ENGINEERING, vol. exili, pp. 319, 538, 666. 
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temperature for a sufficient length of time and then 
quenched, and immediately examined microscopically, 
they are found to consist of an aggregate of simple 
polyhedral crystals. This microstructure is illus- 
trated in Fig. 4, which has been obtained by very 
rapidly polishing the quenched specimen so that it 
could be etched 14 minutes after quenching. If, on 
the other hand, such an alloy be cooled slowly, and 
particularly if its composition correspond with the 
lowest point of the triangular area in question, it 
exhibits a structure which is indistinguishable from 
the pearlite of carbon steel. This is shown in Fig. 5; 
as the diagram shows, we are here dealing with a 
typical eutectoid in every way analogous to pearlite 
itself, and the striking correspondence of the micro- 


structure is a remarkable confirmation of this view. 


Fie. 4. Au-Zn. 14 Minutes Arrar 
QUENCHING. 


We havejhere, however, a case in which a super- 
saturated solid solution can be obtained by quenching 
from a suitable temperature, and if this supersaturated 
solid solution can subsequently be decomposed in a 
suitable manner, hardening should be anticipated. 
Actually, it is found that at the ordinary temperature 
the quenched supersaturated solid solution rapidly 
decomposes. If this process be studied under the 
microscope, a series of structures is found recalling in 
many respects the troostite and sorbite of carbon 
steel. Accompanying this is found first a rapid 
hardening followed by a gradual softening. ‘These 
phenomena are well illustrated in Figs. 6 and 7, which 
represent the microstructures of transition stages, and 
in Figs. 8 and 9, which give time-hardness and time- 
temperature curves on specimens of these alloys taken 
immediately after quenching. 

Fig. 8 shows that the hardness rises rapidly at first and 
then gradually falls. This series of changes is accom- 
panied by a marked evolution of heat. 
of the general theory which has been outlined above, 
these phenomena can. be readily explained. The super- 
saturated solid solution in this case at the ordinary 
temperature is too near its transformation temperature 


to remain in a metastable state, even for a short time. | 


Consequently, the precipitation of the supersaturated 
solid solution, or rather in this case the breaking up 
of the metastable quenched 8 phase into the a and y 
phases of the aluminium-zinc system, immediately 
commences. The first stage of this separation results 
in the formation, probably simultaneously, of very 
minute crystallites of a and y in a state of extremely 
fine division. Such a structure brings with it a con- 
siderable increase in hardness. Were it possible to 
chill the alloys, as, for mstance, in liquid air, at the 
precise moment when they have reached their maximum 
hardness, there is every reason to believe that they 
would retain this hardness so long as they were main- 
tained at a sufficiently low temperature. Actually, 
the experiment has been tried of chilling the alloys 
immediately after quenching, and in that case no 
hardening occurs. The subsequent changes which 
the alloys undergo can be readily explained in view of 
the successive microstructures which are observed. 
The very finely divided a and y phases coalesce into 
particles of increasing size with consequent diminution | 
in hardness and a simultaneous evolution of heat. 
Ultimately, when the process has gone far enough, the 
hardness of the alloy is reduced very nearly to that of 
the original quenched solid solution. It will be evident 


On the basis | 


ness has been reached in these alloys are exactly 
analogous with the tempering of hardened carbon steel. 
Indeed, the whole of the phenomena, particularly in 
this system, are so closely analogous with those which 
are observed in steel that it is difficult to doubt that 
the same explanation is applicable to both. 

The observations and inferences which have just 
been described with regard to non-ferrous alloys lead to 
the general view that hardening is the result of the 
breakdown of a supersaturated or unstable solid 
solution, such a supersaturated solution being obtained 
as a rule as the result of quenching. The question 
arises whether this general explanation of hardening is 
applicable to the special case of iron-carbon and alloy 
steels. There seems to be little difficulty in interpreting 


the phenomena which occur in steel in the light of 
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these views. Actually, the analogy is so close that it 
appears to need little elaboration, but there are one or 
two outstanding points of difficulty which require 
consideration. In the first place, the hardening of a 
quenched carbon steel occurs during quenching and 
not subsequently by any such process as age-hardening. 
Actually, it has been shown that there are changes which 
occur in quenched carbon steels even at the ordinary 
temperature, and Hadfield and Brusch have shown that 
there is a gradual evolution of heat in a fully hardened 
carbon steel, thus completing the analogy with the 
quenched aluminium-zine alloys just described. The 
fact, however, that a quenched carbon steel is fully 
hard as soon as it is cold, points to a factor which 
requires full consideration when comparisons are made 
between different metals and alloys in regard to such a 
matter. The exact behaviour of any particular alloy 


at once that changes which occur after maximum hard- 


when quenched and subsequently held at a constant 


temperature must depend upon two factors. The 
first of these is the rapidity with which transformations 
or reactions occur in the metal, while the second is the 
relative position on the temperature scale of the tem- 
perature at which the alloy is held after quenching. 
In the case of the aluminium-zinc alloys, room tempera- 
ture is only some 240 deg. C. below the transformation 
temperature and only some 450 deg. C. below the 
temperature of complete fusion. In the case of the 
aluminium-silicon-magnesium alloys, the transforma- 
tion temperature is considerably higher than in the 
aluminium-zine alloys, while the fusing temperature is 
also somewhat higher. In the case of a copper-iron 
alloy the ordinary temperature is very far below the 
melting point, and this is still more so in regard to iron 
and steel. We should therefore anticipate, as is 
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actually the case, that while in the aluminium-zine 
alloys transformations at the ordinary temperature 
are very rapid, they are markedly less rapid in the 
aluminium-silicon-magnesium system, still less rapid 
in the copper-iron, and slowest of all in the iron-carbon 
system. Put in another way, one may regard various 
alloy systems as having “‘ equivalent temperatures ” 
at which the behaviour is analogous. It is therefore 
not surprising to find that in the aluminium-zine alloys, 
for instance, tempering after hardening takes place at 
the ordinary temperature, while in iron-carbon steel 
temperatures from 350 to 500 or 600 deg. C. are required 
to bring about corresponding changes. 

The fact that quenched carbon steels are fully 
hardened as soon as they are cold is a direct consequence 
of the well-known fact that it is impossible in straight 
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carbon steels to retain the alloy in the form of a homo- 
geneous solid solution (austenite) by quenching, 
however vigorous. Expressed in terms of the views 
here described, this simply means that decomposition 
of the supersaturated or metastable solid solution 
oceurs during the actual cooling process in the quenching 
operation itself. The validity of this view is confirmed 
by the fact that in the presence of suitable quantities 
of manganese or nickel, steels can be obtained in a fully 
austenitic condition by quenching, and that when thus 
retained in a state of homogeneous solid solution they 
are not hard. Further, such austenitic steels, if they 
are of precisely suitable composition, can be subse- 
quently hardened or converted into the martensitic 
condition by raising their temperature, while further 
rise of temperature or prolonged exposure to heat 
results in tempering and again softening them. 

Tf the explanation which has been found so clearly 
and readily applicable to the non-ferrous alloys also 
applies to the alloys of iron, the hardening of steel must 
be ascribed to the breakdown of the y-iron solid solution 
{austenite) either by the deposition of a dissolved phase 
in a finely divided condition, or by the .simultaneous 
formation of two phases also in a very finely divided 
state. Fully hardened steel would therefore consist 
of extremely minute but crystalline particles of a-iron 
and cementite in an excessively fine state of division. 
Such a state implies the existence in the material of a 
very large amount of intercrystalline boundaries. 
Whatever the nature of this boundary may be, there 
can be no doubt that an extremely fine aggregate of this 
kind must present enormous resistance to plastic 
deformation by any such process as slip. We have 
here the explanation, possibly, of the very much 
greater hardness which is obtainable in hardened steel 
as compared with the non-ferrous alloys of which we 
have spoken above. In the alloys of the Duralumin 
type, for example, we have in the usual hardened con- 
dition fairly large crystals of aluminium solid solution 
through which is dispersed a quantity of the compound 
Mg,Si in an exceedingly fine state of division. The 
presence of an enormous number of these minute 
particles of a foreign body in the aluminium crystals 
must severely disturb their internal structure and 
interfere to a considerable extent with their ability to 
undergo plastic deformation by slip. It does not, 
however, by any means entirely destroy the mechanism 
of slip in these crystals, so that the resulting materials, 
although very much harder than in the annealed con- 
dition, are still appreciably ductile. By special treat- 
ment (prolonged heating at 200 deg. C.) the hardening 
can be carried further, until ductility almost disappears, 
but even then the degree of hardening is still much 
smaller than in steel. In an alloy of this kind complete 
hardening is not obtainable, because the maximum 
amounts of magnesium and silicon which can be held 
in solid solution do not yield a sufficient quantity of 
precipitated material after hardening, entirely to 
disrupt and destroy the crystal structure of the 
aluminium matrix. In the case of the iron-carbon 
alloys a different state of affairs prevails. Here the 
whole of the y-iron solid solution undergoes transforma- 
tion, and the simultaneous formation of minute 
crystallites of ferrite and cementite, possibly still more 
or less entangled with vestiges of the original y-iron 
structure, results in a constitution in which a slip 
mechanism on any reasonable scale cannot exist. If 
such a structure is tempered—that is, if the particles 
are allowed to increase in size while they decrease in 
number—there will be a gradual reconstitution of a 
slip mechanism, at any rate in the ferrite crystals of the 
mixture, with the result that after a time an appreciable 
amount of slip mechanism can re-establish itself, so 
that we have with decreasing hardness an increasing 
degree of toughness and even of ductility. 

On the basis of the views just explained, fully 
hardened steel (martensite) consists of a mixture of 
excessively finely divided ferrite and cementite. Such 
a structure is in accordance with the fact that steel 
in this condition is magnetic, and that under X-ray 
analysis it shows the atomic structure of ferrite. 
Without going into full details, it may be suggested 
that the majority of the properties of hardened steel 
can be readily accounted for by such a structure and 
constitution. There is, however, one outstanding 
feature in the microstructure of hardened steel which 
is not immediately accounted for by the explanation 
here put forward. This is the well-known acicular 
In none of the non-ferrous 
alloys which have been studied in this connection has 
any closely analogous structure been observed. On the 
other hand, structures very similar to the needles of 
martensite can be found in other metals, which, while 
they do not appear to be capable of hardening, yet 
undergo allotropic transformations. Certain features 
which have been observed in the microstructure of 
cadmium by Jenkins, working at the National Physical 
Laboratory,\show astriking resemblance to martensite, 
and are undeniably associated with the allotropic 
transformations of cadmium. At the same time, it 


may be pointed out that martensite having a well- 
marked acicular structure is not necessarily hard. In 
steels of quite low carbon content, which undergo no 
appreciable degree of hardening as the result of quench- 
ing, a well-marked martensitic structure is often 
developed, so that the connection between a marten- 
sitic structure and extreme hardness is perhaps rather 
accidental than causative. If the indications from the 
analogy of other metals can be trusted, one would be 
led to regard the acicular structure of martensite as 
associated primarily with the allotropic transformation 
of iron and only indirectly connected with the harden- 
ing process itself. 

The explanation of the hardening of steel which has 
been put forward in the present paper has already 
been summarised in the words: ‘* Hardening is due 
to the decomposition of a supersaturated or metastable 
solid solution obtained by quenching, such decomposi- 
tion resulting in the production of a very large number 
of minute crystallites of one or more phases, either 
constituting the whole of the hardened material or 
scattered through a crystalline matrix.” That a 
structure of this kind should possess, in some cases, an 
extreme degree of hardness is readily understood, since 
the softness and plasticity of metals in their ordinary 
condition are known to be due to the possibility of 
plastic deformation by a mechanism of internal slip 
in the crystals. Any disturbance of the regular 
crystalline arrangement results in a corresponding 
increase of resistance to slip, and therefore increase of 
hardness. If the disturbance of the structure be 
carried to the point where the slip mechanism is entirely 
destroyed or\its functioning is eliminated, complete 
hardening results, and the degree of hardening in a 
given case will depend, in the first place, upon the 
exact extent to which the slip mechanism is disturbed, 
and in the second place, upon the actual cohesive 
strength of the metal in question. In hardened steel, 
both factors operate to produce maximum hardness. 
Tron itself, although very soft and ductile when in the 
pure state, possesses a high degree of cohesion ; further, 
the simultaneous formation of a-iron and cementite 
during the decomposition of y-iron, as a result of the 
allotropic transformation of the iron itself, brings 
about a structural arrangement most completely pre- 
venting the occurrence of plastic deformation by slip. 

The relation of this view to earlier theories of the 
hardening of steel may be of some interest. It will 
be seen that the part played both by allotropic trans- 
formation and by carbon is fully recognised, since the 
allotropic transformation gives rise to the sudden 
change in solid solubility, while the presence of carbon 
is necessary to furnish one of the two decomposition 
products of the solid solution. In one aspect also the 
present view is closely connected with the so-called 
amorphous theory of hardened steel suggested by the 
present writer in 1914. The kind of disturbance of 
the crystal structure of a solid solution, which is pro- 
duced by the formation in it of minute crystallites of a 
deposited phase, may be described as rendering the 
substance more or less completely amorphous in the 
immediate vicinity of each of these crystals. One of 
the main features of the amorphous state is the very 
absence of slip mechanism, which in the present view 
is regarded as being essential to hardness. 


ON THE NATURE OF HIGH-SPEED STEEL.* 


By Marcus A. GrossMANN and Ep@ar C. Bain 
(Dunkirk, N.Y., U.S.A.). 


(Concluded from page 348.) 


Carbides in High-speed Steel.—lt seemed desirable 
to secure some data as to the extent to which the 
various chemical elements in high-speed. steel enter 
into the reactions involved in heat treatment. It 
was believed that if a piece of high-speed steel were 
quenched at a high temperature and then dissolved 
in a suitable chemical reagent, the alloying elements 
which had dissolved in the y-iron or had remained in 
a-iron would go into solution in the liquid, while any 
residual carbides found would represent carbides still 
undissolved in the y-iron phase after the heating of 
the steel for quenching. In the same way, the re- 
formation of carbides on drawing would ultimately 
lead to the formation of granules of such size as to 
resist chemical attack. 

It is obvious that there is no justification for believing 
that the electro-chemical actions correspond quanti- 
tatively with the states of solution and precipitation of 
carbides in the steel. Indeed, it is altogether probable 
that, in the case of at least some of the carbides, the 
reagent can attack and decompose them the more readily 
as the size of the crystal aggregate becomes smaller 
and approaches molecular proportions. However, it is 
believed that the data presented give a good indication 
of the changes on going into solution as the quenching 
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temperature is raised, and it may be assumed with 
safety that the general trend at least is as indicated for 
the drawing temperatures. 

An electrolytic method for solution of the heat- 
treated specimens proved to be very convenient. The 
specimen was made the anode in a small electrolytic 
cell of about 1 litre capacity, using an electrolyte of 
1:10 hydrochloric acid, and a copper cathode. A 
weighed specimen was electrolysed with a current of 
about 0-3 ampere for about 100 hours, changing the 
electrolyte at intervals of about 24 hours. Upon com- 
pletion of the attack the still-undissolved stub was 
weighed, giving by difference the weight of steel 
destroyed. The ‘“ carbide residue ’’ was filtered in an 
alundum crucible, dried and weighed. Although this 
did not represent the weight of true carbide residue 
from the steel (due to an intervening fact to be dis- 
cussed later), the true carbide was easily estimated by a 
further procedure. 

The steel selected for this series of tests had the 
following composition: carbon, 0:70 per cent. ; 
tungsten, 18-50 per cent. ; chromium, 4-17 per cent. ; 
vanadium, 1-11] per cent. 

The steel, in the form of commercial annealed 
3-in. square bars, was cut into pieces about 4 in. long. 
A series of these pieces was hardened after the usual 
manner of high-speed tools. They were quenched from 
a gas-fired furnace into oil; the reheating at the low 
temperatures was done in oil and at the higher tem- 
peratures in an electric *‘ oven.” 

A group was heated at each of the following tempera- 
tures: 1,700, 1,900, 2,000, 2,100, 2,200, 2,300, 2,350, 
2,400 deg. F. (926, 1,038, 1,093, 1,150, 1,205, 1,260, 
1,288, 1,310 deg. C.), and quenched into oil. From 
each group one specimen was kept as quenched, and 
one was reheated to each of the following drawing 
temperatures: 300, 500, 700, 900, 1,100, 1,200, 
1,300 deg. F. (150, 260, 390, 482, 593, 648, 705 deg. C.). 
There were thus 64 specimens in all. As a matter of 
incidental interest, the specimens, after heat treatment, 
were tested for Rockwell hardness. 

The specimens were then subjected to the above 
electrolytic solution process. It was observed early 
that the specimens which had been quenched at the 
highest temperatures and had not been drawn showed 
a very considerable precipitate of tungstic oxide in the 
electrolytic cell, along with the true carbide residue. 
This appeared to have the possible significant inter- 
pretation that the tungsten carbide, when dissolved in 
the iron, went into solution atomically and not as a 
compound. It can, of course, be argued that tungsten 
carbide, if in solution in iron molecularly, would be 
subject to the same attack, because of the extreme 
minuteness of the crystal aggregate. However, the 
phenomenon is considered worthy of attention, 
especially because the amount of tungstic acid varies in 
close conformity with the heat treatment. 

The carbides were analysed for total carbon, tungsten, 
chromium, and vanadium. Portions were also treated 
with ammonia and filtered, in order to determine in 
the filtrate the amount of tungstic oxide present with 
the carbide, as explained above. From these analytical 
data, and from the weights of carbide found un- 
dissolved, it was possible to compute the amounts of 
the elements which had been dissolved in the steel on 
quenching, and to discover the trend of their precipita- 
tion on drawing. 

Analyses of the carbide in annealed steel gave the 
following probable average :—carbon, 2-3, chromium 
6-3, tungsten 61-0, vanadium 3-6, iron (by difference) 
26-8 per cent. 

The amount of the carbide and its composition indicate 
that approximately all of the carbon, all of the tungsten, 
and all of the vanadium are in the form of carbide in 
the annealed steel; but it is interesting to note that 
only about half of the total chromium is in the carbide. 
Annealed high-speed steel, then, may be considered to 
consist of about 70 per cent. (by weight) solid solution 
of chromium in a-iron,. and 30 per cent. complex 
carbide. 

Of the maximum 30 per cent. carbide content, the 
most dissolved in any quench was about 13 per cent. 
Judging from the appearance of material A, it is 
conceivable that by heating the steel for a long time 
just below incipient fusion to secure rather complete 
diffusion of the carbide, it would be possible to dissolve 
about 20 per cent. carbide, leaving about 10 per cent. 
residual. The presence of eutectic in material A, 
which was solidified with such extreme slowness, 
precludes the probability that the carbide would be 
dissolved by any treatment. The solubility of the 
elements increases rather rapidly as the steel is heated 
in the higher ranges of temperature. On drawing these 
quenched specimens, the precipitation and re-formation 
of carbides leads to a gradual increase in the amount of 
“‘yesidual carbide.” The analyses, after drawing, 
cannot be considered to represent accurately the 
amount of precipitated carbide, because the freshly 
formed carbide would in many cases be in such a fine 
state of aggregation as to be susceptible to electro- 
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chemical attack, and even though unattacked would be 
of colloidal size and pass through the filter. 

The atomic percentage of the elements carbon, 
tungsten, chromium, and vanadium in solution, after 
quenching from 2,300 deg. F. (1,260 deg. C.), and 
followed by various draws, point to a most striking fact, 
namely, the relatively large amount of chromium in 
solution as compared with all the other elements. 
This follows not only from the lower atomic weight 
of chromium as compared with tungsten, but also from 
the fact that half the total chromium is already in 
solid solution in the annealed state. Unlike carbon, 
chromium is soluble in a-iron to a great extent. 

Approximately the same relation among the elements 
is observed at all the different quenches, although, of 
course, the absolute amounts vary greatly. 

Table I gives both in atomic percentages and in 
weight percentages the amounts of the elements in 
solution after successively higher quenches. Table II 
gives in similar units the amounts in solution after 
quenching at 2,300 deg. F. (1,260 deg. C.) and subse- 


them, the excess carbide particles that were not 
dissolved. A light etching reveals only the austenite 
grains and the excess carbide particles, but suitable 
further etching shows the martensite to be present 
very definitely. The relative proportions of martensite 
and preserved austenite undoubtedly vary from place 
to place, following the variations in concentration of 
the carbide. The regions lower in carbide would 
contain more martensite, and those richer in carbide 
more austenite. A piece of freshly-quenched high-speed 
steel is thus to be conceived as containing regions of 
austenite-martensite mixtures of widely varying 
stability. Perhaps over half of the steel, other than 
carbide, is austenitic after the quench. 

These differences in stability also become noticeable 
on drawing the quenched steel. We have seen that a 
saturated austenite shows great stability on drawing, as 
evidenced both by the retention of hardness and by the 
lack of changein volume. But the austenite in ordinary 
quenched high-speed steel is not all saturated, and 
there are many regions where the concentration of 


quently drawing at the temperatures stated. carbide is much less than the saturation value. It is 
TABLE I.—PERcENTAGES OF TUNGSTEN IN SOLUTION AFTER VARIOUS HEAT TREATMENTS. 
No. 300 deg. F. | 500 deg. F. | 700 deg. F. | 900 deg. F, | 1,100 deg. F. 
Drawing Temperature. Draw. (150 deg. C.).| (260 deg. C.),| (890 deg. C.).| (482 deg. C.).| (595 deg. C.). 
\ 
Quenching 
Temperature, 
1,900 deg. F. ..| Weight per cent... 2-74 2-24 1:95 2-20 2°20 1°75 
(1,038 deg. C.) Atom a 5 0:92 0-76 0-66 0:74 0-74 0-59 
2,100 deg. F. Weight per cent... 4-75 8°75 3-50 2-70 3-18 2-95 
(1,148 deg. C.) Atom rT 1-60 1:26 1-18 0-91 1-07 0-99 
2,200 deg. F. ..| Weight per cent... 5°58 5°45 5-32 3°55 4-30 3°56 
(1,205 deg. C.) Atom vs : 1-88 1-84 1-79 1-20 1-45 1-20 
2,300 deg. F, Weight per cent... 8-20 7-33 7°02 6-88 6:28 4-20 
(1,260 deg. C.) Atom = C 2°77 2°48 2°37 2°32 2°12 1-41 
TABLE II.—PerRcentaGEes oF THE ELEMENTS IN SOLUTION AFTER QUENCHING FROM 2,300 DEG. F. 
(1,260 Dea. C.) AND THEN Drawine at Various TEMPERATURES. 
Alloying 
Element. 

Carbon Weight per cent... 0-24 0-19 0-11 0-19 0-18 0-16 
Atom NG ‘ 1-24 0-98 0-57 0:98 0:93 0-82 
Chromium Weight per cent... 3°31 3°35 3-30 3°33 3-18 2°85 
Atom A : 3-95 4-00 3-94 3:97 3°79 3-40 
Tungsten. . Weight per cent... 8:20 7°33 7-02 6-88 6-28 4-20 
Atom ag 0 2:77 2-48 2-37 2°32 2°12 1-41 
Vanadium Weight per cent... 0-62 0-61 0-60 0-58 0-46 0:35 
Atom A : 0:76 0-74 0:73 0-71 0:56 0-43 


The Hardening of High-speed Steel—It would seem 
desirable, finally, to consider the mechanism of the 
hardening of a piece of finished high-speed steel. 

High-speed steel, as has been seen, may be con- 
sidered, for a first approximation, essentially a binary 
alloy, of which one constituent is a solid solution of 
chromium in iron, and the other the complex carbide 
of high-speed steel. The finished bar contains on an 
average 30 per cent. carbide, but this carbide is not 
evenly distributed. A little more than half of it is 
in the form of fine particles which have been precipitated 
from solid solution after the material solidified. Due 
to coring in the original dendrites, which has not been 
completely removed, there is a concentration-gradient 
from the centres to the edges of these areas which 
represent the original grains. The remainder of the 
carbide is in comparatively coarse particles, which 
represent the plates of carbide in the original eutectic. 
These are still present in fairly pronounced streaks 
throughout the piece. Consider this steel aggregate 
to be heated now to the usual quenching temperature 
for high-speed steel. The solubility of the carbide 
in the y-iron increases rapidly as the temperature 
rises, so that at the highest temperature nearly half 
of the total carbide can be dissolved in the matrix. 
But owing to the immobility (the sluggishness of 
diffusion) of the alloying elements, especially the 
tungsten, there is formed an austenite whose homo- 
geneity can never be much better than that of the 
annealed steel from which it formed. In addition, 
the fortuitous placing of the larger carbide particles 
from the original eutectic, causes small regional con- 
centration gradients, which interfere further with the 
homogeneity of the austenite. 

It is to be observed here that the particles of excess 
carbide exercise a very useful function in preventing 
grain growth at this high temperature. But for the 
obstructing action of these sluggish particles of excess 
carbide, grain growth at the high temperatures used 
for high-speed steel would be so rapid as to render the 
steel useless because of brittleness. 

Having been heated suitably at the high temperature 
the steel is now quenched. In this quenching process 
a portion of the austenite is transformed to martensite, 
so that freshly-quenched high-speed steel shows, under 
the microscope, grains consisting of a mixture of 
austenite and martensite, and, distributed through 


probably in these regions of lower concentration that 
the softening takes place which is observed in high- 
speed steel on drawing at low temperatures. These 
regions are predominantly martensitic, and on drawing 
at low temperatures the martensite decomposes and 
softens. Such low-alloy martensite resembles carbon 
steel martensite. The decomposition of this martensite 
can be traced both in the hardness and in the shrinkage, 
for we have seen that saturated austenite (material A), 
having very little martensite, retained both its hardness 
and its original volume on reheating as high as 900 
deg. I’. (480 deg. C.), whereas ordinary high-speed steel 
both softens and shrinks on being drawn in this lower 
range of temperature. 

When the steel is now drawn at about 1,100 deg. F. 
(595 deg. C.) the phenomenon of secondary hardness is 
observed. The austenite regions are transformed, at 
least to a considerable extent, to martensite or troostite. 
The reaction takes place in all regions throughout the 
piece, although those with a lesser proportion of aus- 
tenite (lower concentration of carbide) transform a 
little more readily and therefore at a slightly lower 
temperature than do the richer areas. The total effec- 
tive hardening at 1,100 deg. F. (593 deg. C.) may be 
considered as representing the “algebraical sum ”’ 
of the hardening effect of the transformation of the 
varied austenite and the softening of the various 
martensites. 

It is well to emphasise at this point that the pheno- 
menon of secondary hardness is by no means restricted 
to high-speed steel; and it is necessary to distinguish 
between secondary hardness and red-hardness. The 
retention of austenite on quenching is characteristic 
of many alloy steels on heating to sufficiently high 
temperatures. When such an austenite is reheated to 
low temperatures, secondary hardening sets in owing 
to the formation of sub-microscopic grains of a-iron and 
the precipitation of fine carbide particles. It is likely 
that if the tungsten in high-speed steel were omitted 
altogether the remaining elements alone would suffice 
to cause the retention of austenite and the appearance 
of secondary hardening. 

The usefulness of high-speed steel is due, however, 
to the extent to which it exhibits the property of red- 
hardness, and it is here that tungsten plays its réle. 
The large, heavy, immobile atoms of tungsten act by 
supporting the structure at these slightly elevated 
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temperatures. Obviously, if the carbide elements— 
particularly tungsten—can migrate through the mar- 
tensite to form large spheroids of carbide, then the 
source of hardness is lost. In steels with low alloy 
content this diffusion does occur, but the conclisiaa 
may be drawn that the tungsten atom is still too 

immobile even at a dull red temperature to diffuse 
through the distorted a-iron lattice so as to form — 
the large carbide particles characteristic of annealed | 


ee 


steel. 

Conclusions.—1. High-speed steel solidifies very 
much after the manner of a 2 per cent. carbon white 
cast-iron, in which cementite is replaced by a complex 
carbide. It is outstandingly hyper-eutectoid. 

2. The coring of the original dendrites, and the 
concentration of carbide at the eutectic regions, 
contribute to a lack of desirable homogeneity, which is — 
then obtained only with the utmost difficulty, and — 
rarely with completeness. 

3. The original eutectic areas, which form the 
familiar carbide envelopes, break down readily, owing — 
to their weak structure. Although these carbides 
are never present in very large solid grains, their 
original close association in islands makes thorough — 
redistribution in the subsequent working difficult. 

4, The martensite present in ordinary newly quenched 
high-speed steel is more difficult to recognise because 
small concentration gradients disturb the homogeneity — 
of the original austenite grains. These concentration 
gradients are due to the coring of the original dendrites, — 
and to the accidental placing of eutectic carbide particles 
throughout the mass. 

5. The austenite formed in quenching high-speed 
steel, far from being decomposed completely on 
reheating at 1,100 deg. F (595 deg. C.), may to some 
slight extent persist even past 1,400 deg. F. (760 deg. C.). 

6. High-speed steel contains about 30 per cent. 
by weight of complex carbide. In the annealed steel, 
approximately all the carbon, tungsten, and vanadium 
is found in the “‘ carbide,” together with about half 
of the chromium. Except in drill rods of high-speed 
steel there are distinctly two sizes of carbide particles, 
the fragments of the eutectic and the reprecipitated 
globules. 

7. Under average hardening conditions somewhat 
less than half of this carbide is dissolved in the matrix 
on heating for quenching. Heating for a long time 
so as to approximate equilibrium conditions might 
possibly cause as much as two-thirds of the carbide 
to go into solution. 

8. The solution of the carbides on heating begins 
at comparatively low temperatures and continues in 
a manner that would correspond with a modified Aun 
line. ; 

9. Hardening of high-speed steel is brought about 
by dissolving as much of the carbide forming elements 
as possible in 6-iron, and then reheating to form the 
hardest possible combination of martensite and 
submicroscopic carbide particles. The high tempera- 
ture required for producing the rich austenite is not 
disastrous to grain size due to the obstruction offered 
by the residual carbide. The hardness is persistent 
at high temperatures as a result of the outstanding 
property of the alloy—the low rate of diffusion of the 
carbide elements. 


Pretrrou.—lt is interesting to note that just 21 years 
ago cargoes of petrol in bulk commenced to arrive in 
this country, and the transport and distribution in 
bulk has had a great influence in the development of 
motoring. From 33,000 tons in 1903 the import had 
increased to 402,000 by 1914, and the impetus given 
by the war during 1914—1918—an increase of 50 per cent. 
from the first to the last—pales into insignificance 
beside the somewhat unexpected increase in annual 
consumption from 597,000 in 1919 to 1,341,000 tons 
in 1923. These figures show that by the end of the 
first decade imports increased tenfold, whilst during 
the next decade another fourfold increase had taken 
place. 


TREASURY CONTRIBUTIONS TOWARDS NEW EMPIRE 
Worxs.—A memorandum has now been issued for the 
guidance of applications for grants under Section IT of 
the Trade Facilities Act, 1924. This, subject to certain 
conditions, makes possible a contribution by the Treasury 
of an amount not exceeding three-quarters of the interest 
payable in the first five years of the currency of a loan 
raised in the United Kingdom on behalf of any public 
utility in any part of His Majesty’s Dominions. Contri- 
butions are only to be made to the Dominion concerned, 
and the capital sum on which they are based will be 
limited to the cost of materials to be purchased and 
manufactured in the United Kingdom. Details of the 
scheme and of its economic justification must be pro- 
vided. Evidence must also be given that the scheme can 
be financed and that the prices are reasonable. When 
technical advice is required by the committee set up 
to deal with grants, the cost of obtaining the advice must 
be met by the applicant. Not more than 1,000,0001. 
can be granted in any year, or 5,000,000/. in all, under 
the scheme, and applications must be made to the 
secretary of the committee, at the Trade Facilites Act 
offices, 3, Bank Buildings, Princes-street, London, E.C, 4. 
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“ ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
SELECTED ABSTRAOTS OF REGENT PUBLISHED 


SPEOIFIOATIONS UNDER THE AOTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

wanch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


213,655. R. J. P. Briggs, London, H. S. Newman, 
Hanley, and Bullers, Limited, London. Insulators. (2 Figs.) 
December 30, 1922.—The invention is for improvements in 
insulators for supporting high-tension transmission cables. 
According to the invention, an insulator intended for supporting 
a high-tension transmission conductor is of the kind in which 
the body of the insulating material is tubular and in mechanical 
tension when the insulator is in the line, which insulator com- 
prises a hollow cylindrical body 1 having a bore 2 running through- 
‘out its length, and two flanges 3, commonly known as “ sheds,” 
so disposed apart upon the cylindrical portion of the insulator 
as to leave a projecting portion 4 at each end. The open ends of 
the projecting portions 4 are closed by means of thin metal discs 


5 which are swaged over the ends thereof. A metal cap 6 is 
secured around each of the end portions 4 by means of a filling 
of cement. The metal caps are provided at their outer ends with 
sockets 9, one of which co-operates with means for supporting 
the power-transmission-cable and the other of which is provided 
with means for supporting the insulator itself. In the con- 
struction illustrated, the diameters of the sheds, the distance 
between the inner ends of the metal cups and the length of the 
pore 2 are so electrically balanced that should sparking-over occur, 
it would take place outside the insulator body in preference to 
inside the bore 2, i.c., the shortest electrical path is arranged 
to lie between the inner edges of the metal caps outside the 
insulator. (Sealed.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


213,445. Swan, Hunter and Wigham Richardson, 
Limited, Walker, Newcastle-on-Tyne, and P. Belyavin, 
Jesmond, Newcastle-on-Tyne. Pistons. (2 Figs.) April 19, 
1923.—The invention relates to the pistons of large internal- 
combustion engines in which difficulties commonly arise 9on 
account of the unequal distribution of temperature causing 
stresses which may give rise to cracks in the surface exposed to the 
hot gases. To overcome these difficulties in accordance with the 
present inyention, the central portion of the piston is made in the 
form of a block B and is mounted within an outer water-cooled 


portion A, a slight clearance being left between the surface of 
the block and the water-cooled wall. There is interposed between 
the central block B and the surrounding cooled wall a number 
of expanding rings ©, conducting heat from the uncooled central 
portion B to the cooled outer portion. The central piston block 
B is, therefore, cooled by the conduction through the expanding 
tings ©, which permit of free expansion and contraction of the 
block, while providing efficient heat ‘conduction through the 
metal expanding rings so that the temperature of the block is 
prevented from becoming excessive. (Accepted April 9, 1924.) 


213,322. W. Newbery, Altrincham. Sleeve-Valve 
Internal-Combustion Engines. (3 Jigs.) December 22, 
1922.—The invention refers to four-cycle single sleeve-valve 
internal-combustion engines, and relates to engines of the kind 
embodying a cylinder and sleeve valve with exhaust and inlet 
ports at opposite ends, the exhaust port or ports being furthest 
from the engine crank. According to the invention,*the engine 
cylinder a and the sleeve valve 6 are provided with inlet ports a1, 
b1 in the cylinder and sleeve valve, respectively, and exhaust 
pore a2, b2, the exhaust port or ports being at the end furthest 

om the engine crank and the inlet port or ports at the end 
nearest the crank. The ports al, a2 in the cylinder lie at a 
slightly less distance apart than the ports 61, 62 in the sleeve 
valve and preferably extend a greater distance around the 
_ cylinder and sleeve than usual, while also, if desired, being narrower 

than usual. In addition to the gas-inlet ports a1, 61, there may 
be supplementary inlet ports in the cylinder and sleeve valve, 


respectively, which lie at a different angular position from 
the main inlet ports al, b1, and are uncovered slightly in advance 
of the main inlet ports. Both the main and supplementary 
inlet ports may admit gas, or one gas and the other air. The 
usual eccentric j for moving the sleeve to cover and uncover the 
ports, instead of being arranged with its connecting rod ¢ pointing 
away from the crankshaft, is arranged the reverse way, t.e., with the 
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rod extending towards the crankshaft. The effect¥,of thus 
reversing the eccentric and its rod is to cause the sleeve to 
uncover the ports for a longer period and thereby allow of a 
greater discharge of the exhaust and a larger admission of the 
incoming charge for given movements of the engine crank than 
when ae eccentric and rod are arranged in the usual manner. 
(Sealed. 


213,646. S. H. Attwood, Lincoln, and Ruston and 
Hornsby, Limited, Lincoln. Force-Feed Lubricating 
Systems. (2 Figs.) December 27, 1922.—The invention relates 
to force-feed lubricating systems for high-speed internal-combus- 
tion engines. The lubricant in the crankcase a passes through 
a filter b into a sump ce containing a gear pump d. The gear 
pump d is driven from the camshaft e. The oil from the pump 
is delivered through concentric filters 7, m contained in a tubular 
chamber which connects the pump proper with a casing 7, to 
a distributing chamber o at the top of the filters, from which 
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passages lead to conduits g for distributing the oil to the parts 
requiring lubrication. The casing 7 is fitted at the top of the 
crankcase in a socket s of cylindrical form which carries the 
conduits g. An annular channel ¢ is formed in the exterior of 
the casing r and is in free communication with the interior of 
the crankcase 7 and through axially directed channels wu, so 
that any lubricant which is forced above the level of the delivery 
passage over the exterior surface of the casing r will enter the 
channel ¢ which at once directs it back to the crankcase. 
(Sealed.) 


213,710. F. Reynolds, Walkerville, Newcastle-on- 
Tyne, and The Thermal Syndicate, Limited, Wallsend- 
on-Tyne. Sparking Plugs. (3 Figs.) January 22, 1923.— 
The invention relates to sparking plugs for internal-combustion 
engines in which the insulator surrounding the metal electrode 
is formed of fused silica. According to the invention, the insulator 
consists of a tube 5 of silica of very small diameter compared 
to the internal diameter of the casing 3. In the lower end of 
the insulator 5 a short length of platinum wire 22 is inserted 
forming the sparking electrode and is connected to another wire 
of less expensive material extending through the tube and elec- 
trically connected to the terminal 7 of the plug. Near each end 
of the tube a small collar 16, 17 is formed, each adapted to engage 
under spring pressure with a fixed metallic washer 15, 18. The 
washers and collars are suitably coned at their engaging surfaces, 
the washers 15, 18 being passed over the tube before the collars 
16, 17 are formed on the latter. The lower cone 17 has the 
larger dimensions downward and the upper cone 16 its larger 
dimensions upwards. The washer 18 is held against the body 
of the plug by a gland nut 1, and a gas-tight joint is provided 
by the contact surfaces of the collar and washer. The upper 
Washer 15 is supported by a metallic cradle 14 within the body 
3 of the plug. The cradle 14 is secured to a screw-threaded 
metallic rod 13 passing through a washer 10 inserted between 
the body 3 and an insulating cap 4 screwed thereon; a nut 
and a washer 12 engage the rod 13, and between the washers is 
inserted a spring 11 which draws the rod 13 and cradle 14 upwards 


against the top collar 16 of the tube and the lower collar 17 of 
the tube against its flxed washer. Owing to the small area of 
the bearing surfaces, the explosion and suction pressures are both 
reduced to a minimum and the force exerted by the spring 
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(to resist suction) may be only a few ounces; this force can 
be adjusted to ensure a gas-tight joint at the seating of the 
lower washer under all working conditions. Under these con- 
ditions it is found that the tubular insulator may be placed under 
tension without risk of fracture. (Sealed.) 


213,163. Brown and Barlow, Limited, Witton, Birming- 
ham, and C. Brown, Birchfields, Birmingham. Carburet- 
tors (4 Figs.) June 14, 1923.—The invention consists of a carburet- 
tor for internal-combustion engines. ais the throttle valve, which 
valve slides in relation to the air-ingress aperture. c is the air- 
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control member and d is the float-chamber™connection. e is the 
normally submerged main jet, which is compensated for by the 
air-release duct f, which, together with the pilot duct g and jet h, 
are connected to the normally-submerged chamber p2 situated 
aboye the main jet e, while e3 is the main-jet passage, which is 
surmounted by a gauze cover. (Sealed.) 


HYDRAULIC MACHINERY. 


213,061. W.G. Kent, London. Water Meters. (2 Figs.) 
January 1, 1923.—The invention relates to water meters of the 
type in which a cylindrical piston or displacer in a cylindrical 
chamber, having a radial diaphragm entering a slot in the piston, 
is moved by the passage of the water, so that its centre pin 
travels in a circular path around the axis of the chamber. 
According to the invention, there is provided a rotatable hub, 
having in it an annular groove, in which the centre pin of the 
piston works, so that friction is diminished and wear reduced. 
A is the working chamber, having fast on one point of its interior 
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wall a diaphragm B, which enters the slot C in the cylindrical 
piston or displacer D, the centre pin E of which, as the piston 
moves, acts upon an arm F on the spindle G, which drives the 
counter-train. His the inlet and I the outlet. All of these parts 
are of well-known construction. L is an annular hub which is 
mounted on a stud M projecting upwards from the bottom plate 
of the chamber, the hub being free to rotate about this stud, and 
the centre pin E of the piston fits loosely in this hub ; thus, 
friction upon the centre pin of the piston is diminished and wear Is 
reduced, (Seated,) 
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MACHINE AND OTHER TOOLS, SHAFTING, &c. 


213,367. Guest, Keen and Nettlefolds, Limited, Smeth- 
wick, and E. Crosse, Cwmbran, near Newport. Vertical 
Heading or Forging Machines. (3 Figs.) January 25, 1923. 
—The invention relates to vertical heading machines for forging 
bolts, screws, rivets or the like of the kind wherein the 
heads are formed upon metal pins by subjecting the pins to 
one or more blows of a heading die, the heads being formed by 
means of shaped dies which are located in a slide mounted so 
that it can be reciprocated towards or away from a heading die ; 
the pins are manually inserted into and manually removed 
from the dies when the latter have been moved away from the 
heading die. According to the invention, means is provided 
whereby the slide or slides of vertical heading machines of the 
kind referred to will be moved automatically, said means being 
driven from the shaft from which motion is taken to drive the 
shaft operating the ram or otherwise synchronised or timed 
to act in accordance with movements of the ram. The automatic 
movements of the slide or slides are imparted by means of cams 
and levers or other suitable mechanical devices. It is optional 
whether the slide is moved under the ram positively and similarly 
returned, or moved under the ram by means of counter-weights 
or springs and positively returned. In any arrangements, the 
movement of the slides in one direction is positive. In the 
other direction it may be positive or not. ‘There is provided 
upon the crank shaft which drives the ram, a sprocket wheel 2. 
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At the lower part of the machine is a transmission shaft 3 which 
carries a sprocket wheel 4 and which is driven by a chain 5 from 
the sprocket 2 on the crankshaft. The transmission shaft 3 
is provided at each end with a bevel pinion 11. Each of these 
bevel pinions 11 is in engagement with a bevel wheel 12 upon 
a short transverse shaft 13. Each shaft 13 is provided with 
cams 14 for operating upon rollers 34 carried by levers 15 which 
are connected by links 16 to the slides 17.. The return movement 
of the levers 15 and slides 17 may take place under the influence 
of a spring or weight 18, so that the return movement may be 
interrupted if it is necessary at any time to prevent a slide from 
returning under the ram. In case of such an interruption, the 
power-operated mechanism for withdrawing the slides can 
continue to function without damage. The weights 18 are 
attached to levers 19 fixed to the ends of shafts 39. Upon the 
transverse shafts 13, additional cams are provided which each 
operate through a lever on a shaft, the usual ejector device 
fitted to the work-carrying tube in each slide. For inter- 
tupting the inward movement of the slides, when this is effected 
by spring, counterweight or the like, pedals 26 are provided, 
connected by links 27 to levers on shafts 30. The shafts 30 
also carry levers 29 which operate plungers normally retained 
out of the path of the slides by springs. Upon operating the 
pedal 26, the plunger is pushed forward against the compression 
of its spring and thus moves into the path of the slide so as to 
arrest its inward movement. (Sealed.) 


213,656. H. R. Milnes, Bradford, and J. W. Milnes, 
Bradford. Lathes. (2 Figs.) January 1, 1923.—The inven- 
tion refers to what are known as lathe aprons on lathes of which 
the saddle is traversed by a leading screw. The invention 
consists in mounting on the leading screw S between ball-thrust 
bearings T,, an internally-threaded one-piece nut D which carries, 
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or has connected thereto, a bevel pinion D2 to engage a bevel 
wheel H1 in connection with a hand wheel H. The mechanism 
is carried in connection with a frame or apron A attachable to 
the lathe saddle. When desired, the frame A carries a stud or 
stop P which may engage indents D1 on the nut to prevent the 
nut from turning. (Sealed.) 


MOTOR ROAD VEHICLES. 


212,957. A. Wallis, Basingstoke. Road Rollers. (4 Figs.) 
July 16, 1923.—The invention relates to road rollers and 
has for its object to provide means whereby the inclination of the 
axles of the wheels with respect to the road surface can be varied 
in accordance with the camber of the road. According to the 
invention, the rear wheels of road rollers, or indeed the individual 
wheels of any pair, are each provided with a separate axle, 
which is pivotally mounted on the main frame about an axis 
which lies in the direction of travel in a vertical plane not inside 
the inner edge of the wheel, so that any tilting of the axle upon 
its pivot will not simultaneously raise or depress the outer 
and inner edges of the wheel. The wheels A, Al are provided 
with separate axles B, B!, which have horizontal trunnions C,Cl 
journalled in brackets D, D1 secured to the main frame of the 
vehicle. The inner ends of the axles B, B! approximate towards 
each other, but leave a sufficient clearance space for the purpose 


intended. A spring I, centrally situated below the inner ends 
of the axles B, B!, is compressed between a fixed abutment ona 
follower plate J secured to a transverse beam K and a loose 
follower plate L interposed between the upper end of the spring 
I and two inner ends of the axles B, Bl. A second and lighter 
spring M is compressed between the upper surfaces of the inner 
ends of the axles B, Bl and an annular seating in a bracket G 
whichis bolted to transverse beam H of theframe. The provision 
of a yielding or resilient abutment, suchas the compressed spring 
I (with or without the auxiliary spring M),enables the axles 
B, Bl to assume inclinations in accordance with the camber of 
the road surface, and it will be evident that any equivalent 
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yielding abutment may be substituted for the spring or springs. 
‘The axles may be locked positively in the positions which they 
assume on a given road surface by means Of a centrally-dis posed 
threaded bush or sleeve F, which is screwed into a threaded 
hole in the bracket G until it abuts against a ring or washer 
N resting on the ends of the axles, and a bolt E°, which passes 
up through a gap between the ends of the axles and through 
tre bore of the bush or sleeve F, the head of the bolt being 
tightened against the follower plate L by screwing its nut tight 
against the end of the bush F. On moving to a road surface of 
different camber, the nut of the bolt E° and the bush F are 
slacked off to allow the axles to assume the appropriate inclina- 
tion, when the bush F is again screwed down into contact with 
the washer N and the nut tightened. (Sealed.) 


212,991. G. Barker, London. Springing of Vehicles. 
(2 Figs.) December 21, 1922.—The invention is for improve- 
ments in the springing of vehicles. According to the invention, 
each radius rod is formed of two arms separately attached to the 
chassis at points widely separated in the longitudinal direction 
and converging towards tke wheel. Bosses f are pivoted on vertical 
axes at f! to two lugs j, which are themselves hinged on horizontal 
axes at j! to the outer ends of two V-shaped frames /, kl hinged 
to the chassis a at k2. These two frames are equal in width 


between the hinges jl and k2. Two quarter-elliptic springs 7 
are rigidly secured by their roots to the two inner ends of each 
lower frame kl. These springs extend across the gap between 
the side frames of the chassis a, and are anchored at their tips, 
as at m, tothe chassis. It will be seen that, by this construction, 
the frames /, kl are yieldingly controlled by the springs J, and 
that the boss f will move parallel to itself as the frames swing 
about their hinges. The road-wheels h are driven through 
universal joints. The road-wheel shafts nl are driven from the 
cardan shafts o through double-reduction gearings. These gears 
are mounted in casings r. (Sealed.) 


MISCELLANEOUS. 


213,394. James Keith and Blackman Company, Limited, 
London, and G. Keith, London. Automatic Temperature- 
Control Apparatus. (3 Figs.) February 22, 1923.—The 
invention relates to automatic temperature-control apparatus 
of the type including a gas-regulating device responsive to the 
operation of a thermostat including elements 1, 2 of different 
coefficients of expansion, the element 2 of less coefficient of 
expansion acting through a motion-multiplying device in oppo- 
sition to the stress of a spring at temperatures below that at 
which the thermostat device is designed to influence the gas- 
regulating device to hold apart a valve seat 4 and a nipple 5 
serving for passage of gas from the gas-regulating device to a 
chamber 3 connected to the element of greater coefficient of 
expansion. In the apparatus of the invention, the motion- 
multiplying device includes a floating lever 9 engaged by the 
thermostat element 2 of less coefficient of expansion and presenting 
an abutment engaged by a flexible strip 6 fixed to the wall of the 
chamber 3 and operatively connected to the seat 4. The lever 
9 is engaged near one end by the thermostat element 2, and 
at, or near, its opposite end by an adjustable stop-screw 12 
threaded into the chamber wall. Between these points, the 
lever is provided with projecting pin 10 constituting the abutment 


aforesaid, the ratio of the lever arms being such that very fine 
adjustment of the device is obtainable by adjustment of the 
stop-screw12. The gas-regulating device is of the type comprising 
a Gaplraem casing 13, having on one side of the diaphragm 14 
an inlet 15 and an outlet 16 for gas to be supplied to a heating 
apparatus, the inlet and outlet being separated by a partition 17 
presenting a valve opening 18 controlled by the diaphragm 14 
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and a connection 20 by-passing the diaphragm to the compart- 
ment 131 of the casing on the opposite side of the diaphragm 
from which compartment a connection 21 terminating in the 
nipple 5 is taken to the gas chamber 3. In the present con- 
struction the by-pass connection 20 is through a part of the 
diaphragm 14 which does not cover the opening 18 in the 
partition 17. (Sealed.) 


212,825. Babcock and Wilcox, Limited, London, and 
S. F. Weston, East Putney, London. Spraying Devices. 
(3 Figs.) August 16, 1923.—The invention relates to spraying 
devices more particularly intended for use in spraying with water 
ash and clinker hoppers. The improved spraying device is of 
the type comprising a tubular body, attachable to a water supply, 
with a plunger adjustable in the body, such plunger being grooved 
longitudinally to provide passages for the water between the body 
and plunger, and having a head adapted to cover the outlet end 
of the body, while providing between it and the wall of the tube 
a small interval permitting the water to pass radially outward in 
all directions. In accordance with the invention, the exposed 
surface of the head is formed with a conical central recess with 
passages tangentially disposed therein, leading from within the 
body to the recess so as to provide, in addition to the widely 
extending spray, a spray of smaller radius. The spraying device 
is shown attached to a water supply pipe a by means of a reducing 
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socket b. The spraying device comprises a tubular body ¢ in 
which is fitted a plunger d, formed with a series of longitudinal 
grooves e, affording passages for the water between the body and 
the plunger. The plunger d is reduced at f to provide a space 
for the water passing the plunger to collect and with a terminal 
head g covering the outlet end of the body c. The inner surface 
of the head g is shaped, as shown, to provide for the gradual 
change of direction of the water, which is forcéd through the 
narrow interval 2 between the end of the body and the head g, 
and passes Outward in a fine spray distributed over a wide area. 
The plunger may be moved axially of the body to increase or 
decrease this interval, and thus alter the fineness of the spray. 
The outersurface of the head is, according to the invention, formed 
with a conical recess 7, which communicates by way Of passages j, 
inclined and tangentially disposed in relation to the wall of the 
recess, with the interior of the body providing, in addition to the 
main spray, a separate spray of much smaller radius.—(Sealed.) 


EvLectric FurNaces.—We understand that Wild- 
Barfield patent electric furnaces of over 25 kw. capacity, 
hitherto designed by Automatic and Electric Furnaces, 
Limited, of 173-5, Farringdon-road, London, E.C.1, will 
in future be designed in conjunction with, and supplied 
by, the Electric Furnace Company, Limited, of 17, 
Victoria-street, London, S.W.1. 


InstiruTE or TRANSPoRT.—Arrangements have now 
been made for the conference at the British Empire 
Exhibition to be held by the Institute of Transport on 
September 19. Accommodation will be reserved by 
the Metropolitan Railway on a train leaving Baker-street 
about 9.30 a.m. on that date. Visitors and members 
will assemble at 10.15 a.m. in the Pavilion of the Port 
of London Authority in Avenue 5 of the Palace of Engi- 
neering, at the eastern end. In the adjoining cinema 
theatre belonging to the Authority, a conference will be 
held at 10.30 a.m., over which Sir Henry P. Maybury, 
past president, will preside. Papers will be read, 
and a discussion will take place, after which luncheon 
will be served at 1.45 p.m. At 3.30 p.m., visits to the 
various parts of the Palace of Engineering will be made. 
A small number of applications to attend the conference 
can be entertained if sent immediately to the Secretary. 


SEPT. 19, 1924. | 


PAN GINO E ER ING; 


Tiree ACHINERM TOOL AND ENGINEERING 


ConTINUING our notice of machines at the Machine 
Tool and Engineering Exhibition, in this article 
we are taking up some further examples of classes 
already touched upon. Thus we describe on this 
and the following pages vertical boring mills, 
lathes and drilling machines, as well as one or two 
other rotary cutting tools. Some of these tools 
are of quite a novel character; this is specially 
the case with two automatic chucking machines 
which we describe, and some of the gear~producing 
and grinding machines dealt with. Other classes 
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of grinding machines are also included. We con- 
clude this article with descriptions of some heavier 
tools of the forge and smith shop class. 


VertTicAL Borrnc aND Minitrinc MACHINES. 


In our issue of the 5th inst. we dealt with some 
of the boring mills to be seen at the Exhibition. 
We now revert to this class of tool, taking up the 
exhibits of three well-known English builders, 
an example from the shops of one of these having 
already been given in our previous article. The 
firm referred to, it will be concluded, is Messrs. John 
Stirk and Sons, Limited, whose large 100-in. 
Hilomill was described in our first article on the 
Exhibition. The machines now under notice 
are smaller, though representative of a large range. 

Messrs. George Richards, for instance, are actually 
showing a 4-ft. mill, which is similar to other models 


EXHIBITION—III 


ranging in four sizes from 3 ft. to 5ft. The 4-ft. | 
mill is an excellent example of this old-established 
firm’s accumulated experience. It is replete with 
interesting features, many of which it is unfortu- 
nately not possible to bring out in the one view 
we are able to give in Fig. 120. As shown, the 
machine is driven by a 10-h.p. variable speed 
Metropolitan-Vickers motor directly geared to the 
speed change box. With a variable speed motor 
a box giving six changes of speed is fitted, the motor 
running at 500-1,000 r.p.m. and the speeds ranging 
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between 34-7 and 2:22 r.p.m. The change-speed | 
gear embodies a friction clutch operated by a/| 
starting lever on each side of the machine. These 

levers have a neutral position and give one or the 

other of two speeds, whichever way they are 

thrown over. Two additional three-position (one 

neutral) levers, to be seen on the right of the 

machine in Fig. 120, secure the other changes. 

The main drive from the gear box to the table is 
transmitted from the main shaft by bevels to a short 
vertical shaft having a pinion at its upper end in 
gear with a spur ring under the table. The table 
spindle has a long parallel bearing, the table being 
supported on a wide conical white-metal ring 
always flooded with oil, an oil level indicator outside 
the bed showing whether the supply is sufficient, 


the feed is taken by spur gears from the main shaft 
to a feed shaft which runs across the body of the 
machine. This terminates on each side in a feed 
box giving 12 feeds, which are independent and 
reversible for each head; they range from 0°75 in. 
to 0-031 in. per revolution of the table. The 
changes of feed are controlled by a bent crank handle 
and by a small wheel with three handles to be 
seen close together at the side of the machine, in 
Fig. 120. On the end of the feed driving shaft is 
a cone of four gears. Parallel with these is another 
set of four gears, and an intermediate pinion, actuated 
by the bent lever referred to, is brought into mesh 
with these pairs, giving four rates. A spring 
plunger on the front of the box ensures full gears 
always meshing. These four rates are multiplied 
by three sliding gears in a second box above the first, 
and controlled by a small hand-wheel, which oper- 
ates the sliding gears by rack and pinion. A vertical 
lever in front of the feed box controls the reverse, 
operating a clutch between mitre gears in the feed 
box. From the feed-box the motion is run by a 
vertical shaft to the cross-slide where it is trans- 
mitted to a short length of horizontal shaft at the 
back of the slide, by worm and worm wheel, enclosed 
and running in an oil bath. At the out-board end 
of this shaft is a spring-loaded clutch and feed 
pinion. The latter is put into mesh, by an inter- 
mediate gear, either with the vertical traverse shaft 
for the ram, or the cross traverse screw for the 
saddle. The spring-loaded clutch is a safety device 
introduced to prevent damage in the event of 
jamming or overunning. 

The two shafts for vertical feed and cross 
traverse are fitted with micrometer collars reading 
to 1/1000th of an inch. The hand control of both 
these movements is by the handwheel on the front 
of the cross slide near the end. This brings the 
wheel into a much more convenient position than 
is usual, as the operator, with one hand on the 
wheel, is yet able to get quite close to his work to 
observe the movement of the tool. The hand and 
power motions are thrown in and out by two small 
levers on the gearbox close to the hand control 
wheel. The handwheel is fitted with what Messrs. 
Richards term a knocking clutch. The wheel, 
instead of being firmly in gear is allowed a small 
amount of backlash so that the feed can be produced 
by very slight jerks. ‘This allows a very fine adjust- 
ment, whereas with the usual method there is 
danger when close to the mark, of a further effort 
resulting in overshooting the setting required. 

The rams are of steel and ground all over, the 
rack teeth being cut out of the solid bar. They 
are balanced by fusee spring gear, of which it 
may be noted Messrs. Richards were the originators. 
The rams are mounted in swivelling heads operated 
by worm and worm gear. Hand feed is by the 
star handwheel, the small cross handle in front of 
this being used for clutching-in the automatic feed. 
A plug in the swivel-head falling into a hole in the 
saddle registers the ram in the truly vertical position. 
The tool holders are for 1} in. sq. tools. The ends 
of the rams are bored with a 2? in. hole, and a hole 
in the centre of the table can be used for piloting 
if necessary, with one head in the centre. Two 
positive stops are provided on the cross slides for 
locating the ram of either head in the exact centre 
of the table. The stops have fine adjustment by 
lock nuts. 

The quick power motions are derived from the 
gearbox direct by belt drive to the top of the 
columns, where a gearbox and clutch are provided, 
the latter being operated from either side of the 
machine. There are two horizontal shafts above 
the cross rail, one for the quick power traverse and 
one for the quick elevating motion. The quick 


and a constant feed being maintained from an 
adjustable sight feed lubricator.’ The drive for 


traverse can, of course, be used either for the vertical 
ram movement or the saddle traverse. A lever on 
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each side of the machine controls sliding gears above 
the cross rail, engaging either the elevating or 
traversing movements. The elevating shaft gears by 
bevels with screws housed in the standards ; the 
traverse shaft with vertical spindles to the back 
of the extensions of the cross slides. A spring 
loaded clutch in connection with the driving gear 
on the cross rail safeguards the machine from 
possible damage. 

The machine shown, as stated, will admit of 4 ft. 
work on the table, which is 44 in. in diam. Under 
the cross slide the maximum admitted is 2 ft. 1] in., 
and under the tool holders 2 ft.5in. The maximum 
feed of the rams is 20 in. 

The Stirk Velomill affords a very good example of 
modern design, in which substantial construction, 
facility of control, and efficient working are the 
outstanding characteristics. This machine, which 
is made by Messrs. John Stirk and Sons, Limited, of 
Halifax, may be obtained for either belt or motor 
driving, but the exhibit on the stand of the firm 
is a belt-driven unit which has a capacity of turning 
up to 4 ft. diameter. It is illustrated in Fig. 121. 
The diameter of the table is 45 in., and the height 
of work that can be admitted is 32 in. below the 
cross-slide and 25 in. below the tool-holders. The 
body of the machine is cast in a single piece, and 
the front is widened out to form part of a circular 
shield enclosing the table gear. Directly upon 
the wings of the body the housings are seated and 
firmly attached. Power is used for raising and 
lowering the cross-slide, which carries two swivelling 
heads. The gear-box is mounted on the body of 
the machine at the side and gives 18 table speeds, 
allinterlocked. A worm drive for the table is incor- 
porated within the casting of the body. Independent 
feed boxes are fitted for each head and make 
possible the use of different rates of feed, the 
changes and the reversals being easily accomplished. 
Some of the mechanical features of the construction 
are worthy of notice. The tool posts or rams are 
carefully balanced by spring-balance devices. All 
the steel gears in the main gear-box, the final 
worm drive, and the conical anti-friction bearing 
under the table are completely oil-immersed. 
Similar machines of capacities suitable for turning 
diameters up to 61 in. and 72 in. respectively, of 
the same construction as that illustrated in 
Fig. 121, are also standardised, as well as machines 
of heavy and of medium type. 

In Fig. 122, Plate XLII, we illustrate another 
4-ft. mill. This is made by Messrs. Smith and 
Coventry, Limited, Gresley Iron Works, Manchester, 
who for some years have not specialised in this class 
of tool, though, as is well known, they were among 
the earliest firms to develop the vertical mill. They 
now re-enter this branch of work with a very 
excellent class of machine which presents a number 
of interesting features. The machine exhibited is 
typical of a range of machines of from 30-in. to 
20-ft. tables. The firm has just completed one large 
tool with a 12-ft. table for the General Electric 
Company. This gives 9 ft. under the tool-boxes, the 
rams being 10 in. across the flats and 11 ft. 9 in. 
long, with a vertical traverse of 5 ft. 6 in. The 
machine exhibited has a table 44 in. in diameter, 
taking 48-in. work. The height under the cross- 
slide is 3 ft., and under the tool-holders 2 ft. 6 in. 
It is driven by a 10-h.p. Metropolitan-Vickers motor 
by Coventry chain to the gear-box. Sometimes 
Morse chains are employed. The gear-box embodies 
a clutch, and above the box is a starting and stopping 
lever. As in other firms’ designs, the arrangements 
vary with the class of motor employed. With a 
constant-speed motor, as at the Exhibition, or with 
a single-pulley belt drive, a 12-speed gear-box is 
provided ; while with a variable-speed motor six 
changes are arranged for. The speeds are changed 
by three levers and hand wheel, controlling inter- 
mediate shafts and double back gears. The speeds 
range from 46 r.p.m. to 2-9 r.p.m. Central oiling 
by means of a large box and syphons is provided 
for the gear-box. The main drive to the table is 
by spiral bevels to the vertical shaft at the back of 
the table. At the upper end of this is a pinion 
gearing with a spur ring under the table. The 
pinion shaft has a bearing at its upper end above 
the pinion, instead of merely below, thus securing 
extra good support. The table spindle has a 
long vertical, parallel bearing adjustable for wear. 


The thrust of the table is carried on a circular V-ring 
running submerged in oil. 

The standards are very massive for the size of 
the machine. In fact, every effort has been made 
to secure rigidity, and no attempt has been made 
to cut down weight where there is any possibility 
of introducing risks in this respect. The same 
remark applies to the cross-slide which on the 
4-ft. machine has faces 25 in. deep working on 
the column, and extra support and stiffness is 
secured by the use of very wide sliding surfaces 
between the columns. The cross-slide has faces 
no less than 7 in. wide here, with flat gibs running 
on finished faces at the back. 'The cross-slide is of 
cellular construction with front and back walls, 
and between them a number of both vertical and 
horizontal diaphragms. The back wall is pierced 
with a number of openings for convenience in 
moulding as each cell is made with a separate 
core. 

The feeds for the rams are independent, a feed 


Coventry’s machine is the arrangement of the 
fusee balance. This, it will be observed, is brought 
down so as to be close over the tool ‘head, the 
wire being fastened to the front face of the rams. 
This gives a much reduced height and presents less 
obstruction to crane operation, the change having 
no appreciable effect on the working of the balancing 
gear. Small clutches are arranged for the traversing 
screw and feed spindle at the end of the cross-slide. 
The heads swivel for 30 degs. on either side of the 
vertical, this being arranged for by worm and 
quadrant. 

Two sizes of their standard vertical milling 
machines are shown by Messrs. Kendall and Gent 
(1920), Limited, of Victoria Works, Hyde-road, 
Gorton, Manchester. One of these is illustrated in 
Fig. 123 on Plate XLII. This is known as the 
No. 3 machine in the range of manufactures of the 
firm, and while suitable for dealing with all classes 
of work, is specially recommended for use in factories 


where locomotives are built and repaired. The 


Fic. 
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shaft being arranged in the base and driving gears 
in a box on each side of the machine. These boxes, 
it will be noted, are sunk into the body, making a 
very neat and compact arrangement. The eight 
feeds and reverse are controlled by three levers, 
and the shafts are extended to take change wheels 
so that screw cutting may be done on the mill. 
The feeds vary from ; in. to 2 in. per revolution, 
and are all proper fractions. A very neat quick 
power reverse is provided in connection with the 
feed. The quick power traverse and elevating 
motion are obtained by belt from the feed-box 
to a shaft at the top of the columns. In connection 
with the traverse and feed this shaft drives a 
constantly running vertical shaft, and one part 
of a clutch. The mating part of the friction clutch 
is.on the vertical feed and traverse spindle imme- 
diately below, projecting upwards from the feed-box. 
On the top of the latter is a positive clutch operated 
by a short pivoted fork lever and handle. For the 
usual working feed and traverse this positive clutch 
is engaged and the drive is transmitted to the 
back of the slide. On depressing the lever of the 
bottom clutch the spindle is slightly raised and this 
clutch is disengaged. At the same time the upper 


friction clutch engages, and the traverse is imme- 
diately reversed on the quick speed. 
Another noticeable feature of Messrs. Smith and 
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height of work admitted on the table in the gap 
is 14in., and between the spindle nose and the table 
is 103 in. as a minimum and 29 in. as a maximum. 
The table is 5 ft. long and 1 ft. 72 in. wide, and the 
traverses are 2 ft. 5 in. in the longitudinal direction 
and 4 ft. 3 in. in the transverse. Features which 
are conducive to accurate workmanship are the 
rigidity and simplicity of the construction, while all 
controls are located to permit of rapid handling. 
The machine shown in Fig. 123 has a rectangular 
table, but similar ones equipped with circular tables 
are also available. 

The main frame is of box section, the base of 
which forms a tank for lubricant. A spindle of 
high carbon steel is used, which runs in adjustable 
gun-metal bearings. Of these the lower one has 
a vertical adjustment by means of both hand and 
power. The spindle end is bored out Morse taper, 
and the nose is provided with a special locking 
device for mandrels and cutters. A scale and 
pointer on the vertical slide facilitates accurate 
adjustment. A positive drive is given to the cutter 
mandrel, and it will be observed from the illustra- 
tion (Fig. 123) that it is supported by a stay fixed 
to the body of the machine, and this is provided with 
a gun-metal bush. ,The drive is taken from 
constant-speed pulleys through hardened steel 
gearing, which runs entirely in oil and gives nine 
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speeds. From here the motion is taken to a double | adjustment of the motions is made possible by the | 


gearing in an oil bath ; the number of possible speeds 
for the spindle is therefore 18. They range from 
20 to 300 revolutions per minute. For the purpose 
of giving information on the positions of the levers 
for any particular speed, a speed plate is provided on 
the machine. The feed motions are self-acting 
and reversible, and are obtained through gearing 
made of hardened steel running in an oil-tight, box. 
Nine rates of feed are obtained for every spindle 
speed, ranging from ? in. to 6 in. per minute. Auto- 
matic trips are provided for the longitudinal and 
transverse motions. As has already been stated, 
rectangular or circular tables can be obtained, and 
they are mounted on planed and surfaced compound 
slides and have T-slots cut in them out of the solid. 
The transverse motion is obtained by means of a 
rack with which a worm engages. A steel screw is 
used to give the longitudinal motion. Thrusts are 
taken for both motions by ball washers. ‘To 
facilitate the setting of the work quick power 
motions are provided for all traverses. Accurate 
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Fig. 135. 
Fig. 136. 


use of micrometer discs. 

The No. 1 machine is a smaller model, having a 
table of 3 ft. 3 in. length and 1 ft. 5 in. width, and 
because of its size some of the refinements noted in 
the larger machine have been eliminated. For 
example, the vertical adjustment of the lower 
bearing of the spindle is only possible by hand and 
the cutter mandrel is not supported by a stay, such 
as is shown in the illustration of the larger machine. 
Another point of difference between the two sizes 
is that no quick power motion is provided for the 
traverses on the No. 1 machine. 


AvutToMATIC MACHINES. 


Undoubtedly the most original machine of British 
make in the exhibition is the new vertical automatic 
for chucking work shown by Messrs. Thomas Ryder 
and Son, Limited, of Bolton. This machine is 
designed on quite novel lines as will be evident on 
reference to the illustrations we give of it in Figs. 
124 to 132 on Plate XLIII and Figs. 133 to 138 
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annexed. A general view is given in Fig. 133, 
while side and end elevation are shown in Figs. 
124 and 125. The machine accommodates six 
chucks, on five of which work is proceeding simul- 
taneously, the sixth being idle so that the operator 
may remove the finished piece and chuck in a new 
one to be machined. The tool will take pieces 
4in. by 6in. The machining is done by five heads 
on the centre turret, and two traversing slides which 
will easily be recognised in Figs. 124 and 133. The 
tool-holding arrangements allow of a wide variety 
of operations but all work is done normally at one 
speed. Change gears, however, enable this to be 
varied. In addition it is possible to secure a reduc- 
tion of speed for tapping, &c., by revolving the tap 
holder; this requires special gear which normally 
does not form part of the machine. 

The tool has a large revolving table mounted on a 
box base, with the ,traversing slides on each side 
as described above. The table carries the six chucks 
which hold the rotating work, and is indexed round 
the centre column or turret. The column carries a 
heavy sleeve on which tools are mounted to corre- 
spond with five positions of the work, and the sleeve 
is fed up and down by a large revolving cam drum 
at the head of the column. The main drive is by 
single belt pulley through change and worm gears 
to an horizontal shaft carrying a worm in mesh 
with the large worm wheel A, shown best in Figs. 
126 and 128, Plate XLII. This worm is carried 
on a sleeve mounted on a large boss forming 
part of the base. At its upper end the sleeve is 
cut with a spur ring which meshes with wheels on 
the six chuck spindles. One of the spindles is 
clearly shown in the section in Fig. 128. The table is 
umbrella shaped so that it clears quickly of swartf, 
while the manner in which it projects over the sides 
of the base effectually protect the working parts 
in the interior. The table is supported by a wide 
conical ring, and an internal flange on the rim assists 
in keeping it in correct position, mating with a 
corresponding flange on the body as will be seen in 
Figs. 126 and 128. The table is further steadied 
by its running fit round the centre column. During 
operations the table is stationary ; between opera- 
tions it is indexed from one position to another. 

The indexing motion is shown in plan in Fig. 130, 
and, in elevation, part of it may be seen in Fig. 125. 
Taking these together, a revolving drum B, to be 
seen also in Fig. 126, is utilised to time, by means of 
a face cam on its end, the stroke of a plunger, an 
extension of which carries a guided rack. This rack 
is in mesh with gear wheels on the small vertical 
shaft C, Fig. 128, and the motion imparted by the 
rack is then transmitted to a pinion immediately 
under the table. This is in gear with a ring fixed 
to the table centre, and the table is thus caused to 
revolve. The vertical spindle C is provided at its 
lower end with a ratchet gear, so that the rack 
stroke is only effective in one direction. Working 
in conjunction with this rotary table motion. is the 
i locating and locking device shown in Figs. 130 and 
132, A cam on the same drum drives this gear also, 
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being timed to depress the horizontal arm of a bell- 
erank lever, which motion in turn withdraws the 
locating plug and lock seen in Fig. 132, from its 
socket in the table. The lock is spring-loaded, 
and on release shoots into the next table socket 
as it comes round. The lock and sockets are, of 
nickel-chrome steel hardened. 

Leaving for the moment other features of the 
table, we will deal next with the principal operation 
motion. This is the drive for the traverse of the 
large sleeve forming the tool slide, on the central 
column. This motion is also derived from the gear 
which causes the drum B to rotate. This drum is 
driven by worm from gears and clutch, shown in 
Fig. 129. The drum is mounted on a shaft running 
through the bed and provided with a bevel, gearing 
with a second bevel on a vertical shaft carried to 
the top of the column. At the upper end this shaft 
is utilised to drive a large cam drum which surrounds 
the column (Fig. 128), the cam being shown in 
Fig. 131. The large six-sided sleeve surrounding 
the column is suspended from a fixed mounting 
by means of a rod, bolted to the tool slide at the 
bottom and working in a guide in the fixed mount- 
ing, its upper end being provided with a roller 
working in the cam groove. This cam therefore 
provides for the lowering of the slide and for its 
subsequent return to its highest station. In order 
to save operating time, this return is made at a 
quicker speed than the downward cutting stroke. 
The change is brought about by the action of timing 
rollers also on the drum B, to be seen in Fig. 129, 
in which one roller is shown in contact with a 
lever. The lever is forked and coupled to the 
clutch seen immediately above, and when forced 
back to the right by the action of the roller the 
clutch engages the slow-speed gear. It is held in 
this position by a stud on the branched arm of 
the lever being held on the lip of a catch pivoted 
below. At the proper time in the cycle this catch is 
knocked clear by a second roller on the drum, and 
the lever and clutch are forced over to the opposite 
side by a spring plunger in the bottom of the body 
of the machine.’ The clutch then engages the fast 
speed for the return.’ The clutch is reset for slow 
gear by the first roller. 5 

Before passing to the two traversing slides at 
the side of the machine we must now revert for a 
moment to the table. During the complete revolu- 
tion of the table the chuck spindles revolve 
constantly, except when each is brought to rest 
in turn at the last or first station. At this point 
it is necessary that they should be stopped so 
that the operator may remove the finished pieces and 
insert fresh as the chuck arrives at this point. In 
order that this may be accomplished the chuck 
spindles are driven by their gears through spring- 
loaded combined friction and positive clutches. 
These will be seen in Fig. 128. As the spindle 
approaches the chucking station these clutches aré 
opened, by means of cam plates fixed to the body, 


which lift the clutches clear, due to flanges with’ 


which they are fitted, running up inclines. The 
spindle is then stopped and the piece can be removed 
and replaced. When the rotation of the table is 
continued the double clutch is lowered again into 
gear, the friction clutch first engaging and the 
positive clutch following this up shortly afterwards. 

Comparatively little need be said about the drive 
for the two grooving slides. These are driven by 
cam drums of which one, B, has already been 
mentioned several times. The movement is the 
ordinary one for automatics, the slide being operated 
by a lever controlled by the cams fixed as necessary 
on the drum. These slides can each be used for 
two stations. Only two control levers are needed 
for the machine ; one engages the indexing gear, 
and the other is for hand setting. 

We may complete our description by a brief 
reference to a typical job with the tooling adopted. 
The first operation, Fig. 134, shows five tools in 
use. One is a boring tool of comparatively 
large diameter on the central head. Also on this 
head are two lathe tools, one for cleaning up the 
outside large diameter and one for the small 
diameter, used also for cutting the bevel between 
the two diameters. The tools on the horizontal 
slide are two facing tools for the top and bottom, 
In operation two, Fig. 135, a finishing cut is taken 


on the small diameter and two circular grooves 
are cut in the body. At the third stage, Fig. 136, 
the small bore is reamered out and the upper part 
enlarged, while the top face is finished and finishing 
cuts taken also on the sides. The fourth step, 
Fig. 137, covers the reamering of the enlarged bore 
and the finishing cut on the grooves, the fifth, 
Fig. 138, being a parting operation. 


jis illustrated by a front and a rear view, Figs. 139 
and 140, showing work being performed on the 
flywheel of a 14-h.p. motor car engine. The machine 
has a swing of 294 in. over the bed and 16 in, 
over the cross slide and can deal with work up to 
7 in. length. It has a heavy base of box section 
and is provided with very wide ways. On the 
front one of these the guiding is all done and it 
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The tool must be seen to be appreciated. Apart 
from its speed of operation its compactness for 
high output is very remarkable. In the saving of 
floor space in congested shops where greater output 
is required in work usually done on turret lathes, 
the machine will appeal to many as a very attractive 
proposition. 

On one of the stands of Messrs. Charles Churchill 
and Co., Limited, of 9-15, Leonard-street, London, 
there is shown an automatic chucking and turning 
machine made by the Potter and Johnston Machine 
Company, Pawtucket, Rhode Island, U.S.A. It 
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is made of the inverted Vee type, see Fig. 139, to 
obtain accuracy and continued alignment of turret 
and headstock. ‘The spindle is of 53% in. diameter 
and made from a high carbon steel forging. Four 
automatic changes of speed which are provided 
make it possible to obtain sixteen spindle speeds, 
rising in geometrical progression from 9 to 185 r.p.m. 
Any one of the four combinations to obtain the 
desired speed may be instantly made by the use 
of hand levers, which are conveniently mounted 
on the headstock. For the drive a constant speed 


electric motor may be placed, directly on the top 
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of the headstock, and the motion of its pulley is 
carried through to the machine by a silent chain. 
It may also be had suitable for belt driving. The 
constant-speed pulley on the machine is equipped 
with a friction clutch and a brake. 

The feed gearing of the automatic is driven from 
the spindle and is contained in a box, secured as a 
unit to the back of the machine. Eight combinations 
in each of three groups of feeds—coarse, medium and 
fine—are available, giving 24 feeds in all, ranging 
from 0-007 in. to 0-250 in. per revolution of the 
spindle, and the changes can be thrown in quite 
automatically. These feeds are quite independent 
of the high constant speed which is used for the 
idle movements of the turret slide, while with- 
drawing, revolving or advancing the tools used 
in the work. Directly under the cross slide, on 
which the cam roll studs are located, the cross 
slide cam drum is situated. Connection between 
the two components being direct ensures smooth 
and certain action of the cross slide. The turret 
slide has an 18-in. travel and on the standard 
machine accommodates a four-faced turret, but 
machines with five or six-faced turrets are also 
made. A longitudinal adjustment of the turret 
slide, by means of a hand crank and screw, can be 
made to the extent of 10 in. Secure clamping is 
then possible, in any position, by means of three 
bolts. Locating by means of an adjusting screw 
is also provided. Hither mechanical or air control 
may be incorporated, but the latter has the advan- 
tage of more instantaneous working, and is therefore 
recommended wherever the circumstances permit 
its use. 

The flywheels of motor car engines afford an 
example for which the machine is specially recom- 
mended, though, of course, it may be used with 
equal success on hubs, the component parts of 
electric motors and, in fact, on any repetitive work 
within its capacity. The illustrations, Figs. 139 
and 140, show the actual work in progress on a 
flywheel, which has to provide a housing for a 
clutch and therefore needs much careful work in 
boring, facing and grooving. 


LATHES. 


As examples of modern lathe construction, of 
which many have already been illustrated and 
described in the two preceding articles on the 
Exhibition, we have chosen a further series from the 
display of the Colchester Lathe Company and 
Messrs. Dean, Smith and Grace, Limited, for 
inclusion in the tools dealt with in this article. 

A sliding, surfacing and screw-cutting lathe of 
the all-geared self-acting type and of 93-inch centres 
may be chosen as an example from the new models 
exhibited by the Colchester Lathe Company of 
Hythe, Colchester. This machine, which is shown 
at work on the company’s stand, possesses all the 
improvements embodied in the firm’s design. It is 
shown in Fig. 141, Plate XLIV. The arrange- 
ment is such that only one feed or one screw 
pitch can be possibly obtained at a time. In 
addition to these provisions the machine has 
been designed to take much more power than 
the belt width makes possible, and by that 
means the safety of the machine under excep- 
tional circumstances of working is amply provided 
for. The lathe has a swing over the saddle of 
14 in. and will admit work in front of the faceplate, 
in the gap of the bed, up to 30 in. diameter by 9 in. 
width. It will admit work between the centres up 
to 5 ft. length. The spindle is hollow, the hole 
through it being of 37 in. diameter. The head- 
stock is totally enclosed and forms an oil bath for 
the gears, which are made of heat-treated steei. 
These give twelve speeds in geometrical progression 
from 7 to 290 revolutions per minute. The loose 
head is designed to obtain and maintain correct 
alignment. Taper turning adjustment is possible 
without loosening the base from the bed. Swivelling 
the slide rest is possible to every angle. A new 
design of apron is incorporated in the machine 
which allows of easy manipulation of the sliding and 
surfacing feeds by a single handle. This apron is 
very rigid and has double walls so that all the gears 
have double bearings. As the balanced handle for 
racking the saddle along the bed is geared to the 
rack easy sliding motion is obtained. The lead 


screw is used for screw cutting only, and its accuracy 
is therefore retained. Quick change gear gives 32 
thread pitches from 2 to 30 per inch and a similar 
number of feeds from 8 to 120 per inch. 

Messrs. Dean, Smith and Grace (1908), Limited, 
of Worth Valley Tool Works, Keighley, show a 
number of lathes of their latest design of which 
three—an 8}-in. centre all-geared machine, a 12-in. 
centre surfacing and boring lathe and a 64-in. 
relieving lathe—are illustrated in Figs. 142, 143 
and 144 respectively on Plate XLIV. The 8$-in. 
centred example shown in Fig. 142 will admit 
work between centres up to 3 ft. 7 in. in length. 
It has a bed with square edges and a narrow guide, 
and is supported on feet positioned to obtain the 
best possible rigidity. Although nominally termed 
a straight bed lathe, there is a narrow permanent 
gap to allow a lever to be swung when operating 
on the boss. For the drive a 5-h.p. Metropolitan- 
Vickers electric motor is carried on a swinging 
bracket attached to the back of the bed. This 
drives the fast headstock by a single pulley running 
at constant speed, which is provided with a friction 
clutch and brake for starting and stopping. Sixteen 
spindle speeds ranging from 300 to 13:4 r.p.m. 
are obtainable. The bearings for the shaft are 
all of the ball type and the clutches are of the 
firm’s toggle friction type. By this mechanism 
the gears are brought into and taken out of action 
by the operation of expanding members situated 
in recesses made by extending the rims of the 
gear wheels. Two short steel pegs are accom- 
modated between the split faces of each expanding 
ring. These are set in an angular position, but can 
be turned round so that they le on the same line 
and so force the ring out. Movement of a hand- 
lever carried through a clutch fork is used to 
straighten out the pegs by the alteration of the 
position of their supporting member. For the 
transfer of the motion through the back gearing 
the toggle arrangment is duplicated and the 
movement necessary for the accomplishment is 
obtained by moving the same lever as before, but 
in the opposite direction. 

The saddle has large bearing surfaces and a 
narrow guide at the front, wita a taper gib against 
the square edge to take up wear. Two bearings 
are used to carry the apron gearing, the pinion 
of which is made solid with its shaft and engages 
with a steel rack. Swivel is possible for the com- 
pound rest for use in taper turning. The feeds 
are operated with a single handle and thus the 
surfacing and sliding gears cannot be in gear at 
the same time vor can the screw-cutting ones 
with either of them. Feeds of 48, 36, 24 and 12 
cuts per inch are obtainable from the gear box. 
Screw-cutting gears are also carried in the box, 
and four pitches are obtained from each train in 
the ratios of the feeds. The reverse for feed and 
screw cutting is also in the box and can be used 
for odd pitch screw cutting. The lead screw is of 
3-in. pitch and 13-in. diameter, and is guaranteed to 
an accuracy of one-hundredth of an inch on a 
length of 6 ft. 

A good example of a modern surfacing and 
boring lathe is afforded by the exhibition of the 
machine of 12-in. centres, which is illustrated on 
Fig. 143, Plate XLIV. The head of this lathe has 
a three-speed cone pulley and double back gearing, 
giving ratios of 2-8 to 1 and 8-1 to 1. It also has 
a drive through a gear fastened to the back of the 
chuck and giving ratios of 8-2 to 1 and 23-6 to 
1. For the change from single to geared drive 
the friction clutch system is again used. This 
machine will admit work 32 in. long between the 
chuck face and the turret face. An 8-ft. length 
of bed is used. The turret is hexagonal, with faces 
6 in. wide and 4 in. deep, and is mounted on a 
compound rest. In this machine the gear box and 
apron are similar in design to those referred 
to in connection with the 8}-in. lathe and feeds of 
12, 24. 36 and 48 cuts per inch are obtainable. 

The 64-in. centre lathe shown in Fig. 144, Plate 
XLIV, is also provided with the friction geared fast 
headstock, and therefore the changes from geared 
to direct driving and the reverse process may be 
performed without stopping the lathe. This 
machine has a length of bed of 6 ft. and will admit 
work 2 ft. 3 in. long between its centres. There is 


a small permanent gap in the bed in which work 
23} in. diameter and 74 in. wide may be swung. 
Provision is made for nine spindle speeds varying, 
from 336 to 15 r.p.m. Four speeds are given by 
the ordinary gear-box; they are 92, 69, 46 and 
23 cuts per inch. The screw cutting gears are 
carried on the box, and four pitches may be obtained 
from each train of gears in the ratios of the feeds. 
An interesting relieving attachment has been 
designed for this machine. This is clearly shown. 
in the illustration, Fig. 144. The slide at the 
bottom of this is bolted to the back of the standard 
saddle and carries a slide above, which is controlled 
by a cam carried on the first mentioned one and 
returns quickly when released by the stop on the 
cam under the action of a pair of springs. The 
long slide above is held in the longitudinal direc- 
tion by a bracket at its end, which is clamped to 
the bed of the lathe. This long slide has a short 
one mounted upon it, which can be locked securely 
to it for taper working. When this is done, the 
required taper is obtained by securing the tool 
slide to it by a bolt. The cam may be easily 
changed by moving the long slide out of the way. 
A spiral gear is used to drive the cam with motion 
obtained from the shaft, which is driven at the 
required ratio to the spindle through the change: 
gears, these being driven by a pinion on the back 
shaft of the headstock. When the relieving gear 
has to be kept out of action an eccentric holds it 
away from the cam and prevents the reciprocation 
of the tool. This operation may be performed while 
the slides are in motion. 


GEAR GENERATING AND GRINDING MACHINES. 


A worm generator shown by Messrs. Smith and 
Coventry, Limited, of Gresley Iron Works, Man- 
chester, is illustrated in Fig. 145, Plate XLV. This 
machine is capable of producing worms and worm 
wheels of any size up to 12 in. working centres, but 
similar machines are also produced which make 
possible working up to 20 in. and 30 in. centres. 
The machine illustrated will cut up to 2-in. circular 
pitch. This gear generator is of the tangent feed 
type. It has twenty rates of tangential feed 
giving a range of about 150 to 1, and this covers 
all combinations of number of teeth and number of 
starts which may arise in practice. Automatic 
trips are provided in each direction. For use in 
changing the feeds, levers are mounted over 
eraduated dials. The index worm is hardened and 
accurately ground, and the index worm wheel is 
divided for the purposes of correction and adjust- 
ment. Not only may direct measurements be used 
for setting the working centres, but provision is 
made for the use of gauge rods for them and the 
pitch diameter of the worm. In this Smith and 
Coventry machine the wheel blank receives an added 
movement corresponding exactly at the pitch line 
with the tangential traverse of the hob or fly cutter 
without the use of change gears. With such an. 
arrangement good cutting edges and liberal relief 
can be obtained, thus ensuring rapid cutting and 
correct generation. The reason for this is that the 
fly cutter does not force the wheel out of the correct. 
generation relation. The tangential feed may be 
started, stopped, changed or reversed while the 
machine is in motion enabling the proper conditions. 
to be obtained, which are often only known after 
the cutting has started. 

A worm wheel hobbing machine made by Messrs.. 
John Holroyd and Co., Limited, of Perseverance 
Works, Milnrow, Lancs., which has a capacity 
suitable for dealing with wheels up to 4 ft. diameter, 
is one of the number of interesting tools exhibited. 
by the firm. This is illustrated in Fig. 146, 
Plate XLV. The bed of the machine is a casting. 
of ample strength to withstand heavy cutting 
and is arranged to carry the centre head, the work 
table and the driving arrangement. The feed and 
differential gearing of the cutter headstock is 
arranged on strong plates or boxes which permits 
the total enclosure of all gearing, and at the same 
time allows the parts to be taken out intact when- 
ever necessary for examination. The spindle is 
bored Morse taper and is cross slotted for the 
purpose of driving the cutter mandrel. To hold the 
mandrel and also for use in ejecting it, a draw bolt 
is provided, while a locking dividing arrangement. 
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is available for use when cutting worm wheels 
with multiple starts, with a fly cutter. On 
the side of the centre head the main bearing is 
situated, which carries the driving wheel and the 
worm. To the main headstock casting the cutter 
slide is attached and carries the second main 
bearing, and also the end bearing for the cutter 
mandrel. Both of these bearings are adjustable 
upon the slide and securely bolted in Tee slots. 
Special split bushes are used in the end bearing, 
and they may be readily changed to suit different 
diameters, and are arranged so that all wear can 
be taken up to ensure accurate cutting. Slide 
traverse is obtained by hand or by power in either 
direction, and it is arranged that the cutter can be 
fed into the work slowly ‘until the bulk of the stock 
is removed, and then the feed may be instantly 
increased to four times as fast, for the finish. <A 
power guide traverse is also arranged in both 
directions in conjunction with the differential, 
so that a second cut can be taken without dis- 
‘connecting the settings in any way. The work- 
table slide is gibbed to the bed on narrow guides 
and can be locked securely in position when set. 
For use in setting the slide in position along the 
bed a micrometer hand adjustment is provided. 

The work table, which is circular and provided 
with Tee slots for clamping the work, is supported 
on a larger annular ring and revolves upon a 
tapered spindle fitted with an éasily adjustable 
bushing. Worm gearing under the tray and 
completely immersed in oil is used to revolve the 
table. In this gearing an arrangement is provided 
to enable the worm to be kept fully in gear all the 
time and to take out all backlash. For ease in 
changing the work the mandrel is tied to the cutter 
head by means of an adjustable brace, so that it 
can be swung out of the way. When required 
an automatic sinking-in feed can be provided, 
to allow of the use of parallel hobs. This has a 
sensitive knock-off which operates when the cutter 
has been fed in to the required depth. 

Among the exhibits on one of the stands of Messrs. 
Alfred Herbert, Limited, the Butts, Coventry, there 
is a gear tooth grinder, made by The Fellows Gear 
Shaper Company, of Springfield, Vermont, U.S.A., 
which is illustrated in Fig. 147, Plate XLV, and 
also by a view of the working head in Fig. 148. In 
this. machine the most interesting feature is the 
means used to control the work, as it is rolled against 
the flat face of a grinding wheel. This tooth grinder 
is,entirely automatic. The rolling head is made 
from a, heat-treated aluminium alloy casting, which 
being light, gives the least possible flywheel effect. 
It, oscillates on trunnions supported in ball bearings 
mounted on a slide which is moved forward, and 
backward by a reduction-driven face cam. The 
master involute tooth is held on the outer end of the 
rolling head. It is a long involute gear tooth made 
in alloy steel, hardened and ground true to 0-0001 in, 
It is in contact with an adjustable abutment in the 
form-of a long straight-sided rack tooth. In con- 
sequence of this the tooth of the wheel, which is being 
ground, has a movement towards the fixed-centred 
‘grinding wheel, which shapes it to the required form. 
The rolling head is balanced and is supported on ball 
‘bearings to keep down the friction, and thus prevent 
possible variations in the pressure between the 
master involute tooth and its mating abutment. 
If two machines, the one right hand and the other 
left hand, as are shown in Fig. 147, are used in 
association with one another, it is possible to locate 
the gear for grinding operations on both sides of the 
tooth from the same surface. The spindle of the 
grinding wheel is driven from the main pulley by an 
endless belt, which is provided with a belt tightener 
gear to maintain a constant pull. It will be noted 
‘from Fig. 148 that the grinding wheel is guarded to 
protect the operator. In this view the rolling head, 
earrying the wheel, which is being ground, is shown. 
The machine is particularly useful in dealing with 
gears for motor cars, for which it was specially 
designed. 

Messrs. Humpage Thompson and. Hardy, of 
Bristol, also exhibit two of their standard products 
‘which. are gear-cutting machines of the hobbing 
type and may be used to cut spur or spiral gears. 


of 9-15, Leonard-street, London, show a gear grinder | the true shape of gear teeth with the flat side of a 
.made by The Lees-Bradner Company, of Cleveland | grinding wheel, which acts exactly like one side of 
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12-In. Guar GrinpEr; Tae Lers-BRADNER COMPANY. 


Fig. 150. Tareap GENERATOR; THE FELLOWS Gear SHAPER CoMPANY, 


Ohio, which is illustrated in Fig. 149 on this page. 
Messrs. Charles Churchill and Company, Limited, | This machine is used for finish grinding and generates 


arack tooth. The gear is rolled along the theoretical 
rack profile, and as each tooth rolls into and out of 
contact with the surface of the grinding wheel its 
profile is generated to the true involute curve. In 
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SEGMENTAL SURFACE GRINDERS; THE MACHINE TOOL EXHIBITION. 


CONSTRUCTED BY 


Fig. 151. 


Fie. 152. 


the process the grinding wheel is set to the required 
angle, and the gear to be ground is mounted on an 
arbor. The work is rotated by means of steel tapes 
winding and unwinding on a segment of diameter 
equal to the pitch diameter, this segment being 
mounted on the work spindle. Automatic indexing 
is effected after the completion of each tooth face. 
A diamond truing device is fitted for the grinding 
wheel and has a micrometer feed. Constant and 
accurate working is thereby made possible, while the 
grinding wheels are at the same time kept in a 
State suitable for economic production. In associ- 
ation with this machine on the stand there is shown 
a gear tester produced by The Lees-Bradner Com- 
pany for testing the accuracy of gear-cutting work. 


MESSRS. SNOW AND CO., LIMITED, 


20-In. SEGMENTAL SURFACE GRINDING MACHINE. 


Macuine Firrep with Roxiu-GrinpIng ATTACHMENT. 


By its use tooth spacing and the actual profile of the 
tooth may be tested to 0-0001 in. 

A thread generator of the type in which a gear 
cutter is rolled upon the revolving and traversing 
billet, is exhibited by Messrs. Alfred Herbert, 
Limited, the Butts, Coventry. This machine is a 
product of The Fellows Gear Shaper Company, of 
Springfield, Vermont, U.S.A., and is shown in 
Fig. 150, page 402. A gear-shaper cutter has the 
advantage as a cutting tool that, instead of giving a 
continuous circular cutting edge, it is interrupted by 
tooth spaces, and thus the heat generated by the 
action of cutting is prevented from being trans- 
mitted completely around the cylinder.. The tooth 


j reduction gearing. 
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Fig. 153. 


Tur SEGMENTAL WHEEL. 


prevent chip wedging. The work is held on an 
arbor driven by a work spindle having a slotted 
face, the arbor end fitting into this slot for effective 
driving. At its other end the arbor is held on a 
revolving tail stock. From the main pulley the 
drive is taken through “‘ work-change ” gears, which 


‘allow for the difference between the number of 


teeth on the cutter and those of the work. The 
cutter on this machine is also operated by the main 
drive shaft through a worm and worm wheel and 
It will be observed that both 


the cutter and work revolve. A longitudinal move- 


| ment is in addition given to the cutter, which is the 


amount of the feed. This is expressed as so many 
thousandths of an inch traverse per revolution of 
the work. It is obtained by means of a worm on the 
work spindle driving a worm wheel, which, through 
a shaft and feed gears, operates a lead screw that 
traverses the cutter slide. A reversing mechanism 
takes care of the direction of traverse of the cutter 
slide and cutter head, and is interposed between the 
feed gears and the lead screw. All these gears are 
completely enclosed within guards. 

The machine is provided with reversing and quick- 
return mechanism, which may be set to operate the 
slide at cutting speed in either direction, depending 
on whether a right- or left-hand thread is being cut. 
The cutter head is provided with trunnions, which 
are held in suitable bearings on the cutter slide, so 
that swivelling to elevate and lower the cutter in 
relationship to the work is obtained. For the 
control of the head a depth control bar is fitted, which 
is supported on a seat on a projection on the cutter 
slide, and it can be adjusted to any position by 
means of clamped bushings, on which its end is free 
to slide. When the cam projection of this depth 
control bar must. bear a certain relationship to 
the work the screws on the bushings are released and 
the bar is set to the desired position, when the bush-: 
ings are brought up tightly against it and locked, so 
that the bar is retained in position. The maximum 
centre distance of the machine is 18 in., and by the 
use of this generator a thread length of up to 12 in. 
may be cut. Work of 4 in. maximum outside dia- 
meter can be performed with pitches up to § in. 
linear or 5 diametral. When provided with standard 
equipment it is possible to cut single, double, triple 
or quadruple threads, and by the use of a special 
worm and worm wheel in the cutter head, sub- 
stituted for the standard type, single lead threads of. 
from 1 in. to } in. linear pitch can be obtained. 

Segmental surface-grinding machines are shown 
at the stand of Messrs. Snow and Co., Limited, 
Stanley-street Works, Sheffield. The machines 
exhibited have 20-in. wheels, but the firm makes 
machines of three sizes of dise and covering a range 
of about twelve lengths of traverse. Messrs. Snow’s 


spaces also fulfil the purpose of chip breakers and | 20-in. disc machine is illustrated in Figs. 151 and 152 
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on page 403, while Fig. 153 shows one of the stan- 
dard wheels. The machines are intended for general 
purpose work and are employed in a variety of 
branches of engineering. They are of plain, 
straightforward design, without many of the refine- 
ments which cost money, but owing to their pro- 
portions and robust design are under severe duty 
capable of turning out perfectly satisfactory work. 
They have been largely employed for facing up 
superheater headers, grinding slide bars, finishing 
the work-table tops of wood-working tools, edging 
guillotine and other blades, &c. The No. 20 
machine is typical of all, the differences being only 
in size of wheel, &c., and length of table and bed. 
The same features of design run all through the 
series. 

The wheel shown in Fig. 153 is of cast iron banded 
with steel. It is carefully balanced and is fitted 
with gripping jaws for segments 16 in. long in the 
large machines and 9 in. long in the small. The 
jaws enable the long segments to be worked down to 
2 in., and the short to 1}in. Either natural stone 
segments or artificial abrasives are employed, the 
pockets and jaws in the dise accommodating either 
type. The jaws are adjusted by gun-metal studs 
and nuts. The wheel is carried on a large diameter 
spindle, in ball and roller bearings in a heavy head- 
stock. At the wheel end of the spindle are two roller 
bearings ; at the tail one roller bearing is furnished 
and double thrust ball bearings. The spindle is belt 
driven, the fast and loose pulleys being between the 
headstock bearings. The loose pulley runs on 
double ball bearings on the spindle. The headstock 
swivels are controlled by worm and rack at the 
back. This enables a complete change of face of the 
segments to be brought into use, and also permits of 
slightly hollow grinding. 

Hand feed is provided for the wheel. This is 
effected either by the hand wheel at the side of the 
bed under the headstock, or by the one at the end. 
When the former is in use a screw on the wheel 
spindle operates a worm wheel threaded on a screw 
running lengthwise under the headstock. Revolving 
the worm wheel gives a slow feed to the longitudinal 
screw in either direction. The hand wheel at the 
end of the headstock is on the end of the longitudinal 
screw, and by releasing a catch to allow the latter 
to revolve while the worm wheel is held stationary 
by the cross shaft, a quick in or out traverse can be 
given to the wheel. The longitudinal screw has 
double ball thrust bearings, and the worm and nut 
also have ball bearings and ball thrust washers. 

The bed casting is T-shaped and the ways for the 
traversing table are supported at both ends and 
also under the table by a projecting part of the 
headstock base. In the smallest machines the bed 
is supported on a flange all round. The table is 
traversed by worm and a rack attached to the under- 
side of the table. The worm is carried in a box, 
in ball bearings and has ball thrust washers. It 
runs in oil and its shaft is driven by spur gears from 
reversing bevels and positive dog reversing clutches. 
The bevels are driven by belt and pulley. The 
bevel and other shafts, &c., are provided with ball 
bearings. The clutches are operated by a hand lever 
at one end of the bed, near the feed hand wheel. 
It has three positions, one being neutral. The 
reversing gear can be operated automatically by a 
striker and rod, shown on the side of the bed in 
Fig. 152. 

Large pieces of work are bolted direct to the bed. 
For smaller work a canting table forms part of the 
equipment of the machine. These tables are 
pivoted in end brackets, which are fixed to the work 
table. At one end a gear sector is provided in mesh 
with a small vertical worm, and the working face 
can be set to any desired angle. A magnetic chuck 
can also be employed in conjunction with the canting 
table, or a long rectangular magnetic chuck can 
be arranged with its own pivots and worm. 

Fig. 151 shows the 20-in. machine grinding the 
end of buffer springs. The view given in Fig. 152 
illustrates an attachment mounted on the table of 
this size machine, used when grinding rolls. The 
roll, as will be gathered, is driven by a separate 
motor, mounted on the table attachment, through 
worm gearing. Where work of this character is 
frequently necessary, the provision of an additional 
table, on which this attachment is kept mounted, 


is to be recommended. In the 20-in. machines the 
wheels have six segments, and run at 600 r.p.m. 
The cross traverse of the headstock is 14 in. The 
size of table ranges from 45 in. by 16} in. to 87 in. 
by 162 in., the surface of the auxiliary canting table 
being about 8 in. shorter by 6 in. or so narrower. 

An internal grinder in which, contrary to the 
usual practice, the work is performed on the far 
side of the hole and thus away from the operator, 
so that he can see what he is doing is shown by 
Messrs. Alfred Herbert, Limited, of Coventry. 
This is an American tool and a product of The 
Heald Machine Company, of Worcester, Mass. It 
is shown in Figs. 154 and 155 Plate XLVI. This 
is a quantity production type of machine and is 
practically automatic. A hydraulic drive is used 
for the table which enables the operator to obtain 
any speed and reverse instantly with the least 
possible effort. 

Mounted upon a substantial base which accom- 
modates an oil reservoir, there is a work head 
consisting of a heavy casting housing an alloy steel 
spindle, running in dustproof and adjustable bronze 
bearings. On the inside of the spindle drive pulley 
there is a friction clutch, which is put into operation 
by a small hand lever, to stop the work and permit 
it to restart. Whenever the machine is put out 
of action by the movement of this lever the water 
supply is instantly stopped. There are five changes 
of work speed, and the head can be swivelled up to 
45 deg. for taper grinding, and it is graduated in 
degrees as well as in taper per foot. The machine 
exhibited has a swing of 15in. over the table and 12 
in. inside the water guard. It can grind holes 
from 3,-in. diameter up to its full capacity and to a 
maximum depth of 11 in. A wheel-truing device 
is provided so that the grinding work may always 
be accomplished to any predetermined size without 
gauging. This can be put into the truing position 
quickly, and after its operation may be swung out 
of the way, leaving the wheel in a position to grind 
automatically to the desired size. The table is 
driven by the movement of a plunger in a cylinder 
in the bed which is supplied with oil to either end. 
In front of the machine there is a lever controlling 
this hydraulic drive, and a convenient stop is pro- 
vided so that it is possible to maintain and return 
to any particular speed, without alteration of the 
speed change levers. Rapid withdrawal and return 
of the table is arranged, for and by the movement 
of a lever the wheel head on coming out of the work 
will move back and stay well out of the way, while 
a wheel guard automatically covers the wheel and 
the work may then be gauged or withdrawn. When 
reset for resumption of work the table returns 
with high speed until it is just entering the hole 
when it automatically changes to the correct 
grinding speed. 

Two examples of the modern developments of 
centreless grinders have come under our notice at 
the Exhibition. One of these is the Cincinnati 
centreless grinder shown at the stand of Messrs. 
Charles Churchill and Co., Limited, 9-15, Leonard- 
street, E.C. 2, while the second is a machine made 
under licence by Messrs. Birmingham Small Arms 
Tools, Limited, and styled by them the Coventry 
centreless grinder. The machines illustrate different 
lines of development, one making use of the peri- 
phery of the wheel and the other of the flat face of 
a cup wheel. 

The Cincinnati grinder, constructed by the 
Cincinnati Milling Machine Company, uses two 
wheels, one a grinding wheel 20 in. in diameter 
and 3 in. face, and the other a 12-in. wheel 
with a 3-in. face. The work is fed between 
the two and is supported on a knife edge rest 
parallel with the axis of the grinding wheel. The 
smaller wheel is termed the control wheel, and 
is mounted on a tilting table so that its axis makes 
a slight angle with that of the grinding wheel. The 
result of this angular setting is to cause the work to 
traverse the face of the grinding wheel at a greater 
or less rate of feed, according to the angle chosen for 
the control wheel. The two wheels, of course, revolve 
in opposite directions, so that the work is forced 
down upon the rest, upon which it revolves rapidly 
as it is traversed across. The rest consists of a block 
mounted on the machine bed between and below 
the wheels, on a slide. This block is furnished with 


a support blade, with either a flat top or a 45 deg. 
knife edge. The upper surface of these is of stellite 
electrically welded to the blade, so as to ensure 
long-wearing characteristics. The flat top is 
usually employed for roughing and the knife edge 
for finishing work. The work is further guided by 
wing pieces on each side of the wheels, extending well 
above the level of the blade. These guides are of 
high-speed steel and are easily removable for refac- 
ing. They are carried on hinged arms and can be 
adjusted by thrumb screws so that work of different 
diameters can be accommodated between them with- 
out dismantling. 

The machine is driven as a rule by a 10 h.p. to 
15 h.p. electric motor and chain to a shaft in the base, 
immediately below the grinding wheel spindle. 
This spindle runs at constant speed, being driven 
from below by belt, provided with an idler for taking 
up the slack, and adjustable from outside. The drive 
for the control wheel is taken from the same shaft to 
a speed-change box giving 16 changes, ranging from 
ll r.p.m. to 442 r.p.m. From this box a belt drive 
transmits the motion to the control wheel spindle 
fitted in a tilting housing. This housing is carried 
on a slide which can be moved towards or away 
from the grinding wheel. To compensate for wear 
the wheel and work rest are moved towards the 
grinding wheel. Fine adjustment of the slides is 
provided by micrometer collars. Ring oilers and 
centralised oiling for other parts have been given 
considerable attention. The wheels are trued by 
diamonds carried in an adjustable traversing mount- 
ing on the top of each wheel casing. The diamonds 
can be fed down out of the wheel face and then 
traversed across on a slide. The point is flooded 
with water during this operation, and the highest 
speed is used. 

In grinding the work is flooded by a 15-gallon 
pump drawing from the base, to which the water is 
returned after passing through a settling basin and 
filter cloth. 

The Birmingham Small Arms Tools, Limited, of 
Sparkbrook, Birmingham, exhibit the centreless 
grinder illustrated in Figs. 156 to 160, Plate XLVI. 
In this machine, as already stated, a single cup 
wheel is employed and the work is supported by a 
roller steady between two blades. A view of the 
head is shown in Fig. 156, while a drawing of the 
grinding wheel and spindle is given in Vig. 158. 
The section, Fig. 157, illustrates the work holder. 
The wheel spindle is belt-driven from below. The 
spindle is carried in bearing rings which are split 
in one place and adjusted by expander bolts to the 
desired degree of fit. They are lubricated by ring 
oilers. The spindle thrust is taken on a bearing 
consisting of a set of alternating steel and phosphor 
bronze plates. At the back end a ball thrust bearing 
and compression spring is furnished. Sight-feed 
lubricators supply the ring oiler wells. Two sizes of 
machines are made, for 16 in. and 12-in. wheels res- 
pectively. Fig. 158 shows details of the larger. 
The smaller head is somewhat simplified and the 
pulley is at the end of the spindle. 

In this machine the work is traversed across the 
wheel face as the result of tilting the work holder. 
For a coarse feed the tilt is considerable, as shown 
in Fig. 159, while for a fine feed for finishing the 
tilt is slight, as shown in Fig. 160. The maximum 
inclination possible is 10 degs., but in practice 
3 degs. serves for most purposes, reduced to a 
minimum for finishing. The roller of the work 
holder is driven through a telescopic shaft, by belt 
from the pump shaft at the back of the machine, 
and its speed can be varied to suit different diameters 
of work. The supporting blades are bevelled and 
are set for the work to project just far enough to be 
ground without the wheel touching the plate faces. 
The wheel is fitted with a diamond truing device, 
by which a point is traversed across the face, which 
in the 16-in. wheel is 3 in. wide, and for the 12-in. 
wheel 2} in. wide. In the larger machine pieces 
from } in. to 14 in. in diameter and 6} in. long, 
can be ground by the use of two sets of work holder 
blades, while in the smaller two sets of blades 
make it possible to grind work from } in. to ? in. 
diameter by 43 in. long. 

The water or cooling compound is supplied by a 
rotary pump in the base, ‘drawing from a tank in 
which the liquid collects after passing through a 
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settling basin. The pipe system leads both to the 
wheel face and the diamond truing device, and 
a two-way cock is used to divert it to either purpose 
as desired. 

For such work as small rollers, gudgeon pins and 
other cylindrical parts, it is claimed that the time 
ean be cut down with these machines to one- 
quarter or one-sixth of those for centre grinding. 

A 12-in. worm grinding machine designed for the 
express purpose of automatically grinding worms 
and sharpening hobs is shown in Fig. 161, Plate 
XLVI. This machine, which is very useful in motor 
car work, as it can produce accurate and smooth 
running worms in which the errors due to distor- 
tion in the hardening process have been eliminated, 
is a standard production of Messrs. John Holroyd 
and Co., Limited, of Perseverance Works, Milnrow, 
Lanes. It will be seen from the illustration that 
the grinding wheel headstock is fitted to an upright 
structure on the strongly built bed. Vertical 
adjustment and swivel motion may be given to 
the headstock to suit every requirement of the work 
itisengaged upon. In addition to this, the grinding 
wheel headstock may be swivelled vertically upon 
its own base and horizontally through a complete 
circle. For these settings suitable scales are pro- 
vided, so that adjustments may be made quickly 
and accurately. The work driving head consists 
of a gear-box with a sliding gear arranged with the 
change gears always driving in a reducing ratio. 
It should be noted that the spindle bracket is adjust- 
able on the table for various lengths of work. 
On the table the tailstock is accommodated, and it 
may be adjusted to, and locked in, any desired 
position. To obtain great rigidity for grinding 
work the table is not level but made with a sharp 
angular face. Self-acting traverse in both direc- 
tions as well as quick hand adjustment facilitate 
the work. The worm that is under treatment may 
be held on a mandrel between the centres and driven 
by a forked driver and carrier or it may be carried 
in a clutch, according to the nature of the work. 

The main drive is from two independent counter- 
shafts, one for driving the grinding wheel and the 
other for twisting, traversing and dividing motions. 
Guide pulleys are provided for the belt driving the 
grinding wheel, and these are adjustable to main- 
tain the belt always at the correct tension. As 
these pulleys are given a certain amount of side 
play the riding of the belt upon the pulley flanges 
is prevented. The work is reciprocated past the 
grinding wheel, and at the same time is revolved at 
the correct speed to suit the lead required for the 
thread. Correct lead to the worm, or the hob 
which is being resharpened, is obtained through 
the use of change wheels between the screw and 
the spindle. The feeds for the work are driven by 
open and crossed belts which have automatic 
reversing and quick return motions, operated by 
levers and adjustable stops from the reciprocating 
table. The dividing motion is arranged to divide 
automatically at either end of the work, sufficient 
overrun being provided for the traverse to allow 
the dividing to take place. In addition, a hand- 
dividing motion is provided and the correct division 
of the number of starts in the work is obtained by 
change wheels and mechanism driven from the 
dividing pulleys at the back of the machine. When 
resharpening hobs the whole face of the cutting 
edge is worked on at once, as the wheel is specially 
shaped for the work. The feed, either for grinding 
worms or for hob sharpening, is put on by revolving 
the work slightly additional to the amount given by 
the change gears. This is effected by a weight 
and rachet pawl on the driver plate. Adjustment 
of this is rapidly and easily accomplished by the 
turning of a small thumb screw on the driving head. 
Tt will be seen from the illustration, Fig. 161, that 
every care has been taken to protect the work- 
driving spindle and also the bedways from grit 
and dirt while all the machine-cut gears are effec- 
tively guarded, wherever necessary. The protec- 
tion of the bed takes the form of a roller blind 
which covers up the bed as movement is made. 

A serviceable grinder for use in sharpening wood- 
working tools is illustrated in Fig. 162, on Plate 
XLVII. This combines coarse and fine wheels with 
a leather wheel for stropping, and a cone grinder 
for dealing with tools with curved edges such as 
gouges. The whole equipment is neatly assembled 


for easy use. 
John Holroyd and Co., Limited, of Milnrow, and 
will prove a very acceptable addition to the equip- 
ment of a pattern shop. 
base, which can be bolted to the floor of the work- 
shop. The various wheels are all driven by belt 
from a countershaft through the pulley on the main 
spindle, which is designed to run at 1,400 r.p.m., 
and drives the oilstone spindle through gearing 
at 200 r.p.m. A rough emery wheel suffices for 
coarse and fast grinding while the other, which is a 
composition one of fine texture makes possible the 
imparting of a smooth, keen edge to the tools. 


sharpening them. Why this state of affairs should 
exist it is difficult to understand, for it can be easily 
demonstrated that sharpened hack-saw blades can 
cut much quicker than they did originally, and 
that, in fact, their lifetime is increased by the 
process. 


the blade. 
of Atlas Works, Levenshulme, Manchester, who 
have contributed largely to the development of hack- 
saw equipment, have now produced a saw blade 


principle of using fixed models of the teeth made in 


This tool is also a product of Messrs. | observed .that sufficient set is left to enable the 
blade to clear itself when sawing. 

In tests undertaken to find the effects of re- 
sharpening blades a 4-in. diam. mild steel bar was 
fused as an example. It was found that the first 
cut took just over 9 minutes, while after resharpen- 
ing when necessary, to the extent of nine times, 
it was found that the cutting time had been 
gradually reduced until it had got down to 5 minutes 
immediately after treatment, and the average 
time in all the work was 7 minutes, or 2 minutes 
less than that of the original cut. From this it 
may be judged that resharpening saw blades is 
essential if the best is to be got out of them. 

The Churchill Machine Tool Company, of Man- 
chester, exhibit at the stand of Messrs. Charles 
Churchill and Co., three new machines, one of which 
is a 7-in. duplex internal grinder, another being 
a 6-in. by 18-in. heavy plain grinder, while the 
third is a spline shaft grinder. The 7-in. internal 
erinder is driven by belt on to a three-step pulley. 
The work is carried in a revolving chuck on a recipro- 
cating slide, this motion being derived from a cam 
operated by the main drive, and being transmitted 
to the work slide by rack and pinion. The 
machine has two grinding spindles, fitted one 
above the other on an elevating slide, so that one 
or the other of the spindles can be brought to a 
level of the work as desired. The two spindles are 
run by one endless belt passing over both of them 
with a loop taken over an idler between them, 
giving about 180 deg. contact for each belt. 

The spline shaft grinder is for finishing both the 
side faces of the splines themselves and the circular 
surfaces between the splines. In this machine 
there is a reciprocating table carrying the spline 
to be ground, between an indexing head and a 
tailstock. An upright carries the grinding wheel 
mounted on an horizontal spindle which has 3-in. 
vertical adjustment. The indexing head is operated 
at each cycle of the work table, by means of a stop 
and plunger. When grinding the side faces of splines 
two 8-in. diameter wheels are used spaced the re- 
quired distance apart. For the cylindrical body of 
the spline a single formed grinding wheel is em- 
ployed. The work is supported by setting blocks 
with arms extending up to the under surface of the 
spline. 


It is carried upon a pillar 


Both of these stones run in an oil bath, and partial 
covers are provided at the back to prevent the oil 
being thrown about. When once the stones become 
saturated with oil, all that is requisite is to provide 
a little oil occasionally. After the edges of such 
tools as plane irons, planing machine cutters, 
trimmer knives, wood chisels, &c., have been treated 
on the stone they may be stropped on the leather- 
covered wheel to obtain a suitable finish. The cone, 
as has already been stated, is useful for dealing with 
tools which have not got a straight edge. A tool 
holder in the front of the wheels may be set in 
various positions, for there is provision made for 
its adjustment, and when necessary it may be turned 
down right out of the way. 

There are some tools such as files and hack-saw 
blades which are not usually ground before use. 
With other tools, such as milling cutters and twist 
drills it has not been necessary to show that savings 
in workshop costs may be obtained through re- 


Resharpening enables a high speed of 
cutting to be maintained at all times in the life of 
Messrs. Edward G. Herbert, Limited, 


sharpening machine, which introduces the new 


hardened steel. This tool, which is shown at the 
Exhibition on actual work in two forms, a hand- 
fed and a mechanical-fed machine, is illustrated by 
the Figs. 163 to 169 on Plate XLVII. In both 
machines the blade is carried on a small table, and 
is fed forward a tooth at a time. For this purpose 
motion is obtained from an eccentric, of which the 
stroke is adjustable to suit the conditions. Figs. 
163, 164 and 165 show three views of the general 
machine, while Fig. 169 gives an impression of the 
appearance of the hand-fed unit. The location of 
the table with a blade in place is shown in the plan, 
Fig. 165. 

As the rotary motion is given to the table by the 
eccentric, the teeth of the blade move along the 
faces of the teeth on the fixed models and move 
forward a tooth at a time. While this is taking 
place the edge of the grinding wheel moves along 
the face of the tooth, truing it up and finally cutting 
right into the corner. This action is illustrated by 
the two diagrams in Fig. 166. The motion given 
to the saw then will be understood to be not merely 
rotary from the eccentric or translational from 
the association of the teeth with those of the model, 
but a combination of the two, and its actual nature 
may be seen from the extended diagram of motion 
in Fig. 167. By the arrangement of the models 
accurate meshing to get correct grinding is at all 
times ensured. The curving of the tooth edge, 
unevenly worn or broken teeth are thus corrected 
and the grinding leaves-the blade with its: teeth, 
as regularly formed as may be desired. It should 
be noted that the stroke of the eccentric may be 
adjusted, and it is provided with graduations 
which permit dealing with all pitches of from 
3 to 10 per inch. To give some idea of what is 
being done with hack-saw blades we show in 
Fig. 168 an original Rapidor blade, which has been, 
in part, resharpened some twenty times. These 
blades of Messrs. Edward G. Herbert, Limited, have 
a set carried into and partly across the blade. 
The advantage of this is that the blade can be 
resharpened many times without grinding away 
all the set. In the illustration, Fig. 168, it will be 
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At the Exhibition of 1920 Messrs. Smith and 
Coventry, Limited, showed a duplex key seater 
and slot drilling machine which we then illustrated 
and described (see vol. cx, page 337). At the present 
Exhibition the firm is showing a machine of the 
same class, but of smaller size, and in several 
respects completely remodelled. This tool is illus- 
trated in Fig. 170, which shows a front view of it. 
The machine consists essentially of two ball-bearing 
opposed spindles, fed in towardseach other while 
the work is traversed backwards and forwards 
between them. The main drive on the machine 
shown is by electric motor and Coventry chain to 
a shaft running to a gear-box at the back of the 
machine, whence one shaft is run one way to drive 
one spindle, and through another gear reversed 
motion is run towards the other end of the machine, 
for the second spindle. The gear-box is arranged 
for slip-on change gears. Both spindles are driven 
by three Whittle link belts. The spindle driving 
pulleys run on ball bearings and are separate from 
the spindles themselves, the latter being relieved 
of all belt pull. The feed to the spindles is con- 
trolled by face cams on a shaft below and parallel 
with them. Ordinarily, for key seat cutting these 
cams operate in unison. For slot drilling it is 
necessary that one drill should run to the centre 
and withdraw slightly ahead of the second, which 
then should follow through past the centre and 
clean up. This action is secured by setting the 
cams slightly out of phase. The cams are driven 
by wide gears on a shaft, one of which is fixed, while 
the other is free on the shaft and is provided with 
a boss having lugs on each side. On each side of 
this gear are two stepped clutches. When the 
lug on one side is in a recess and that on the other 
side on a step, the gears and cams are in phase 
and the spindles work in unison. When the lug 
on the first side is on a step and that on the second 
in a recess, the gears are sufficiently out of phase 
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to secure the early withdrawal of the first spindle 
and the requisite follow-through of the second. 
For key seating or slotting to depth the cams 
can be set with the aid of a large dial. The total 
movement of the head is less than 2 in., and this 
is divided round the edge of the disc shown to the 
right of the small hand wheel in Fig. 170. The 
divisions are therefore very open and easily read. 
The action of the hand wheel is to revolve the cams 
back so as to give the necessary length of face 
for the spindle roller to travel over, before the 
summit is reached, at which point the dial reads 
zero. 

The table movement is secured by a modified 
Whitworth quick-return motion such as we described 
in connection with the Smith and Coventry machine 
shown at the 1920 Exhibition, and for which we 
then gave aspeed diagram. In the present instance, 
however, the gear is arranged vertically and the 
machine is brought within a relatively more com- 
pact space. The 1920 machine, of course, was actually 
for much larger work. The adjustable revolving 
disc crank is to be seen on the left in Fig. 170, It 
is driven by Whittle belt and change gears off the 
main driving shaft. The connecting-rod, attached at 
one end to the crank, is hung at the other to a rock- 
ing bracket. This is pivotted on a centre on which 
is a bronze 45-deg. worm wheel meshing with a 
45-deg. rack under the table. The rack and table 
are carried in separate guides and the former 
operates the latter by a block inserted in a socket 
under the table. The action of the crank oscillates 
the worm wheel through the required stroke and 
moves the table to and fro. For the adjustment of 
the table and work on setting up, the table can be 
traversed by revolving the worm wheel independently 
of the crank motion. This is accomplished by a 
small double-ended handle on the swinging bracket, 
on the shank of which is a worm in mesh with the 
worm wheel. A lock is provided to prevent further 
independent movement once the table is set. The 
machine does work up to 3-in. width by 6 in. in 
length, through a 3-in. bar. 

Messrs. George Richards and Co., Limited, are 
exhibiting a key seating machine similar to one 
shown at the 1920 Exhibition. This was described 
in ENGINEERING at that time (see vol. cx, page 
337). 

Drititinc MACHINES. 


An interesting example of an extra high speed 
drill is shown by Messrs. A. A. Jones and Shipman, 
Limited, of Leicester, and is illustrated in the 
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JEWELLERS Brencn Dritt; Messrs. A. A. JonES 


AND SHIPMAN, LIMITED. 


accompanying Fig. 171. It may be remembered 
that at the last exhibition Messrs. Jones and Ship- 
man showed a small internal grinding spindle 
running at 104,000 r.p.m. This was illustrated 
on page 433 of vol. cx. of EnarneErinG. In the 
present instance a similar ball-bearing spindle is 
employed running at 25,000 r.p.m., being belt- 


driven and speeded up from a small vertical spindle 
i-h.p. motor, carried on a bracket at the back of the 
column. ‘Tension can be put on the belt by moving 
the base on which the motor is mounted away from 
the column by means of a screw. The work table 
can be raised and lowered by rack and pinion and 
sensitive hand lever, the drill remaining at a fixed 
level. The machine is particularly useful for very 


in the form of a 14-in. ball-bearing sensitive ;drill, 
These machines are made with different types of. 
heads. The simplest is that shown in Figs. 174 
to 176—a plain belt driven sensitive head. Other 
alternatives are a geared head, geared head with auto. 
matic feed, and geared and tapping head. In the 
geared arrangement with automatic feed there is 4) 
choice of two designs. In one the belt drive is 


Fig. 170. 


upwards. One of these 
spindles was tested some 


time ago by the National | Figs. 172 and 173 illustrate the latter. 


Physical Laboratory, and run satisfactorily at over 


42,000 r.p.m. for as long as 33 minutes without a! multiple with up to four spindles. 


stop. The bench drill illustrated is intended for 
jewellers’ work. 

In Figs. 172 and 173 annexed, and Figs, 174 to 
178, Plate XLVIII, we illustrate a further example 
of Messrs. Frederick Pollard and Co.’s machines 


Fies, 172 anp 173. 
Messrs, FREDERICK POLLARD AND Co., LimrrEp, 


Stor Drittine AND Knyway Currine Macuine; Messrs. Smita AND CovEeNTRY, LimrTEp. 


14-In. Batt Brartne Drity; 


small drills of 0-003 in.; taken to the spindle with gear drive to the feed 


spindle ; in the other the drive is taken to a belt 
pulley whence gears transmit it to the drill spindle. 
The drill 
is constructed as a single head machine or as a 
The vertical 
movement of the spindle is 5 in. and of the sliding 
bracket 8 in., while the table which is 13 in. square, 
has a vertical adjustment on the column of 15 in. 
The maximum distance from spindle nose to table 
is 25 in. While some models have step pulleys, the 
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machine illustrated in Figs. 174 to 176 has a speed 
change box and single pulley drive, the gear-box, 
shown in Figs. 177 and 178, giving four speeds. 
With the pulley running at 600 r.p.m., the box 
gives spindle speeds of 400, 546, 812 and 1,110 r.p.m. 
The gear-box is identical with that used for the 
firm’s light sensitive radials. The box has three 
shafts with gears always in mesh, the changes 
being secured by friction clutches operated by two 
levers, as will be evident from Figs. 177 and 178. 
The clutches are of the expanding type opened by 
sliders fitted with wedges. No adjustment is 
needed with this class of clutch. _ 

The spindle is mounted in ball bearings. In 
the type of head illustrated in Figs. 172 and 173 
automatic feed and an automatic stop are provided. 
In this design the drive to the spindle is to a two- 
step belt pulley with gear drive thence to the spindle. 
This is to provide for a slow speed for facing, 
reamering, &c. The gears are enclosed and the 
reduction gives 3-5 to 1. The feed arrangement is 
similar to that of the head in which the drive is 
taken direct to the spindle. The feed drive is taken 
off the main spindle drive and transmitted by 
vertical shaft and bevels to worm, and worm wheel 
on the cross axle. The feed is 247 revs. per inch. 
The automatic depth stop is fitted to the graduated 
sleeve and actuates a trip, positively pushing the 
worm out of gear. A safety stop is also provided 
in case the depth stop should be removed. When 
a geared head is used for tapping, reverse mechanism 
is provided. The head is then arranged with a 
drive to a two-step belt pulley driving by gears 
a set of bevels, the drill spindle being positively 
driven by dog clutch. A reversing set of bevels is 
arranged with a clutch between them. The 
central bevel can be withdrawn from contact by 
lever, when the tapping motion is not required, and 
the spindle geared direct for drilling. 

Tension can be applied to the belt by a small 
hand wheel working the idler bracket away from 
the column. The standard equipment includes a belt- 
driven pump and tank at the back of the column 
supplying a swivel nozzle close to the work. 


be operated for each blow, and single blows can 
be obtained from any position of the tup in its 
stroke, and without reference to the speed or posi- 
tion of the pump piston. The hammer otherwise has 
the full range of light or heavy self-acting blows ; the 
tup can be held down or up, and is as responsive as 
the usual pneumatic hammer, with the additional 
advantage of certainty of single-blow working. 

Another new appliance shown by Messrs. B. and 
S. Massey is their pneumatic stamp illustrated in 
Fig. 180, Plate XLIX. This machine embodies two 
cylinders as do the pneumatic hammers, one for 
the hammer and one for the compressor. They are 
contained in a single casting. The upper and lower 
ends are connected by passages controlled by a valve, 
the position of which regulates the amount of air 
supplied to either end of the hammer cylinder or 
bye-passed from one end to the other of the pump 
cylinder. The cylinders are carried on two cast- 
steel standards supported on a cast-steel anvil 
block. ‘The ends of the columns are adjustable on 
the block by means of wedge bolts, the nuts of 
which have locking keys. The tie bolts between 
the column bases are fitted to lugs extending below 
the surface of the block on each side, so that the 
bolts do not interfere with the keys holding the 
dies. The slides consist each of three vertical vees 
on tapered blocks, the thin end of which is upper- 
most. These wedges are drawn upwards by bolt, 
for adjustment for taking up wear, thus avoid- 
ing all risk of jamming in case of accidental slacking 
back, while at the same time providing the thickest 
part of the wedge where stiffness is most required. 
The slides are sufficiently wide to take double rows 
of bolts passing through them to the back of the 
standards. 

The stamp is driven by belt and has a heavy fly- 
wheel. It can be used to strike single swinging 
blows or a series, like the steam stamp, as required, 
or the tup can be held down on the anvil, or up, by 
the positioning of the valve. It can be worked either 
by hand lever or by treadle. A timing device, with 
oil dash-pot and cam on the crankshaft, gives the 
correct timing for the blow on the pump piston up 
stroke and down tup stroke only. An air buffer is 
arranged at the top of the tup cylinder to prevent 
damage. 

The exhibit at Messrs. Massey’s stand includes a 
collection of samples of work done by a new universal 
forging machine which the firm has just brought 
out, and of which a very neat little working model is 
also to be seen. This machine, to which we hope 
to refer at greater length in a future issue, combines 
the characteristics of a hammer and press, The 
tup or ram is hollow and contains a piston worked by 
a belt-driven crank. Inside, the ram contains oil, 
and this serves to transmit the pressure produced by 
the piston to the ram and work. The reciprocating 
motion of the piston raises and lowers the ram about 
24 in, for each revolution, while by by-passing oil 
from one side of the piston to the other the height of 
the ram above the anvil pallett can be varied up to 
7 in, The maximum pressure obtainable on the 
ram is 150 tons. 

Before leaving Messrs. Massey’s exhibit a brief 
reference should be made to their portable planing 
machine for trimming up anvil blocks, and the tups 
of hammers, &c. This machine consists of a slide 
bed fitting into the dovetail either of the tup or 
anvil, carrying a saddle fitted with a tool-box. The 
saddle is made to traverse along the slide by a 
belt-driven screw, and the tool-box has hand cross 
traverse as well as elevating motion. Striking gear 
is fitted to give the reverse, two belts being used with 
one fast and two loose pulleys. The machine will 
true up, either the tup face to the anvil dovetail, or 
the anvil face to the tup dovetail. Adjustable legs 
support the overhang, The surface which it is 
possible to cover extends to 26 in. by 38 in, The 
tool can be fixed in less than half an hour. ‘The 
cutting speed is about 30 ft. per minute and with 
# in. feed a 2 in. cut can be taken in cast iron. 
_ For the mass production of forgings, machines 
have been used in Europe since the beginning of this 
century, and their use has given convincing evidence 
of the value they have in cheapening production of 
good work to exact sizes. In consequence of the 
advantages this method of working has, it has 
become economically possible to use forgings for 
many articles previously made of malleable iron or 


cast steel, An example of a machine for the worl: - 
is the Selson forging and upsetting machine exhi- 
bited by the Selson Engineering Company, ‘Limited, 
of 83-85, Queen Victoria-street, London, which is 
illustrated by two views in Figs. 181 and 182 on’ 
Plate XLIX. BEY Bae 

For use in this machine, the bars, after heating,’ 
are introduced singly and placed close to the right: 
hand die and against a stop which has been pre-' 
viously adjusted to the desired length. A foot 
lever beside the operator is then depressed to make 
the heading slide commence'to move forward. Thé 
drive for the heading slide is obtained by a ‘rotary 
key clutch. When the machine is running idle 
the only parts rotating are the pulleys, the fly- — 
wheel, and the driving gears. ‘ On the driving wheel 
there are four keyways provided, so that motion is 
taken from the rotating system after putting the 
gear in action by the foot pedal for not more than the 
time necessary for the performance of one-quarter 
of a revolution. Once the pedal is depressed the 
revolving system moves round and the rotary key 
finds its place in the first keyway of the driving 
wheel it reaches. Once the driving wheel is started 
the crank revolves and the slide is moved forward. 
During the first portion of the stroke the dies are 
closed by a link-toggle system, and the work is 
firmly gripped between them to resist the pressure 
of the blow. The tool which is mounted on the 
front of the heading slide then comes into operation 
and makes the forging by forcing the hot metal 
into the opening in the dies, after which the return 
motion takes place and the dies reopen, releasing 
the work. At the back dead centre the slide 
automatically comes to rest and enables the operator 
to remove the work without any risk of danger. 
For exceptionally heavy work continuous blows 
may be obtained by throwing the disengaging stop 
out of action, The construction of this machine is 
such that two or three operations may be performed 
with the use of the same set of dies, and without 
re-heating in many cases. For forging work of 
this character, when the dies reopen after the first 
operation the work is transferred to the second 
position in the dies, and so on. After the comple- 
tion of the forging it may be cut to length by a 
hot saw, or by the shears which are provided as an 
integral part of the machine. 

As this machine is worked so that the gearing 
and crankshaft are stationary unless when work 
is actually being performed, the wear of the moving 
system and of the bearings is much reduced, and 
consequently the life of these parts is greatly 
extended. In actual work the forging only occupies 
one-tenth of the workman’s time, so the measure of 
relief to the machine by this provision may be 
gauged. Every precaution has been taken in the 
design to ensure safety in working, and all parts 
likely to break when subjected to undue pressure 
are fitted with safety breaker bolts. There is one 
in the flywheel to preverit general overloading of 
the machine, another in the connecting rod or 
pitman, coupling the crankshaft to the heading 
slide, which prevents breakage of any part of the 
machine if too much material should be allowed 
for heading; a third is used in the toggle system 
for gripping the dies in case too large material is 
used or material falls between the dies, and a fourth 
is also in this gear in case the side pressure, after 
the dies have closed, should be too great. Other 
safety devices prevent the accidental operation of 
the machine, such as pins which prevent the clutch 
from operating when the operator is changing the 
dies or oiling the machine. These prevent any 
activity of the machine until they are withdrawn. 
Lubrication is obtained for the oil grooves in the 
heading and die slides from large oil wells cast on 
the top strips. The revolving parts are oiled by 
lubricators, while the link pins have oil reservoirs 
at the top. 

Among the forging machines mention should be 
made of the No. 3 gauge five-hammer swaging mach- 
ine of Messrs, Thomas Ryder and Son, Limited. 
These machines are well known. The illustration 
(Fig. 183) shows one of this size, driven by electric 
rnotor, with belt tensioning gear. The example at 
the exhibition has one hammer fitted, with power 
elevating motion operated by foot lever, In this: 
arrangement a belt drive is taken down to a shaft at 
the back of the machine, driven through a pair of 


HamMERS AND Foraging MACHINES. 


Among the forging appliances at the exhibition 
are to be found examples of stamps, &c., by both 
Messrs. Bretts Patent Lifter Company, Limited, of 
Coventry, and Messrs. B, and 8. Massey, Limited, 
of Openshaw, Manchester. A new forging machine 
is also exhibited by the Selson Engineering Com- 
pany, Limited. Messrs. Bretts Patent Lifter 
Company show three drop hammers, a 200 lb. 
forging hammer and a power press as well as a 
lifter for steam or compressed air. Two of the 
drop hammers form part of a battery recently 
supplied to Messrs. Mappin and Webb, at Sheffield, 
and are for working hollow-ware. With these 
hammers a considerable increase in speed of working 
is obtainable over the usual methods. We. hope to 
deal shortly with a new installation recently com- 
pleted by this firm, so that we will defer for the 
moment further reference to their products. 

Messrs. B. and S. Massey, Limited, show a variety 
of hammers, &c. These include a 3-cwt. pneumatic 
single-blow hammer, a 5-cwt. Rigby steam hammer, 
a 7-cwt. friction drop stamp, and a 10-cwt. pneu- 
matic stamp. An example is also exhibited of the 
firm’s tyre-fixing rolls, of the type which we fully 
described and illustrated in connection with an 
account of the Acton Works of the Underground 
Railways (see vol. cxvii page 232). The 3-cwt. 
single-blow pneumatic hammer is illustrated in 
Fig. 179, Plate XLIX. The machine is very similar 
in outward appearance to the firm’s well-known 
pneumatic hammer with a crank-driven pump at 
the back of the standard. In this design the hand 
and foot lever controls work on different fulcrums, 
so that the hand lever remains stationary when 
the foot lever is used. The head incorporates a 
reservoir from which air is drawn to obtain the 
single blow effect. The valve has to be. correctly 
positioned by the hand or foot lever to secure the 
single blow. When controlling by hand lever this 
is assured by swinging a pivoted stop between the 
quadrant bars and lowering the lever on to this. 
When working by foot-lever the correct action has 
to be judged, the knack of doing this being very 
quickly acquired by the smiths. The lever has to 
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‘gears. On theshaftis a clutch, the rim of which is 
cut with ratchet teeth. The male portion cf the 
clutch is operated by the foot lever, the action at the 
same time releasing the ratchet pawl. A pinion 
clutched to the ratchet wheel gears with a rack which 
is moved in towards the hammer. The rack carries 
at its end the wedge under the lower swage block, 
which is thus raised as the rack is operated. As the 
rack travels in, a spiral spring is wound up, and at the 
end of the stroke this returns the wedge and rack 
to the starting point, a spring buffer preventing 
damage. A stop also prevents over-running, the 
clutch slipping when the stop comes into action. 
The other hammers are set in the usual manner by 
hand wheel and wedge. 


(To be continued.) 


THE INSTITUTE OF METALS. 
(Concluded from page 380.) 


Tue proceedings of the Institute were continued 
on Wednesday, the 10th inst. 


RELATIONSHIP BETWEEN T'ENSILE STRENGTH, 
TEMPERATURE AND CoLD WORK. 


The first paper taken was a contribution by Mr. D. 
H. Ingall, on “The Relationship between Tensile 
Strength, Temperature and Cold-Work in some 
Pure Metals and Single Solid Solutions.”” The author 
read it in abstract. 

The paper stated that the tensile strength of 
annealed and hardened wires of aluminium, silver, 
nickel, 70:30 brass and 80:20 cupro-nickel at 
various temperatures, was determined by the con- 
stant load and rising temperature method. In each 
test a definite load was applied to the wire and 
maintained, while the wire was heated in an electric 
resistance tube furnace, at the rate of about 20 deg. 
C. per minute, till it broke. In all cases a funda- 
mental relationship was found with regard to tensile 
strength and temperature (previously shown by the 
author to exist for copper),* which was expressed in 
the curves by a straight line up to a critical inflection 
temperature and by a curved line for higher tem- 
peratures. A common relationship between con- 
stants and a common limiting value of the critical 
inflection temperature, both expressed in terms of 
the melting point, had been found for pure metals 
in the soft annealed state, which would make the 
straight line portion of the curve fundamental in 
these cases. It was suggested that the critical 
inflection temperature was the all-important pro- 
perty of any metal or alloy for high temperature 
service, as it would appear to be the temperature 
above which viscous flow might take place, and below 
which there was stability of the material in the cold- 
worked state only. Other things being equal, the 
higher the critical inflection temperature, the more 
stable was the material, and in this respect the 
experiments indicated that alloys of nickel, or any 
other metal of high melting point, which formed a 
continuous series of solid solutions with a high tem- 
perature liquidus were likely to show up to the best 
advantage. 

Professor F. C. Thompson found the author's 
method to be of great practical interest, but the 
interpretation of the results was difficult. He 
called the attention of the meeting, in this connection 
to the results of the work by the Royal Society on 
the hydration of fibres. At first sight the relation- 
ship between the two classes of work might not 
appear clear, but it would be seen that the curves 
in the work he referred to had a striking analogy 
to the author’s, there being straight lines and 
parabolic lines. The author’s method was the first 
to show the little breaks alluded to in the paper. 
It was so far impossible to explain the hydration 
results, as, no doubt, the author could not yet 
explain his own. He thought the author had been 
well advised to draw his curves up to the points 
obtained. Hitherto there had been too great a 
tendency to smooth out curves. The author drew 
his curves exactly through the points. They 
all showed the same character for all the metals. 
The author had rendered a service in showing that 
the course of annealing of cold-worked material 
was more complicated than had been revealed 
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in the past. His paper suggested that his work 
resulted from that by J. H.S. Dickenson on the flow 
of steel at a low red heat, presented to the Iron and 
Steel Institute in 1922.* 

Mr. T. Martin, referring to his own results on 
aluminium, could not quite accept the author’s 
statement that his (the author’s) curves for 
aluminium bore out his (the speaker’s) results. 
Some results by the author’s method were not borne 
out by those of other methods. In the author’s 
analysis of low-temperature straight-line curves, he 
gave 165 deg. C. as one of the approximate critical 
inflection temperatures in the case of aluminium, 
and supposed a radical change to occur at that 
temperature, a point which was at variance with 
the observations of Carpenter and Coldron Smith. 
The real change in the properties of aluminium 
occurred at temperatures considerably above 
300 deg. C. It was a question whether tensile tests 
as ordinarily carried out at high temperatures were 
of great use as indicating the tensile strength of the 
metals dealt with. The time factor was of great 
importance. 

Dr. Rosenhain agreed with Professor Thompson’s 
remarks concerning the author’s curves, and was not 
surprised at the irregularity in these. The author 
had studied the lowest temperatures at which the 
changes took place when the metals were heated 
under stress, and that fact affected his results. 
The manner in which the stress was applied also 
came in, and the rate of heating was of vital 
importance. It had to be realised that one series 
of critical inflection temperatures was applicable 
to one rate of heating alone. Cold-worked material 
was rarely relied upon where high temperatures 
were involved. Mechanical parts made of aluminium 
alloys were exposed to fatigue at high temperatures 
and stood up to their work. 

Mr. W. R. Barclay considered that the paper 
opened out a new field of activity for researches by 
practical men, particularly in the electrical trades. 
In these there were found curious results with wires 
that were under stress, where heating was of a high 
order. The electrical properties of these wires 
changed when under tension or compression - and 
exposed to temperatures of 400 deg. C. and upwards. 


* See ENGINEERING, vol. exvi, page 341. 


* See ENGINEERING, vol. cxiv, pages 326, 339, 378. 


Miss Elam called the attention of the author to a 
paper in the Philosophical Magazine on the strength 
of crystals at different temperatures and on the 
permanency of their orientation. This might have 
some relation to the author’s work. . 

Dr. H. Moore agreed with Dr. Rosenhain that the 
author’s method had limitations, particularly in 
regard to the rate of heating. The method, also, 
did not give the elastic limit or the yield point ; it 
did not reveal either an increase of strength. 

Mr. Ingall, in replying, said he realised the change 
which an increased rate of temperature meant. 
He had compared his results with others taken at a 
constant temperature and varying loads, and had 
found a general agreement between them. He quite 
agreed with Dr. Moore’s remarks with regard to 
an increase of strength ; this could not be plotted 
down, but that a change had taken place would be 
evident ; he explained by a curve on the black- 
board where the points would come, and while he 
would not be able to plot them, something missing 
would be revealed, showing an increase in tensile 
strength. He would continue the work on the 
lines suggested by Mr. Barclay. The work by Mr: 
Dickenson did not inspire his own, since a large part 
of this was already done when Mr. Dickenson’s 
paper was published. 

Professor Turner compared the author’s work 
with former work by Dr. Bengough and Dr. Hudson, 
pointing out that the author had taken various 
metals and had used a wider range of temperatures. 


BrRINELL HARDNESS OF COPPER. 


The second paper was ‘‘ On the Effect of Pro- 
gressive Cold-Rolling on the Brinell Hardness of 
Copper,” by Dr. H. Moore, who read it in abstract. 
We reproduced this on page 386 of our last issue. 

It referred to a paper recently published by 
Rawdon and Mutchler, of the United States Bureau 
of Standards, which stated that in the cold-rolling 
of copper, iron, tin and other metals and alloys, the 
Brinell hardness rose rapidly during the initial stages 
of deformation and then diminished, “the metal 
becoming softer, and in its final form might be softer 
than the metal in its initial stage.” In experiments 
at the Research Department, Woolwich, an annealed 
copper bar was cold-rolled from 3-12-in. to 
0-0125-in. thickness, one-half of the material being 
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withdrawn for testing after each reduction of 50 
per cent. of the thickness. The Brinell number was 
48 in the-annealed bar, 98 after the first redu.tion 
of 50 per cent. ; it rose at each subsequent reduction, 
and reached 130 when the thickness was reduced to 

1 
250 

Dr. F. Johnson considered this an interesting con- 
tribution, giving the results of experiments carried 
out with a definite object in view. He asked, with 
reference to the grain size, what had been the 
extent of the cold-working. He was glad the 
author had taken the time factor into consideration. 
He (the speaker) with Armco iron had found the 
scleroscope hardness to be 41-3 after two hours, 
43 after two days, and 44-5 after twelve days. 

Dr. Moore did not think the Brinell number was 
affected by the grain size in his specimens due to 
the varying treatment. One difference between 
his (the author’s) work and that by Rawdon and 
Mutchler was probably not that the cold-rolling 
had been carried to a. greater relative degree, but 
that they had started and finished with a thinner 
material ; it was just possible that the difference 
could be explained by the thinness of the other 
workers’ specimens. 


of the original thickness. 


HicH—TIn Bronze. 


The third paper dealt with “Some Experiments 
on the Effect of Casting Temperature and Heat 
Treatment on the Physical Properties of a High- 
Tin Bronze,” by Mr. F. W. Rowe, who read. it in 
abstract. We reproduce it on page 430. 

The paper gave results of the effect of casting 
temperature and heat-treatment on a_ bronze 
containing 86 per cent. of copper, 15-95 per cent. 
of tin and 0-05 per. cent. of phosphorus. This 
bronze was used for special bearings where low tin 
phosphor bronzes and leaded phosphor bronzes 
had not been found satisfactory. Six boxes of 
test bars were cast at temperatures varying from 
1,240 deg. C. down to 1,025 deg. C. The casting 
temperature of bushes was fixed at about 1,100 
deg. C. 

' Mr. J. S. G. Primrose considered that the author’s 
work would be serviceable to makers who had 
not the facilities for carrying out a number of 
experiments. The author’s lower casting tempera- 
ture for bearing bushes appeared to be the most 
satisfactory one, but seemed contrary to practice for 
arriving at the right structure giving good bearing 
properties. At the higher temperatures, for in- 
stance, in the casting of a worm-wheel on a cast- 
iron boss, it was hardly possible to get contact 
between the two ; it required a casting temperature 
even lower than the figures stated by the author. 
The author would do well to extend his work to 
phosphor bronze. 

In replying, Mr. Rowe, referring to Mr. Prim- 
rose’s desire to obtain confirmation as to the 
greater amount of eutectoid separating out with 
lower casting temperatures, said this could be done 
by planimetric measurements over a whole series, 
but it would take a large amount of time. It was 
well known, however, that all bronze castings at a 
low temperature showed a greater segregation of 
the double eutectoid, and the bearing surfaces were 
improved by casting at a low temperature. In regard 
to the Brinell hardness, his opinion was that any 
heat treatment of a phosphor-bronze damaged its 
properties as a bearing metal. 


METAL SPRAYING. 

The fourth paper, on “Metal Spraying and 
Sprayed Metal” was contributed by Mr. T. H. 
Turner and Mr. W. E. Ballard. It was read in 
abstract by the former. 

The paper brought under consideration the pro- 
cess of metallisation invented shortly before the 
war and known generally as Schoop’s metal spray 
process. Held back in its development by the 
unsettled condition of industry it was nevertheless 
being operated commercially at the present time 
in all the more important countries. The gas- 
operated metal spraying pistol now used in this 
country was illustrated together with a rumbling 
barrel type of metallising apparatus which served 
for repetition work on small articles. Special 
devices had been introduced for coating the outside 
and inside of tubes and pipes. All articles to be 


sprayed were carefully sandblasted, as it had been 
shown in practice that the metallic coatings adhered 
better to surfaces so prepared. In certain cases 
preheating of the article to be coated was recom- 
mended as this again tended to improve adhesion. 
By spraying lightly on to glass it has been possible 
to examine the individual particles of the sprayed 
metals. Photomicrographs of these showed that 
the metal must be molten at the instant it struck 
the surface to be coated. The paper gave remark- 
able shapes of the metal splashes. Solid articles 
had been built up by spraying and proved machine- 
able and resonant. Figures were given for the hard- 
ness and density of such built-up metals. Tables 
were included showing the wire and gas consump- 
tion. Practically any metal available in wire form 
and fusible in the oxy-hydrogen flame may be 
sprayed on practically any surface, on paper, fabric, 
wood, or metal. The surface produced was always 
matte, but might be polished if desired. The matte 
surface was an ideal foundation for paints. Consi- 
derable technical experience had now been obtained, 
and completed structures were being uniformly 
coated with any desired metal for protection against 
atmospheric corrosion, chemical attack or furnace 
conditions. The process had also been used for 
building up, repair and salvaging operation. It had 
found a particular field in ship work, and was recom- 
mended for the zincing of rail ends and fishplates 
for connecting purposes on electric railways, as it 
did away with the necessity of copper connections 
and continual cleaning. 

Mr. G. B. Brook said he had not been able to 
find deposits of sprayed metals so smooth as those 
illustrated by the authors in their photomicrographs 
showing sprayed zine and sprayed copper. This 
was not, however, a serious disadvantage and he 
(the speaker) had had plates sprayed with copper 
which resisted quite well to corrosion when exposed 
in sea water for two months. 

Dr. W. H. J. Vernon asked whether the authors 
had compared zinc-coated material with massive 
rolled zinc. 

Mr. E. Marsden could not say whether coatings 
with the process were better than those by the 
electro-depositing process. One could not be certain 
of the spraying process for intricate parts and the 
brittleness of the coating was a bar to its general 
use, since hammering was liable to detach pieces 
of it. It might be a help, among other uses, in 
the matter of vulcanising pan manufacture, as 
these pans corroded badly. 

Professor Turner called attention to the ring 
which a deposited zinc bolt-shaped piece gave out 
when. striking it. 

Mr. T. H. Turner, in replying, said the process 
was only just now being used on a somewhat 
large scale. From the point of view of corrosion 
it was a good one. He had no tests on rolled zine 
as compared with zinc-sprayed material. The use 
for vulcanising pans was one to which he would 
give his attention. 


Sopium In ALUMINIUM. 


The next paper was on “The Determination of 
Sodium in Aluminium,” by Mr. D. M. Fairlie 
and Mr. G. B. Brook. 

It described a process for separating sodium 
from aluminium which, while possessing reasonable 
accuracy, could be carried out by the average labora- 
tory assistant. The difficulty of sodium determina- 
tion would be realised from the fact that sodium had 
always appeared among the constituents specified 
by Government Departments as not allowable in 
aluminium beyond a trace (0:05 per cent., after- 
wards reduced to 0-03 per cent.). The accuracy 
of the process was much greater than that yielded 
by the majority of analytical methods, particularly 
in view of the fact that the sodium was probably 
in suspension, and not in solution in the aluminium. 
With high purity samples of aluminium, showing a 
sodium content of 0-008 per cent., the result of 
many analyses showed a mean error not exceeding 
0-001. 


ADMIRALTY GUN-METAL. 


The last paper taken was by Mr. F. W. Rowe, 
on ‘Some Experiments on the Influence of Casting 
Temperature and Mass on the Physical Properties 
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of Admiralty Gun-metal.” We reproduce this 
paper on page 436 of our present issue. 

The test figures showed that the best results 
were obtained in all sizes of bars with the lowest 
casting temperature, namely, 1,100 deg. C., and 
the best tests of all sizes with the }$-in. square bar 
cast at that temperature. 

The other papers on the list were taken as read. 
All the authors received the thanks of the meeting 
for their contributions. Thanks to the Institution 
of Mechanical Engineers for the use of their 
premises, to the local Reception Committee, and 
to the Works and establishments to be visited ~ 
concluded the proceedings. ; 

On Thursday, the 11th inst., the members and 
visitors journeyed to Windsor. 


THE BRITISH ASSOCIATION MEETING 
AT TORONTO. 


(Continued from page 368.) 
SECTION A.—MATHEMATICAL AND 
PHYSICAL SCIENCE. 

Forces wxicH Lirr THE AEROPLANE. 


In the afternoon discussion, on this subject, Pro- 
fessor V. Bjerknes, of Bergen, performed some of the 
beautiful experiments with pulsating drums of his 
late father (A. Bjerknes) and of his own for the 
purpose of illustrating that, as regards geometric 
structure, there is identity between hydrodynamic 
fields and static electromagnetic fields of force, 
and that the mechanical forces acting in the two 
cases are equal, but of opposite directions. The 
pulsating bodies were of several kinds. There were 
cylindrical capsules, closed at both ends by discs 
(membranes) of corrugated metal ; or such capsules 
were freely encased in spherical shells in such a 
way that only one of the membranes. was rigidly 
connected to the shell, the other being loaded with 
lead; or hollow cylinders rotated about their 
vertical, long axis. All the bodies floated in water. 
The pulsations were caused by connecting the cap- 
sules to a reciprocating air pump of special type, 
and the cylinders were rotated by blowing a con- 
tinuous stream of air through tubes of S shape, 
open at both ends. In the first instance, Professor 
Bjerknes exemplified the difference between inertia 
and ‘kinetic buoyaney.” He had three cylin- 
drical vessels containing water and floats of the 
same density or of greater or smaller density than 
water. When the cylinders were placed vertically, 
the floats rose or sank or kept stationary ; when 
they were placed horizontally, and tapped with a 
mallet at their ends, the light float advanced, and 
the heavy float receded in the water, just as a 
passenger is jerked backward in a starting train, 
but would be jerked forward if the train contained 
mercury instead of air, or would be jerked hardly 
at all if it contained water. 

By these means Professor Bjerknes imitated the 
varied mutual attractions and repulsions between 
electrified and neutral bodies, and between electric 
currents and magnets, the apparent actions at a 
distance, and further, the stream lines and vortices 
about objects and fluids in relative motion. He 
showed that a hollow horizontal cylinder turned 
about its longitudinal axis by pulling a tape wound 
around it (in spinning top fashion) rose in the air. 
The rotating cylinder was not a practical flying 
machine. But the same formule held for the 
“resistances induced’ in the cases of aeroplanes, 
turbines and propellers. Hydrodynamic forces 
collected what was like in phase, and dispersed 
what was unlike; the opposite applied to electro- 
dynamic forces. Many of the forces were inertia 
effects, and the forces which lifted an aeroplane 
might prove to be the forces in the interior of the 
atom. Sir Ernest Rutherford thanked Professor 
Bjerknes for this remarkable development of his 
studies of electric and mechanic oscillations and of 
‘the nature of forces. 


CosmicaL Puysics AND METEOROLOGY. 


The sub-section on Cosmical Physics met on 
several days and afternoons under the presidency 
of Sir Frederick Stupart, director of the Meteoro- 
logical Service, Ottawa; some of the papers were 
discussed by the main section. In the first paper 
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taken Sir Napier Shaw, F.R.S., discussed the 
question of what the general circulation of the air 
would be ‘“‘ If the Earth went Dry.” Not a sterile 
question, he pointed out, since water vapour could 
not play an important part in the deserts and in 
the higher atmosphere at temperatures below 
270 deg. C. abs. Though the circulation depended 
fundamentally upon the warming of the earth by 
the solar heat and its cooling by radiation, the 
dominant factor of the weather was condensation 
and evaporation of water. Discussing the thermal 
processes which would be operative in the practical 
absence of water vapour, Sir Napier concluded that 
the general . circulation would not be dissimilar 
from the present form. Sir Frederick Stupart 
followed with a paper on the “ Variableness of 
Canadian Winters,’’ which he connected with the 
North Pacific cyclonic areas. Moving southward, 
he suggested, these cyclones normally entered the 
Continent about the latitude of British Columbia ; 
if they were less intense and entered more to the 
south, the winters were cold; in the opposite case 
mild winters were experienced. 

A series of papers dealt with oscillations of 
atmospheric pressure and wind. Mr. F. J. W. 
Whipple urged international co-operation in his 
analysis of “the Diurnal Pressure Variations : 
Facts and Theories.” Professor W. J. Humphreys, 
of the United States Weather Bureau, speaking 
on the “ Relation of Wind to Height,” said that, 
especially on the equatorial side of cyclones, the 
wind-strength increased up to 500 m. above the 
surface, decreased through a further 300 m., in- 
creased again and remained fairly steady up to 
2,000 or 3,000 m.; after a slight diminution there 
followed finally an increase for several kilometres 
in proportion to the decreasing density of the air. 
Thermal and mechanical turbulence would explain 
these variations. Submitting in a further paper 
schemes for “ Rainmaking”’ to a critical survey, 
he considered all the schemes—rainmaking by 
noises, by chemicals, by forced mechanical con- 
vection, by fog-collecting screens, by dusting the 
sky, by spraying liquid air on clouds or sprinkling 
the clouds with electrified sand—as commercially 
impracticable, but also as interesting if treated 
quantitatively. 

Mr. J. Bjerknes, of Bergen, lately working in the 
London Meteorological Office, outlined his much- 
discussed views on the “‘ Importance of Atmospheric 
Discontinuities for Weather Forecasting.” New- 
formed depressions, he said, usually consisted of a 
warm and a cold current, in opposite directions ; 
the latter increased in area and finally embraced 
the whole lower layer. During the development 
of the depression warm air escaped upward and 
spread above. This motion involved a_ trans- 
formation of potential into kinetic energy and 
deepened the depression, as long as warm air was 
available for the ascending motion; afterwards 
the kinetic energy of the depression decreased 
again. 

Further cognate papers were presented by 
Mr. EK. F. Richardson, London, on “ Turbulence 
and Temperature Gradients among Trees,” relying 
on measurements by means of Dines’ pressure 
anemometers and thermojunctions, and by Messrs. 
M. A. Giblett, Whipple, Richardson, Bjerknes 
and J. S. Owens on the observations they had taken 
while crossing the Atlantic on the Caronia, and 
on their forecasts based upon radiotelegraphic 
signals from other ships—the first forecast ever 
attempted at sea, by Mr. Bjerknes. Papers on the 
“Upper Air” were given by Mr. J. Patterson, of 
Ottawa, who stated that their observations in Canada 
and the Arctic, started in 1911, had been interrupted 
by the war, and had been delayed afterwards 
by the difficulty of obtaining balloons for carrying 
their instruments ; and by Mr. Andrew Thomson, 
of Washington. The latter gave a first account 
of observations made in Samoa, interesting as the 
only observations so far available from the Pacific, 
and because he had met maximum wind velocities 
at 13 km. height and the stratosphere at lower 
levels in winter than in summer, while the opposite 
holds for Europe and Canada. 

Professor H. H. Kimball, of the United States 
Weather Bureau, explained how he utilised colour 
temperatures of sunlight and skylight and the 


spectrum radiations for the approximate “ Deter- 
mination of Daylight Intensity.” Dr. J. 8S. Owens, 
of the Air Ministry, described his instruments for the 
“ Automatic Measuremént of Atmospheric Pollu- 
tion.” In his automatic dust counter 24 small discs, 
of 4 in. dia., arranged in a circle on a disc of filter 
paper, are used per 24 hours, each time for the filtra- 
tion of two litres of air, which is sucked through. 
In his jet dust counter a broad, thin jet of air is 
projected against a microscope cover glass, the 
cooling of the expanding jet leading to the con- 
densation of the moisture which retains any dust 
carried. Dr. Owens showed that the two methods 
gave substantially concordant results. One milli- 
gramme of dust per cubic cm. seemed to have 
the same effect as regards light obstruction as 
10,000 particles per cubic metre ; thus, 10!° smoke 
particles would weigh approximately | milligramme. 
The size of suspended dust particles was fairly 
uniform, but increased during smoke fog, probably 
because their rapid formation left insufficient time 
for their grading by settlement. 

Professor C. F. Marvin, Director of the United 
States Weather Bureau, advocated, in a paper 
entitled ‘‘ Let us Simplify the Calendar and Publish 
Statistical Data in Standardised Summaries,” a 
year of exactly 52 weeks and months of four weeks, 
in the interests of meteorology and business generally. 
Much statistical material remained unpublished or 
was almost unwieldy, because the observers had 
not the time to present their data in summaries 
admitting of comparisons. The latter point was 
also raised in a paper by Dr. W. Bell Dawson on 
“The Effect of Wind on Tides.’’ He showed that 
the estuary of the St. Lawrence and the Bay of 
Fundy were lying parallel to the storm tracks along 
the north-eastern coast of America, for which many 
years of simultaneous tidal and meteorological data 
were available, awaiting working up. We may 
mention a more mathematical paper by Dr. H. 
Jeffreys, of Cambridge, on “ Tidal Friction.” 


GRAVITATION ; SEISMOLOGY. 


The Committee on “ Local Variation of the Earth’s 
Gravitational Field’ (chairman, Colonel H. G. 
Lyons ; secretary, Captain H. Shaw) reported that 
investigations had been made, both in the labora- 
tory and in the field, with the original Eétvis 
torsion balance and with a double-beam instrument 
made by Messrs. Oertling, London. Comparing the 
two instruments in a collapsible double-wall tent, 
constant records were obtained during the night, 
but not during the day, and it was found that rapid 
temperature variations disturbed the stability of 
the balances badly. By request of the Shropshire 
Mines, Limited, the two instruments were taken 
down to the neighbourhood of Shrewsbury ; exis- 
tence of heavy minerals was indicated in one 
locality, where a search was now being made. 
In another hilly district near by, equally unfavour- 
able apparently for the use of the balance, no 
indication of minerals was detected. 

The Committee on “Seismological Investigations ”’ 
(chairman, Professor H. H. Turner; secretary, 
Mr. J. J. Shaw) regretted the death of two eminent 
seismologists—Professor Otto Klotz, of Ottawa, 
and Professor Omori, of Tokyo—and reported little 
advance. A Milne-Shaw seismograph had been 
tested by Professor Rothé at Strasbourg with very 
satisfactory results, and the comparative tests, 
by Mr. Shaw, of two of these seismographs had 
given almost identical curves of an earthquake 
which happened to occur while the seismographs 
were mounted 60 ft. apart at Bromwich. The 
earthquakes of 1918 and 1919 had further been 
analysed as to apparent depth of focus. The earth- 
quake period of 21 minutes, which Professor Turner 
had formerly ascribed to the passage of a wave 
right through the earth’s centre and back, was now 
connected with the moon and considered to be a 
tidal effect. 

Mr, K. A. Hodgson, of Ottawa, discussed the 
“ Correlation of the Records of Two Distant Milne- 
Shaw Seismographs,” which were mounted first at 
Ottawa, and then at various stations up to 35 miles 
apart. Some 20 earthquakes, including the Tokyo 
earthquake, were recorded by both the instruments, 
the peculiarities of which were explained by means 
of lantern slides. 


Mr. F. J. W. Whipple’s “ Experiment Illustrating 
the Theory of the Green Flash,” leads over to 
astronomical papers. The last segment of the 
setting sun, he remarked, sometimes turned green, 
and a vertical green ray had occasionally been seen. 
The phenomenon was now generally ascribed to 
the simultaneous action of dispersion and absorp- 
tion. The green segment was only seen with a 
yellow (not a red) sun, and at a moment when the 
sun was really already below the horizon, so that 
the light was much scattered. To imitate the pheno- 
menon, he threw an arc beam on the screen; it 
formed a white disc with a blue edge above and a 
red edge below. When the beam was filtered through 
a turbid liquid, sodium hyposulphite to which hydro- 
chloric acid had been added, the suspended sulphur 
particles scattered the light ; the disc then appeared 
yellow and the edge green. The vertical green flash 
was probably a physiological effect, as noticed 
sometimes when people looked at a bright street 
lamp. 

ASTRONOMICAL PAPERS. 


We regret that we cannot do more than merely 
mention most of the important astronomical com- 
munications, by Professor A. 8. Eddington, on the 
“Theory of the Outflow of Radiation from a Star ” ; 
by Mr. E. A. Milne, of Cambridge (absent owing to 
ilmess), on “ Radiation Pressure and the Equili- 
brium of the Solar Atmosphere ” ; by Dr. L. Silber- 
stein, of Rochester, New York, ‘‘ on Determination 
of the Curvature Radius of Space and Time” ; by 
Mr. J. Jackson, of Greenwich Observatory, on 
“Photographic Proper Motions of Faint Stars ” ; 
by Drs. R. K. Young and W. E. Harper, of Victoria, 
B.C., on “Spectroscopic Absolute Magnitude De- 
terminations,” and by Dr. F. Henroteau, of Ottawa, 
on “ The System of o Scorpii (a peculiar case of a 
triple system of Cepheid variation).”” We should 
like, however, to say a few words on three papers, one 
of which concerns radio-telegraphy. 

Speaking on “The Relation between Solar 
Activity and Terrestrial Magnetic Disturbance,” the 
Rev. A. L. Cortie, S.J., of Stoneyhurst, said that, 
though a sun spot of great area was always accom- 
panied, at some stage in its life, by a magnetic dis- 
turbance, there was no parity between the size 
of the spot and the character of the disturbance. 
During the last three solar cycles disturbances had 
been more numerous after the maximum spot-phase 
than before. Magnetic disturbances might occur at 
times when no spots, nor even faculae, were visible ; 
those disturbances were connected with the synodic 
presentment to the earth of previously-disturbed 
solar areas which remained intermittently effective 
after the disappearance of the spots. 

The paper on ‘‘ The Spectra of Nebulae,” pre- 
sented by Professor J. 8. Plaskett, on behalf of his 
son, Dr. H. H. Plaskett (both of Victoria, B.C.), 
stated that the excitation of nebular luminosity, 
about which we knew little more than in the days 
of Huggins, might be due to neighbouring stars at 
very high temperatures (20,000 deg. C.), or to causes 
which were in general better studied in the laboratory 
than in the observatory. The nebular spectra con- 
sisted of hydrogen and helium lines and of some 
unidentified lines (including Nicholson’s line of nebu- 
lium of mass 3), possibly also due to hydrogen, 
or to oxygen, nitrogen or carbon. Dr. Plaskett had 
recently discovered the peculiar star Z Andromodae, 
which was similar to hydrogen-envelope stars, but 
differed by showing enhanced iron lines in the core 
and by the great intensity of the nebular lines. 
Dr. Plaskett’s absolute intensity determinations 
confirmed his interferometer observations, but not 
as to the mass 3 of the hypothetical hydrogen- 
helium compound. In discussing the paper, Professor 
McLennan referred to his work on the spectra of 
the elements of low atomic weight at low tempera- 
tures, which might occur in the outer atmosphere 
of the earth ; Professor H. N. Russell remarked that 
we had three obscure green lines, in the corona, in 
nebulae and in aurorae; all three seemed to be 
produced at extremely low gas density ; to imitate 
the effects we might want cubic miles of vacuum 
vessels. 

The paper on “ Wireless Time Signals,’ by Mr. 
Meldrum Stewart, Director of the Dominion Obser- 
vatory, Ottawa, and Mr. J. P. Henderson, dealt 
with the comparison of time observations by means 
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of radiotelegraphic signals and their own share in 
this international work. Comparisons made during 
the years 1921 to 1923 of time, as determined at 
Ottawa, Washington and Paris, showed differences, 
Mr. Stewart pointed out, running smoothly from 
day to day, but changing in longer intervals. Thus 
the difference Washington-Ottawa would be posi- 
tive for some time, and then suddenly change to 
negative. The comparisons had usually been made 
by the method of coincidence by extinction, in which 
the incoming signals were gradually obliterated by 
the opening of a relay operated by a differentially- 
rated chronometer. With the United States 
stations the chronometer was rated to gain one 
second in every fifty ; with the European stations, 
which themselves sent out gaining systems of 
signals, an ordinary sidereal chronometer was used. 
Ordinary chronograph registration was also studied, 
and in this case the greatest precautions had to be 
exercised to avoid the introduction of variable 
relay lags, especially differences in lag between the 
incoming signals and the artifically-produced clock 
signals. Apart from photographic methods and 
possibly those involving the use of a siphon re- 
corder, the only satisfactory method seemed to be 
the use of a relay of a speed comparable with that 
of the pitch of the audio-heterodyne beats, so coupled 
with another relay as to ensure the carrying through 
to the chronograph of even a single pulsation of the 
primary relay. The errors amounted by either 
method to not more than 0-01 second. An actual 
record of the signals was also obtained on smoked 
paper by using a style mounted on an arm attached 
to the diaphragm of a telephone receiver. Unstable 
circuits were unsuitable for this work. 


Acoustics. 


Two acoustical communications were made. 
The first was a very interesting experimental dis- 
course by Sir Richard Paget, Bart., on the ‘“ Nature 
of Speech.” Vowel sounds, he demonstrated, could 
be imitated by blowing air through two cavities 
(Helmholtz resonators) in series or in parallel. 
The notes depended upon the volume of the cavity 
and the size of the orifice; when the orifice was 
enlarged the note became higher; the problems of 
the tidal surgings of water were analogous. In the 
mouth the cavities were relatively altered by 
moving the tongue; Sir Richard was able to 
modify the cavities of his mouth, singly or both 
together. The enunciation of vowels required 
model cavities (of plaster, cardboard, brass, &c.) 
and a reed (to replace the larynx); as to this Sir 
Richard differed from E. C. Miller, who thought 
that certain vowel sounds were due to simple reson- 
ance. The so-called nasal twang of Americans did 
not appear to be nasal, but due to a third cavity ; it 
was imitated with the aid of a rubber tube fitted with 
a stricture. The enunciation of the consonants 
p, t, k (b, d, g) depended upon the mode of open- 
ing and closing the cavities and the tube of issue ; 
by inserting a finger into the tube the / sound was 
produced; m and m were imitated by sudden 
release. The consonants would, according to Sir R. 
Paget, be essentially as musical as the vowels. 

In the second paper on ‘‘ Research in Architec- 
tural Acoustics,” Professor P. E. Sabine described 
the reverberation sound chamber which his father, 
Dr. Wallace Clement Sabine, had established at 
Riverbank, Geneva, Illinois, and some of the 
recent work done there. The measurements, he 
explained, were based upon the fact that sound from 
a source within a closed space remained audible for 
an easily measureable time T, after the sound had 
ceased, depending upon the acoustical power of 
the source E, the time ¢ during which the source 
spoke, the air volume V of the chamber, A the 
rate of dissipation of sound energy, and i the 
minimum audible sound intensity ; the rate A was 
initially determined by varying the acoustical power 
of the sources in known ratios and measuring the 
corresponding T. The air-jacketed walls of his 
chamber had a thickness of 18 in., and were 
acoustically so sensitive that the laying down of 
1 sq. ft. of carpet could easily be detected. The 
noise of a typewriter might be magnified five 
times by the walls of an ordinary room. If 
hair felting 1 in. thick had a sound-absorb- 
ing power of 1, the power of the same covered with 


muslin was 1:2, painted 0-7 to 0:4. Ordinary 
felting had the power 0-8, painted brick 0-4, 
hard plaster 0-05, sound-absorbing plaster 0-66. 
Experiments had also been made with ‘‘ deadening 
quilts ” of porous, inelastic and flexible materials, 
with structural units of wood, glass and steel, and 
masonry partitions. The reduction of sound in 
transmission by homogeneous felts and the like, was a 
true absorption process, and the density of the 
sound energy on the other side of the partition was 
an exponential function of the thickness of the wall. 
Making experiments on a whole scale of tones (not 
only on single tones) with 15 different masonry 
walls, Professor Sabine arrived at the conclusion 
that the transmission was independent of the 
material and of the structural stiffness of the wall, 
and was a function of the weight per unit area. Pro- 
fessor W. F. G. Swann objected that the amplitude 
of the waves must be of importance. 


(To be continued.) 


THE HEAT TREATMENT 
MANGANESE STEEL. 


Correct heat-treatment is an all-important phase 
in the processes of manufacture of steel mechanical 
parts and steel articles generally. Stainless steel, 
among the very many classes of steel, may be taken 
as an example ; it did not give entirely satisfactory 
results until the correct heat-treatment conditions 
were determined and accurately followed. Sys- 
tematic research in this one instance, which is illus- 
trative of many, gave the correct heat-treatment, 
and the early difficulties disappeared. The promi- 
nent value of heat-treatment is emphasised in a 
report, No. 61, recently issued by the Research 
Department, Woolwich, on ‘The Properties of 
Medium Carbon Steel with High Manganese Con- 
tent.’ The steels dealt with were five in number, 
containing carbon up to 0-39 per cent., and manga- 
nese varying from 0-25 per cent. to 5-25 per cent. 

The steel having the highest manganese content, 
on which a complete series of tests was made, con- 
tained 2:86 per cent. of manganese. Small pieces 
about 1 in. long and 4 in. square section were 
obtained for carrying out a number of treatments 
involving different rates of cooling through the 
critical range. Three of the specimens were oil- 
hardened from 900 deg. C., tempered at 650 deg. C. 
for two hours, and cooled in water, in air, and also 
at rates of 24 deg. C., 1 deg. C. and 0-3 deg. C. per 
minute, and their Izod impact figure ascertained. 
It was found that the mechanical properties of a 
0-4 per cent. carbon steel were improved by the 
presence of about 2 per cent. of manganese. (The 
figure in the tables is 2:24 per cent. of this con- 
stituent.) There was an improvement also with a 
slightly higher percentage of manganese than this, 
but it was found that this slight excess might lead 
to difficulties in forging. The various tests carried 
out by the Research Department in this instance 
led it to conclude that for many purposes for which 
it is desired to replace carbon steel for forgings by 
a steel of greater strength, the use may be suggested 
of a steel containing carbon from 0-35 per cent. to 
0-40 per cent., manganese from 1-8 per cent. to 
2-2 per cent., oil-hardened from 800 deg. C. to 
850 deg. C., tempered at 610 deg. C. to 650 deg. C., 
cooled in air, oil, or water. The rate of cooling 
after tempering is an important point, and the 
results given clearly show that the treatment has 
to be in charge of a reliable and experienced man ; 
there is no room for any laxity where these par- 
ticular steels are concerned. One rate of cooling 
worked to, namely, 0-3 deg. C. per minute, is an 
extremely slow one and points to the care with 
which the experiments were carried out; it should 
be remembered in this connection that the interior 
of large forgings cool down very slowly indeed. 

This systematic research by Woolwich will cer- 
tainly prove useful in actual practice, but similar 
work has been carried out before with steel contain- 
ing about 0-3 per cent. of carbon and 1-5 per cent. to 
2 per cent. of manganese, showing that this class of 
steel has valuable properties provided it be correctly 
heat-treated. The report acknowledges as much 
in its opening statements, but it lacks reference to 
the work carried out by Sir Robert Hadfield both 
before and during the war. 


OF 


THE COLLIERY AT THE BRITISH 
EMPIRE EXHIBITION. 


(Continued from page 342.) 


THE problems involved in the washing of coal 
are complex, and according to the relative import- 
ance attached by inventors to the variables, 
different forms of apparatus have come into the 
market. In nearly all of these classification is a 
means to the end, and the use of water as the separat- 
ing medium is general. The velocity with which 
the particles sink in water is the main factor. 
Classification is, however, by no means a simple 
matter, for, as explained by the late Mr. Lambert 
Lecocq, of the Butterley Company, Limited, 
although the density of shale is to that of coal as 
2-4 is to 1-3, the two materials affect different 
forms, the coal fragments being more rounded 
and those of shale more flattened. Thus it may 
happen that a piece of coal and a piece of shale 
that are of the same weight and pass through the 
same screen, will not sink in the same way in still 
water ; the more rounded coal taking a straighter 
path than the flatter fragment of shale, and not- 
withstanding the much smaller relative density of 
the coal, when immersed in water it may arrive 
at the bottom before the shale when both have been 
released simultaneously. 

The limiting velocity of bodies falling through 
water is given by Rittinger’s formula as : 

jake Ve) 

Where » is the limiting velocity, D the diameter 
of the particle, 6 its density in air and K a co- 
efficient which varies with the shape of the particle. 
The value of K, for a rounded body is given by 
Rittinger* as 2-73 and that of K, for the flattened 
body as 1:92. Adopting the suffixes (,) for coal and 
(,) for shale, we can compare the velocities for 
particles of the two materials 


vy = Ky JDi (6 — 1) = 2:73 /0°3 Di 
v= Kp VDa(d2= 1) = 192 /14 De 
Now classification by speed of falling is impossible 


unless v, > v; 
that is, unless 
1:92 /1-4 Dz > 2°73 03 Di, 

or unless D, < 2:3 D,, so that in practice it is 
necessary that the range between successive screens 
should not exceed 2 to 1. Hence, if the washing 
commenced with material passing a %-in. screen, 
the material would require to be limited between 
in. and 3 in., from ~ in. to % in., from ¥ in. 
to ,; in., and so on, until a limit is soon reached 
that is unattainable in practice. 

Rittinger’s formula, moreover, deals with bodies 
falling in still water, and under the conditions of 
washing the water is ina state of agitation, particu- 
larly in washing machines of the equivalence type, 
in which the water is admitted near the bottom of 
a vertical conical vessel which the unwashed coal 
enters from above, and the shale leaves at the 
bottom, the washed coal coming away with the 
surplus water at an overflow at the top. 

This class of machine has latterly been supplanted. 
by the jig or pulsator type, in which low depth 
of fall of the particles is the main factor in the 
classification which depends on the acceleration 
instead of on the limiting velocity. This method 
has the disadvantage of handling the particles 
more roughly, with consequent detaching of 
smaller fragments, that are carried away with the 
washed coal. The flat particles of shale, moreover, 
present a larger section to the pulsating current, 
and check its passage through the bed. Very 
fine coal may require up to 150 pulsations per 
minute, giving too short a time for the difference of 
sinking velocity to be utilised effectively. 

Astill further method consists in the use of a chain 
of scrapers, as in the Elliott washer, that travel 
up an inclined trough in the opposite direction to 
a stream of water, the coal being fed on to the 
centre of the length of the trough and the shale 
being scraped to the upper end. In another form 
of scraper machine, an inclined cylinder has a 
spiral provided on its internal surface ; the cylinder 
rotates and is fed with water and coal by means of 


* In c.g.s. units. 
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a trough discharging some distance below the upper 
end of the cylinder. The water carries the clean 


- coal out at the lower end of the cylinder, and the 


shale is carried by the spiral to the upper end. 
Machines of this class cannot wash fine coal, and 
it is the washing of fine coal that is frequently of 
great importance. 
- The system invented by M. France, a Belgian, of 
washing by Rheolaveurs, and which is represented 
by a working example at the colliery at the 
British Empire Exhibition, consists in the logical 
application of all the various methods to effect the 
object: (1) There is the progressive primary classi- 
fication of the raw coal, which is submitted to the 
action of a horizontal current of water in a rectilinear 
trough. (2) The systematic and progressive ex- 
traction of the heavy particles deposited on the 
bottom of the trough is effected by evacuator 
classifiers, called Rheolaveurs, working in series 
according to a patented arrangement. (3) The 
result from the primary classification is rectified by 
a further similar treatment in a second trough, 
immediately below the first, in which the heavy 
material evacuated from the first trough is further 
treated. In some cases, even a third trough is 
added, the arrangement being given the French 
name batterie cascade. (4) The application of the 
principle of continuously rewashing the mixed pro- 
duct in a closed circuit obviates the difficulties 
introduced by minor irregularities in quantity or 
quality of the raw material. (5) The judicious 
arrangement that enables the rewashing to act as 
a classifying agent, by creating artificial barriers, is 
a further factor in the success of the system. 

The various influences may be examined suc- 
cessively thus :— 

(1) When the trough has two different suitable 
gradients (not steep enough for the material to pass 


say: sv?= V(6—1)y. Hence the determination 
of the velocity depends on V/s, the factor which 
represents the ratio of volume to section of the 
particle, that is to say, a factor of shape. The value 
of » is generally about 0-4 for coal and 0-6 for 
shale. From these data it can be deduced that the 
limiting ratio of diameters is given by D, < 7D,, 
which shows the advantage of horizontal classi- 
fication over that of equivalence. In practice a 
still larger range, up to 10 or even 12 diameters, 
can be treated owing to the influence of other 
favourable factors that have been omitted from this 
incomplete investigation. 

For the washing of fines, the primary classifica- 
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over about half its depth, and an adjustable water 
supply led in behind the partition, the lower end 
of the chamber in the open discharge type being 
partially closed by means of a movable plate pierced 


| with a series of conical holes (Fig. 148) of progres- 


sively increasing diameter, that can be brought in 
succession under the orifice as occasion may require. 
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integrally from one end to the other) the velocity 
of the current of water diminishes progressively and 
a deposit of material is formed in the less inclined 
portion of the trough; if the feed is stopped 
momentarily, it will be seen that this deposit is 
composed of shale of all shapes, comprising the 
heavier and most flattened pieces, the lighter 
material being carried along by the current. The 
deposit is less dense along the sides than in the 
centre, due to the smaller velocity of the stream at 
the sides. This separation is not absolutely perfect, 
and it is necessary to evacuate the deposit con- 
tinuously in order that the classification effected 
may not be lost. Any particle on the surface of the 
trough is acted on by the current, which exerts a 
force F = sv* where s is the section normally offered 
by the particle to the current, and opposes a resist- 
ance which is the product of its volume V, its 
effective density (6 — 1) and yp, the coefficient of 
friction between the surfaces in contact, that is to 


tion is split up into stages giving a horizontal 
current of decreasing velocity, but having a minimum 
which will ensure the carrying of the particles of 
coal to the end of the trough. The progressive 
diminution of velocity is obtained by a progressive 
decrease in the slope of the trough, by variation in 
the section, and by placing barrages at intervals 
in the trough. These modify the slope by creating 
an artificial bottom consisting of a bed of heavy 
material, which increases the friction of the material 
passing over it. 

(2) The Rheolavewr.—This apparatus is designed 
to evacuate the deposit of shale without producing 
perturbation or detrimental current in the trough. 
If slots were cut at intervals in the bottom of the 
trough (Fig. 146), downward currents would be 
produced which would draw down the material of 
the upper strata. The apparatus devised for pre- 
venting the formation of these currents is a box of 
pyramidal form (Fig. 147), with a partition extending 
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It is thus possible to supply water in as large a 
quantity as the volume of the shale and of the water 
carried away with it, so that in a continuous process 
perturbation can be readily avoided. The forward 
velocity of the shale approaching the gap in the 
trough is very small, and it falls directly through 
the slot, the lighter particles describing a parabolic 
path and bridging the gap. Thus by fitting an 
adequate number of Rheolaveurs, in a batterie 
(Fig. 149), all the impurities can be extracted and 
the clean product passed over the end. 

(3) In practice, the extraction of pure shale is 
complete for several of the Rheolaveurs, but as the 
percentage falls it becomes more difficult to effect 
complete separation of the finer particles of shale, 
because there is not sufficient material from which to 
form the natural moving bed already mentioned. 
To obviate this, the batterie cascade has been evolved. 

In “cascade” working, a certain proportion of 
the carbonaceous particles are allowed to be 
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extracted by the last rheos (as they are generally 
called) of the trough, these rheos being worked 
without an upward current of water, Fig. 150, thus 
permitting the fine particles of shale to be deposited. 
The evacuation orifice of these rheos is so regulated 
that the quantity of shale extracted is less than 
that formed in the layer circulating above the slots 
in the apparatus, and, in fact, presents the appear- 
ance of a compact mass which acts as a filter for 
the still smaller particles. The apparatus is con- 


Fig 15¢. SECTION ON 


veying back to the head of the plant, by means of a 
suitable elevator, the product carried to the end of 
the re-wash trough. 

The Rheolaveur washery installed at Wembley 
is capable of treating 60 tons of raw coal, from 
3 in. downwards, per hour. It was built by the 
Butterley Company, and it may be described by 
reference to the accompanying illustrations, Figs. 
152 to 158, on this and the preceding pages. 

The raw coal is brought from the screens by a 


Fig. 155SECTION 


bunker L, whence it may be loaded into wagons 
on road, Z, Fig. 152. 

The mixed product to be re-washed passes over 
the end of the bottom trough and thence into the 
tank O, Fig. 152. This tank acts as a settling tank 
for the large washing installation, and the sludge, 
together with the fine re-wash, is carried by a 
spiral conveyor, housed in the bottom of the tank 
O, to the elevator G, which raises it to the fine 
washing installation H, Fig. 153. 
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sidered to be working normally when the product 
evacuated passes through the orifice in a continuous 
thick mass. This product, which contains car- 
bonaceous matter, is rewashed in a lower trough 
fitted with (say) three rheos, Fig. 151. The amount 
of shale passed is sufficient to form the bed on which 
the particles of coal can roll and join the outflow 
from the upper trough. 

Tn order to reduce the amount of re-washing, tle 
inventor has developed a further method of “ re- 
washing in a closed cycle,” which consists in con- 


conveyor and is discharged direct 
without sizing into the large washing 
trough, B, Figs. 152 and 153. This 
is fitted with two sealed-discharge 
types Rheolaveur apparatus, the first 
of which extracts pure shale, which 
is raised by the elevator C, Figs. 152 
and 153, and is discharged on to the 
shale conveyor D, Fig. 158. 

The second apparatus extracts a 
mixed product which is re-washed, 
being discharged into the head of the 
trough B, by the elevator EK, Fig. 153. 
The washed coal passes on to the 
revolving screens or trommels F, Fig. 
152. These classify the coal into 
three sizes, large to lin.; lin. to 
j,in.; and ~ in. to Oin. The two larger SIZeS 
are loaded into wagons on roads X and Y respec- 
tively, Fig. 152. 

The 7; in. to 0 in. coal is delivered into the boot 
of the elevator G, Figs. 152 and 156, which dis- 
charges it into the fine washing installation, H. 
This is composed of three troughs, two of which are 
fitted with open-discharge Rheolaveur apparatus. 
The washed coal passes over the end of the top 
trough into a tank, U, Figs. 152 and 155, whence 
the elevator K, Figs. 152 and 156, carries it to the 
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The shale is extracted by the apparatus fitted 
to the middle trough (or lower Rheolaveur trough) 
and carried to a tank, V, thence the elevator J, 
Figs. 152 and 154, raises it to the shale con- 
veyor D, where it meets the large shale from the 
elevator C, 

The water circulation is effected by two centri- 
fugal pumps constructed by Messrs. Gwynnes 
Engineering Company, Limited, of Hammersmith, 
each driven by a 10-h.p. B.T.H. electric motor. 
One of these pumping sets is shown in Fig. 159, 
page 414. The pump P raises the water from the 
settling tank O, to the constant head tank Q, 
Figs. 152 and 158, whence it is drawn to supply the 
large washing installation. The overflow from the 
overhead tanks, Q and T, passes into the settling 
tank, R, whence the second pump 8, Figs. 152 and 
154, raises it to the constant head tank, T, the 
water from which is drawn to supply the fine 
washing installation. The trommels, conveyors, 
elevators and other mechanical portions of the 
plant are driven by a 25-h.p. B.T.H. slip-ring 
electric motor. 

The overall efficiency usually guaranteed for the 
Rheolaveur washeries is a maximum of 1-5 per 
cent. of free shale in the washed coal and 1-5 per 
cent. of free coal in the rejected shale. 

(T'o be continued.) 
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THE COLLIERY AT THE BRITISH EMPIRE EXHIBITION. 


(For Description, see Page 411.) 
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COMPRESSED-CONCRETE PILES. 


Ty the usual method of concrete piling, it is the 
custom to manufacture the piles some six or eight 
weeks, at least, prior to use to allow of them hardening 
sufficiently, after which they are driven in by a 
pile driver exactly as timber piles would be. Piling 
work carried out on this system has the advantages 
of durability and sustaining power peculiar to all 
concrete pile foundations, but the delay before the 
piles can be driven, the space required for manu- 
facture and storage of the piles, the slow and noisy 
work of the pile-driver, the vibration of the soil, the 
danger of injuring the newly-made piles in trans- 
portation or by excessive driving, all constitute 
drawbacks to the process. An alternative to the method 
consists in the manufacture of concrete piles in position 
in the ground. An iron pipe is first sunk either by 
driving or boring, and concrete is then rammed in. The 
pipe is sometimes left in position, but there is always 
the danger of the pile being loosened by the pipe rusting 
away, and it is preferable to withdraw the pipe at the 
time the pile is made. The concrete is introduced 
in layers and is tamped by a rammer sliding in the pipe. 
During ramming, the pipe is gradually raised, never, 
of course, being withdrawn above the level of the 
concrete, and the effect of the ramming is to force the 
concrete into the surrounding soil, thus greatly in- 
creasing the bearing power. 

The advantages of piles manufactured in this way 
are many. Work can be started at once and without 
causing annoyance by smoke, noise or vibration. ‘The 
piles can be applied in the immediate vicinity of in- 
habited buildings and for underpinning existing struc- 
tures on insecure foundations, while by using short 
lengths of pipe screwed together, they can be sunk 
inside covered or confined spaces. Moreover, they are 
cheap, and work is rapid as a number of piles may be 
put in simultaneously. It is obvious, however, that 
they can only be reinforced with iron to a very limited 
extent as the process of ramming would be obstructed 
by such reinforcement as would be desirable. A further 
difficulty with such piles arises from the presence of 


subsoil water. During the ramming process, this water 
can enter the raw concrete and there is a great 
liability of the cement being washed out, not only at 
the foot of the pile, but throughout its entire sub- 
merged length. 

In order to retain the merits of the rammed concrete 
pile without its drawbacks, the Pressure Piling Company 
Limited, of 50, Pall Mall, London, 8S.W. 1, are introduc- 
ing a system in which the concrete is consolidated by 
means of compressed air. The piles are made in heavy 
boring tubes, of 10, 12, 16 and 20-in. internal diameter. 
The lowest section carries a cutting edge, and the top 
section can be closed by a blank flange. The working 
lengths of the tubes are from 6 ft. to 12 ft. Sinking 
is done in the usual way by means of boring tackle 
the tube at the same time being forced down. Fig. 1 
on page 416 shows this operation in progress. When 
the required depth has been reached, the reinforcement 
which may be of any type, is inserted. The top of the 
tube is then closed by the flange mentioned, this flange 
carrying certain pipe connections. From one of these 
connections a pressure pipe descends to the bottom of 
the tube. A second connection admits compressed 
air to the interior of the tube, which forces the subsoil 
water out of the tube and out of the earth surrounding 
its lower end. Cement mortar is then forced in through 
the pressure pipe, as shown in Fig. 2, until the tube is 
filled to a level sufficient to balance the subsoil water. 
The flow of cement is then stopped, and air at a pressure 
of 140 lb. per square inch admitted through a third 
connection in the top cover. This forces some of the 
cement out of the lower end of the tube and drives it 
into the surrounding soil, thus forming a club-foot for 
the pile. So effective is this method, that piles which 
have been dug out have had a foot over two and a-half 
times the diameter of the pile, thus enormously in- 
creasing the sustaining power of the latter. 

After the foot end of the pile has been made, the 
pressing of cement into the tube is continued. Finally, 
the tube is withdrawn. This is not done mechanically, 
but is effected simply by increasing the air pressure 
until the tube slips upward over the core. During this 
operation, which is illustrated in Fig. 3, the high air 


pressure not only causes the concrete to fill imme- 
diately the annular space left by the tube, but also 
drives the concrete into any cavities or yielding places 
in the earth down the side of the bore. The conse- 
quence is that the frictional grip of the sides of the 
piles is greatly increased. This effect is clearly visible 
in Figs. 4 and 5, of which the former shows one of the 


piles being dug out for examination, andthe latter 


shows the same pile completely removed from the 
ground. Furthermore, the method of withdrawing the 
pipe, and the pressure of the air on top of the con- 
crete, prevent any tearing of the latter. The new 
system appears to offer considerable practical advan- 
tages, not only by facilitating the construction of 
thoroughly-sound piles with full reinforcement, and 
by providing them with effective end and side resist- 
ance to motion, but by enabling piling to be carried out 
under conditions which preclude the use of any other 
method. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Hull Coal Traffic—Further evidence of the slump in 
shipments of coal from South Yorkshire is afforded by 
official returns relating to traffic via Hull during last 
month. The total received at that port from this 
district during the month showed a decrease of nearly 
100,000 tons as compared with the corresponding month 
last year, the respective figures being 468,505 and 564,317. 
For January to August this year total receipts of 3,316,277 
tons represented a decrease of 1,399,623 tons in com- 
parison with the first eight months of last year. Ship- 
ments, which totalled 277,142 tons, were down 52,505 
tons as against August last year, while for the first eight 
months of this year there was a decrease in exports of 
1,280,486 tons as compared with the corresponding period 
last year. France took a slightly larger tonnage last 
month than in August, 1923, but business with Holland 
and Germany showed a big contraction. On the other 
hand, sales to Belgium and Sweden increased substan- 
tially. 


Iron and Steel.—No improvement can be reported in 
the heavy steel trade of South Yorkshire. The amount 
of new business coming forward is insufficient to keep 
remaining plants operating economically, despite the 
fact that three of the largest establishments are closed 
down owing to a wages dispute. The few orders obtained 
in the face of exceptionally keen competition show little 
or no profit owing to the fact that they have to bear 
abnormal costs. On the heavy engineering side signs 
of slightly increased activity are here and there dis- 
cernible, though bookings in the bulk are disappointingly 
meagre. One works which specialises in the production 
of railway buffers made on the welded forged-steel 
principle has received an order from the East Indian 
Railway for 6,500 buffers of this description. Colliery 
enterprise is forging ahead despite the slump in current 
sales. A gas engine of greater proportions than any 
operating in this country is to be erected at Staveley 
to increase the generation of electrical energy by the 
utilisation of waste gas from blast furnaces in the district. 
Individual firms report improved sales of special steels, 
though financial difficulties on the Continent operate 
very adversely against a general revival. There are 
signs of improved business in general and engineers’ 
tools. 


South Yorkshire Coal Trade-—While export business 
is anything but satisfactory, buying on home account 
tends to become rather more active. Heavy tonnages 
are going to railway companies and electricity works. 
Best slacks are maintained at recent rates, with a moderate 
demand for inland consumption, and there is rather a 
better inquiry for cobbles and nuts. Collieries, however, 
still have substantial surpluses of all kinds of inferior 
grades to dispose of. Business in house coal begins to 
show more activity, though buying is largely confined 
to best qualities. Quotations: best branch hand- 
picked, 32s. to 35s.; Barnsley best Silkstone, 26s. to 
28s.; Derbyshire best brights, 26s. to 28s.; Derbyshire 
best house, 23s. to 25s.; Derbyshire best large nuts, 
21s. to 25s. ; Derbyshire best small nuts, 15s. to 17s. 6d. ; 
Yorkshire hards, 21s. 6d. to 22s. 6d.; Derbyshire hards, 
21s. to 22s.; rough slacks, 12s. 6d. to 15s. 6d.; nutty 
slacks, 12s. to 14s.; smalls, 6s. to 8s. 6d. 


University CoLLecr, Lonpon.—The syllabus con- 
taining information relating to the courses available in 
the Faculty of Engineering at University College, Gower- 
street, London, W.C. 1, has now been published for the 
session 1924-25. Facilities exist for post-graduate 
research as well as for non-graduating courses, and 
complete time-tables of class meetings are supplied for 
those proceeding to the engineering B.Sc. degree. . 


Contracts.—We learn that the Vickers-Spearing 
Boiler Company, Limited, of Bank Buildings, 20, Kings- 
way, London, W.C, 2, have been successful in securing the 
contract for two water-tube boilers, rated at 25,000 lb. 
per hour, for service in the Electricity Department of the 
County Borough of Southport. The boilers are to be 
fitted with cast-iron economisers, superheaters and 
“Tilinois ” patent forced-draught chain grate stokers.— 
Messrs. Daniel Adamson and Co., Limited, of Dukin- 
field, near Manchester, have received an order from the 
Dartford Rural District Council for two sets of their 
Adamsonia “tandem ”’ type of pneumatic sewage-lifting 
ejectors. This plant is for use in connection with the 
Stone and Swanscombe sewerage scheme. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippitesBroucH, Wednesday. 

The Cleveland Iron Trade.—Business in Cleveland pig 
iron is on an extremely limited scale. Stocks are not 
heavy, but present make is rather more than ample for 
current needs, so that what accumulations there are at 
makers’ yards are steadily, if only slowly, increasing, 
and prospect of change for the better in the statistical 
situation is remote. Cheap Continental iron is on offer 
here, but it is not being taken up to any extent. Cus- 
tomers abroad, however, are taking supplies from Con- 
tinental firms. Values continue to drop, notwithstanding 
producers’ protests that quotations are already unre- 
munerative. No. 1 is 87s.; No. 3, g.m.b., 82s.; No. 4 
foundry, 8ls.; and No. 4 forge, 80s. 


Hematite—Large quantities of unsold East Coast 
hematite iron are lying at makers’ yards. Home con- 
‘sumption is very much below what could be desired, and 
prices are not attractive to buyers abroad. Quotations 
are steadily falling. No. 1 is now on sale at 90s. 6d., 
and 90s. is quite a full figure for Nos. 1, 2 and 3. 


Foreign Ore.—The position as regards foreign ore shows 
no material change. Sales are little heard of, and market 
rates remain on the basis of best rubio at 22s. c.i.f. Tees. 


Blast-furnace Coke-—Durham blast-furnace coke is in 
only very moderate request. Good medium qualities 
are put at 25s. 6d. to 26s,., delivered here. 


Manufactured Iron and Steel.—Manufacturers of finished 
iron and steel are booking few home orders, and they 
experience the greatest difficulty in securing contracts 
abroad owing to the comparatively low quotations of 
Continental producers. The only branch really busy is 
the sheet-making department. Values of sheets are 
strong, but prices of other articles are easy. The follow- 
ing are among the principal market quotations : Common 
iron bars, 127. 10s.; iron rivets, 141. 5s.; packing 
(parallel), 97.; packing (tapered), 12/.; steel billets 
(soft), 87. 10s.; steel billets (medium), 9/.; steel billets 
(hard), 9/7. 10s. ; steel boiler plates, 131. 10s. ; steel ship, 
bridge and tank plates, 107. 5s.; steel angles, 101. ; 
heavy steel rails, 9/.; fish plates, 13/.; black sheets, 
131.; and galvanised corrugated sheets, 187. 10s. 


The Ironstone Mining Industry.—A conference was 
held this week of the Cleveland mine owners and the 
Executive Committee of the Cleveland Ironstone Miners’ 
Association, when the men’s representatives raised the 
question as to what steps could be taken, jointly or 
otherwise, to effect an improvement in the- ironstone 
mining industry. Mr. H. Dock, on behalf of the men, 
suggested that the owners and workmen might jointly 
approach the royalty owners and the railway company 
with a view to obtaining some relief to assist the trade in 
its present deplorable condition. With regard to a claim 
before the meeting for increased wages, the Chairman 
(Sir Arthur F. Pease, Bart.) said that, whilst deeply 
sympathising with the Cleveland men in the unfortunate 
position in which they were placed, it was impossible for 
the owners to make any concession which would add 
even a fractional increase to present costs. 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade——No new feature of any kind has 
been noticeable in the steel trade of Scotland since the 
last report and conditions are unchanged over all. Buyers 
continue to hold aloof from the market and are only 
coming forward when they actually require material, 
and in most cases the tonnage specified is not very large. 
Inquiries are also very few at the present time and the 
trade outlook is far from bright. In the black sheet 
trade steady employment is general, particularly in the 
lighter gauges, and bookings are such that fresh orders 
can only be fixed up where buyers are prepared to wait 
for a month or two for delivery. For heavier sheets 
there is not a great demand, but there are, nevertheless, 
quite a number of orders on hand. Prices are unchanged 
and are as follow :—Boiler plates, 13/7. 10s. per ton; ship 
plates, 10/. 5s. per ton; sections, 10/1. per ton; and 
sheets, 3 to $-in., 12/. 10s. per ton, all delivered Glasgow 
stations. Foreign competition is again being felt very 
keenly, not only in the home market, but also for export 
lots, and the prices at which business has to be accepted 
are very low. 


_ Malleable-Iron Trade.—Dullness is still all too general 
in the West of Scotland malleable-iron trade and the 
future is very uncertain. In the steel re-rolling branches 
the tone continues dull and uncertain. Prices are not 
altered, with “‘Crown”’ bars called 12/. 10s. per ton, 
delivered Glasgow stations. 


Scottish Pig-Iron Trade.—A quiet tone still characterises 
the Scottish pig-iron trade and movement is very limited. 
Local buying is poor, and foreign business has fallen off 
until it is of extremely small proportions. Stocks are 
again increasing owing to the poor demand, and output 
is expected to be further curtailed in the near future. 
Prices are again easier this week and the following are 
now the current quotations :—Hematite, 4/. 15s. per ton ; 
delivered at the steel works; foundry iron, No. 1, 
41. 16s. 3d. per ton; and No. 3, 41, 11s, 3d. per ton, both 
on trucks at makers’ yards. 


Scottish Pig-lron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, September 13, only amounted to 
175 tons. Of the total, 130 tons went overseas and 45 
tons coastwise. During the corresponding week of last 
year the figures were 2,340 tons foreign and 152 tons 
‘coastwise, making a total shipment of 2,492 tons, 


NOTES FROM THE SOUTH-WEST. : 


Carpirr, Wednesday. 

The Coal Trade.—A special delegate conference of 
the South Wales Miners’ Federation, held at Cardiff 
yesterday, refused to allow the executive, although 
recommended to do so, to sign.the local wages agreement 
embodying the terms of the national settlement reached 
in May last. The question was referred back to the 
miners’ lodges. Meanwhile the Welsh coal trade is in a 
deplorable condition. New business is practically un- 
obtainable, and notwithstanding the closing down of pits 
and frequent stoppages at those open, available supplies 
of coal continue in excess of the demand. The result is 
that prices are easy and many colliery salesmen are, 
wherever practicable, holding off the market and pressing 
contractors to take supplies. Prices, in fact, are a matter 
of individual bargaining, and buyers with definite orders 
can secure practically any class of coal at 1s. to Is. 6d. 
below the quoted prices, while middlemen taking contract 
supplies are undercutting colliery prices. That the 
wages of the colliery workers in October will remain at 
the minimum is certain, for the August returns of the 
Board of Trade show that shipments of coal from South 
Wales were only lower in one month of the year, while 
the average price realised was the lowest for eighteen 
months. Exports in August amounted to 1,944,651 
tons, valued at 2,409,594I. or 24s. 9d. per ton, which was 
353,991 tons less than in July, while the proceeds were 
lowered by 501,499/. and the average price by 7d. per 
ton. The returns for each port were as follows:— 


Town. Tons. Per ton. 

1. By ek 

Cardiff... 1,170,252 1,423,203 24 4 
Newport 367,391 442,415 24.) 
Port Talbot 158,740 183,379 23 O 
Swansea 248,268 360,579 29 1 
Totals 1,944,651 2,409,576 24 9 


The volume of trade was considerably reduced at 
each port, except Newport, where an improvement of 
3,300 tons was recorded. Prices were, however, lowered 
generally, the coal shipped from Cardiff being re- 
duced by 8d. per ton, at Newport by 6d. per ton, and 
at Port Talbot and Swansea by 7d. Large steam coal 
shipped from Cardiff realised only 27s. per ton in August, 
or ls. 5d. per ton less than in April ; at Newport 26s., a 
fall of ls. 1ld.; at Swansea, 27s. 3d., or 10d. less, and at 
Port Talbot, 26s. 4d., a fall of ls. lld. per ton. 


Tur SoutHwicK PowrR STATION OF THE BRIGHTON 
Exectriciry Works.—We are asked to state that the 
coal-fired Yarrow boiler at this station was fitted with 
stokers supplied by the Underfeed Stoker Company, 
Limited, of Aldwych House, London. 


THE Tuc AND WaTER Boat “‘ LornD COMBERMERE.’’— 
In our description of this boat in last week’s issue we 
regret that we stated, on page 371, that the vessel was 
fitted for burning either coal or oil on the low-pressure 
system of J. Samuel White, of Newcastle. The oil-fuel 
system fitted is that of Messrs. J. Samuel White and Co., 
Limited, of East Cowes, by whom the vessel was built. 


Tue Institotion oF Minine EnGINEERS.—The thirty- 
fifth annual general meeting of the Institution of Mining 
Engineers will be held in the Conference Halls of the 
British Empire Exhibition on Thursday and Friday, 
October 2 and 3. Sir John Cadman, K.C.M.G., will 
relinquish office as President on October 2, when he will 
be followed by Dr. J. S. Haldane, F.R.S., whose great 
services to the mining industry are well known. 


Tron anp STEEL TRADE.—The report for the week 
ended September 9, issued by the London Iron and 
Steel Exchange, Limited, of 123, Cannon-street, London, 
E.C.4, on the iron and steel markets, states that these 
markets appear to be settling down after the holiday 
period. Since the beginning of the month there has been 
a distinct revival in Continental competition, and the 
British steel makers are experiencing difficulty in obtain- 
ing orders in view of the low prices quoted by Continental 
manufacturers. The latter in particular have been pressing 
sales of semi-finished materials, and during the past few 
days, several thousand tons of sheet bars, wire rods, etc., 
have been sold for consumption in this country. The 
pig-iron market is still depressed. In the finished-steel 
department most of the Indian business has gone to 
the Continent. British manufacturers have competed 
keenly among themselves for any business, with the 
result that export prices have reached an unprofitable 
level. 


WorKS ORGANISATION AND MANAGEMENT.—The’ In- 
dustrial League and Council is promoting a series of 
lectures at the Regent-street Polytechnic on the above 
subjects. The full course covers the requirements for 
the Associate Membership of the Institution of Mech- 
anical Engineers and a Diploma will be issued to all 
successful students who reach the required standard in 
the examination and have made 70 per cent. of the 
attendances during the session. The Industrial League 
is suggesting to its employer members that they should 
enlist the interest of the members of their staff in this 
course by granting a subsidy towards the fees. The 
response has been gratifying, some of the employers 
have. agreed to refund these fees to all their employees 
who secure the attendance stipulated. Those interested 
should apply to the Secretary, Industrial League and 
Council, 82, Victoria-street, 8.W.1, for full particulars 
of this valuable series of lectures which are suitable for 
post-graduate students and others, 


of Main Line Electrification on British Railways,” 
Lieut.-Colonel E. O’Brien, D.8.O. 


NOTICES OF MEETINGS. 


Tue Instrrure or Maring ENG@InEpRS.—Tuesday, 


September 23, at 6.30 p.m., at 85-88, The Minories, 
Tower Hill, EK. 1. 
fields,” by E, B. Seymour Norton. 


‘* An Engineer’s Life in Eastern Oil- 


Tue Rapio Socirry or GREAT BriraIn.—Wednesday, 


September 24, at 6 p.m., at the Institution of Electrical 
Engineers, Savoy-place, W.C. 2. 
by Professor W. H. Eccles, D.Se., F.R.S. 


Presidential Address 


Tar Instrrution or Locomotive [ENGINEERS 


(Lonpon).—Thursday, September 25, at 7 p.m., at the 


“The Future 
by 


Engineers’ Club, Coventry-street, W. 1. 


Tue Hunt Association oF ENGINEERS.—Saturday, 


September 27, at the Municipal Technical College, Park- 
street, 
Equipment of Docks,” by Mr, W. L. Athey. 


Hull. Lecture: ‘‘ Mechanical and Electrical 


Prrsonau.—The A.T. Speedometer Con pany, Limited, 
of 45 and 454, Brook Green, London, W.6, are removing 
their offices and works on September 29 to A.T. Works, 
20, Avonmore-road, West Kensington W 14. 


Cuptsea PonytrcHnic.—A pamphlet has been pub- 
lished by the Chelsea Polytechnic, Manresa-road, London, 
S.W. 3, giving some particulars of the courses available 
in metallurgy and assaying during the 1924—25 session. 
Copies may be had on application to the Polytechnic. 


Tue British Cast-Iron RESEARCH ASSOCIATION.— 
We learn that Mr. J. G. A. Skerl has been appointed by 
the Council of the British Cast-Iron Research Association 
to take charge of investigations on moulding sands, to 
be carried on in the Refractories Department of the 
University of Sheffield. 


Tur Institution orf PrRopucTION ENGINEERS.—On 
Saturday last, September 13, the first dinner of the 
Institution of Production Engineers was held at the 
Engineers’ Club, Coventry-street, London, under the 
chairmanship of Mr. W. L. Fisher. Sir Herbert Austin 
proposed the toast of the Institution, to which Mr. J. B. 
Scaife responded, 


TaNDER.—The Grey Electric Power Board, New 
Zealand, are calling for tenders for a steam-driven 
generating plant, the tenders to be presented in New 
Zealand by November 14. A copy of the specification 
and general conditions of tender is available for inspec- 
tion at the Department of Overseas Trade (Room 52), 
35, Old Queen-street, London, 8.W. 1. 


Tur Extrusion or Brass Rop.—We regret that in 
abstracting Mr. R. Gender’s paper on “ The Extrusion of 
Brass Rod by the Inverted Process’ which he read 
before the Institute of Metals (see ENGINEERING, Septem - 
ber 12, page 387), a reference was inadvertently deleted, 
which intimated that the press described is the subject 
of patents held by Messrs. Henry Berry and Co., Limited, 
Leeds. It may also be noted that the firm has just 
received an order for a 1,000-ton extrusion press of this 
type. 

Matayvan Rarnways.—A new section of the Federated 
Malay States Railways between Tanah Merah and 
Kuala Krai, a distance of 21 miles, was opened to traffic 
on July 19. At the inauguration of this new section 
of the line there was a ceremonial opening of a bridge 
over the Kelantan River, south of Tanah Merah. This 
bridge, the longest in the Malay Peninsula, measures 
2,160 ft. in length and is constructed of five spans of 
250 ft. and five spans of 150 ft., the weight of steel work 
being approximately 3,000 tons. The height of the 
bottom of the girders above the river-bed is 55 ft. 


Royat Arr Force CapEetTsuips.—We are informed by 
the Air Ministry that a competitive examination for not 
less than 35 cadetships at the Royal Air Force Cadet 
College, Cranwell, Lincs., will commence on November 
18 next. The written examination will be held in 
London and other centres in the United Kingdom 
selected by the Civil Service Commission, but the oral 
tests in French and German and the laboratory tests 
in mathematics will be held in London only. The closing 
date of entry for this examination is October 2, and no 
form of entry will be accepted in any circumstances 
after October 16. Applications should be made to the 
Secretary, Civil Service Commission, Burlington Gardens, 
W.1. Candidates selected for cadetships as a result of 
this examination will go through a two years’ course at 
the college, on the satisfactory completion of which they 
will be granted permanent commissions in the General 
Duties branch of the Royal Air Force. Full information 
as to the conditions of admission, examination fees and 
course of study at the college will be found in Air Publica- 
tion 121, Regulations for Admission to the Royal Air 
Force (Cadet) College, which can be obtained through 
any bookseller or direct from H.M. Stationery Office, 
Adastral House, Kingsway, W.C. 2, price ls. net. It is 
to be noted that the age limits for the forthcoming and 
subsequent examinations have been amended to between 
174 and 19} years. Candidates must have attained the 
lower age and must not have attained the higher age on 
January 1, 1925. This is the last competition which 
will be held under the present scheme of examination. 
Copies of the revised syllabus for the June, 1925, and 
subsequent competitions may be obtained from the 
Secretary, Air Ministry, Kingsway, W.C.2. 
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FAILURES AND FRACTURES. 


Ir is a commonplace that one failure is often 
more instructive than a dozen successes. It is 
this fact that lends such weight to the experience of 
the companies which undertake the inspection and 
insurance of boilers and motive power plant 
generally. The inquiries of the Board of Trade 
cover a much more limited field, and suffer from the 
drawback that they are commonly conducted hy 
a lawyer lacking interest in the scientific aspects 
of the failure investigated, and whose technical 
assessors generally play but a minor part in the 
inquiry. Such inquiries are therefore commonly 
less instructive than they should be, and the 
recommendations which may be made are not 
infrequently unjustified by the evidence given. 
A striking example of this was afforded by the 
Titanic enquiry, the report on which made a number 
of extravagant recommendations, and. wholly 
ignored the fact established by the evidence that 
the conditions which led to the catastrophe were 
wholly abnormal and never likely to recur. 
Insurance companies of necessity take a more 
judicial view, and duly discount any abnormal 
conditions attending any failure brought before 
them. Their recommendations, therefore, are not 
unduly biassed by wholly exceptional occurrences, 
and it is this quality which gives an especial value 
to the annual reports on plant failures issued by 
the British Engine, Boiler and: Electrical Insurance 
Company, Limited. These reports were originally 
written by Mr. Michael Longridge himself, but the 
burden of increasing years made it necessary for 
him to relinquish this self-imposed task more than 
a decade ago. After an interval of 12 years, how- 
ever, the series was recommenced last year and 
the report then issued justified the hope that the 
mantle of the originator had fallen on worthy 
shoulders, a conclusion which is strengthened by 


the issue last week of the second of this new series 
of technical reports. 

The experience of the company is extremely 
comprehensive, covering prime movers of all varie- 
ties, boilers, lifts, cranes and hoisting machinery 
generally, and there is accordingly an increasing 
tendency amongst purchasers to seek from them 
advice when installing new plant. Unfortunately, 
such applications are not infrequently belated and 
aid is sought only as the work is approaching com- 
pletion and when defects in design may be difficult 
to remedy. 

It would seem, moreover, that the misplaced 
confidence in hydraulic tests of boilers dies hard. 
Several cases are reported in which the company 
were asked to oversee such tests, and in repeated 
instances the test was withstood quite satisfactorily, 
although subsequent examination showed the 
boiler-to be in really a dangerous condition from 
wastage of the plating or from the use of defective 
material. For example, a secondhand boiler which 
was inspected on bebalf of a prospective purchaser 
withstood successfully an hydraulic test of 120 Ib. 
per square inch, although subsequent examination 
showed that the plating was wasted to a thickness 
of but 3, in. in one part. 

In this connection it must be admitted that the 
craving of the lawyer and the official for a 
scapegoat on which to saddle the blame for an 
accident has made owners and managers more 
ready to attend to competent advice. Thus whilst 
as the report shows warnings as to the dan- 
gerous conditions of engines and other machinery 
are frequently disregarded, the dread of a Board 
of Trade inquiry in case of accidents to boilers has 
made manufacturing firms anxious to secure and act: 
on the best attainable advice. Moreover the owners 
of undertakings, too small to support a supervising 
engineer, are now applying in increasing numbers 
for supernumerary boiler inspections for the pur- 
pose of obtaining advice on minor repairs. 

It is interesting to learn that the number of 
boilers in use is steadily increasing, in spite of the 
fact that the large boilers installed in modern power 
stations have many times the steam-raising capacity 
of the old Lancashire or Cornish types. It further 
appears that in spite of this increase, the number of 
accidents is rapidly diminishing. The annual aver- 
age for the five years immediately preceding the war 
was 91; whilst the corresponding figure for 1922 was 
35. It should, moreover, be added that many of the 
accidents were to vessels not generally regarded as 
boilers, and that as time goes on there is a tendency 
to extend further and further the meaning of the 
term. It would seem from the foregoing that power 
is being used more and more and, indeed, the best 
hope for our industrial future lies in approaching 
American figures for the horse-power consumed in 
our industries per head employed. Human muscle 
is unquestionably the costliest of all prime movers. 

The first section of the report under review is 
devoted to turbine troubles, and as time passes the 
record of these will become more and more complete, 
and more and more valuable to the builder. 

It is certainly highly creditable to the latter 
that most of the turbine troubles discussed seem 
attributable to lapses on the part of the user and 
in particular to the persistent use of bad feed water. 
Properly treated, the steam turbine is not only 
economical in first cost, in use, and in upkeep, 
but it does demand that nothing but clean steam 
shall have access to the blading. This is far from 
universally recognised, and the report records several 
instances of failure from deposit on the blading 
of solid matter carried over by the steam. Such 
deposits are harmful in various ways. The least 
serious consequence is a reduction in the efficiency 
of the turbine, and cases are on record in which the 
steam rate had been increased 25 per cent. by such 
deposits. The choking of the blades, moreover, 
increases the pressure drop across them and in- 
volves a corresponding rise in the bending stresses. 
Again, the deposit is not generally uniform, but may 
be thickest along certain radii, with the result that 
there are periodic pulsations in the flow of the 
steam. It is suggested in the report that certain 
failures due to vibration may thus have originated. 
Moreover, the deposit on the blades increases the 
centrifugal load on them and also diminishes their 
natural period of vibration, which may thus be 
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reduced to synchronism with some natural 
periodicity of the turbine, and failure may thus 
ensue. 

Some interesting figures are given in the report, 
showing what the actual weight of the deposit 
was, in one case, investigated. It was found that the 
average weight of a clean blade and its equivalent of 
shrouding was 0-267 oz. and that the deposit on 
the blade had an average weight of 0-072 0z. This 
additional weight would therefore increase the 
centrifugal stress in the blading by some 27 per 
cent. An analysis of the deposit showed it to consist 
of calcium sulphate to the extent of 70 per cent., 
whilst there was 13 per cent. of calcium carbonate, 
9 per cent. of magnesium carbonate and 4 per cent. 
of iron oxide. Other matter made up the residue. 

It may further be added that there is much 
evidence that it is these solids carried over from the 
boiler and superheater which are mainly responsible 
for blade erosion ; a trouble from which, according 
to a statement made by Admiral Oram at a meeting 
of the Institute of Metalsin 1916, naval turbines are 
free, In one case, described in the report, it had been 
the practice to open up the turbine every month or 
six weeks in order to clear off the deposit. The 
installation of proper water-softening plant would 
have avoided this expense, and also that due to the 
reduced efficiency of the dirty blading. 

A strip of the L.P. blading of a 8,000-kw. impulse 
turbine is amongst the mishaps recorded. This 
wheel was 7 ft. 0} in. over the shrouding, and the 
speed was 1,500 r.p.m. The cause was not dis- 
covered, and the damage done was fortunately 
relatively small, since the failure was confined to 
the last wheel, and the fragments, therefore, did 
not foul other blading. 

Another turbine failure was due to the use of 
too rigid pipe connections, which prevented the free 
expansion of the turbine casing. Bad workmanship 
was responsible for another breakdown. In this 
case, a coupling had been badly fitted to the shaft 
and chattered. The keyways had sharp corners, 
and the concentrations of the hammering stresses, 
due to the loose coupling, led to the fracture of 
the shaft. It is recommended that the corners of 
such keyways should be carefully rounded. Lack 
of adequate fillets was also responsible for a lift 
accident, and for a connecting-rod bolt failure, 
described elsewhere in the report. 

The most serious turbo-generator accident recalls 
the Shanghai catastrophe. The machine involved 
was rated at 7,500 kv.a., and ran at 3,000 r.p.m. 
The alternator rotor was a solid mild-steel forging, 
31-in. diameter and weighing 25 tons. It had been 
in use for over a year, and burst when having its 
weekly run at “over-speed ”’ to test the emergency 
governor. The rotor split axially for a length of 
over 5ft. Fragments were thrown in all directions, 
and extensive material damage done. By a for- 
tunate chance, there was no loss of life, but two 
men were slightly injured. Subsequent examination 
showed that a pipe from 2 in. to 4 in. in diameter, 
full of segregated material, extended the whole 
length of the rotor. 

In such matters as this, designers stand more 
or less between the devil and the deep sea. Calcula- 
tion shows that under equivalent conditions the 
maximum centrifugal stress at the centre of a solid 
' shaft is less than one-half of the stress at the inner 
circumference of a hollow shaft, and there is 
thus a natural tendency to avoid the latter. In 
the case of small forgings, -there is nothing 
to be said against this course, but experience does 
seem to indicate that it is very difficult to ensure 
the soundness of large ones, and the report recom- 
mends accordingly that all such turbo-rotor shafts 
should be bored. It is probable, as pointed out in 
the report, that the loss of strength due to this 
procedure is somewhat overestimated by theory 
which takes no account of the possible relief of over- 
strained metal by plastic flow. It may be remem- 
bered that guns up to 6 in. in diameter have been 
successfully made out of single forgings, and that 
the late Professor Perry was convinced that, by 
suitable methods, even larger ordnance could be 
successfully constructed on this plan. 

The general question of centrifugal stresses is, 
it may be added, very fully discussed in the report, 
which contains a most comprehensive series of 
curves for rapidly estimating the stresses in discs 


having conical profiles. These curves supply a long 
and keenly felt need. Stodola gave formulas for 
determining the stresses in discs of the hyperbolic 
type, but of recent years there has been a steadily 
growing tendency to adopt simple conical pro- 
files. The theory of the stresses in these was first 
published in ENGINEERING, January 5 and January 
26, 1923, and the curves given in the report are 
based upon the corrected table of the functions 
involved which was published in our issue May 18, 
1923. The curves represent a vast amount of 
tedious arithmetic but will save others the necessity 
for this drudgery, and all turbine designers will 
be anxious to secure copies. Perhaps the company 
may see its way to issue them as a separate pamphlet, 
which would prove invaluable in the drawing office. 

As usual insulation failures have been responsible 
for many of the mishaps to electrical machinery. 
It has long been a complaint that, speaking generally, 
good insulators have indifferent mechanical pro- 
perties, but it appears from the report that some 
of the more modern introductions are not deter- 
iorating in the same way as their predecessors. 
Attention is, however, directed to the need for an 
insulator with better moisture-resisting qualities. 
Two cases’ in which the insulation of a ‘ water- 
proofed ” motor failed are recorded. These motors 
were used for driving deep well pumps and were 
subject to immersion. 

In the one case, moreover, a flexible coupling 
was fitted which, when immersed, absorbed nearly 
the full power of the motor, forming a most effective 
hydraulic brake. This coupling had been designed 
by the users, and in the course of tests made for 
the insurance company it was found that the 
coupling tested under various conditions absorbed 
when wholly or partially-immersed some 40 to 50 
kilowatts. When running light in air the power 
taken by the motor was 5-7 kw. With the coupling 
fully immersed this figure rose to 47:6 kw., whilst 
when half-immersed, but with bolts protruding, 
the power taken was 53-6 kw. The design of the 
coupling was then changed, and in this way the power 
absorbed by the motor running light, but with the 
coupling wholly immersed, was reduced to 11:5 kw. 

A large proportion of the troubles experienced 
with gas and other internal combustion engines 
originated in the use of hard water for the water 
jackets. The deposit from this gave rise to over- 
heating and to cracks due to the consequent 
differential expansion. 

Accidents to crank pins and crankshafts have been 
fairly numerous, and the report suggests that in 
the case of gas engines the calculated stresses on 
such elements should not exceed 5,000 Ib. to 
6,000 lb. per square inch. In this connection 
attention may perhaps be directed to the masterly 
paper on “ Some Special Cases of Two-Dimensional 
Stress,’’ which Professor C. E. Inglis contributed to 
the Institution of Naval Architects in 1922, and 
which was reprinted in our issue of June 9, 1922, 
page 732. It was there shown that the real maxi- 
mum stress at the neck of a crank may be very 
materially in excess of that calculated in the 
ordinary way. This question of the effect of 
curvature on the distribution of bending stress is, 
we may add, the subject of a note in the report, but 
has not, we believe, been taken into account in 
estimating the stresses on the fractured crankshafts, 
which have been computed probably by the usual 
rules. 

A notable feature in the report is the age of some 
of the engines which came under notice. One was 
originally built in 1852 and another about 1860. 
This length of life is more creditable to the builders 
than to the users, who would have found it profitable 
to replace these survivals by modern plant with a 
less Gargantuan appetite for steam. Of course, 
most of these early engines were subsequently 
‘““McNaughted,” but even so the steam pressures 
remained very low, and the thermal economy poor. 

Tn one case an accident occurred through the use of 
a gear pump for circulating water through the 
jackets of an oil engine. Such pumps are most 
satisfactory for pumping oil, but there is a danger, 
if used for water, of the lubricant being washed 
away, which was what happened in the case under 
review. 

A curious fracture of a connecting rod bolt is 
reported. The material used was made up of 


wrought-iron bars embedded in a matrix of steel 
which had been cast round it. The idea had been 
to secure a’combination of toughness and strength, 
and the end would seem to have been fairly well 
attained as the bolt had been in use since 1898 and 
bad thus been kept at work longer than the 10,000 
working hours, which the report suggests should be 
regarded as the safe life of the connecting rod bolts 
used for internal-combustion engines. ‘The use of 
composite materials for these bolts is stated to be 
antiquated and to have been discontinued. 


THE PROTECTION OF NAVAL 
AEROPLANES. 


AN article upon ‘“‘ The Protection of Naval Aero- 
planes ” appeared in a recent number of the Rivista 
Marittima. The writer, Signor Giulio Magaldi, a 
major in the corps of naval engineers, approached 
his subject by arguing that protection in some form 
or another is an essential part of every instrument of 
war; and that naval aeroplanes—which are, after 
all, a form of naval craft—will hardly be able to 
dispense with it. The theory that an aeroplane’s 
protection consists in her speed and power of rapid 
manoeuvre has been much modified: ‘‘ Armoured 
military aeroplanes already exist and have been 
tested in war, and there is a tendency to provide all 
machines intended for ‘ attacks against the ground ” 
(@attacco al suolo) with defensive armament. The 
problem is thus confronting us; we have seen the 
first steps taken towards solving it; and can 
examine its application to naval science.” 

Signor Magaldi estimates that ordinary surface 
ships give from 35 per cent. to 20 per cent. of their 
total tonnage to protective armament, and decides, 
on this analogy, that naval aeroplanes will probably 
have to devote about 10 per cent. of theirs to 
the same purpose. This extra weight can be 
secured by reducing an aeroplane’s speed and 
radius of action, or else be paid for at the cost of her 
fuel capacity and military equipment. Signor 
Magaldi assumes that an aeroplane’s protective 
armament will always be designed to cost the 
smallest sacrifice of offensive power, and that only 
those types which are most exposed to risk, and 
most liable to be lost, will be provided with it. 

The dangers to which aircraft are more particu- 
larly exposed are: (i) fire, caused by incendiary 
projectiles ; (ii) bullets and shrapnel splinters ; and 
(ili) poisoned gas from shells or poisoned smoke 
screens through which aircraft will be compelled to 
pass. Dealing with each of these in turn, Signor 
Magaldi considers that the danger of fire is best 
combated : (a) by keeping all inflammable materials 
well separated from the motoc ; (b) by isolating the 
motor from the rest of the fuselage by means of a 
fire-proof bulkhead; (c) by placing the air inlets 
for the motor well away from the fuselage ; (d) by 
seeing that waste petrol is drained off at once and 
is always kept thoroughly ventilated; (e) by 
designing the petrol tanks so that they, too, can be 
drained rapidly; (f) by providing every aircraft 
with a thoroughly reliable fire-extinguishing ap- 
paratus. To these precautions Signor Magaldi 
adds another: Seeing that incendiary projectiles 
can generally set fire to some part of the fuselage 
or the wings, one is forced to conclude that military 
machines should all be of metal; not because they 
are fire-proof, but because they do not then possess 
inflammable varnished surfaces. Protection against 
shrapnel bullets and splinters will probably differ in 
each class of naval aircraft ; and the tactical uses of 
those aircraft which are fitted with a protective 
sheath will determine both its position and the 
parts which it covers. Reconnaissance aircraft will 
be unprotected; they will always be fitted with 
wireless telegraphy, photographic apparatus, smoke 
sereen and anti-submarine bombs, and will defend 
themselves solely by their high speed. 

It is not so easy to decide about aircraft for 
spotting gunfire. They are reconnaissance aero- 
planes, but only to a certain extent; and if they 
are vulnerable, they will never be able to carry 
out their duties. On the other hand, they must: 
(i) be extremely fast, (ii) be fitted with two machine 
guns and wireless telegraphy, and (iii) have 
a crew of two or three persons and enough 
fuel for a very long flight. Machines of the 
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kind will never be able to devote 10 per cent. of 
their total weight to protective armour. The crew 
space and potrol tanks might, none the less, be 
sheathed with armour about 7 mm. or 8 mm. thick, 
weighing 50 kg. per square metre. In order to 
do this as economically as possible, machines of 
this type will have to be fitted with tanks which 
require a minimum amount of sheathing. A further 
saving of weight will be possible by using wireless 
telephony instead of wireless telegraphy, for this 
makes a special operator unnecessary. If the air- 
cooled engines, now being tried in English designs, 
are successful, they will doubtless be used ex- 
clusively in spotting machines. 

Fighting *planes present a peculiar problem. They 
are generally attacked from behind and above, which 
means that, if protected, the sheathing should be 
behind the pilot and should be about 5 square metres 
in area. This will defend him against attacks from 
any direction which makes an angle of less than 
50 degrees with the longitudinal axis of the *plane. 
The weight of a sheathing so designed would be 
about 50 keg., which is not prohibitive. 

Torpedo ’planes probably require protection more 
than any other types. They will be compelled to 
attack across barrages of machine gun and shrapnel 
fire, and will have to pass through poisoned-gas 
screens as well. On the other hand, they will not 
be equally exposed to danger during all periods of 
their attack. When once they have fired their 
torpedoes, they will be free to manceuvre as they 
like, and so get out of the fire of the anti-aircraft 
gunners; and, what is more important, the ships 
attacked will be compelled to make large evading 
movements, which will also throw their guns out 
of action. A third factor of safety les in the 
fact that torpedo and bombing aeroplanes will 
probably attack simultaneously, so that a ship’s 
anti-aircraft guns will be divided up between two 
targets. None the less, the machines ought to be 
protected, if only to give their pilots a relative 
sense of security during the most critical moments 
of their attack. The front part of the machine 
will be the most exposed, and should be protected 
by a sheathing 8 mm. thick in front of the motor and 
beneath the fuselage ; the thickness of this protective 
belt might be reduced to 5 mm. or 6 mm. beneath 
and round the tanks, as these will be less exposed to 
shrapnel splinters and bullets. The radiators are 
a difficulty : probably the best method of protecting 
them will be to design machines with two, one of 
which will be a reserve to the other, and to make 
their faces as small as possible. This is already 
being done in the Lamblin type. Protection against 
gas can either be provided by masks and oxygen 
respirators, or by enclosing the pilot and crew in an 
air-tight space, fitted with glass port-holes and 
periscopes. Both systems are known and tested, 
and it simply rests with airmen to decide which is 
preferable. 

The sheathing of bombing aeroplanes cannot be 
discussed without a preliminary examination of 
their probable method of attack. Experiments 
carried out in France, England and America have 
proved that attacks from a high altitude are not 
likely to score more than 5 per cent. of hits; but 
that this figure is very much increased if the alti- 
tude of attack is lowered. More than that, it is 
only by flying low that aeroplanes can hope to 
hit vessels which are zig-zagging or making evasive 
movements. ‘If one considers that an aeroplane 
flying at 100 metres traverses 90 degrees in 5 seconds, 
when seen from its target; if one considers, also, 
that it can come down to that height from an 
altitude of 3,000 metres in two minutes, varying 
its course at every second, so as to throw out the 
fire ; it will be granted that attacks from a low alti- 
tude are very likely the safest as well as the most 
telling.” But whatever defence the bombing 
aeroplane will derive from her rapidity of manceuvre, 
she will never be able to dispense with some form 
of protection against shrapnel and machine gun 
fire. The sacrifice of a certain amount of offensive 
power will be compensated by the additional 
security of the crew, and the higher percentage of 
hits. In these cases the sheathing had better be 
placed on the bottom and along the sides of the 
fuselage. If the bombing aeroplane has one motor 
in the fore part, it will be best to protect it on every 


side except the upper one; if, on the other hand, 
the aeroplane has other motors, outside the fuselage, 
it will be better to leave them all unsheathed, and 
to trust to the numbers of the motors for the safety 
of the machine. 

There is yet another aspect of the question: the 
effect of armoured protection upon the total number 
of available aeroplanes. On this point Signor 
Magaldi argues that by devoting 10 per cent. of 
the total weight to protection, losses might be so 
reduced that 33 per cent. more aeroplanes would 
be ready for service in any operation. Assuming 
again, that, in an undertaking where the probable 
percentage of loss had been reduced from 50 per 
cent. to 33 per cent., owing to the use of protec- 
tion, all that would be demanded of the sheathing 
would be that it should save 17 per cent. of the 
machines engaged. 


THE REDUCTION OF MANUFACTURING 
COSTS. 

Tue longer continues the depression of trade, 
which now faces the engineering industry, the more 
urgent becomes the necessity for bringing it to an 
end. Whilst losses accumulate or profits diminish, 
there is ever a tendency to seek new means of restrict- 
ing expenditure and, as a result of the endeavours 
of manufacturers to effect economies, there must 
arise some degree of depletion of the productive 
capacity of their organisations. The result can 
only be that, when the long-expected revival occurs, 
they may be so placed that they will be unable to 
employ their “ pre-depressionary ”’ resources to the 
best advantage and thereby to reap the fruits of 
the increased demand. If the best is to be made of 
a revival when it arises it must be met with the 
goods required, at the dates on which they are 
required. This point is of such importance that it 
will be well worth while to examine the methods 
which have been employed in the attempt to 
maintain financial stability and to determine 
whether they seriously prejudice preparedness to 
meet the future. 

Few of the usual methods of restricting expendi- 
ture are indulged in for their own sake, but it is 
probably too seldom realised to what extent they 
may afiect the future. One of the obvious and 
frequently necessary methods of procedure is to 
cut down staffs. This, however, may mean that 
important administrative work is neglected or 
shelved, and that some members of an organisation 
must needs do the work of others, for which they 
are not always trained or which they are not capable 
of performing. Price cutting, another obvious 
procedure in difficult times, is a vicious expedient, 
since it knows no limits, other than failure or 
bankruptcy. Cut prices are attractive only so 
long as they remain below the prices of competitors ; 
but competitors have a way of reducing their prices 
also, so that further cuts must be made. First 
the profit is cut and then the cost. In the long run, 
costs will not stand cutting, and since the consumer 
thereby obtains part of the material and services 
of the manufacturer for nothing, an uneconomic 
state of affairs arises, which cannot lead either to 
satisfaction or to prosperity. Many firms quite 
naturally are inclined in difficult times to consider 
the production of a new commodity. With the 
existing plant of a factory, this, however, is at all 
times a risky procedure. In so many cases the 
equipment on hand is not exactly adaptable to 
the new requirements, so that the process of 
manufacture must, from the nature of things, be 
more costly than that of a competitor whose 
factory is equipped with more suitable plant. 
Further, unless the new feature is to be a permanent 
one and considerable capital is expended on new 
plant, and new skilled workers are engaged or 
other workers are specially trained at considerable 
cost, it is only too likely that added loss will, in 
time, accrue from the change. 

It has been pointed out by some economists that 
the true advancement of industry and commerce has, 
in the past, been planned and prepared in times of 
trade depression. They go so far as to say that, only 
during such periods can the administration and 
organisation be overhauled, and that in order to 
take full advantage of the wave of prosperity and 


reach its crest, business men must avail themselves 
of the opportunities afforded them in times of 
depression. Industry is not carried to prosperity, 
it has to create prosperity and foster its growth. 
When business flourishes, the whole of the faculties 
of management are, of necessity, concentrated on the 
task of production. In times of slackness, these 
faculties may be turned to consideration of the 
lessons to be learnt from past inadequacies, and to 
preparations which will lead to that commanding 
position from which alone the full benefit of 
prosperous times can be secured. 

Whilst it must be admitted that there is much 
truth in such statements, it cannot be overlooked 
that such preparations can only be carried out in 
conjunction with schemes which will mitigate the 
hardships of such an extended period of depression 
as it has been our lot to encounter during recent 
years. The palliatives which have been discussed 
do not, in the main, possess this two-fold function ; 
their scope is only to counteract the effects of 
diminishing demand. As advancement in the 
realms of science has only been obtained by self- 
sacrificing, painstaking effort, often enough resulting 
in temporary failure, so true advancement of 
industry can only result from the individual efforts 
of those who are prepared by sacrifice and hard work 
to fit themselves to meet the strenuous conditions 
of the future. Many are conscious that late 
deliveries from which they suffered when demand 
was high were not altogether due to the excessive 
demand, but rather to inefficient methods in the 
employment of their plant and employees’ skill. 
Many would have given better service, and been able 
to obtain more remunerative contracts, if they had 
but improved their materials, their workers’ ability, 
and the capacity of their plant, whilst they had the 
chance in slack periods. 

In our leading article on ‘“‘ Production Costs in 
the Engineering Industry,” in our issue of Febru- 
ary 29 last, it was suggested that the methods of 
remuneration of labour should be examined, to find 
a means whereby incentive might be increased and 
higher output obtained, without a heavy increase in 
the payroll. The improvement of organisation and 
efficiency, by a close watch on small details, rather 
than by extensive alterations and additions, was 
advocated, whilst the application of scientific 
development to the question of reducing the bulk 
and increasing the strength of the materials used, 
wasurged. It will be admitted that these suggestions 
are worthy of consideration by all manufacturers, 
but their application to any business demands a 
high degree of knowledge and appreciation of the 
situation on the part of the management. ‘To one 
who has spent many months, even years, in searching 
his factory for places where economy is possible, it 
may often appear that all has been done that can be 
done. Extreme familiarity with certain conditions 
makes it difficult to envisage alternatives, and there 
are many cases in which much food may be done by 
calling in outside assistance. There are many 
present-day conditions which those who have grown 
up with them may not always fully appreciate. 

The methods of production employed during the 
war have led to a permanent increase in the number 
of women workers in engineering factories. The 
fact that they are paid lower rates of wages than 
men seems to point to a decrease in cost through 
their employment, but that is only so if they are 
employed upon jobs for which their capabilities 
fit them, and the employment of many women often 
means that alterations in plant are necessary to 
accommodate them. Unless such alterations are 
effected, women are, in most cases, just as costly 
as the men they have replaced ; in fact, the apparent 
decrease in cost may very easily lead to a false 
complacency, so that calculations based upon the 
supposed decrease may be so utterly misleading 
that they will place the manufacturer in a false 
position and turn expected profits into severe 
losses. Consideration of the position with respect 
to “skilled? men is complicated by the fact that 
the term “skilled” is difficult of definition, but 
for the purpose of dealing with the cost of labour 
an arbitrary definition may be taken. A journey- 
man fitter’s basis rate is, say, 56s. per week, and 
taking those whose basic wages are above that 
figure or not more than 10 per cent. below it, in 
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comparison with the corresponding workers before 
the war, when the fitter’s wage was 39s. per week, 
it was found, in a large engineering factory, that 
the number of skilled workers had increased by 
nearly 20 per cent., whereas the lower-paid male 
employees (exclusive of apprentices) had decreased 
in number by over 25 per cent. An analysis of 
the pay-rolls will indicate that similar movements 
in wage-earning capacity have taken place in most 
engineering factories. Now, if this movement has 
been accompanied by a corresponding increase in 
productivity it is to be welcomed by manufacturers, 
but a study will probably remove any hopes that 
such is the case. 

The increase of numbers must be considered in 
conjunction with the decrease in weekly working 
hours that occurred in 1919, if the true effect is 
to be gauged. At the time there was at least a 
tacit agreement that, when hours were reduced, 
production would be speeded up to compensate, 
but no one upholds the hypothesis that this has 
been carried into effect. The cause of the increased 
numerical strength of skilled workers is due to a 
process of dilution rather than any increase in 
ability. The withdrawal of many skilled men from 
industry during the war caused modifications of 
the rules regarding the duration of apprenticeships 
and the qualifications necessary for the various 
categories of labour, so that workers who had not 
finished their apprenticeship became journeymen, 
and many who had considerable service as semi- 
skilled workers were transferred to the skilled 
class ; in fact, men were often kept satisfied by 
putting them in higher classes than their skill 
warranted, instead of increasing the scale of wages. 
It is clear that such changes could only result in 
the lowering of the standard of “skill” amongst 
those who were previously termed ‘skilled 
workers.” 

The payments made for labour and the pro- 
ductivity of the workers, together decide the labour 
cost of production per unit. Increased payments 
either direct, or brought about by such means as 
the decrease in hours and decreased productivity, 
lead to increases in the labour cost of production, 
and it is only a correct appreciation of the effects 
of these influences that will explain the high level 
of the unit cost of production and indicate the 
means whereby labour’s service may be more 
economically employed. Many are content to 
acknowledge that such changes have occurred, 
with perhaps a guess at their effect, but it is only by 
knowing exactly the position they occupy in the 
general economics of industry, that any effective 
attempt can be made to control the results of their 
incidence. To be content to know only of their 
existence is to approach the labour problem from a 
wrong point of view. A new outlook is necessary, 
based upon a thorough investigation of present day 
results, compared with the results of the past. 

True figures of the efficiency of labour are not 
easy of compilation, and to include all the contribu- 
tory factors in a comprehensive statement is 
specialised work, requiring the aid of those who 
have an intimate knowledge of the factories they 
control, in league with the services of those whose 
familiarity with figures and whose independent 
point of view will ensure that the facts are portrayed 
in their correct proportions, without being coloured 
by local prejudices and customs. Whilst the mere 
fact that such a statement will define the present 
labour position and enable manufacturers to base 
their policies upon well grounded issues, instead of 
on guesswork, is of sufficient importance to warrant 
such an investigation on the part of every manu- 
facturer, its value can be more effectively demons- 
trated by considering the results obtainable from its 
practical application. 

When rates of wages are varied, it requires con- 
siderable skill to predetermine the effect of such 
variations upon future costs, but it is very necessary 
that such variations should be known quickly in 
order that an equitable basis for the adjustment of 
selling prices may be established. If, for instance, 
the basic wages of skilled fitters were to be reduced 
from 56s. to 52s. per week, with corresponding 
decreases to other skilled and semi-skilled workers 
only, it would be an easy matter to reduce the cost 
of labour in basis estimates of 4/56ths (or. 7-15 per 


cent.), with the idea of giving effect to these de- 
creases. Such easy methods have been adopted by 
some of the best of engineering firms, but their use 
is scarcely justified because of precedent. The 
proportion of skilled and semi-skilled labour cost in 
the labour cost of each product, the amount of 
piecework bonus and overtime allowance included, 
the proportion of skilled and semi-skilled labour 
cost in overhead expenses, are factors that must be 
included and measured, before the true effect of a 
4s. drop can be determined. It is therefore more 
than likely that the resulting decrease in labour 
cost will be found to be of the order of 3 per cent. 
to 4 per cent. ; so that any selling prices, based upon 
the apparent 7 per cent. decrease, would give the 
customer the advantage of an economy that had 
not been realised by the manufacturer. It is in 
such cases that a complete statement of the pay 
roll analysis provides immediately the correct 
starting point for the calculation of effects. Again, 
in considering the methods of remuneration of 
labour, and in the quest for new incentives for the 
worker, the starting point is, surely, a comprehensive 
analysis of the present position of wages, costs and 
productivity. 

A further possible use of such data is in the 
settlement of labour disputes. Whether it be in 
the engineering industry or not, a study of the 
progress of wage disputes and agreements will lead 
to the conclusion that every party concerned, be 
it the employer, the employed, the consumer or the 
arbitrator, asks for true costs. Costs have some- 
times been produced during such proceedings, but 
usually in such a form that they are either un- 
intelligible to anyone but their author, or useless 
because of their insufficiency. The facts required 
are those which will demonstrate the relation of 
wages to labour cost and to productivity, laid out 
in such a way that the effects of wages variations 
are easily visualised. 

The growing usage of automatic and semi- 
automatic machines brings with it at least two new 
elements requiring investigation—the increasing 
importance of indirect labour, and the fact that 
the more complicated and the more costly machines 
become, the more difficult it is to use them to the 
best advantage. Many operations once performed 
by hand or by the simpler machine tools are now 
carried out by complicated machines which require 
the attentions of one who is versed in the mainte- 
nance of efficient operation rather than in craftsman- 
ship as the word was formerly understood. The 
machines are operated by what would previously 
have been termed semi-skilled labour, but are now 
included under the category of skilled labour owing 
to their rates of wages. The continued use of these 
machines demands the constant attention of a 
mechanic whose wages are classified as indirect 
labour cost. Only by measurement can it be 
discovered whether the use of more modern machines 
or the substitution of machine for hand operations 
will be really effective in reducing costs. Before 
such changes are made, it is essential to make 
accurate cost comparisons to decide whether reduc- 
tions of cost will follow the introduction of the 
newer methods. The necessity for the continuous 
use of complicated and costly machinery will be 
emphasised by the study of results of actual per- 
formances. Should they remain idle for any length 
of time, their cost mounts up, and the whole cost 
of this idle time has to be absorbed during future 
running hours. It will be found to be of prime 
importance to ensure that minor losses of time shall 
not occur, and it is usually necessary to devote 
special study to the actual operations performed, 
with a view to the elimination of wasted effort and 
of unnecessary handling of the materials. 

The gradual stages, by which the plant becomes 
more specialised and more highly organised, mark 
the increasing importance of those other forms of 
indirect labour which are personified in the costing, 
production planning and controlling, inspecting and 
purchasing staffs. Not until the functions of these 
auxiliary services are fully appreciated and employed 
to their maximum will the full use of modern 
developments be enjoyed. The present time presents 
the opportunity for making detailed investigations 
of such a nature as it has been attempted to indi- 
cate, and of securing the scientific application of 


a firm’s resources. Viewed from the firm’s own 
standpoint this is the true method of preparation, 
but from the higher standpoint of the nation’s 
prosperity it is the urgent duty of every manufac- 
turer to perform the dual function of bracing himself 
to withstand the onslaught of trade depression and 
of husbanding his resources in preparation, to 
uphold his position and to meet the demands which 
will be thrust upon him. 


THE NAVY AT THE BRITISH EMPIRE 
EXHIBITION—IV. 


Messrs. J. I. THORNYCROFT AND Co., LrmrT=p, of 
Woolston Yard, Southampton, Basingstoke, and 
Hampton-on-Thames, are extremely well repre- 
sented at Wembley, for in addition to a well-varied 
exhibit in the Palace of Engineering, many examples 
of their work are to be seen in the Indian Section, 


the Government Pavilion, and on the ornamental 


waters of the Exhibition. 

Included in the models in the Palace of Engineer- 
ing is one of a torpedo-boat destroyer, a type of 
vessel of light scantlings and high power and speed, 
for which the firm has long been famous. Messrs. 
Thornycroft’s experience in the design and con- 
struction of torpedo craft now extends over half a 
century, for it was as far back as 1873 that the 
firm completed their first torpedo boat ordered from 
them by the Norwegian Government. ‘The highest 
speed attained was 15 knots. Two years later 
similar vessels were completed for the Swedish, 
Danish and French navies, and 1877 saw the com- 
pletion of their first boat for the British Navy. 
The speed of the last-mentioned boat was 18} 
knots. These were followed by many others, the 
size, speed, sea-going qualities and offensive powers 
gradually increasing, as experience in the com- 
pleted vessels accumulated. In 1892 torpedo-boat 
destroyers were introduced, and Messrs. Thorny- 
croft were given the contract for two of the six 
vessels then ordered. The first of the two to be 
completed was the Daring, which obtained a speed 
of just over 29 knots when on trial at a light 
draught, the contract speed being 27 knots. 

This was the vessel in which the propeller pheno- 
menon now known as “ cavitation” was first 
found to be of practical importance. The length of 
the Daring was 185 ft., beam 19 ft., and draught 
63 ft., the displacement being 250 tons. She carried 
25 tons of coal and her reciprocating engines 
developed 4,200 i.h.p. The armament was one 
12-pdr. and one 3-pdr. gun, with three single 
18-in. torpedo tubes. The model exhibited is of 
the Tobago, a destroyer ordered in April, 1917, 
and completed in October, 1918, and thus one 
of the latest type. She has a displacement of 
1,075 tons, with length of 276 ft., beam 274 ft., and 
draught of 104 ft., the engines developing 29,000 
shaft horse-power, and giving a speed of 36 knots. 
The oil fuel tanks have a capacity of 305 tons, 
and the armament includes three 4-in., one 2-pdr. 
and one machine gun, together with two twin 
2l-in. torpedo tubes. A comparison of these 
details with those of the Daring indicates the 
developments in these interesting craft during a 
quarter of a century. In the Daring the propelling 
apparatus developed about 35 i.h.p. per ton, 
whilst in the Tobago 70 shaft horse-power is 
obtained ; this shows the weight-economy secured 
by steam turbines and oil-fired boilers. During 
the war, Messrs. Thornycroft completed 27 destroyers 
all to their own designs. They also built five of a 
larger type termed flotilla leaders, two of these, 
the Shakespeare and Spenser, being of 1,750 tons 
displacement, with a speed of 36 knots. 

Messrs. Thornycroft’s activities are not, however, 
confined to vessels of comparatively light con- 
struction. Another and a much heavier scantlinged 
type of ship is shown by a model of the oil tanker 
Sjomand, whose length is 300 ft. and beam 433 ft., 
the deadweight capacity being 4,240 tons. 

Another exhibit is that of a model of a 55-ft. 
coastal motor boat, a new type of warcraft, of 
which the firm has made a very special and complete 
study. Fifty years ago a clergyman named Ramus 
suggested a stepped, slightly-inclined bottom for 
vessels by which, when sufficient speed had been 
attained, lifting took place and skimming resulted, 
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the resistance for higher speeds being appreciably 
less than for ordinary forms. At the time its 
application was impracticable, the available 
machinery being far too heavy. Sir John Thorny- 
croft, the founder of the firm, was interested in 
the suggestion, and carried out many model experi- 
ments in his private tank at Bembridge, thus 
obtaining valuable data as to the best forms. So 
soon as the petrol engine had been developed 
sufficiently to obtain the required power on the 
allowable weight, Messrs. Thornycroft designed 
and constructed several small craft on the stepped- 
bottom principle, which obtained very high speeds. 
Miranda IV was one of the most successful of 
these. Built in 1910, she has recently—with her 
name changed to Lady Sid—won the race for 
the New South Wales Pennant, run in rough 
weather conditions. She was, however, beaten 
in the Australian Cup race by a heavier-engined 
American boat in dead calm water. At the finish 
only 100 yards separated the two boats, the speed 
of the British being 50 knots. 

The war had not long been in progress before 
the naval authorities decided that craft such as 


Fie. 22. 
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these—small, light, of little draught and very 
high speed—would perform useful duties, and 1e- 
quested Messrs. Thornycroft to prepare suitable 
designs to carry torpedoes, a limit of weight of the 
completed design being the only specified condition. 
A boat about 40 ft. long, carrying one torpedo and 
obtaining a speed of 40 knots, was the result. Later, 
a larger boat of the same type, 55 ft. in length, was 
designed and constructed by the firm. This larger 
class carried two torpedoes, two depth charges and 
a Lewis gun, the speed being the same as for the 
shorter type. Over 100 of these coastal motor 
boats were built by Messrs. Thornycroft during 
the war, and rendered excellent service. Since the 
armistice, several have been built by the firm for 
foreign navies, a tribute to the success and utility 
of the type. 

One of the 12 cylinder engines specially designed 
and constructed by Messrs. Thornycroft for fitting in 
the C.M.Bs. is shown in Figs. 22 and 23, on this 
page. Itdevelops 375 b.h.p. when running at 1,600 
r.p.m., and weighs 2,600 lb., the stroke being 7 in. 
and the cylinder bore 5¢ in. The 320 b.h.p. per 
ton of this engine is useful for comparison with 
the corresponding figures already quoted for des- 
troyer installations. Several other, but less power- 
ful, petrol and paraffin engines for marine purposes 
are also on view, together with models of yachts 
_and other craft, in which they are fitted. Amongst 
these are two smart-looking craft, built for the 
Jam Sahib of Nawanagar, one a yacht 70 ft. long, 
134 ft. beam and 5} ft. draught, with 60-b.h.p. 
engines giving 8 knots speed, and the other a small 
passenger and cargo vessel. Another similar vessel 


for the same owner has recently been launched 
by the firm at Hampton, and, like the other two, 
has internal-combustion engines of Thornycroft 
design. 

The Army Section at the Government Pavilion 
includes a model of a hospital ship—the Nabha— 
designed and constructed by Messrs. Thornycroft. 
She is of the light-draught type, her dimensions 
being: length, 150 ft., beam, 30 ft., and draught 
32 ins. The power plant consists of two sets of 
Thornycroft paraffin engines, each of 150 b.h.p., 
driving twin propellers. Built in this country, 
she was taken in sections to Bombay, re-erected 
there, and navigated to the Tigris, where she per- 
formed excellent service in carrying the sick and 
wounded during the war. This vessel and one set 
of her engines are illustrated in Figs. 24 and 25, 
respectively, on the next page. 

A special section has been attached to the Indian 
Pavilion to show examples of boats constructed of 
Empire timber. Messrs. Thornycroft here show a 
very handsome type of launch which is used ex- 
tensively in the Far East for inspection by medical 
officers of health, customs, pilots and other public 
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services. The dimensions are: Length, 38 ft., 
beam, 74 ft., and draught, 24 ft., a speed of 63~7 
knots being obtained with a petrol engine of 9 b.h.p. 
A comfortable saloon is fitted aft, and a sleeping 
cabin, with accommodation for two or three persons, 
forward. 

Since the Exhibition was opened one million visi- 
tors have taken a trip on the lake in one or other 
of the 30 launches built by Messrs. Thornycroft. 
These little craft are 25 ft. long and 7} ft. beam. 
The Wembley authorities specified that they should 
possess ample stability and that the draught with 
20 passengers should not exceed 18 in. Both con- 
ditions were satisfactorily fulfilled in the completed 
launches. The motive power is a secondary battery 
supplying current to an electric motor on the pro- 
peller shaft, the speed being about 4 knots. The 
absence of wash when under way, the ample stability, 
and the excellent manceuvring powers can _ be 
observed by the great numbers who watch the pro- 
gress of the launches on the lake. 

An example of Messrs. Thornycroft’s work in 
another direction is to be seen at Messrs. Dorman, 
Long’s stand in the Palace of Engineering, where a 
flooring in the form of a ship’s deck of teak planking, 
caulked and payed, is fitted. The fastenings are 
invisible and give an appearance which is a great 
improvement on that of the ordinary deck, where the 
wooden dowels over the heads of the fastenings 
are only too obvious. 

Amongst other models shown by Messrs. Hawthorn, 
Leslie and Company are those of the light cruiser 
Champion and the two flotilla leaders Montrose and 
Stuart. The cruiser is slightly smaller than the Ceres, 


the particulars of which have already been given, 
displacing 3,750 tons against 4,290 for the latter. 
A second cruiser, the Cassandra, of the same class 
as Ceres, was completed by the firm in July, 1917, 
and was sunk in the Baltic by a mine in December, 
1918. The Montrose and Stuart belong to a type 
of torpedo craft which were first ordered in 1913-14 
and serve the purpose of a flagship and leader to a 
flotilla of destroyers. It is necessary for such a 
duty that accommodation should be provided for 
the senior officer—captain (D.)—of the flotilla and 
his staff, and also facilities for signalling to and 
otherwise directing his little fleet. In addition, the 
flagship should have superior sea-going qualities to 
the other units to enable her speed and position to 
be maintained. Flotilla leaders are thus appreciably 
larger and more heavily engined and armed than 
ordinary destroyers. Two of these vessels were 
ordered in the financial year 1913-14, of which, one— 
the Marksman—was built by Messrs. Hawthorn, 
Leslie and completed in November, 1915. As one of 
the first of the new type, her particulars are of 
interest. The displacement was about 1,650 tons, 
length 325 ft., breadth 31 ft., and draught 10} ft. 
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She was fitted with triple screws driven direct by 
turbine engines of 36,000 shaft horse-power, giving 
a speed of 34 knots. The oil fuel tanks had a 
capacity of 515 tons. The armament included four 
4-in. and two 2-pdr. guns and two pairs of twin 
21-in. torpedo tubes. 

The later vessels—Montrose and Stuart—were 
ordered in April, 1917, and embodied the war 
experience which had been gained in the earlier 
vessels of the type. The displacement is 1,800 tons, 
the length being 332 ft., beam 31? ft., and draught 
124 ft. Twin screws are fitted and driven by geared 
turbines of the Brown-Curtis type developing 40,000 
shaft horse-power and giving a speed of 35 knots. 
The armament includes five 4°7-in. and one 3-in. and 
two 2-pdr high-angle guns, together with a pair of 
triple revolving torpedo tubes. Five hundred tons of 
oil fuel can be stowed in the tanks. The complement 
of officers and men is about 160 as compared- with 
110 in the Marksman. The type has thus increased 
in size, power, speed and in offensive and defensive 
qualities and can almost be classed as cruisers. The 
firm are represented in the Navy Section in the 
Government Pavilion by the destroyer Warwick— 
the flagship of Sir Roger Keyes in the attack on 
Zebrugge on St. George’s Day, 1918—but in 
addition, 17 other destroyers of various classes 
were built by them during the war. This number 
does not include four destroyers which were under 
construction by them for the Turkish Navy, and 
which were purchased for the Royal Navy in 
November, 1914. One of these—the Turbulent— 
was sunk in the Battle of Jutland. 

Models of mercantile vessels built by the firm 
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are exhibited, amongst these being the P. & O. liners 
Ranpura and Ranchi. Working models of two 
patented devices made by the firm can also be 
inspected. These are designed to indicate the 
speed of flow of lubricating oil to turbine gearing, 
bearings, &c., and to serve as a guide for regulation. 
One of these is mechanical and the other hydro- 
dynamical; they are illustrated in Figs. 26 and 27, 
respectively, above. 


LABOUR NOTES. 


A very clear indication of the effects of costs of 
production on the re-establishment of shipbuilding 
and the reduction of unemployment in the yards, is 


afforded by the recent placing of orders for six oil] on September 12. 


tankers with Dutch builders, by the Shell Transport 
and Trading Company. The Dutch tenders were 
25,0001. lower than the smallest British tender for 
such vessel, of 10,000 tons. While the shipbuilding 
industry is suffering depression it is imperative that 


prices be reduced so that foreign competition may be 
met. We trust that the lesson of this contract will not 
be lost. Every endeavour must be made to remove any 
restrictive conditions of labour which permit the possi- 
bility of orders going abroad in this unfortunate way. 
The shipowners are anxious that the contract for four 
proposed oil tankers for the Anglo-Saxon Company, — 
which is associated with the Shell and Royal Dutch 
groups, will not gointhesame way. In their endeavour 
to reduce costs they hope to be able to arrange a 
conference with the trades union leaders to see if 
some of the regulations in the industry may be removed, 
so that costs of production can be lowered to such 
an extent as will permit the offer of competitive tenders. 
We trust success will be the reward of those who are 
working hard to provide full employment for the men 
and machinery in this industry. Dutch conditions, 
which permit work night and day without heavy 
additions on account of overtime rates, are the stum- 
bling-block to the discovery of a solution. Already 
a large amount of repair work has gone abroad, and 
we are now faced with the Joss of new construction. 
Such a state of affairs cannot continue if we are 
ever to re-establish the industry in this country. Only 
by the cheapening of production through the greater 
efficiency of labour can such orders as that of these 
oil tankers, be obtained. Without that increase of 
efficiency we must give up the idea of ever regaining 
our place among the world’s shipbuilders. 


The Court of Inquiry into the Covent Garden 
dispute suggests that employers ought to have the right 
to employ such men as they choose, and the men to 
belong to such unions as they choose. Under all national 
engineering agreements since 1897 such a right has been 
reserved to employers, and workers have been free to 
belong to a union or not as they pleased. The freedom 
of workers to belong to such unions as they choose, or 
to none at all, has, however, been more apparent than 
real. Shop stewards have, as most readers are aware, 
used much more than ordinary pressure with the object 
of convincing non-union men of the error of their ways, 
and where their efforts have been in vain, they have 
threatened stoppages—-sometimes even struck—in 


order, if possible, to induce employers to apply pres- _ 


sure. Particulars of a typical case are, as a matter of 
fact, to be found in the September Report of the Amal- 

gamated Engineering Union. The organising delegate 

in a Northern District reports as follows :— 

“The non-unionist question came to a head in 7 
when at a crowded meeting, which f attended, a resolu- 
tion was passed that if six men working in the 
Works did not join the union by the following branch 
night, no work touched by them would be handled by 
our members. The resolution was conveyed to the 
management—who, by the way, are exceedingly 
busy. There are now six new members in 
Branch, and no non-unionists at Works.” 

We have left out the names of the branch and the 
works, but the break between the words “‘ busy ’’ and 
“There” is the delegate’s. The average skilled 
engineer will agreo, we think, that it is hardly common 
sense to make union membership a condition of employ- 
ment. The test ought to be—it is, as a matter of fact— 
capacity to perform the duty required. To seek to 
make union membership a condition of employment 
suggests, moreover, that trade unionism is lacking in 
attraction. No external aid—least of all that of 
employers—ought to be necessary to keep men in it. 


On another point the Covent Garden Court of Inquiry 
offers observations which are of interest to employers 
generally. Considering that the Industrial Court will 
probably be called upon to deal with the question of 
the rightness or wrongness of the threat to extend the 
trouble to the ports, this Court of Inquiry obviously did 
the right thing in refraining from expressing an opinion 
on the subject of sympathetic action generally. But 
the general question is of high importance to British 
industry as a whole, and, sooner or later, it will have to 
be definitely decided. In the opinion of the investi- 
gators of the Covent Garden trouble, industrial agree- 
ments must inevitably lose much of their value if their 
construction is based not so much upon the definite 
meaning of their actual phraseology, as upon the dis- 
cussions preceding their signature. The simple truth 
is that they will cease to have any value at all if either 
of the parties to them is to be at liberty to involve the 
other in grave inconvenience or serious loss, merely in 
order to enable him to tighten the screw on a third party 
with whom he may be at variance. 1 


One hundred and seventy firms were represented at 
the fifth annual lecture-conference of the Industrial 
Welfare Society which began at Baliol College, Oxford, 
The Duke of York, president of the 
society, said, in the course of a communication which 
was read, that the mere fact that each conference was 
larger and even more representative than the last was 
evidence of the fundamental truth of the principles for 
which they stood. He looked forward, it was added, to 
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the time when a welfare scheme would be an integral 
part of the managerial policy of every firm in the 
country. Letters were also read from Lord J.everhulme, 
Sir William Walker, chairman of the Miners’ Welfare 
Committee. and Mr. P. A. Best, managing director of 
Messrs. James Shoolbred and Co. Efficient production 
could only make further advance, Lord Teverhulme 
wrote, by the cultivation and maintenance of happiness 
in works’ employees. Sir William Walker expressed the 
opinion that full value could be obtained only if steps 
were taken to educate workers in the principles of 
welfare and to direct their enthusiasm into permanent 
channels. Mr. Best said he was glad that welfare work 
was being taken out of the atmosphere of parentalism 
and was now one of the creative influences in industry 
and commerce. The contribution made by the welfare 
department of any business ought not to be considered 
as a refinement or a “ stunt,” but as an integral part of 
all properly-organised modern business: On September 
13 a paper, jointly prepared by Mr. A. T. M. Fleming 
and Miss Alice Bennie, of the Metropolitan-Vickers 
Electrical Company, Limited, was read on “‘ Education 
in Industry,” and on the following day Miss Maude 
Royden delivered an address on “ The Ethical Bases 
of Welfare.” 


On September 15 Professor F. Tillyard, of Birming- 
ham, dealt with the question of “The Factory Bill 
and Welfare Work.” In the course of his address he 
said that most industrial legislation consisted in making 
compulsory on employers practices which enlightened 
employers had already voluntarily adopted. Hearing, 
as he did, on the average 4,000 dispute claims a year 
for unemployment benefits, a fair proportion of which 
raised questions as to shop conditions, especially under 
small masters, he sometimes thought that the require- 
ments of the Factory Act were in many cases a dead 
letter, and he was confident that, if the improvements 
suggested by the new Bill were really carried out, an 
enormous change was inevitable in those small shops. 


A National Joint Emergency Commission repre- 
sentative of the National Allied Building Trade 
Employers and the National Federation of Building 
Trade Operatives, succeeded at a conference last 
week in provisionally adjusting the trouble which had 
arisen over the question of summer working hours 
in the London area. An official report issued at the 
close of the meeting contained the following :— 

“This Commission having considered the present 
difficulties on the application of the working rule 
agreement re hours of labour in the summer period in 
the London region, and having regard to the fact that 
meetings have been held in accordance with the 
provisions of the document of June 16, and no mutual 
agreement arrived at to depart from Clause 1 of the 
national working rule agreement, it is understood that 
the working hours in London during summer time shall 
be 463, as provided for in the said working rule agree- 
ment, and the differences existing with regard to the 
method of working the 464-hour week should be settled 
immediately, and the same put into operation forth- 
with. In the event of these conditions being carried 
out the local inquiry and negotiation provided for in 
Clause 5 of the terms of settlement of the recent dispute 
to be proceeded with at once.” 

The report was signed on behalf of the employers 
by Mr. A. J. Forsdike and Mr. F. A. Wall, and on 
behalf of the operatives by Mr. Thomas Barron and 
Mr. R. Coppock. 


The executive council of the Amalgamated Engineer- 
ing Union intimate that the facilities offered to ex- 
members of the organisation to resume their membet- 
ship are withdrawn as from September 30. They 
have been in operation for thirteen months, and to 
date approximately 8,000 have accepted the terms 
and rejoined. ‘‘ It must be apparent to all thinking 
members,” says the A.H.U. Monthly Report ‘“ that 
the offer could not be continued indefinitely, for it 
must be borne in mind that the cancelling of the 
members’ arrears meant a loss financially to the 
unions.” 


The organising delegate on Tyneside of the Amalya- 
mated Engineering Union states that for some time 
the District Committee has been collecting information 
and drafting proposals as to conditions and rates of 
wages of men employed on Diesel engines. At a local 
conference held in August the employers expressed 
a desire to submit the whole question to a national 
conference, but the men’s representatives declined to 
agree to that course. The employers then intimated 
that they would consider the points raised and make 
counter-proposals, and the conference was adjourned 
to enable them to do so. 


The Transport and General Workers’ Union, the 
London Cartage and Haulage Contractors’ Associa- 


tion, and the Motor Transport Employers’ Federation 
have agreed to new terms regulating wages and working 
hours which are to come into operation on the first 
pay day next month. Originally, the men claimed an 
increase of 10s. per week. Under the new agreement 
adult grades are to receive an increase of 4s. per week, 
andjuniors half that amount. An extra 6d. per day 
is to be paid to all drivers of mechanical vehicles with 
trailers, and where a trailer is employed an assistant 
is to be provided. An allowance of 5s. per night is 
to be paid for lodging money. There is to be a minimum 
rest period of nine hours after the completion of a day’s 
work, it being understood that in cases of emergency, 
and for work appertaining to markets, exceptions are 
permissible by mutual arrangement between the 
parties to the agreement. For assistant horsekeepers 
and stable men the working week is to consist of 48 hours 
to be worked in six days. 


The special tribunal which was appointed by the 
Ministry of Labour to inquire into the wages dispute 
in the electricity supply industry. concluded its sittings 
on September 15. Some further evidence was given, 
and at its close Mr. Alderman Walker, for the em- 
ployers, and Mr. J. Rowan for the workers, addressed 
the tribunal. Mr. Walker said that the increase 
of 10s. per week asked for would mean an addition of 
41,6001. a year, or the equivalent of 2d. in the £ on 
the rates of his own city. Any member of an electricity 
committee or board who dared at the moment to 
suggest increasing the price of electridity for industrial 
power purposes would be put in an awkward posi- 
tion, because cheaper, rather than dearer, electricity 
was required to encourage the revival of trade. He 
could not too strongly emphasize, he went on to say, 
that the wages within a district were, and must be, 
controlled by the wages paid in the predominant 
industries of that district. He contended that the 
claim had not been established. The electricity supply 
industry was already paying in excess of the average 
rate of wages in other industries, and the conditions; 
especially as regards holidays and sick pay, were also 
better than in other industries. The employers were 
unanimously of opinion, Alderman Walker added, that 
there was no justification for one fraction of a farthing 
going on the industry. 


Mr. Rowan stated that the workers’ chief reason for 
making the application was that they believed the 
industry could well afford to pay the advance. While 
they admitted that there were calls upon the surpluses 
that were made by municipalities, they submitted as a 
fundamental principle, that there was as much reason 
for drawing upon surpluses to improve the conditions 
of the workers as there was for drawing upon them to 
improve machinery. It had been stated that munici- 
palities could not make profits, and that any excess 
in income must go back into the undertaking or towards 
the reduction of the cost of electricity. Since 1912-13 
Manchester had paid no less than 183,140/. to the relief 
of rates, and Liverpool 517,000/. Large payments 
had been made by other municipalities. The workers 
could not admit the contention, Mr. Rowan said, that 
the wages within a district were, and must be, controlled 
by the wages paid in the predominant industries of 
that district. The engineer, for instance, was not 
being paid a reasonable wage. If the employers’ con- 
tention was right then wages must be governed by 
the worst conditions in the country. . In his opinion 
the advance in wages could be conceded without in- 
creasing the price of electricity to the consumer except 
in isolated cases in smaller and less efficient under- 
takings. 


The Monthly Report of the United Society of Boiler- 
makers and Iron and Steel Shipbuilders states that at 
the end of August 18,062 members were “ signing the 
books,”’ as compared with 16,812 at the end of July. 
The expenses for August were 77,6141. 12s. 4d. or 
18,9811. 7s. 10d. more than in the preceding month. 


A strike of metalworkers which took place at Vienna 
on September 10 and threatened to extend to other 
industries, was put in the fair way to settlement at 
a meeting on September 14 of the Federation of 
Industries. The men demanded a 15 per cent. in- 
crease of wages, an’ unequivocal undertaking on the 
part of the employers to leave the 8-hour day un- 
touched and the payment of higher allowances for 
overtime, and the employers replied that they were 
willing to raise the wages if a way could be found to do 
so without increasing the cost of production—in other 
words if the State and Municipal Governments could 
be induced to reduce taxes and rates. The employers’ 
proposal was rejected. About 60,000 men employed 
in 122 engineering establishments thereupon ceased 
work, and in labour circles there was serious talk of 
organising a general strike. To the meeting of the 
Federation of Industries on September 14, however, 
a promise was given, it is stated, both by the Austrian 


Government and the Vienna municipality, considerably 
to reduce taxes and rates, and the immediate result 
was to make the threatened spread of the trouble 
less probable. 


The Central Industrial Committee of Belgium, which 
is one of the largest employers’ organisations in that 
country, has passed a resolution expressing the opinion 
that the ratification of the Washington 8-Hour Day 
Convention would place Belgian industry in an inferior 
position to that of its competitors in both the home and 
foreign markets, and urging the Government not to 
enter into any arrangement which would aggravate 
still further the present economic situation of Belgium. 
The resolution also claimed, it is understood, that the 
Belgian 8-hour day regulation is more stringent than 
that of any other country, that in Germany at least 
9 or 10 hours a day are being worked, and that in the 
United States no limitation of the working day is 
recognised. 


The Ministry of Labour Gazetie states that of the 
11,500,000 workpeople insured against unemployment 
under the Unemployment Insurance Acts in Great 
Britain and Northern Ireland, the percentage unem- 
ployed at August 25, 1924, was 10-6, compared with 
9-9 at July 28, 1924, and 11-S8in August, 1923. Among 
the*members of those trade unions from which returns 
were received, the percentage of unemployed was 7:9 
at the end of August, 1924, compared with 7-4 at the 
end of July, 1924. Employment is stated to have been 
good in the tinplate and steel sheet trades and fair in 
certain branches of the metal trades. In many impor- 
tant industries, however, including iron and _ steel 
manufacture, engineering and shipbuilding, it continued 
slack. 

According to the Ministry of Labour, there were on 
the registers of Employment Exchanges in Great 
Britain on September 8, 1,163,600 persons, viz. : 
871,800 men, 39,500 boys, 217,600 women and 34,700 
girls. On September | the total number of unemployed 
persons was 1,162,880 and on December 31, 1923, 
1,285,623. These figures represent the numbers of 
persons recorded as not at work at the dates given, 
whether they were totally unemployed, suspended or 
* stood off,” &c., or working systematic short time and 
claiming benefit. 


Royat Institute oF British ARCHITECTS STATUTORY 
ExamInation.—The R.I.B.A. Statutory Examination 
for the offices of District Surveyor under the London 
Building Acts, or Building Surveyor under Local Autho- 
rities will be held at the R.I.B.A.,. 9, Conduit-street, 
Hanover Square, London, W. 1, from October 22 to 24. 
Full particulars of the examinations and application 
forms may be obtained from the Secretary of the Institute. 


THe Royau PHoToOGRAPHIO SocteTy.—An exhibition 
of scientific and pictorial photographs is now open at 
the house of the Royal Photographic Society, 35, Russell- 
square, W.C. 1, and will remain open, free, till October 25 
next. The technical applications of photography are 
represented by prints of corroded metals, micro-photo- 
graphs of steels and alloys up to 4,000 diameters, sur- 
veying and record work, whilst photographs of sound 
waves and other physical phenomena are of great interest 
and of excellent quality. 


Tue INstIruTION OF AERONAUTICAL ENGINEERS.— 
Minutes of Proceedings No. 10 of this Institution, recently 
published, contains reprints of a paper by Lieut.-Colonel 
V. C. Richmond, entitled ‘‘ Some Problems in Connection 
with the Structure of Rigid Airships,” and of a paper on 
‘* Low-Powered Flying,” by Mr. W. O. Manning, together 
with reports of the discussions following the reading of 
these papers. Copies of the Proceedings are obtainable 
from the Secretary of the Institution, 60, Chancery Lane, 
W.C. 2, price ls. 6d. The meetings of the ensuing session 
will commence on Friday, October 17, at 6.30 p.m., 
at the Engineers’ Club, Coventry-street, W. 1, when a 
paper on “Commercial Airship Design” will be read 
by Commander F, L. M. Boothby. A fixtures list giving 
particulars of the arrangements for subsequent meetings 
and visits can be obtained on application to the Secretary 
at the address given above. 


Visrac SterL: Errata.—tIn the third article of the 
series entitled “‘ The Navy at the British Empire Exhibi- 
tion,” which appears in our issue of August 8, we referred, 
on page 187, to Vibrac steel, andremarked on some of its 
physical.qualities. Messrs. Sir W. G. Armstrong, Whit- 
worth and Co., Limited, who manufacture this very 
useful type of steel, inform us that the yield-point of 
47 tons, breaking stress of 61 tons, with elongation of 
8} per cent. in 2 in., mentioned in the article, refer only 
to tests on thin strips cut from air bottles of the material. 
For large forgings of Vibrac steel the yield and breaking 
stresses are as stated, but an elongation of 18 per cent. 
in 2 in. is obtained, whilst for smaller sections, such as 
those used for motor-car axles, &c., the breaking stress 
is no less than 108 tons, with 10 per cent. elongation in 
2in. The company also state that the oxygen flasks of 
Vibrac steel for the Mount Everest Expedition referred 
to in the article, were not welded at any stage of their 
manufacture as stated, but were punched and solid- 
drawn direct from the billet. 
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LETTERS TO THE EDITOR. 


INDICATOR CONNECTIONS. 
To tHE Enprror or KNGINEERING. 

Str,—As the pressure conditions in the cylinders of 
internal-combustion engines are more complex than in 
steam engine cylinders, it is agreed that more frequent 
and systematic use of the diagram indicator is impera- 
tive, if satisfactory engine performance is to be main- 
tained. 

Although the design of the piston and pencil-lever 
mechanism of indicators has been improved, to suit the 
more exacting conditions of pressure and temperature 
under which such instruments have to work when 
fitted to the cylinders of internal-combustion engines, 
the method of connecting to the engine cylinder is still 
that originally designed for low-pressure steam engines, 
and is unsatisfactory for several reasons. 

Unless otherwise specified, the standard cylinder 
connection supplied with every indicator. is the old- 
fashioned plug-cock. For the plug-cock it may be said 
that it is cheap to produce, occupies a small space, and 
gives a straight through and short connection to the 
indicator. When made of brass, however, the ? Whit. 
stem is easily fractured, but whether of brass oe steel, 
the thread pitch is too coarse and too deep for the 
purpose. After being in use for a short period, even a 
newly ground plug-cock begins to leak, and soon gets so 
hot that it cannot be operated with any degree of 
comfort, and, owing to excessive leakage, it is frequently 
impossible to obtain a true Ruinospherie line on the 
indicator card. 

Then again, when testing a ‘multi. cylinder engine, or 
checking one indicator against another on a “single- 
cylinder engine, unless all the indicators are of the 
same make, they cannot be changed about without 
either using an adapter or stopping the engine. 

Some of the suspicions regarding the accuracy of 
indicator diagrams would be removed, or confirmed, 
if indicators could be quickly changed from one 
cylinder to another while the engine is running under 
steady conditions. 

There does not appear to be any reason: why the 
form and dimensions of the coupling end of all indicators 
should not be standardised, and as the objectionable 
features referred to are common knowledge, a useful 
work would be done if a discussion of the points raised 


resulted in the creation of a British standard for indi- | 


cator connections. 
Yours faithfully, 
J. OKILL. 
The University of Liverpool Engineering Laboratoties. 
September 15, 1924. 


RECENT PERFORMANCES OF THE CUNARD 
LINER “«MAURETANIA.” 

As announced in the press at the time, the 

Mauretania on her homeward run from America in 

August last beat all previous records for the trans- 


a i 


may be compared with the 26-04 knots realised on 
her original trials and with her best transatlantic 
passage made in September, 1910, when the shorter 
distance from Daunt’s Rock to Sandy Hook lightship 
was covered at a mean speed of 26:06 knots. The 
best day’s run on her record trip was 626 nautical 
miles. It may be added that in January, 1911, 
an average speed of 27-04 knots was recorded for 
one day’s run over a short period of time. The 
ship has achieved a speed of 28:5 knots. The 
Mauretania did important service during the war 
and, subsequent to control being restored to her 
owners, was sent up to the Tyne to be fitted for oil 
fuel. This work was completed in March, 1922. 

During her presence there for this purpose the 
opportunity was taken of opening up the turbines 
and overhauling the auxiliary machinery. A careful 
inspection of the blading was made at the same 
time and this was found to be in good condition, 
although some of. the rows of the first group of the 
H.P. turbine had been removed owing to corrosion 
of both casing and rotor. No work was, however, 
done on the turbines on this occasion and the Maure- 
tania was returned to service with her turbines as they 
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atlantic service. Leaving New York on August 20 
the passage from Ambrose Channel Lightship to 
Cherbourg, a distance of 3,198 nautical miles, was 
covered in 5 days, 1 hour and 45 minutes. The mean 
speed attained on the run was 26-24 knots, which 
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It should, however, be added that none of the blading 
in either turbine had stripped. The order for the 
replace blading was given to the Wallsend Slipway and 
Engineering Company, Limited, and also for the 
liners required to make good the damage due to the 
corrosion of the rotor and casing. The nature of 
the work done is clearly shown in Figs. 1 to 3, 
annexed. Here Fig. 1 represents the forward end 
of the H.P. turbine as originally constructed, whilst 
in Fig. 2 the new work is shown in black. “As will 
be seen, a liner had to be fitted to the- casing to 
hold the new casing blades, and a ring fitted to the 
rotor to take the new spindle blading. At the same 
time a new dummy was fitted. The work done on the 
L.P. turbine is represented in Fig. 3, where the new 
blading is shown in black and the new dummny is simi- 
larly indicated. The work of installing these new parts 
was intended to be carried out by Messrs. Thorny- 
croft and Co., but owing to the strike at Southampton 
the ship.was transferred to Cherbourg and the new 
parts put in place there with the assistance of men sent 
from Wallsend. The new blades are identical in form 
and in number with those originally fitted, so that the 
new record just established cannot be credited to 
improvements in the turbine, but is presumably mainly 
due to the steadier steaming secured with oil fuel. 
In her original trials the mean speed of 26-04 knots 
was obtained with an average pressure of 146-4 Ib. 
(gauge) in the receivers of the high-pressure turbines, 
The boiler pressure averaged 165-8 lb. (gauge), although 
the boilers were designed for a substantially higher 
pressure, and in fact in some of the runs at reduced 
speed averaged well over 180 lb. (gauge). It will be 
remembered that on her first voyage from Cherbourg 
to New York the Mauretania lost a propeller through 
the fracture of a tail shaft. When a similar accident 
happened to the City of Paris in 1890, the vessel 
narrowly escaped from foundering. In this case the 
engines ran away and the inertia stresses developed 
were so great that the engines were wrecked. The 
governor fitted to the turbines, however, prevented 
any corresponding destruction in the present case, and 
the ship completed her voyage to New York and her 
return trip to Cherbourg with the remaining three 
propellers. The security inherent in the turbine 
drive could hardly be more strikingly illustrated. In 
fact the whole record of the ship since she left the 
yard of her builders, Messrs. Swan, Hunter and 
Wigham Richardson, Limited, in 1907 has 
phenomenally satisfactory. Even the tail shaft that 
ultimately failed had to its credit somewhere about 


one million miles of sea, and it is probable that few 


ships that have done as much work as the Mauretania 
are now running with their original tail shafts. 

Since the record run to Cherbourg above referred to, 
the Cunard Company have arranged that the Mauretania 
on her home run shall call at Plymouth on her way to 
Cherbourg, so that passengers for England,can be landed 
there instead of at Southampton. The first run home 
in accordance with this programme has just been 
finished. The Mauretania arrived at Plymouth at 
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stood, and under these conditions made several voyages | 21 hours 57 minutes from New York, and 103 of her 


across the Atlantic. 


The Cunard Company then| passengers reached London the same night. 


This 


decided to have the missing rows of blades re-installed | passage establishes a new transatlantic record from 
and also some of the L.P. rotor blading replaced, the | land to land. “The stay at Plymouth lasted but forty 


wire binding of which showed indications of fatigue. 


minutes, after which the vessel proceeded to Cherbourg. 
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HIGH-PRESSURE MARINE-TYPE AIR COMPRESSOR ; BRITISH EMPIRE EXHIBITION, 
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HIGH-PRESSURE AIR COMPRESSOR. 


Messrs. G. anp J. Wetr, Limrrep, of Cathcart, 
Glasgow, are showing at the British Empire Exhibition 
one of their marine-type, high-pressure air compressors 
of the design illustrated in Fig. 1, above. The photo- 
graph, reproduced in Fig. 2, shows a machine of very 
similar character, but not quite the same in certain 
details as the most recent model exhibited. The 
compressor has been specially designed for marine 
auxiliary purposes. It is of the three-stage type, capable 
of handling 100 c. ft. of free air per minute at 450r.p.m., 
and delivering against a final pressure of 1,000 lb. per 
sq. in. The cylinders are 103 in., 94 in. and 24 in. in 
diameter, and the stroke 6 in. The machine is shown 
driven by a 50 b.h.p. Laurence-Scott motor, working on 
a 220 volt direct-current supply. 

The low-pressure piston is of cast iron and of the 
annular trunk type, the first-stage cylinder being on the 
top side of the piston. The second stage of compression 
takes place in the annular space formed between the 
cylinder walls and the smaller trunk. The third-stage 
Tam is carried on the top of the l.p. cylinder. The 
high-pressure and low-pressure cylinders are fitted 
with easily removable liners of special cast iron to 
resist wear. These liners are water jacketed. The air 
valves for the low pressure and intermediate stages are 
of the annular plate type, with guards and seats of mild 
steel, the valve plates being of special steel alloy. The 
lift of the valves is very small, so that the machine is very 
quiet when working, and long life is assured. The 
seats and guards have been designed with a view to pre- 
venting broken pieces of the valve entering the cylinder 
in the event offracture. For the high-pressure stage the 
valves are of the thimble type and of rustless steel. 

The crankcase, as shown in Fig. 1, is separated from 
the air cylinders by a distance piece and gland. This 
was not fitted to the earlier design shown in Fig. 2. 
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MESSRS. G. AND J. WEIR, LIMITED, ENGINEERS, GLASGOW. 


The new form of construction, while slightly increasing 
the height of the machine, prevents all possibility of 
excessive consumption of lubricating oil, due to 
splashing and suction from the crankcase. 

The coolers are all of the multi-tubular type, designed 
for high rates of transmission with high air speeds. 
They result in the air being delivered between the 
stages at a comparatively low temperature. The 
cooler units proper are enclosed in cast-iron shells. They 
consist of copper tubes expanded at one end into a 
naval brass tube plate, and at the other end into a 
floating gun-metal header. Expansion and contraction 
are thus provided for. All tubes are readily accessible 
for cleaning by means of removable plugs in the 
headers. 

Forced lubrication is provided throughout the com- 
pressor. All bearings, including the cross-head pin, are 
supplied with oil by a valveless pump driven by an 
eccentric on the crankshaft. For cylinder lubrication 
a sight-feed lubricator is fitted, driven from the same 
eccentric. As the separation of oil and water from 
the air before delivery to Diesel engines or to storage 
is important, special separators are fitted to the dis- 
charge of the intermediate and high-pressure stages. 

The set exhibited is combined with its motor on one 
bed-plate. The motor is controlled by an automatic 
starter of the press-button type by Messrs. Laurence, 
Scott and Co., with no-load and overload release. For 
unloading purposes on starting, the compressor is 
fitted with a valve on the second stage discharge, which 
can be opened to atmosphere. 


British STANDARD SPECIFICATIONS FOR COPPER.— 
The British Standard Specification No, 203-1924, for 
“best select’? copper has now been published by the 
British Engineering Standards Association. A list of 
permissible impurities and their proportions is given, 


Bre. 2; 


together with instructions as to sampling and marking. 
The British Standard Specification No. 200-1924, for 
tough copper cakes and billets for rolling, has also been 
issued and contains instructions on sampling, tensile 
testing, bending and marking of the metal. Copies of 
both specifications may be obtained, price ls. 2d. each, 
post free from the offices of the British Engineering 
Standards Association, 28, Victoria-street, London, 
S.W.1. 


TEMPERATURE FLUCTUATIONS WITHIN THE DAM OF 
THE WatpEcK RESERVOIkR.—When the dam of the 
Waldeck reservoir, in Germany, was being completed just 
before the war, resistance thermometers were embedded 
within the structure so that records of the tempera- 
ture fluctuations might be obtained. The dam rises to 
a height of 46 m. vertically on the water side, and is 
inclined at about 60 deg. on the air side; the dam 
is built up of quarried granite and trass mortar and 
does not serve as an overflow. The platinum resistance 
thermometers of Siemens and Halske are mounted at 
about half the height, where the thickness is 15 m.; 
two series of five thermometers were inserted in the 
arched walls, one on each side, about 115 m. apart, and 
nearly 60 m. from the rocks which enclose the valley. 
The arrangement was due to the superintending engineer, 
Dr. Soltan. An analysis of the records obtained, par- 
ticularly.during the years 1915 to 1918, was recently 
given by Dr. Thiirnau in the Deutsche Wasserwirkschaft. 
The mean temperature of the air-side of the dam varied 
by 35 deg. C. in the course of the year; within the dam 
the fluctuations hardly exceeded 20 deg., being most 
marked on the air side, of course. The generai trend of 
the curves suggests a thermal change due to heat supply 
and loss from either side and direct radiation in the form 
of waves, lagging behind the air temperature changes. 
Frost did penetrate into the dam, but did very little 
damage on the air side which is kept practically dry by 
means of drains. There is another system of drains 
near the outer face, and both these drains seem to have 
done good service, though it is not possible to keep the 
masonry of the structure absolutely watertight. 
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THE FIRE PROTECTION SERVICE AT THE 
BRITISH EMPIRE EXHIBITION —III. 


Tue three fire-fighting units which still remain 
to be dealt with are light machines of the trailer 
type. One, a four-wheeled machine, is of interest 
on account of the special form of pump fitted to it. 
The other two are both mounted on two wheels 
only, and consist practically of a standard ‘fire- 
pumping unit without the self-propelling gear. 
All these machines are of moderate capacity— 
compared with the three large units previously 
described in this series of articles, the two-wheeled 
pumps being perhaps most typical of a very service- 
able class of appliance. The trailer pump has 
primarily been developed with the object of getting 
a useful unit into places ordinarily inaccessible to 
the large and heavy machines. The small size 
of the machine makes it possible to work it into 
restricted spaces, but perhaps its greatest advan- 
tages are due to the efforts made to curtail weight. 
The pump and engine being of moderate size and 
unencumbered with the extra gear required for 
propelling the vehicle on which they are mounted, 
make it possible to produce a machine of such light 
weight that it can be handled over rough and even 
ploughed land by a couple of men. The benefit of 
this is immense in country and estate work in 
which hydrant supply is most frequently lacking, 
and the pump has to draw probably from a pond 
accessible only across fields. Although every care 
is taken not to sacrifice reliability of operation, the 
reduction of weight receives in these designs the 
fullest consideration, while the fitting of the wheels 
with resilient tyres and springs makes for ease of 
movement over uneven ground. Little units of 
this type can thus be quickly man-handled to 
points inaccessible to a heavy chassis. The general 
intention is that in use they should be hauled 
behind some type of vehicle, such as a motor-car, 
at high speed, to a point as near as possible to the 
available water supply, being finally positioned by 
men on foot. With this in view, they are usually 
fitted with some type of expanding brake in order 
to comply with the regulations for trailer vehicles. 

We have already described one machine of this 
type at the Exhibition, not, however, on loan to the 
authorities as part of the fire-fighting service*. We 
now propose to deal first with the two-wheeled 
trailers which are of the same general type as that 
just referred to, concluding our article with the 
Martin machine whose chief interest lies in the 
special form of pump with which it is fitted. 

The trailer pumping set lent by Messrs. Dennis 
Brothers Ltd., Guildford, is illustrated in Fig. 23, 
on this page. It is provided with an engine and 
turbine pump similar in design to that of those 
of the larger unit previously described. The 
size, however, is smaller, the set having a capacity 
of 200-250 gallons per minute compared with 
500-600 gallons per minute of the motor fire 
engine. The capacity quoted above is at a 
pressure at the pump of from 120-135 lb. per 
square inch. At reduced pressures the set can 
be made to give up to 400 gallons per minute. 
The engine of the trailer unit has four cylinders of 
80 mm. bore by 130 mm. stroke. The engine is 
coupled direct to the two-stage turbine pump, a 
description of which has been given in connection 
with the second article of this series, and 
need not be repeated. Engine and pumps are 
mounted on a self-contained frame and form a 
complete set easily detachable from the two-wheeled 
trailer. The trailer frame is composed of rolled 
steel sections. It is spring-borne on pneumatic 
or solid rubber-tyred wheels. The springs are of 
the half-elliptical pattern. The trailer can be 
drawn behind any vehicle fitted with a hook, the 
trailer frame being fitted with an eye. It is also 
fitted with a cross bar so that it can be drawn by 
two men like a hand-cart. The wheels are pro- 
vided with expanding brakes worked by cable led to 
a lever at the cross bar. The unit has two delivery 
outlets, It is furnished with two 16-ft. lengths of 
suction hose, with couplings and strainer. We may 
mention that the engine cooling arrangements include 
a by-pass from the main pump so that fresh water 
can be passed through the system direct from the 


* See page 147 ante. 


only, so that it is easily handled. 


pump. The weight of this trailer is 12 cwt. 
The extrac- 
tion pumps enable the pump to draw water in 
a few seconds with a lift of 25 ft. or so. We 
understand that these little units are in service 
at a number of factories and institutions, as well as 
on private estates. In a recent test one such unit 
was run for 12 hours on end with only one stop of 
six minutes, pumping water through a 2$-in. hose 
of a length of 2,200 ft., there being a rise of 120 ft. 
from the pump to the nozzle. At Southend-on- 
Sea one of these units is in service on the pier, which 


yielding its full volumetric output at a pressure of 
about 150 lb. per square inch ; with a slight reduc- 
tion of volume, a pressure of 170 Ib. per square inch 
can easily be maintained. These pressures are far 
in excess of those obtainable with a horse-drawn 
steam fire engine, and are especially useful in 
pumping through long lines of hose generally 
necessary in country fires where, as above alluded 
to, the water supply may be anything from 1,000 ft. 
to 2,000 ft., or more, distant from the locality of the 
outbreak. The motor and pump are geared together 
at a ratio of about 4 to 1 by a silent chain, and 
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200/250-GaLLon Dennis TRAILER FirE Pump. 


Fig. 24. 250-GatLton MrRRYWEATHER TRAILER Fire Pump. 


is over a mile in length. At a test of this unit at 
low water, entailing a lift of 27 ft., water was drawn 
in 31 sec., and with a #-in. jet the pump delivered 
136 gallons per minute at a pressure of 140 lb. per 
square inch. 

Fig. 24 illustrates the type of trailer pump built 
by Messrs. Merryweather and Sons, Limited, one of 
which is on loan to the exhibition authorities and 
kept at the fire station, while a second example is to 
be seen at the firm’s stand in the Palace of Engineer- 
ing. The Merryweather trailer is built in two sizes, 
having pumping capacities of 250 and 150 gallons 
per minute, with motors of 35 and 16 brake horse- 
power, respectively. The weight of the 250-gallon 
machine is about 20 cwt., whilst the smaller machine 
weighs 6 cwt. less. The “ Hatfield ’ reciprocating 
pump, referred to on page 156 ante, is fitted on the 
trailer, and with the power available is capable of 


carried on a section steel framing, well sprung on a. 
forged steel axle. The trailer is provided with 
disc wheels having wide steel rims, and a central 
rubber tyre. The pumps are entirely of gun-metal, 
with copper air vessels, or of aluminium when 
specially light weights are required. The motor is 
well protected from the weather by a hardwood 
cover, supported on a steel framework; over the 
cover are fitted polished brass petrol and water 
tanks. The sides of the cover are planished steel 
plates, made with brass louvres, and all the controls 
are conveniently arranged at the back of the 
machine, At the front is a steel tube drag-pole, 
with towing-eye and adjustable support; this, in 
conjunction with a hinged strut in the rear, renders 
the pump perfectly rigid when running at full power. 
Steel mudguards are fitted over the wheels, and 
provision is made for carrying flexible rubber 
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PUMP OF TRAILER FIRE PUMP AT THE BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS. MARTIN’S CULTIVATOR CO. LIMITED, ENGINEERS, STAMFORD. 
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suction piping jin convenient lengths. When 
necessary, delivery hose can be carried on a reel or 
on a cradle fixed over the motor cover. 

It remains now only to deal with the Martin 
trailer engine in service at the British Hmpire 
Exhibition. This is a 250-300 g.p.m. four-wheeled 
unit, manufactured by Messrs. Martin’s Cultivator 
Company, Limited, of the Lincolnshire Ironworks, 
Stamford. It is illustrated in Figs. 25 to 30 on 
page 427 and on this page. Of these Figs. 25 to 27 
show side and end elevations and plan, respectively, 
Fig. 28 being reproduced from a photograph of one 
of the finished engines. Details of the pump, which 
is an unique feature of the machine, are given in 
Figs. 29 and 30. The unit is mounted on four 
Dunlop steel wheels with 700 mm. by 80 mm. Dunlop 
cord tyres. 
is spring borne. Ackerman steering is arranged for 
the front wheels, and band brakes are fitted to the 
back wheels, operated by cord passing by way of the 
draw gear to the tender drawing the machine or 
by hand lever. The engine is a four cylinder one 
for heavy duty. The cylinders are cast en bloc and 
have a bore of 44 in. and stroke of 54in. Detachable 
heads are fitted, and forced lubrication is employed. 
The timing gears are helical. The governor is of the 
‘centrifugal type and the revolutions can be varied 
between 500 and 1.200 r.p.m. by a single control lever. 
A Zenith carburettor is fitted, and high-tension 
magneto ignition. The gear box gives two speeds 
and neutral, so that, with the governor control of 
the engine, a very wide range of speed for the pump 
is available. Water cooling of the engine is by 
pump, the water tank being fed by the fire pump. 

The pump is of the displacer valveless type. 
Its construction may be followed by means of 
Figs. 29 and 30. The body consists of a circular 
casing, divided midway along its length into two 
sections by means of a diaphragm. The ends are 
closed with covers, and, in the two compartments 
thus formed, two eccentrically mounted circular 
pistons, move. At their lowest points these pistons 
are bored out to take the bulb head of a flat dia- 
phragm which is free to slide vertically. As the 
pump spindle and eccentrics revolve, the pistons 
sweep through the enclosed space, but do not 
themselves revolve on account of the restraining 
action of the diaphragm, oscillating only slightly 
from side to side. The rubbing faces of the pistons 
on the eccentrics are lubricated from the interior 
of the shaft, the arrangement being very clearly 
shown in Fig. 29. The pistons themselves have a 
clearance of a few thousandths of an inch in the 
body so that there is a slight slip, but wear is 
almost entirely eliminated even when pumping 
dirty or gritty water. 


The main frame is of steel channels and | 
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The suction is on one side of the sliding diaphragm 
in the base below the cylindrical casing, and the 
discharge is on the other side. The two are not in 
communication except by way of a spring-loaded 
relief valve, shown at the end of the pump body in 
Figs. 25, 26 and 27, but not shown in the pump 
drawing. In the cross section of the pump, how- 
ever, the relief valve ports are to be seen. ‘The relief 
valve can be loaded to blow off at any pressure by 
means of a hand-wheel. In the event of a hose 
being suddenly shut off, the relief valve lifts and 
allows water from the pressure side of the punip to 
by-pass to the suction side. The pump gives two 
suctions and two deliveries per revolution, and 
one of the chief claims made for it is that, owing to 
the principle employed, the discharge is much more 
uniform and free from pulsation than can be the 
case for reciprocating pumps. 

The machine is fitted with one suction connection 
and two delivery branches to take 23-in. hose. 
In some tests made at the end of March this year 
in comparison with a steam fire engine of the 
Stamford Fire Brigade, the steamer delivered 
through two 2#-in. lines, 100 ft. long, with 1-in. 
nozzles, 255 gallons per minute, with a pressure of 
40 lb. per square inch at the pump, the smaller 
Martin unit delivering 280 gallons per minute. With 
the same length, and 3-in. nozzles and 80 lb. pressure 
at the pump, the steamer delivered 220 gallons per 
minute, whereas the Martin pump, with this size 
nozzle and 85 lb. pressure at the pump, delivered 
195 gallons per minute through 500 ft. of hose. 
With 1,000 ft. of hose, #-in. nozzle and 85 lb. pressure 
the delivery was 170 gallons per minute. At 
another test the pump was first operated with two 
l-in., then two ~-in. nozzles, and then with ?-in., 
3-in., and 4-in. nozzles, after which it was used with 
four 3-in. nozzles, and finally with one }-in. nozzle 
only, showing the great range of capacity of the 
unit, An eight-hour non-stop run at various 
pressures gave an average pressure of 65 lb., average 
delivery 183 gallons per minute for 3-1 gallons of 
petrol per hour and about } pint of oil and 4 oz. 
of grease. 


INsTITUTION Or MUNICIPAL AND CounTy ENGINEERS. 
—A meeting of the Southern District of the Institution 
of Municipal and County Engineers will be held at Gosport 
on September 27, when the members will be received at 
11 a.m. by the Mayor of Gosport, Alderman J. F. Lee, 
in the Council Chamber, Town Hall. An interesting pro- 
gramme for the day has been arranged, including visits 
to recently completed works. In order that the necessary 
arrangements may be made members must notify their 
intention to be present, not later than the 22nd inst., to 
Mr. W. J. Goodwin, City Engineer, Salisbury, while Ghose 
intending to remain over the week-end should com- 
municate direct with Mr. E. J. Goodacre, Borough 
Engineer, Gosport, Hampshire. 
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THE ANALYSIS OF CRYSTAL STRUCTURE 
BY X-RAYS.* 


By Proressor Sir W. H. Brace, K.B.E., D.Se., F.B.S8. 
(Concluded from page 350.) 


Iv is only when we have taken other considerations 
into account and have determined the structure that 
we can establish the polarity of the crystal. We may 
take, for example, the fact that zinc blende is cubic, 
and therefore has four trigonal axes, a fact which we 
may discover from X-rays as-well as from the external 
form. Also, the unit cell contains only one molecule 
of zinc sulphide, and may be drawn of the same form 
as in diamond: that is to say, its eight corners can 
consist of the six centres of cube faces and the two 
ends of a diagonal. If we put zinc atoms at the corners 
of the unit cell, the sulphur atom must lie either at the 
centre of the unit cell or at the centre of the regular 
tetrahedron formed by four of the corners of the cell : 
only by the adoption of one of these alternatives do 
we get the four trigonal axes. The former gives the 
rock-salt structure and is distinguished by the fact that 
the (100) and (110) spectra decrease regularly in 
intensity from lower to higher orders, whereas in the 
(111) spectrum the even orders are relatively greater 
than the odd. In the latter alternative, the even orders 
of (100) are relatively greater than the odd, (110) 
spectra are normal, and the second order of the (111) 
is abnormally small. It is easy to distinguish between 
the two cases. The latter is adopted by zinc blende. 
Each atom has the symmetry of Class 31, to which the 
crystal belongs, there being only one atom of each in 
the unit cell. 

In this case we are successful from X-ray measure- 
ments alone in determining the mode of arrangement 
of the crystal, although the crystal is polar and the X- 
rays cannot detect polarity directly. We have been 
able to determine the structure completely, and the 
polarity then appears. 

When the determination of structure cannot be carried 
far enough, the X-rays may fail to decide between the 
presence and absence of polarity. For example, 
resorcinol is an orthorhombic, hemihedral crystal ; 
this is known by its external form. The X- -rays show 
that, this being so, its internal arrangement must be 
that of M*M» or ou in Fig. 6 on page 350 ante. If we 
had no help from the study of external form, or from any 
other source, we should not be able to decide borne 
C3} and the more symmetrical mode known as Q: 
the symmetry of the latter is obtained by addinigts a 
centre of Ba DOE, to the elements of symmetry pos- 
sessed by C-4); that is to say, by removing the polarity 
of the crystal. As a matter of fact, the external form 
of resorcinol clearly shows polarity ; or, if we could be 
sure that the molecule had no symmetry, we could infer 
that the crystal was unsymmetrical about the xy plane, 
there being only four molecules in the cell and all 
these being wanted to give the symmetry observed by 
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X-rays. Thus there are cases where the X-rays cannot 
decide between two modes, one of which can be derived 
from the other by the addition of a centre of symmetry. 
As, however, the existence of a centre of symmetry 
can generally be decided by other means—for example, 
by such means as I have described above in the case of 
zine blende or of resorcinol—this incapacity of the 
X-ray method is of no great consequence. 

The addition of a centre of symmetry moves a struc- 
ture from one class to another—Class 1 to Class 2, 
Class 31 to Class 32. Consequently, the X-ray methods 
are by themselves sometimes in doubt between two 
modes in different classes when they are rarely in doubt 
as to the mode within a class. It will readily be under- 
stood that the doubt as to class may be of far less 
importance than the doubt as to mode ; though hitherto 
the former kind of difference has been given all the 
attention because it has been the only kind that could 
be observed. A very slight relative movement of the 
atoms would be sufficient to reduce the symmetry of 
the crystal from one class to another; but the change 
from one mode to another within the same class would 
mean a complete rearrangement of the molecules. 

There are two cases in which the X-rays cannot dis- 
tinguish between two modes in the same class. These 
are Q® and Q® in the enantiomorphous class of the 
orthorhombic system, and T* and T° in the tetarto- 
hedral class of the cubic system. The ambiguity dis- 
appears, however, if there are only two molecules in 
the unit cell, when the former alternative is alone 
permissible in each case ; it would disappear also in any 
case in which the structure could be determined com- 
pletely by any other means. 

Tt has been known for many years, thanks to the work 
of Fedorow, Schénflies and Barlow, that the 230 modes 
of arrangement represent all the possible forms of in- 
ternal crystal structure. In each mode of arrange- 
ment there is a relative disposition of planes, axes and 
centre of symmetry, which is characteristic of the mode, 
and the mode may be described in terms of these 
symmetries. This was the language used in the original 
work on the subject, and the term space group was 
used, instead of the term mode of arrangement, in 
reference to the particular group of symmetry planes, 
axes and centre in space. When the subject is ap- 
proached from the point of view of the X-ray worker, 
the language of the mode of arrangement has its special 
conveniences. A list of the 230 modes, and of the 
X-ray tests for each mode, has recently been published 
in the Transactions of the Royal Society by Astbury 
and Yardley. Lists of the same 230 space groups 
haye already been published in different terms by 
writers on crystallography ; recently, a list by Wyckoff 
has been published by the Carnegie Institution of 
Washington, in which list each space group is ex- 
pressed in terms of the co-ordinates of the arrangement 
of points required to give each space group its special 
characteristics. 

It may be of interest to look at these matters from 
a somewhat different point of view, which takes in the 
question of the permanence of the chemist’s molecule 
when built into the solid structure. 

In eyery crystal, the unit can be divided into a certain 
number of parts, each of which has no symmetry of its 
own but may be made to coincide with any other part 
by some combination of reflections, rotations, and 
shifts. The number is always either one, two, three, 
four, six, eight, twelve, twenty-four, or forty-eight. 
The division into 230 modes of arrangement refers to 
the arrangements of these parts. In the case of a 
erystal of the rock-salt type, both the positive and 
negative portions of the cell can be so divided. Very 
often the part in question is the chemical molecule. 
For example, the cell of the monoclinic prismatic class 
can be divided into four such parts. The X-ray 
measurements show that the unit cell of benzoic acid, 
which belongs to this class, contains four molecules. 
Also they detect the existence of the four parts, and 
determine the mode of their arrangement. It is 
natural to make the assumption that each part is a 
molecule. This, it may be noted, involves the existence 
of right-handed and left-handed molecules, as built 
into the crystal. 

Sometimes the division into parts involves the division 
of the molecule. The molecule then consists of two 
or three, or more, parts, and therefore possesses a 
corresponding symmetry. For example, the naphtha- 
lene molecule in the naphthalene crystal contains two 
parts, and has a centre of symmetry. The molecule 
of FeS, in the crystal of iron pyrites consists of six 
parts, and has a centre of symmetry and a trigonal axis. 
Each of the two atoms in the rock-salt cell, sodium and 
chlorine, has—that is to say, its relations to its neigh- 
bours have—48 parts, and therefore the full symmetry 
of the crystal. 

Much more rarely a part consists of more than one 
chemical molecule. So far a few instances have been 
met with. The “ part ”’ in the crystal cell of sulphur 
certainly contains two, perhaps more, atoms. Miss 
Yardley finds that the “part” in the fumaric-acid 
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erystal contains three, perhaps six, of the molecules 
as ordinarily defined (COOH.CH:),. In the cell of 
a-naphthyalmin at least three molecules go to a part. 
The part has no symmetry, so that the molecules that 
compose it differ from each other in some way. These 
are really examples of polymerisation in the crystal. 

Is the grouping of the atoms in the molecules, as 
displayed in chemical reactions, maintained without 
change? When the first results of the new methods 
were published, with their determinations of diamond 
and rock-salt structure, there was some unnecessary 
alarm as to the apparent disappearance of the molecule. 
If there had been anything to suggest a complete 
disruption of all the alliances in the molecule, which 
had been so long and so successfully studied by the 
chemists, the alarm would have been justified. Atomic 
bonds would have been annoyingly variable and 
dependent on conditions, and we should have been put 
back to the starting-point in the investigation of the 
solid. This condition of things appears, fortunately, 
to have no existence. The conclusions of chemistry 
are carried into the solid, with only such modifications 
as might reasonably be expected. Our new science 
is in full and close alliance with chemical science already 
established; it is, in fact, a constant and delightful 
experience to find some direct confirmation or illus- 
tration of an inference already drawn. from other 
sources. So far as experience has to tell us, the chemical 
molecule generally takes its place as such in the crystal 
structure with little damage. 

To sum up, we are now able to replace the rough 
division into 32 by the finer division into 230, This is 
advancing a whole stage towards the final solution 
of the structure problem. We carry the analysis right 
up to the limits which can be foreseen by the mathe- 
matical investigation of the geometry of space. We 
require only a sufficient number of X-ray measure- 
ments; if these can be obtained, the crystal then— 
with certain additional information as to polarity— 
can be assigned to its particular mode or space group, 
with one or two exceptions as already noted. It may 
be that the structure of the crystal is so simple that, 
having got so far, the full solution is already in sight. 
In the vast majority of cases this is not so; we have 
only come to the end of the second stage of the work. 

The first stage was complete when we had found the 
dimensions of the crystal unit cell; the second is 
completed when we know which of the 230 possible 
arrangements of molecules—or, in other words, space 
groups—the crystal structure follows. 

If the structure of the crystal is not yet obvious— 
and in the great majority of cases this is far from 
being the case—we enter on a third stage, in which the 
mode of procedure is less stereotyped and more difficult, 
perhaps all the more interesting. We have now to 
find, if we can, the arrangement of the atoms within 
the cell, to which task the knowledge already gained 
is an indispensable though, it may be, a quiet insufficient 
contribution. 

As I have said already, the X-rays do not tell us 
directly the relative positions of the atoms within the 
unit cell. They have, however, much to tell us as to 
the relative intensities of the different orders of reflec- 
tion by each plane, and these must depend on the 
atomic arrangements. It is to be admitted, however, 
that we are as yet unskilled in the interpretation of 
this evidence. We do not completely understand how 
varying conditions affect intensities of reflection, 
though we have learnt a great deal through the work 
of W. L. Bragg, Darwin, Compton, and others. And, 
of course, when the cell contains many molecules, their 
positions being as yet unknown and their separate 
contributions to the intensities in any case doubtful, 
the observations of intensity are very difficult to 
make use of, though they can be accurately measured. 
We can only avail ourselves of such bold indications 
as that a very strong reflection implies the location 
of many atom centres on or near the plane in question, 
particularly if there are higher orders; or we may 
find ourselves able to show that an especially strong 
second, or third, or other, order implies the adoption 
of some particular alternative arrangement. A very 
interesting example of a general influence of form upon 
intensity is to be found in the reflections from the fatty 
acid layers which have been investigated by Muller 
and Shearer. The first, third, and other odd orders 
are much more intense than the second, fourth, and 
other even orders. A simple explanation is found in 
the fact that these long chains face opposite ways 
alternately, and that the number of scattering centres 
is distributed fairly evenly along their length. At the 
ends, however, the uniformity of distribution is inter- 
rupted; at one end, probably the carboxyl end, there 
is an excess per unit length; at the other, the methyl 
end, a deficiency. Thus we may say that the effect 
on an odd order of the spectrum due to a single layer, 
the thickness of a layer being twice the length of a 
molecule, contains a factor :— 

Asin (ot—a) — Bsin(wt—a —2n-+ In) 
= (A +B) sin (wt — a). 
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The factor for an even order is :— 
(A — B) sin (wt — a). 


If at both ends there had been an excess of scattering 
centres, we should have found the even orders stronger 
than the odd: the effect we find, for example, in the 
(111) planes of rock-salt. In the case of the simpler 
inorganic crystals like rock-salt, diamond, and so on, in- 
tensity observations are conclusive as to the structure ; 
in the case of iron pyrites or calcite they are very nearly 
so. But in the case of quartz, where the cell contains 
nine atoms, still more in the case of an organic com- 
pound, they do not carry us very far. We hope that 
greater experience will give us in the future the power ~ 
of using them to better advantage. 

In what other direction then shall we look for addi- 
tional means of approaching more nearly to the final 
solution of the problem of structure ? 

The answer to this question will take account of all 
the store of physical and chemical knowledge which 
we already possess. Having solved, wholly or in great 
part, the structure of some of the simpler crystals, and 
being able to proceed in all cases, even of the most 
complicated crystals, to the determination of the 
number of molecules in the cell, and of their mode of 
arrangement, we must try to correlate what we have 
found with the properties of the crystal. By that means 
we shall become gradually more certain of the general 
connection between the structure and its physical and 
chemical properties; we shall become able to settle 
further structural details in various cases, and so, by 
alternate and mutually supporting advances, we may 
hope to reach our goal. 

Let us consider what is being done in this direction. 
First of all, there is the question of the distribution of 
the atoms in space. Given so many atoms to be packed 
into a cell of known dimensions, what information have 
we as to the space that each must occupy ? The answer 
to the question cannot be simple, because we may not 
expect that the atoms are always to be treated as 
spheres, still less as spheres of constant radius. It is 
as generally difficult to state the distance between one 
atom and another as to state the distance between a 
table and a chair. Nevertheless, the atom-radius is a 
useful conception, especially when its dependence on 
the nature of combination is taken into account, The 
question has been considered by W. L. Bragg, Wyckofi, 
Davey and others, and it appears that an atom does 
make a definite contribution to the distance between 
its centre—when it can be assumed to have a centre— 
and the centre of a neighbour, so long as the nature of 
the bond remains the same. This is a valuable 
contribution to the study of structure. It is proved 
by the examination of simple structures like those of 
the alkaline halides, and we may assume its reliability 
in our attempt on more complicated problems. And, 
of course, it is interesting from the point of view 
of atomic structure itself, and atomic linkages. 

The radius seems to depend on the tightness of the 
bond as in bismuth or in graphite, where there are two 
kinds of bonding, and the plane of cleavage cuts across 
all the longer distances from centre to centre. In 
calcium fluoride the centres of calcium atoms are 
closer together than they are in the metal itself, in 
spite of the interposition of the fluorine atoms; and 
in calcium oxide they are still closer. The change in 
the type of the bonding has altered the value of the 
radius. 

There is also the very interesting, but still more 
unsettled, question of the mutual orientation of the 
bonds between an atom and its neighbours. It is, of 
course, the carbon atom which is the occasion of this 
problem in its most pressing form. In the diamond 
the exactly tetrahedral arrangement of bonds is 
associated with great rigidity, which implies great 
stiffness of orientation. The analysis of the structure 
of graphite has lately been carried by Bernal to a 
stage very near completion, but the only point in any 
doubt is unfortunately the very one as to which 
certainty would be welcome. Has the great weakening 
of one bond interfered with the relative orientation 
of the other three ? Debye thought that the structure 
was trigonal, and that the atoms were arranged in 
layers which were like the layers of diamond, except 
that they were flattened out without a sideways exten- 
sion of the network. This would involve a closer 
approach of carbon atom centres from 1-54 A.U. to 
1:45-A.U.; against which no obvious objection can 
be offered, but it would be interesting to know how it 
happened. Hull believed the structure to be hexa- 
gonal, and that the layers remained as in the diamond. 
Bernal, having found some good graphite crystals to 
which the single crystal methods could be applied, 
finds that Hull is correct as to the hexagonal structure, 
but inclines to the belief that the layer is flattened. 
In the latter case, we must suppose that the carbon 
atom has three very strong bonds almost coplanar 
with the carbon, and one weak bond at right angles to 
this plane. . : , 

The question arises in another form in the investiga- 


430 


tions of the long carbon chains by Piper and others, 
and especially by Muller and Shearer. If the chains 
are formed by the linking of carbon atoms together in 
such a way that the junctions of one atom to its two 
carbon neighbours are inclined to one another at the 
tetrahedral angle of 109° 28’, as in diamond, then there 
are three possible forms of chain. In one of them, each 
two carbon atoms imply an increase of 2-00 A.U. in 
the length of the chain, and in a second, an increase 
of 2-44 A.U. In these two cases the carbon atoms of a 
chain can lie ina plane. With one exception, all the 
cases examined show one or other of these two rates 
of increase. The third form of chain is a spiral, for 
which the growth of each single atom added is 1-12. 
In one case this rate of increase is found to hold: 
it is that in which the chain contains a benzene ring. 
This agreement between calculation and experiment 
shows, with some force, that the relative orientation of 
the bonds is maintained. Hyven when two or four 
hydrogens are stripped from the chain at various 
points, so as to leave a double or triple bond between 
consecutive carbon atoms, to adopt the ordinary 
chemical language and theory, no measurable change 
is found in the length of the chain. This does not mean 
that there is no change in the distance between neigh- 
bours; such a change would be small and might 
escape detection. But it does mean that there is no 
great change in the general straightness of the chain, 
such as might be expected from any large change in the 
mutual orientation of the bonds between the carbon 
atom and its neighbours, 

In calcite the three oxygens which surround a 
calcium atom must lie in one plane. It is supposed, 
however, that, in this case, the bonds are electrostatic : 
the carbon atom has lost its four valency electrons, and 
with them its powers of tetrahedral orientation. 

Now if we can discover the extent to which an 
orientation is maintained under different conditions, we 
are provided with one more guiding principle in our 
attempt to discover the structure of the crystal which 
contains carbon atoms. And, of course, the organic 
compounds centre round the carbon atom and its 
tetrahedral structure. 

The question of orientation in respect to other atoms 
is more obscure, but it is clearly one of importance. 
There must be some reason why ice has such an open 
structure, and here the oxygen atom is largely con- 
cerned. In the ruby, the oxygen atom has no plane of 
symmeiry in relation to its neighbours. In organic 
substances the great emptiness of the structure implies 
that atoms are attached to one another at points which 
have definite positions on the surfaces of the atoms and 
are limited in number. And, generally speaking, the 
consideration of organic crystal structure is against 
any idea that atoms and molecules are to be treated 
as spheres surrounded by uniform fields of electric 
force, except in certain cases where by loss or gain of 
electrons an atom has been reduced to the outer form 
of one of the rare gases. They must have highly 
irregular fields, having forms which more or less resist 
any change. ‘The weak bonds which hold molecule to 
molecule in the organic substance are not due to 
electron sharing as in diamond, or to ionisation as in 
rock-salt, -but to an intermingling of stray fields belong- 
ing to definite positions on the surfaces of the molecules. 

Our attempt to discover the effect of orientation is 
part of a general attempt to discover the field of force 
of the atom, which is naturally a very difficult matter. 
But if we can learn only a few rules, even empirical 
rules, we are so much the further on our way. 


Yet another obvious and most important source 
from which help may be obtained is to be found in 
chemistry itself. Although the chemist has had no 
means until now of measuring distances and angles, he 
has been able to build up a wonderful edifice of position 
chemistry. An atom A of a molecule is certainly 
linked, it may be to B, and not to C; or again, of a 
number of atoms of the same nature and contained in 
the same molecule, so many must be alike, and so 
many may be different. 

The chemist has, for example, come to the conclusion 
that the naphthalene molecule is a double benzene 
ring, and the anthracene a triple benzene ring. The 
X-ray observations show that one of the sides of the 
unit cell of the latter crystal is longer by 2:5 A.U. than 
the corresponding side of the other, all other dimensions 
of the two cells being very nearly the same. The width 
of the hexagonal ring in the diamond is 2-5 A.U., so 
that on the one hand the chemical evidence suggests 
that the length of the molecule is parallel to that edge 
of the two cells which shows differing values, and on the 
other the X-ray conclusions give material support to the 
chemical view. Let us take another example from 
basic beryllium acetate Be,O(C,H.0,.),. The substance 
is remarkable for the ease with which it sublimes into 
a vapour consisting of whole molecules, from which we 
may infer that the molecule does not suffer much 
change in the process. The relative positions and 
mutual alliances of the atoms are nearly the same when | 
the molecule is free as when it is built into the solid. 
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From the X-ray evidence we learn that the molecule 
has four intersecting trigonal axes. We must place 
the unique oxygen at the centre of a regular tetra- 
hedron, and the four beryllium atoms at its corners. 
Each of the six acetate groups must be associated with 
one of the tetrahedron edges, and in such a way that 
the four trigonal axes are maintained. This necessi- 
tates, as crystallographic theory shows, the existence 
of a dyad axis through the middle points of each pair 
of opposite edges of the tetrahedron. The C,H,0, 
groups must be added so as not to interfere with the 
existence of these axes. If they are placed correctly 
for the trigonal axes, each of them has a dyad axis of the 
kind mentioned. 

All this agrees with the chemical evidence as partly 
stated in the formula, which implies :— 

1. That there is one oxygen differently situated to 

the rest. 

2. That the four beryllium atoms are all alike. 

3. That the acetate groups are all alike. 
Further, chemists would say that the carbon atoms 
are not alike; in that case, they must both lie on the 
dyad axis, since if they did not they would necessarily 
be symmetrically placed with respect to that axis and 
would be equivalent. On the other hand, the oxygen 
atoms in the acetate group cannot lie on the axis if, 
as is probable, they are equivalent to one ‘another. 
They must be placed symmetrically with respect to the 
dyad axis. 

As to the hydrogens, we must assume either that 
they do not count, which is not at all unlikely, or 
that they are not all alike. It is impossible to place 
eighteen hydrogen atoms so that the group has four 
intersecting trigonal axes and that every hydrogen is 
like every other. The molecule has no plane of 
symmetry, the fault lying with the oxygens. It could 
not be due to the hydrogens because there are marked 
differences in the intensities of reflection of pairs of 
planes, which differences would not exist if there were 
planes of symmetry, and would be small if due to dis- 
symmetry in the positions of hydrogens only. It is 
by reasoning along such lines as these that X-ray 
evidence and chemical evidence can help each other. 
Many other instances might be given; indeed, no 
complex crystal can be studied with success without 
calling in the assistance of chemical arguments. 

A fourth example of the connection between arrange- 
ment and properties is to be found in the recent work 
by W. L. Bragg on the indices of refraction of crystals. 
It has been found possible to calculate the indices of 
refraction of calcite, given the dielectric capacities of 
calcium, carbon and oxygen atoms separately. The 
difference between the two principal refraction indices 
is almost entirely due to a difference between the dielec- 
tric capacities of a set of three oxygen atoms, at equal 
distances from one another, when placed :— 

1. So that the plane in which they lie contains the 
direction of the field. 

2. So that this plane is perpendicular to the field. 

If we are able to calculate the refractive indices on these 

data, then it must be possible to find conditions govern- 

ing the arrangement of the atoms, when we know the 

composition of the erystal and its refractive indices. 


For instance, the near equality of the refractive indices |. 


of potassium sulphate implies that the dielectric 
capacity of the SO, group is much the same injall 
directions, and this is in agreement with the hypothesis 
that the oxygen atoms are grouped in some sort of 
tetrahedral fashion about the sulphur atom. 

There are still other connections between structure 
and properties which we begin to understand, and can 
use in proportion to our understanding. The cleavage 
plane, and the occurrence of certain faces in preference 
to others, are connected with the nature of the bonds 
and the size of the spacings. We are not surprised to 
find that in bismuth, or graphite or naphthalene, the 
cleavage plane cuts across the ties which we should 
expect to be the weakest of those that bind the mole- 
cules together ; or again, that natural faces follow the 
planes that are richest in atoms or molecules and may 
be assumed to contain relatively large numbers of 
linkages. In naphthalene the cleavage plane passes 
between the ends of the molecules, where the 8 hydro- 
gens are, and where there is a deficiency in the number 
of scattering centres, as the X-rays indicate by the 
strengths of several orders of the (001) reflection. The 
other faces found on the crystal cut across the ties at 
the positions of the a hydrogens. 

There are many other connections between the 
structure and other properties of a substance, such as di- 
electric capacity, rigidity, and compressibility, conduc- 
tivity both thermal and electric, and magnetic constants. 
In fact, the only properties of solid bodies which are not 
directly and obviously related to crystal structure are 
those, few in number, that depend on atomic charac- 
teristics alone, such as weight; and the absorption 
coefficients for a, 8, y and X rays, all the rays which 
involve high quantum energies. With few exceptions 
every aspect of the behaviour of a solid substance 


molecules. We have, therefore, an immense field{of 
research before us, into which the X-ray methods have 
provided an unexpected and welcome entrance. 

They tell us directly, as I have said, the number of 
molecules in the crystal unit cell, and the mode of their 
arrangement with such determination of lengths and 
angles as are required to define the mode of arrangement 
in full. They leave us then to ally our new knowledge 
to all that we possess already as to the physical and 
chemical properties of substances. By this comparison 
we hope in the end to determine the position of every 
atom, and explain its influence, through its nature and 
position, upon the properties of the substance. It is the 
chemistry of the solid that comes into view, richer in its 
variety even than the chemistry we have studied for 
the past century, and possessing an importance which 
is obvious to us all. Every side of scientific activity 
takes part in this advance, for all sciences are concerned 
with the behaviour of matter. 


THE PHYSICAL PROPERTIES OF HIGH-TIN 
BRONZE.* 


Some Experiments on the Effect of Casting Temperature 


and Heat-treatment on the Physical Properties of a 
High-tin Bronze. 


By Francis W. Rows, B.Sc. 
Tue following somewhat incomplete experiments 
were carried out to gain some idea of the mechanical 
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properties of a high-tin bronze under various methods 
of handling. 


_The alloy used has the following nominal compo- 
sition :— 


7200 1150 71100 0050 1000 


Per cent. 
Copper... 84-00 
AB ee 15-95 
Phosphorus 0-05 


The alloy is made (when using virgin metals) by 
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melting 84 lb. of copper in a crucible, and when melted 
and superheated the pot is withdrawn and 1 lb. of 
5 per cent. phosphor-tin is added and stirred in and 
then 15 lb. of block tin. ‘In working practice, usually 
50 to 70 per cent. of thé charge consists of scrap of 


- / 7 


Fig. 4.. No. 1 Bar. Cast at 1,240 Dza. C. 
ErcHepD 10 Per Cent. AMM. PERSULPHATE. 


have been found unsatisfactory. The bearings have 
generally phosphor-bronze journals“ runhing: inside 
them, and thus it is necessary to have a distinct 
difference in hardness to prevent seizure! ‘ The journals 
have a Brinell hardness of not more than 75, and it 


Fig. 5. No.5 Bar. Cast at 1,060 Daa. C. 
Ercurp AcrIpIFIED FERRIC CHLORIDE. 


No. 3. Cast at No. 2. Cast at No. 1. Casr ar 
1,010 Dua. C. 1,070 Dra. C. 1,120 Dua. C. 
Fig. 6. FRActuRES oF Brearina Busues.. Har Fuuu-Size. 


Fig. 7.. No. 1 Bar. 
Cast at 1,240 Dua. C. 


Fia. 8. 


Fig. 10. No. 4 Bar. 
Cast at 1,090 Dza. OC. 


Fias. 7 To 12. 
MAcrOsTRUCTURES SHOWING VARYING GRAIN SIZE. 


Fie. 11. 
Cast at 1,060 Dra. C. 


the same composition (7.e., heads and runners from 
previous casts and remelted turnings). The alloy 
represents a bronze with the highest tin content which 
finds use in engineering practice. The phosphorus is 
added as a safeguard to eliminate copper oxide and 
ensure a clean metal. 

The alloy is used for bronze bearings where low tin 
content phosphor-bronzes and leaded phosphor-bronzes 


Cast 471,175 Dua. C. 


ETcHED witH FERRIC CHLORIDE. 


Fie. 9. No. 3 Bar. 
Cast At 1,140 Daa. C. 


No. 2 Bar. 


Fie. 12. No. 6 Bar, 
Cast at 1,025 Dzxa..C. 


1:25 DIAMETERS. 


No. 5 Bar. 


has been found that the above alloy gives perfectly 
satisfactory service provided the Brinell hardness is 
not less than 965. 

It should be mentioned that the plant in which the 
above alloy finds service has to resist a special type 
of corrosion, and the selection of suitable alloys is 
restricted by that fact. It was found that some. of 
the castings in the above alloy gave a low Brinell 


hardness of, say, 80 to 90, though of correct composition 

and apparently quite sound, and the casting temperature 

experiments were made to investigate this defect. 

Moulding and Casting the Test-bars.—Six boxes of 
test-bars were moulded in greensand. Each box 
contained two bars (moulded horizontally) 14 in. by 
1+ in. diameter. The bars were run with a down 
runner 14 in. diameter and a splay to both bars about 
half the cross-sectional area. The riser was similar 
to the runner. 150 lb. of metal was melted in a 
Morgan Salamander crucible in a round pit fire furnace. 
The charge consisted of 75 per cent. scrap and 25 per 
cent. new metal. The metals used for this alloy at 
the time the castings were made were Bibby’s 
B.S. brand copper and Banka tin ; 5 per cent. phosphor- 
tin was used to provide the phosphorus. 

The total time of melting, from the time the first 
ingots were charged to withdrawing the pot, was 
80 minutes. The pot was withdrawn at a temperature 
of approximately 1,300 deg. C. The temperature of 
the metal immediately prior to pouring was taken 
with a Foster base metal thermocouple of the bare wire 
type previously checked against a standard platinum- 
rhodium pyrometer and found accurate to 4+ 3 deg. C. 
over the range used. The boxes were cast at the 
following temperatures :— 

Deg. C. 
1,240 
1,175 
1,140 
1,090 
1,060 

es oes di Ae e025 

were allowed to cool normally in the sand 


Ook whore 


The bars 
overnight. 

Duplicate analyses were made on drillings from the 
runner of No. 2 and the riser of No. 6 box. As these 
differed only within the limits of analytical error, 
the average is given below :— 


Per cent. 
Copper.... 84-48 
Tin 15-29 
Lead 0-02 
Iron 0-016 
ACM ta 0-09 
Phosphorus ae a 0-08 

The bars were cut up for the various test-pieces : 


a 9-in. length for tensile test-piece as in Fig. 1. An 
Izod test-piece was made from each bar 20 mm. by 
20 mm. by 75 mm., with the standard notch 2 mm. 
deep. This larger size of bar was used ‘as previous 
tests on this alloy with the standard “B.E.S.A. bar 
had given very small readings (in thé neighbourhood 
of 1 ft.-lb. or 2 ft.-Ib.), and it was hoped to show up 
differences more clearly with this larger’ size. One 
tensile bar and one Izod bar from each box was tested 
in the “as cast” state. One test-bar from each of 
boxes 1, 3 and 5 was, before cutting up, annealed 
at 650 deg. C. for 2 hours in an electric muffle furnace 
and allowed to cool slowly. The furnace fell from 
650 deg. C. to 100 deg. C. in 6} hours. One test-bar 
from each of boxes 2, 4, 6 was heated to 650 deg. C. 
and held for 1 hour at that temperature, and quenched 
in cold water before machining into test-pieces. The 
results of the various tests are tabulated in the Table 
on page 432. The results are also expressed graphically 
in Figs. 2 and 3 on the previous page. 

The selection of the size of the bar for Izod tests 
proved rather unfortunate, as, although it showed up 
differences between the bars in the cast state, it was 
of no use for the very much tougher bars in the annealed 
and quenched states. The Brinell hardness figures in 
all cases were obtained with a 1,000-kg. load and 10-mm. 
ball on the broken Izod bars. Six impressions were 
made, the average being given. 

Microstructure and Macrostructure—Two photo- 
micrographs are shown in Figs. 4 and 5, annexed. The 
macrostructures of sections from the six bars in the 
“ as cast’ condition are shown in Figs. 6 to 12. 

Discussion of Results—None of the bars showed any 
marked unsoundness visual to the eye. The sections 
cut from No. 1 bar showed microscopic porosity, which 
is evident in Fig, 7.. No. 2 bar also showed very faint 
signs of a draw in the centre. 

The main points of difference between the bars are :— 

1, The grain-size as shown macroscopically decreases 
progressively with the fallin casting temperature. This 
feature is, of course, common to all cast metals. 

2. The Brinell hardness increases progressively with 
the fall in casting temperature. This also is common 
to all bronzes. The increase in Brinell hardness may be 
due to two causes : increased density due to low casting 
temperature, or more complete separation and trans- 
formation of the 6 complex. 

3. The quantity and distribution of the 5 complex 
varies’ with the casting temperature. The author is 
not completely satisfied that more of the 5 complex is 
present in those bars cast at the lower temperature, 
although purely visual examination would make it 
appear so. 

Careful planimetric measurements over large areas 
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and a number of samples are needed to establish this 
point on a quantitative basis. There is no doubt, 
however, that (in all bronzes of such composition as to 
permit the separation of the 6 complex) as the casting 


No. 2 had a rather finer texture with a slight draw| there was then a considerable drainage from small 


as seen. 
No. 3 had a five close dead-white fracture and a larger 


draw. 


TaBLE or ReEsuLTs oF Tests oN HicH-TIn BRONZE. 


Rees Yield Maximum 5 ° 
Castin: . Elongation} Brinell Izod 
No, Temners: Condition. BS are oe on 2in. | Hardness. | Impact. Fracture. 
ture. deg. O. cer ee EL ih | Per Cent. | 1,000 Kg.| Ft.-Ib. 
| 
Bh 1240 As cast 12-5 12:5 1:0 82 21-0 Dendritic, yellowish-white. 
2 1175 A 12:6 14°+4 1:5 88 25°5 Dendritic, yellowish-white. 
3 1140 Bs 12-0 15-4 3-0 99 14-0 Dendritic, more white. : 
4 1090 yh 14:3 14:7 1:0 1a, 9-0 Coarse,- granular, white with 
touches of yellow. 
5 1060 ay 12-4 12-4 0:5 114 8-5 Fairly coarse, white. 
6 1025 A ie 6-6 6:6 nil 118 10:0 White, coarse, drawn. 
1A 1240 Annealed at 9-8 14-9 7:5 78 Unbroken | Whitish. 
650 deg. C. me 
3A 1140 Annealed at 10-3 15°5 6-5 87 Ss Whitish. 
650 deg. C. : 
5A 1060 Annealed at 10-8 12-7 1-0 90 ae Red specks, white. 
650 deg. C. : : 
2Q ile Lega) Quenched at 12-4 18-0 8-5 83 oH Yellowish-white, close. 
650 deg. C. 
4Q 1090 Guenched at 12°38 18:7 7:0 92 as Yellowish-white, close. 
650 deg. C. 
6Q 1025 Quenched at 8-0 8-6 1-0 101 ob Drawn. 
650 deg. C. 


temperature falls the patches of complex become larger 
and less evenly distributed. 

In a high tin alloy such as this one, samples cast at a 
very low temperature show an almost continuous 
network of § complex round the primary a crystals, 
and thus a brittle alloy results which is reflected in the 
physical tests—tensile strength and impact figures. 

Heat-Treated Bars.—The most striking result of heat- 
treatment was that both annealed and quenched bars 
were very much tougher. Unfortunately, none of the 
large-size bars broke in the 120 ft.-lb. machine, so no 
definite comparison was obtained between annealing 
and quenching beyond this fact. The quenched bars 
naturally showed total suppression of the 6 complex and 
the retention of the 8-phase. The annealed bars showed 
less eutectoid to be present, the a solid solution having 
approached more nearly to equilibrium. 

In the case of the Brinell hardness on the quenched 
bars the loss of hardness on quenching is by no means 
as large as one might have expected. One would 
presume that suppression of the hard 6 and the reten- 
tion of the soft 8 would produce an alloy which was at 
least softer than the so-termed “ annealed ”’ bars. To 
further check these results, six small castings made in 
this alloy were taken and Brinelled and then heated to 
650 deg. C. and quenched in water. 

The results confirm those obtained on the test-bars. 
They were :— 

Brinell Hardness. 


Quenched from 


As Cast. 650 deg. C. 
No. 1 102 90 
No. 2 114 98 
No. 3 110 92 
No. 4 2 98 
No. 5 96 85 
No. 6 114 96 


It is not likely, however, that the heat-treating would 
be any advantage in this particular alloy in view of the 
nature of the duties; rather the reverse. It is fairly 
certain that the essential for a bronze alloy to resist 
frictional wear and give a low coefficient of friction is a 
network of hard particles in a comparatively soft and 
plastic matrix, and that anything which tends to 
homogenize the mass and decrease the difference in 
hardness between the two components, increases the 
friction and wear. The effect of heat-treatment 
(whether annealing or quenching) would be to do this, 
by causing the a solid solution to absorb more tin and 
thus become harder. 

The results of casting temperature tests such as these 
have to be modified and interpreted to suit works 
practice and conditions. Although in this instance it 
was desirable to obtain castings of the greatest hardness, 
limiting features occurred to prevent this being done. 
The greatest hardness in this instance is obtained with 
the lowest casting temperature, but a very low casting 
temperature is not practicable on account of the 
tendency of the metal to draw at unequal sections 
when poured too low. This point is well illustrated by 
the three fractures in Fig. 6. These are photographs 
of three bushes cast in this particular alloy. These 
were cast at three different temperatures :— 


Deg. C. 
No. 1 1,120 
No. 2 1,070 
No. 3 1,010 


No. 1 had a coarse, yellowish-white fracture. 


All three ran perfectly well, and no difference was 
shown in surface appearance. Thus the casting tem- 
perature for this type of bush was fixed at 1,130 deg. C. 
to 1,100 deg. C. 


A SIMPLE AUTOMATIC INTAKE CONTROL. 


In a case where the automatic control of an intake 
was desirable a simple solution was recently adopted, 
for the particulars of which we are indebted to Mr. 
S. C. O'Grady, Assoc.M.Inst.C.E., of 2, Victoria-street, 
8.W. 1. The conditions under which automatic 
regulation were required were as follows: The channel 
to be controlled supplied water for power purposes and 
was required to run at its full capacity. The intake 
was from a river subject to quick variations, and the 
banks of the channel were such that serious flooding 


would arise from an excessive water level. The intake 
5! 
Closed, 
3 
5 
2 
2 3 Open 
Closed 
54 
Oper 1% 20 40 60 C.ES. 
Discharge 
A-Discharge through Automatic Slutce. 
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= ned, Discharge. 4 
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control had previously been effected by two gates 
6 ft. wide, but it was not possible to regulate these 
constantly by hand as the river varied, in order to 
maintain the maximum discharge in the channel. 
Various types of automatic weirs and sluices were 
considered, but all proved too expensive. Finally, an 
arrangement was decided on, which made use of the 
existing gates, using the variation in water level on 
the up-stream side to operate the apparatts auto- 
matically. A wooden gate was installed in the existing 
guides of one of the gates, supported by cables passing 
over pulleys to counter-balance weights. Friction 
rollers were provided on the gate, working on the 
machined faces of the guides. A link extended from 
the centre of the top of the gate to a lever pivoted near 
its centre on a shaft, which, with its bearings, was carried 
on two steel joists extending across the water channel. 
To the other end of the lever was attached a rod, 
extending down to the water, where there was an 
adjustable connection to a large float. The obvious 
objection to this arrangement was that the gate opening 
did not vary-inversely as the square root of the head ; 
thus a constant discharge could not be expected, but 
an examination of the conditions showed that, by 
keeping the second gate at a suitable opening, a fairly 
steady flow could be maintained over the required 
range. When the river rose over 4ft. 3in. on the 
gauge above the intake a reduced flow was desired, as 


streams, normally dry, into the channel. 

Owing to the nature of the controlling points in the 
channel and in the river below the intake, it was impos- 
sible to prevent the discharge in the former falling when 
the river level fell below 3 ft. 3 in., irrespective of the 
gate openings. Flooding occurred in the channel at 4 
discharge of 60 c.f.s., and it was necessary to keep 
below this figure. The automatic gate had a range of 
18 in., that is to say, a rise of 18 in. in the river would 
entirely close it. The actual head through the intake 
was not the same as the rise in the river owing to the 
discharge not being constant. This had the effect of 
damping out the variations to some extent. It will be 
seen from the table annexed that the ratio of stage to 
discharge change in the channel is high. These 
figures were obtained from a discharge curve con- 
structed in the usual way from current meter gaugings. 


Table of Discharges in Channel. 


Gauge below intake. Discharge. 
Ft. In. c.f.s. 
3 0 52 
eee lit 48 
AKU 45 
2 9 42 
2 8 39 
2 7 36 
2 6 33 
2 5 30 
2 4 27 


Curves A, B and C in the accompanying diagram 
give the discharges without taking account of the varia- 
tion of the channel level, and curve D shows the results 
when this was taken into account, and is the actual 
discharge obtained in working. The float works with 
a very small change in river level and no variation in the 
discharge can be noticed on this account except at the 
highest levels, when about 3 in. is required to effect a 
movement. The level in the channel is actually, set 
so that a 6-in. variation in the river can occur without 
flooding in the former in order to allow a safety factor 
of four. 

It will be seen that the opening of the fixed gate is an 
important factor, the variations inthe two discharges 
more or less cancelling, 

Flooding will, of course, occur when the river rises 
to roughly 6 ft., but this is of very rare occurrence, 
and the warning would give ample time for the closing 
of the fixed gate. The discharge is not constant through- 
out the range, but it is near enough for practical pur- 
poses over the normal stages of the river. 

The ‘‘no flow” level at the control immediately 
below the intake on the river is 3 ft. This level 
corresponds to a discharge of 42 c.f.s. through the 
gates and a head of 3in. It is thus clear that more 
water cannot be taken into the channel at the stages 
3 ft. to 3 ft. 3 in. in the river without enlarging the 
intake considerably. 

The cost of the installation was under 200/. 
The average increase in discharge due to its adoption 
was not less than 15 c.f.s., giving roughly 50 brake 
horse-power more power to the users, the available fall 
being 40 ft. 


STEAM GENERATION AT EXTRA-HIGH 
PRESSURES.* 
By Vixtor Biomauist (Stockholin). 

Tur readiest means of improving the economy in 
steam power plants is to increase the steam pressure 
as far as possible. By the application of water-tube 
boilers the steam pressure has heen increased consider- 
ably during the last two decades from 10 kg. to 18 
or 20 kg. per sq. cm., and recently, in a few installa- 
tions, even more. 

By increasing the steam pressure from 20 kg. per 
3q.cm. to 30 kg. per sq. cm., with a total heat value of 
750 cal. per ke. ef steam in either case, the amount 
of heat transformed into mechanical energy would be 
increased by almost 5 per cent., when the steam is 
expanded down to 0-04 kg. per sq. cm., abs. pressure. 
If the initial steam pressure be raised to 100 kg. per 
sq. cm., the efficiency would increase by 20 per cent. 
under the same conditions as before, and the higher 
the back pressure the higher will be the saving derived 
from the use of extra high pressure steam. 

The advantages of employing extra high pressure 
steam in comparison with steam of ordinary prescures 
increase considerably as the back pressure increases. 
Consequently the extra high pressure steam is especi- 
ally advantageous in all industrial plants which use 
steam for heating and boiling as well as for power 
generation, as is the case in chemical works, sugar 
refineries, breweries, alkali works, &c. 

The power generated by a back-pressure turbine is 
less expensive than power generated in any other 


* Paper, abridged, contributed to Section D of the 
World Power Conference on July 4, 1924. 
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- conceivable way, provided that all the exhaust steam 
be utilised for heating purposes. If the thermal 
efficiency of the boiler amounts to 82 per cent. and the 
loss of energy from radiation and bearing friction be 
5 per cent., the consumption of fuel, when using steam 
oe with a calorific value of 7,000 cal. per kg. would 

© :— 
632 
0-82 x 0-95 x 7,000 
hour. 

It is also evident that the economy of every existing 
steam power plant may be considerably increased by 
using an additional steam turbine working at extra 
high pressure, the exhaust steam from which, when 
passed into the existing main piping, can be utilised 
in the existing turbines. If the exhaust steam from 
the additional turbine has the same heat value as 
the high-pressure steam in the existing plant, it is evi- 
dent that the capacity must have been increased by 
the amount of power developed in the additional 
turbine, reduced, of course, by the energy. required for 
its auxiliary machinery. This increase in energy will 
thus have been obtained with the smallest possible fuel 
consumption, that is, with the theoretical’ amount 
corresponding to the energy developed. 

As a matter of fact, the efficiency may even be con- 
siderably higher, as it obviously depends upon the 
overall economy of the existing plant. The lower this 
is, the higher will be the steam, or fuel, consumption, 
and the higher the thermal efficiency of the extra 
high-pressure plant is, as compared with that of 
existing plant, the greater’ will be the increase of power 
for the same fuel consumption. 

From the preceding statement it will be seen that 
yery important economical advantages may be gained 
with steam of extra-high pressures, and a great many 
inventors have, of later years, attempted to solve the 
problem of generating steam of such pressures, but 
with very little success. In most of these cases, spiral 
tubes of a small diameter were used, with the object 
of precluding the risk of explosion, on account of the 
small amount of water contained in the tube. 

The heat transmitted through the tube walls is far 
more effectively carried away by water than by steam. 
Consequently, the tube-shell will be far ‘more cooled 
when in contact with water than would be the case 
if the tube were filled with-steam and water. The 
more steam in the tube in proportion to the water, 
the higher -will be the temperature of the tube. Now, 
it is quite evident that the generation of steam will 
become most violent in those tubes which are nearest 
to the furnace. 

Thus an ordinary water-tube boiler with tubes of 
large cross-section will be, in this respect, better 

than one with slender tubes. But it is also evident 
that it will be much more difficult to obtain a secure 
fixing for the tubes the higher the steam pressure is 
and the greater the cross-section. Moreecver, when 
scale has accumulated in the tubes, their temperature 
will be increased, thus causing additional strains in 
the material, which cannot be controlled and might 
cause fractures. 

As a consequence of what has been set forth above, 
the conditions to be complied with when designing 
an extra high-pressure steam generator affording a 
satisfactory margin of safety may be summed up as 
follows:—l. The steam given off from the direct 
heating surface must be removed immediately it is 
generated and replaced by water. Thus the most 
efficient cooling of the tube-shell will be obtained. 
2. Allowance must be made for the free expansion of 
all tubes exposed to the heat from the fire-grate, in 
order to preclude any extra uncontrolled stresses in 
the material due to changes in temperature. 

These two conditions are effectively and efficiently 
fulfilled in the operation of the ‘‘ Atmos’ steam 
generator. The principal feature of this boiler is that 
the steam is generated in rapidly revolving tubes so 
arranged that they may expand freely without strain. 
This rotation results in the inside circumference of the 
tubes being entirely covered with a layer of water, 
which is pressed against the walls by centrifugal force, 
thus forcing the steam bubbles rapidly from the wall 
into the open central space. By this means a very 
efficient cooling of the tube is attained. Moreover, 
owing to the rotation, the stresses in the material are 

_ uniform all over the tube and may be exactly computed. 


= 0-116 kg. of coal per h.p. 


NOTES ON NEW BOOKS. 


In bringing out a new and re-written edition of his 
Textbook of Thermodynamics with special, reference 
to Chemistry (1913), Professor J. R. Partington, D.Sc., 
of the East London College, has shortened the title 
to ‘Chemical Thermodynamics” [Constable & Com- 
pany, Limited ; price 12s. 6d. net], and has, by various 
expedients, extended the scope of the book without 
much increasing its size. All the equations are num- 
bered, and those applying to ideal gases are distin- 
guished by square brackets; there are ample cross 


references, and the abundant literature references are as 
brief as is possible ; thus A stands for Liebig’s Annalen 
der Chemie. The symbols used throughout (duly 


‘explained like the abbreviations at the end of the book) 


are those recommended by the International Com- 
mittee for the Unification of Physico-Chemical Symbols, 
in whose deliberations Professor Partington took part, 
and the language is very concise. The additions to the 
new volume concern chiefly the recent American work 
on thermodynamics. Special chapters deal with 
Nernst’s heat theorem and with the quantum theory. 
For the answers to the many examples worked out, 
Dr. Partington is indebted to Mr. 8. K. Tweedy, and 
his colleague, Professor C. H. Lees, has looked through 
the proofs. Professor Partington, well known as an 
original investigator, has not spared trouble to make 
his text-book thoroughly representative of the actual 
standpoint of thermodynamics. 


The invention of the submarine belongs to that 
class of discovery which is the outcome of collective 
thought. No one individual can claim the entire 
credit for it; but in the history of its inception and 
growth some names are pre-eminent. Mr. Frank 
T. Cable, in “* The Birth and Development of the American 
Submarine”? (London and New York: Harper and 
Brothers. Price 12s. 6d. net), shows how far Mr. John 
P. Holland has contributed to the science of submarine 
navigation. Mr. Holland began life as an elementary 
school teacher in western Ireland. When he emi- 
grated to the United States, in 1872, submarine navi- 
gation of a primitive and dangerous kind was already 
an accomplished fact. During the Civil War, the 
Confederate Government had launched the submarine 
Huxley, which had successfully sunk the Hausatonic 
by a depth charge, though at the cost of herself and her 
crew; and, during the same period, Bauer and Fulton 
had designed and built boats capable of moving for 
short distances beneath the surface. Mr. Holland 
arrived in America with submarine designs in his 
brain; and he had a certain amount of recorded 
experience, gained by others, from which to start. If 
mechanical propulsion had always been dependent 
upon steam-driven engines, submarine design could not 
conceivably have made much progress. Coal burning 
furnaces demand such supplies of oxygen that no boat 
could have remained beneath the surface for more than 
the briefest periods. It was, therefore, of great moment 
to Mr. Holland that the development of oil engines 
more or less synchronised with his study of the whole 
question. He evidently possessed a certain power of 
inspiring and persuading others ; for, though Mr. Cable 
gives but few personal details, his narrative shows 
that, not long after Holland arrived in America, he 
got the necessary financial support from the Fenian 
League, after proving satisfactorily to them that his 
discoveries might bring Great Britain’s naval power 
to utter ruin. After this support was removed, others 
seem to have come forward, and, as far as one can see, 
during all the initial stages of experiments and 
failures, Holland was always sufficiently supported to 
go on. His first concrete result was a submarine of 
the most elementary type conceivable. The machinery 
contractor provided him with an ordinary slide-valve 
steam engine, instead of a petrol motor, with the result 
that the boat had to move about below the surface 
followed by a steam launch, which provided her with 
the necessary steam through a hose. Out of this ill- 
starred experiment came a second boat, christened 
the Fenian Ram by an American journalist, and from 
this sprang the Holland, which, in many respects, may 
be called the original ancestor of the modern submarine. 
The Holland displaced 74 tons, and was 53 ft. long ; 
she was driven on the surface by an oil engine, and, 
below it, by electricity. ‘‘ A turret extended upward 
through the superstructure about 18 in. It was only 
about 2 ft. in diameter and afforded the only means 
of entrance. It was also the one place from which 
the boat could be operated. At the stern was an 
ordinary three-bladed propeller and an ordinary 
rudder; in addition, there were three horizontal 
rudders.’’ From this point Mr. Cable’s narrative 
becomes more personal. Originally called in as a 
consultant electrical expert, he seems to have thrown 
in his lot with the designer and the company financing 
him ; for, soon after, he became captain of the Holland, 
and was in charge of all its tests and trials. The Navy 
Department’s intervention had not been very happy ; 
but naval interest in the experiment was thoroughly 
aroused. In 1900, a board, presided over by Admiral 
Dewey, made a majority report urging the Government 
to acquire submarines of the Holland type, which was 
accordingly done. The Holland was eventually 
bought by the American Government, and, after her 
appearance, submarine construction advanced very 
quickly ; but it was not until an entire group of boats 
had been built that the periscope was invented. During 
about 20 years of initial experiment, submarine com- 
manders were absolutely deprived of vision when their 
ship was a few inches below the surface. Mr. Cable’s 
review of the progress of submarine science after the 


He treats the British endeavour to persuade the Wash- 
ington Conference to abolish submarines with polite 
sarcasm, and suggests that submarines will obey the 
law of increasing tonnage which has governed the 
development of every other class of warship. 


So much has been written recently on costing tbat 
the author of a new book must be a really clever and 
well-informed man if his work is to be serviceable. 
The latest book to reach us, ‘‘ echnical Costs and 
Estimates,’ by Andrew Miller (published by Gee and Co., 
Limited, 6, Kirkby-street, E.C.1, price 10s. 6d. post 
free), is well written and, so far as its 95 pages of letter- 
press allow, the subject is treated in a fairly compre- 
hensive manner. As to his treatment of the apportion- 
ment of oncosts, the author will not satisfy the searcher 
for guidance. The methods of allocating oncosts to 
manufactures is ‘‘ divided into three classes: First, 
by material used or produced; second, on Prime or 
Net Costs,” z.e., on value of direct material and direct 
labour used in manufacturing; thirdly, on direct 
manufacturing labour only, either on money values or 
hours worked.” Under the heading “* Direct Labour 
Basis” the author states that ‘‘ direct manufacturing 
labour cost, whether in money values or hours worked, 
is likely to be an equitable basis for oncost allocation. 
ae Oncost in this method is applied in one rate 
regardless of the classes of labour involved, whether 
machine or hand labour, skilled or unskilled, journey- 
men or apprentices. It is found that in addition to 
the simplicity of this method the results are 
generally very satisfactory.” Under ‘‘ Direct Labour 
Hours Basis” similar statements are made, although 
the author corrects himself so far by intimating that 
where ‘“‘ outdoor labour is extensively employed the 
oncost for this can be accounted separately ” and “ is 
likely to be much less than the rate for indoor oncost.”” 
If the author had gone a step further and had said 
if accurate costs were required it would be misleading 
to combine hand and machine labour for oncost 
apportionment, and that where money values were used 
as the basis for apportioning oncosts the results could 
be but another step in the wrong direction; if, 
moreover, he had given examples indicating this—he 
would have helped to expose an accounting method 
which, because of its inaccurate results, gives book 
figures bearing no resemblance to the facts and ulti- 
mately Jeads to the quoting of inaccurate estimates. 
If the mere absorption of oncosts be the aim, what 
matters it how it is done? It might be useful to 
know whether the percentage is an increasing or a 
decreasing one. Even so, it is desirable to know whether 
the trend is brought about by a rise in wages, a reduc- 
tion in actual oncosts, or an increase in production. 
Tf technical costs are required, what value can such 
figures have when (as shown on page 68) 75 per cent. 
would be added to an apprentice’s wages at, say, 
3d. per hour, when he may be working a machine, 
with all that that involves, as compared with the same 
percentage added to a fitter’s wages, which are, say 
ls. per hour? The relative oncost additions would 
be 24d. and 9d. The probability is, the total of the 
two—llid.—would be low, but, if not, it would be 
less incorrect if the two were reversed and 9d. were 
charged to the apprentice’s job and 2}d. to the fitter’s 
job. Oncosts are incurred by the use of power, the 
occupation of space, depreciation of machines, buildings, 
&c., and interest on capital—none of which is affected 
by the rate of wages paid for labour. 

That a technical treatise has passed through four 
editions is sufficient testimony that it has justified 
itself and proved of material use to its readers. This is 
the case with ‘‘ Elementary Surveying,” by Professor 
C. B. Breed and G. L. Hosmer, of which a fifth edition 
has just been issued by Messrs. John Wiley and Sons, 
New York, and Messrs. Chapman and Hall, Limited, 
London, the English price being 20s. net. ‘The treatise 
is elementary only in the sense that the work is restricted 
to ordinary surveying and does not deal with primary 
triangulations, astronomical work or photographic sur- 
veying, which are dealt with in a supplementary volume. 
Very few surveyors have to deal professionally with 
these matters, and the vast majority of them will find 
their wants fully covered in the volume under discus- 
sion. This opens with a chapter on the use, adjustment 
and care of instruments. The text is clearly written and 
the instructions given are fully detailed. It is interest- 
ing to note that American engineers now consider the 
Dumpy level as superior to the “ Y”’ level and the 
self-reading rod to the rod with targets. In the second 
section of the book, surveying methods, both surface 
and subterranean, are fully discussed. The special 
problems pertaining to city surveys are very fully 
dealt with. The concluding section of the volume is 
devoted to computations and finally a selection of five- 
figure tables is given. The publishers’ work has been 
particularly well done, the printing and paper being 
both of excellent quality. 


ENGINEERING 


(SEPT. 19, 1924, 


DEVELOPMENTS.* 
Dr. Franz LawaczEcr. 


It is possible to develop water power where the cost 
of hydro-electric energy is not higher than that of 
energy generated from fuel. One kilowatt-hour is 
equal to about 360,000 metre kilogrammes or 850 metric 
calories. At a head of 1 mietre the potential energy 
of 360 cubic metres of water is able to develop 1 kw.- 
hour. This is a considerable volume, while, on the 
other hand, the quantity of coal which contains the 
Same amount of energy is a mere handful, one-tenth 
of a kilogramme. It follows that the transformation 
of 1 kw.-hour in a thermal power plant requires much 
smaller, and therefore cheaper, equipmient than in a 
hydro-electric plant if the head is low. For thermal 
energy, the initial cost per kilowatt is much smaller, 
although the generation of energy from coal involves 
low efficiency whereas the efficiency of hydro-electric 
transformation is high. This somewhat detracts from 
the superiority of coal, but all the same successful 
competition of “white coal” will be the exception 
and not the rule. 

The chances of hydro-electric energy are further 
reduced to a considerable extent by the fact that the 
transportation of energy stored in coal is much cheaper 
than the transmission of electrical energy by wire. 

Coal to generate 1 kw.-hour may be carried by 
rail for a distance of 800 to 1,000 km. at a cost of 
1 pfennig, and for a much greater distance by boat, 
while the cost of transmitting 1 kw.-hour by a high- 
tension transmission line is | pfennig for 150 km. 

In hydro-electric plants, particular stress is laid on 
high efficiency of turbines, although the cost of motive 
power is nil, less attention being paid to cheapness of 
plant, although the initial cost per kilowatt determines 
the selling price of the kilowatt-hour. Would it not be 
better to aim at a condition equal to that which is 
responsible for the superiority of coal—that is, cheaper 
plant, and efficiency not quite so high ? 

. In low-head plants the principal items of initial cost 


are those for supplying and storing the water. Here, 
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periods of operation the greater will be the influence of 
the initial cost on economy, and the less the influence 
of efficiency. 

Therefore, a plant should be equipped with two sets of 
turbines, the first set to be operated continuously at 
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AB Maximum capacity to be gained by the 
Ruemelin scheme. 

CD Maximum capacity to be absorbed by main 
transformer. 

EE Average quantity 1,100 m3/sec. 

FG Scheme providing for the development of 
800 m3/sec. 

HJ Hallinger scheme providing for the development 
of 600 m3/sec. 

KL Power of set No. 1. 


quickly than, 
the other it should actually be installed first, so as to| 
provide for early utilisation of power. ‘The first set of 
high-class machineryshculd be installed onlyafter it has. 
become necessary owing to increased power demand. 
The engineer responsible for the design is faced by. 
two opposed problems: (1) to develop a type of 
machinery whose efficiency is a maximum, low initia] 
cost being, of course, desirable ; (2) to develop a type 
whose efficiency should not be too poor, while low 
initial cost is the primary consideration. 
The development of the first type is connected with 


the names of Francis and Voith. Francis was the 
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economy is of prime importance, and that is why side 
channels have been given up and power plants are 
placed in the river bed. Nevertheless, the cost of 
machinery is only 20 to 30 per cent. of the total cost. 
Notwithstanding this, a saving in cost of machinery 
may be of some importance, even if the efficiency is 
reduced thereby. It-will be necessary to consider very 
carefully what every single per cent. of high efficiency 
is worth. At present the importance of efficiency is 
generally overrated. The quantity of water flowing in a 
river is subject to fluctuations within wide limits (see 
Fig. 1). Ifthe total water supply of a river is utilised, the 
number of kilowatt-hours will obviously be a maximum. 
But the turbines would rarely run at full load and the 
average load would be a minimum. The shorter the 


* Paver, abridged, contributed to Section B of the 
World Power Conterence on July 4, 1924. 
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1000 practically full load ; 
that is, in Fig. 1, it 
would be designed for 
500 cubic metres per 
second. The efficiency 
of this group should 
be as high as practi- 
cable, as each per cent. of efficiency is valuable because 
it increases the output of kilowatt-hours to a com- 
paratively great extent, owing to the continuous 
operation of this first set. The second set of turbines 
would utilise the excess water. If the maximum flow 
were 1,500 cubic metres per second, the turbines would 
have to be designed for 1,000 cubie metres per second, 
that is, twice the capacity of the first set. This set 
would be under full load for only 100 days a year, 
and under half load for 200 days, while it would be 
idle for, say, 80 days. Obviously, the efficiency is of 
minor importance in the second set, owing to the limited 
period of operation, while the initial cost will be the 
determining factor. 

This second set should be as cheap as possible and 
it is permissible for its efficiency to be less than that 
of the first set. The latter, at the same time, may be 


more expensive on account of its higher efficiency. 


first to propose inward runners. Francis’ idea was 
applied to practical construction by Voith at Heiden- 
heim, Germany, and it is a memorial to his energy 
that the first large-sized turbines at Niagara Falls 
are I’rancis turbines built by Voith. 

The flow of the water in a Francis turbine appears 
to be very intricate. Mathematical investigation as 
attempted by Prasil, Lorenz and Bauersfeld, has 
failed. The consequénce has been that the vanes 
of the Francis turbine were made of arbitrary and 
sometimes curious form, as dictated by the instinct 
of the designer. 

To obtain fundamental information as to the opera- 
tion of a runner, the author thought it necessary to 
revert to the very simplest ideas. By the action of the 
guide vanes, the water flowing into the central opening, 
Fig. 2, becomes a whirl. A runner is immersed in 
this whirl, the vanes of the runner being of such a 
form that they will not influence the whirl in the 
entrance space, but, beyond this space, they will 
so alter it that whirl should be absent at the discharge 
and no rotational components should exist in the 
draught tube. 

If the runner is rotating while being so immersed, 
the pressure of deflection willdo work. Theoretically, 
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a runner may rotate in a given whirl of any peripheral 
speed w for the same output. The only factor 
influencing the specific speed is the inflow angle 
selected for the runner. With this angle less than, 
equal to, or more than 90 degrees, uv will be less than, 
equal to, or more than Cu, the speed of the whirl— 
that is, in the first case the runner will rotate more 
slowly than the whirl ; in the second case the velocities 
will be equal, and, in the third, the runner will rotate 
faster than the whirl. 

In the simplest form the work is merely influenced 
by the outflow; the inflow determines the specific 


the several influencing factors—say, the inclination of 


the generating line, or the inflow or outflow angles— 
is variable. Then the influence of such variables on 
the capacity, the speed and the efficiency may be 
ascertained experimentally. 

The first impeller of this type, which was for a pump 
made in the summer of 1914, gave excellent efficiency 
at a high specific speed, so that all low-pressure pumps 
were provided with this type of impeller. With an 
efficiency of 74 per cent., the specific speed attained 
was m= 1,500 (metric system; the English ns is 
obtained by dividing by 4-47), and this high speed was 


and draught tube, on the capacity, speed and efficiency, 
were ascertained. The object of investigating three 
sizes of otherwise exactly similar runners was to find 
out the extent to which the rule of similarity could be 
applied. 

Figs. 3, 4 and 5 show the results of tests made with 
three runners at specific speeds of 200 to 650. 

The variation of efficiency within this wide range of 
specific speed is only 3 per cent., although all runners 
were tested with the same guide vanes. ‘The efficiency 
curve for a constant number of revolutions at variable 


|load becomes flatter the lower the specific speed, and 
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Transformer weir (reproduced from: Ruemelin, Der Staffelflussausbau, Miinchen Dreilaenderverlag 1923). 


A. Operating bridge. 


formers work. F. High-pressure pipes. 
speed, and the space intermediate between the inflow 
and outflow has no influence at all. The outflow space 
must be a helical surface whose pitch is in proportion 
to the axial velocity of the water. Similarly, the inflow 
space is a helical surface whose pitch, however, varies at 
all points in accordance with the whirl. Both helical 
surfaces and their intermediate surface are given by 
a single cylindrical section and the generating line. 
It follows that it must be possible to make a vane 
fulfilling all hydraulic requirements by means of a 
template. 

If such a vane gives high efficiency, this will be an 
indication that the simple idea of the operation as 
outlined above is sufficiently exact, the usual trouble- 
some method of making vanes may be abandoned 
and a series of vanes designed in which only one of 


B. Space for Traveller, if required. 
D. Side walls between each pair of Transformers. 


C. Arch (30 m. span). 
E. Maxmium high water at which Trans- 
P. Pump Impeller. T. Turbine Runner. 


maintained at heads up to 40 metres, without cavitation 
troubles. : 

The first turbine runner of the author’s type, 900 
millimetres in diameter, was tested in 1921 at the 
Charlottenburg Technical University, by Professor 
Reichel. Its efficiency was 87 per cent. at n, = 500. 

The new type was thus shown to be much superior 
to the complicated turbine runners previously in use, 
and it was decided to test it on a large scale. Within 
one year, the author’s company have tested forty-five 
runners of 200 and 460 mm. diameter, respectively, 
and twelve runners of 1,000 mm. diameter, the number 
of series of tests being about 400. In these investiga- 
tions, the influence of angles, position of vane edges, 
form of section of generating lines, of boss, number of 


vanes, outflow velocities, area of blades, guide vanes 
1 


Full 


Comparison between Kaplan and Lawaczeck Turbines at Lilla Edet power station. 


efficiencies by enlarging diameters of runners to 


19 ft. and 19 ft. 8 in. respectively. 
- —-— Guaranteed efficiencies. 
— — Efficiencies of model runners tested on brake at Lilla Edet. 


is equal to, if not better than, Francis runners of the 
old type, in this range. With the old type of Francis 
runner, the specific speed does not exceed 400 to 450. 
The new type of Francis runner gives good efficiency 
even at 700, and it is likely that the efficiency will be 
further increased as the new\type is only at the 
beginning of its development. 

The simple idea of the operation of a turbine runner 
as outlined above is therefore sufficiently correct, 
even though the specific speed is not regulated by 
means of the inflow angle. 

The new type is much more exact and cheaper than 
the old one, the time for manufacturing it being reduced 
by 60 per cent. to 75 per cent. Generators are cheap- 
ened considerably by the higher speeds obtained. As 
explained above, high efficiency, not initial cost, is the 
deciding factor for the first set of turbines in the power 
plant considered. For this set, the specific speed 
selected should be that corresponding to highest 
efficiency. It will probably not be economical to go 
beyond n, = 650. 

Fig. 6 shows that, in the vicinity of this specific speed, 
the new type attains an efficiency of almost 90 per 
cent. These curves were taken on turbines for the 
Government power plant at Lilla Kdet, ordered from 
A.B. Finshyttan, at Finshyttan, which turbines are the 
largest in the world, having a runner 6 m. in diameter, 


| A third turbine, also ordered for the Lilla Edet power 


plant, is of the Kaplan type. As this Kaplan turbine 
is to effect the regulation, the runner is provided with 
adjustable vanes in order to obtain a good efficiency 
at part load, the result being excellent. Therefore, 
the two Lawaczeck turbines may always be run at 
the most favourable load, and it is no drawback that 


| their efficiency is reduced at part load. The important 


point is that their maximum efficiencies are higher ; 
they are also much cheaper than Kaplan turbines. 

The second set of the plant considered may be 
operated at a higher n,. However, the limit will soon 
be attained here also, because by increasing the speed 
the cost.of the generators is not reduced sufficiently. 
To reduce the cost a considerable extent, altogether 
new means must be adopted. 

Since the cost of generators is the principal item of 
the power plant, their number should be a minimum. 
The problem may be solved thus : instead of generators, 
centrifugal pumps placed below water level, are con- 
nected to turbines, These pumps are coupled in 
series, the water delivered by the first pump being con- 
ducted to the suction of the second, so that the pressure 
is doubled, the water under this pressure being delivered 
to the third pump, and so on, and the water delivered 
by the last pump being utilised for actuating an im- 
pulse turbine. The turbine runs at high speed on 
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account of the high pressure so that.it will be compa- 
ratively cheap, and, what is most, important, only one 
generator will be required. ‘The low-pressure energy 
of the river is transformed into high-pressure energy 
by the pumps in series. In one transformer, the pres- 
sure may be increased to ten times the head, so that 
with six transformers the head of the impulse turbine 
would be sixty times that of a low-head turbine. The 
total efficiency of transformers may attain to 70 to 72 
per cent., or to 64 to 66 per cent. at the generator shaft. 
This is not high, but the cost of the plant is but one- 
third. Besides, very considerable savings in buildings 
are possible, so that the cost of the power obtained is 
reduced by 50 to 75 per cent. An experimental trans- 
former plant of this type was built in the Isar River, 
at Munich, about a year ago, and is in successful opera- 
tion during high water periods. 

Owing to the combined operation of turbines and 
centrifugal pumps, no torque is transmitted to the foun- 
dation by the transformer. The foundation, therefore, 
may be much weaker than would be required for ordi- 
nary turbines in which the foundation is stressed not only 
by the weight but also by the total torque from the 
turbine to the generator casings. Any movement of 
the foundation is prohibitive for the operation of the 
generator, while the transformer is not influenced 
thereby, and its weight is but a fraction of the generator 
weight. The dam containing the transformers may 
therefore be constructed from a consideration of the 
water pressure only, giving great economy. Every 
power plant requires an expensive dam construction 
to get rid of the excess water. If a transformer is 
placed in such a dam, the dam will become cheaper and 
the excess water will be utilised. The cost of the dam 
must not be charged against the transformers, but only 
the very low costs of the transformers to determine 
the cost of a kw.-h. developed by this set. Therefore, 
transformers will pay even if they are only used with 
excess water on 100 days a year, but they should be 
considered when designing the plant so as to profit by all 
possible savings in the cost of the dam and to enable 
the expensive main set of turbines to be designed as 
favourably as possible. Frequently it is necessary to 
conduct away high water peaks, which may last for a 
few days only, through energy destroyers. Here, 
transformers will be useful as these will utilise the 
energy of such water. 

From Bale to Strassburg the average fall of the 
Rhine is0-8m. perkm. This fall causes currents which 
interfere with navigation. By transformer weirs 
as shown in Fig. 7, it is possible to obtain unobstructed 
navigation and to utilise the power of the river at the 
same time. The well-known engineer, Riimelin, who is 
responsible for the development of the Isar River, 
has worked out a scheme for transformer plants of the 
type described. Nine transformer weirs will be con- 
structed on the line, which is 120 kilometres in length, 
and power plants of 115,000 kw. each will be served 
by the said transformer plants. 

The transfornier is a feasible commercial means 
for increasing the small available energy of rivers and 
so enabling them to be utilised. Consequently, it 
will be useful where great amounts of energy, but of 
small heads, are found, particularly for utilising tidal 
power. Its development will be favoured by the fact 
that it does not obstruct but facilitiates navigation. 


THE PHYSICAL PROPERTIES OF 


ADMIRALTY GUN METAL.* 


Some Experiments on the Influence of Casting Tempera- 
ture and Mass on the Physical Properties of Admiralty 
Gun-metal. 

By Francis W. Rowe, B.Sc. (Huddersfield). 


A GREAT deal of work has been done previously on 
the particular zinc-bronze known as Admiralty gun- 
metal. Much of the published matter is, unfortunately, 
distinctly contradictory, and the following experiments 
are recorded to stimulate further discussion in order 
to clear up contradictory data. 

They have been selected from a large number as 
being typical results obtained in everyday works prac- 
tice, and were made under ordinary works conditions 
without any special precautions to ensure exceptional 
purity of the metal or abnormal test results. 

Method of Moulding the Test-Bars.—Three boxes of 
test-bars were moulded. Each box contained three 
test-bars moulded horizontally in greensand. The 
bars were 12 in. by $ in. by 4 in., 12 in. by 1 in. by 
1 in., and 12 in. by 2 in. by 2 in. and they were run 
with a 1} in. diameter down runner terminating in 
a splay to each bar. .The actual ingate to the § in. 
square bar was 4 in. square; that to the 1 in. square 
bar was 1 in. by $ in., and to the 2 in. square bar | in. 
by lin. A riser was placed on the bars exactly similar 
to the runner. The distance from the top of the runner 
basin to the mould joint was 74 in. 

Preparation of the Metal—The metal used for cast- 


* Paper read at the Institute of Metals on Wednesday, 
September 10, 1924. 
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TABLE I. 
Casting Yield Point. Maximum Elongation . 
Mark. Description. Temperature. Tons per Load. on 2 in. Were aie 
deg. C. sq. in. Tons per sq. in. | Per cent. : ee 
: Rg 
11 4-in, square bar 1200 8:7 16-4 Ts 0 61 5 
12 4), 59 1150 9-7 18-0 18-5 69 6 
13 | 2,, ” 1100 11-6 21-0 22-0 80 6 
21 ile. ) 1200 8-9 15:4 18-0 57 11 
22 Dus An 1150 9-0 16-1 18-0 61 10 
23 Ps ” 1100 9°3 17°8 20-5 65 10 
Inside Outside. 
3101 2-in, square bar (outside) 1200 10-1 16-0 22-0 51 67 10 
3102 | 2,, fe a ie 1200 9-6 15-2 18-0 52 65 12 
3201 | 2, Wi i 1150 10-2 17-0 21°5 61 69 9 
3202 2; e 1150 9°8 16-6 26-0 57 70 15 
3301 es ty 1100 9°3 16-0 21-0 61 69 14 
3302 2 60 A 05 1100 9°7 16-9 30-0 58 69 18 
310 2-in.square bar (centre) .. 1200 7°79 12-6 19-0 49 3 
320 G19 < - of 1150 8:3 13-1 14:0 53 6 
S80 Susie, ee s 1100 8-1 11:8 13-0 56 4 
Fig.7. TENSILE TEST-PIECE FOREIN. SQUARE BARS \ position; 150 Ib. of metal was melted in a 200-lb. 


AND 2/N. SQUARE CORNERS FROM 2-/N. BAR. 
0-45 Inv. Dial O-F3In. Dia. _|\0-45 InDia. 


Fég. 2. TENSILE TEST-PIECE FOR /1N.SQUARE BARS 


092In Dia.| 075 In Dia \0-92 In. Dia 


Feg.3. SHOWING METHOD OF MACHINING _ 
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Fig. 5. GRAPHS SHOWING VARIATION IN MAXIMUM 
LOAD ANDO BRINELL HARONESS, WITH 
CASTING TEMPERATURE AND SIZE OF BAR 
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ing these bars was one of the ordinary mixings used 
in the foundry where the bars were made. It con- 
sisted of 33-3 per cent. new metal (88:10: 2-25); 
33:3 per cent. re-melted borings; 33-3 per cent. 
scrap (heads and runners). At the time the experi- 
ments were made the foundry was using B.S. copper 
“Mersey” brand, Williams-Harvey refined “ Lamb 
and Flag” block tin, and ‘“‘ B.V.S.” brand spelter. 
Thus the new metal forming part of the charge was 
made from these. The scrap was all of home produc- 
tion, and the re-melted borings had the necessary 
corrections added to bring them up to standard com- 


Morgan graphite crucible in a round coke-fired pit 
furnace. The ingot copper, ingot borings, and scrap’ 
were charged into a preheated crucible and covered 
with charcoal. The total time the metal was in the 
furnace was 85 minutes. After the crucible was with- 
drawn, the zinc was added and stirred in, and then the 
block tin. The temperature was then taken and found 
to be 1,240 deg. C. The temperature was taken with 
a platinum—platinum-rhodium couple encased in a 
4-in. diameter silica sheath and connected to an indi- 
cator of the pivoted type. The outfit had previously 
been checked with the works standard instruments. 
The three boxes were poured with the metal at the 
following temperatures, the temperature recorded being 
that of the metal immediately prior to the pouring :— 


Deg. C. 
No. 1 1,200 
No. 2 1,150 
No. 3 ar) rm a 1,100 
The bars were allowed to cool normally in the sand 
overnight. 


Analysis of Test-Burs.—Carefully checked deter- 
minations were made on drillings from the runner of 
No. 1 box, and the riser of No. 3 box. As these only 
differed within the limits of analytical error, the average 
is given below :— 


Per cent. 
Copper .... 87-54 
Tin 10-16 
Lead 0-28 
Iron 0-038 
ZAC ee 1-88 
Phosphorus ws 0-007 
Arsenic... He as: ai: 0-041 
Antimony 5 : 0-013 


Preparation of Test-Pieces.—The test-bars were cut 
up in the following manner : 

4-in. Square Bars.—An 8-in. length machined into 
a tensile test-piece, as in Fig. 1. A 3-in. length was 
machined into a standard B.E.S.A. Izod test-piece. 
A $-in. length from the middle was reserved for micro- 
investigation. 

l-in. Square Bars.—An 8-in. length was machined 
into a tensile test-piece, as in Fig.2. A 3-in. length was 
machined into a B.E.S.A. Izod test-piece. The test- — 
pieces were located in the centre of the bar. A 4-in. piece 
from the middle was reserved for micro-examination. 

2-in. Square Bars.—These were treated rather 
differently. A piece Jin. sq. by 12 in. was machined from 
the centre of the bars by milling in such a manner as to 
leave four 4 in. square bars from the corners, as in Fig. 3. 
Thus two tensile bars and two Izod bars were obtained 
from each bar representing the outside portion, and 
one tensile bar and one Izod bar representing the 
centre. These tensile bars were as in Figs. 1 and 4. 

Brinell hardness tests, in all cases, were made with a 
500-kg. load and 10-mm. ball on the broken halves of 
the Izod pieces. The Brinell figure, in each case, is 
the average of five impressions. The results of these 
physical tests are tabulated in Table I and shown graphi- 
cally in Figs. 5 and 6. It was noticed in the case of the 
outside pieces from the 2 in. square bars, that there was 
a very noticeable difference between the Brinell hard- 
ness as shown on that surface, which represented the 
outside of the bar, and that which represented a plane 
4 in. from the outside. Accordingly two series of 
Brinell impressions on these bars are recorded. 

Discussion of Results.—It will be seen from the 
figures that the best results were obtained from the. 
smallest sectioned bar cast at the lowest casting 
temperature. The tensile and elongation figures are 
slightly lower in the 1 in. square bar, but the casting 
temperature of 1,100 deg. C. still gives the best results. 
The physical tests on the test-pieces from the 2 in. 
Square bars are interesting and illustrate what may be 
expected in the centre of very heavy castings. The 
rapid fall in hardness from the outside to the inside 
of these 2-in. bars is also interesting, and, in all proba- 
bility, density results would show a similar drop. 
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DREDGING AND LAND RECLAMATION. 
By Ernest Latuam, M.Inst.C.E. 


DREDGING combined with land reclamation has 
presented a problem of interest to the civil engineer 
for many years past. To-day the design of dredgers 
and pumping plant has reached a high standard, 
and, given suitable plant, time, and money, dredg- 
ing such materials as clay or alluvium is in itself 
not a difficult undertaking. Efficient dredgers of the 
bucket (side and centre ladder) type—self-propelling 
hopper dredgers—suction drag-head dredgers and 
sea-going hoppers are on the market to-day, and 
engineers can take their choice of design and speci- 
fication to suit their particular requirements. All 
this is thanks to the genius of the mechanical 
engineer. 

Generally, the most important factor to be con- 
sidered in drawing any dredging cum reclamation 
specification is economy, especially as applied to 
the deposit of sludge after it has been brought to the 
surface, 7.e., whether it is cheaper to take it to sea 
or to dump it ashore. In most cases the cost of 
getting the material ashore is about the same as 
that of bringing it to the surface, so that economy 
demands a practical site for reclamation as well as 
a mere site for tipping spoil. This consideration 
must never be overlooked. For instance, in any 
commercial harbour, it is fairly obvious that any 
reclaimed area on the harbour site must be capable 
of affording rail and road access as well as _pre- 
senting the possibility of quay development along 
the water frontage. It is just such a problem as this 
which at the moment is exercising the engineers 
of at least one harbour of first importance in the 
British Isles. We have, however, on the civil 
engineering side of the question, a lot of leeway to 
make up, as it still appears impossible for us to 
establish any basis of contract which has even the 
remote possibility of presenting an equitable aspect 
either to principal or contractor. 

It is clear that it is not fair to expect the dredging 
contractor to accept payment for his work purely 
on the quantity or tonnage of the solid which he is 
able to dredge. In some cases on an awkward 
“cut” he may at first get little more than silt, 
as in the case of dredging existing shipping berths, 
whilst on the other hand, he may reap a harvest on 
cutting a new channel to a fairway. It is equally 
unfair to the principal. to pay a contractor for a 
hopper full of dredged sea water at the same rate 
that he pays for an equal quantity of dredged sludge. 
For this reason and, for each case, some fair scale 
of payment should be worked out, and the author 
considers that a scale of pay based on the quantity 
of solid in proportion to the quantity of water 
raised is the only equitable scale of payment. This 
seems, at first sizht, a simple matter to arrange, but, 
in practice, it is far from being the case. The reason 
is that no dredging contractor, in his senses, would 
work to a specification where payment was offered 
in direct proportion to solid cubic contents raised 
and, therefore, a compromise is required. 

It is then of some use to examine first the purely 
physical aspect of this important question. The 
fractional volume (in cubic feet) of solid per cubic 
foot of sludge can be determined from the following 
formula :— 


2D +(1—2) 63 =d (1) 
Where— 


2 = fractional volume in cubic ft. of solid 
in each cubit foot of dredged sludge. 
D =density of dried-out solid in lbs. per 

cub. ft. 
Consequently, ~ D is the weight of solid dredged in 
each cubic foot of sludge and (1 — 2) 63is the weight 
of water dredged in one cubic foot of sludge. For 
convenience, the weight of estuarial water has been 
assumed as being 63 lb. per cubic foot and the term 
“1D” must, of course, be settled as to value between 
the contracting parties, e.g., the conditions as to 
time and temperature to be observed in the drying 
out process of selected samples. It further follows 
that if ““V” is the displacement in cubic feet of 
any hopper due to its load, and “v” is the volume 
in cubic feet of the hopper fill (7.¢., the volume of the 


sludge), then the term Vu8? 


density of sludge in lbs. per cubic foot represented 
by the term ‘‘d” in equation (1). 


gives at once the 


If the condition of the dredged solid material (as 


subsequently dried) remains more or less constant, 


which is usually the case in harbour work, some 


interesting deductions follow. These are best 
evidenced by citing a specific case upon which the 
author’s firm was recently asked to advise. 
dredged material, in the case in question, when dried 
out under specified conditions, was reported to give a 
density of 163 Ib. per cubic foot. If the assumption 
of regarding a hopper simply as a “ density bottle ” 
problem were correct, the results given in the table 
below would undoubtedly apply. 


The 


ac Os Percentage of Density of 
Fractional Volume “ a”? of i vs 
4 ri Solid (by Sludge in Ibs, 
Solid per cubic foot. Volume) per cub. ft. 
Per cent. 
1/10 10 73 
1/5 20 83 
3/10 30 93 
2/5 40 103 
1/2 50 113 


We have here clearly the genesis of an idea on 


which to frame a scale of payment to a dredging 


contractor which, subject to a sliding scale of rates, 
could be applied either to dredging and dumping at 


sea or depositing material on given areas ashore. 


It is noticeable from the above figures that a reduc- 
tion of about 11 per cent. in the density of the sludge 
means a loss of 33 per cent. in the proportionate 
amount of solid raised. Therefore the standard 


rate of payment would appear to lie somewhere 


between these two variables. 


Without going into detail, it may be said that 
there are no practical difficulties in determining the 
density of each hopper fill without delaying the 


operations of dredging. How real the present diffi- 


culty of establishing a basis of contract is may be 


ascertained from such existing literature as thereis. 
On January 9, 1917, Mr. William Brown, M.Inst.C.E., 


read a valuable paper before the Institution of Civil 
Engineers (see vol. cciii, page 212) on “ Recent 


Progress in Dredging Machinery,” and the ensuing 
discussion produced most emphatic comments from 
the late Sir William Matthews, K.C.M.G., and Sir 
Cyril Kirkpatrick, K.B.E., now Chief Engineer to 
the Port of London Authority, on the necessity of 
reaching some agreement as to standardising a 
method of measuring quantities of dredged material. 
Ata later date (on December 15, 1922) Mr. Gascoigne 
Lumley, I.8.0., read, at the Institution of Mechanical 
Engineers, a paper on “‘ Reclamation Plant and its 
Operation,” and this paper. had the principal value 
of again provoking a discussion on this same difficult 
problem. 

Whenever a riverine harbour is found to be silting 
up, or deeper channels are required in the fair- 
way for navigation purposes, the authorities are 
immediately faced with the old question, viz.: that 
of the most economical disposal of the sludge. 
There are only a few rivers in the British Isles where 
it is practicable to dump sludge ashore, and, in 
cases where this is possible, it does not follow that it 
is always cheaper than taking it to sea. 

At first sight there would appear to be no question 
at all that asea trip for each hopper would be much 
more expensive than merely taking the hopper 
alongside a reclamation vessel adjacent to the 
foreshore and pumping the contents ashore. This 
would certainly be the case, if there were no questions 
of land drainage, retaining walls and pumping plant, 
&e., to be considered. 

It is a very great mistake (except in exceptional 
circumstances) to put a pumping plant in a fixed 
position as this means the pipe line going ashore 
has continually to be lengthened and altered as to 
position. If pumping sludge ashore is to be carried 
out at all it is always best to have the pumping 
plant afloat as the reclamation vessel then is free 
to move up and down river and lie opposite any site 
where it is required to dump the sludge. 

In the case of the river Thames, the Port of 
London Authority find it cheaper to take their 
sludge to sea where it is deposited in the “ Black 
Deep,” approximately 66 miles below London 
Bridge and Sir Cyril Kirkpatrick gave valuable data 
in regard to dredging in the Thames and London 
Docks during the discussion on Mr. Lumley’s paper, 
referred to above. He then stated that the 
total working cost of dredging and depositing at 
“Black Deep” was about 4d. per cubic yard, and 


explained why it is cheaper to carry sludge to sea 
than to deposit it on the foreshore or behind the 
banks of the Thames. 

There are thousands of acres of marsh Jands 
in the County of Essex below high water mark 
which would be excellent sites for reclamation— 
but it would be quite impossible to carry out this 
work at 4d. per cubic yard. Most navigable rivers 
have low lying lands towards their mouths, and 
the watershed of the surrounding higher land is 
drained through fleets and small streams to the 
main river. It would naturally follow that, if 
millions of tons of dredged matter were deposited’ 
behind the banks of such rivers, these outlets would 
be blocked up, and consequent land flooding would 
take place unless innumerable culverts were con- 
structed, and the cost of this work might well 
prove prohibitive. It is an interesting reflection 
on this point that the 4,000,000 cubic yards of 
dredging which comes annually from the London 
Docks and the River Thames would absorb roughly 
a square mile a year in reclamation areas on an 
average fill 3 ft. deep. 

At Belfast all dredged material is ultimately to 
be pumped ashore at an expected maximum output 
of 18,000 tons per week, and none, for some time in ~ 
the future, will, it is hoped, have to be carried to 
sea. The conditions are, however, entirely different 
to those on the Thames where, generally speaking, 
until recently the Port of London Authority held 
practically no freeholds of riparian lands in the 
estuary. ; 

Just how much of dredged material which is 
dumped at sea is brought back into river estuaries 
by flood tides is another matter for conjecture, and 
many opinions have been expressed on this matter 
in regard to the Thames. 

Any reclaimed land must naturally be allowed to 
lie fallow for some years to allow it to “settle” 
before it is of any use for building purposes unless 
piled foundations are resorted to. It is more 
satisfactory for all concerned, where it is possible, to 
use the dredged material for the purposes of reclama- 
tion, as it is then feasible to avoid sea-going voyages 
by hopper and at the same time to create remunera- 
tive industrial lands. In nine cases out of ten, there- 
fore, reclamation must naturally be associated with 
the possibility of collateral deep water quay accom- 
modation being afforded along the banks of the 
newly made lands. 

When reclamation work of this character is 
projected, there nearly always arises the question 
of measurement and payment, because two opera- 
tions become involved and visible to the eye, viz. :— 
(a) The actual work of dredging. (6) The amount 
of solid deposited on the reclamation area. The 
scale of payment under (a), subject to suitable 
reductions, can clearly still be based, though not 
directly, on the density of the sludge raised. A 
difficulty, however, nearly always crops up under 
(b) and two methods are frequently adopted. One 
is to take soundings over the dredged area and to 
compute the amount of solid removed from the 
river bed and put ashore. This is unsatisfactory, 
because often a proportion of alluvium, silt, or 
gravel as the case may be, is washed into (or slips 
into) the dredged area before soundings can be 
taken. 

The other method is to take levels on the 
reclaimed area before and after pumping the sludge 
ashore. This is still more unsatisfactory, as apart 
from the long time which has to elapse before the 
material dries out and settles, there remains the 
* allowance for settlement ” which varies with the 
depth of fill at any particular point and the nature of 
the soil below which is frequently soft and variable 
on river banks or foreshores. The only practi- 
cable method is clearly, therefore, to base the 
rate of payment (b) directly on the solid raised 
as determinable from the density of the sludge, 
examples of which have been given in the table 
above. : 

In places where trade is springing up and where 
there is no suitable land in existence on which to 
build factories, the possibility of reclaiming land is 
naturally at once thought of. In the case of 
reclaiming foreshores, unless there are very good 
reasons to the contrary, it is always unwise to 
construct temporary retaining walls, banks or 
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bulkheads behind which the sludge is to be dumped. 
It is more economical in the long run to construct 
a permanent barrier between land and water in the 
first instance. If a temporary bulkhead, which at 
a low cost generally means a weak design, is erected 
there is every possibility of its total collapse— 
owing to the very great lateral thrust set up by the 
pressure of the mud behind. Should this happen 
after a long period of work, it means that every 
penny spent from the commencement of the work 
may be lost, as the tide will enter and duly remove 
dredged materials that have already been dumped. 
Another error is sometimes the construction of a 
clay or stone embankment. Every tide will wash 
over this or around the scar end during construction 
and the usual marine troubles and difficulties 
experienced in works of this class are likely to be 
emphasised. 

Further, when the temporary embankment 
is built, the work is only half done; no shipping 
can come alongside and deep water quays have 
still to be built. If, in the first instance, a good 
solid retaining wall or quay with a bulkhead is 
constructed it will perform the dual functions of 
holding up the filling behind, and accommodating 
‘ ships alongside. Another matter not to be lost 
sight of is that you can dredge at once alongside 
permanent works of suitable design and depth 
whereas you cannot dredge along the toe of an 
embankment. The design and construction of 
permanent bulkheads must, however, be approached 
with great care. The pressure of liquid mud has 
been known actually to squeeze down under the 
foundations and turn a retaining wall, over—but 
more usually it will push it forward and out of 
alignment. A method sometimes adopted to pre- 
vent this is that of driving sheet piles behind the 
wall to a sufficient depth, as ascertained by previous 
borings. 

Retaining walls are sometimes constructed by 
driving reinforced concrete piles with stays and back 
platforms to take the weight of the sludge and _pro- 
vide a righting moment behind the face. A deep wall 
of this type was built and constructed at Carnarvon 
Harbour a few years ago. Many remarkable cases 
are known of failures of solid fill quay walls—perhaps 
the most striking being the case in 1908 when the 
whole side of a mass concrete graving dock at Naples 
slid inwards under the pressure of the outside water 
and newly-formed filling. (See communication by 
Dr. Luiggi to the Institution of Civil Engineers, 
page 182, vol. ccxiii). The cause of this accident 
was put down to the pressure of water and earth 


filling outside, beginning to cause a small fissure 


between the invert of the dock and the retaining 
wall founded on it. 


finally detaching the wall from its foundations. 
water and mud pressure from behind then moved it 


bodily forward causing the wall to slide along the 


invert of the dock till it stopped in an almost ver- 
tical position against the other side of the graving 
dock. The enormous block of concrete put in 


motion, Dr. Luiggi states, was about 400 ft. long— 
30 ft. high and 15 ft. wide at the bottom. It 


moved approximately 40 ft. It broke into several 


pieces—but each piece moved remained almost 


vertical ! 

Many methods have been attempted for pump- 
ing sludge ashore—but again this is a matter which 
must be finally governed by the nature of the fore- 
shore or marsh lands. Some eighteen years ago 
an attempt was made to pump sludge ashore at 
Southwold, Suffolk, with the idea of deepening the 
river Blyth and reclaiming adjacent lands. The 
final result as regards pumping ashore was a com- 
plete failure. The idea was to pump the sludge 
ashore through a floating pipe line and the reasons 
for failure were given in a recent communication to 
the Institution of Mechanical Engineers and were 
thus put on record :—‘“‘(a) The material dredged 
was glacial drift containing boulders: the smaller 
of these passed the separator and constantly 
damaged the pug-mill. (b) The flexible joints on 
the floating pipe line involved at each joint a momen- 
tary increase of cross-section of over 50 per cent. 
The resultant hydraulic head opposed to the centri- 
fugal pump was thus constantly raised by shock 
losses at the joints. (c) The joints in the pipe line 
became the points of deposit owing to locally 


Upward pressure was then 
gradually developed increasing the fissure, and 
The 


decreased velocities, and the pipe-line became 


“snaked ”’ in profile as the buoys carrying the 


pipe were inadequate to support unequal loading. 


(d) A definite vertical head at the land end of some 
13 ft. over the river wall was apparently over- 


looked when the duty of the plant was calculated. 


The net result was the complete failure to perform 
the required duty of 1,400 cubic yards per day of 
ten hours of sludge deposited on the marshes, and 
the scheme was finally abandoned.” 

As a contrast to this failure are the very excellent 
results obtained in the Lake St. Peter Channel 
of the River St. Lawrence. A paper was read 
before the Canadian Society of Civil Engineers 
in 1904 by Mr. A. W. Robinson, M.Can.Soc. C.E., 
in which he ably explained the details. The Lake 
St. Peter Channel was part of the improvement 
scheme for the navigation of the river St. Lawrence 
between Montreal and Quebec. The work had for 
its aim the purpose of getting ocean-going vessels 


to Montreal, making that city the point of tran- 


shipment between the inland lake and rail traffic 
via the St. Lawrence to the Atlantic. This section 
of river is 160 miles long between the cities named 
of which about 60 miles is dredged channel in about 
20 different sections. Floating pipe lines were used 
through which the sludge was pumped. . The form 
of pipe line adopted was that of a central conduit 
36 in. diameter carried by two cylindrical pontoons 
or air chambers 42 in. diameter—one on each side 
of each length of conduit, the three being bound 
together by truss-frames in steel. The truss frames 


were so constructed that they could be clamped to 


both conduits and pontoons, and in this way no 


rivets or bolts had to be put through the air 
chambers. 
lengths. 


The pipes were made in 100-foot 
At first the sections of pipe-line where great 
flexibility was required were made up in four 


sections of 50 ft. This, however, was found to be 


unsatisfactory as the shorter length of pipe did 


not stand the sea as well as the 100 ft. sections and, 
moreover, it was found that sufficient flexibility 
could be had without them. 


lengths. There has always been considerable diffi- 


culty experienced in designing joints for these float- 


ing pipe lines, but those designed by Mr. A. W. 
Robinson proved to be satisfactory in all respects, 


His design was as follows :—The central conduits 
or pipes were joined together by rubber sleeves 


with about 4 ft. clearance between the pipe ends. 


Two channel irons were laid Jongitudinally above 
the air chambers resting on timber stools (or distance 


pieces) shaped to fit the curved air chambers. 


These channel irons were broken at the centre and 
stopped off flush with the face of the conduit on 
Both sets of channels 
were clamped down-to the air chambers by steel 
The channel irons were finally fastened 
together by means of a ball and socket joint, the 
ends of the socket attachments being bolted on 


each side of the joint. 


bands. 


to the webs of the channel irons. 


The dredger was originally designed to work at a 
depth of 50 ft. and had an average output of 2,500 


cubic yards per hour. The material met with, 
varied from soft clay to slate, rock and stones, 
the dredgers themselves differed, therefore, in their 
character for the different sections of the work. 
Mr. Robinson states that the average cost of one 
cubic yard was 1% cents—but this brings us back 
to the point previously raised, as to what a cubic 
yard of dredged material really is ! 

The pipe-line was designed so that it was two- 
thirds submerged, in order to render it less exposed 
to the wind and waves. The weight of a large steel 
pipe filled with water and dredged material is great, 
and would require large pontoons to carry it above 
water—but by partially submerging it, the upthrust 
required to secure buoyancy is much reduced. 
In the case of the Lake St. Peter Channel the 
dredged matter was not pumped ashore—being 
merely removed from one part of the river—or 
channel—and deposited on adjacent sites where 
obstruction to channels would not be caused. The 
actual length of flexible pipe-line was about 2,000 
ft. The St. Lawrence dredging is quoted at some 
length, as it has deservedly proved most successful 
and it is possible, similar methods might be adopted 
with advantage in some of our home waters. 


The shorter lengths 
were, therefore, joined together to form 100 foot 


METALLURGY AT THE BRITISH 
EMPIRE EXHIBITION.—VII. 


Tue metallurgical exhibits of Messrs. Cammell 
Laird and Co., Limited, have been manufactured at 
their establishments in the Sheffield area, the 
Cyclops, Grimesthorpe and Penistone Works, and by 
the Newlay Wheel Company, Limited, of Leeds, 
one of Messrs. Cammell Laird’s associated companies. 
These exhibits are displayed around the facsimile of 
a 170-ton steel ingot, and include a cast-steel auto- 
clave having a capacity of 275 gallons, weighing 
about 7 tons, for use in the manufacture of dyes ; 
this piece has been tested to a pressure of 2,000 Ibs. 
per square inch. Near this are sets of rolled steel 
locomotive, carriage, wagon and tramcar tyres, 
varying in weight from 1 cwt. to 15 ewt., the series 
comprising locomotive tyres 6 ft. 2 in., 5 ft. 
143 in., 4 ft. 14, in., and 3 ft. 28 in. inside diameter 
for British railways, besides a tyre for Indian rail- 
ways 2 ft. inside diameter. The locomotive, carriage 
and wagon tyres are made of steels which give a 
tensile test of from 42 to 69 tons per square inch, 
with 18/8 per cent. elongation on 2 in., according 
to the class of tyre. The firm’s tramway tyre steel 
has a tensile strength of 60 tons to 70 tons per 
square inch, with 8 per cent. to 6 per cent. elonga- 
tion. A wagon tyre for a British railway measures 
2 ft. 748 in. inside diameter. A pony wheel tram- 
way tyre, “Camel” brand, has a tensile strength of 
70 tons to 75 tons per square inch. A rolled steel 
angle ring for boiler work, and an angle dome ring, 
both on the stand, have a tensile strength of 26 tons 
to 30 tons per square inch, with 22 per cent. elonga- 
tion. A carriage tyre for electric railway service 
has been satisfactorily tup tested, the tup weighing 
1 ton and falling on the tread from heights of 10 
ft. to 35 ft., the deflection at 10 ft. was 3, in., at 
15 ft., $ in.; at 20 ft., § in.; at 25 ft., 14 in.; ab 
30 ft., 1g in. ; and at 35 ft., 24 in., the tyre being 
unbroken. The rael specimens exhibited include a 
95 lb. British Standard rail with tail fishplates, and 
a 95 lb. British Standard rail with ordinary fish- 
plates ; other rail sections are also shown, among 
which may be mentioned flat-bottomed rails weigh- 
ing 106 lb. downwards to the smallest sections for 
pit and contractors’ work. There are also shown 
tramway rail specimens with the Bolton patent 
welded joint, tramway rails and fishplates, sole- 
plates for light-section rails, hollow-bridge rails 
weighing 72 lb. per yard, also solid-bridge rails, 
the weight of which is 110 lb. per yard, and 
special rails for gas-holders. Other rolled steel 
material includes glazing bars, sleepers for light 
railways, &c. 

A turning from a mild steel shaft of 28/32 
tons tensile strength is exhibited ; this was obtained 
at a cutting speed of 30 ft. per minute, the depth 
of cut being 12 in., and the traverse } in. per revolu- 
tion. A number of tool steels are displayed in a 
show case, together with exhaust and inlet valves 
of steel specially resistant to the erosive and scaling 
influences of high temperatures. The excellence 
of Messrs. Cammell Laird’s steel castings is well 
illustrated by their exhibits of railway wheel 
centres, some of which have been cut and bent cold, 
clearly illustrating the ductility and soundness of 
the casting, whilst others have been subjected to 
heavy tup tests and reveal no sign of fracture. 
Their other steel castings are in great variety, and 
cover a large number of industrial purposes. Their 
display of springs is also very comprehensive and 
includes railway springs of all types, one, a laminated 
bearing spring for a 10-ton wagon having had 24 
years’ continuous service. The exhibits of railway 
axles include a tested motor coach axle for electric 
railway service ; this received first five blows from | 
a tup weighing 1 ton, falling 35 ft., the axle resting 
on a support 5 ft. between centres, and was then 
bent double cold, both tests having been satis- 
factorily withstood as can be ascertained. The 
display made by the Newlay Wheel Company, 
Limited, above referred to, is a series of solid forged 
and rolled railway steel wheels, of acid open-hearth 
steel, in one piece each, the flanged rim ‘being 
integral with and stiffened by the web. The wheel 
is first forged in enclosing dies under a 7,000-ton 
press and afterwards rolled to approximately 
finished dimensions. The specimens on the stand 
include 43-in. dia. and 38-in. dia. carriage wheels, 
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and one of 28 in. for carriage, brake-van or 
wagon, together with a half-section of a tramway 
wheel as supplied to tramways in Great Britain, 
South Africa, Australia and New Zealand. An 
interesting exhibit from these same works is a 
38-in. diameter wheel worn down to 35} in. in 
diameter. This wheel has been in continuous 
service from 1910 down to last June under a heavy 
goods brake van, on the North British Railway, 
the wear amounting to ~ in. in diameter per 
annum. 

The display made by Messrs. Stewarts and Lloyds, 
Limited, whose London offices are at Winchester 
House, Old Broad-street, E.C. 2, contains a repre- 
sentative selection of their lap-welded and weldless 
pipes and tubes, tubular steel davits, tramway poles, 
specimens of cylinders, coils, &¢. The framework of 
the stand is formed of 10-in. and 6-in. flanged steel 
pipes, flanges and bends ; the name of the firm is 
made of 1-in. gas tubes and the handrailing of 1}-in. 
similar tubing. The items on the stand are in great 
number. They include a 24-in. bitumen-lined steel 
pipe, 19 ft. in length, and a 27-in. cement-lined steel 
pipe, the length of which is 22 ft., both of which are 
illustrative of the firm’s work for water-supply 
undertakings. Another specimen is a steel pipe, 
48 in. in outside diameter and # in. in thickness, 
made up of two pieces joined together with the 
Vulcan joint, the pipe exhibited being 12 ft. in 
length overall and representative of the firm’s 
pipe lines for hydro-electric plants. Three 12-in. 
pipe sections, each 3 ft. long overall, for low- 
pressure gas and water mains, are shown, with 
three kinds of joints, the collar joint, lead and 
yarn joint, and long-sleeve lead and yarn joint. 
Examples are also exhibited of the Victaulic 
flexible and other joints. The display is indica- 
tive of the firm’s activity in the matter of pipe 
and tube manufacture for every branch of industry. 
Messrs. Stewarts and Lloyds supplied and erected 
the main steam steel pipe installations in the boiler 
and power houses of the exhibition. The stand also 
contains miscellaneous steel castings, a cast-steel 
turbine bucket wheel, the steel of which has a tensile 
strength of 48 tons per square inch, with 18 per cent. 
elongation on the British standard bar, numerous 
test pieces showing the quality of the material; a 
steel billet weighing 1 ton, a bloom pierced from a 
similar billet, and a piece of finished tube serve to 
illustrate the gradation of the process of tube 
manufacture. 

A representative exhibit of cold and hot drawn 
weldless steel and lap-welded iron and steel tubes 
and pipes, for gas, steam and water installations, 
for boring and oil pipe lines, is made by Messrs. 
John Russell and Co., Limited, of Walsall, Wednes- 
bury, and Birmingham. Their stand further con- 
tains bases and finials for tramway poles as supplied 
by them to the Hull and other Corporations, various 
examples of seamless steel coils, superheater elements, 
a number of steel flanges, an example of the Vic- 
taulic joint, &c. They manufacture at their Bir- 
mingham works all classes of brass taps and fittings, 
numerous specimens of which can be seen on the 
stand. 

The stand of the Monk Bridge Iron and Steel 
Company, Limited, Leeds, situated almost in the 
centre of the Palace of Engineering, contains a 
display of rolled-steel tyres from 1 ft. 1 in. to 
7 ft. 6 in. in diameter, rolled steel ball races, angle 
and dome rings from 2 ft. to 7 ft. in diameter, rolled- 
steel rings 14 in. deep, finished locomotive crank 
axles, engine, carriage and wagon axles, locomotive 
motion levers, piston rods and connecting rods, 
models of various forgings, samples of Best Yorkshire 
iron forgings, ornaments showing the forging pro- 
perties of Best Yorkshire iron and test pieces of 
iron and steel. 

Messrs. Wilkins Wire and Wire Ropes, Limited, 
Eastwood, Notts, have displayed a showcase of 
wire ropes which were at the London Exhibition of 
1851, and comprising samples of copper ropes and 
of iron wire ropes, as there was no steel wire drawn 
at that period. The works were formerly at Wapp- 
ing, London, where the first submarine telegraph 
cable laid between England and France was manu- 
factured at the same early period. Another show- 
case contains specimens of the firm’s present-day 
steel wire ropes for engineering and mining purposes, 


ships’ cables and ropes, &c. Another exhibit is a 
model of a wire suspension bridge, which forms an 
inexpensive and easily erected means of communi- 
cation across rivers and gorges in outlying and 
sparsely-populated districts. 

A very striking display is made by the Steel 
Company of Scotland, Limited, in one of the annexes 
of the Palace of Engineering. The stand itself 
forms part of the exhibit and is built of four columns 
carrying a superstructure. made up of rolled plates, 
channels and sections. The columns have cast- 
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Fig. 4. Cast-Stret Top PLatre ror Gas 
PRoDUCER PLANT. 


Fig. 5. Cast-Stren AtR-BLAst SPIDER FOR 
Gas Propucer PLANT. 


iron bases and caps, and the vertical members are 
made of some of the many sections rolled by the 
firm, such as channels, angles, bulb angles, rails, 
&c. The columns are joined by horizontal channel 
bracings to which are fixed thin section pieces of 
the various rolled bars manufactured by the com- 
pany. Some admirable specimens are shown on 
the stand. They include a top plate for a gas- 
producer plant, in cast steel, the diameter of which 
is 11 ft. and the weight 58} cwt.; it is illustrated 
in Fig. 4. Another example of the Steel Company 
of Scotland’s steel castings is an air-blast spider, also 
for a gas-producer plant ; this is 10 ft. in diameter 
and weighs 77% ewt. and is shown in Fig. 5. Both 
these pieces are striking examples of the progress 


achieved in recent years in the manufacture of steel 
castings. Other steel castings exhibited are two 
rolling mill pinions, one having straight teeth and 
one helical teeth ; two-wheel centres for locomotives ; 
a horn-block and a slide-bar bracket for loco- 
motives ; a steam valve body for a marine engine ; a 
dredger bucket back; a quadrant and tiller for’ 
ship steering gear, and aship mooring chain. The 
company’s activity in the manufacture of steel 
castings is further illustrated by a number of models: 
of ship component parts, stern frames, propeller 
shaft brackets, &c., the weights of which range 
from 3 tons to 30 tons. The work of the company’s 
rolling mills is depicted by boiler plates for 14 ft. 
marine boilers; a rolled steel shell boiler plate 
12 ft. wide and 1-5 in. thick ; a flanged lower front 
having three furnace holes ; a back-tube plate and 
a back-combustion chamber plate. Their pressed 
steel work specimens include two motor-car chassis 
members of 28-32 tons and 32-36 tons tensile 
strength, and a nickel-steel motor chassis member 
having a 36-40 tons tensile strength. A number of 
tyres are shown, comprising locomotive driving tyres, 
carriage, wagon and tramway tyres, the dimensions 
of which varies from 6 ft. 2} in. inside diameter 
down to 1 ft. 7} in., made of various grades of steel 
to suit the conditions required in each particular 
case. In various parts of the stand are forged 
steel locomotive crank and straight axles finish 
machined ; two forged steel wagon axles and two 
other similar axles bent cold. Photographs and 
models are displayed, among them being one of a 
pair of rolling mill housings, each weighing about 
60 tons. 

In several of our former issues we have called 
attention to the British Chemical Standards, and 
to the work carried out in this connection by Messrs. 
Ridsdale and Co., the well-known consulting and 
research chemists of Middlesbrough. The chemical 
standards act as a valuable aid to analytical agree- 
ment, and the movement forms a link between 
firms in this country, and also between them and 
firms in the Colonies and Dominions, and in foreign 
countries. Engineers, manufacturers, buyers or 
sellers have now at hand the means of knowing 
exactly what is the definite value of a stated’ com- 
position, and they can refer their specifications to 
a specific standard obtainable by the maker or by 
the referee. The standards can be viewed in the 
light of templates for checking purposes. This 
makes for thorough co-ordination of chemists’ work, 
and sets aside many difficulties occurring in the 
acceptance of the material. So far, the standardised 
specimens number 90, and the standards are used by 
600 works and independent analysts at home and 
abroad, and also by universities. With every portion 
of a standard a certificate is issued giving the names 
of the co-operators, the method used by each 
analyst, his own results and the average of all. 
The standards are obtainable from Messrs. Rids- 
dale, Messrs. Baird and Tatlock (London), Limited, 
and through agents in India and on the Continent. 
The work in connection with the standard is 
carried out by a number of co-operators, manu- 
facturers and chemists, including the organisers, 
Messrs. Ridsdale and Co., who give both material 
and service for forwarding the movement, which is 
voluntary and unsupported by any grant. Messrs. 
Ridsdale and Co. show on Messrs. Baird and Tat- 
lock’s stand in the Chemical Section of the Palace 
of Industry, a number of standard steel specimens. 
Another exhibit similarly aiming at unification of 
analytical results illustrates the ‘“ Analoid” system 
of analysis already adopted for steel, iron, slag, &c. 

The stand of Messrs. Baird and Tatlock (London), 
Limited, above referred to, contains a variety of 
scientific apparatus and articles manufactured by 
them. Among the principal items in the display 
are electric centrifuges large and small, autoclaves 
for pressures from } atmosphere to 8 atmospheres. 
apparatus for bio-chemical analysis, &c. They also 
show fine chemicals refined in their own laboratories. 
The firm’s speciality is the complete equipment of 
laboratories for inorganic and organic chemistry, 
physiology, the biological sciences and physics, 
their work in this respect covering practically 
every trade. 

The stand in the Palace of Engineering in which 
are contained the exhibits of Messrs. Dorman, 
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CONSTRUCTED BY. MESSRS. FREDERICK POLLARD AND CO., LIMITED, ENGINEERS, LEICESTER. 


(For Description, see opposite Page.) 
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Long and Co., Limited, has been designed by Sir 
Edwin Lutyens, and represents in itself an interest- 
ing exhibit of modern steel construction. It 
consists of eight columns supporting a roof; the 
columns and roof are formed of steel girders, 
encased in “scagliola”? marble—a marble sub- 
stitute—and Portland stone respectively. The 
inner side of each column and of the entablature 
has been left open to show the various riveted con- 
nections of the steelwork. 

Besides being steel manufacturers, owning coal 
and ironstones mine, and also producing steel from 
their own raw materials, Messrs. Dorman, Long 
are constructional engineers and bridge builders, 
undertaking contracts for the supply, and, if neces- 
sary, the erection, of steel frame buildings, bridges, 
pipe lines, and tanks, at home, or in any part of the 
world. They own large constructional shops at 
Middlesbrough, others at Nine Elms, London, for 
fabricated stanchions and girders for buildings, 
besides branches, with constructional shops in 
Australia, and fully equipped associated companies 
in India, South Africa and South America. Ex- 
amples in London of this side of the firm’s work 
are the steel frame of Bush House, London (2,400 
tons of steel), of Lions’ New Corner House (2,400 
tons), and the block for the Liverpool Victoria 
Friendly Society in Southampton-row (5,500 tons), 
now building. They secured the Sydney Bridge 
contract early this year, as stated on page 129 ante. 


184, 


A water-colour drawing of their accepted design 
forms a feature on the stand. 

The exhibits range from coal’ and iron from the 
company’s own mines in Durham, and Cleveland, 
through pig iron and ferro-manganese (Carlton 
brand) to steel. Representative of the company’s 
output capacity of 1,000,000 tons of finished steel 
per annum is a 10-ton ingot and a pylon of billets 
of many special grades of steel for the manufacture 
of axles, crank pins, draw bars, bolts and nuts, 
hammers, shovels, chisels, springs, Saws, rifle 
barrels, shells and motor car bodies. Of par- 
ticular interest to engineers is the display of sec- 
tional material embracing the full range of British 
standard beams (29 sections), channels (18 sections), 
equal and unequal angles (36 sections), bulb angles 
and tees (28 sections). Of these the company pro- 
duce upwards of a quarter of a million tons annually. 
There are also specimens of pressed plate and rolled 
steel troughing for the flooring of buildings and deck- 
ing of bridges, and a wide range of flat, round and 
square bars. The company also show typical 
specimens of British Standard bullhead and 
flange rails, as well as many interesting sections 
rolled for railways and tramways abroad, and 
conductor rails for electric railways. In this last 
category may be mentioned a rail of unusual 
section for the Central Argentine Railway, and the 
new 150-lb. conductor for the suburban lines of the 
Southern Railway of England. There are, further, 
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examples of fish plates and sole plates and two 
complete rail joints, one a Standard British section, 
the other for the Great Indian Peninsula Railway. 
Other exhibits are bridge rails, and light colliery 
rails, and a number of small special sections, whilst 
of particular interest are some specimens of Dorman, 
Long and Co.’s steel bent cold, to show the great 
ductility and strength of the material. 

The company’s Redcar Works, near Middles- 
brough, are entirely devoted to the manufacture 
of steel plates for shipbuilding, and constructional 
work generally, in widths up to 9 ft. and lengths up 
to 100 ft., and from % in. to 2 in. in thickness, and 
to the manufacture of universal mill plates for 
bridge building and structural work. These uni- 
versal plates leave the rolls ready for use, thus 
doing away with the necessity of shearing and 
edge planing by the user. They are produced in 
lengths up to 90 ft. and thickness to 2in. A very 
attractive exhibit of these universal plates occupies 
an important position on the stand, while specimens 
of the 72 in. and 57 in. diameter pipe lines for the 
Bombay water supply contract* show one of the 
uses to which the steel plates have been put with 
great success In recent years. 

Messrs. Dorman, Long and Co. have a very large 
output of galvanised and black steel sheets for 
roofing and other purposes, and show an attractive 
range in various widths and thicknesses. These 
sheets, like the bulk of the company’s wire produc- 
tion, are for export to India and South America, 
and to ranching districts generally. A case con- 
tains specimens of the company’s galvanised steel 
hawser wire, to Lloyds’ tests, plough steel wire 
for colliery guide and lifting ropes, railway signal 
wire, telegraph and telephone wire, rigging wire, 
wire for submarine cables, and all grades of drawn 
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MACHINE TOOL AND ENGINEERING 
EXHIBITION.—IV. 


WE now conclude our notice of the Machine 
Tool and Engineering Exhibition which closes 
to-morrow. Although, in spite of the fact that 
we have devoted a liberal amount of space to this 
excellent display we have only been able to deal 
in many cases with typical examples of exhibits, 
we have endeavoured to make our accounts as 
representative as circumstances have allowed. It 
is satisfactory to think that the impression on the 
whole appears to be that the exhibition from a 
business point of view has been successful, and 
that the right type of visitor has attended in 
sufficient numbers to bring some ray of hope to 
the manufacturers. When the show is considered 
as a whole, although there are absentees, it must 
be confessed that the display has been excellent 
and representative of one of our finest industries. 
The quality and finish of the machines can only 
be classed as excellent, while the developments in 
design are both interesting and attractive. Briefly, 
the engineering points of a general class which are 
most noticeable include the larger use of ball and 
roller bearings, of splined shafts and spiral bevel 
gears. The electric motor drive and various types 
of control, including the push button at the machine 
itself, is noticeably more frequently adopted than 
hitherto, while the application of gear boxes is 
spreading with a view to increasing the flexibility 
of many machines and eliminating belt troubles, &c. 


SENSITIVE RADIAL DRILL; MACHINE TOOL EXHIBITION. 


_ CONSTRUCTED BY MESSRS. FREDERICK POLLARD AND CO., LIMITED, LEICESTER. 


SM 
SS by 


35 
Sy 
EES 


SSOShS 
YZ 

ASS 

7 Lz 
ZY Bi 


SSS 


5 AANA 
yen 


SS 


SY 


ey 
lt tt hy 


ZAC 
= 
Mins 
fay at ry La 8 
Sq S 
recoil Yi — = Yon 
WY ESS) <4 i 
; é ee 
VLLLII IAN G\ sammaw 
4 
ZB 


eet 


y 


hy 

SI 
- 
ry 


oh 


A 


Z 


baeZeZZ3 
‘ 


DRILLInG MAcHINE, 


A high-speed ball bearing sensitive radial drill 
fitted with gear box, is illustrated in Figs. 184 to 
195, on this and the opposite pages. This is a 
36 in. heavy duty drill by Messrs. Frederick Pollard 
and Co., Ltd., Leicester. It has automatic as well 
as sensitive feed, and tapping reverse. It is in- 
tended for a drilling up to 1}-in. holes. A single- 
pulley drive is taken to a gear box on the column. 
The box is similar to the one of which we gave 
drawings last week and described on page 407. It 
is provided with two levers and four expanding 
clutches, the gears being always in mesh, and 
giving with the saddle gears eight spindle speeds. 
The pillar is made of cast-iron and is provided at 
its upper end with a large steel shaft, which is 
driven into the cast-iron part of the pillar, and 
cottered. The lower end of the pillar is fixed in 
the main frame. At the upper end a collar held 
in the frame supports the shaft and takes care of 
upward lift of the arm. The pillar is ground on 
the outside and the sleeve of the arm fits over it 
(Figs. 185 and. 186), being provided at the lower 
end with a ball-thrust bearing, and at the upper 
end with a brJl-journal bearing. An extension of 
the pillar shaft accommodates two pulleys mounted 
on ball bearings and with ball-thrust bearings. 
The lower of these pulleys drives the upper, the 
pair transmitting the belt drive from the gear box 
to the saddle. The belt on the upper pulley is 
carried over a driving pulley for the spindle, and 
two idlers on the saddle give a long arc of contact. 
There is a further idler at the end of the arm. A 
tension screw is fitted to the latter. 

Details of the spindle drive on the saddle are 
given in Figs. 187 to 190, The belt pulley, mounted 
on double ball bearings and with ball thrust 
washer, is shown in Figs. 188 and 189. The section, 
Fig. 188, shows the back-gear shaft and two sets 
of clutches operated by a short handle and long 
pendant lever, respectively. These levers and 
gears provide additional speeds and reverse. Above 
the pulley is a double-faced clutch worked by the 
handle shown in Fig. 187. The pulley drive is 
either direct through the lower clutch face to the 
spindle, or through the back gears if the upper face 
is clutched in. These, with the main change gear 
box, give the eight speeds. In order to complete 
the train for the drive through the back gears 
the small wheel on the back gear shaft has to 
be engaged by clutch. This is normally the 
case, an outside arm on the clutch lever being 
depressed by a spring plunger shown in Fig. 189. 
When this long clutch lever is raised, how- 
ever, an upper clutch comes into action instead, 
and the drive is then taken from the top wheel 
on the back gear shaft through an intermediate 
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fencing wire, as well as steel rods for reinforcement | of which the company produce 60,000 tons annu- 
of concrete. A very interesting series is shown of | ally, pitch, creosote, benzol (34 million gallons 
the firm’s by-products from their coke manufacture. | annually), sulphate of ammonia (17,500 tons) and 
These by-products include, among others, coal tar, naphthalene. 
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wheel shown in Fig. 187 and in a small detail in 
Fig. 190, and from this to the spindle, giving the 
reverse at an increased speed of 2:1. By means 
of the interlock on the ends of the clutch-operating 
levers (Fig. 189) the reverse can only be engaged 
when the spindle is on the lower range of speeds ; 
7.€., when the spindle clutch is in the upper pinion. 
The group of small details to the right in Fig. 190 
shows the oiling arrangement for the spindle wheel 
bearings. 

Below the pulley is shown a small pinion which 
by means of a train of gears drives the feed shaft 
through a change-gear box. Details of the feed 
and cross axle are shown in Figs. 191 to 195. The 
feed shaft is shown to the left in Fig. 195, the spindle 
and quill to the right. Sensitive hand feed is by 
the usual handle lever, held in position by a friction 
block and spring. The feed can be operated by 
hand wheel shown at the bottom of Fig. 195, 
clutching this in by means of the slanting handle 
above. With this same clutch engaged the auto- 
matic feed can be brought into use by the move- 
ment of a horizontal handle shown in Figs. 192 and 
193. This operates an expanding clutch by forcing 
a cone (Figs. 191 and 193) towards the worm wheel. 
This action, as explained in a former description, 
presses out an arm as a result of which two wings 
of the clutch are forced apart and against the 
internal surface of a drum on the worm wheel. 

A depth stop and safety pin are arranged on the 
disc shown in Fig. 195. This disc is driven off 
the cross-axle (Fig. 193), the adjustable. stop and 
safety pin knocking out the feed-shaft clutch when 
they work round to the limits for which they are 
set. The pin is a permanently set feature to prevent 
damage by overrunning. The depth stop can be 
set as required. The detail Fig. 194, shows the 
feed-spindle, clutch, ball-thrust washer, &c. 


BroacHinc MACHINES. 


Broaching is a workshop process which has 
become in recent years of greatly extended use and 
significance. For finishing holes true to form after 
rough drilling, for cutting internal keyways and 
other similar operations, the process is one for which 
claims may be made regarding the quality of the 
output and also the speed with which it is done, 
while the work is very simple to perform. Messrs. 
H. W. Ward and Co., Limited, of Selly Oak, 
Birmingham, have started as producers of broach- 
ing machines and exhibit their first model, a 
machine with a single pulley drive direct from an 
electric motor, which has four rates of traverse and 
a stroke of 44 in. This machine is shown in opera- 
tion at Olympia broaching a 6-spline hole in 
steel blanks. Messrs. Alfred Herbert’s broaching 
machine is also shown at work. This machine 
was illustrated in ENGINEERING, vol cx, page 339. 

A good example of a broaching machine of 
American design is afforded by the exhibit by 
Messrs. Stockton and Bunn, Limited, of 11, Queen 
Victoria-street, London, of a hydraulic machine made 
by The J. N. Lapointe Company, of New London, 
Conn. This is illustrated in Fig. 196, annexed. 
For driving this an electric motor of 73 h.p. is 
installed, and it drives directly a Hele-Shaw pump 
which supplies oil to the cylinder. The stroke of 
this machine is 4 ft. 8 in., and its pulling capacity is 
36,000 lb. The oil supplied by the pump is passed 
to either side of the piston, and the output is con- 
trolled by the setting of the hand lever at the end 
of the machine. Adjustment of this is possible 
while the machine is pulling. The movement for 
the valves of the pump is obtained from a long side 
rod which receives motion at the end of the stroke, 
but only to an extent sufficient to meet the require- 
ments. This can be varied at will by setting a 
collar on the side shaft at different positions. Once 
all the control arrangements have been set suit- 
ably to deal with a specific job, locking by means 
of pins is possible so that the machine then works 
continuously in the same way. The maximum 
cutting speed of the machine is 24 ft. per minute, 
while the return speed amounts to 60 ft. per 
minute. When it is stated that a 4-ft. broach is 
the normal length used with the machine, it will 
be appreciated that the return is accomplished in 
only 4seconds. This machine is supplied with three 
reducing bushings that fit the bore in the face of 


the machine and four pull bushings for cutter bars. 


A pressure gauge is connected up to the oil system ; 


so that any irregularity in working due to the 
variation in the character of the material or the 
dullness of the broach may be instantly detected. 
Some of the points of merit in the design are seen 
in the provision of automatic stops of the spring 
and plunger type for controlling the length of 
stroke, the use of bronze shoes for the sliding head to 


Fig. 197, below, by a view showing it at work. 
The frame has five upright main supports which 
rest upon pedestals cast in the pan. The drums 
on the camshaft are under the bed construction, 
so that the camming for the feeds of the main tool 
slide, indexing of the cylinder and stock feeding 
are obtained through the direct application of 
rolls from the drums, and thus positive action is 
obtained free from the .springing tendencies of 


Fic. 197. 


obtain a lasting surface, and the provision that speed 
changes may be made during the time the machine 
is running. Machined surfaces are provided under 
the front of the machine for bolting on angle irons 
or other special fixtures. 


MULTIPLE-SPINDLE AUTOMATIC. 


A multiple-spindle automatic made by The 
National Acme Company, of Cleveland, Ohio, is 
an interesting feature on one of the stands of 
Messrs. Charles Churchill and Co., Limited, of 
9 to 15, Leonard-street, Finsbury, London. This 
has a chuck capacity of + in. for round material, 
of @}-in. for hexagon rods and for square sections 
up to #? in. side. The machine is illustrated in 


Five-SprnpLte Automatic; THe Nationan AcmME Company. 


levers. As there is no operating mechanism 
beneath the region where the work is actually 
performed, no interference can result from chips 
being lodged in the operating mechanism. Beneath 
the main slide the bed is oval in form, to ensure 
that the chips fall clear of the tools into the 
pan below. 

Rigid support is afforded for the main tool slide 
and, consequently, correct alignment is at all 
times obtained for the tools and work spindles 
through a three point system. This consists of a 
hardened and ground slide extension, which tele- 
scopes into the spindle carrier at the front, a sleeve 
mounted on a heavy bearing in the frame at the 
back, and thirdly an extension of the pusher rod 
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into the frame independent of the carrier, which 
resists side thrust. The extension referred to 
travels along a hardened and ground steel plate 
through the centre of the bed. The slide pusher 
shaft also has its bearing in the frame and is operated 
direct from a roll by a lead cam on the main drum. 
An improved type of spindle cartier and casing is 
used. Of this the cylinder member is supported in 
bearings at either end, which have a total bearing 
surface, which is half the length of the cylinder. 
At both back and front, on top of the spindle 
carrier bearings, independent shoes provide the 
means of taking up excessive wear in the cylinder 
and casing. The casing is also counter bored at the 
front, and the cylinder set into the casing in such a 
way as to offer resistance to end thrusts. For taking 
up end wear three bronze shoes are provided in the 
rear of the casing. The spindle drive and the 
indexing mechanisms are situated between the 
spindle bearings. This arrangement makes possible 
the lengthening of the distance between the spindle 
bearings and the reduction of the overhang of the 
spindles where they extend through the spindle 
carrier, Hardened spiral gears with end thrust 
bearings are used for the spindle drive. These are 
driven by a shaft through the main tool slide. 
This construction assures constant, smooth and quiet 
running. 

Since the machine has a capacity of 3,000 pieces 
per hour, the indexing of the spindle carrier 
must be performed at high speed, approximately 
once per second, and it is important to avoid 
strains at the pick up or shock at the stopping 
point. To meet these conditions it is arranged 
that the cam on the main camshaft engages in 
turn with three rolls on the index gear, which 
meshes with the spindle head to index it in one-fifth 
of its circumference. Security in locking the 
spindle carrier in positive alignment is also of 
importance, and this is accomplished by a new 
arrangement of lock and latch bolt. The latter is 
located on the rear of the machine and the lock 
bolt on the front. When in operation the lock bolt 
is withdrawn by a positive cam from one of the 
five notches in the cylinder at the instant of indexing, 
the latch bolt then rides up the slot on the opposite 
side of the head and springs into position at the 
next slot. Simultaneously the lock bolt, which 
has a tapered face is firmly settled into position 
by a positive cammed action. without the use 
of springs. In this way both members, lock 
and latch bolts, have a tendency to pull the 
cylinder down towards the central bed construc- 
tion, firmly fixing the relative position of spindles 
to the tools. 

The bed casting carries hardened and ground 
steel bearing plates for the cross tool slides and 
thus is not subject to wear. Operation of the 
levers for these cross slides is obtained directly 
from a drum on the main camshaft with a positive 
feed through a hexagonal shaft. The forming and 
cut-off slides are of the same size and construction 
which makes them suitable for the arrangement of 
double-deck tooling. As the stock stop does not 
oceupy one of the tool positions the use of tools is 
not limited to four positions but is available for all 
the five spindles. 


SURFACE GRINDERS; THE MACHINE TOOL EXHIBITION. 


CONSTRUCTED BY THE LUMSDEN MACHINE COMPANY, LIMITED, GATESHEAD. 


Fie. 198. Twrx Taste VerticaL SPINDLE GRINDER. 


VerticaL SPINDLE SURFACE GRINDERS. 


Two vertical-spindle surface grinders somewhat 
resembling each other are shown in Figs. 198 and 
199, annexed. These are by the Lumsden Machine 
Company, Limited, of Gateshead. They are actually 
intended for quite different uses, the first having 
twin rotating work tables, while the second has a 
long reciprocating table. The former machine is 
designed with a view to eliminating waste time in 
setting up; the latter is for grinding long parts such 
as motion bars, as well as for gang work on smaller 
pieces of work. The twin-table machine shown in 
Fig. 198 has an 18-in. segmental wheel with a clear 
height under wheel of 18 in., or when fitted with 
a magnetic chuck, of 14 in. The diameter of the 
tables is 35 in., and they will carry magnetic chucks 
36 in. in diameter. The drive is by belt to the top 
of the column. The drive is transmitted to the 
wheel by spiral bevels. The spindle is carried in 
ball and roller bearings. The saddle is raised and 
lowered by power, and the ram has self-acting feed 
of 14 in, The rotating tables have six speeds 


Fic. 199.. Sueur TABLE VERTICAL SPINDLE GRINDER. 
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controlled by friction clutch. These speeds are 
derived from cone pulleys and a gear-box. The 
table is traversed by power, and both rotary 
and traversing motions are engaged by friction 
clutch. 

The machine illustrated in Fig. 199 uses a 12-in. 
wheel, the area of the table being 66 in. by 12 in. 
The maximum height under the wheel is 16 in. 
The table can be traversed at 74 ft. and 30 ft. per 
minute through a two-speed gear-box, the table 
drive being to a large worm on an oblique shaft 
engaging with a straight rack under the table. The 
saddle has vertical adjustment by power, and the 
ram has a feed of 1} in. by an adjustable ratchet 
gear giving from 0-002 in. to 0-024-in. feed per 
stroke, regardless of the shifting-belt mechanism 
driving the table. The table drive is taken by 
open and crossed belt from the main pulley spindle 
to a box at the back of the machine, and the ratchet 
feed is operated from this. 


Or Groove Curtinac MAcHINE. 


For the cutting of oil grooves either externally 
or internally, Messrs. John Holroyd and Co., 
Limited, of Perseverance Works, Milnrow, Lancs., 
have produced a machine which will cut a groove 
12 in. long, which they exhibit. This is illustrated 
by a general view in Fig. 200, annexed. With it 
any class of work may be cut, for it will groove 
equally well in cast iron, steel or bronze, and produce 
cuts either straight or spiral, crossing or not, to 
meet all requirements. Not only is the work done 
by such a machine productive of great savings in 
time as compared with cutting by hand, but as the 
grooves produced are uniform in depth and regular 
in form, losses of oil are avoided, and the distribution 
of the lubricant which is produced is much more 
satisfactory than would be found with grooves cut 
“by the older method. It will be seen from the 
illustration that the work is gripped in the chuck 
on the spindle of the machine and the grooving tool 
is held on the tool-holder on the slide. The capacity 
of the machine may be judged from the fact that 
it will swing over the saddle work up to 7 in, 
diameter and over the bed up to 153 in., while the 
hole through the spindle is 3} in. diameter. The 
headstock is cast solid with the bed, which is 
supported on a cabinet standard and leg frame. 
For cutting straight grooves the spindle may be 
locked in position, while it can be driven from the 
cone pulley through the gearing to obtain the three 
speeds of 12, 20 and 35 revolutions per minute for 
the production of spiral grooves. The necessary 
movement for the tool slide along the bed for the 
production of the desired grooves is obtained by the 
use of a slotted disc and crank. Variations of the 
stroke are obtained by setting the connection to the 
dise at different positions and a scale is provided 
along the slot in the dise for the purpose. To 
support long external work a simple loose tailstock 
is provided on the bed. 


Screwine MaAcHINES, 


Among their display of recent models of machine 
tools, Messrs. Kendall and Gent (1920), Limited, 
Victoria Works, Gorton, Manchester, show some 
examples of their designs of serewing machines for 
bolts and pipes, of which an example is illustrated in 
Fig. 201, annexed. This machine is capable of 
screwing bolts up to 2 in. diameter and pipes up to 
4 in. diameter. The bed, which is a box-section 
casting with accurately-surfaced slides, forms a tank 
for the lubricant, while troughs at either side serve 
to collect and convey the lubricant to the tank. 
Rigid security to the bed is obtained for the head- 
stock, which carries the spindle, gearing and the 
die box. The spindle is hollow and revolves in 
parallel bearings and has a wide range of speeds. 
An all-geared head with steel gears, which are put 
into action by the simple movement of hand levers 
without stopping the machine, is provided, but 
similar machines with cone pulleys and a gear drive 
may be obtained. 

For the die-box a simple and compact construc- 
tion has been adopted in which no use is made of 
springs nor are any of the wearing parts moved 
under pressure. The dies are carried in hardened- 
steel shoes which are held perfectly rigid when 
cutting and arranged so that they may be easily 


changed. .With them the cutting action is tangen- 
tial and gives ample clearance together with suffi- 
cient top rake, the whole arrangement being such 
as to make clean and rapid cutting possible. Auto- 
matic motion is provided for instantly closing and 


taking up wear. Similar machines are fitted with 
die-heads for using dies of the Landis chaser type. 
These have four cast-steel die holders which carry 
chasers having the profile of the thread on the face. 
The dies are arranged to open automatically with 


Fie, 201. 


opening the dies. In addition to this automatic 
operation from the movement of the carriage, 
hand-lever actuation is also possible. The carriage, 
which is traversed along the bed by the hand opera- 
tion of a pinion gearing with a rack, is provided 
with adjustable jaws fitted with hardened-steel 
shoes, forming a self-centring vice for gripping the 
work truly. Adjustment is possible in this for 


Bar AND PreE ScrEWwING MAcHINE; 


Mussrs. KENDALL AND Gent (1920), Limrrep. 


the movement of the carriage or by hand, and are 
held rigidly in holders which are pivoted on the 
face of the die-head. These have a fine adjustment 
for setting purposes. As the regrinding of the dies 
is done on the end and not at the throat, they 
may be ground until they become too short to be 
held in the holders, and consequently they have a 
long life. A fine adjustment is available to enable 
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first and finishing cuts to be taken in the case of 
heavy or square threads. 


TusprE-BenDING MACHINE. 


A very serviceable workshop appliance, a tube- 
pending machine, which is exhibited by the New 
Fortuna Machine Company, Limited, of Southmead, 
Bristol, is illustrated in Fig. 202, below. In 
this machine the pipe is bent round a cast-iron former 
by the use of a mild-steel guide, each being shaped 
to suit the form and size of the tube. In the process 
use is made of a hand-operated worm engaging with 


the machine being intended for bending to standard 
radii only, which is, of course, suitable for conduit 
or other cases in which radius is not an important 
consideration. Other machines exhibited by the 
firm are suitable for bending to any radius. Work- 
ing with a standard radius or larger, the work may 
be accomplished in them, as in the standard machine, 
without any filling in the tube, but for small values 
loading with a mixture of equal parts of pitch and 
resin is recommended. With this method of working 
the bending of tubes may be done without the 
production of ripplesinthem. It is the use of centre 


Fig. 203. Moror-DriveN SwivetLine Grrper Saw; Mzssrs. CHARLES WICKSTEED 
AnD Co. (1920), Limrrep. 


a large worm-wheel rim surrounding the table. 
Twenty-two holes are provided in the table for the 
accommodation of stops for either right or left- 
hand bending. At the end of the worm shaft there 
is a double-thrust ball bearing. Pressing upon the 
back of the machined guide there is provided a 
phosphor-bronze roller in a slide mounted towards 
the end of a pointer lever. This has a centre pin 
at the middle of the table. Most tube-bending 
troubles are due to the variation of the point of 
application of the bending pressure. In this machine 
this point, which is governed by the position of the 
roller, is maintained in the correct position by 
means of a sliding pointer which is fitted to the 
lever. The bending point is obtained by setting 
the roller in any of a series of holes in the lever 
corresponding to the sizes of tubes to be dealt with, 


pins which leads to this possibility of bending 
to small radii. In the smallest machines the pins 
are of 2-in. diameter and make possible the bending 
of a tube } in. in diameter to a }-in. radius. A 
2.in. pin replaces this in the second machine, with 
which a l-in. pipe can be bent to a radius of 1 in., 
while one of 1} in. diameter for the largest machine 
makes possible the bending of a 2-in. diameter tube 
to 2 in. radius. It should be noted that the 
machine is suitable for use with tubes of brass, 
copper or steel, and for conduit or gas barrel. 


Hack Saws. 


In a previous issue we illustrated some of the 
hack saws which are on view. Messrs. Charles 
Wicksteed and Co. (1920), Limited, of Kettering, are 
among the firms showingthese tools, On a former 


occasion we illustrated Messrs. Wicksteed’s “ Merry- 
thought ” saw (vol. cx, page 341). The firm this 
year has a larger assortment of saws on view, one 
of the most interesting being that illustrated in 
Fig. 203. This is a motor-driven machine with a 
capacity for cutting girders up to 20 in. by 12 in. 
The idea on which it has been devised is evident from 
the illustration. The saw is mounted on a turntable, 
and the tail runs on a rail to which it can be 
clamped at any angle up to 45 deg. on either side 
of the straight, so that a cut can be made to any 
desired setting across the section. In this way 
long girders can be cut with the minimum of in- 
convenience in the shop, and angular cutting does _ 
not involve swinging the girder over the floor. 

The saw is carried in a frame which reciprocates 
on two round slide bars of a hinged arm. This 
arm is carried by brackets at the back of the machine 
close to the crankshaft from which the reciprocating 
movement of the saw is derived. The crank is 
driven through gearing by a motor mounted on the 
tail of the swivelling bed. The arm has a heavy 
counterweight, the position of which can be adjusted 
by a quick-pitch screw and handle. ‘The relief is 
given on the return stroke by means of an oil ram 
worked by an eccentric. This is a valveless device, 
the piston itself closing the port at the end of the 
cutting (draw) stroke. The arrangement acts as a 
dash pot, slowly letting the blade down on to the 
work at the beginning of the cutting stroke. The 
table is fitted with one tall swivelling bracket to 
take the pull of the cut on the draw stroke, the 
work being clamped hard up to this by means of a 
vice jaw with Taylor pattern dog, as may be seen 
in the illustration. 

Another girder saw, but not of the swivelling 
pattern, is exhibited by Messrs. Wicksteed, as 
well as their boiler plate flange saw, a multiple saw, 
and other machines, both for general service and 
particular uses. 


TrstTiInG MACHINES. 


To obtain the best results in the workshop it is 
necessary that whatever small cutting tools are used 
should have a long life and be suited to work at the 
highest possible speeds. Reasonable comparison of 
such tools can only be made under exactly similar 
conditions. For this reason Messrs. Edward G. 
Herbert, of Atlas Works, Levenshulme, Manchester, 
have introduced a saw blade testing machine, 
which may be used by the maker of blades to see 
that the standards of efficiency of their products are 
at all times maintained, and also by large users, for 
the purpose of comparing different makes and grades 
in regard to cutting properties. This machine is 
illustrated in Figs. 204 to 206 on page 446. It 
consists essentially of one of the makers “ Automatic 
Rapid ” saws with the addition of recording appara- 
tus, by which information may be obtained on the 
number of cuts made and the number of strokes to 
complete a cut. The saw part of the machine may 
be used on actual work in the shop, whether tests 
are being made or not, and, as it is a good example 
of the best modern practice in saw construction, we 
may consider its design prior to showing how it has 
been adapted to the specific purpose of testing. 

This saw was designed to deal with work on bars 
up to 6 in. by 6 in. section. It has an automatic feed 
and cutting-off mechanism. In design the out- 
standing characteristics are strength and rigidity. 
On the bed there are two square slides, for which the 
bearings are adjustable for wear and pivoted on an 
independent shaft with suitable bearings. The 
connecting rod ends are also adjustable for wear. 
The saw holders, which aré rectangular in form, can 
be set to accommodate different lengths of blades 
and remain permanently in alignment. It will be 
observed that the saw blade is inclined to the hori- 
zontal, and this inclination continuously changes as 
the work proceeds, the whole arrangement being 
such that rapid cutting is obtained without the use 
of heavy weights. By the introduction of a simple 
oil dash-pot in conjunction with the angular setting 
of the saw and the changing speed of the crank, a 
positive lift is obtained for the saw frame during the 
return stroke. This lift may be readily changed by 
the simple expedient of turning a small spindle which 
controls the leak hole in the dash-pot piston. The 
mechanism for causing the lift of the blade at the 
conclusion of the work also serves to prevent the 
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HACK SAW TESTING MACHINE AT THE MACHINE TOOL EXHIBITION. 


CONSTRUCTED BY 


lutomatic Recording Drum 


MESSRS. EDWARD G. HERBERT, LIMITED, ENGINEERS, MANCHESTER. 


(8667.8) 


saw frame falling should the saw blade break. An 
adjustable stop is provided by the use of which the 
work may be automatically stopped when the 
required depth of cutis made. For lubrication of 
the work a pump is provided to deal with the suds, 
and as it has an air chamber fitted on the supply side 
a steady supply is ensured. The automatic bar feed 
is set in operation by bringing a clutch into action, 
by means of which motion is given to a worm 
and wheel which drive a shaft passing through the 
machine, from which the chain drive to the rollers 
of the feed mechanism is obtained. The length 
gauge is seen at the front of the machine in Figs. 204 
and 206 and in two positions, by full and dotted 
lines, in Fig. 205. Once this is set to the require- 
ments and the bar is placed in the vice, when the 
setting dial is turned until the pointer indicates the 
number of pieces required or the letter R, denoting 
continued repetition, the machine may be started. 
No further attention is then required, and the 
machine will stop quite automatically when the 
work allotted to it is completed. When a cut has 
been made the saw frame rises, the vice opens and 
the piece cut off having fallen away, the stock is 
fed forward again to the length gauge. The opera- 
tions that follow are the closing of the vice and the 
restart of the cutting operations. 

The recording gear for use in testing is seen on 
the right in Figs. 204 and 206. Motion from the 
saw holder is taken to work a pawl which turns a 
toothed wheel, and this motion is used to raise the 
pencil. A vertical line is, therefore, drawn to 
represent the number of cutting strokes on the 
paper fixed to the drum and its height, measured 
on the scale provided, shows the exact number of 
strokes required for the complete operation. When 
the cut is completed the drum is turned about a 
quarter of an inch, the pencil falls, and the gear is 
reset for a new start quite automatically by a cam 
mechanism. It will be observed that tests may be 
performed with the machine on actual production 
in the workshop. 

Another testing machine of service in dealing with 
questions of production in the workshop is the tool 
steel testing machine, which we illustrate in Fig. 
207 on page 447. This is another product of 
Messrs. Edward G. Herbert, Limited, of Levens- 
hulme, Manchester. By its use the cutting quali- 
ties of tool steels may be tested rapidly and inex- 
pensively. The process is to measure the amount 
the tool steel will remove from a standard test- 


Fig. 206. GeneRAL Virw oF MACHINE. 


piece in the form of a long tube, while its cutting 
edge is worn by a definite amount. In the actual 
work the tool steel is shaped with a cutting edge of 
a standard form, and it is then gripped in position, 
with the revolving tube used as a standard resting 
upon it under a standard load. As the tool works 
against the end of the tube, the width of cut remains 
constant throughout all the investigations. For the 
revolution of the tube motion is obtained through 
gears from an inclined shaft, at the base of which 
there is a large friction disc resting upon a wheel, 
which may be given movement towards or away from 
the centre to obtain variations in speed. In addition 


to this, a gear box is provided in the drive to obtain 
large variations in the speed. With these two 
means of varying the speed, it is possible to obtain 
a continuous range of cutting speeds from 20 to 
200 feet per minute. To observe accurately 
what the speed is in a test a pendulum of vari- 
able length is made to synchronise in its beats 
with the completion of each revolution. The 
length of pendulum used is the index to the actual 
speed, and a scale provided enables the deduction 
of the exact value instantly. An autographic record 
is made of the work done on a clockwork-controlled 
drum. When the fixed amount of wear of the tool 
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has taken place contact is established by a small] purchased solely on considerations of first cost and motion. A tailstock of the solid pattern is provided 


weighted lever, beside: the tool, with the point 
of a micrometer screw, and a relay is thereby put 
into action and stops the recording apparatus. 
This testing machine has been put into service 
now by many governments in their ordnance 
factories, and by railway companies and large 
engineering concerns in their works, to obtain an 
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Fic. 207. Toon Stren Testinc Macurne; 
Messrs. Epwarp G. HerBert, LIMITED. 


index to the best working conditions for the steels 
they use, and to differentiate between the properties 
of the various classes of tool steels submitted to 
them. 

Toot STEELS. 


Excellent displays are given at the Exhibition by 
some of the tool-steel manufacturers of tools made 
in the standard materials they produce. Messrs. 
Thomas Firth and Sons, Limited, of Norfolk Works, 
Sheffield, for example, show high-speed twist drills 
made of ‘‘ Speedicut,” and for purposes of demon- 
stration of the work that can be done with them a 
36-in. vertical-spindle drilling machine made by 
Messrs. William Asquith (1920),- Limited, of Halifax, 
is installed on the stand. The machine is used to 
demonstrate the drilling of 3-in. thick billets of 
0-30 per cent. carbon steel. For this work pene- 
trations at a rate of 9 in. per minute are made with 
a drill of 1 in. diameter, at 5} in. per minute with 
the 1}-in. size and at 4} in. per minute with a 
2-in. drill. When it is recognised that these rates 
can be maintained consistently the properties of 
the tool steel used may be appreciated. It must, 
of course, be understood that the maximum rates 
of penetration are in excess of these demonstration 
values. Milling cutters, reamers, centre drills, and 
other tools of their manufacture are also displayed 
by Messrs. Thomas Firth and Sons, Limited. 
file-testing machine is shown in operation to show 
the performance obtained with the firm’s files. It 


is rather unfortunate that files have frequently been! 


A 


with little attention being paid to their properties 
as cutting tools. Only by actual demonstrations 
can the significance of production be brought home 
to users, and therefore testing machines must play 
a large part in this propaganda work. In the tests 
a 14-in. hand bastard file is shown at work on a 
test bar of 1 in. square, which has a composition of 
1 per cent. carbon, 0-30 per cent. manganese, and 
0-06 per cent. silicon. With a standard pressure 
on the file of 30 lb., when working at 54 strokes per 
minute, 48-5 cub. in. were removed in a demonstra- 
tion test before the file, which was still in a condition 
for further work, was withdrawn. The average 
cutting rate amounted to 3,220 strokes per cub. in. 
of steel removed. Other tests show the work that 
can be done with a 10-in. mill-saw, second-cut, 
single-cut file on saw-steel strip hardened and 
tempered to 550 Brinell. The tool in question is 
one designed for sharpening saws, and actual tests 
have shown that this file can attack hardened 
steel quite effectively. Inserted tooth metal saws 
of from 18 in. to 5 ft. diameter and woodworking 
tools of great variety made in “silver steel” are 
also shown. 

Messrs. Samuel Osborn and Co., Limited, of 
Clyde Steel Works, Sheffield, demonstrate the use 
of their high-speed steels with the use of a 123-in. 
centre sliding, surfacing and screw-cutting lathe 
supplied by Messrs. John Lang and Sons, Ltd., of 
Johnstone, and a 36-in. vertical drilling machine 
made by Messrs. William Asquith (1920), Limited, 
of Halifax. Tools of three qualities of steel— 
““Mushet,” ‘Double Mushet,” and ‘Triple 
Mushet ’—are shown in use with the lathe, while 
twist drills made from the first two classes in two 
different tempers are in use in the Asquith drilling 
machine. Other tools displayed are milling cutters, 
hobs, reamers, and slitting saws of all descriptions. 
Rustless iron is also shown, as well as many ex- 
amples of work to which it has been applied. 

Broaches made by Messrs. Vickers Limited, as 
well as four-jaw chucks and quick-change drill 
chucks of the same manufacture, are among the 
many small tools exhibited on one of the stands of 
Messrs. Charles Churchill and Co., Limited. De- 
monstrations are made with “ Hydra” tool steels 
by Messrs. Hall and Pickles, Limited, of Port Street, 
Manchester, as well as of bright cold-rolled steel bars 
in automatic machines, for which work they are 
particularly suited because of their continuous 
uniformity of physical characteristics. 


Smart Macutne Too.s. 


Small machine tools, although their general lines 
are standardised, are always of great interest, and 
attention should, therefore, be called to the stands 
of Messrs. Henry Milnes, the Britannia Lathe and 
Oil Engine Company, Limited, and Messrs. Drum- 
mond Brothers Limited. Messrs. Henry Milnes of 
Ingleby Lathe Works, Bradford, show on their 
stand a 44-in. centre lathe of the self-acting sliding, 
surfacing and screw-cutting type, which has its 
crankshaft mounted in ball bearings. This tool has 
a quick withdraw motion for the slide rest and has 
provision for driving milling attachments. A new 
model of a double geared self-acting sliding and 
screw-cutting lathe of 3? in. centres is also shown. 
This has a hollow spindle revolving in roller bearings 
and also the new type of apron introduced by the 
firm. As shown at the exhibition this machine is 
fitted with a division plate and spring stop as well 
as overhead equipment for driving gear-cutting 
attachments. A small planing machine is also 
shown which is suitable to deal with work 24 in. 
long, 12 in. wide and 10 in. deep, and has an auto- 
matic feed to the horizontal cut. 

The Britannia Lathe and Oil Engine Company, 
Limited, of Colchester, show amongst other machines 
a new design of small screw-cutting lathe. This has 
41 in. height of centres. The treadle motion is 
entirely contained in the legs. The flywheel is of 
greater dimensions and weight than is common and 
its shaft runs in ball bearings. The saddle is 
accurately fitted to the bed and is provided with a 
boring carriage, having a number of T-slots for 
holding down work for boring or milling. A great 
range of this work can be performed with the 
machine through the use of its cross traverse 


which is graduated and arranged to set over for 
taper turning. 

Messrs. Drummond Brothers, Limited, of Rideshill, 
Guildford, in addition to their tool room and other 
types of lathes show machines of 34 and 4 in. centres 
which are suitable for model makers. These 
machines are standard products, many of which we 
have already referred to in our columns. Their 
characteristics and the quality of work produced 
with them are now well known. The new model of 
the 34 in. centre lathe has a cantilever bed, a hollow 
mandrel and ball thrusts for the spindle. There is a 
rack traverse for the saddle and the toolholder has a 
height adjustment. A milling attachment is 
provided and the machine is driven by a treadle 
system making use of ball bearings. 


ContTROL PANELS FoR Macutne TOoLs. 


In recent years a great increase has taken place 
in the individual driving of machine tools by 
electric motors. For the purpose control panels 
have been designed in order that operation may be 
reduced to the most simple movements, and yet 
with every assurance that the electrical equipment 
shall suffer no injury through faulty manipulation. 
In this development three firms which have played a 
part, the Igranic Electric Company, Limited, of 147, 
Queen Victoria-street, London ; Brookhirst Switch- 
gear, Limited, of Northgate Works, Chester ; and. 
The Electrical Apparatus Co., Ltd., of Vauxhall 
Works, South Lambeth-road, London, have stands 
on which their panels are shown, but in addition 
their use, as fitted to the driving of individual tools, 
may be seen on many stands. For radial drills, 
shaping and slotting machines, the Igranic Electric 
Company, Limited, supply their “ Varispede ” 
pillar panel which has a split constructon for the 
housing, and therefore gives great ease of access. 
In this panel too rapid starting is made impossible 
by the use of an overload device which causes the 
circuit breaker to open. Once this happens, the 
breaker will only reclose, after bringing the starter 
handle back to its initial position again. The same 
action takes place if an attempt is made to start the 
motor against an injurious overload. Inching is 
made quite harmless by an are-preventing inter- 
lock. Since there is but one starting handle, and 
only one movement of it is possible, operating in 
wrong sequence is totally impossible. Stopping may 
be attempted by a thoughtless operator by moving 
the starting handle back, but this causes no trouble, 
for the arc-preventing interlock causes the breaker 
to open on the slightest backward movement of 
the handle. An automatic universal panel for 
variable speed motors is also shown by the Igranic 
Electric Company, Limited, which is suitable for 
controlling such machines as lathes, boring and 
milling machines and especially where provision 
must be made for inching. This panel may be 
operated by push buttons or other master switches, 
placed in convenient positions on the machine. 
Drum controllers for cranes, and starters for alter- 
nating current machines, also constitute features 
in a full and attractive display of electric control 
equipmett. 

Brookhirst Switchgear, Limited, also show types 
of panels for electric control of motors for various 
services, mainly in actual use on machines through- 
out the exhibition. The “ Midget”? type panels suit- 
able for small sizes of motors, are of the face plate 
type, have a no-volt release and overload trip 
and two fuses. A quick break operated main switch 
is provided, and this is in a separate sealed chamber, 
and is so interlocked that it must be in the “ off ” 
position before the door can be opened. There 
can be no doubt that this panel constitutes a satis- 
factory solution for the requirements when the 
motor power is small and, consequently, little may be 
spent on control gear. For the Brookhirst solenoid 
type of automatic starting panel a 3-push button 
(start, inch and stop) is used. This may be placed 
in any convenient position on the machine beside 
the operator, while the panel itself may be located 
in any available position. In this equipment an 
instantaneous full-faced butt-contact on each step 
is obtained and, consequently, the sparking troubles, 
sometimes associated with sliding contacts, are 
eliminated. An eddy-current retarder in series 
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with the armature of the motor is used to govern 
Many other varieties of 
panels are to be seen among the 50 to 60 which 


the starting movement. 


control machine tools throughout the exhibition. 


The Electrical Apparatus Company, Limited, 
demonstrate the use of the great variety of switch 
and control gears which they manufacture, among 
which are not only to be seen pillars with no-load 
and overload releases, automatic contactor starters, 
and oil immersed reversing controllers for heavy 
duty, but also many details of considerable con- 
venience and significance in providing for safety. 
The universal sealing boxes for armoured cables, 
which they show, overcome the difficulties which are 
encountered when cables do not approach the 
plant in a direction suited to the use of a fixed 
These sealing boxes can be in- 
stantly adjusted without the use of tools, so that 
the cable can be taken in at any angle and they 
therefore serve a very useful purpose where space 


entrance cone. 


is limited. 


THE BRITISH ASSOCIATION MEETING 
AT TORONTO. 


(Continued from page 411.) 
SECTION B.—CHEMISTRY. 


THE chief problems discussed by the chemists 
were State aid to chemistry, Canadian electro- 
chemical and fuel industries, and colloids. The 
discussions on these industries were followed by 
visits to works, during and after the meeting. The 
' Section, in fact, resolved to regard the informal 
meetings and visits to works made in connection 
with the western excursion as part of the sectional 
proceedings. With respect to the Canadian 
industrial problems, we might refer our readers to 
our comments on the proceedings of the World’s 
Power Conference, especially on the transactions of 
the Sections on electro-chemistry, steam power pro- 
duction, gas and fuel and fuel preparation.* That 
the speakers. were not the same in the two places 
imparts additional value to the proceedings at 
Toronto, which were highly interesting throughout. 

The sectional officers were: President, Sir Robert 
Robertson, F.R.S., principal of the Government 
Laboratory, London; Recorder, Professor C. H. 
Desch, F.R.S.; Secretaries, Dr. E. K. Rideal, 
Cambridge, and Professor Ardagh, Toronto. 


CHEMISTRY AND THE STATE. 


In his presidential address, Sir Robert Robertson 
sketched the historical development of the main 
chemical activities of the State, reviewing the con- 
ditions in Great Britain, having regard also to the 
Dominions. He dealt in his chief sections with 
defence, explosives and chemical warfare, with 
metallurgy, revenue, health, agriculture, and with 
organised applied research and assisted general 
research. Gunpowder and guns, he mentioned in 
the course of his address, were brought over to 
England by a Fleming, John Crab, in 1314. Faraday 
was a lecturer at the Royal Military Academy, 
Woolwich, 1829 to 1853; his assistant was James 
Marsh, the discoverer of the arsenic test; his 
successor was Frederick Abel, who, assisted by 
Kellner and Deering, and later also by Dewar and 
Dupré, pulped guncotton and invented cordite in 
1890. The Royal Gunpowder Factory became a 
model of an explosive factory ; gunnery research 
was conducted at Woolwich. The puddled steel 
of the early days was rejected as not uniform by 
the Admiralty and Board of Trade; converter 
steel also lacked uniformity, but the Siemens open- 
hearth steel was approved by the Director of Naval 
Construction in 1879. 

““ Mynteres ” were appointed by King Athelstan, 
in 928 ; “‘ moneyers,”’ supervisors of the coin, in 1180. 
As regards revenue and alcoholic beverages, the 
mixing of wines with cider, herbs and vitriol was 
forbidden in the reign of Charles II ; the assessment 
of “single and double proof spirit” dates from 
William III. At present the Government Labo- 
ratory was concerned with alcohol, tobacco, sugar, 
tea and cocoa, dyestuffs (since 1920), and substances 
under the Safeguarding of Industry Act of 1921. 


* See ENGINEERING, July 11, 18, 25, on pages 37, 78, 
81, 116 ante, i 


Coffee came only under the Adulteration of Coffee 
Act (1718), a Tea Act followed in 1730, and 
there had been various Food Adulteration Acts 
since 1855 ; in 1875 the Inland Revenue Laboratory 
(now the Government Laboratory) was made the 
authority to which Courts of Law referred disputed 
cases. But there was nothing in the United 
Kingdom corresponding with the series of food 
definitions and standards existing in some of the 
Dominions and notably in the United States. 

Sir Robert referred briefly to water supply, sew- 
age and atmospheric pollution, and factory and 
alkali works inspection, He had more to say 
on agriculture and research during and after 
the war. The number of chemists working 
in departments maintained wholly by the State 
was 375 at present, against 150 in 1912, whilst in 
State-supported establishments the corresponding 
numbers were 150 and 50; the grants made to 145 
research students and 11 independent workers in- 
volved a yearly sum of 50,000/. The State, he 
said in concluding, had been compelled to give 
heed to chemical matters involved in its defence, 
as it had to maintain a currency standard and to 
secure a revenue. Those activities, conducted mostly 
with inadequate staffs, had proved to be of national 
advantage. The last stage was the recognition that 
the State was under an obligation to assist science 
and the science of chemistry, on which so many 
industries were based. 


THE ACTIVATION OF NITROGEN. 


Professor W. A. N. Bone, F.R.S., described the 
results of recent bomb experiments made by him- 
self* and Messrs. Newitt and F. A. Townsend upon 
“the Activation of Nitrogen in the Explosions of 
Carbon Monoxide-Air Mixtures at High Initial 
Pressures” up to 100 atmospheres. A peculiar 
exothermic effect, he explained, accompanied by a 
formation of nitric oxide, NO,, was observed in 
some cases, but only in the presence of both nitrogen, 
N,, and carbon monoxide, CO (not, for instance, in 
hydrogen-air mixtures). Now these two gases had 
the same density, and Professor Bone suggested 
that the radiation emitted by one of them burning 
in the other set up a resonance vibration and 
“activated ” the nitrogen, which was then able to 
combine more readily with oxygen than it would be 
at correspondingly high temperatures in other gas 
mixtures. A similar effect had been observed by 
F. Hausser, who attributed it to some ultra-violet 
radiation. Professor Bone is continuing these 
researches, which, he added during the discussion, 
did not so far promise an improvement of technical 
nitrogen-fixation. 


CANADIAN ELECTRO-CHEMICAL INDUSTRIES. 


The discussion of this subject was opened by 
Mr. D. A. Pritchard’s paper on “the Canadian Salt 
Company’s Processes for the Manufacture of Alkali- 
Chlorine Products.” In the vast salt deposits of 
Ontario and Michigan, he stated, the salt layer, 
230 ft. thick, was stratified with shale and dolomite. 
Their Windsor works (of which he is manager), 
started in 1912, received 4,000 h.p. from the Niagara 
Power station, 270 miles distant, at 110,000 volts 
alternating current, transformed down to 250 volts 
direct current, and also had asteam plant of 3,000 h.p. 
The brine was saturated at 85 deg. C. and mixed 
with soda and a trace of caustic to precipitate mag- 
nesium and calcium salts; the soda was made by 
passing boiler-flue gas through the caustic. The 
closed cells for the electrolysis of the brine were of 
the type which Mr. A. E. Gibbs (an Englishman) 
introduced at the Pennsylvania Manufacturing 
Company in 1917, and modified only as regards 
circulation. The iron cylinders, 37 in. high, 
25 in. diameter, contained a cylindrical cathode 
of perforated iron, 22 in. diameter, covered on the 
inside by the diaphragm, and close to it were 24 
vertical graphite rods 2 in. by 2 in. by 36 in., 
suspended from a dome (made by the firm, like 
the diaphragms, the latter being of asbestos and 
cement). The cells, 35 in series, took 3-57 volts 
each at 1,000 amperes. The cell was kept full of 
brine ; the chlorine escaped through pipes at the 
top into a main kept under slight suction, and the 


* Vide ENGINEERING, May 18, 1923, page 625, 


hydrogen was similarly taken from the outside of 
the cathodes to a smaller main. The caustic 
trickled down into tanks. The current efficiency 
was 90 per cent. to 95 per cent., the power 
efficiency 57 per cent., and the process yielded 5 lb, 
of caustic (120 grammes per litre) and 4-43 Ib. of 
chlorine (of 95 per cent.) per square foot of floor 
space per 24 hours. 

The lye was concentrated in two Scott double- 
effect evaporators (as made in London and at 
Fall Rivers) combined with a salt separator for 
each effect. The system required a rapid liquid 
flow and rapid heat exchange between steam and 
liquid ; the heated tubes, liable to corrosion, had 
to be made easily replaceable; the tubes were 
expanded metal to metal without gaskets and were 
carried vertically into the evaporator, the vapour 
generated propelling the liquid before it. The 
company preferred double to triple effect. In the 
conical separator the liquid was given a centrifugal 
motion which threw the salt to the wall. The 
clear settled ‘“‘strong liquor” was pumped into 
pots, 7 ft. deep and 10 ft. diameter, which were 
heated, first to 250 deg. C., when foaming set in, and 
finally to 500 deg. C., the lye being replenished. At 
450 deg: C. some sulphur was added to precipitate 
iron and manganese compounds; after settling, 
the caustic was poured by means of a centrifugal 
pump into steel drums or trays, each pot giving 


| 16 tons of caustic. 


The chlorine was taken through a cooler and 
a drying tower, 40 ft. high, in which it was washed 
with strong sulphuric acid, to the iron liquifiers 
at 50 lb. pressure per square inch, rising in a double 
coil at a temperature of 25 deg. C. into a steel tank. 
Part of the gaseous chlorine was directly converted 
into bleach, although it contained up to 5 per cent, 
of carbon dioxide. Use was made of Schultheis 
continuous hydrators, in which -unslaked lime 
was fed into a perforated cylinder (stone basket) 
rotating within a steam-jacketed drum. The 
bleach chambers were made either of tar-lined 
concrete provided with double asphalt floors, 
in which cooling coils were embedded, or preferably 
of lead. Recently these chambers had been 
replaced by the mechanical bleach chambers of 
Messrs. Rudge, of Gateshead-on-Tyne, which gave 
a more uniform bleach of higher strength and 
avoided the disagreeable packing of the chamber. 

Commenting on this unusually instructive paper, 
Sir Max Muspratt said that the United Alkali 
Company had decided to adopt the Gibbs process 
just before the war, but their expert had gone 
down with the Lusitania; Mr. Pritchard had him- 
self then stepped in and built their new works 
without a hitch. The Castner-Kellner mercury 
cells were good, but more expensive than the Gibbs 
cells, which had also proved slightly more econo- 
mical in working at Widnes and at Detroit. 
Sir Max added that his own company transformed 
chlorine into hydrochloric acid, but chlorine was 
the best disinfectant and capable of unlimited 
applications. Emphasising this statement, Pro- 
fessor Donnan, F.R.S: (one of the vice-presidents), 
referred to chlorine and sodium as possible fuels of 
the future. 

Discussing ‘“‘ Electrolytic Nickel Processes ” in 
the next paper, Mr. R. L. Peek, of Dechenes Mills, 
Quebec, said that the nickel-copper matte, con- 
centrated in converters, contained 80 to 87 per 
cent. of these metals, sulphur and small amounts 
of iron and platinum. The nickel was mostly 
recovered by the sodium sulphide process or the 
carbonyl process and could not be, in the latter 
case, improved electrolytically. He would discuss 
the two chief electrolytic processes actually applied. 
David Browne had, in 1902, reduced the roasted 
matte by charcoal, cast part of it as anodes for 
the copper separation step, and granulated the 
rest by pouring it into water. The granules were 
dissolved in chlorine and salt solution and elec- 
trolysed for copper until the bath contained only 
1 gramme of copper per litre; this copper was 
precipitated by sodium sulphide, the iron was 
oxidised and precipitated by caustic potash, and 
the nickelous chloride electrolysed with graphite 
anodes and nickel starting sheets. Working with 
a current density of 20 to 40 amperes per square 
foot at 60 deg. C., a pure nickel was obtained ; 
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CANADIAN GOVERNMENT DRY DOCK AT ESQUIMALT. 


paper pulp mills was very low, but it was a return 
where otherwise there would be none. ‘The electric 
boiler was very cheap ; but the power mains and the 
pipe system might cost many times more than the 
boiler, and the boiler should be erected close to the 
existing generators and to the steam pipes. 

As to the type of boiler, Mr. Lidbury referred to 
the excellent apparatus of Mr. F. T. Kaelin, of 
Shawinigan, who used alternating currents of 
110 volts to 12,000 volts, on single or triphase 
circuits, in the latter case with three electrodes in 
one vessel or one electrode in each of three vessels, 
vertical steel cylinders provided with an inner shell 
of steel (like a jacket) to prevent destruction of 
the outer shell by arcing. The electrodes were 
vertical rods suspended from above, the boiler 
being a wet rheostat. The load was controlled by 
automatic adjustment of the water level or of the 
depth to which the electrodes penetrated into the 
water. As, however, the salts in the water con- 
centrated and increased its conductivity, a ‘* bleeding 
valve’ for drawing off the water was attached to 
the bottom of the boiler; the water feed was also 
from below, first through the water jacket. Exact 
efficiency calculations were difficult because there 
was hardly any data on the conductivity of hot salt 
solutions. For storage purposes large boilers were 
used and were provided with stirrers to diminish the 
temperature difference between the top and bottom. 


Fie. 31. 


but Browne was not able to overcome all difficulties. 
In the second, Hybinette process the roasted matte 
was leached with sulphuric acid to remove some cop- 
per, and the residue was smelted down with coal 
and cast into anodes, which, though containing 
copper, deposited almost pure nickel from the 
sulphate bath. This was attained by suspending 
the cathodes of nickel in canvas bags and feeding 
nickel sulphate solution (a product of the further 
process) in at the top of the cathode at such a 
rate that the copper ions were prevented from 
entering the bag through the holes in the canvas. 
That was possible, but not when rents developed 
in the bag or the holes became clogged with 
colloidal nickel. The anolyte was then freed of 
its copper by treatment with anode scrap, or by 
passing it over granulated Bessemer matte, or in 
other ways which Mr. Peek suggested. 

On behalf of Mr. F. A. J. Fitzgerald, of Niagara 
Falls, Mr. J. Kelleher then gave an account of the 
developments of Fitzgerald’s “‘ Resistor Furnaces,” 
first installed by the latter in the Hohenlohehiitte, 
Upper Silesia, for smelting zinc blende by a modified 
Imbert process in which a bath of fused iron 
acted as solvent for the blende. An arch of carbon 
rods, arranged transversely, was first used. Later, 
corrugated slabs of carborundum were pressed 
together with a temporary binder and then re- 
crystallised in a carborundum furnace, to form 
a resistor arch; two such arches were arranged 
longitudinally, sometimes in a closed chamber 
above the hearth in order to exclude the air. 
Spirally-cut carbon resistors and other shapes 
were also used. These furnaces served for various 
purposes, for the distillation of zinc and for the 
preparation of zinc oxide (required in the rubber 
industry) by burning zine vapour in the air. It 
was fortunate that the zinc vapour column issuing 
from the furnace did not catch fire immediately ; 
otherwise the orifice would become clogged. The 
carborundum bricks were, after 30 days’ service, 
found fused to a depth of 4} in. Mr. Kelleher 
also illustrated by various slides the transformers 
required for working the large resistor furnaces. 

The next paper was by Mr. Horace Freeman, of 
Shawinigan Falls, on “The Economic Aspects of 
the Hydrometallurgical Development in Relation 
to Canadian Natural Resources.” Mr. Freeman 
stated that Trail (British Columbia) produced 20 per 
cent. of the world’s electrolytic zinc and most of its 
electrolytic lead (both by the fluosilicate process), in 
addition to precious metals, The Niagara districts 


Excavation or Power House Sire; Looxine across Dock. 


produced nitrate, alkalis, chlorine, graphite, car- 
borundum and also cyanide, which was now utilised 
for fruit fumigation. The Sudbury district supplied 
60 per cent. of the .world’s nickel, but was over- 
producing at present; important developments 
were now taking place in the Cobalt and Porcupine 
mines farther north. The Shawinigan Company on 
the St. Maurice River and other plants on the 
Saguenay River, had developed half a million horse- 
power for the production of carbide, carborundum, 
aluminium and acetic acid. All these companies 
were competing in the world’s market, but some of 
them had to import their raw materials. It was 
a serious question whether Canada should be allowed 
to export power to the United States, as had been 
proposed. On the other hand, water should not 
be permitted to flow unharnessed. Canada was 
leading in power resources and in ores. Many of 
these ores were sulphides; the flotation process 
had made it possible to concentrate them on the 
spot and to ship the concentrates to the power 
stations. But very little was known about the 
metallurgical chemistry of sulphides and their 
genesis. The ‘plastic magma” theory of the 
geologists* was, however, largely accepted now, 
and under the auspices of the Research Council 
of Canada he was investigating the nature of 
solutions or magmas from which the ores had 
separated and which moreover, might be suitable 
as baths for electrolysis, a very important matter. 
He had already worked out an electric furnace 
process for the preparation of sodium sulphide in 
this connection. 

Mr. F. A. Lidbury, of the Oldbury Electro- 
chemical Company, drew attention to another 
utilisation of hydro-electric power in his paper on 
the “‘ Characteristics of Electric Steam Generation.” 
One kilowatt-hour being roughly equivalent to the 
heat produced by the combustion of } lb. of coal, 
he said, the electric steam boiler could not, in spite 
of its efficiency of 95 per cent., compete with the 
coal-heated boiler, except in special cases and 
when even a temporary surplus of hydro-electric 
power was available. Then, however, it was 
extremely useful, even at varying capacity. The 
price obtained for electric steam supply in Canadian 


* This question was discussed in the Geological Section 
by Professors M. B. Baker, A. P. Coleman, and others. 
The sulphides of Sudbury occur together with norite, the 
granitoid equivalent of basalt. The ‘‘ magmatic differen- 
tiation” theory suggests that the sulphides separate 
from the cooling, still plastic magma, which is really @ 
solution, as was first taught by Bunsen, 


cussion. 
of the Niagara district took up the Friday afternoon 
and Saturday. 


The papers left little time for a general dis- 
The visit to the electro-chemical plants 


(To be continued.) 


THE CANADIAN GOVERNMENT DRY 
DOCK AT ESQUIMALT, B.C. 


Tue harbour of Esquimalt, immediately adjacent 
to Victoria on its western side, at the southern 
extremity of Vancouver Island, B.C., was formerly 
well known as the North Pacific Naval Station, 
directly under the Admiralty, but is now under the 
Canadian Department of National Defence. The 
harbour is an excellent one and well sheltered, and 
as long ago as 1887 a graving dock was built there 
by the Canadian Government. The dock had a 
depth over sill of 264 ft. at high tide, a usable length . 
of 430 ft., and a width of 65 ft. at the’entrance. Its 
position is indicated in Figs. | and 2, Plate L, 
on the southern side of Constance Cove, facing 
nearly due north. This dock has been in constant 
use, but the need has been felt for something better 
able to cope’ with naval and merchant vessels of 
modern size, and, in order to provide adequate 
docking and repairing facilities, the F ederal Govern- 
ment decided in 1920 to construct a new dry dock 
of enlarged size. The site selected for this was at 
Skinner’s Cove, on the north side of Constance 
Cove, the lay-out being approximately east and 
west. The work is in the charge of the Department 
of Public Works of Canada, by the courtesy of which 
we are enabled to give, in Figs. 1 to 33 on Plate L 
and on this page and page 454, drawings and views 
which show the main features of the undertaking. 
The dock will accommodate the largest class of 
ships, a depth over sill at high tide of 40 ft. 
being provided, while the maximum usable length 
will be 1,150 ft... this being identical with the 
large dock recently opened at St. John, New 
Brunswick. The width at the entrance at coping 
level is to be 135 ft., while the horizontal width 
on the entrance sill level will be 107 ft. lf in. At 
coping level the dock chamber is designed for a 
width of 149 ft., this level being 14-5 ft. above 
low water. At floor level, 34:5 ft. below low-tide 
level, the width will be 126 ft. To the west of 
the dock there is a landing wharf 800 ft. long. 

A plan of the site with contour lines is given 
in Fig. 3, from which it will be seen that practi- 
cally the whole of the area has to be excavated 
from low-water level downwards. At the extreme 
outward end the bottom fell away on one side, but 
more than half the section had to be cleared. Rock 
was found at a convenient depth over the whole 
floor, and the inner, or north, side of the dock will 
consist of wall facing built against solid rock. The 
outer, or southern, wall is of gravity section exten- 
ding in some parts to floor level, but in others 
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finishing on rock dressed off at a higher level. Thus 
at the stations marked in Fig. 3, 3 + 00 to 7 + 00, 
the rock under the outside wall is finished at a 
higher level than the floor. At stations 2 + 00, 
8 +00 and 9+ 00, the gravity section extends 
for the full depth. At station 10 + 00, which is 
exceptional, there is a hollow in the rock whose 
surface here is much below floor level, involving a 
considerable amount of filling with mass concrete, 
a gravity section completing the wall at this point. 
At stations 11 + 00 to 13 + 00 rock extends to 
within a few feet of copying level on both sides, 
and the excavation needs lining only. The landing 
wharf is situated also on rock which is dressed to 
33 ft. below low-water spring tides. 

A plan of the lock is given in Fig. 4, while in 
Figs. 5 to 8 are given four cross-sections at points 
indicated on Fig. 4. At the entrance of the lock 
are two caisson stops, and the chamber is divided 
into three leneths of 400 ft., 350 ft., and 400 ft. by 
further caisson stops, as shown in Figs. 3and 4. he 
cross-section, Fig. 5, is taken at the outermost 
caisson sill. The design is identical in the four 
cases. The small section inset in Fig. 5, shows 
details of the sill and caisson berth. The width of 
the sill is 8 ft. Fig. 6 shows a normal cross-section 
of the chamber with a bottom width of 126 ft. 
and three altars at + 103. — 6, and -- 12 elevation. 
The walls and floor are of mass concrete of 1: 3:5 
mixture. For the inner face, for a depth of 12 in., 
a 1:2:4 mixture is used. The altars and coping 
will be faced with block granite 12 in. thick. The 
caisson sills are also to be finished with dressed 
granite, while one 10 ft. and two 9-ft. widths of 
granite blocks run the whole length of the chamber 
for the keel and bilge blocks. The chamber walls 
have a batter on the inside of 1 in 15 from the 
floor to the lowest altar. Above this the walls are 
vertical. On the outside the gravity-section parts 
of the walls have a batter of 1 im 10. On the 


sea side the concrete work is backed by 6 ft. of- 


clay puddle, beyond which is filling carrying a 
50-ft. roadway. 

Fig. 4 indicates the site of the power-house, 
placed about midway along the dock side. It is 
connected with a single fillimg and emptying tunnel 
7 ft. wide and 12 ft. high, fitted with two valves 
and terminating in the landing-wharf structure, 
or north-wing wall at the dock entrance. The 
main pumping plant is to consist of three 42-in. 
centrifugal pumps direct-connected to  vertical- 
shaft induction motors of 1,000 h.p. Each of the 
three sections of the chamber is provided with 
filling and emptying culverts 5 ft. wide and 6 ft. 
high. These form endless loops under the floor of 
each part, each loop being provided with an addi- 
tional cross-culvert at the centre of its length. 
Water is admitted to the culverts, or to the chemibet 
from them, through gratings in the floor over the 
lengthwise portions. These openings are 2 ft. 6 in. 
square and are spaced 10 ft. apart. The filling and 
emptying culverts are shown in Figs. 6, 7 and 8, 
and in the plan Fig. 4. Vig. 7, a section taken 
across the middle of the central section, shows the 
cross-culvert and the sump and main culvert for 
this section of the dock, leading to the pumps. 
Any combination of pumps will be available for 
auy section of the dock. 

Tunnels for pipes and conduits 4 ft. wide and 
6 ft. 6 in. high are arranged in the side walls, the 
crown level being 2 ft. 6 in. below the coping. At 
a height 2 ft. 6 in. above floor level a horizontal 
recess | ft. 6 in. high runs along the walls for the 
accommodation of air and water pipes. Arrange- 
ments are made for the relief of any tendency for 
upward hydrostatic pressure to develop, by means 
of tile drains under the concrete floor and behind 
the walls, with 1}-in. zine relieving pipes extending 
through the concrete structure. Special provision 
is being made for sanitary arrangements for ships 
docked and for workmen. In the floor of each 
section of the chamber 8-in. cast-iron sewers are 
being laid, with manhole connections to which it 
will be possible to attach hose from the ship’s 
ports. The manhole covers can also be lifted and 
portable latrines placed over them for use by the 
workmen. ‘The sewers connect with a separate 
sump from which the sewage is handled by a 6-in. 
pump. The pump-house installation will further 
include a fire pump and exhauster pump. The 


building is arranged far enough from the dock side 
to allow for a roadway and permit of the passage 
of cranes and other traffic in front of it. 

At each end of the dock are two stair wells, in 
the side walls. The stairs are arranged in three 
flights. At the inner end these stairs are arranged 
as shown in Figs. 9 and 10, at the same point 
timber slides being provided. These are 4 ft. wide 
and are sloped at about 45 degrees, easing off to the 
horizontal by means of a curve at the lower end. 
The slide is taced with granite blocks 14 in. thick 
with a 4-in. lip, 6 in. wide on the outside. Altar 
ladders are arranged to the’ number of six sets to 
each side of the dock chamber. Details of these 
are given in Fig. 11 as regards the altar ladders, 
and Figs. 12, 13, and 14 as regards the lowest 
unit extending to floor level. At each ladder, 
each altar and at coping level, cast-iron hold- 
fasts are let into the granite blocks, as shown in 
Figs. 11, 12, and 13. Details of these are given in 
Figs. 15 and 16. They are placed 18 in. back from 
the edge, the slots being 9 in. long and 14 in. wide, 
undercut to afford good hold foe: boat-hooks, &c., 
and drained below by a l-in. hole. The keel 
blocks are shown in Figs. 17 to 26. They consist 
of three castings, an upper and lower casting with 
a wedge between, the fitting faces being planed with 
an overlap, as shown in Figs. 23 to 26. The upper 
casting is faced with an oak block 4 ft. 4 in. long, 
1 ft. wide, and 9 in. deep. The block is dovetailed 
into the casting. 

Hight capstans will be provided on the dock 
sides and one at the end of the chamber. The former 
will have a full-load capacity of 25,000 lb. at 12 ft. 
per minute, and the latter a capacity of 65,000 Ib. 
at the same speed. 

The landing wharf, which extends (Fig. 4) 
for 800 ft. from the caisson berth at the dock 
entrance, is of composite timber and concrete 
construction, resting on rock. This wharf is built 
up of units of 100-ft. length, as illustrated in Figs. 
28 to 30. This form of construction is not uncommon 
on the Pacific Coast. Each section consists of a 
timber crib, built up of 12 in. by 12 in. timbers, 
as shown. ‘The principal members are 8 ft. cr. to er. 
longitudinally and 9 ft. cr. to cr. across the crib. 
The bottom is floored with timbers measuring 
16in. by 16m. The deck is laid with 6 in. by 12 in. 
planking, the cross-bearers being doubled at this 
level and spaced, therefore, only 4 ft. cr. to cr. 
The crib sides are encased in: concrete, which on 
the rear and end faces is plain and 1 ft. thick, 
and on the front face 2 ft. thick reinforced with 
3-in. loop rods, as shown in Fig. 27, spaced 2 ft. 
apart as regards height. The end wall of the whole 
structure is similar in thickness and reinforcement 
to the front face. The reinforcement and concrete 
are secured to the cribbing by means of hooks and 
eyes—both at frequent intervals. The proportions 
for the facing concrete are 1: 2:4. The cribs are 
filled with stone. The crib coping level is 3 ft. 
above low-water spring tides, and on this is built 
a mass-concrete gravity-section wall 1] ft. 6 in. 
in height, 11 ft. 3 m. wide at the base and 4 ft. 
wide at the top, provided in the upper part with 
counterforts at 70-ft. intervals. Cast-iron bollards 
are anchored to the concrete and the face is protected 
by 12 in. by 12 in. vertical timbers, extending to 
2 ft. 6 in. below low-water spring tides, spaced 
10 ft. apart. 

Electric supply for the operation of the dock 
machinery will be obtained from the British Colum- 
bia Electric Railway Company. The Government 
Department will undertake docking and undocking ; 
shipowners will make their own arrangements with 
repair firms for carrying out work on vessels while 
in dock. The contract for the construction of the 
dry-dock chamber was awarded to Messrs. P. 
Lyall and Sons Construction Company, Limited, 
while the contract for the pumping plant and 
equipment has been placed with Messrs. Hodgson, 
King’ and Marble, Vancouver, B.C. Construction, 
which was commenced in 1921, is now well advanced, 
and it is hoped to complete the undertaking this 
year. 

We publish in Fig. 31, 32 and 33 on the preceding 
page, and page 454 three views of the work taken 
early this year. Fig. 31 is a view at the site of the 
excavation for the power house, all in rock, looking 
across the dock at the enclosing bund on the south 


side, the water of Constance Cove and Pilgrim Cove 
being visible beyond. Fig. 32 shows the head of the 
dry dock with the floor in place. At this end 
excavation was nearly all in rock, the nature of 
the site being well depicted in this view. The view 
reproduced in Fig. 32 was taken from the head, 
looking towards the entrance. -At the far end, 
and far left-hand side is the bund behind which the 
excavation work has been carried out. 


THE INSTITUTE OF TRANSPORT 
CONGRESS. 


A ConFERENCE was held by the Institute of Trans- 
port at the British Empire Exhibition, Wembley, 
under the chairmanship of Sir Henry P. Maybury, on 
Friday, September 19. During the course of the 
proceedings two papers, “‘ Imperial Communications ” 
and ‘“‘ Transportation in Relation to the Development 
of South Africa,’ were read; the first by Air Vice-- 
Marshal Sir Sefton Brancker and the second by 
Mr. J. A. Harris, of South Africa, in the absence 
of its author, Mr. F. B. Rees. In his paper Sir 
Sefton Branker stated that the problem of the busy 
man was to accomplish everything he wanted to do 
in the brief span of human life. Our established 
methods of communication had certain limits and the 
air now awaited our exploitation. Two distinct 
forms of air service were available forthe future. They 
were air lines operated by airships, and air lines 
operated by aeroplanes and seaplanes. For the first 
time the airship was to be developed as a commercial 
vehicle in this country, and two big ships were being 
constructed having details approximately as follows :— 
Volume, 5,000,000 cub. ft. ; length, 700 ft. to 750 ft. ; 
horse-power, 3,600 to 4,000; fuel endurance, 2,500 
miles at cruising speed with full commercial load ; 
maximum speed, 70 m.p.h.; cruising speed, 60 m.p.h. 
The paying load was 16 tons, while the number of pas- 
sengers was 100. The crew would number 50. Sir Sefton 
expected the flight to India with such craft to be made 
in 100 hours with one stop for fuelling. Meantime 
the old airship R. 33 would be used for an experimental 
trip. Personally he had little fear for the success of 
the enterprise. It had been proved since the war 
that airships need not be housed in a shed except for 
serious overhaul. 

Coming to the question of. aeroplane services, he 
maintained that existing cross-channel transport 
lines were only experiments. From these efforts a 
cost of 4s. 6d. per ton-mile at a speed of 100 m.p.b. 
over 300-mile stages appeared accurate. One dis- 
advantage at present with aeroplanes was the difficulty 
of flying safely at night, but despite this fact the United 
States lines were operating a most successful nightly 
service on the New York-San Francisco air mail route. 
To-day small aircraft capable of carrying three pas- 
sengers, with their baggage, at a speed of 100 m.p.h., 
could be operated anywhere within reason at about 
2s. per mile. The author believed Australia was 
leading the world to-day in the general development of 
air services for the public. Three long-distance services 
were available once weekly, the longest being Perth 
to Derby, a distance of over 1,442 miles, accomplished 
in 2} days. The future development of our aeroplane 
and seaplane transport had been confided to ‘* Imperial 
Airways ”—to whom a subsidy of 1,000,000/., at the 
rate of 100,000/. a year for ten years, had been granted. 
The company owned, he believed, 15 machines at pre- 
sent. In 1934 they should own at least 100 heavy 
machines capable of carrying 30 or 40 passengers each. 
It was not likely, he thought, that a speed of 140 m.p.h. 
would be exceeded even then. If a comparison could 
be made between the cost of railways and roads under 
construction to-day, the expense involved in the 
creation of these air transport services would appear 
infinitesimal. It was further necessary to remember 
that the rapidity and efficiency of our Imperial 
communications might well be the measure of our 
success—or our failure—to hold our empire together 
in the future. 

Reading the second paper, Mr. J. a Harris declared 
that South Africa scarcely more than a century ago 
was a wild and little-known country, handicapped 
by the entire absence of any means of internal tran- 
sport by water and without harbours or well-defined 
roads. Until the early sixties the four provinces now 
comprising the Union of South Africa were without a 
single railway line. Slow progress characterised the 
ten. years 1860-70, only 68 miles of railroad having 
been constructed by the latter year. The diamond 
discovery, followed by the gold reef find in the country 
opened up a new era of rail progress. For railways a 
gauge of 4 ft. 8 in. was at first adopted, but the 
necessity for extending railway construction through 
mountainous country into the interior rendered “it 
wise to decide on adopting a standard 3-ft. 6-in. 
gauge which permitted the use of sharper curves 
and reduced costs, In 1873 State ownership of the 
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lines commenced. The large trade in coal in the 
colony owed much to railway administration. Recent 
improvements in material included 50-ton steel bogies 
and hopper wagons as well as locomotives. The 
scheduled load of an engine (class 12) on a day’s run 
of 160 miles on the Witbank Line in the Transvaal 
was 1,500 tons, but 2,000 tons could be hauled. This 
was a great achievement on a 3-ft. 6-in. gauge line. 

The total mileage open for traffic at March 31 last 
was 11,747 miles, whilst a further 673 miles were 
under construction. Petrol cars were being used for 
the transport of passengers and light traffic on some 
sections with fairly satisfactory results, whilst experi- 
ments have been proceeding with a 100-h.p. suction 
gas engine. Another system receiving attention by the 
Administration was the railroad type of loco-tractor, 
the principle being that rails are used for trucks, any 
tractor being employed. Wheel-ways 2 ft. wide, were 
used by the locomotive. It was claimed that, utilising 
16-Ib. rails, road-rail lines could be built for 1,000/. per 
mile. The inauguration of electric traction had com- 
menced on the line between Glencoe and Pietermaritz- 
burg, the section being 171 miles long. Regarding 
waterways, the Durban graving dock nearing com- 
pletion would be one of the largest in the world, the 
effective length being 1,150 ft., its width 110 ft., and 
itsdepth over sill 41 ft. In view of these developments, 
South Africa held out the greatest attractions to 
visitors and settlers, and history would be able to 
record that the railways and harbours of the country 
played no inconsiderable part. 

A general discussion then took place on the papers. 
Col. Bristow opened the debate and stated that air 
transport rather than communication was the more 
important aspect. Major J. H. Scott stated that 
his particular study was the airship and he believed 
a cost per ton-mile of 2s. was possible with this type of 
eraft. Sir William Clarke was interested in Imperial 
development and instanced the unfavourable conditions 
of China with regard to India, due to the latter’s superior 
transport. Sir R. Blankenberg added some detail of 
South African conditions. General Freeland indicated 
progress in India and explained that a cost of 10,000I. 
per mile prohibited ordinary tracks in some cases. 
Even 2-ft. 6-in. gauge lines cost up to 5,000/. per mile. 
The road rail system offered the proper alternative, 
Sir T. R. Wynne, of the Bengal Nagpur Railway, 
stated that India was now unrecognisable due to railway 
progress. Owing to the railways the country had now a 
steelwork meeting their own rail requirements in steel. 
From what he had heard he believed the South African 
rates were not so favourable as those in India. The 
Government had first supplied the capital for develop- 
ment and had been justified in time by results. Mr. 
A. H. Tatlow referred to the white-population scarcity 
in South Africa. Mr. Kelway Bamber was interested 
in the extent, if any, of the branch line drain on main 
line profits, and gave some figures. A steam-rail car 


THE CAMBRIDGE INSTRUMENT COMPANY, 


had been proposed and tests were now taking place with 
a view to economy. Mr. EK. 8S. Shrapnell Smith, Vice- 
President of the Institute, criticised the air schemes 
from the point of viéw of practical utilities, e.g., en- 
trance, egress, cooking, &c., and on the question of 
cost. Luncheon followed, in the course of which 
the toast ‘Imperial Transport’ was given by Mr. 
Harry Gosling, Minister of Transport. and Mr. D. Ross 
Johnson. Responses followed from Sir R. A. Blanken- 
berg and Sir T. R. Wynne. The “ Institute of Trans- 
port ’ was proposed by Lieut.-Col. J. Sealy Clarke, and 
was responded to by Sir Henry P. Maybury. A visit 
to a number of stalls at the Palace of Engineering con- 
cluded the Congress. 


ELECTRIC FURNACE TEMPERATURE 
CONTROLLER. 


In many industrial processes the temperature of the 
materials involved must be kept within narrow limits 
if satisfactory results are to be obtained, and for the 
highest efficiency it is necessary that such control 
should be automatic in action. An apparatus for this 
purpose has recently been developed by the Cambridge 
Instrument Company, Limited, of London. Fig. 1 
above shows the standard outfit for controlling the tem- 
perature of an electric furnace. It will be seen from 
Fig. 3 that a thermo-couple, mounted within a pro- 
tecting tube, such as porcelain, is connected by 
compensating leads to an indicator, shown in Fig. 2. 
This indicator is a high-resistance moving-coil galvano- 
meter, fitted with a calibrated temperature scale, over 
which the galvanometer pointer travels. Near the 
end of this pointer a light thermo-couple is attached, 
which is electrically connected to a relay controlling 
the main circuit, supplying heat to the furnace. A 
small electrically-heated coil connected across a resis- 
tance or transformer is set to the point on the scale 
at which it is desired to maintain the temperature. 
When the temperature reaches this value the thermo- 
couple on the pointer is heated by proximity to the 
hot coil and the E.M.F. set up in it energises the 
relay which is worked with a pressure of 4 volts. 
This causes the electro-magnet in the circuit-breaker 
to attract the armature against the small spring, 
shown in the diagram, and break the low resistance 
supply conductor circuit to the furnace. The high 
resistance wire shown then completes the circuit, 
supplying less current to the furnace, when the 
temperature commences to fall. Immediately this 
becomes appreciable, however, the thermo-couple on 
the pointer cools, so that the extra K.M.F. to the 
relay is no longer maintained. The terminal contact 
in the relay is then broken causing the electro-magnet 
in the circuit to release hold of the armature, which 
flies back under the action of the small spring. The 
low resistance-cireuit is then completed, again bringing 
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up the temperature to the desired value. The range 
of variation in this type of control can be reduced to a 
very small value, while the temperatures over which 
control can be exercised range upwards from 1,000 
deg. F. The apparatus may be seen at the British 
Empire Exhibition. 


LouGHBOROUGH COLLEGE.—The Calendar of Lough- 
borough College, Leicestershire, has now been published 
for the session 1924-25 by the Echo Press, Loughborough 
(price 3s. 6d. net), and contains very complete information 
regarding the facilities there available for technical 
education. 


Sett’s Directory or REGISTERED TELEGRAPHIC 
ADDRESSES.—The midsummer supplementary issue for 
1924 of Sell’s Directory of Registered Telegraphic 
Addresses has now been published and contains a list 
of all the new telegraphic addresses registered at the 
Post Office and received from H.M. Postmaster-General 
for publication since the beginning of the present year. 


WatEeR TURBINES FOR New ZxEALAND.—Vickers 
Limited, hydro-electric department, have received an 
order from the Government of New Zealand for two 
large water turbines, each with an output of 12,650 h.p. 
to be installed at Lake Coleridge, in the South Island. 
They will provide power for Christchurch, Ashburton, 
Timaru and district. The turbines will be constructed at 
Barrow-in-Furness. 


Ratt TRANSPORT OF Lona GirpERS.—It would appear 
that the problem of carrying large pieces of machinery 
and other constructions by rail depends for its solution 
as much on the ingenuity with which such loads are 
mounted for carriage as in the provision of special 
trucks. As an illustration of this point the London 
Midland and Scottish Railway Company recently 
transported two girders, each exceeding 97 ft. in length, 
from Reddish to Chesterfield for the Stavely Coal and lron 
Company. These were centrally loaded, each on a 
well trolley to which were attached runners to protect 
the overhang. Considering that the weight of each 
beam was 17$ tons, while the height was 9 ft., this 
accomplishment must be regarded as a very creditable 
performance. 


Armco Iron.—Engineers will be interested to learn that 
arrangements have recently been made for the production 
in this country of rust resisting Armco ingot iron. The 
Armeo International Corporation has established an 
office at Pinner’s Hall, Old Broad Street, E.C. 2, under 
the management of Capt. R. Terrell, and Shelton Iron, 
Steel and Coal Company, Limited, Stoke-on-Trent, and 
the Scottish Iron and Steel Company, Limited, of 
Glasgow, will undertake the manufacture of this brand 
of iron, Armco iron tubes will be made by the Scottish 
Tube Company, Limited, of Glasgow, and wire by the 
Whitecross Company, Limited, of Warrington. Messrs. 
Tyer and Co., Limited, Dalston, London, E. 8, have been 
appointed selling agents to railway companies. 
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LABOUR NOTES. 


*) TE easier labour conditions which some Continental 
shipbuilding and ship-repaaring industries enjoy, un- 
questionably account very largely for our failure to 
hold our own in recent international competitions for 
work. The rates of wages paid in Holland are 10 per 
cent. less than the rates of wages paid here, and, 
owing to causes which are not at all obscure, Dutch 
labour costs are as a whole much lower. Here the 
47-hours’ week rules and overtime is unpopular, whereas 
in Holland the working day—which is nominally 
one of 8 hours—is actually, in some cases with the 
approval of the law and the consent of the unions, one 
of 10 hours. Moreover, overtime is not unpopular. 
In Germany the working week is much longer, and 
overtime is, according to reliable accounts, not always 
paid for at a special rate. The economic effect of 
these longer hours and of the readiness of the men to 
work overtime, is in no need of emphasis. Another 
thing which tells in favour of Dutch competition is the 
straighter, so to speak, organisation of shipyard labour. 
In this country there is a multiplicity of trades, each 
of which jealously guards its own craft against the 
inroads of other crafts. With the material of ships 
in a state of constant change “ lines of demarcation ””— 
to use the trade union phrase—between the various 
craits are not unnaturally frequently in dispute. 
Two trades claim a job, and while they argue about the 
matter, the work stands still. The men are, of course, 
losers in the sense that while they are idle they are in 
receipt of no wages, but a much larger loser is the 
employer whose operations are, to this extent, crippled 
until the disputants come to an arrangement. In 
Holland shipbuilding and ship-repairing labour is 
divided—if our memory serves—into three main groups, 
and within the limits of each of these groups workers 
are, to all intents and purposes, interchangeable. 
Instead of standing off and waiting till men be- 
longing to some other trade arrive to perform a 
simple operation which prevents him carrying on, the 
Dutch shipyard worker does the little job himself 
and then proceeds with his own. In this way con- 
tinuity of operations is maintained, and the effect is 
seen in the much better deliveries which Dutch 
ship repairers are usually able to give. In most 
Dutch shipyards the organization of the iron workers 
is also much better from the point of view of speed 
and economy of production. 

As a rule, when these things are pointed out to 
British trade unionists, the rejoinder is made that the 
foreign workers’ standard of life and working con- 
ditions is low and ought not to be held up to him as 
an example. Whether they are unduly low or not is 
a matter about which foreign workers might have 
something interesting to say. But the defect of the 
British workers’ argument of this kind is that it misses 
the point—which is that through these easier con-- 
ditions which the Dutch shipbuilder and ship repairer 
enjoy with the consent of the Dutch trade unions, 
British workers are in great danger of finding their 
occupation gone. Nobody is seeking to reduce the 
British workers’ rates of wages, but everybody con- 
cerned realises that labour costs must be reduced in 
other ways. The Dutch practice shows how this may 
be done, and British trade unionists would, therefore, 
be much more profitably employed in their own interests 
in ascertaining how the system might be applied to 
their industry than in taking the line that they do. 

Demarcation troubles are not, of course, new. They 
have been with us for many years. An effort ought 
now, however, to be made by the trade unions to 
end them once and for all. Moreover, less ought to 
be heard in Labour circles about maintaining the 
48 hours’ week as an example to other countries, by 
ratifying the Washington Convention. No haste is 
apparent anywhere else to give the Convention the 
support of legislation. On the contrary, everywhere 
there seems to be a disposition to evade it. In sheer 
self defence, therefore, British trade unionists ought 
to take up the position that if there is to be ratification 
of the Convention its application ought to be simul- 
taneous in all countries which were represented at 
Washington. Whether British shipbuilding and ship- 
repairing regain their old pre-eminent positions or 
go to the wall depends upon labour’s attitude towards 
these new problems, and it is to be hoped that the 
movement’s representative men will speedily realise 
this, and take the necessary action. The employers 
have done splendidly in one of the most difficult 
periods in the history of industry, but it is clear that 
they can do little more without the co-operation of 
the workers. 


Man and Metal, the official organ of the Iron and 
Steel Trades Confederation, regards the sectional strikes 
which have recently taken place in the heavy steel 
trades as deplorable from every point of view. It is 
difficult to understand, it says, with industry in its 
present state, many works standing idle, a large 


amount of unemployment and abnormal competition 
following nearly three and a-half years of the most 
acute trade depression, how any responsible trade union 
representative, with a knowledge of the facts and 
circumstances, could commit such a blunder as to throw 
men on the streets in respect of a wages dispute when 
other alternatives are available. By way of contrast, 
it is pointed out that the Confederation has, after 
months of negotiation in most difficult and trying 
circumstances, come to an arrangement under which 
its members get, without the loss of a day, what the 
large numbers of men who are walking the streets of 
Rotherham are alleged to be in dispute about. A 
disability under which the iron and steel trades have 
laboured for years, and which has caused a loss of 
many thousands of pounds of union funds, in addition 
to much more in wages, is, it is stated, that various 
sectional unions, mainly representative of outside 
trades without practical knowledge of the iron and 
steel industry, have followed a policy ill-conceived in 
respect of its objects and deplorable in its results. 


The same organ of trade union opinion condemns 
the action of the Labour members of Hull City Council 
in supporting the decision to accept a German tender 
for steel rails in preference to a British tender which 
was a little higher. “We do not know,” it says, 
“what kind of argument is being used for this Hull 
Labour policy of buying in the cheapest market 
irrespective of circumstances or conditions under 
which the commodity is produced. Cheapness which 
is based upon a low standard of life and conditions of 
employment for workpeople can never be a part of 
Labour policy, and just as we endeavour to protect 
trade union standards and the employers who adopt 
them in respect of competition in the home market, 
so we are justified in demanding that the same prin- 
ciple shall be applied in relation to our trade with 
other countries. We suggest to the Hull Labour 
councillors,” Man and Metal concludes, “‘ that the 
present competitive conditions are not fair to the 
British steel worker, and that their policy in the matters 
referred to can hardly be defended on'the grounds, 
either of trade union principles, or sound national 
economy.” 


From two points of view, the rates of wages which 
are being paid by municipal authorities are unfair to 
ordinary employers, and sooner or later effective 
protests are bound to be made against them. The 
extravagant remuneration is keeping local rates higher 
than ought to be the case, and to that extent the 
already heavy burden of trades which have to com- 
pete with foreign manufacturers is increased. The 
high wages paid are also a fruitful cause of discontent 
amongst workers who are employed in unsheltered 
industries. For these and similar considerations the 
trade unions have, of course, not the slightest regard. 
Without taking into account what must be the ultimate 
effect of their action they are almost everywhere forcing 
up wages in sheltered trades, and then fixing the high 
rates as standards to which employers in unsheltered 
trades ought to conform. At Manchester, for example, 
the Electrical Trades Union is pressing a claim for an 
advance of 4d. per hour for the electrical workers in 
the Tramways Department whose wages, have up 
till now, been determined by the practice in general 
engineering. The municipal authorities have refused 
to concede the increase, and the members of the union 
in the district have passed the following resolution :— 

“ That the time is now ripe to establish a common 
understanding between all our members employed 
by the Manchester and Salford Corporation to assist 
one another on wages questions and working conditions 
under discussion, and that a committee be formed to 
meet when any trouble arises.” 

A committee has been formed to deal with this 
particular trouble. No doubt, when joint action of 
this kind has been effective over a fairly large area, 
the wages paid in the sheltered industries will be 
assumed to be the standard for the unsheltered industries. 
The unsheltered industries cannot afford to pay these 
high rates, and if they are pressed to do so they will 
be obliged to shut down. The ultimate effect of all 
action of this kind must, therefore, be, as Mr. Frank 
Shearman suggested the other day at Cardiff, to leave 
the workers as a whole not better, but much worse, off 
than they were before. 


Mr. J. G. Pease, the Umpire appointed under the 
Unemployment Insurance Acts, has given two in- 
teresting decisions on points referred to him by the 
Court of Referees. In one of the cases, benefit was 
claimed on behalf of men employed by the South 
Liberty Collieries, Bristol, who went on strike because, 
they said, the employers had contravened the National 
Agreement of 1924. The employers refused to pay 
wages in accordance with the Agreement, saying that 
they were not contracting parties to the Agreement. 
When the terms of the Agreement were settled the 
Bristol Colliery Owiiers were members of the Mining 


Association, and the Umpire says that although they 
gave notice of resignation before the Agreement was 
formally signed, their resignation did not become 
operative immediately as 12 months’ notice was 
required. Accordingly, although the Bristoi Colliery 
Owners Association protested that they would not 
be bound by any national wages agreement which 
increased the wages payable in that district, being 
members of the Mining Association, they were parties 
to the National Agreement. “ In my view,” concludes 
the Umpire, “the stoppage of work was due to an 
employer acting in a manner so as to contravene the 
National Agreement to which the employers and the 
employees were contracting parties, and benefit is 
payable.” 


In the other case, the applicants for unemployment 
pay were employees of certain steel manufacturing 
firms in the Sheffield District, who claimed that they 
had struck because of a breach of agreement by the 
employers. The purport of the Umpire’s finding in 
this instance is that while the men engaged in the 
production of steel are entitled to benefit, the main-. 
tenance stafis are not. The case, however, raises 
questions of importance and difficulty on the con- 
struction of the Act of 1924, and it will be necessary, 
Mr. Pease states, to give his reasons for the decision 
at length. He promises to do this later, 


Speaking at Merthyr, Mr. John Marchbanks, the 
President of the National Union of Railwaymen, said 
that they had now taken the offensive for the first 
time since 1919, and for the first time in the history 
of their movement the proposals had been formulated 
by the rank and file as such. This new movement, if 
successful, would mean, he declared not only improved 
conditions for railwaymen, but for other workers. 
Alternatively, it would mean defeat for railwaymen 
and the putting back of other workers of the country. 
It was the bounden duty, therefore, of every member 
of the organisation to back the proposals for all they 
were worth. 


The Scottish Regional Wages Committee for the 
building trades has arrived at an agreement on the 
subject of working hours in accordance with the © 
provisions contained in the constitution of the National 
Wages and Conditions Council. The agreement is as 
follows :— : 

““{1) That where the 44-hours week (eight hours per 
day for the first five days and four for Saturday) was 
in operation on May 22, 1924, the same shall be main- 
tained, with the proviso that on jobs where no arti- 
ficial light is reasonably possible the hours may. be 
reduced by half-an-hour during the first five days of 
each week during January and December, thus making 
414 hours per week, with half-an-hour for meals. 

*““ (2) That where other than 44 hours per week was 
in operation on May 22, 1924, the normal working 
week shall not exceed 464 hours, and the same shall 
be maintained until altered by mutual agreement. 
In this case the operatives will be entitled to claim 
two meal hours. 

“Nore.—This clause will not apply where the ex- 
tended number of hours were being worked in violation 
of any understanding which had existed in the locality. 

“(3) The provision for the half-hour for meals in 
Clause 1 is to be subject to ratification by the National 
Wages and Conditions Council.” 


The Ministry of Labour states that the number of 
unemployed persons on the register of Employment 
Exchanges in Great Britain on September 15 was 
1,164,000—873,300 men, 39,400 boys, 217,500 women, 
and 33,800 girls. The total number of unemployed 
persons on September 8 was 1,163,648, and on 
December 31, 1923, 1,285,623. ; 


UniversaL Directory oF Raittway OFrFicrats.— 
The thirtieth annual edition of the Universal Directory 
of Railway Officials has now been published, and differs 
from preceding issues mainly in the arrangement of the 
personal index, This has been compiled so as to show 
after an official’s name a letter and anumber. The letter 
indicates which of the 10 sections of the work contains 
the particular railway he is connected with, and the 
number identifies the company. The volume is published 
by The Directory Publishing Company, Limited, 33, 
Tothi'l-street, 8.W.1; price 20s. net. 


Om EnctInge TrapE.—That the long looked for re- 
covery in the oil engine industry throughout the country 
is in view receives some support from the fact that 
during the month of July a record trade was done, since 
the great slump which commenced over three years ago, 
by Messrs. L. Gardiner and Sons, Limited, of Patricroft, 
Manchester. A feature of the improvement is that 
engines have been ordered for a wide variety of purposes 
from small house lighting sets of the two and three 
horse-power type, to engines of over 200 brake horse- 
power for the propulsion of commercial craft. 
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NOTES FROM SOUTH YORKSHIRE. 


Snerripip, Wednesday. 


Tron and Steel.—While conditions in several of the 
lighter sections devoted to machinery and tool production 
point to the prospect of improved business towards the 
end of the year, the gloom in heavy iron and steel 
manufacture is unrelieved. The possibility of a settle- 
ment in the dispute affecting the three largest basic 
steel-producing concerns in the Sheftield district seems 
to be drawing nearer, as the result of statements published 
by the employers’ and the men’s representatives. Mean- 
while the demand for common billets, hematites, and 
pig iron continues at one of the lowest levels recorded 
for many months. Several hundred more operatives 
have been thrown idle during the past fortnight, bringing 
the total of unemployed in Sheffield to 27,000. The 
measure of improvement brought about since the worst 
period of the slump is, however, indicated by the fact 
that, during the past four years, close upon 43,000 opera- 
tives have been absorbed into the local staple trades. 
A revival of Continental competition in basic steel has 
reacted adversely on local values, which, though declared 
by producers to be mainly unremunerative, still show 
a downward tendency. Hard basic billets are quoted 
at 91. 10s. per ton, soft basic billets 87. 5s., West Coast 
hematites 57. 10s., East Coast hematites 4/7. 15s., Lin- 
eolnshire and Derbyshire No. 3 foundry, each 4/. 7s. 6d., 
and Lincolnshire and Derbyshire forge iron, each 41. 5s. 
Good progress is being made with South Yorkshire 
colliery developments, which are calling for supplies of 
pit gear, ropes and tools. The extended provision of 
miners’ houses is also proceeding apace. Plant at 
Sheepbridge, Derbyshire, for the manufacture of centri- 
fugal castings is now in successful operation. The 
manufacture of mining and quarrying tools is making 
good progress. The report of one of the leading firms 
dealing in this class of product shows that it has had one 
of the most successful years in its history. Electrical 
and textile engineers continue to book fairly substantial 
orders for export, despite the difficulties of foreign 
currency and foreign tariffs. The heavy engineering 
branches are making moderate headway in the face of 
discouraging obstacles. Railway work is less abundant, 
but by no means all the latest requirements of former 
customers are going to Continental competitors. French 
automobile engineers are in the Sheffield market for 
rolled steel of guaranteed quality. 


South Yorkshire Coal Trade——The demand for best 
steams is below production capacity, though business 
on a substantial scale continues to be done with France, 
Holland, Belgium, Sweden and Germany, while exports 
to Russia tend to expand. The home demand for 
manufacturing fuel is far from brisk, but deliveries are 
maintained at a fairly high level. Improvement in 
cobbles, nuts and slacks is deterred by the offer of 
inferior qualities at cheap rates. An effort made by 
individual collieries to raise the price of best house coal 
has not affected official quotations, a surplus tonnage 
still being available. Coke shows signs of an early 
improvement. Quotations : —Best branch handpicked, 
32s. to 35s.; Barnsley best Silkstone, 26s. to 28s. ; 
Derbyshire best brights, 26s. to 28s.; Derbyshire best 
house, 23s. to 25s.; Derbyshire best large nuts, 21s. to 
25s.; Derbyshire best small nuts, 15s. to 17s. 6d. ; 
Yorkshire hards, 21s. 6d. to 22s. 6d. ; Derbyshire hards, 
21s. to 22s.; Rough slacks, 12s. 6d. to 15s. 6d.; Nutty 
slacks, 12s. to 14s. ; smalls, 6s. to 8s. 6d. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. . 


MrppiessrouGcH, Wednesday. 


The Cleveland Iron Trade.—There is very little new 
to report of Cleveland pig-iron. Supplies are by no 
means plentiful, and indeed No. 1 is extremely scarce, 
but customers are slow to purchase, and values continue 
to droop. Whilst, however, conditions point to a con- 
tinuation of the downward movement in prices, it is 
fully realised that little increase in demand is needed 
materially to alter the situation and to cause quotations to 
stiffen. No. 1 is very difficult to obtain under 87s. 
Most makers ask 82s. for No. 3 g.m.b., but 81s. 6d. is 
stated to have been accepted, and buyers are inclined to 
hold off in anticipation of a still lower figure being 
named. Foundry No. 4 is quoted 8ls.; and Ne. 
forge, 80s. 


Hematite.—The East Coast hematite branch is handi- 
capped by large and steadily increasing stocks, and 
with buyers exercising extreme caution in their dealings, 
prices are weak. Producers are very unwilling to make 
price concessions, but they are understood to have 
accepted orders at below recognised market rates, and 
merchants are keen to sell at a little below the figures 
generally named. No. 1 is put at 90s. 6d., and mixed 
numbers are quoted at 90s. 


Foreign Ore.—Business in foreign ore is hardly heard 
of, and definite contract prices are not easily fixed. 
There are sellers on the basis of best rubio at 22s. c.i.f. 
Shea but probably orders could be placed on lower 
erms. 


Blast-furnace Coke.—Durham blast-furnace coke is in 
only moderate request, and prices tend easier. Good 
medium qualities run from 25s. 6d. to 26s. delivered to 
local users. 


Manufactured Iron and Steel.—Sheet makers are fully 
employed, and they report continued considerable 
inquiry, but in nearly all other branches of finished 


iron bars, 122. 10s.; iron rivets, 147. 5s.; packing 
(parallel), 91.; packing (tapered), 12/.; steel billets 


(soft), 82. 10s.; steel billets (medium), 9/.; steel billets 
(hard), 91. 10s.; steel rivets, 141. 15s. ; steel boiler 
plates, 137. 10s.; steel ship, bridge and tank plates, 
10/. 5s. ; steel angles, 10. ; steel joists, 107. ; heavy steel 
rails, 91.; fish plates, 13/.; and galvanised corrugated 
sheets (24-in. gauge, in bundles), 187. 10s. 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 


Scottish Steel Trade-—No improvement of any kind 
can be reported in connection with the Scottish steel 
trade, and the outlook is as dull and cheerless as ever. 
Buyers with orders to place keep clamouring for better 
terms in view of the low offers from the Continent, 
but as the lots do not make up a heavy tonnage and as 
full oncost charges are running, producers find it 
impossible to do much in the way of shading prices. 
Already the current quotations do not show much, if 
any, margin, and further concessions would just mean 
a balance on the wrong side without any doubt. If 
consumers were ordering freely and the tonnages were 
heavy so as to ensure the steady and full running of 
plant, more favourable terms might be possible, but, at 
present, little in that direction can be expected from 
producers. 
moment, is just about as poor as it has been for some 
time, and even the general enquiry shows no signs of 
improving, either on home or export account. The 
black-sheet trade continues to exhibit activity, and 
not only in the lighter gauges, the heavier sorts being 
in rather better request. The following are the current 
market quotations :—Boiler plates, 13/. 10s, per ton ; 
ship plates, 10/. 5s. per ton; sections, 10/. per ton ; and 
sheets, + to }in., 127. 10s. per ton, all delivered Glasgow 
stations. 


Malleable Iron Trade.—Movement in the malleable- 
iron trade of the West of Scotland continues to be very 
restricted, and little fresh business is reported. Home 
consumers are not placing many orders and foreign lots 
are difficult to pick up. In the re-rolled steel branch 
the demand is also very limited, and although there 
are a fair number of orders on hand there is no pressure 
felt and prospects are not bright. Prices are unchanged, 
with “ Crown ” bars quoted at 12/. 10s. per ton, delivered 
Glasgow stations. 


Scottish Pig-iron Trade—It is not possible yet to 
report any improvement in the state of the Scottish 
pig-iron trade and conditions would almost seem to be 
worse this week. Dealings all over are very poor, and 
the demands from both home and foreign buyers are 
of the smallest proportions. The lower prices now being 
quoted by producers have failed to revive buying and the 
present outlook is indeed very poor. The following are 
the market quotations :—Hematite, 4/. 15s. per ton, 
delivered at the steel works; foundry iron, No. 1, 
4l. 16s. 3d. per ton, and No. 3, 4/, 11s. 3d. per ton, both 
on trucks at makers’ yards. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade——No improvement can be recorded 
in the general condition of the Welsh coal trade. In- 
deed, on balance, the position is, if anything, worse. 
Inquiries are limited and the amount of new business 
passing is extremely small. In fact, collieries are only 
managing to keep their pits working intermittently by 
the shipment and railing of contract supplies. Stop- 
pages throughout the coalfield are of frequent occurrence, 
and already a number of pits have been closed down 
and others are still following suit. The Merthyr district 
up to the present has been hardest hit by the uneconomic 
condition of the coal trade. In addition to the closing 
of the Bedlenog pits, which throws 2,000 men out of 
employment, it has now been decided to shut down the 
Castle Pit of Level and the Gething Colliery, which also 
renders idle about 2,000 men. The Lucy Drift, of the 
Thomas and Llewellyn Colliery Company is also to 
close and between 500 and 600 men will be idle. In 
this district alone some 7,000 men have been thrown 
out of work, while at least another 10,000 men have been 
rendered idle in other parts of the coalfield. Notwith- 
standing the loss of production caused by the wholesale 
stoppages of pits, available supplies of coal are generally 
more than sufficient to meet the limited demand. The 
only class of coal which is scarce is anthracite, and for 
this prices are up to 62s. 6d. for French nuts. Bitu- 
minous and dry sized coals, too, are in moderate request 
and none too freely offered, with the former ranging 
from 21s. to 24s. for nuts and the latter from 25s. to 
28s. All grades of steam are, however, excessive, and 
colliery salesmen, in the majority of cases, are pressing 
contractors to take deliveries in preference to selling 
in the open market. Best Admiralty large is worth 
no more than 27s. 6d., and Monmouthshires range from 
23s. to 25s., while smalls rule from 10s. to 15s. 6d., 
according to quality. Buyers with definite business, 
able to give quick shipment, can secure their require- 
ments at concessions of 6d. to 1s. on the quoted prices, 
and business, under these conditions, is entirely a 
matter of individual negotiations. 


Tower-hill, 


The demand for plates and sections, at they 


NOTICES OF MEETINGS. 


Top Instrrure or Martne Encinerers.—Tuesday, 
September 30, at 6.30 p.m., at 85-88, Tho Minories, 
E.1. ‘Marine Oil Engines: Practical 
Notes on Bearing Adjustment.” By Mr. John Lamb. 


Tur Insrrrovion or Ratmway SienaL ENGINEERS 
(INcCORPORATED).—Wednesday, October 1, at 6.30 p.m., 
at the Institution of Electrical Engineers, Victoria 
Embankment, W.C.2. Open discussion on ‘‘The Possi- 
bilities of Railway Signalling from an Economic Point 
of View.” The subject will be introduced by the 
President. 


Tue Royan AxRoNAUTICAL Socrery.—Thursday, 
October 2, at 5.30 p.m., in the Society’s Library, 7, 
Albemarle-street, W.1. ‘‘Common Sense and Aero- 
nautics.”’ By Lieut.-Colonel H. T. Tizard, A.F.C. 


Tur Iystirution or Miyina ENGINEERS.—Annual 
General Meeting, Thursday and Friday, October 2 and 3, 
in the Conference Hall No. 2, British Empire Exhibi- 
tion, Wembley. Thursday, October 2, at 11 a.m. 
Presidential address by Dr. J. S. Haldane, F.R.S., on 
“The Values for which the Institution Stands.” Papers 
to be discussed: (1) ‘Salt Treatment for Miners’ 
Fatigue,’ by Sir Josiah Court, L.R.C.P., M.R.C.S. (2) 
“The Food Requirements of Coal Miners.’ By Professor 
K. Neville Moss, M.Sc. (3) “ The Mechanical Efficiency 
of the Human Body during work in High Air Tempera- 
tures,” and “The Physiological Standardisation of the 
Kata-Thermometer,” by Professor K. Neville Moss. 
(4) “The Application of Gas Analysis to the Detection 
of Gobfires,” by Mr. John T. Storrow and Mr. J. Ivon 
Graham, M.A., M.Se. Friday, October 3, at 10.30 a.m. 
(5) “ Economies’ of the Coal-Mining Industry,” by Mr. 
Evan Williams. (6) ‘““The Valuation of Mines and 
Minerals, and the Relation of Income Tax to such 
Valuations,” by Mr. R. L. A. Dron, B.Sc. The following 
papers, read before the Empire Mining and Metal- 
lurgical Congress, June, 1924, submitted for further 
discussion: (a) “The Ventilation of Mines,” by Pro- 
fessor Douglas Hay, B.Sc. and Mr. Robert Clive. (6) 
“The Rhymney Valley Compressed-air Installation,” 
by Mr. Edmund L. Hann. (c) “ Problems of Mech- 
anical Coal-mining,” by Mr. Sam. Mavor. (d) ‘‘ The 
Preparation of Coal for the Market,” by Mr. F. S. 
Sinnatt, M.Sc., and Mr. H. Eustace Mitton, M.Inst.C.E. 


THe DieseL-ENGINE Users’ Assocrarron.—Friday, 
October 3, at the Engineers’ Club, Coventry-street, 
W.1. “The Significance of Exhaust Temperature,” by 
Mr. P. H. Smith. 

Tue Junior IysrrrutTion or ENcGrnerrs.—Friday, 
October 3, at 7.30 p.m., at 39, Victoria-street, S.W.1. 
Lecture, ‘*‘ Explosions, Terrestrial and Celestial,” by 
Professor A. W. Bickerton. 


Tue Iystirute or British FouNDRYMEN: LaANnca- 
SHIRE Brancu.—Saturday, October 4, at 4 p.m., in the 
College of Technology, Sackville-street, Manchester. 
Presidential address by Mr. R. A. Miles. Followed by a 
paper on “ John Wilkinson,” by Mr. J. P. Bedson. 


PuysicaL Cuemistry or IaGnrous Rocks.—A general 
discussion of the physical chemistry of igneous rock 
formation is to be held in the rooms of the Geological 
Society, Burlington House, London, on Wednesday, 
October 22, beginning at 3p.m. Contributions are 
expected from Dr, J. 8. Flett, Professors C. H. Desch 
and J. W. Gregory, and other authorities. Further 
particulars relating to the meeting may be obtained from 
Mr. F. 8S. Spiers, 90, Great Russell-street, London, W.C. 1. 

New Frenon Navat Construction.—The French 
Government has announced that the two new cruisers 
Duquesne and Tourville will have the following character- 
istics: Length, 607 ft.; beam, 29 ft. ; draught, 20 ft. ; 
ih.p., 130,000 ; speed, 33 knots; armament, eight 8-in. 
guns mounted in four double turrets, eight 2-9-in. and 
eight anti-aircraft guns; six 21-6-in. torpedo tubes 
in two groups of three tubes each. The crew will 
be 600, and great attention has been paid to making the 
living conditions as comfortable as possible. 


Tue Iratran TELEPHONE SeERvice.—Tenders have 
now been invited by the Fascist Government for the 
purchase by private firms of the Italian Government 
telephone system. This is another step towards the 
transfer of Italian internal communications to the 
control of private organisations with the object of securing 
efficient management and development. The country is 
to be divided into five sections for the purpose, and these 
are to be putinto the control of different organisations. 
Conditions attaching to the purchase are that the plant 
will be developed, that the capital shall be Italian, and 
that rates to users shall be reduced. | 


Tus Royat Tecuntcat Cortean, GLascow.—On his 
appointment as Professor of Electrical Engineering in 
The Royal Technical College, Dr. 8. Parker Smith made 
an appeal through the Council of the British Electrical 
and Allied Manufacturers’ Association to British firms 
for donations of plant to put the equipment of the 
electrical laboratories into a state representative of the 
best modern practice. The leading members of the 
B.E.A.M.A. made immediate and generous response, 
with a resulting benefit to the many electrical students 
in Glasgow. Professor Parker Smith has now obtained 
what are amongst the best equipped laboratories in the 
country, and he desires on behalf of the College to express 
appreciation of what has been done by the B.E.A.M.A. 
and its members as a result of his suggestion. 
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THE CANADIAN GOVERNMENT DRY DOCK AT ESQUIMALT, BRITISH COLUMBIA 


(For Description, see Page 449.) 


Fie. 32. View or Work on Heap or Dry Dock. 


Fic. 33. Virw TAKEN From Heap anp LOOKING TOWARDS ENTRANCE OF Dock, 
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THE UTILISATION OF LIGHT ALLOYS. 


Iv is difficult for the engineer who is directly 
engaged in industry to keep in touch with the 
advances that are continually being made by the 
metallurgist. Until very recently the subject of 
metallurgy was rarely included in the curriculum 
of an engineering course, and even now it is doubtful 
if its importance is recognised sufficiently by engi- 
neering teachers. As a result of this neglect, 
comparatively few of the men who occupy respon- 
sible positions in engineering concerns possess the 
necessary groundwork of knowledge in this subject 
which would enable them to follow subsequent 
developments without great difficulty ; and, apart 
from this, the complex organisation of a modern 
works leaves the various members of the staff with 
but little time for academic study. 

Comparative ignorance of metallurgy amongst 
the members of a works staff is relatively unim- 
portant if the organisation is sufficiently large to 
permit of the inclusion of a trained metallurgist, 
but there are a very large number of firms engaged 
in engineering production in this country where 
such an inclusion could not be justified. In such 
cases the selection of the most suitable material 
for any particular part lies between the designer 
and the works staff, and it is in cases such as this 
that ignorance of the latest advances made in 
metallurgy is likely to be detrimental. 

Dr. Aitchison, in a paper read recently before the 
Institution of Automobile Engineers, mentioned the 
comparative neglect of the newer alloys of aluminium 
and magnesium by the automobile industry in 
particular. Both he and Dr. Rosenhain, who 
recently spoke on the same subject at the Empire 
Mining and Metallurgical Congress, referred to the 
obvious use to which these alloys may be put in 
high-speed reciprocating elements, such as the 
pistons and connecting rods of internal-combustion 
engines. The materials which have been in universal 


use in the past for these elements have been cast 
iron for the pistons and mild steel for the rods, 
and, more recently, alloy steels have been suggested 
and largely utilised for the latter. For these 
materials to be replaced by aluminium alloys the 
latter must show an advantage as a whole, and 
not only in one particular. 

All engineering work is a question of compromise, 
and in the case under consideration a large number 
of factors enter into the problem of the selection of 
the most suitable material. Amongst these may 
be mentioned cost, weight, strength, wearing 
qualities, conductivity, ease of manufacture and 
permanency, and all these have to be balanced in 
making a selection. In certain cases one of these 
factors may easily outweigh all the others; for 


Pe in engines where light weight or high 


| speed is the ruling consideration, as in aero or 
racing engines, no hesitation will be necessary in 
selecting the aluminium or magnesium alloy, but 
| the decision is much more difficult in the case of the 
normal commercial engine, which is designed to 
run at a moderate speed. It may be said at once 
that, if the materials available were of equal cost 
the alloys would at once replace the cast iron or 
steel previously in use, because on most of the 
points mentioned there is little to choose between 
the old and the new materials, but the lower weight 
of the latter offers marked advantages. The out- 
of-balance force due to the inertia of the piston 
and connecting rod in even a small automobile 
engine is very considerable, and this force would 
be reduced approximately 60 per cent. by the 
substitution of one of the light alloys for cast iron. 

The automobile trade is in a peculiar position 
in that the majority of the users of its products 
are not engineers, and rarely consider their pur- 
chases from an engineering standpoint, As a result, 
the designer, who has to satisfy such customers, has 
frequently to give undue weight to superficial con- 
siderations which may be no more than the whim 
of the moment, and receives no stimulus to embody 
features which would appeal particularly to trained 
engineers. Thus in the case of the ordinary touring 
car the customer will usually form his judgment of 
performance on the engine bore, which affects 
him directly from the point of view of the Treasury 
rating, and on the acceleration and maximum speed 
of the car. He has no conception of fuel economy 
in relation to total weight, and condemns a car if 
it is necessary to utilise his lower gear ratios on 
moderate gradients. To such a purchaser the 
question of engine balance is relatively unimportant, 
and he will frequently make quite erroneous con- 
demnation based on nothing more important than 
some minor fitting being set in vibration, due to 
the defective design of that particular part. The 
vast majority of such people are quite satisfied with 
the degree of balance attained in an ordinary four- 
cylinder engine with cast-iron pistons, and would 
be quite incapable of appreciating the improve- 
ment in this respect which would result from fitting 
lighter rods and pistons. On the other hand, such 
people lay great stress on acceleration or ‘“‘ liveli- 
ness.” The acceleration of an engine depends 
mainly on the power-weight ratio, and this can be 
increased in a variety of ways, of which the use of 
light materials for the reciprocating parts of the 
engine is only one. -Others are the reduction of 
chassis or non-reciprocating engine weight, the 
alteration of engine stroke, and modifications in the 
design of the engine to reduce wire-drawing effects. 
Each method has its corresponding disadvantages 
as regards increase in cost, and the extent to which 
each is adopted is a question for the individual 
judgment of the designer. 

Mr. Ricardo has pointed out that, besides the more 
obvious advantages of alloy pistons, their use 
eliminates the formation of carbon deposits on the 
underside of the piston, and also results in a lower 
oil consumption. Apart from the question of cost, 
their only appreciable disadvantage appears to be 
their greater coefficient of expansion. This results 
in piston slap when the engine is cool, owing to 
the greater clearance necessary, but as the piston 
reaches its working temperature very rapidly, this 
point is not serious. A factor on which further infor- 
mation is wanting is that to which Dr. Aitchison 
referred as smoothness of running in the cylinder. 
The remarkable surface which certain qualities of 
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cast iron acquire after prolonged friction between the 
piston and cylinder wall is well known, and it would 
be of greater interest to know whether an equiva- 
lent surface can be produced with a light alloy. 
Once such a surface is produced, the engine can be 
subjected to a certain amount of abuse due to short- 
age of oil or overheating without serious detriment, 
and if this can be shown to be a feature peculiar 
to the cast-iron piston, it is a point in its favour. 
Broadly speaking, it may be said that the case in 
favour of alloy pistons has been made out more 
strongly than that for alloy connecting rods, though 
this may be in part due to the fact that the light 
alloy rod is a newer conception. At present there 
are certain disadvantages associated with the 
metalling of the big end of the rod. If the white 
metal is cast in, great precautions have to be taken 
not to overheat the rod, as this would seriously 
impair its subsequent strength. Although due 
attention may be given to this point in the first 
instance, there is little likelihood that equal care 
will be exercised by the repairer when the time 
comes for the renewal of the metal. The use of 
separate die castings would overcome this trouble, 
but as generally fitted they are more liable to fail 
owing to disintegration than the run-in metal. 
Possibly this would be overcome if the die castings 
were made somewhat heavier than usual, and if the 
whole rod was of light alloy, there would be no great 
objection to this on the grounds of increased weight. 
In both the papers referred to, the correct treat- 
ment of the alloys in all stages of manufacture is 
emphasised, and there is obviously a better chance 
of this point receiving adequate attention if the parts 
are manufactured in large quantities. Unfortu- 
nately, it is still the usual practice of the British 
car manufacturer to produce the engine within his 
own works, which results in each manufacturer 
producing a relatively small number of special parts. 
This tendency is difficult to understand; but 
whether it is due to the inherent individuality of 
the British character, or to other causes, there is 
no doubt but that it is against the best interests of 
the automobile industry as a whole. It cannot be 
disputed seriously that one firm of specialists will 
produce a better and cheaper engine than a number 
of small firms all engaged upon almost duplicate 
operations, but in spite of this obvious fact a strong 
prejudice exists on the part of the public against the 
car with a component engine. It is apparently 
considered essential that certain components, such 
as the magneto and carburetter, should be purchased 
by the maker from a firm of specialists, but should 
a firm for any reason find it necessary to obtain 
their engine in the same manner, they are under the 
necessity of disguising it as their own product. 


BRITISH MAIN LINE ELECTRIFICATION. 


THE question of main line electrification in this 
country has been the subject of much attention by 
various of our engineering institutions during the 
last few years, and that it is not going to be over- 
looked during the meetings of the coming session 
is made evident by the early appearance of a 
further paper by Lieut.-Colonel E. O’Brien. This was 
entitled “The Future of Main Line Electrification 
on British Railways,” and was read before the 
Institution of Locomotive Engineers last night. 
That a very strong case for main-line electrification 
can be made is now a matter of common engineering 
knowledge, and, to those familiar with the subject, 
the paper did not perhaps contain much that was 
new. It was none the less of much value as bringing 
a close analysis of the subject before a new audience, 
and particularly a definite railway audience. It is 
well that from time to time this subject should be 
dealt with by the Institution of Electrical Engineers, 
but in the long run if anything practical is to be 
done, the matter must be dealt with by railway 
people, and anything which will tend to engender a 
proper appreciation of the arguments for and against 
such electrification in railway circles is to be 
welcomed. 

Colonel O’Brien has more than once put the argu- 
ments for main-line electrification in a more definite 
and persuasive form than is perhaps usual in rail- 
way officials, and anything more which he can do 
to bring about a proper realisation of electrical 


possibilities in railway circles is likely to have the full 
This is by no means a 
matter of interest only to electrical men. There is 
more mechanical than electrical engineering in a 
main-line electrification or in a power house, and a 
vigorous electrification policy would by no means 
run counter to the interests of mechanical engineer- 
The matter has 
more than once been put forward as one of the 
items in unemployment relief schemes, and while 
there is no reason to dispute that electrification 
on a large scale would be of great value in absorbing 
labour, it would be very undesirable that the 
general public should get the impression that this 
is the main argument for such work. Electrifica- 
tion can make technical and commercial claims 
which require no bolstering by extraneous argu- 


support of all engineers. 


ing and the mechanical engineer. 


ments. 


As Colonel O’Brien began his paper by stating 
that main-line electrification in this country was 
not a remote possibility, but an immediate proba- 


bility, it is not surprising that he was able to pro- 


duce figures clearly showing heavy advantages in: 
its favour. As we have said, the figures were not all 


new, but so important is it that a proper appre- 


ciation of the matter should become more general 


that a summary of his argument may well be given. 


To make his comparison between steam and electric 


operation as clear as ‘possible, he divided it into two 


heads: first, the cost of energy, and, second, the 
The cost of 
energy in the case of steam operation was taken as 


cost of maintenance and operation. 


the cost of the coal delivered to the locomotive 
running-shed, and in the case of electric operation, 
as the cost of current delivered to the locomotive, 
including all costs of transmission and conversion. 


As is very generally known, the results of British 


suburban electrification show that the cost of main- 


tenance of electrical rolling-stock is less than that 


for analogous charges per engine-mile for the whole 
main line system of a steam-operated railway, 


although the service run by the electric stock is so 
With main-line electrification this 


much heavier. 
feature of the matter would show even more pro- 
minently in favour of electric working. Experience 


in many countries has also shown that an electric 
locomotive is capable of a very much greater annual 
mileage than a steam locomotive, and that its repair 
costs are only from one-third to one-seventh that 


of its steam rival. These factors are of such impor- 
ance that Colonel ‘(O’Brien was able to show that, 
excluding the cost of fuel or electric energy, an 
economy of 10d. per engine-mile might be effected 
by substituting electric for steam locomotives. 
this economy were not modified by other condi- 


tions, it would, if applied to the whole of the British 


Railways, represent no less a sum than 21,000,0001. 
annually. 

Several matters would intervene in any efforts 
which might be made towards making this attractive 
saving, and, as Colonel O’Brien pointed out, one 
of them is the cost of siding electrification. The 
main factor, however, concerns the density of traffic. 
On this density depends the cost of electrical energy 
supplied to the electric locomotive, whereas the 
average cost of fuel for steam-operated services is 
practically constant whatever the traffic density. 
Making an analysis of the figures available, Colonel 
O’Brien showed that if current is purchased at 
0-4d. per high-tension unit, the cost of current 
per engine-mile would never fall as low as the cost 
of coal per engine-mile at the running shed and 
would only approach it at the very high density of 
8,000,000 trailing ton-miles per track-mile per 
annum. Other factors are such, however, that in 
Colonel O’Brien’s opinion, if the cost of electrical 
energy could be reduced so that the cost of elec- 
tricity per electric engine-mile was no higher than 
the cost of fuel per steam-engine mile, then the 
ultimate electrification of the majority of the British 
railway mileage would be assured. 

At a traffic density of about 2,300,000 trailing 
ton-miles per annum the locomotive costs of opera- 
tion by electricity are about the same as by steam. 
This density is, however, much exceeded on most 
of the heavily trafficked systems in Great Britain. 
Colonel O’Brien is of opinion that the density of the 
four track main lines radiating from London is at 
least 5,000,000 to 6,000,000 trailing ton-miles per 
track-mile per annum, and the consequent net 


Tf 


increase in revenue per engine-mile for an area 
extending 150 miles from London would be at least 
5d. per engine-mile. He went on to say that the 
cost of replacement of the steam locomotives by 
electric locomotives did not affect the question of 
capital expenditure as an electric locomotive could 
easily perform six times the mileage per annum ot 
a steam locomotive, while the ratio of cost of an 


electric locomotive and a steam locomotive capable — 


of equal duty was only 1-7 to 1. If the engine 


workings could therefore be arranged so as to 


provide only 1:7 times the annual mileage of the 
steam locomotive for the electric locomotive, the 
cost of the change should be borne by the renewal 
fund or from revenue without diminishing the net 
revenue of the railway. 


THE MANUFACTURE OF THERMIONIC 
VALVES. 


WHILE the manufacture of thermionic valves for 
use in connection with wireless telegraphy and 
telephony has now been carried on in this country 
for several years, the comparatively recent intro- 
duction and the subsequent development of broad- 
casting, by creating an enormously increased 
demand for the valves, has had the effect of changing 
the manufacturing processes involved from the 
character of laboratory operations to the mass- 
production scale. The M.O. Valve Company, 
Limited, whose works at Brook Green, Hammer- 
smith, we have recently had an opportunity of 
inspecting, is now producing some 25,000 valves 
a week, ranging from small receiving valves requiring 
only 60 milliamperes at 2-8 volts for heating the 
filament to large water-cooled transmitting valves 
capable of handling from 10 kw. to 20 kw. of elec- 
trical energy. All the processes involved in the 
production of these valves are carried on at the 
Brook Green Works, except the manufacture of 
the glass bulbs and tubing required, the bulbs being 
made at the Lemington-on-Tyne works of the 
General Electric Company, Limited, and the glass 
tubing at the latter company’s works at Wembley, 
Middlesex, adjoining their Research Laboratory. 
The M.O. Valve Company, it should be explained, is 
a combination of the General Electric Company, 
Limited, and Marconi’s Wireless Telegraph Com- 
pany, Limited, for the manufacture of thermionic 
valves, which are sold jointly by the General 
Electric Company, Limited, and the Marconiphone 
Company, Limited. 

One of the most interesting processes in valve 
manufacture is the production of the tungsten 
filaments, which, for the so-called bright-emitter 
valves, are similar to those used in metal-filament 
electric incandescent lamps. At the Brook Green 
Works, the scheelite ore, imported from Australia, is 
first ground in Braun planetary pulverisers, reduced 
by hydrochloric acid, precipitated, and dried into 
a low-grade oxide powder. 
ground, mixed with water, and dried by heating in 
open pans, the product being the yellow powder of 
tungstic oxide. This is reduced at a temperature 
of 800 deg. C. in gas-fired furnaces through which a 
current of hydrogen is passed, a brown powder of a 
lower oxide being produced. Further heating of 
the brown powder at 900 deg. C. for two hours 
produces a grey metallic powder, which is sifted 
and pressed by hydraulic pressure into bars. 8 in. 
in length and about } in. square in section. These 
bars, which are quite brittle, are heated for 30 
minutes in a tubular furnace and then “ sintered ” 
in an atmosphere of hydrogen by passing a current 
of 1,500 amperes through them. A coherent bar 
of metallic tungsten is produced in this way, which 
is afterwards gradually swaged down, with numerous 
intermediate heatings in gas-fired furnaces, to form 
fine rods 0-83 mm. in diameter. The rods are 
then drawn through gas-heated diamond dies, 
Aquadag being used as a lubricant, into wires for 
use as filaments, the finest of which has a diameter 
of only 0-0005 in. Dull-emitter filaments are 
produced in the same way, except that a very small 
percentage of thoria is added in the early stages. 
This has the effect of greatly increasing the emission 
of electrons for a given temperature, so that the 
valve operates satisfactorily with the filament at a 
dull-red heat. The current consumption is thus 


This powder is further * 
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greatly reduced and the life of the valve is corre- 
spondingly increased. 

Apart from transmitting, rectifying and special 
valves, over 20 standard types of small valves 
suitable for broadcast reception are being produced 
at the works, mass-production manufacturing 
methods being naturally applied more particularly 
to the types for which there is the greatest demand. 
Many of the processes involved, we may mention, 
have emanated from the Wembley Research Labora- 
tories of the General Electric Company, which were 
illustrated and described in our issue of March 2, 
1928, on pages 256 and 275, and several of 
the automatic and semi-automatic machines em- 
ployed for the work have also been designed 
and constructed there. The space at our disposal 
does not permit us to describe the construction 
and characteristics of all the valves made at 
these works, although we hope to deal with some 
of the recent developments in an early issue. It 
may, however, be of interest now to refer briefly 
to the design of the well-known R.5V. valve and to 
describe some of the manufacturing processes used, 
which differ only in detail from those employed in 
the production of the other ordinary types. 

This valve is of the bright-emitter type, requiring 
a filament voltage of 5 and taking a filament current 
of 0-66 ampere. It will work satisfactorily with 
anode voltages ranging from 30 to 100, and is 
suitable for general reception purposes. The 
filament is in the form of a vertical triangular 
loop and the grid consists of nickel wire wound 
round a U-shaped support so as to form a 
flat cage. The anode, which surrounds the grid 
and filament, is in the form of a flattened 
cylinder and is made of thin nickel sheet. The 
supports for the grid, anode and filament are 
of stout nickel wire, to which is attached, by spot 
welding, a short piece of composite wire consisting 
of a nickel core with a copper coating, the combined 
coefficient of expansion of the two metals being 
practically equal to that of glass. This part, when 
sealed into the glass pinch, forms a gas-tight joint, 
and a length of copper wire, spot welded on to the 


other end of the composite wire, enables the electrical 


connections to be made. Four of these supports are 
required for each valve—one each for the grid and 
anode and two for the filament; an additional 
support, not electrically connected with the exterior, 
is provided to hold the upper end of the filament 
loop. 

The four supports and leading-in wires for each 
valve are placed in the die block of an automatic 
machine, and over each set of them is placed 
a short length of glass tubing, flanged out at 
the upper end. The lower unflanged end is 
softened by blowpipe flames and afterwards 
pressed together by tongs to fix the wires in 
position and to form the pinch, which makes a 
gas-tight joint with the special composite wire. 
The anode and grid are made separately, the former 
from flat nickel sheet bent to the required shape 
and joined along the longitudinal seam by spot 
welding, which, it may be mentioned, is used 
exclusively for all internal joints and connections. 
The grids are produced in an automatic machine by 
winding fine nickel wire round U-shaped formers of 
stouter nickel wire, each turn being fixed in position 
by spot welding. The filaments, grids and anodes 
are then welded on to the supports, which have been 
mounted in the pinch as explained above, and when 
this has been done, a short length of magnesium 
wire is welded on to the exterior of the anode for a 
purpose which will be explained later. These 
operations are carried out successively by girls, 
who sit on the opposite sides of a bench and pass the 

rts, on small inclined conveyors, from one side 

f the bench to the other as each operation is com- 
pleted. Jigs are, of course, employed to ensure the 
accurate assembly of each component, since the 
working characteristics of the valve are largely 
dependent upon the relative positions of the parts. 

The bulbs, as supplied from the glass works, are 
without the familiar “ pip”? and are open at one 
end. The first stage in dealing with them is to 
burn a hole in the correct position by means of a 
fine blow-pipe flame, and to fuse in a short length of 
tubing to enable a connection to be made with the 
vacuum pump for exhaustion. This operation, 
known as “stemming,” is carried on in an auto- 


matic machine. The electrodes mounted on the 
pinch, as explained above, are then sealed in to the 
open end of the bulb on another automatic machine, 
from which the valves are transferred to the pumping 
machine. This consists of a slowly rotating table 
provided with socket connections into which the 
stems are inserted. As the table rotates, the valves 
pass into a gas-heated oven, and, while still being 
heated in this way, the stems are put into connection 
first with a rough pump and then with a rotary 
pump, which produces a vacuum of about 0:001 mm. 
of mercury ; in the same machine the stem is fused 
off. As one revolution of the table is completed, 
each valve passes under the electrodes of a Tesla 
coil, and the resulting glow discharge inside the 
bulb is an indication that the required degree of 
exhaustion has been attained. After removal from 


this machine, the pumped valves are fitted with a 
cap which is secured by shellac mixture, and finally 


with a composition base surrounded by a metal 
shield and carrying four pins to which the copper 
wires from the pinch are connected by soldering. 


The pins, of course, are spaced to fit into the usual 


socket. 


The vacuum required in thermionic valves is 
considerably higher than that which suffices for an 
incandescent lamp, and, for the final exhaustion of 
the former, mercury-vapour diffusion pumps are 
commonly employed. For valves made on a 
quantity-production scale, such as that referred to 
above, the so-called ‘‘ gettering ” process is used for 
This process is carried out 
automatically on a rotating table, the otherwise 
completed valves being fitting into sockets on the 
As the table rotates, the filament is first 
heated up to a state of brilliant incandescence and 
a potential considerably above the normal working 


the final exhaustion. 


table. 


potential is applied to the anode. The compara- 


tively heavy electronic current which then flows 
through the valve is sufficient to heat the anode 


to a dull red, so that the piece of magnesium 
attached to it, as mentioned above, is volatilised. 


Some of the finely divided magnesium combines 


with the small amount of gas left in the bulb, 


producing a very high vacuum, while the remainder 
is deposited in the form of a metallic mirror on the 


inner surface of the glass bulb. Here it serves 
the useful purpose of absorbing any further gas 
which may subsequently be liberated from the 
metal parts during the working life of the valve. 
For some valves, the heating of the anode during 
exhaustion and also for the purpose of volatilising 
the “getter,” is effected by eddy currents, and in 
some other respects the manufacturing methods 
differ according to the type, size, and quantity 
being produced. In the case of dull-emitter valves, 
the filament is heated for some time to a definite 
temperature, which is considerably higher than is 
used in normal working, in order to bring a larger 
proportion of thorium to the surface, and the fila- 
ment is afterwards “‘aged”’ by running it at its 
normal temperature for a long period. Valves of 
all types are thoroughly tested before being packed 
for despatch. 


NOTES. 
AMATEUR WIRELESS T'RANSMISSION. 


Tur subject of Dr. W. H. Eccles’ address 
delivered on Wednesday last to the Radio Society 
of Great Britain, although only directly concerning 
the amateur wireless transmitter, is nevertheless 
of some general interest as an example of the manner 
in which the restrictions of a Government Depart- 
ment may interfere with scientific progress. In the 
past, it appears, British amateurs holding trans- 
mitting licences, in spite of numerous restrictions 
as to power, wave length, times of working, &c., 
have managed to communicate over great distances 
with almost incredibly low powers, and, as an 
example of the utility of their work, Dr. Eccles 
pointed out that the commercial use of short waves 
for long-distance transmission has been the outcome 
of attention directed to the matter by the results 
of amateur experiments. 


the Post Office on the activities of amateur trans- 


mitters, who are now only permitted to transmit 
messages to stations in Great Britain and Northern 
Ireland which are actually co-operating in the 


Recently, however, a 
further important restriction has been imposed by 
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transmitter’s experiments. Although, we believe, 
special permission would be granted for British 
amateurs to carry out particular experiments with 
foreign amateur stations, the new regulations would 
appear seriously to hamper international co-opera- 
tion in wireless experiments and to place the British 
amateur at a disadvantage, in comparison with the 
foreigner, with respect to long-distance working. 
It certainly seems highly improbable that the 
amateurs of this country would have been able to 
demonstrate the possibilities of short waves had 
the new restriction been in force two or three years 
ago. Dr. Eccles, after explaining the provisions of 
the Wireless Telegraphy Act, discussed some of the 
existing anomalies in connection with the granting 
of amateur transmitting licences by the Postmaster- 
General, taking particular exception to the inter- 
pretation of one of the provisions of the Act, to 
compel applicants for licences completely to disclose 
the objects and methods of their proposed experi- 
ments. Experimental methods, he pointed out, 
could rarely be foreseen, being usually evolved as 
the experiments proceed, so that to insist upon a 
statement of the methods to be adopted before the 
experiments can be commenced may deprive some 
competent experimenters of the opportunity of 
doing really useful work. The remedy, Dr. Eccles 
suggested, was to revise the existing regulations 
in the light of the experience of other progressive 
countries, so as to give British amateur transmitters 
equal freedom, and, of course, equal responsibilities, 
to those of their fellow-workers in the United States, 
France, and elsewhere. 


Port FactLitigs FoR VESSELS OF DrEP DRAUGHT. 

The question of the ultimate draught of large 
vessels has come up at innumerable conferences, 
and in a general way remains undecided. It is 
accepted that deeper draught, permitting of larger 
capacity, is an economical direction for development 
up to some rather indefinite figure. This figure 
depends upon the nature of the trade engaged in, 
the lost time waiting for full cargoes, and the costs 
of working part-time partly loaded. When a 
concrete case is taken the problem is a little less 
abstruse and a policy may be determined with 
more nicety, though still based, perforce, on assump- 
tions which time in these days of quick changes 
may early prove at fault. A definite case has 
recently arisen in connection with Colombo Harbour. 
This is a port of call on important routes, not only 
as a centre of trade, but also for bunkering purposes. 
A Suez Canal programme contemplates the deepen- 
ing of that waterway by 1933 or 1935 to allow of the 
passage of vessels of 36 ft. draught. The Panama 
Canal permits of the passage of ships drawing 36 ft. 
or slightly more, and the lock construction practi- 
cally precludes deepening. At Colombo, work is in 
hand to provide for the accommodation at moorings 
of vessels drawing 33 ft., one such berth being now 
available. This requires a depth of water of 36 ft., 
and to go deeper than this would entail a great 
deal of costly excavation in rock. The Imperial 
Shipping Committee, on being approached for 
advice in the matter, have recently obtained the 
views of shipping companies trading on the route. 
The Holt Line and the Glen Line at present run the 
steamers with the greatest draught to this port. 
The Holt Line does not contemplate the use of 
vessels drawing more than their present extreme 
draught of 33 ft. 10 in. in the next few years, and 
does not think the port should be deepened for the 
very occasional need of deeper berthage. The 
chairman of the Glen Line considered that the 
deepening of the harbour should keep pace with the 
Suez Canal. Deeper draught vessels are hardly 
anticipated in the Australian trade. The committee 
report that, as the cost of the additional excavation 
would necessarily increase harbour dues, the effect 
might quite likely prove unfavourable to the port, 
especially since the development of the oil engine 
may make it possible to cut out ports mainly used 
on certain routes for bunkering. If the survey of 
the harbour should prove the work of deepening to 
be very costly, the committee consider that there 
would not be at present sufficient justification for 
undertaking it. 

Street LIGHTING. 

The lighting of public thoroughfares involves the 

consideration of problems so entirely different 
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from those encountered in the internal illumination 
of ordinary buildings that it has been thought 
advisable to form a special institution to deal with 
the questions. This hody, the Institution of 
Public Lighting Engineers and Superintendents, held 
its first conference in The Royai Technical Cellege, 
Glasgow, from September 16 to 18, under the 
chairmanship of Mr. §. B. Langlands. In the 
course of his presidential address Mr. Langlands 
described the arrangements made to deal with the 
lighting of streets and the passages and stairs 
providing access to flats in Glasgow. In the busiest 
thoroughfares an endeavour was made, he said, to 
have a mean effective value of illumination of 
about 2 candle feet. This had been obtained by 
arrangements which gave a maximum illumina- 
tion of about 5 candle feet and a minimum of 
0-1 candle feet. Smaller values were in use in 
streets with less traffic and in the stair lighting a 
lamp which gave about 20 candle power had heen 
installed at every lighting point, but increased 
values were used where the stairs were badly con- 
structed and exceptionally dark. Both the electrical 
and the gas fittings used for the purpose of public 
lighting had been standardised. In Glasgow the 
public lighting department was entirely independent, 
of both the electricity and the gas undertakings, 
and consequently the aim had always been to get 
the best possible results with either illuminant under 
all the varied conditions. In his paper on “ Electric 
Mains for Street Lighting,” Mr. R. B. Mitchell, 
Electrical Engineer to the City of Glasgow, detailed 
the requirements, specified many of the problems 
involved and showed how they could be economi- 
cally solved. Mr. Haydn T. Harrison, in presenting 
a paper on “ Projected Light,” discussed the 
lighting of highways for motorists and referred 
to experiments made with fixed lights at small 
heights above the road. He claimed that many 
of the disagreeable features to pedestrians of this 
svstem of lighting had now been overcome and that 
powerful lamps could he used, if they were put 
below the eye level and shielded from direct sight 
by a system of louvres. Another paper concerned 
the subject of ‘Street Lighting and Visibility.” 
This was read by Mr. Edward J. Stewart. of the 
Glasgow Corporation Lighting Department, who 
referred to the subject as being surrounded by 
conflicting issues. Compromise was necessary if 
they were to obtain the desired street illumination 
at low cost, to keep down the number of standards, 
to get good distribution and diffusion and to prevent 
viare, although high candle powers were used. 


THE NAVY AT THE BRITISH EMPIRE 
EXHIBITION —V. 


Messrs. Yarrow’s exhibit is a little difficult to 
locate, being in a different portion of the Palace 
of Engineering from the majority of the engineers 
and shipbuilders. It will be found on the right- 
hand side on entering the Stephenson Gate. Many 
interesting models are exhibited by the firm, and 
the largest of these is one of the latest type of the 
famous Yarrow boiler. 

Those familiar with the evolution of the torpedo- 
boat destroyer will remember that after the marked 
success of the first six of the type ordered in 1892, 
and of which Messrs. Yarrow built the Boxer and 
Bruiser, a large number of vessels of the type 
were ordered by the British Admiralty, and the 
contracts were divided between over a dozen 
firms. Requirements as to speed, load on trial, 
and other vital details were communicated to the 
firms, and they were invited to forward their own 
designs of hull and propelling installations. A 
different type of water-tube boiler was suggested 
by each firm, and since the object was to ascertain 
the most efficient boiler for the purpose, each was 
allowed to instal the type proposed. Some of these 
boilers were of very complicated design, and 
experience at sea with the completed vessels soon 
indicated the advantages and defects of the various 
types. In later classes of destroyers the number of 
types of boilers gradually diminished, until, at the 
present time, only two remain, of which the Yarrow 
type is one. 

So far as the larger types of warships were 
concerned, it was the practice after the introduction 
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Fia. 28. Earty Typr or Yarrow WATER-TUBE BOILER. 


Fie. 29. Moprrn Yarrow BoiLeR witH SUPERHEATER FOR H.M. Dustrroyer “ TyrRIAn.” 


of water-tube boilers to fit only those of large tube | Yarrow boiler is now found in all sizes and type 
type, such as the Belleville. This continued for | of warships of the British and many foreign navies- 
some time, until the demands for increased power | a striking example of the “ survival of the fittest. 
and speed necessitated the fitting of the lightest | During the war, 90 per cent. of the warships buil 
and most’ efficient type of boiler, As a result the!in Great Britain were fitted with Yarrow boiler: 


SepT. 26, 1924. | 


ENGINEERING. 


459 


THE NAVY AT THE BRITISH 


B “Rp 


\ 


EMPIRE EXHIBITION. 


Fie. 30. Hutt or SHattow-DravuGcut VESSEL with YARROW HinaEp F rap. 


and, up to date, the boilers of this type which have 


been constructed or are now in hand represent no | 


less than 25,000,000 h.p. 

Sir Alfred Yarrow introduced his boiler in 1885, 
and one of the first to be constructed is on view. 
It is a small boiler standing about 5 ft. high, but, 
as will be seen from Fig. 28, on the opposite page, it 
is of different design from the form which is now so 
familiar. The tubes are straight as at present, but 
in place of a single steam drum of circular section 
as now fitted, it has two of semi-circular section, 
the flat portion of each forming the tube plate. 
The two water drums at the bottom are of the same 
section as the steam drums, the tubes from one water 
drum all crossing to the steam drum on the oppo- 
site side. Experience, both in construction and use 
at’ sea, showed in what direction improvement 
could be effected, and later the boiler took the 
form which it retained for many years, i.e., a single 
cylindrical steam drum connected direct by straight 
tubes with two cylindrical water drums of smaller 
diameter symmetrically placed at the base. 

The firm has always been intensely progressive, 
endeavouring to improve upon their previous best, 
generally with success. Superheaters have been 
added to the boiler, and the form which was 
adopted in the boilers of the Tyrian, one of the latest 
destroyers built by the firm, is shown in Fig. 29, 
the superheater being clearly indicated on the left- 
hand side. After fitting so many warships with 
their boilers, Messrs. Yarrow are now supplying 
them to land installations, and a model at the 
stand shows the form adopted (see page 177 ante). 
In this type, one water drum is fitted on one 
side and two water drums on the other, with 
superheater between. Economisers at the level 
of the steam drum, on both sides of it, and air- 
heaters in the uptakes are also important features. 

- Messrs. Yarrow also show a model of a destroyer 
which was completed to their own design in 
December, 1919, the last of a batch of seven of 
the same class of which the first was commissioned 
in May, 1918. These vessels are included in a 
class of destroyers, of which 70 were built. Their 
designed speed was 36 knots, displacement about 
1,075 tons, length 276 ft., and shaft horse- power 
of turbines 27,000, The Tyrian and her sister vessels 


are of 930 tons displacement, length 2734 ft. and 
shaft horse-power of engines 23,000. The Tyrian 
attaied a speed of 40 knots, and her sister vessel, 
the Torch, 394 knots. The armament, both gun 
and. torpedo, is the same in all vessels of the class. 
Thirty-two destroyers were ordered from Messrs. 
Yarrow during war and of these 28 were completed, 
the others being cancelled after the armistice. 
Messrs. Yarrow were one of the pioneer firms in 
the construction of fast torpedo craft, and have 
designed and built a great many torpedo boats and 
destroyers for foreign navies, in addition to a large 
number for the British Navy. There has always 
existed a friendly and healthy rivalry between 
Messrs. Thornycroft and Yarrow for speed, and a 
ding-dong race has resulted. The two firms have 
recently each received an order from the British 
Admiralty for a destroyer, and the particulars of 
these vessels and their trial results will be awaited 
with interest. 

Another type of vessel in which Messrs. Yarrow 
have specialised and of which they have designed 
and constructed many successful examples is the 
light-draught river steamer. Those who have 
read Lady Yarrow’s book on the life-work of her 
husband will be familiar with the details of the 
first of the type built by him for service on the 
African lakes. The Herald and Mosquito, stern- 
wheeler gunboats built for the British Admiralty 
for service on the Niger, were two early examples, 


and these were followed by others of larger and 


improved type with twin screws for service on the 
Nile, with Kitchener, on the Yangtze, Tigris, and 
the Danube. The Robin, one of a small fleet of six 
shallow-draught gunboats built for service in China 
in 1898 by Messrs. Yarrow, is still in service. This 
vessel, of 85 tons displacement, is 108 ft. long, 24 ft. 
broad and of 2 ft. draught, has a speed of 9 knots 
and is armed with two 6-pdr. guns. Two larger 
vessels, the Teal and Moorhen, were built in 1901 
and displace 180 tons, having a speed of 13 knots 
and carrying two 6-pdr. and four machine guns. 
The Widgeon, of the same class, was completed 
in 1904. 

Early in the war, the naval authorities decided 


that vessels of this description would be eminently: 


suitable for service in certain theatres of the war, 


gunboats. The former were 
intended for use on the Tigris, and the latter on the 
Danube. The firm completed both designs, being 
given a free hand by the Admiralty, but the great 
pressure of work on other classes of war vessels 
prevented them building the larger gunboats, and 
the orders for these were given to firms who were 
notso pressed. ‘T'welve of the smaller gunboats were, 
however, built and completed by Messrs. Yarrow. 
The order was placed on February 9, 1915, and four 
were completed ready for shipment to Abadan, near 
Basra, in July of that year. The first vessel was 
erected and commissioned in November, 1915, and 
the remainder followed soon after. When it is 
stated that the slips at Abadan, on which the 
erection took place, had to be improvised and that 
other facilities were limited, the record in the con- 
struction of these vessels is a remarkable one. ‘These 
gunboats were 126 ft. in length, 20 ft. beam and 
2 ft. draught, displacing 100 tons, fitted with one 
Yarrow boiler, reciprocating engines and one screw, 
the horse-power being 175 and the speed 94 knots. 
The armament included one 4-in., one 12- and one 
6-pounder, one 3-pounder high-angle, one 2-pounder 
pom-pom gun, and four maxims. One, the Firefly, 
was captured by the Turks, but was recaptured later 
and all took a prominent part in the advance on 
Baghdad. Shortly after the capture of the Firefly, 
four more were ordered. 

The larger class, of which 12 were built, were 
238 ft. long, 36 ft. beam and 4 ft. draught, displacing 
640 tons. The engines were of 2,000 i.h.p.; two 
screws were fitted and a speed of 14 knots attained. 
The armament was a relatively heavy one, and in- 
cluded two 6-in., one 3-in. high-angle and two 3-pdr. 
guns. Some of these boats were sent to the Persian 
Gulf, and although such a type of vessel is not 
intended for oversea navigation, they, after being 
temporarily stiffened, were towed to their destina- 
tion without serious damage. A model of this larger 
class is exhibited. The firm also designed and 
built a repair ship for the Tigris fleet. Named 
the Scotstoun, she was a stern wheeler and was 
stationed at Abadan and proved very useful. 

A working model is also exhibited which fully 
demonstrates the principle of the “hinged flap ” 
devised by Messrs. Yarrow and fitted abaft the 
propellers in shallow-draught steamers. It was 
first fitted in the gunboat Widgeon and proved so 
useful that it has been adopted in all gunboats 
since built by Messrs. Yarrow. The small draught 
—2 ft.—specified in earlier vessels limited the 
diameter of the propellers which were each housed 
in a recess in the bottom plating. The recess had 
a maximum height at the propeller and inclined 
downwards, forward and aft. The plating on the 
crown of the portion of the recess abaft the screw 
introduced a serious resistance to propulsion, which, 
for the same speed, was constant at all draughts, 
light or deep. The hinged flap was introduced to 
diminish the resistance at the deeper draughts. To 
permit of the flap being fitted, the recess abaft the 
propeller is made rectangular in section, the crown 
being flat and horizontal. The flap is hinged to 
the crown near the propeller, and its after end can 
be raised or lowered from the deck as necessary. 
When in the desired position, the after end of the 
flap is just immersed in the water. When the 
propeller revolves, the recess is filled and the screw 
works in solid water. At deep draughts, the flap 
is less inclined than when the vessel is light and its 
resistance to motion ahead is reduced. With this 
arrangement, the propeller shaft can be fitted above 
the light water-line and the propeller made of larger 
diameter than with the fixed type of recess. A 
bolted watertight portable plate on the top of the 
recess over the propeller allows of the latter being 
inspected or repaired. The device has proved very 
successful and has been adopted in many types of 
shallow draught vessels built by Messrs. Yarrow. 
Fig. 30, on this page, shows the hull of a shallow- 
draught vessel pitch with the device. 

A model of a yacht—the Cutty Sark—built by 
the firm on destroyer lines is also on view. With 
a length of 273 ft. anda beam of 25} ft. she attained 
a speed of 22 knots. 

Two other exhibits remain to be noticed before 
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concluding, viz., Messrs. Simons, Renfrew, and 
Swan, Hunter and Wigham Richardson. The 
former firm specialise in dredging vessels, a type 
of craft which is necessary for the maintenance 
of naval harbours and bases. Many models of 
dredgers, both of the bucket and suction type, are 
on view.* Another model shows the arrangement 
of two hospital ships built during the war for 
service in Mesopotamia and designed by Sir John 
Biles. These are shallow-draught vessels, driven 
by paddle-wheels placed amidships. A type of 
war vessel which has not been noticed in other 
exhibits is the “sloop.” A model of the Lupin, 
one of this type, is shown by Messrs. Simons, and 
is representative of half-a-dozen built by the firm. 
These vessels were primarily intended for mine- 
sweeping and were fitted with the necessary gear— 
gallows, wires, winches, &c.—for this dangerous and 
important work. They performed other useful 
functions, and some are now engaged on police and 
other work in distant seas. Many have been sold 
and reconditioned for commercial work. Over 100 
were built during the war, the dimensions of the 
majority being 255 ft. long, beam 334 ft. and draught 
11 ft. They displaced 1,250 tons, and were fitted 
with two tank boilers, triple-expansion engines of 
2,000 i.h.p. and twin screws, giving over 17 knots. 
They had two 4-7-in. and two 3-pdr. guns. 

Messrs. Simons also exhibit a model of the 
Confiance, a 36-gun frigate built by the firm in 1812. 
A comparison of her features with those of the 
modern warships in the neighbouring exhibits will 
impress the most casual visitor with the tremendous 
differences between the ships which sailed with 
Nelson and those which served with Beatty. The 
more thoughtful will be tempted to speculate on the 
differences which are likely to be observed in the 
models of warships exhibited in the next great 
Empire Exhibition, and those which now so well 
represent ships of the British Navy at Wembley. 

Messrs. Swan, Hunter and Wigham Richardson, 
Limited, exhibit a large number of ship models 
which admirably represent the various types of 
vessels that have been launched from their slipways 
on the north bank of the Tyne. Amongst these 
models is one of the Mauretania, the largest 
mercantile vessel built at Newcastle, which has 
very recently broken three speed records for the 
eastbound Atlantic passage. The light cruiser 
Comus and the destroyer Laertes are also 
represented. The former was completed in May, 
1915, and is of the Caroline class already referred to. 
A later and larger cruiser, the Coventry, of the 
Ceres class, was completed by the firm in February, 
1918. The Laertes was a destroyer completed in 
1913, having a displacement of about 1,000 tons 
and fitted with engines developing 22,500 shaft 
horse-power to give a designed speed of 29 knots. 
On trial, 25,000 shaft horse-power was developed, 
giving a speed of nearly 32 knots. Four sister 
vessels—the Shark, Sparrowhawk, Spitfire and 
Lysander—were also built by the firm. A model of 
the Radstock is in the Government Pavilion, and 
is representative of some 25 destroyers completed 
by the firm and engined by the Wallsend Slipway 
and Engineering Company during the war. Several 
submarines and sloops were also constructed and 
many units repaired. 

One type of naval construction in which Messrs. 
Swan, Hunter and Wigham Richardson have parti- 
cularly specialised, and for the building of which 
their works are very adequately equipped, is 
represented by a model of the Bermuda floating 
dock completed for the British Admiralty in 1902, 
and which, after trials in the Medway, was towed 
across the Atlantic. The lifting capacity of this 
dock is 17,000 tons, and it is built in sections each 
of which can be unbolted from the main structure 
and docked upon the remainder for inspection, 
repair or repainting. Altogether the firm have 
constructed 32 floating docks of various types, the 
aggregate lifting power being 180,000 tons. The 
largest was completed for the Admiralty in 1912 
and has a lifting capacity of 33,000 tons. The side 
walls of the dock contains stores, workshops, machi- 
nery, and all necessary appliances for ship and 
engine repair, together with accommodation for 
workmen and crew of the docked vessel, and is thus 


* See ENGINEERING, vol, cxvii, page 548, 


a complete unit. The great size of the dock—it is 
690 ft. long and 160 ft. wide—necessitated it being 
of the solid type, i.e., it is a completely riveted 
structure and is not in detachable sections. It was 
intended originally for the Medway, and on comple- 
tion was towed there and moored in the position 
prepared for it. Shortly after the outbreak of war 


the naval authorities found it necessary to increase 
and improve the docking facilities on the north-east 
coast, to enable the larger units of the Grand Fleet 


Fig. 31. 


to dock as close as possible to their. bases. The 
Medway dock was towed to the Tyne and berthed 
in Jarrow Slake—not far from the slipway on 
which it was built—where it proved extremely 
useful, not only for the periodical dockings of the 
larger war vessels, but also for their repair after 
action. After the armistice, it was transferred to 
a southern naval base. The sister dock built by 
Messrs. Cammell Laird was similarly towed from 
Portsmouth to Invergordon, where it remained 
throughout the war. It was very fortunate for 
the Allied Grand Fleet that these two docks were 
available at the required positions during the war, 
and the rapid, easy, and safe transference from 
one position to another, as required by the exigencies 
of naval strategy, emphasised one great advantage 
of the floating dock over the fixed or masonry type. 

Messrs. Swan, Hunter and Wigham Richardson 
have also on view a full-size example of a type of 
boat construction which, at present, is in greater 
evidence on American waters than on those of the 
British Isles. It is termed a “seasled,’’ and, it is 
stated, is carried on the ‘majority of American 
warships, having superseded the ordinary type of 
steam and motor boats hitherto carried. The 
seasled, which is illustrated in Figs. 31 and 32 
above differs in many important respects from 
the ordinary shape of boat, and also from the 
stepped-bottom type represented by the coastal 
motor-boat. In plan it is rectangular, in section 
it has vertical sides from chine to gunwale, but from 
chine to chine its shape is that of an inverted and 
flattened V, the keel being thus higher than the 
chines and above the waterline when at rest (see 
Fig. 32). The bow is scow-shaped in profile, but 
in front view is bifurcated, the recess of the bottom 
being continued along the scow end. At the stern 
it has a vertical transom. 

Twin-plate rudders are fitted, the front edges being 
hinged to the sides of the boat, the after ends of the 
chines being shaped away to allow the rudders to 
rotate, but without projecting beyond the transom. 
The two rudders are connected by a rod and moved 
together by the tiller or steering wheel. The engine 
is fitted direct to the propeller shaft, the latter 
passing through the transom and being above the 
water-line when the boat is at rest. The propeller 
is thus half-immersed when at rest, and although 
this appears a disadvantage as compared with the 
completely submerged screw, it is claimed by the 
patentees that the shaft and shaft-bracket resistance 
is eliminated, and much superior speed results are 
obtained than in ordinary motor-boats with the 
same power per unit of displacement. Other advan- 
tages.are that there is less likelihood of damage to 
the hull if the propeller strikes floating objects, 
and the propeller can be unshipped and replaced or 
refitted with the boat afloat. It is also claimed that, 
in this type of craft, more passengers can be accom- 
modated ; the shape of transverse section adopted 
gives greater stability when in still water or in a 
seaway; there is far less water disturbance and 
spray thrown up when moving at high speeds ; and 
the air-cushion which is formed under the keel 


eliminates nearly all “ pounding ” when in a seawa; 
often obvious in ordinary high-speed motor boat 
An American boat—Orlo I1I—built on these line 
attained a speed of nearly 58 m.p.h. on a mi 
run, and 40 m.p.h. on a 50-mile course. The boa 
which is on view at Messrs. Swan, Hunter ar 
Wigham Richardson’s stand, is a “runabout 
with a length of 24 ft. and is fitted with an engir 
of 35 h.p., which gives a speed of 18 m.p.h. | 


is a handsome craft, and possibly, now that th 
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firm has taken this type of construction in han 
it will become popular on British waters. Th 
builders are Messrs. Philip, of Dartmouth, a 
associated firm of the Tyneside shipbuilders. 


REFRACTORY SECTION OF THE CERAMI 
SOCIETY. 


The Refractory Materials Section of the Ceram 
Society held its fourteenth meeting on the 18th an 
19th inst., the gathering of members taking place a 
the British Empire Exhibition, Wembley, under th 
chairmanship of Mr. J. Holland. There was a goo 
attendance, though for various reasons several familie 
figures were not in. evidence. 


A Comparison oF GAS AND CoKE-FrrRED DRYING 
STOVES. 


The first paper on the above subject was by Mi 
T. W. Barley. For some years, he said, the cos 
of drying moulds and cores has been a subject ¢ 
close attention at the Imperial Steelworks of Edga 
Allen and Co., Limited, Sheffield. Day by da 
many moulds and cores have had to be drie 
between 5 p.m. and 8 a.m. It was formerly th 
practice to place the cores on bogies placed in bric 
chambers, these chambers being provided with fire 
boxes at the end farthest from the door. Coke wa 
used as fuel, and some of the moulds were spoiled b 
overheating, whilst others were insufficiently drie 
during the run. Such a stove, having a capacity ¢ 
only 710 cub. ft., required no less than 17 ewt. of cok 
in 14 hours. 

In 1911 the foundry was re-built, and with a view t 
making better use of the space and at the same tim 
inereasing the efficiency of the drying process, it wa 
decided to lay down drying chambers to be operated b 
Sheffield town gas, which was then only 10d. per 1,00 
cub. ft. and of about 560 B.Th.U. The consideratio 
that the absence of furnaces and chimneys, the conse 
quent simplification of the construction of the dryin 
chambers, the elimination of carting (fuel and ashes 
and the smaller number of operators required, alon 
with the low price and good quality of the gas, migh 
even result in a reduction of drying costs was actuall 
realised. Unfortunately, the outbreak of war soo: 
afterwards exercised an adverse influence, but durin 
the war they performed their work, and the fact tha 
they could be operated with a minimum amount 0 
labour was then a consideration of primary importance 

Post-war conditions made it necessary to give clos 
attention to the drying problem. In 1915, th 
76,615,500 cub. ft. of gas used for drying cost 3,9391. 
whilst in 1920 the 53,619,900 cub. ft. of gas used fo 
drying cost 9,691/. The gas burners used were 0 
standard Bunsen type. Careful investigations showe 
that regulation of the gas pressure was very desirable 
that the temperature in the drying chamber range 
from that of the atmosphere to a maximum of 38 
deg. C., and from 385 deg. at the roof to 100 deg. C 
at the top of the carriage supporting the moulds an 
cores. Results of research in the laboratory showet 
the importance of drying at a lower temperature i 
order to reduce the risk of breaking down the natura 
bond of the sand. In connection with the stove 
heated by means of Bunsen burners, it was found that: 
slight increase of pressure produced a slight increase 0 
temperature, but was associated with a proportionatel, 
much greater consumption of gas, that whatever th 
temperature of the stove might be the reading of | 
thermometer buried in a core or mould never exceede 
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100 deg. C., and that much condensation of moisture 
took place within the stove, causing rust to form on 
the metal surfaces. By regulation of gas pressure and 
temperature a saving in each stove of 2,250 cub. ft. 
of gas per run was made. Insulation by a lining of 
Moler bricks saved 2,000 cub. ft. of gas per run of 15 
hours, and reduced the time required to attain a drying 
heat. By these two means the consumption was re- 
duced from 25,250 cub. ft. to 21,000 cub. ft. of gas. 

With a view to improving the temperature gradient 
a new burner was tried instead of the Bunsen burners. 
The apparatus consists essentially of a special gas and 
air-mixing chamber (Fuller burner), a Keith Blackman 
air-pressure fan working at 8-in. water gauge, and two 
4-in. steel tubes arranged down each side of the drying 
chamber and provided with outlets to point towards 
the centre line of the chamber. Jn working, gas is 
passed through the mixing chamber and ignited, the 
secondary air being then turned on, the effect being to 
project a flame down the entire length of pipe—some 
20 ft. or 22 ft. Next to the mixing chamber a short 
fireclay sieve is inserted in the pipe as a protection from 
the intense heat of the flame at this point. This instal- 
lation has been operating six days per week since the 
end of June, 1922, the gas consumption averaging 
1,000 cub. ft. per hour. Since it was got into working 
order no further trouble has arisen. The operating 
time has been reduced by one hour and the gas con- 
sumption by more than 5,000 cub. ft. per run as 
compared with the Bunsen burners. The cost of 
working the fan is 1s., and the only cost for repairs 
was a small sum for renewing the fan impeller. The 
temperature gradient within the drying chamber has 
been very materially reduced, and the maximum roof 
temperature has been brought down from 385 deg. C. to 
225 deg. C. Another pressure-gas installation was tried, 
made by the British Furnaces, Limited. The essential 
difference between this and the Fuller system is that 
a higher air pressure is used and a much higher tempera- 
ture is attained at the point of combustion, but the 
results are very similar from the -two installations. 
The condensation taking place within the drying stove 
was considered to be an adverse factor from the 
moulders’ point of view, so no further development 
was attempted with these gas installations. 

The conventional way to dry clay crucible pots used 
for the production of special alloy steels is to construct 
the drying chamber over the flue leading from the coke 
furnace to the chimney. This process is wasteful in 
fuel, and also creates a considerable temperature 
gradient in the drying chamber, resulting in a large 
percentage of wasters. Eventually a high pressure hot- 
water or Perkins system was tried with complete success, 
the coke consumption being halved and wasters prac- 
tically eliminated. A similar drying stove for cores 
was fitted up in the foundry, but, though it satisfactorily 
dried plain sand cores, it was not successful with oil 
sand cores, which came into extensive use then, and so 
it was abandoned. It was not possible to get a higher 
temperature than 110 deg. C. in the drying stove, and 
oil sand cores should be stoved at not less than 180 deg. 
“4 ensure expulsion of the volatile constituents of the 
oil. 
It was realised that the ideal stove should have as the 

drying medium hot gases, or air as dry as possible, and 
at as constant temperature as possible, and also that 
ventilation of the drying chamber is a most important 
factor. As it is a costly business to heat up large 
quantities of air, this line of investigation was reluc- 
tantly abandoned. 

A Hiittenes coke-fired, air-blown furnace was next 
imported from Germany. The furnace itself is a steel 
plate box, lined with firebricks, divided into a com- 
bustion chamber with firebars and feeding door at the 
top. The fuel used is low-grade coke, breeze, lignite, or 
any other cheap fuel. The hot gases pass over a bridge 
at one end of the furnace, down each side of vanes or 
louvres of firebrick, between which they are met by a 
compressed air jet at 80 lb. pressure per square inch. 
The products of combustion are thus projected into the 
drying chamber at a high velocity, and at the same 
time the draught through the firebars is increased 
materially. The furnace was attached to one of the 
drying chambers, and a trial run gave most satisfactory 
results. In order to adapt the furnace better to the 
requirements of mould and core drying in chambers, a 
brick furnace is now constructed, in most cases sunk 
into the ground. The hot gases are directed upward 
instead of downward, and a number of drying chambers 
are operated from one furnace, using as many com- 
eet air jets as drying chambers, the compressed air 

ing also pre-heated. The advantages attending the 
use of this type of furnace in the way indicated include. 
economical fuel consumption, small first cost and low 
cost of maintenance, economy of space and absence of 
chimney, little attention required during the run, easy 
regulation of temperature (within limits) by turning on 
more or less air, the possibility of placing it at some 
distance from the drying chamber with little loss of heat, 
and reduction of labour and of cost of construction by 
making one furnace serye a number of drying chambers. 


Guidance may be given to the operator (who may 
be unskilled) by a satisfactory thermographical chart 
while other advantages are the possibility of using 
the cheapest available fuel above the grade of dust 
(cinders from the Sheffield Corporation Cleansing 
Department collected with the household refuse are 
used, costing 6s. 6d. per ton), the attainment of com- 
plete combustion, and the possibility of giving the 
chamber an equable temperature throughout or any 
desired temperature gradient within limits. 

The performance of these furnaces during the past 
ten months support the claims made for them. An 
average load (of moulds and cores) on the carriage 
would be 30 tons to 35 tons. All the moulds are 
thoroughly dried at the end of the run, no moulds being 
found either burned or imperfectly dried. 

The average working temperature employed for 
mould-drying stoves is 225 deg. C., and 7 ewt. of coke 
are used per run of 15 hours. For large core stoves the 
average working temperature is 200 deg. C., using 
44 cwt. of coke, and for small. core stoves the tem- 
perature is 180 deg. C., using 4 cwt. of coke. The height 
of the stove is very important, efficiency being increased 
by lowering the roof so long as it serves its purpose. 
Experience has shown advantage in having stoves for 
drying cores not so high as those for mould drying. 

The air is supplied by the foundry air-compressor 
plant, which consists of two electrically-driven Belliss 
and Morecom high-speed two-stage compressors, of 
150 cub. ft. free air capacity. The nett amount of 
current consumed in a run of six hours was found to 
be 22 units, the nett cost for current only being 1s. 74d. 
per run of six hours, 

On August 18 last the average temperature in one 
of the drying chambers was found to be 190 deg. C. 
in the centre of the chamber, 6 in. below the roof, 
practically the same reading being obtained at the 
end next the furnace (burning coke breeze) at a point 
midway from the carriage floor to the roof. A reading 
on top of the carriage, next to the outer door, gave an 
average of 150 deg.C. The temperature of the products 
of combustion between the louvres and just inside 
the drying chamber ranged from 920 deg. C. to 740 
deg. C. during two hours. Air pressure was maintained 
at 80 lb.. which has been found to be the most efficient 
pressure. The ventilation outlets were set to give a 
total of 48 sq. in. area, also previously found to be the 
best. 

Samples of the products of combustion taken 
simultaneously before and after admixture with 
compressed air gave on analysis, the following results :— 


Before Admixture with After Admixture with 
Compressed Air. Compressed Air. 


CO, 13-15 per cent. CO, 13-96 per cent. 

Os) al O, 5-23 at 

CO 12-85 per cent. CO 0-41 ” 

Mr. W. J. Rees said he could corroborate all 


Mr. Barley’s figures from personal observation. He 
threw out the suggestion that in the first stages of kiln 
firing, hot gases might be applied in order to avoid the 
condensation associated with slow fires. 

Mr. Barley intimated that anyone interested might 
see the drying stoves in work at Messrs. Edgar Allen’s 
works at Sheffield. 


Some PRopERTIES oF CLAY-SILLIMANITE MIXTUREs. 


The next paper, by Mr. H. S. Houldsworth, M.Sc., on 
the above subject, was, in his absence, read by Mr. 
Dale. 

The object of the work was to study the changes in 
physical and chemical properties of a clay when mixed 
with varying percentages of sillimanite. The natural 
commercial sillimanite used contained 32-9 per cent. 
silica and 64 per cent. alumina with ferric and titanic 
oxides. The grading was as follows :— 


Per cent. 
Through 5—mesh retained on 10 mesh in 118 
#9 10 cE) 2” 20 ” 6-2 
Pr) 20 or 43 30 ry 17°5 
” 30 99 99 50 39 21:4 
ae al Ba epg ASUS ee 68 
SO Ps oi RUE 0s BS 5:9 
coe tell : ee LOO ness 2-4 
» 100 AC e203 2-9 
5 WAY oe Eee CONN s.; 4:2 
;, 150 ; ce 00 a 3 2-9 


with 18 per cent. through 200 mesh. 

Test pieces were made from Farnley fireclay alone 
and from mixtures containing 20, 334, 50, and 66% 
per cent., respectively, of sillimanite, and also of 
mixtures containing 95 per cent. sillimanite with 5 per 
cent. ball clay, and 90 per cent. sillimanite with 10 per 
cent. ball clay, the clays being first ground to pass a 
20 mesh standard sieve. The test pieces were fired in 
a works kiln to cone 06 in 48 hours and to cone 9 in 
72 hours, some of the latter test pieces being subse- 
quently burned for 2 hours at cone 14 and cone 18 
respectively in a laboratory gas-fired furnace, 3 hours 
being taken to attain the temperature, The drying and 


firing shrinkages, porosity, true and apparent specific 
gravities, refractoriness, reversible, thermal expansion, 
and resistance to solution by a soda lime, glass and a 
basic slag were determined. The results obtained are 
collected in tables or shown by means of curves. A 
summary of the results is as follows :—(1) Addition of 
sillimanite to clay decreases the drying and firing 
shrinkages, increases the porosity at the higher tem- 
peratures of burning, and when 50 per cent. or more 
is present increases the refractoriness appreciably. 
(2) A mixture of 95 per cent. sillimanite with 5 per 
cent. ball clay has a regular coefficient of expansion 
from 15 deg. C. to 1,000 deg. C., which is not affected 
appreciably by differences in the firing temperature up 
to cone 18. The rapid expansions shown by fireclays 
from 100 deg. C. to 200 deg. C. and from 500 deg. C. to 
600 deg. C. are reduced by the addition of sillimanite. 
The expansion of a typical fireclay from 600 deg. C. to 
1,000 deg. C. is less than that of sillimanite in the same 
range. (3) Sillimanite bonded with 10 per cent. of 
ball clay has a marked resistance to chemical attack 
by soda lime glasses and basic slag. Sillimanite-clay 
mixtures containing less than 50 per cent. of sillimanite 
are not appreciably more resistant to such attack than 
is fireclay alone. 

In a short discussion which ensued, the chairman and 
others commented on the unlooked-for result that in 
one or two instances the addition of a vitreous material 
like glass or slag apparently increased the refractoriness. 

Mr. A. 8. Green, on behalf of Mr. W. Emery, men- 
tioned that a number of saggars made of 70 per cent. 
silica with 30 per cent. fireclay had been in use for 
about a year, and many of them were still in good 
condition. Also a quantity of firebricks containing 
85 per cent. silica (the remainder being half fireclay and 
half bond clay) had proved successful in use. 

Mr. W. J. Rees stated that some sillimanite bricks 
were being tested in Sheffield, and preliminary trials 
indicate that they are likely to prove satisfactory in 
resisting sudden changes of temperature, &c. They 
are expensive in the first instance, but the true criterion 
is the cost per unit of production. In the roof of a 
3-ton furnace the life of 85 per cent. sillimanite bricks 
extended over 145 beats, and when the bricks were 
examined after remova! it seemed probable that they 
would have withstood 30 or 40 more heats, whereas the 
life of silica bricks under like conditions would only be 
about 60 heats. ‘There is little doubt that sillimanite 
bricks will find a field for use in the glass industry, 


(Lo be continued.) 


Merrronocican APPARATUS FOR JAPAN.—Messrs. Adam 
Hilger, Limited, 75a, Camden Road, N.W. 1, inform 
us, that they have been entrusted with the manufacture 
of the interferometric apparatus to be used for the 
establishment of the metre in Japan, in connection with 
the law passed by the Japanese Diet in March last, 
making the metric system compulsory in that country. 
The apparatus will also provide for the measurement 
of the 5-metre base, which is the foundation of ‘the 
geodetic survey in Japan. 


Tur Mersey TUNNEL.—The proposal to build a tunnel 
under the Mersey for the use of the heavy traffic to and 
from Liverpool, which has at present to be dealt with 
by ferries and so contributes to the congestion of a 
busy part of the river, has now reached the stage when 
an early start may be anticipated. It is now three and 
a-half years since a committee was formed to deal with 
the matter, representing all the municipalities on the 
Mersey who are interested in the proposal. Plans were 
then prepared for a tunnel of 2,400 yards in length and 
of dimensions suitable to allow four rows of vehicles to 
pass through in the upper part and two lines of tramways 
in the lower division. The scheme is estimated to cost 
about 7,000,0001., towards which it is anticipated that 
the Ministry of Transport will make a substantial contri- 
bution. The work will take five years for completion 
and will provide employment for many men who are 
at present idle. : 


Hich Sprep SUBMARINE TELEGRAPHY.—With the 
completion of the laying by the Cable Ship Colonia of a 
cable between New York and the Azores for the Western 
Union Telegraph Company, a new era in long distance 
submarine telegraphy begins. The novelty in the 
construction of this cable is the use of continuous 
loading. Instead of using loading coils at intervals, as 
is common in long distance land transmission systems to 
obtain the necessary inductance to counteract capacity 
effects, a tape of a highly permeable nickel-iron alloy 
known as Permalloy is wound continuously along the 
cable length. A greatly accelerated service is anticipated 
from this introduction, and cable engineers await with 
interest news of the actual speed of transmission attained. 
The laying was only completed last Saturday at Horta, 
where a Western Union Station has been established. 
It should be stated that the cable was made and laid by 
the Telegraph Construction and Maintenance Co., Ltd., 
of London, and that credit is due to the Western Electric 
Company for the production of the alloy of which the 
loading tape is made. For purposes of communication 
between America and Southern Europe this cable line 
will be used in association with one of the ordinary type 
now being layed between Italy and the Azores. 
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THE LATE MR. H. K. G. BAMBER. 


As a result of a motor accident at cross-roads on 
the rebuilt Watling Street, near Gravesend, Mr. Henry 
Kelway Gwyer Bamber, who will be long remembered 
for his work in connection with improvements in the 
manufacture of cement and its use in construc- 
tional work, was killed on Saturday, the 20th inst. 
Mr. Bamber was born at Pinner on February 5, 1864, 
and was the son of Mr. H. K. Bamber, a well-known 
analytical chemist who practised in Westminster. 
After completing his education at University College, 
London, and the Royal School of Mines, he entered his 
father’s laboratory. In 1887, by his appointment as 
chemist to Messrs. J. R. Patrick and Son, of Dovercourt, 
Mr. Bamber became first associated with the cement 
industry. Seven years later he entered the service of 
Messrs. Knight, Bevan and Sturge, of Northfleet, and 
later became a partner in the firm. When the Asso- 
ciated Portland Cement Manufacturers, Limited, was 
formed in 1900, by a combination of the leading firms, 
Mr. Bamber was given a seat on the board. and remained 
one of the managing directors until 1923. He was also 
a managing director of the British Portland Cement 
Manufacturers, Limited. Mr. Bamber, however, did not 
confine his activities to the improvement of the produc- 
tion of cement, but took a large part in developing its 
use in concrete construction. He was one of the 
founders of the Concrete Institute, now the Institution of 
Structural Engineers, and at the time of his death was 
Vice-President. He did useful work on the sub- 
committee of the British Engineering Standard Asso- 
ciation, in framing the standard specification for 
Portland cement, and acted as chairman of the first 
International Cement Congress, which was held in the 
spring of this year. Among those who have taken 
part in the development of industrial welfare work, 
Mr. Bamber must be reckoned as a pioneer. He early 
saw its value, and before any definite organisation had 
taken the matter up he started schemes for the benefit 
of the workers of the concerns with which he was asso- 
ciated. He was an Associate -of the Institute of Civil 
Engineers, a Fellow of the Chemical Society and of the 
Society of Chemical Industry. 


THE LATE MR. GILBERT ROWE. 


A WELL-KNOWN Sheffield engineer, Mr. Gilbert 
Rowe, of Messrs. Craven’s Railway Carriage and Wagon 
Company, Limited, died at the early age of fifty, 
at his residence, Dam House, Sheffield, on Saturday, 
September 20. He received his general education at 
the College of the City of New York, and his technical 
training in the Stevens Institute of Technology, New 
Jersey, U.S.A. After obtaining experience in the 
workshops of the Sprague Electric Company, Mr. Rowe 
was promoted installation manager, and erected the 
goods-handling equipment of the Boston Terminal 
station. In 1898, he came to England as resident 
engineer for the company and erected the lift equip- 
ment of the Central London Railway. After two years’ 
service with Messrs. Waygood-Otis, Limited, London, 
Mr. Rowe was appointed an assistant engineer to the 
Underground Electric Railways of London, and had 
charge of the design and installation of lift equipment, 
stairways, ventilation plant, cable transmission sys- 
tems and fire services. In 1907 he was appointed 
resident engineer for Europe for the Otis Elevator 
Company. He erected blast-furnaces and charging 
machines at Dowlais, Hayange, in Alsace-Lorraine, and 
at Prague in Bohemia. He designed the interlocking 
and opening mechanism for Creek Bridge, Greenwich, 
for the London County Council, and under Mr. David 
Hay, was engaged in consulting work for Messrs. 
Norton, Griffiths and Co. He was then engaged on the 
design of the London South Side Main Sewer electric 
equipment, and laid out complete works in Paris for 
the Sturtevant Engineering Company. Mr. Rowe 
was retained by Mr. W. J. E. Binnie on the electric 
pumping scheme for the Genoa Waterworks. He was 
consulting engineer to Messrs. Hayward, Tyler and 
Company, Limited, the Sturtevant Engineering 
Company, Limited, and the Leeds Forge Company, 
Limited. In part of the war period he acted as 
inspecting engineer in the United States of America 
for the General Electric Company, Limited, in connec- 
tion with the production of munitions components. 
In 1917, he was appointed to the post of chief engineer 
to Craven’s Railway Carriage and Wagon Company, 
Limited, of Darnall, Sheffield, which post he held 
until his death. Mr. Rowe was a member of both the 
Institution of Civil Engineers and the Institution of 
Mechanical Engineers. 


MECHANICAL STOKERS.—The Riley Stoker Company, 
Limited, Palace Chambers, Bridge-street, London, S.W.1, 
have recently acquired the sole rights for British produc- 
tion and sale of the Riley, Harrington, Jones and Murphy 
Stokers, and will in future deal with all matters relating 
to them from the address given, 


,as indicating how few of the speakers were familiar 


LETTERS TO THE EDITOR. 


PATENT OFFICE SEARCHES. 


To THE Eprror or ENGINEERING. 


specification for the grant of Letters Patent for an 
invention, the Examiner, among the other investigations 
which he is called on to make, has to search the records 


bring to the notice of the applicant any relevant prior 
specification. The search by British examiners is 
limited to British specifications. In some countries, for 
example, in France, no search is made. In other 
countries, for example, in Germany and in the United 
States of America, a very much more extended search 
is conducted, patents of all principal countries and 
technical literature being involved. 

It has frequently been suggested that the search 
made by the British Patent Office should be made more 
extensive, and the Patent Office officials given greater 
power than they possess at present in refusing to 
grant patents for matters in which it cannot be proved 
to their satisfaction that a real invention exists, that 
is to say, such an advance in the art as entitles one to 
consider that an act of invention has been made. 

It would. assist inventors in some cases, @but be 
detrimental to them in others, if such wide powers 
were held, because at the time specifications are filed 
inventors are not usually able to bring to the notice of 
the Comptroller in many cases the proofs which might 
be required. 

On the other hand there is much to be said for the ex- 
tension of the ground covered by the official researches, 
seeing that under the latest Patent Act a document 
which cannot be brought to the notice of the applicant 
by the examiner may officially be cited by an opponent 
in opposition proceedings and, if successful, the patent 
may be refused. 

A recent case in which this occurred proves that it 
is a matter of some importance. The subject-matter in 
question is immaterial because the case applies 
generally. 

A specification had been allowed by the Comptroller 
containing eight claims. This allowance took place 
after the Examiner had made his search and had been 
satisfied with the applicant’s amendments. The grant 
of the patent was opposed by an interested party on 
the ground that the invention had been published in 
four United States specifications. According to the 
official report at the hearing the Comptroller-General 
found that five out of the eight claims in the applicant’s 
specification were anticipated, and although in doubt 
as to whether he could allow the specification to be 
amended in such a way as to limit the invention to 
what were subordinate features, he allowed an amended 
specification to be submitted and then found that it 
was not acceptable, mainly on the ground that it 
claimed an invention different from that which had been 
applied for originally. He therefore refused to grant 
a patent. An appeal was made to the Solicitor- 
General and he upheld the decision of the Comptroller. 

Had the Patent Office search been extended to 
cover United States specifications, the applicant would 
have been able in all probability to amend his specifica- 
tion during the examination proceedings to the satis- 
faction of the examiner, and obtain the grant of a 
patent (possibly with a post-dated date), or he would 
have been able to abandon his case, and thereby not 
convey the remainder of the information to the 
public. 

In practice, a number of the examiners at the Patent 
Office draw attention during examination proceedings 
to matters not covered by the official search, and give 
the applicant an option to take these into consideration 
or not, as he desires. 

In view especially of the recently reported case 
referred to above, it apparently would be well if the 
search now officially made were extended as indicated. 
This would result in more confidence on the part of the 
public as to the novelty of a patent when issued, and 
in more information being obtainable by inventors 
officially as to the state of any particular art in which 
they are interested. 

Yours faithfully, 
ee OAL Eee 


“THE DETERMINATION OF STRESSES 
BY OPTICAL METHODS.” 
To tHe Eprror or ENGINEERING. 
Srr,—The discussion on the determination of stress 
by optical methods at the Toronto Meeting of the 
British Association (see page 284 ante) was remarkable 


with the fundamental facts. of the subject. As my 
name was freely mentioned and I was unable to be 
present I shall be glad if you will give me the oppor- 
tunity of replying to a number of inaccurate state- 
ments made and reported in your issue of August 29, 
page 284. Mr, Preston states that the photo-elastic 


Sirr,—When an application is filed with a complete 


of patents granted during the past 50 years and to 


method shows only the difference of the principal 
stresses at any point, and has therefore not realised 
that purely optical observations give the directions of 
the stresses and their magnitudes, or all the elements 
required for the complete specification of the stress 
at a point. There are at least three purely optical 
methods known, and these are described in a paper 
by Professor Filon and myself in the B.A. Report 
of 1914. Last year Proféssor Filon published at the 
B.A. Meeting an improvement of one of these methods 
with a fully worked-out example, and this was accom- 
panied by a paper of my own giving the reasons why 
I prefer a combination of optical and mechanical 
measurements. Both these papers appear in your 
issue of October 19, 1923, pp. 511 and 512. The 
mechanical measuring instrument which I use is a very 
accurate one, and in capable hands gives results within 
2 per cent. of the truth, which is usually sufficient for 
all practical purposes. When Mr. Preston succeeds 
in producing a better instrument he will be in a more 
favourable position to criticise the one now in use. 
Another speaker questioned the justifiability of 
applying such results to a steel structure, and it may 


therefore be of interest to state that it is justifiable 


to do so, and that the conditions to be observed are 
well known. The latest information on this part of 
the subject is given in a paper by Professor Filon in 
the B.A. Report for 1922. 

Evidently the American Government believe they 
can apply photo-elastic results to a metal structure, 
as they are making elaborate experiments on an airship 
model. Some speakers stated that they preferred 
strain measurements of lines drawn on rubber models. 
There are, however, basic errors of principle which 
prevent accuracy in the method of Messrs. Wilson and 
Gore, who measure the strains of finite lines or circles 
drawn on the surface. 


variations within its contour. It may have, for 
example, an egg-shaped or pear-shaped contour, 
and therefore the directions of the principal stresses 
are indeterminate. Again, the magnitudes of the 
stresses at a point within the contour are based on 


measurements of changes of Jength of lines stretching 


from one point of the boundary to another point, 
and since in general the stress varies at every point 
the average value obtained is always less than the 
maximum value. 

For example, in this way of measuring stress it is 


impossible to find the maximum stress due to a hole, 
in a plate, as the average measured along any line 
passing through the point of maximum stress must 
Mr. Kimball was therefore — 
quite justified in his objections to experiments on_ 


necessarily be in defect. 


rubber models. 


Professor Lea states that optical methods would’ 
be much more valuable if they could give information 
as to dynamic forces, and he will be interested to 
learn that such effects have been observed in rotating 
gears by Messrs. Kimball and Heymans, and that their 


results have been recorded during the last two years 
in the Proceedings of the American Society of 
Mechanical Engineers, the General Electric Co’s. 
Journal and possibly in other places. The method 
involves the use of an interrupted electric beam in 
conjunction with a phase changer, and is of general 
application. The discussion was brought to a close 
by a description by Professor Jasper of his dynamic 
experiments on the maximum stresses round a hole 
which he finds to be about one-half the value found by 
myself. It is not, however, necessary here to discuss 
whether or no I have made a gross error, as a well- 
known and exact mathematical solution confirms 
photo-elastic experiments. If, therefore, Professor 
Jasper is correct, his experiments are crucial, and 
demolish the whole theory of the elastic strength of 
materials now current. Thisseems unlikely. Professor 
Jasper goes on to state that we are on the eve of a 
method of determining stresses which will not depend 
at all on optical principles, but if this method depends 
on Professor Jasper’s dynamic experiments I think 
there is likely to be some delay in the fulfilment of the 
prophecy. 
Yours faithfully, 
E. G, CoKER. 
On Board 8S. Olympic, September 9, 1924. 


Russtan Navan PrRoGRaAmME.—It is stated by the 
Russian newspaper Segodnia that a four years’ naval 
construction programme has been drafted by the Soviet 
Government, For the Baltic fleet it is proposed to 
build two light cruisers of 3,000 tons displacement and 
with a speed of 23 knots, four destroyers of 1,400 tons 
displacement to be propelled by steam turbines at a 
speed of 36 knots, seven submarines and three anti- 
submarine motor boats. It is also proposed to construct 
a light cruiser, eight destroyers and 12 motor boats for use 
in the Black Sea, as well as four gunboats for service in 


‘the Pacific and two for use in Arctic regions. 


Take a finite circle, for example, — 
in an unstrained sheet, although every infinitesimal — 
circle drawn within it becomes elliptical under stress, 
the finite circle does not become so owing to stress — 
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MEASURES TAKEN IN SWEDEN AGAINST 
ICE TROUBLES AT WATER POWER 


PLANTS.* 


By A. Frey Samston, Vattenbyggnadsbyran, 
Stockholm, Sweden. 


Ice is a source of trouble to many hydro-electric 
plants all over the world. The extent to which dis- 
turbances may be expected varies with the hydro- 
logical conditions in the river on which the power 
‘station is situated and with the severity of the winter 
season. The worst trouble is not caused by the ice 
in the extreme north, as here the occurrence of ice 
sludge (Frazil ice—Ep., E.) is less frequent and the 
other menaces of the ice are so evident that adequate 

measures are generally taken to meet them. In the 
middle and southern parts of Sweden, such measures 
are sometimes considered too expensive and are there- 
fore omitted, with the result that serious troubles occur 
when occasionally the winter cold gets severe. 

Rapids above power plants are always a source 
of trouble. In these, anchor ice is likely to form on 
the boulders in the river bottom, and this ice when 
loosening may produce a formidable jam. Further- 
more, in the rapids the water comes into close contact 
with the air, with the result that, in cold weather, the 
whole stream gets saturated with ice needles producing 
a troublesome ice sludge. In Sweden it is necessary 
to pay very close attention to the necessity of either 
dredging such rapids or submerging them by raising 
the water level in front of the dam sufficiently. 
By creating a still-water basin, extending far up the 
river, the risk is not altogether obviated, as ice sludge 
may set in during cold storms occurring before the 
water is covered with ice. When a cold storm blows 
upon the unprotected water, the strong wind prevents 
the formation of an ice sheet, and instead the whole 
water becomes saturated with ice needles which readily 
fasten on to any object in the water, thus gradually 
forming on this a piece of solid ice, In a compara- 
tively short time enormous quatities of such ice 
needles can be formed. Conditions are still worse 
during snow storms, as the snow is blown from the 
adjacent fields into the water. 

An ice sheet being the best safeguard against sludge, 
its formation is often, especially in the northern part 
of the country, facilitated by artificial means in canals 
and streams, where the velocity of the water is so high 
that the surface otherwise would hardly freeze. To this 
end wooden ribworks or logs, floating upon the surface 
of the water are arranged in the stream. The surface 
velocity is decreased, ice needles fasten on the logs and 
become nuclei for the formation of ice floes, and soon a 
sheet of ice covers the stream. 

On the occurrence of sludge the screens in the turbine 
intakes are apt to get clogged up, if adequate means are 
not provided to prevent the ice needles from fastening 
onthem. Even the turbines may sometimes be choked, 
but this is not so much to be feared in modern big 
units with their very large openings. As to the screens, 
the most effective remedy is to remove them entirely, 
provided, however, that this is advisable with respect to 
the turbines, and allowed under fishing regulations. 
As the close screens at the power plants are generally 
required only as a means of protecting migrating fish, 
and, during the winter proper, the fish do not migrate, 
it is consequently permissible to remove the screens 
or to replace the ordinary screens by screens with larger 
openings, preferably made of wood, as the ice does not 
so readily fasten on wood as on to steel. In most 
places this can be done. The last method is, however, 
not sufficient at places where particularly serious sludge 
may occur. At such places very good results have been 
obtained by electric heating of the steel bars of the 
screen, At Lower Hemsjé, located in the southern 
part of the country, sludge troubles are now entirely 
ayoided in this way. In the screens the steel bars are 
electrically connected in such a way that the heating 
can be effected by electric current at 125 volts. The 
required energy is very small, amounting to only 
10 kw. for each screen with an area of 15 sq. metres 
(about 160 sq. ft.) As no insulating material but wood 
is necessary, the installation is quite cheap, and most 
of the difficulties due to ice sludge can be avoided at 
a comparatively small expense. 

To prevent the formation of ice in recesses and on the 
water line, superstructures are erected, often extending 
over the whole turbine intake, and heated with hot air 
from the generators. 

_ The formation of ice also tends to hamper the opera- 
tion of Stoney gates and other movable parts. At the 
turbine intakes ice is likely to form in the reccsses 
for the sluices above and around the water line. In 
plants where a superstructure over the whole intake is 
considered too expensive, it has been found a good 
plan to cover up the intake with wooden flooring 
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under which hot air is led from the generators, In 
this way even the formation of ice on the surface and 
on the intake walls is prevented. 

At the sluices in dams ice is formed on the up- 
stream side. Leakage causes the formation of ice in 
the recesses and on the downstream side of gates. 
It is not necessary to provide means for the operation 
of all movable parts during the winter, as some of 
them are intended for flood discharge only and there 
is no need to move these during winter time. The 
precautions may thus be concentrated on certain 
sluices only, suitable for winter discharge. 

To prevent ice from forming on the staunching rods, 
on their metallic guides and on the surrounding 
masonry, these parts can be electrically heated. This 
is now generally done by means of special radiators 
at 110 volts. A supply of about 2 kw. per square 
metre (0:2 B.T.U. per square foot) is sufficient to 
prevent ice from fastening, even on the most exposed 
parts, at a temperature of — 20 deg. C. (— 4 deg. F.). 

With a view to preventing the formation of ice in 
the recesses, a good practice is to blow out heated air 
from the generators into them by means of fans. In 
many places where steam is available—for instance, 
when the dam is located close to a factory using 
steam—good results have been obtained by utilising 
this for heating purposes. 

Where Stoney gates, in winter, have to be moved 
only occasionally, and therefore electric heating is 
considered unnecessary, and if heated air or steam 
cannot be supplied to the recesses, the removal of the 
ice is much facilitated if the recesses are made so 
spacious that a man can easily climb down into them. 
In recent designs of Stoney sluices the number of rollers 
has been decreased and the rollers have been made 
rather big, in order to dispense with small movable 
parts which are apt to be jammed, Stoney gates, 
15-5 m. (51 ft. 1 in.) wide and 5-7 m., (18 ft. 9 in.) 
high, supported at each end by four rollers only, 
40 cm. (16 in.) in diameter, are now being installed at 
Sikfors, located in the northern part of the country. 
At these gates the lower roller has been placed so high 
up that it is never submerged in the stream of water 
passing through the gate opening. 

In order to prevent the formation of ice on the up- 
stream side of the gates, these are often provided on 
the down-stream side with a wooden boarding, by 
means of which the whole steel structure is enclosed 
in a chamber which may be heated when necessary. 
At Untra, located in the central part of the country, 
where ice of a thickness of 0:5 m. (20 in.) previously 
used to form on the upstream side of the gates, no 
formation of ice has occurred after such boarding was 
provided, although no heating has been resorted to. 


Steel pipe lines and surge tanks in the northern parts 
of Sweden are generally insulated against the cold 
by means of roofing or some other kind of super- 
structures, into which, as an additional precaution, 
hot air from the generators is often blown. 

Another difficulty is due to the pressure of the ice 
against the dams. This pressure is generally explained 
as follows: During period of intense cold the surface 
of the ice gradually assumes the temperature of the 
air, which results in tensile stresses and cracks. Some 
of these cracks get filled with water, which soon freezes. 
Later, when a mild day comes, the temperature of 
the ice is raised to about 0 deg. C. (32 deg. F.), which 
results in pressure in the ice. If the ice abuts on 
a dam, this dam will suffer under the pressure. The 
magnitude of this pressure has, no doubt, in many cases 
been much overrated. As a matter of fact, the ice 
acts very much as a fluid slowly yielding under pressure. 
As considerable changes in the temperature of the air 
do not occur instantly, and as, in any case, it takes 
some time before any great change of the temperature 
of the ice ensues, especially when the ice is covered 
with snow, the ice will gradually yield and the resulting 
maximum pressure will be much less than has been 
calculated in several extreme cases, In an interesting 
article N. Royen shows that the pressure from an ice 
field will not exceed 30 tons per linear metre (9 tons 
per linear foot) when the ice is 1 m. (40 in.) thick, 
and 20 tons per linear metre (6 tons per linear foot) 
when the ice is 0:75 m. (30 in.) thick. Ice fields 
of such thickness, naturally, do not appear in Sweden 
except in the northernmost parts of the country. In 
the south of Sweden the maximum thickness of the 
ice fields is about 0:5 m. (20 in.). As the ice pressure 
is nevertheless inconvenient, many means have been 
invented to decrease or eliminate it. It has thus been 
proposed to give the dams a sloping upstream face 
so that the ice should slide up along the incline, or to 
introduce some plastic material between the facing and 
the supporting structure, thus allowing a certain amount 
of yield, Generally the dam owners content them- 
selves with cutting slots in the ice in front of their 
dams and with covering these slots with spruce branches 
and snow, or straw and manure, and, as a matter of 
fact, there have been very few instances in Sweden 
of ice pressure causing any damage. 


CONVERSION OF RIVER HOSPITAL 
STEAMERS FOR NILE TOURIST SERVICE. 


Muc# ingenuity has been applied to the utilisation 
of war material for the requirements of peace conditions, 
and several examples of this class of work have been 
illustrated and described in our columns on previous 
occasions. We now propose to give an account of a 
particularly interesting example of ship reconstruction 
work included in the same category, and carried out for 
the purpose of rendering vessels designed by Professor 
J. H. Biles for use as hospital steamers on the River 
Tigris, suitable for carrying tourists on the Nile between 
Cairo and Assuan, a distance of 583 miles. 

In order to enable our account of the conversion 
work to be more easily followed, we reproduce, in 
Figs. 1 to 6, on page 464 of this issue, a photograph, 
profile and deck plans of a boat numbered H.P.12, which 
formed part of the fleet as originally designed for the 
Tigris hospital service. Two of these vessels, num- 
bered H.P.13 and H.P.15, were in Egypt at the close 
of the war, having been diverted, while on their way out 
to the Persian Gulf, for service on the Nile in connection 
with the Inland Water Transport Department of the 
British Army. These vessels were purchased from the 
Disposals Board in 1921 by Messrs. Thomas Cook and 
Son, Limited, and the work of converting them for the 
Nile tourist service was carried out in Messrs. Cook’s 
Boulac Engine Works, at Cairo, by Mr. Thomas 
Reynolds, the firm’s superintendent engineer. The 
Boulac Engine Works, it should be explained, are used 
for the overhaul and repair of some 22 steamers and 
6 sailing dahabeahs, which form Messrs. Cook’s fleet 
on the Nile. Native labour is almost exclusively 
employed. 

As originally constructed, the vessels were 225 ft. 6 in. 
long between perpendiculars, the beam being 30 ft. and 
the moulded depth 6 ft. 6 in. They were propelled by 
feathering side paddles of 12 ft. 6 in. mean diameter, the 
paddles of each vessel being driven by two sets of 
compound engines, having cylinders 18 in. and 35 in. 
in diameter, with a piston stroke of 54 in. The engines 
were each capable of developing about 500 indicated 
horse-power at a speed of 50 r.p.m, when supplied with 
steam at 140 lb. per square inch, so that the total 
horse-power of each vessel was 1,000. At this power 
the speed attained was about 12 knots, which was 
higher than was needed for the tourist service, and, 
consequently, one set of engines was removed from 
each boat. The other set, in each case, was placed at 
the after end of the vessel and arranged to drive paddles 
at the stern, the vessels thus being converted into stern 
wheelers. The two original paddle wheels were em- 
ployed, but the mean diameter was reduced to 10 ft. 
7 in. and they were almost completely enclosed in a 
steel-plate casing, so that, in their present form, the 
vessels resemble screw-propelled steamers. This can 
be seen on reference to Fig. 7 on page 465, which is 
reproduced from a photograph of the H.P.15 in service 
after conversion, this vessel now bearing the name 
Damietta. The other steamer, originally bearing the 
number H.P.13, is now named Rosetta. It will be 
noticed from Fig. 7, and from the drawings reproduced 
in Figs. 8 to 14 on the same page, that the boiler has 
been moved right forward to preserve the trim of the 
vessel. The boiler, which is of the Yarrow water-tube 
type and was constructed by Messrs. Babcock and 
Wilcox, was originally arranged for oil firing, but has 
now been modified for burning coal by adding the 
necessary grate and cleaning doors. Steam is generated 
at 200 Ib. per square inch, but the pressure is reduced 
to 140 lb. per square inch at the engine stop valve 
by means of a Cockburn-MeNicholl reducing valve. 

For the work of conversion, each of the vessels was 
dry-docked at the Boulac works, and after the whole 
of the machinery had been taken out, the main, upper 
and sun decks were removed and the hull cut through 
just abaft the after oil-fuel tank shown in Fig. 6 on 
page 464, A new stern portion with parallel sides, 
and designed to accommodate the stern wheels, was 


constructed and attached to the original main 
portion of the hull. By this means the length of the 
boat between perpendiculars was increased to 


231 ft. 6in. No alterations were made to the forward 
portion of the hull, but the boiler seatings were, of 
course, removed from their original position amidships 
and located right forward. 

The upper structure, however, was entirely recon- 
structed to provide luxurious accommodation for 
60 passengers, most of whom are carried on the upper 
deck as shown on the plan, Fig. 12, on page 465. There 
are now 36 single and 12 double staterooms, many of 
which, as shown, are provided with a private bathroom. 
Fach cabin is fitted with a four-post bed, wardrobe, 
fixed porcelain hand-basin with hot and cold filtered 
water supply, electric heater, fan, &c. On the main 
deck amidships, as shown in Fig. 13, is situated a 
dining saloon with 15 tables each seating four persons, 
and immediately aft of this is the smokeroom. The 
forward portion of the upper deck has been formed 
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Fig. 1. View or Hospitat STEAMER PROPELLED BY SIDE PADDLES. 
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Fig.15. SHAFTING OF HOSPITAL SHIP. 
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into an observation saloon, and ample promenade 
space is available along the sides of both the upper 
and main decks, as well as on the promenade deck 
shown in Fig. 11. On this deck, which is covered by 
a sun deck and protected from the wind by side screens, 
is located a pleasant drawing room. It may here be 
pointed out that, to increase the longitudinal strength 
of the vessels in their reconstructed form, king posts 
composed of 6-in. by 3-in. channels were fitted at 
intervals on each side between the main and promenade 
decks and braced with steel rods 1} in. in diameter 
fitted with turnbuckles. The arrangement of the 
bracing is clearly shown in the profile, Fig. 8. 

As will be readily understood, a number of interest- 
ing problems arose in the reconstruction work, mainly 
in connection with the utilisation of existing material 
to the fullest possible extent. As an example of this 
we may refer to the shafting and paddle wheels. 
Fig. 15, on this page, shows the arrangement of the 
paddle shaft of one of the hospital ships, the shaft 
being made in four sections connected by three pairs 
of flanged couplings, the length between the centres of 
the side paddles being 40 ft. 4 in. Only one cranked 
section was required for the vessel when converted 
to a stern wheeler, and the distance between the 
centres of the two paddle wheels was reduced to 
20 ft. 24% ins. It was therefore necessary to reduce 
the overall length of the two outboard sections of the 
shaft, on which the journals, paddle- wheel seatings and 
keyways had been formed, from 11 ft. 10% in. to 
6 ft. 638 in., as shown in Fig. 16, which represents 
the shaft as fitted on the Damietta. The reduction in 
length was effected by cutting out a portion of the 
outboard section of the shaft between the coupling 
and the journal, this portion being 11 in. in diameter 
and having a hole 54 in. in diameter through the 
centre. The two ends were then connected as shown 
on the left of Fig. 17, which also serves to illustrate 
the method of mounting one of the paddles and the 
feathering gear in the vessel. The hole through the 
coupling, it will be seen, was bored out to 8} in. in 
diameter, and the coupling was pressed on to the other 
portion of the shaft, which was turned down externally 
to fit the enlarged hole. Two keys were fitted to 
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transmit the drive, and, to strengthen the joint, a 
steel plug 2 ft. in length and 5} in. in diameter was 
driven into the central hole, while a steel collar 11 in. 
in diameter internally and 1 in. in thickness, forged 
from the surplus shaft, was shrunk on externally. 

The paddle wheels, as previously mentioned, were 
reduced from 12 ft. 6 in. to 10 ft. 7 in. in effective 
diameter, the paddle arms being shortened and fitted 
to the original boss, while new forged-steel rings were 
made to support them. The diagonal stays and the 
rods of the feathering gear had also, of course, to be 
shortened to suit the reduced diameter, as will be clear 
from Figs. 17 and 18, which show one of the wheels 
in its final form. As indicated by the dotted lines 
in these illustrations, the depth of each paddle blade 
was reduced by 44 in. after preliminary trials. 

Most of the original auxiliary machinery, comprising 
Weir’s air and feed pumps, a De Laval turbo-generator 
by Messrs. Greenwood and Batley and a refrigerating 
plant, by Messrs. Seagers on one vessel and by Messrs. 
J. and K. Hall on the other, has been utilised on the 
reconstructed vessels without alteration, except as 
regards its location, but the surface condensers were 
reduced in length on account of the smaller capacity 
required. In connection with the auxiliary machinery 
we may mention that a Leinert meter of the tipping 
bucket type is fitted above the hotwell tank in the 
stokehold to measure the feed water supplied to the 
boiler, so that on the completion of each trip the 
evaporation can be checked with the coal con- 
sumption. 

The first of the two boats to be reconstructed was the 
Rosetta, the work on which was commenced in 
March, 1921, and completed in February, 1922. The 
work on the second boat was carried out between March 
and November, of 1922 and both vessels, we under- 
stand, have given perfectly satisfactory service since 
that time. On trial, the Damietta attained a speed of 
8-75 knots at an indicated horse-power of 522, the 
engine running at 48 r.p.m. The two sets of engines 
originally fitted in this vessel were constructed by 
Messrs. Ferguson Brothers of Port Glasgow, while 
those of the Rosetta were built by Messrs. A. and J. 
Inglis, of Glasgow. 


CONSTRUCTION OF DAMS,* 


By Artuur Powe tt Davis (United States of America). 


THE rapid increase in the number and magnitude 
of dam structures has developed valuable experience, 
and furnishes a wealth of information upon which this 
paper can only briefly touch; it will, therefore, be 
confined mainly to a summary of current practice 
and especially its departure from, or development of, . 
former practice. 

With respect to materials of construction, dams may 
be divided into two principal classes, namely, earthen 
dams and masonry dams. Intermediate types, of 
which the examples are much less numerous, are the 
rock fill dams, and the combination of earth and rock 
fill, through which, by insensible gradations, the 
earth and rock fill types are connected. Also many 
small dams have been built of wood, and a few of 
steel. 

The type of dam most generally used for water 
storage is that constructed of earth. Storage dams 
of earthen type exceed in number all other types 
combined. The reasons for this are obviously the 
economy and permanency of the earthen dam. 
Recent advances in relation to earthen dams have 
been mainly confined to methods of construction, 
and adaptation of the design to such methods. The 
magnitude of structures of this class has, however, 
greatly increased. To a great extent the design of 
an earthen dam must conform to the materials available 
for its construction. These differ widely in character 
from pure clay to sand and gravel, with wide variations 
in mixtures of such materials. 

It seems to have been the impression formerly that 
the most watertight material was pure clay puddled 
with water, but recent experience shows a preference 
for a mixture of clay, fine silt, well-graded sand and 
gravel, with just enough water to permit its thorough 
consolidation by a heavy roller.+ 

Where only a portion of the dam is made watertight, 
there is a recent tendency to place this portion as 
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near to the water slope of the dam as may be, leaving 
the rest of the dam as a support. It may be said that 
the ideal design of an earthen dam, where conditions 
permit, is a heavy blanket of such a mixture on the 
water slope, backed by coarser materials, grading 
very gradually from the fine silt and sand to the coarser 
sand, gravel and rock on the down-stream slope. 
The gradations should be very gradual so that no 
danger of percolation of the fine materials into and 
through the coarse will exist. Where ideal conditions 
of available material exist the tendency now seems to 
be to omit the masonry core unless this is required 
to prevent the ravages of burrowing animals. 

As earthen dams far outnumber all others, it is to 
be expected the number of failures on such structures 
would exceed others, and this is true; but it is due 
not alone to their number, but in particular to the 
vulnerability of such dams, where sufficient attention 
has not been made to care for flood-water, and to 
prevent over-topping, or to prevent piping under the 
foundation, or along conduits, or other possible paths 
for percolating water. Where the dam‘is mostly of 
clay, it is necessary also to guard against sloughing. 
Modern experiences point strongly to the necessity of 
providing ample safeguards against these three menaces, 
and where this is done the earthen dam usually proves 
the most permanent form possible. In fact, it may 
normally be regarded as having a tendency to improve 
and consolidate with age. 

Piping is guarded against by a construction of outlet 
conduits or other structures which may serve as a 
path for water with unyielding foundations and large 
and numerous, cut-off collars. Where an earthen dam 
is founded on or near rock, it may be necessary to 
provide a low core wall extending some distance 
upward into the embankment, and if the foundation 
is rock of a broken and seamy character, grouting is 
sometimes resorted to. 

Some of the more striking difficulties with earthen 
dams have been due to sloughing. This usually 
occurs when the material handled is largely of clay, 
which assumes a semi-liquid character when saturated 
with water. It is therefore an especial menace when 
handled by the hydraulic process. For this and other 
reasons it is extremely desirable to have a large 
admixture of sand and gravel, with the clay where 
economy will permit. The use of a large proportion 
of open material, such as sand, gravel, and rock, 
in the down-stream body of the dam to drain the 
clay blanket, is frequently relied upon to prevent 
sloughing. Where the coarse material is not available, 
drainage pipes have been used in the lower portion 
of the dam. In the case of the Belle Fourche Dam, 
which was built entirely of clay, chief reliance was 
placed upon extreme care in construction through 
limiting the use of water and in using a heavy trac- 
tion engine for rolling, which produced satisfactory 
results. 

It has been found by experience that careful and 
proper mixture of various quantities of earth can be 
made to give more satisfactory results than those 
usually found in nature, in regard both to percolation 
and stability. It has thus been demonstrated that it 
is practicable to construct dams of satisfactory tight- 
ness with sand, gravel, and other materials containing 
a very small proportion of clay. 

Modern practice has virtually standardised, under 
ordinary conditions, the slopes of earthen dams of 3 
to 1 on the water face, and 2 to 1 on the dry face, 
although steeper slopes have been successfully used 
under special conditions, especially where the down- 
- stream portion is material coarse enough to eliminate 
the danger of sloughing. On the Belle Fourche Dam, 
composed entirely of clay, a slope was provided on the 
water face of 5 to 1 for a short distance at the base, 
then 2 to 1 to the normal water level at a full reservoir, 
and 14 to 1 above the water-line. These steep slopes 
were adopted for reasons of economy to reduce yardage, 
and especially to reduce the amount of concrete paving 
required on the water slope. This design has been 
entirely successful so far as slope is concerned, The 
pavement was breached by waves, but this difficulty 
has been successfully overcome without danger to the 
body of the dam. 

The theory that an earthen dam must be well 
drained to prevent sloughing was given a rather 
unique solution at Sherbourne Lake, in Montana, 
where the material readily available for construction 
was mainly clay. In this case a core was provided 
not of masonry or puddled clay, but of screened 
gravel, with outlets of drain tile under the down- 
stream half of the dam, to furnish complete drainage 
to the up-stream half, and prevent saturation of the 
lower half. This novel device seems to work perfectly. 

Earthen portions of dams are usually spread in 
layers of 4 in. to 8 in., compacted by sprinkling and the 
use of heavy rollers or preferably traction engines, 
which concentrate the load and avoid continuous 
horizontal joints. 

The most important recent development in methods 


of dam construction has been the adoption in many cases 
of the hydraulic method of conveyance and deposition, 
which has been used on works of the greatest magnitude 
of this character ever built, such as the Gatun Dam at 
Panama, and the Rimrock Dam in Washington, now 
under construction. 


and the Necaxe Dam in Mexico. 


of the clay interior maintained in a liquid condition 
by the pond on top, replenished with water by the 
sluicing operations. 
forced its way out on the water slope and sloughed 
into the reservoir. These spectacular accidents have 
fixed attention upon the liquid properties of super- 
saturated clay, and the impossibility of its consolidation 
where water is continuously supplied at the top. 

Aside from the economy which may or may not be 
attached to the hydraulic process, the results of its 
successful use are due to the skilful employment of the 
sorting power of water in separating heterogeneous 
masses of material into their constituent parts, and 
placing each in its proper position, and has produced 
ideal results in many cases, 

The largest earthen dam yet built in volume of 
material, though not in height, is the Gatun Dam on 
the Isthmus of Panama. It has slopes averaging 7 
to 1 on the up-stream face, and 12 to 1 on the down- 
stream, the principal reason for these conservative 
slopes being to force a long line of travel for percolating 
water under the dam where the material was con- 
sidered more pervious than the hydraulic fill placed 
upon it. Experience at Gatun, together with the 
accidents at Necaxe and Calaveras, has emphasised 
the instability of undrained clay which may contain 
more than 50 per cent. of water, and the limitations 
upon this method of dam construction. The hydraulic 
process requires considerable skill and experience for 
the best results, but when successfully and skilfully 
employed, probably produces the most compact and 
watertight bank possible by any process. 

A combination of methods now much employed is to 
place the materials of construction, by means of cars or 
dump wagons, as dykes along the upper and lower slopes 
of the dam, and then attack the interior slopes of these 
dykes with a hydraulic monitor, which washes out the 
fine material and carries it to the centre maintained at 
a lower level. The large rocks are left by the water in 


the dyke, the clay is washed to the centre, and the sand 


and gravel are deposited between these limits in graded 


sizes, the finest in the middle of the dam, and the 


coarsest near the dyke. Such methods require careful 
manipulation to prevent stratification and consequent 
zones of percolation into the centre of the dam. 

The hydraulic method is particularly valuable in 
cases where the quantity of clay and fine silt available 
for construction is very small. The water, with its 
sorting power, can be made to carry these to the centre 
where these small quantities are placed and used to the 
best advantage. Here the use of other methods might 
necessitate the construction of a core wall. The pro- 
tection of the water slope of earthen dams from the 
destructive action of waves is always important and 
often expensive, especially where rock is not at hand 
and cement is expensive, as at many remote localities 
in the West. The usual protection is a pavement of 
hand-laid rock, placed on a bed of gravel or broken 
rock. Where such rock is not available, a concrete 
deck is generally used, but it is noted that on the smooth 
facing that this affords, the waves run up the slope 
much higher than on a rougher slope, thus requiring 
greater freeboard or a parapet wall. For this reason 
the water slope of the dam is sometimes made steeper 
above than below the waterline. The gravel or earthen 
backing behind a concrete pavement is, of course, 
saturated with water at and below the level of the 
water in the reservoir, and where high winds carry 
waves high up the slope, the recession of those waves 
leaves an unsupported hydrostatic pressure back of the 
pavement. Cases are known where such pressure 
breached the pavement, showing the back pressure to 
be greater than the weight of the concrete slab removed. 
This danger is easily obviated by making the concrete 
slabs of such dimensions, up and down the slope, as to 
possess a weight greater than any pressure that can 
occur behind them. 

In the case of two large embankments of the Deer 
Flat Reservoir in Idaho, there being no rock available, 
and cement being costly because of transportation, an 
interesting experiment was tried. After finishing the 
embankments to the standard slopes, the tops were 
widened to a total of 60 to 70 ft. by dumping the 
coarsest gravel available, which was allowed to take 
its own angle of repose and receive the action of the 
waves. These produced beaching and worked the 
gravel down the slope gradually, the fine silt and sand 
settling near the base on rather flat slopes, leaving the 
coarsest material on the slopes above. These banks 
have been in annual service about fifteen years, and the 
extra top width has nowhere been reduced one-half, and 


This method was also used in 
the construction of the Calaveras Dam in California, 
These two latter 
dams failed during construction, owing to the pressure 


In both cases the liquid clay 


in some places scarcely at all. There is no prospect of 
extensive repairs being required for a long time to come. 

The use of coarse materials for drainage purposes in 
the down-stream half of the earthen dam has evolved 
the combination of earth and rock, where an impervious 
bank of earth is backed by rock loosely dumped in 
place to form the down-stream half. This type of dam 
is sometimes employed where some earth is conveniently 
available, but not sufficient to constitute the entire 
structure, or the earth may be hauled from a distance 
in sufficient quantities where conditions permit, even 
though the yardage cost be high. Where sufficient 
earth is not available for the making of an impervious 
blanket, resort is had to various other materials of 
construction, as lumber, masonry, or steel. 

The combination of earth and rock fill requires the 
gradation of materials from the earth to the rock to be 
very gradual, so as to obviate the danger of any of the 
earth being washed down stream into the interstices 
of the rock. 

Jn early days several rock fill dams were built in the 
West employing a deck of lumber on the water slope 
for excluding the water. These usually gave satisfaction, 
and recently the practice has been revived in a design 
for a dam of this type now under construction in 
Kentucky, which will be higher than any purely rock 
fill yet constructed, being about 270 ft. high. The 
security of the rock fill against sloughing gives it an 
important advantage over the earthen dam for dams 
of this great height. In this case the water slope is 
made 1-2 to 1, gradually and slowly becoming steeper 
toward the top, where it is 1 to 1. The down-stream 
slope averages 1-3 to 1. For watertightness the up- 
stream slope is covered by a concrete deck laid on hand- 
laid stone, under the form of lumber to be left in 
place. 

In other cases a concrete wall has been employed on 
the water slope, backed by a hand-laid wall of dry stone, 
and this in turn backed by a heavy fill of rock dumped 
at random. In such cases it is customary to make the 
water slope steep in order to economise on concrete. 
In a dam of this type built near San Diego, known as the 
Moreno Dam, 150 ft. high, the water slope is 9 hori- 
zontal to 10 vertical for the lower 120 ft., and 1 hori- 
zontal to 2 vertical above this. The hand-packed wall 
is 50 ft. thick at the bottom and its up-stream face laid 
in mortar as rubble masonry. This dam developed 
bad leakage through cracks in the rubble masonry, 
which have been stopped by concrete facing. A rock 
fill dam 160 ft. high on the Stanislaus River, in Cali- 
fornia, has the concrete facing reinforced. This facing 
has a thickness of from 36 in. at base to 9 in. at top, 
and is backed by a hand-laid wall of rock, in which a 
thickness of 2 ft. next the concrete is laid in mortar. 
The water slope of the finished dam averages 1-1 to 1. 
Near Victoria, Colorado, is an example of a rock fill 
dam 120 ft. high, which is faced with a deck of steel 
plates ; the slope of this deck is 30 deg. to the vertical, 
and the plates are riveted together through flanges 
along the edges, with a filler between, thus forming an 
expansion joint at each line of rivets. 

The rock-fill type of dam has not been given due 
consideration until recently, but the recent successful 
application of this type of construction to several 
problems requiring very high dams, indicates its use 
in future to a greater extent than in the past. There 
are many cases where masonry dams have been con- 
structed, or rejected after due consideration as too 
expensive, where a rock fill would solve the problem as 
well and more cheaply. 


Masonry Dams. 


The earliest masonry dams, and a large proportion of 
the most modern ones, depend for stability upon their 
weight alone. 

All these heavy structures and many later ones seem 
to have been designed on assumptions of complete 
uplift water pressures on the entire base of the dam, 
or on horizontal joints, and some engineers argue that 
this is the true and only safe theory to employ. This 
assumes that there is no point of contact between the 
upper and lower masses forming the joint between 
which the pressure is supposed to occur. Also that the 
water may freely enter this joint, but cannot escape 
on the lower side of the dam. These conditions are 
impossible of attainment, and could not be approxi- 
mated except by special effort to do so. It is now the 
practice to take special precautions to prevent such 
uplift, by grouting the foundations, by efforts to secure 
the watertightness of the masonry on its water face, 
and by providing drainage galleries to collect and 
dispose of any leakage that may occur in the dam or its 
foundation. Notwithstanding these precautions it is 
customary to assume some uplift, and the addition of 
weight to overcome this. 

The most effective means of safety against this and 
many other dangers, where practicable, is to give the 
gravity structure a curvature in plan, so that it cannot 
fail either by overturning or sliding without introducing 
arch action, and thus transmitting the pressure to 
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abutments. Under such conditions it cannot fail 
without crushing the masonry or its abutments, and 
this additional stability is secured without sacrificing 
any of its virtues due to gravity alone. 

Perhaps the most notable failures of masonry dams 
in recent years were the Austin Dam of Texas, and 
another near Austin, Pennsylvania. In both cases the 
foundation was upon stratified rock, with bedding 
planes nearly horizontal, and the failure in both cases 
was due to sliding on one of these natural planes below 
the base of the dam. The introduction of water under 
pressure head of the full reservoir into these horizontal 
joints caused sufficient uplift to overcome the sliding 
friction, which was probably small, owing to the 
presence of lubricating material like clay or tale. In 
the case of the Pennsylvania dam the gorge was narrow, 
and security in abundance could have been obtained by 
curving the dam, without much additional expense. 
The Texas dam was much longer, so that an effec- 
tive degree of curvature would have been more 
expensive. 

Sometimes the curved form is made to economise 
masonry, permitting a lighter cross section than 
otherwise, but still retaining the theoretical gravity 
section, but with a smaller factor of safety in this 
particular. 

Masonry dams arched in plan, may be divided into 
three classes: (1) Those depending on gravity for 
stability, but curved in plan to obtain greater security 
against uplift or other contingencies. Examples of 
this kind are numerous, as the Cheesman Dam in 
Colorado, the Roosevelt in Arizona, the Arrowrock in 
Idaho, and the Don Pedro in California. (2) Those too 
light to depend on gravity alone, but heavier than if 
dependence were placed on the arch alone. Examples 
of this type are the Sweetwater, in California, the 
Shoshone and Pathfinder in Wyoming. (3) Those 
depending almost wholly upon the arch form for sta- 
bility. The Zola Dam, in France, and the Bear Valley, 
in California, were pioneers of this type, to be followed 
later by many others in Australia and the United States, 
of still bolder section, where dependence is placed upon 
the arch entirely. Of these, one of the boldest is one 
constructed in Oregon, which is one of the lightest, and 
is said to vary considerably from a true circle, due to 
defective construction, and to have had a heavy flow 


of water over its crest, for which it was not designed, 
yet it stands intact. 

The effectiveness of the arch in the design “of dams 
is inversely as the length of the radius, and in very wide 
canyons this radius must be so long as to make depend- 
ence upon arch action impracticable. The limit of 
effectiveness is usually taken as about 600 ft., though 
longer radii than this are sometimes employed to 
increase the safety of gravity designs. Practically all 
dam sites are wider at the top than at the base, .and this 
suggests the variation of the radius, so as to employ 
at all elevations the shortest practicable radius. This 
device has been patented, and has been successfully 
employed on a number of high dams recently con- 
structed. Where adapted to conditions it affords 
economy of yardage, and places the masonry where 
it is most effective. 

Although light arch dams are numerous and have 
been much criticised, there is, as yet, no record of failure 
of such adam. Many of them are striking demonstra- 
tions of the remarkable stability of the arch, and justify 
the expectation that the arch is to play an important 
part in the future of dam design. 

An early form of diversion dam consisted of an in- 
clined face of lumber, supported at frequent intervals 
by frame buttresses. A development of this in concrete 
has been applied to storage dams of considerable height 
and some have been built of steel. By using concrete 
arches instead of the deck, we have the multiple arch 
dam, which is one of the most important recent evolu- 
tions in dam design. Many have been built and are in 
successful operation in this country, one in California, 
recently completed, being 170 ft. high. In Italy, 
this type is represented by several recently constructed, 
of considerable height, one of which recently failed, 
with great damage and loss of human life. The failure 
seems to have been due entirely to faulty construction, 
and should not reflect on the multiple arch type. 

The Italian Government has given especial attention 
to multiple arch dams, and has produced several, of 
which one, the Tirso, is 240 ft. in maximum height, and 
is the highest of this type yet built. i 

A theoretical objection sometimes raised to the 
multiple arch dam in cold climates is the action of frost 
on the surface of thin walls, which might be con- 
siderable, where one side is exposed to the cold air 


TRUCK-TYPE HIGH-TENSION SWITCHGEAR; EMPIRE EXHIBITION. 


FERGUSON, PAILIN, LIMITED, ENGINEERS, MANCHESTER. 


iQunep, 


and} the other confines water under high pressure. 
Considering the rapid development of the art in 
recent years, and the brief experience with some of the 
latest devices, we are justified in regarding the science 
of dam design as still in the development stage. 


TRUCK-TYPE HIGH-TENSION SWITCHGEAR. 


We have already described various examples of 
truck-type high-tension switchgear which are to be 
seen at the British Empire Exhibition, and now in the 
two figures above illustrate a further model. Con- 
structed by Messrs. Ferguson, Pailin, Limited, of 
Manchester, this gear is built on the sectional principle, 
which permits of the grouping of a number of units to- 
gether to form a switchboard, as well as their individual 
use. Any desired service, such as controlling dead-end 
feeders, use on a ring main, and on duplicate feeder 
systems, can be performed by this apparatus, 
synchronising gear being fitted when the control of 
generating plant is intended. The particular model 
illustrated is suitable for pressures up to 1,500 volts 
and currents not exceeding 800 amperes. 

The truck is shown in Fig. 1, being removed from 
the cell by means of hand-operated rack and pinion 
traverse. The framework consists of two substantial 
castings, bolted together by means of four tubular 
spacers, on which the oil-immersed circuit breaker is 
mounted direct. The front panel is constructed of 
heavy plate and has mounted upon it the ammeter, of 
the gravity-controlled type, the traverse handle and the 
switch-control lever. Small, sturdy springs prevent 
jar when the circuit breaker opens. The truck also 
carries the current transformers, which are wound 
round porcelain tubes, and isolating receptacles. 
When a potential transformer is necessary it is mounted 
at the back of the truck, as shown in Fig. 2. The fixed 
housing contains two bus-bars, cable box and the 
isolating plugs, and the necessary protective screens are 
fitted to shield live parts when the truck is removed. 
A very convenient arrangement of pulleys and flexible 
wires provide an oil tank lifting and lowering system, 
facilitating easy working. Finally, a simple series of 
interlocks prevents either the withdrawal or the 
replacement of the truck while the circuit breaker is in 
the *‘ on”’ position. 
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THE STEAM TURBINE.* 
By the Hon. Sir Cuarres A. Parsons, K.C.B., F.R.S. 


Tue object of the present paper is to correlate 
certain well-known principles of thermodynamics 
with the practical progress of the steam turbine 
and with important advances that are being made 
at the present time. These advances promise con- 
siderable improvements in the efficiency of fuel 
utilisation for the production of motive power. 

The story of the steam engine, and later of the steam 
turbine, is largely the story of progress along the 
path pointed out by the genius of the earlier pioneers— 
Savory, Newcomen, Smeaton, the famous Watt, 
Woolf, Trevethick and others who, in the words of 
Carnot, were the veritable creators of the steam engine. 
Theoretical knowledge and mechanical progress have 
advanced along that path side by side, and to-day 
the engineer has at his command a comprehensive 
knowledge of the properties of steam, and indeed of 
thermodynamics, and almost unlimited mechanical 
resources for the execution of his designs. 

Present-day knowledge of both the theory and the 
technique of steam engines has justified Watt in the 
principles which he laid down, which were that the 
greater the steam pressure and range of expansion, 
the greater will be the work obtained from a given 
weight of steam, and that the cylinder should be kept 
as hot as the steam which entersit. The main develop- 
ment of the steam engine since his time has consisted 
in an extension of the range of expansion and in an 
ever-increasing degree of compounding. The separation 
of the condenser from the cylinder by Watt was 
followed by the division of the expansion into stages 
in separate cylinders, finally into four stages in the 
highest development of the reciprocating engine. The 
steam turbine carries this subdivision still further, 
the number of stages included in a reaction turbine 
of high efficiency being commonly 60 or more. In 
the compound reciprocating engine, the primary 
object of compounding is to reduce the temperature 
range of each individual cylinder, and so to diminish 
the condensation and loss which occurs when hot 
steam is admitted into a cylinder the walls of which 
have been cooled to the temperature of the steam 
just discharged from it. In a steam turbine, on the 
other hand, it is interesting to note that the turbine 
ideally fulfils Watt’s principle of keeping the cylinder 
as hot as the steam that enters it, because the turbine, 
at any part, is only exposed to the steady temperature 
of the steam that is passing through it. The exten- 
sive compounding which is now adopted in all types 
of steam turbines designed for high efficiency is of 
vital importance to their performance. 

There appears to be considerable evidence from the 
results obtained from actual turbines that the efficiency 
of conversion of the available energy of the steam 
into kinetic energy is greater at low steam velocities 
than at high steam velocities. Since the high velocity 
ratio necessary for efficiency can be attained in two 
ways, either by reducing the steam velocity or by 
increasing the blade velocity, the most efficient type 
would appear to be that in which both steam velocity 
and blade velocity are kept moderate, by adopting 
a large number of pressure stages. 

The consideration of the complete turbine as a series 
of simple turbines, in each of which the pressure drop 
is small, is consistent with a simple mathematical 
treatment for the determination of the energy available 
from an expanding gas. By the fundamental principles 
of hydraulics, if p be the pressure and p the density 
of an incompressible fluid, and if we consider V as 
the velocity generated at each stage by the conversion 
Eapeesare energy into velocity energy, we have simply 
“ = “2, which is true also of an expansible 
fluid when the pressure drop is so small that p is 
sensibly constant. Thus the total kinetic energy 
so generated per pound of steam in a large number 


of stagesis — 2 (2 , or, if vis the specific volume, 
—Z(vAp). We thus see that the available energy 
of an expanding gas is — vdp, for a small pressure 
drop, and — of vd p, between wider limits of pressure, 
without any reference to thermodynamics. But by 
the principles of thermodynamics this can be identified 
with the energy equivalent of the drop of total heat. 
The principle of compounding finds a simple mathe- 


matical expression if we consider the case of a turbine 
consisting of a large number of simple turbines with 


a constant velocity ratio. For just as > a for such a 
g 


ig 2 
series is equal to — f vdp, so a where uw is the 


blade speed, must be proportional to this value of the 
available energy. Thus the value of > uw? or of & d? R2, 
where d is the mean diameter of the blade annulus, 
+ EE 2 eee ee 


* Paper read at the International Mathematical Con- 
gress at Toronto, Friday, August 15, 1924. 


and R the revolutions per minute, is a suitable measure 
of the degree of compounding, and has been adopted 
as such from the time of the earliest compound turbine, 
and in turbine design is denoted by the letter K. 

The high efficiency of which the steam turbine is 
capable, the large pressure and temperature range 
which it can utilise without mechanical difficulty, and 
the fact that it can be built for very large-power out- 
put from one unit, have made it the most suitable 
prime mover for electric generating stations. 

Even with extensive compounding for the sake of 
efficiency, the turbine is essentially a high-speed engine, 
and the alternating-current dynamo to which it is 
coupled has consequently required great modification 
to convert it into a high-speed type capable of acting 
efficiently as the consort of the turbine. Fortunately, 
the relation between the output and speed of an 
alternator follows nearly the same law (the inverse 
square) as the steam turbine, and it has always been 
found possible to keep pace with the development 
of the turbine prime mover in providing a suitable 
alternator for it to drive. The combination of turbine 
and alternator thus rapidly progressed in size to meet 
the demand for large units, and in all large-power 
stations using fuel, steam turbines now provide the 
motive power in sizes ranging up to 60,000 kw. Some 
of these stations now have a total capacity of supply 
of 500,000 kw., feeding into wide-spread distribution 
systems and covering large areas. 

In marine work there has been a similarly-rapid 
progress both in economy and capacity, the marine 
turbine having advanced in output during 20 years’ 
development from the 2,000 s.h.p. of the Turbinia to 
the 150,000 h.p. of H.M.S. Hood. 

The first marine turbines were directly coupled to 
the propeller shafting. Under these conditions, on 
account of the low revolutions, the efficiency was 
determined by the maximum value of K or = d? R? that 
could be provided on a given weight, and in a given 
space. The value of K necessary for maximum 
efficiency would have led to~sizes of turbine and 
weights that would have been prohibitive. The associa- 
tion of the turbine with a low-speed propeller put the 
marine turbine at a disadvantage so long as it remained 
directly coupled, and its early development was there- 
fore confined to the propulsion of high-speed vessels, 
such as warships, liners and channel steamers, in which 
it soon established its superiority over the reciprocat- 
ing engine. In recent years all marine turbines are 
connected to their propeller through gearing, and this 
limitation has consequently been removed. The turbine 
has now been applied for the propulsion of all classes 
of sea-going vessels and considerable improvement 
in economy has been effected by the increased effii- 
ciencies of both turbines and propeller when these 
are allowed each to rotate at its most efficient speed. 

High-speed turbines can utilise higher expansion 
ratios and have a higher efficiency of conversion, and 
the general result is that steam consumptions have been 
reduced by the introduction of gearing to less than one- 
half of that of the early direct-coupled turbines. 

Whilst mechanical gearing was introduced in the 
first place with the object of making the turbine applic- 
able to low-speed vessels, it was soon found to be of 
value even in higher-speed vessels, and the direct- 
coupled turbine may now be said to be completely 
superseded by the geared turbine in all classes. 

Mechanical gearing has also assisted in the extension 
of the field of application of turbines on land. Con- 
tinuous-current generators, which have been made in 
sizes up to 3,000 kw. at moderate speeds can now be 
driven by efficient high-speed turbines, as also can 
low-frequency alternators and alternators of small or 
moderate output. The geared turbine has also been 
used to a considerable extent for the driving of mills, 
such as textile, paper and jute mills, 

It is estimated that the total output of steam tur- 
bines on land and sea has now reached a total of over 
120,000,000 h.p. 

In considering the steam turbine alone, the effi- 
ciency is expressed as the proportion of the available 
energy of the steam which is converted into useful 
work, and in large turbines this proportion is now in 
the neighbourhood of 85 per cent. The ultimate 
measure of the efficiency of the heat engine, of which 
the heating apparatus as well as the turbine mus} be 
considered a part, is the ratio of the useful output 
to the heat supplied by the fuel. It is necessary, there- 
fore, to include in the assessment the efficiency of heat 
transmission to the boiler, and the proportion of the heat 
transmitted to the steam that becomes available for 
conversion into work, as well as the efficiency of this 
conversion in the turbine. The development of the 
turbine has, therefore, brought us to the point where 
it becomes essential to examine closely all practical 
means of increasing the efficiency of the thermodynamic 
steam cycle which alone determines the proportion of 
the heat supplied to the steam that is available for 
conversion. 

It is known from the laws of thermodynamics that 
the thermal efficiency of a heat engine depends upon 


its temperature range; in other words, that, in accord- 
ance with Carnot’s thesis, the temperature at which 
heat is supplied and withdrawn should be as widely 
separated as possible. 

There are two cycles of operation well known in the 
thermodynamic theory of the heat engine. The first 
is the ideal reversible cycle of Carnot, consisting of 
two isothermals traversed by two adiabatics. The heat 
received and heat rejected are, respectively, proportional 
to the absolute temperatures and the efficiency of such 
ain) Sale 

Ty 
this cycle is the large proportion of negative work, 
involved by the adiabatic compression. 

The other cycle is that which is most closely followed 
in all practical steam engines, and is known as the 
Rankine steam cycle. The heat is received at constant 
pressure, and during the process of evaporation this is 
isothermal ; but when superheat is added subsequent 
to evaporation the temperature rises. The heat 
rejected is also rejected at constant pressure and, in 
general, at constant temperature, viz., the temperature 
of condensation. The expansion from the high 
temperature to the lower is adiabatic, and is effected in 
an engine separate from both boiler and condenser. 
The cycle is completed by the return of the condensed 
fluid to the boiler by the feed pump. 

It will be readily seen that, for saturated steam, the 
Rankine cycle has this advantage over the Carnot cycle, 
that the negative work is reduced to the almost negli- 
gible amount necessary to return the feed water to the 
boiler. The practical superiority of the Rankine 
steam cycle and the ability of the steam turbine to 
work on this cycle is the explanation of the success of 
steam as a working fluid, in spite of the comparatively 
low temperature at which heat is received. The sole 
defect of the Rankine cycle for saturated steam is the 
necessity to re-heat the feed water to the boiler tem- 
perature by means of the fuel, since this heat is added 
at temperatures below the maximum. 

It is clear that this defect could be overcome if the 
heating of the feed could be accomplished by transfer 
of heat from the steam at corresponding stages of equal 
temperatures, or in other words, by a regenerative 
process. With the addition of such a process the cycle 
would be thermodynamically reversible, and under 
such conditions the efficiency of the Rankine ,cycle for 
saturated steam would be brought up to that of the 
Carnot cycle. In practice, a close approximation to this 
regenerative process can be obtained by the employ- 
ment of a sufficient number of feed-water heaters in 
cascade, supplied with steam tapped off from suitable 
stages of the turbine.* The steam which thus transfers 
its heat to the feed heater is, first of all, made to do 
some work by expansion in the turbine down to the 
temperature at which it is required for withdrawal to 
the corresponding heaters, and since a certain amount of 
heat is required for the feed in any case, the work 
obtained from this tapped-off steam is obtained merely 
at the expense of additional heat equal to the work done 
by it; in other words, this additional heat is utilised at 
nearly 100 per cent. efficiency. Expressed in another 
way, the utilisation of some of the heat of the steam to 
preheat the feed water reduces the amount of heat that 
is required from the fuel and also that -rejected to the 
condenser. 

A large number of such stages of feed heating intro- 
duces some complications in the pipe work involved, 
but even with two or three stages very considerable heat 
economy can be effected. Generally speaking, econo- 
misers are used for the final heating of the feed water, 
but there is a tendency to develop the cascade system 
further, so as to carry the steam heating of the feed 
water up to the highest possible temperature, the 
economiser being thus displaced and the residual heat 
of the flue gases from the boiler plant being utilised for 
regenerative preheating of the incoming air to the 
furnace. 

With highly developed regenerative feed heating, the 
theoretical efficiency of the Rankine cycle for saturated 
steam can thus be brought approximately up to that 


ti Te which is: the 


1 
maximum thermodynamically possible between the 
temperature limits T, and T,. Further increase of 
efficiency can only be sought in an extension of these 
limits. 

Progress in the manufacture of materials capable of 
withstanding high temperatures now permits a 
Maximum steam temperature of about 750 deg. F. 
Unfortunately, increase of pressure has not as yet kept 
pace with increase of temperature to this value, and it 
is not possible to continue to employ the saturated 
steam cycle receiving all its heat at this higher tem- 
perature. Since, however, in a superheated steam 
cycle the heat that is absorbed during the process of 


a cycle is therefore = A serious drawback to 


of the ideal Carnot eycle, viz., 


* Feed heating in a single stage by partly expanded 
steam was proposed by James Weir in 1876 and by 
Normand in 1889; and feed heating in progressive stages 
was proposed by Ferranti in 1906. 
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evaporation, viz., the latent heat of the steam, is a large | 


proportion of the total heat transmitted to the boiler, 
some improvement in efficiency is obtained by increasing 
the boiler pressure, which, by increasing the tempera- 
ture of evaporation, increases the mean temperature of 
heat reception of the whole cycle. Thus, if we assume 
that by the use of feed heaters in cascade, as just men- 
tioned, the water is fed into the boiler at the boiling 
temperature, with a boiler pressure of 250 Ib. per square 
inch, and a maximum temperature of 750 deg. F. after 
superheating, the mean temperature of heat reception 
is about 430 deg. F. If, however, the boiler pressure 
is increased to, say, 2,000 lb. per square inch, with the 
same upper limit of temperature as before, owing to 
the fact that the latent heat is now received at a higher 
evaporation temperature, the mean temperature of 
reception is considerably increased, viz., to 680 deg. F. 

When adopting a high boiler pressure such as that 
just mentioned, it is advisable to have a small auxiliary 
high-pressure turbine with several stages of small 
diameter running at high revolutions and exhausting 
into the turbines at what is now ordinary boiler pres- 
sure. Such high-pressure turbines are actually being 


blade passages and partly by increase in velocity. 
With the high peripheral speeds adopted in most low- 
pressure blading at the present time, while the steam 
speed may be such as to give a perfectly satisfactory 
velocity ratio it may entail a loss of kinetic energy of 
considerable amount in the steam leaving the terminal 
blades. 

A simple solution for the exhaust area problem in 
large machines is to provide a separate low-speed 
turbine of large diameter for the final stages of the 
expansion arranged in close proximity to the con- 
denser. 

Application of all the foregoing principles is being 
made in a turbine plant of 50,000 kw. capacity which 
has been built at Newcastle-on-Tyne for the new 
Crawford Avenue Power Station, Chicago. This plant 
has been described and illustrated in the contemporary 
press, to which I may refer those desirous of studying 
the technical details. It is perhaps interesting to add 
that the thermal efficiency, from fuel to electricity, is 
anticipated as being about equal to that of the best 
internal-combustion engine. 

The annexed table shows the estimated consumption 


TABLE SHOWING THE OVERALL THERMAL EFFICIENCIES WHICH IT IS ESTIMATED COULD BE REALISED WITH 
INoREASED BoILeR PRessuRES uP To 2,000 Las. PER Sq. In. 


(Based on the Callendar tables and formule for the properties of Steam.) 


Polen ae 2, 3. 4, 5 6. 7. 8, 9. 10. 11, 12 13. 
Stage | As- Overall Per 
As- Feed- | Thermal|.sumed | Thermal] cent. 
Deg. F.| sumed Re- Res- | Exhaust) Water Effi- Boiler Effi- Reduc- Equiva- 
Case 8.V.P. | 8.V.T. | Initial | Re- heat | tored |Vacuum | Heating | ciency Plant ciency | tion in lent 
No. Lb. | deg. F.| Super- | heat |Temp.,| Super- | In. Hg. | from 65 | (from Effi- (from Fuel Lb. Oil 
Gauge heat. | Pres- |deg.F.| heat, Bar. | deg. F. | Steam | ciency | Fuel to | Con- B.h.p.- 
| sure, eg. F.| 30 in up to | to Elec- | (inclu- Elec- sump- hr, 
| Ib. abs. (deg. F.) | tricity), | ding all | tricity.) | tion. 
aux.) 
| 
Deg. Deg. Deg. Deg. In, Deg. = 
I 250 750 344 65 700 402-0 | 29-25 360 31-6 84-0 26°52 — 0-501 
II 500 750 281 100 700 372:0 | 29-25 420 83-5 83-5 27°97 5:45 0-475 
Til 1,000 750 204 150 700 343-0 | 29-25 510 35-2 83-0 29-20 10-08 0-455 
IV 1,500 750 153 250 700 | 299-0 | 29-25 550 36-6 82-5 30:20 13-82 0-440 
Vv 2,000 750 114 400 700 | 254-5 | 29-25 600 875 82-0 30°75 15 0d 0-432 
NOTES :— 


S.V.P. = stop-valve pressure. 
8.V.T. = stop-valve temperature. 


Feed water heated to within about 50 deg. F. of boiler temperature by means of steam withdrawn from turbine blading 


at several points. 


Boilers equipped with economisers, or air pre-heaters, or both, so as to recover heatfrom the flue gases and maintain high 


thermal efficiency. 


Dynamo efficiency taken as 96-5 per cent. at full rated output. - 
Gross calorific value of fuel oi] taken as 18,500 B.Th.U, per Ib. 


built, one in Great Britain for 1,500 lb. per square 
inch and one in the United States for 1,250 lb. per 
square inch. 

Even with such pressures, a maximum temperature 
of 750 deg. F. still allows further heat to be added, 
thereby superheating the steam, and it is not therefore 
possible in this cycle quite to realise the full efficiency 
corresponding to a maximum temperature of 750 deg. 
But a further improvement would result if, after super- 
heat to the maximum temperature, further heat was 
added so as to maintain isothermal expansion at this 
maximum temperature throughout the initial stages 
of the turbine, carrying it to such a point that sub- 
sequent adiabatic expansion in the turbine to the 
condenser pressure would leave the steam just satu- 
rated at that pressure. Such isothermal expansion of 
gaseous steam is hardly practicable in a separated 
engine, but, as a practical approximation to it, there is 
adopted in some installations at the present time 
reheating of the steam, which, after a certain amount 
of expansion in the turbine is extracted and raised 
again to a high temperature in a reheater and led back 
to the turbine to continue its expansion. Such addi- 
tional heat is added at a temperature higher than that 
which would otherwise have been the mean temperature 
of heat reception for the working fluid. 

Reheating has the additional and important advant- 
age of keeping the steam longer in a superheated 
condition, and therefore diminishing the range where 
moisture, and consequent loss by water resistance, 
occurs. 

With regard to the lower temperature limit, it is 
evident that any reduction of the final temperature T, 


will increase the value of fury for the theoretical 


1 
maximum efficiency. This, fora steam engine, means 
a higher condenser vacuum, and the utilisation of high 
vacuum becomes a most important factor in the design 
of the turbine, since it involves the necessity of pro- 
viding ample blade area and passage way for the 
great volume of low-pressure steam. The volumetric 
expansion of the steam in its passage through a turbine 
is provided for partly by increase in the area of the 


of fuel oil per brake horse-power burnt under the 
boilers working at various pressures up to 2,000 lb. per 
square inch. 

Applying the same principles to marine work, it is 
interesting to enquire what results can be obtained by 
using high temperature and boiler pressure, stage feed 
heating and air preheating, but without intermediate 
reheat.* a. 

In such an atrangement it is desirable, in order to 
obtain good efficiency in the high-pressure range, to 
adopt a separate fast-running high-pressure turbine. 
The three turbine arrangement, consisting of high- 
pressure, intermediate and low-pressure turbines geared 
to the propeller shaft, is specially applicable under such 
conditions. Assuming such a design to be adopted for 
an installation of about 5,000 shaft horse-power, with 
boiler pressure 500 lb., temperature 700 deg. F., feed 
heating to 350 deg. F., and effective air preheating to 
give a boiler efficiency of about 84 per cent., a careful 
estimate based on known performance shows that, 
owing to the increased available energy of the steam, 
a fuel consumption of about 0-57 lb. of oil per shaft 
horse-power hour would be obtained for turbines only, 
and 0-69 lb. per shaft horse-power hour, including 
auxiliary machinery. 

When the difference in price between fuel oil and 
Diesel oil is taken into consideration, these being in 
about the ratio of 3 to 4, and allowance is also made 
for the cost of lubricating oil for the Diesel engine in 
excess of that for the turbine, it will be seen that these 
figures are equivalent to about 0-38 lb. of Diesel oil 
per shaft horse-power hour for turbines only, and 
0-475 Ib. Diesel oil per shaft horse-power hour for 
all purposes, including auxiliary machinery, and, there- 
fore, promise an economy of fuel superior to that 
obtained with Diesel engines ; whilst the first cost of 
such an installation will be little if any greater than 
that of a geared-turbine installation of the usual design 


*The adoption of reheat after partial expansion 
would involve carrying a steam pipe of large capacity 
twice through the bulkhead separating the engine room 
from the boiler room, and this, though not impossible, is 
open to objection. 


with low pressures and moderate superheat, and co) 
siderably less than the cost of an oil engine. <7 

It will thus be seen that, by practical application ; 
the principles discussed above to the expansion || 
steam in a turbine, overall thermal efficiencies can }. 
realised which are not inferior to those of interna. 
combustion engines. : 

It has been further suggested to employ a binar 
vapour process, utilising another fluid with a low 
vapour pressure, such as mercury for the highe1 ran; 
of temperature. This would enable the whole of tl. 
heat to be received at the maximum temperatui 
without employment of high pressures and theoretical) 
a slight gain would result. Within the limits « 
temperature, however, which present-day materia 
make practicable, it would appear doubtful wheth« 
the losses incurred through the double transmission ( 
heat in such a process would not outweigh the theoret 
cal gain, and, moreover, there are obvious objectior 
to the use of such a fluid as mercury. 


CATALOGUES. 


Oil Engines.—A catalogue illustrating and» describin| 
the Fullagar opposed-piston oil engine, as constructed h 
the English Electric Co., Limited, Queen’s House, King: 
way, London, W.C., is to hand from that firm. 


Cast-Iron Pipes.—A list of cast-iron pipes in stock f¢ 
immediate despatch, giving particulars of diamete 
length, end connections and quantity available, is ¢ 
hand from the Staveley Coal and Iron Company, Limite 
Chesterfield. 


Switchgear.—Four leaflet catalogues dealing with iror 
clad switch pillar units for mining and industrial usi 
sheet-steel cubicles and switchboards, oil-immerse 
switch-fuses, and isolating links are to hand from th 
New Switchgear Construction Co., Limited, Sutto: 
Surrey. 


Refrigerating Machinery.—Messrs. Sulzer Brothei 
have sent us from their London Office, 31, Bedford-squar 
W.C., a handsomely printed catalogue of refrigeratin 
plant, including complete installations for cold store; 
breweries, chemical works, &c., which are well illustrate 
and clearly described. | 


Wire- Working Machines.—The Orb Engineering Work: 
Limited, Middleton Junction, Manchester, have sent uv 
a catalogue of their automatic machines for continuous! 
drawing and cutting off wire to accurate lengths. Th 
machines are made in three sizes, dealing with wire fror 
17 8.W.G. to 4-in. rods, 


Gas in the Textile Industries—An eight-page pamphle 
issued by the British Commercial Gas Association, 3( 
Grosvenor-gardens, London, S.W. 1, contains articles o 
the uses of gas in the textile industries, the specie 
operations dealt with being stentering, wool conditioning 
cloth shrinking and artificial silk drying. 


Switchboards.—The General Electric Co., Limited 
Magnet House, Kingsway, London, W.C., have sent u 
two catalogues dealing with switchgear, one relating t 
unit type switchboards and the other to ironclad switch 
boards for direct or alternating current circuits up t 
660 volts, for two or three-wire distribution. 


Investigation of Machinery Noises.—An account of th 
many applications of the stethoscope for investigating o 
recording the internal noises of mechanisms or the vibratio: 
of structures is given by Mr. C. E. Noel-Storr in a littl 
16-pp. pamphlet issued by the Capac Company, Limited 
24, Bruton-place, New Bond-street, London, W. 


Transformers.—The British Electric Transformer Co 
Limited, Hayes, Middlesex, have issued a catalogue o 
Berry transformers of the radial and core types. Thi 
core type has been made specially for three-phase work 
and units with capacities up to 5,000 kv.-a. and fo; 
pressures up to 90,000 volts are now in operation. 


Drawing Instruments.—Messrs. B. J. Hall and Go. 
Limited, Great Peter-street, London, S.W. 1, have seni 
us a catalogue showing a very considerable variety 0! 
drawing instruments, supplied in complete sets, hali 
sets or singly, and also giving particulars of planimeters 
integrators, integraphs, pantographs, and eidographs. 


Boiler Furnaces.—A little booklet giving particulars 
of their furnaces for boilers and for refuse destructors, 
and containing much useful information on the subject 
of economical fuel consumption, has come to hand from 
Messrs. Meldrums, Limited, Timperley, near Manchester. 
An oil burner and a special fire bar for dust fuels are also 
described. 


Belt Conwveyors.—A carefully-prepared catalogue of 
belt conveyors, received from the Brown Hoisting 
Machinery Company, Cleveland, O., U.S.A., illustrates 
the application of these appliances to simple and intricate 
work and gives much technical information which will 
be useful to engineers in connection with the installation 
of such plant. 


Switchgear and Accessories.—We have received a 
number of catalogues from the British Thomson-Houston 
Co., Limited, Rugby, all of which have been carefully 
prepared with useful explanatory matter, illustrations 
and technical and commercial information. They well 
maintain the high standard of this company’s trade 
publications. The catalogues deal with field rheostats 
with capacities up to 60 amperes at 600 volts, pulleys 
up to 36 in, in diameter and 12 in. wide for generators 
and motors, air-break knife switches, jron-clad truck 
switchgear for three-phase systems up to 11,000 volts, 
and oil-immersed circuit breakers of the spring-operated, 
motor-controlled type. . 
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“ ENGINEERING ” ILLUSTRATED PATENT 


RECORD. 
SBLECTED ABSTRACTS OF BECENT PUBLISHED 


SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Co. of Specifications may be obtained at the Patent Office, Sales 

ranch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Speci; ion is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘“ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete peeling te 

of a 


give notice at the Patent Office of opposition to the grant 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


213,801. Wallsend Slipway and Engineering Company, 
Limited, Wallsend-on-Tyne, and J. S. Simm, Monk- 
seaton. Internal-Combustion Engine Cylinders. (3 Figs.) 
May 28, 1923.—The invention relates to cylinders for single- 
acting two-stroke internal-combustion engines of the type 
comprising a jacket fitted with a ported liner forming the working 
barrel, the liner being adapted to receive a cover secured to the 
jacket. According to the invention, the flange of the liner is 
exterior to the jacket; fluid-tight joints are provided between 
the liner and the jacket in the neighbourhood of the ports ; and the 
cover is provided with a central aperture to receive the valves. 
1 is the liner, which is adapted for insertion in place from the 
crosshead end of the cylinder and is provided with a flange 
which is secured to the cylinder jacket 3 at the crosshead end, 
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the flange being exterior to the jacket. The lower part of the 
liner 1 is ribbed or thickened at the locations of the scavenge 
and exhaust ports 5, 6. Cooling-fluid channels 7 traverse the bars 
between the ports. At the breech end of the cylinder, the liner 
1 is extended for reception of the cylinder cover 4. Fluid-tight 
joints are provided between the liner 1 and the jacket 3 at the 
seayenge and exhaust ports 5. 6, and also near the uppermost 
and lowermost ends of the liner 1, to prevent leakage from the 
jacket space, such joints being preferably effected by rings 8 
of copper or rubber set in grooves in the liner 1 so as in no wise 
to impede convenient removal of the liner. The cover 4 is 
provided with a single central aperture 14 to receive a cage carrying 
the fuel-injection valve, the starting-air valve and such other 
valves as may be required. (Sealed.) 


HYDRAULIC MACHINERY.} 


213,136. C. Williams, Brynmill, Swansea, W. G. 
Bellamy, Morriston, and the British Mannesmann Tube 
Company, Limited, Landore, Swansea. Loose-Flange 
Pipe Joints. (9 Figs.) April 19, 1923.—The invention relates to 
loose-flange pipe joints of the kind wherein one or more split 
flanges and connections are used in conjunction with a number of 
flange coupling bolts and nuts. According to the invention, the 
two halves of a split flange situated on one side of a pipe joint 
are connected together by means of a pair of plates arranged on 
either side of the pipe and secured to the split flange members by 
means Of pegs or pins, which are fixed to, or engaged with, the 
plates and extend into holes in the split-flange members, or vice 
versa, and the two halves of the split flange are secured to the 


IS 
cael 


Cra 136) 


solid or split felloe, or opposing flange, on the other side of the 
pipe joint by means of the usual flange coupling bolts, and of 
additional bolts connected to, or engaged with. the plates and 
extending through holes therefor in the said felloe flange. The 
two pipe end portions are denoted by the numeral 6, and the two 
split flange halves by 1, a joining or union sleeve being indicated 
at 11. The two halves of a split flange 1 are connected together 
by means of the two locking plates 3, arranged one on each side of 
the axis of the pipes, each plate being provided with two pegs or 
pins 4 arranged to enter two corresponding holes specially 
drilled in the flange 1 to suit. The plates are each also provided 
with a bolt 5 that is fixed to the plate, the bolt being screw- 
threaded for co-operation with a nut 9, Each bolt is of a length 


sufficient to enable it to pass through the two flanges 1 and 2, 
one on either side of the joint, and thus to draw them tightly to- 
gether, i conjunction with the usual flange bolts 7 and nuts 10. 
(Sealed. 


MACHINE AND OTHER TOOLS, SHAFTING, &C. 


213,123. J. A. Metcalf, Wallsend-on-Tyne, and A. 
Lennox, Wallsend-on-Tyne. Tube-Expanding Tools. 
(2 Figs.) April 3, 1923.—The invention relates to tube-expanding 
tools of the kind wherein the expansion is performed by means of 
rollers contained in a cage and forced outwards by a tapeged 
spindle, whichis rotated and moved axially. ais a housing which 
is provided at its inner end with an aperture d through which the 
end of the tube z to be expanded is introduced into the housing. 
Adjoining the aperture is an annular.recess e of a diameter not 
less than the desired external diameter of the end of the tube 
when expanded, so that it may form a matrix. f are the rollers 
disposed in a cage g closed by a detachable coyer-plate h. The 


cage is fixed to, or int¢gral with, one race ring j1 of a thrust 
bearing 7 fitted inside the housing. sis a tapered spindle which 
extends axially through the housing ard members j, g and h, the 
rollers f bearing on the periphery of the spindle and being forced 
outwards and rotated when the spindle is rotated and moved 
axially. For expansion, the end of the tube is introduced into 
the housing through the aperture d, the face of the ring 71 forming 
an abutment for the end of the tube and correctly locating the 
latter with the aid of the member hk. The spindle & is then 
rotated and is forced axially inwards, so that the rollers expand 
the end of the tube into the annular recess e, thereby producing a 
collar on the end of the tube. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


213,161. H. B. Watson, Newcastle-on-Tyne, and T. C. 
Billetop, Newcastle-on-Tyne. Steam Engines. (8 Figs.) 
December 1, 1922.—The invention relates to steam engine of the 
uniflow type with central-belt exhaust ports. According to the 
invention, the steam jackets of uniflow steam engines are con- 
structed by providing in the interior of the cylinder casing A 
annular recesses M, N parallel with, and near to, the central-exhaust 
belt H, the edges of the recesses forming part of the bore of the 
cylinder casing and making joint with the exterior surface of the 
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cylinder liner al, when the latter is introduced, so that the liner 
forms the inner wall of the jacket. The actuating steam enters 
by the inlet #1 and passes in the direction of the arrows to the valve 
casing with which both belts communicate, the arrangement 
being such as to ensure the steam passing through both jackets 
round the cylinder liner before it enters the valve casing. Any 
condensation water in the jacket M passes to the valve casing with 
the steam, and condensation water formed in the jacket N passes 
through the port 72 and thence through the chamber h?, (Sealed.) 


211,992. W. Whelan, Stoke, Devonport. Thrust Bear- 
ings for Marine Engines. (4 Figs.) December 9, 1922.—The 
invention relates to ball-thrust bearings of the type in which the 
balls are disposed in races, which have the form of closed curves 
that do not encircle the shaft, are retained therein by slotted 
plates, and come into or out of rolling contact with members 
having plane thrust surfaces lying transversely of the shait., 
According to the invention, the shaft is provided with thrust 
collars of the kind usual in marine thrust bearings, and the ball- 
races are carried by members which surround the shaft, except 
for a space to permit of their removal, and have faces which are 
adjacent to those of the thrust collars and in which the races are 
located. The body of the thrust block a is made in horse-shoe 
form and partly surrounds the shaft 6. The shaft carries two 
collars c, c, one of which takes the ahead thrust and one the 
astern thrust. In each face of the thrust block, there are four 


curved races d, each filled with steel balls. The balls are kept in 
place by two cover plates e, e, which cover the faces of the thrust 
blocks, and the small centre plates f, between which and the cover- 
plate spaces are left, through which the balls are free to project 


(211,992) 

slightly beyond the face of the cover-plate. The collars c, ¢ have 
the diameter shown, the balls beyond this being free of the 
collars, consequently, the balls, in passing round the races, pass 
into and out of action. (Sealed.) 


213,717. The London Electric Supply Corporation, 
Limited, London, and A. G. Fox, New Cross, London. 
Furnaces. (6 Figs.) January 27, 1923.—The invention relates to 
furnaces for steam generators fitted with chain or travelling grates. 
The invention consists in providing a number of parallel, substanti- 
ally V-shaped, ducts arunning transversly across the under surface 
of the grate, these ducts being supplied with air under pressure 
from one or more ducts ¢ which run longitudinally of the grate 
and communicate through apertures d with the transverse 
ducts a. These transverse ducts are provided with openings 
for discharging riddlings, and to these openings are fitted 
rotatable or movable sealing devices, so that when they are 
operated the riddlings are passed out of the duct without opening 
the seal, thus preventing the air under pressure from escaping 


2/3,7/7) 


through the opening. The sealing device illustrated comprises 
two arch shaped guides f secured to the’ sides of the duct a and 
forming a seat for a substantially cylindrical hollow drum g 
having a slot # extending along it. The drum is provided with 
ends having gudgeon pins on which are mounted sprocket wheels 
k, the teeth of which mesh with the links of the underside of 
the grate } as it is returning to the front end, so that movement 
of the grate causes rotation of the wheels and the drum, When 
the slot # in the drum registers with the slot e in the bottom of 
tie chamber a, the riddlings which have accumulated in the 
chamber drop into the interior of the drum. When the drum 
has been rotated through approximately 180 deg., the slot hk 
registers with the space between the guides f, and the riddlings 
are discharged from the drum. (Sealed.) 


213,344. Sir A. S. Haslam, Derby. Packing. (i Fig.) 
January 1, 1923.—The invention relates to packings of the known 
type consisting of a series of metallic rings of combined hard 
metal and plastic metal. According to the invention, the packing 
consists of a series of steel carrier rings d of a pentagonal, triangular 
or any other suitable section. The outside diameter of the steel 
ring is preferab:y smaller than the inside diameter of the stuffing 
box a, so that the rings are not in contact with the sides of the 
stuffing box; any friction on the sides of the stuffing box is 
thus avoided and pressure is transmitted equally along the 
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whole length of the packing in the stuffing box. If preferred, 
the outside diameter of the steel rings may be made the same 
as the inside diameter of the stuffing box. On the inner side 
of each of these rings there is mounted a soft plastic metal 
ring ¢ in such a manner that the top and bottom surfaces of 
the, soft metal extend beyond the surfaces of the hard metal. 
This ring is preferably concave in section and is cast on a 
triangular steel ring d having two inner angular faces which enter 
into the concavity, a ring of approximately rectangular section 
of hard and plastic metal being thus formed. _ The inner side of 
the soft metal surface is in contact with the piston rod and may 
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be provided with a series of circumferential oil grooves. When 
‘arranged on @ piston rod ¢, any two rings are placed side by side 
and the soft metal is retained between the two hard metal 
angular rings. As the rings are pressed together the soft metal 
becomes interfluent between the two hard angular surfaces, 
forcing the soft metal inwards on to the piston rod. On the 
outer end of the gland box is a screwed cap b which forces the 
packing inwards, and the piston rod is lubricated by the inter- 
position of a tube or lantern gland drilled to admit the oil. It 
is preferred that, on the outer side of the last steel carrier ring A, 
a soft plastic metal ring g be mounted, which is in contact with the 
inner side of the stuffing box in order to retain the oil in the 
stuffing box, the inner side being clear of the piston rod to avoid 
friction. (Sealed.) 


212,815. The Stirling Boiler Company, Limited, West- 
minster, and H. J. S. Mackay, Ryde, Isle of Wight. Steam 
Generators. (2 Figs.) July 10,1923.—The invention relates 
to improvements in five-drum vertical or semi-vertical water- 
tube boilers, of the curved orstraight tube type, having two lower 
ormud drums. In accordance with the invention, thelower halves 
only of the lower or mud drums are connected by curved tubes, 
preferably uniformly spaced lengthwise of the drums and all 
connected with the drums in proximity to the lowest level, 
the tubes being of such curvature that a portion of every tube lies 
‘below the bottoms of the drums. As shown, and in accordance 


swith the present invention, the mud-drum-connecting-tubes A 
‘are arranged to connect only the lower halves of the lower or 
mud drums B and OC, being connected with the drums B and C 
in proximity to the lowest level thereof and of such curvature 
that the middle portion of every tube lies below the bottoms of 
the drums. It will be understood that by virtue of the arrange- 
ment of the tubes. A connecting the lower portions of the two 
mud drums, a greater movement than hitherto usual of the 
water in these regions is afforded, permitting of better circulation 
and equalisation of the temperatures with consequent reduction 
in the stresses on the riveted joints on the drums. (Sealed.) 


212,967. The Mirrlees Watson Company, Limited, 
Glasgow, and W. A. Dexter, Glasgow. Surface Con- 
denser Installation. (2 Jigs.) December 16, 1922.—The 
invention relates to surface condenser installations of the type 
in which provision is made for maintaining a constant load 
on the condensate pump. Installations of this type usually 
include a collecting box or chamber located below the main 
condenser for the reception of condensate from the condenser 
and a centrifugal condensate pump connected on its suction 
side to the collecting box and on its discharge side by a dis- 


charge pipe to a so-called overhead tank, such overhead tank being 
connected directly to the feed heater, and, by an equalising pipe, 
to the collecting box. . According to the invention, the so-called 
overhead tank is formed as a sealed chamber from which a con- 
nection is taken directly to the feed heater and through the 
heater to the feed pump or feed tank, so that the condensate 
pump serves to create an artificial head, and that the feed heater 
and the feed pump, orthe feed tank, may be situated conveniently 
without the necessity for providing a substantially static head. 
i denotes the main condenser below which is located a collecting 


chamber 2 connected to the main condenser and serving for the 
reception of condensate from the condenser. The centrifugal 
condensate pump 8, is connected, on its suction side, to the collect- 
ing chamber 2 and on its discharge side by a discharge pipe 4 to an 
overhead tank 5. The tank 5 is connected to the feed heater 6 
by piping 7 and to the collecting chamber 2 by an equalising 
pipe 8, the flow of water from the tank 5 to the chamber 2 being 
automatically regulated by a valve 9 controlled by a float 91. 
The tank 5 is formed as a sealed chamber, the connection from 
which to the feed heater 6 is controlled by a manually-regulatable 
spring-loaded valve 10, the said connection extending through 
the"feed heater 6 to the feed pump 11. 12 denotes a Venturi- 
meter which serves to measure the total quantity of condensate 
passing through the piping 7 to the feedheater 6. To ascertain 
the quantity of steam condensed in the condenser, there is 
subtracted from the quantity measured by the meter the calcu- 
lated quantity of steam used in operating both stages 16, 161 
of the ejector air pump of usual construction, the primary 
stage 16 of which is connected by a valved pipe 162 with the 
condenser 1. Steam from the primary stage 16 condensed in 
the jet condenser 18 connected with the tank 5 by the valved 
pipe 181 passes with the injection water by way of the connection 
19 to the collector chamber 2 and into the closed circulation 
system, the connection 19 having a return bend with a valved 
branch or air passage 191 leading to the condenser 1. Steam 
from the second stage 161 passes with the air by way of the 
pipe 17 to the feed heater 6 which also functions as a surface 
condenser, having a vent 20 and a drain connection 21 leading 
to a tank 22 fitted with a float-controlled valve 23 regulating 
the flow from the tank 22 to the condenser 1. The tank 5 has 
an air vent controlled by a valve 14 permitting discharge of air 
from the closed system. 15 denotes a normally closed thermo- 
static valve for by-passing overheated water from the feed 
heater 6 to the condenser 1 by way of the connection 151. 
(Sealed.) 


213,682. S. E. Alley, Westminster, London, and A, C. 
Hutt, Shrewsbury, Shropshire. Vertical Steam Boilers. 
(1 Fig.) January 6, 1923.—The invention relates to vertical 
steam boilers of the type having a central combustion chamber 
over the fire grate and surrounded by an annular water space 
which is enclosed between the combustion chamber and the boiler 
shell. According to the invention, a vertical steam boiler com- 
prises a central combustion chamber 12 having a fire grate, an 
outer shell 10 that surrounds the combustion chamber and forms 
with it an annular water space 13 of relatively large area at 
the working water level and of smaller area at other levels there- 
below. The shell 10 is circumferentially bulged outwards at 17 
near its lower end at and near the level of the fire grate, as com- 
pared with its size at other levels, the vertical section of the 
bulge 17 exhibiting reverse curves and the combustion chamber 


having a downwardly and outwardly flaring lower conical portion 
16 at and above the situation of the bulge 17. In this way, an 
increased gate area is obtainable without increasing the diameter 
of the shell except locally at the situation of the bulge 17, and 
an increased size of combustion space is provided. Moreover, 
the annular water space 13 is reduced in volume and consequently 
the weight of water carried is reduced ; also a conveniently large 
annular space is provided at the situation of the bulge 17 to 
permit of the collection of the scale and deposit usually to be 
expected at the bottom of a boiler. Thereis the furtherimportant 
advantage that the form of bulge employed makes the boiler 
less rigid along the length of its axis than the usual form of such 
boilers with flanged ends, and the flexibility thus provided is, of 
course, desirable in that it reduces the trouble due to differences 
in expansion between the shell and the walls of the combustion- 
chamber, (Sealed.) 


213,830. The Stirling Boiler Company, Limited, West- 
minster, London, and E. E. Noble, Fulwell, Sunderland. 
Water-tube Boilers. (5 Figs.) August 1, 1923.—The invention 


4 


relates to water-tube boilers of the vertical or semi-vertical type 
having curved or straight tubes. An object of the invention 
is to provide an improved baffle for use in any bank of tubes of 
such boilers, while a further object is to provide an arrangement 


of such baffles whereby the usual deflecting arch, ordinaril 
required in boilers using chain grate stokers, may be dispense : 
with. The improved baffle is built up of a series of spaced 
columns A, each composed of superimposed tiles or bricks B 
adapted to fit snugly between adjacent tubes C of a row, such 
columns being surmounted by bridging tiles or bricks D, which, 
in turn, serve to support a wall E formed of bricks or tiles an 
constituting the main portion of the baffle. A baffle so con- 
structed may be erected behind the front or the second row of 
the first bank of tubes of a boiler of the type referred to, and | 
will serve, in furnaces employing chain-grate stokers, as a radiant 
heating surface permitting of dispensing with the usual deflecting 
arches employed with such stokers. (Sealed.) i 


TEXTILE MACHINERY. 


213,750. John Hetherington and Sons, Limited, Ancoats, 
Manchester, and C. W. Cooper, Brooks Bar, Manchester. 
Combing Machines. (2 Jigs.) March 138, 1923.—The 
invention relates to combing machines, and has for its object to 
provide an improved device whereby the fan of the aspirator 
for removing the waste may be stopped or started at will 1 is 
the fan-shaft upon which is keyed a sleeve la. Upon the 
sleeve 1a is loosely mounted a chain wheel 2. Slidably mounted 
upon the sleeve 1a, but fixed as regards rotation, is a half-clutch 3, 


and attached to, or formed integral with, the chain wheel 2 is a 
second half clutch 4, The half clutch 3 is under the action of 
a spring 5. Loosely mounted upon the shaft 1 is a bracket 7, 
upon which is pivotally mounted a lever 8. Oneend of the lever 8 
engages the groove 3a of the half clutch 3 and the arrangement 
is such that, by operating the lever 8, the half clutch 3 may be 
brought into or thrown out of contact with the half clutch 4, 
so that the fan shaft 1 may be thrown out of gear according to 
the requirements of the operative. (Sealed.) 


213,629. The British Cotton Industry Research Associa- 
tion, Didsbury, Manchester, and A. ‘E. Oxley, Didsbury, 
Manchester. Thread-Testing Machines. (11 Figs.) Novem- 
ber 1, 1922.—The invention relates to a machine for testing 
threads. According to the invention, a thread 1 is suspended 
vertically in the machine and is subjected to a cyclical variation 
of tensional stress applied axially to it. Further, by this invention, 
means are provided to prevent the rotation of the thread about 
its axis to cause untwwisting of the same. In one form of con- 


struction of the machine, the threads 1 are connected to cranks 47 
at one end and carry loading weights 55 at the other, the load — 
being such that maximum loading on the thread, which occurs 
with the crank at one extreme position relatively to the thread, 
will always be less than the breaking load of the thread. The 
numbers of yariations of stress applied in this manner previous 
to the rupture of the thread is a measure of the strength of the 
thread when submitted to cyclical variations of stress. (Sealed.) 


Lonpon BripGEe.—The results of the recent thorough 
observations on the state of London Bridge have been 
embodied in a report submitted by the Engineers to the 
Bridge House Estates Committee of the Corporation of — 
London. The report states that the bridge is in good 
condition and no cause exists for the recent apprehension. 
Considerable attention has been given to a: study of the 
cracks in the spandrels which have been found to vary 
with the temperature, and no unusual feature has asserted 
itself. The river bed has also been closely examined. 
The bridge is supported on timber foundations, thoroughly 
protected by silt. No movements of any kind have been 
discovered in the course of the investigations. 
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THE PROPORTIONING OF IMPULSE 
BLADES AND NOZZLES. 
By Grratp Sronry, D.Sc., F.R.S. 


In proportioning one-row impulse blades and 
nozzles there are a large number of factors to be 
taken into account, many of which have doubtful 
values. It therefore hecomes a matter of impor- 
tance to consider the effect of each factor separately, 
and to investigate at the same time the influence 
that an error in the assumed values of these factors 
has on the final result. It may be mentioned that 
since the effect of these factors is more marked 
in two and three-row blading than in one row, 
the correct assumption of values for them becomes 
of even greater importance. In one-row blading 
the exit angles of the nozzle and blade are fixed by 
the designer, who then, by assuming various 
coefficients, finds the ratio of the nozzle height to 
the blade height. In many cases it-is considered 
desirable to have a certain amount of reaction ; 
that is, to have part of the heat drop in the blades, 
as this appears to improve the efficiency obtainable. 
If, however, there is too much reaction, the pressure 
drop across the blades causes loss by spilling and 
also end pressure on the turbine rotor. The amount 
of reaction which gives the best results is very 


Fig.]. PROPORTIONING OF IMPULSE BLADING. 
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of the Institution of Mechanical Engineers* and 
other investigators. For the velocities usual in 
practice, i.e., from 800 ft. to 1,600 ft. per second, 
its value is 0:95-+0-01 in well-proportioned 
nozzles. 

The Committee also found that the efficiency of 
nozzles with thick and thin partition plates is 
practically the same provided the outlet edge of 
the plates was well chamfered. It also seems that 
the exit angle of the steam is, for average conditions, 


the angle whose sine is a or ~ = sin as shown in 
Fig. 2, and not the nominal angle of the nozzle, 
which is 2 = sin 6. This is generally true to about 


+ 14°, but a closer estimate can be made by 
an examination of the curves given in the 
reports referred to above for nozzles such as were 
tested, and it is not a difficult matter to make tests 
on the nozzles actually to be used by the methods 
developed by the Nozzles Committee, so that it 
should be possible to determine this angle to, say, 
+ 4°, which only makes a small error in the height 
ratio by equation (1). 

Little is known generally about the angle of exit 
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IMPULSE NOZZLE. 
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doubtful, and the actual amount obtained depends 
entirely on the correctness of the assumptions made. 
The ratio of nozzle height to blade height at exit 
hy 
he 
of the steam from the velocity diagram (Fig. 1). 
A correction, however, has to be made for the 
expansion of the steam due to drop of pressure 
in the blade, and rise of temperature due to friction 
in passing round the blade. This correction is, 
however, generally small. 


or — is primarily the ratio of the axial velocities, a 


Let H = heat drop per stage in B.Th.U. 
K = carry-over factor. 
p = reaction or proportion of the total heat drop 
in the blades. 
= velocity coefficient of the nozzle. 
W = velocity coefficient of the blades. 
= blade velocity, feet per second. 


c = velocity due to the heat drop = / 2 g JH. 
c; = actual velocity of exit from the nozzle. 
a = “ = nominal velocity ratio. 
c 
5 = angle of exit of the steam from the nozzle. 


B = angle of exit of the steam from the blade. 
C? = ¢2 K(1 — p) c2. 


v¥ = c? + u2 — 2ucy cos 6. 
vi = y2(v? + 29g J pK 4B). 
a, = cj sin 6. 
a2 = v2 sin B. 
- a3 _ ypsin? B 1+( Bete ps8 + pK © 
a? sin? 3 24 ey a 
= y? sin? B fy. ae = __2a cos 6 
sin2 6 ¢” K (1 —p) g JK (1 Si)! 
‘+ af | (1) 
g? (1 — p) 


Of the various factors in this equation, the value 
of the velocity coefficient of the nozzle ¢ is fairly 
well known from the work of the Nozzles Committee 


of the steam from the blades, but it is probable 
that if the thickness coefficient of the blade is 


taken into account, the angle of exit 8 is given 


correctly for all practical purposes. 

A further uncertain factor is the value of the 
blade coefficient W, which depends on the state 
of the surface, the shape of the blades and steam 
passage, the angle through which the steam is 
turned, the velocity of the steam and its condition, 
i.e., whether it is wet or superheated. Other factors 
may also come in. Tests on this velocity coefficient 
are extremely difficult to carry out, more especially 
as there are such a large number of variables, but 
for average conditions may be taken as 0-88 + 
0-05. Since the height ratio varies as y, there is 
here an uncertainty of about 5 per cent. to 6 per 
cent. 

Another loss is due to the spilling of the steam 
so that the whole of the steam leaving the nozzle 
does not pass through the blades. Little is known 
about this loss, but it is generally small unless there 
is too much reaction or drop of pressure across 
the blades, and unless there is too much clearance 
between the nozzle and the blade. It is therefore 
important that the reaction should not exceed a 
certain amount depending on the design. A point 
to be noticed is that generally the amount of clear- 
ance between the nozzle and the blade has a con- 
siderable effect on the efficiency. Various forms of 
baffle have been proposed to reduce this loss, but 
few have come into general use. 

A source of gain is the carry-over K from the 
preceding stage. How much of the carry-over 


* Proc. I.M.E. January and March, 1923, and July, 
1924, ENGINEERING, vol. exv, page 377, and vol. cxvii, 
page 681. 
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velocity is actually utilised is doubtful since experi- 
ments on it are most difficult to carry out, but 
probably some 50 per cent. to 75 per cent. of the 
energy of carry-over is utilised when there is com- 
plete admission and less with partial admission. 
The effect on the reaction p of the various 
uncertain factors ¥, B and 6 in equation (1) with 


a given height ratio 2 can only be easily seen by 
1 


taking examples. 
If H = 35-4 B.Th.U., K = 1-03 or HK = 36-4, 
u = 600 ft. per second, a = 0:45, @ = 0:95, 
w=0-88, 8=15 deg. and B = 26 deg., a 
diagram is obtained as in Fig. 3. The ratio = 
a 
determined from the diagram has to be corrected 
for the increase in volume of the steam as it passes 
round the blade due to friction and pressure drop 


in order to get the height ratio E : 
2 


Various methods can be used to estimate this 
increase of volume, which is generally small, and 
the following is an approximate method. 

The heat developed due to friction will be 
ov. (l= ¥) 
Aes rib 
7232 (1 — 0°882 
Se Tae = 2-36 B.Th.U. Taking the specific 
heat of steam as 0-5 the rise of temperature will be 
4-7 deg. F. and if the steam temperature is 
400 deg. F., the increase of volume will be 0-55 per 
cent. 

In the case of 5 per cent. reaction it will be 
0-5 per cent. 


, and, for no reaction, this is 


6 ay WAY JAH 
The increase due to pressure 1s So a a 
where A H is the heat drop in the blade and B is 
the homogeneous head of the steam. 4H = p KH 
= 0:05 x 36-4 = 1-82 B.Th.U. and taking B= 
70,000 and y = 1-3 

AV 778 x 1:82 

V ~ 1.3 x 70,000 


so the total increase of volume is 1:6 plus 0°5 
equals 2-1 per cent. Similarly, for 10 per cent. 
reaction the increase of volume will be 3:6 per cent. 
The following table is thus obtained :— 


= 1°'6 per cent. 


Reaction | ay AV i 
Pp. Gy a, aa Vv Ey 
Per Cent. | ts Per Cent. hy 
0 279 332 1.19 0.5 1.20 

5 290 324 1.12 25 1.14 

10 302 314 1.04 3.6 1.08 


It is thus seen that 10 per cent. reaction means a 
change in the height ratio of 10 per cent. or that 
any error in p, sin 8 or sind will make approxi- 
mately a similar error in the amount of reaction. 

Other examples show that this is, generally speak- 
ing, practically correct. It follows that the amount 
of reaction actually obtained depends on correct 
values being assumed for the various coefficients, 
and on account of the uncertainty of these, the actual 
amount of reaction obtained in practice is very 
doubtful. As the maximum normal amount of 
reaction allowable in 1-row impulse blading is of 
the order of 10 per cent., it is easy to see the im- 
portance of this. It is evident that the amount 
of reaction will tend to increase when the blading 
is allowed to become corroded or dirty, and thus 
excessive spilling of the steam may occur in addi- 
tion to other losses. 


THE ABERDEEN-LAXAPANA HYDRO- 
ELECTRIC SCHEME, CEYLON. 


Enornerrs familiar with the interior of Ceylon 
can hardly have failed to be impressed by the 
apparent suitability of the favoured island for 
hydro-electric development. The country is not 
sufficiently extensive for spectacular schemes to be 
possible, but streams of various sizes thread their 
way through much of it in all directions. The nor- 
thern part is unfavourable, consisting mainly of low 
plains, sometimes slightly undulating, but often for 
great regions unbroken except by occasional isolated 
hills which may be nothing more than single rocks, 
or boulders of gigantic size. The characteristics 


474 


ENGINEERING, 


[Ocr. 3, 1924. 8 


| 


of the southern part of the island are, however, 
altogether different. Here, behind a fringe of low- 
lying land running along the seaboard, a very abrupt 
rise is made to an upland region broken by moun- 
tains and valleys, with extensive plains at high 
elevations. This district extends for about 4,000 
sq. miles, and its elevation above the coast lands 
varies between 2,000 and 7,000 ft. On the north- 
east side this region falls away gradually to the 
lower levels, but on the south-west side it is bounded 
by precipitous cliffs and very steep slopes, so that 
in the past access to the interior was extremely 
difficult. It was for this reason that, although 
invading Powers often overran the seaboard, and 
hordes from India swept over the northern plains, 
the kings of Kandy succeeded in maintaining the 
interior region intact till quite a recent date. The 
approaches were most jealously guarded, and com- 
paratively few of the strangers who ventured into 
this part of the interior were ever permitted to 
depart from it while they lived. 

The region was only finally pacified after the 
construction of the first of the two roads which for 


Principal sources of Power shewn thus C 


eoMules 


long alone rendered it approachable on the west. 
This road, constructed by Major Dawson, utilised 
the Kadugannawa Pass, with a summit level 
1,698 ft. above the sea, by which the railway now 
penetrates to Kandy and beyond. The second road 
further to the south follows the Kelani Valley and 
runs up the Ginigathena Pass, with a summit 
2,168 ft. above sea level, reaching the high lands at 
Nawalapitiya. There are at other points steep 
paths, making a limited degree of communication 
feasible. The highest mountain of Ceylon in this 
interior region is Pidurutalagala (8,296 ft.), though 
Adam’s Peak is more prominent and better known. 
In the Pidurutalagala district are several of the 
upland plains to which we have referred, but the 
most extensive of these are the Horton Plains, 
distant about 15 miles and at an elevation about 
1,000 ft. higher, or 7,000 ft. or so above the sea level. 
Above these plains rise two of Ceylon’s highest 
mountains, Kirfgalpota (7,836 ft.) and Totapella 
(7,746 ft.), while from their edge to the south- 
west one realises how inaccessible this region 
still is from this side. The plains end in sheer rock 
precipices on the edge of which one can look perpen- 
dicularly down for over 1,200 ft., beyond which the 
fall is so rapid that the whole 7,000 ft. drop to 
practically sea level is accomplished in a few miles. 

The most important rivers of Ceylon rise in the 
districts to which we have referred. The Mahaweli- 
ganga, flowing generally north-east and finding the 
sea at Trincomalee, is fed from the Pidurutalagala 
and the Horton Plain regions. The much shorter 


Kelani-ganga flows mainly west to Colombo, rising 
also in the Horton Plains and receiving contribu- 
tions from the Adam’s Peak district. Both these 
rivers and their tributaries offer possibilities as 
regards hydro-electric development. Stream gauging 
has been carried out by the Public Works Depart- 
ment for a number of years, and in 1917 more 
complete hydrometric surveys were embarked 
upon to determine the capabilities of development 
of the more promising schemes. As a result the 
sites marked upon the accompanying map, Fig. 1, 
were fixed upon as suitable from an engineering 
point of view, the estimated power for each being 
as follows :—- 


H.p. 
(A) Aberdeen Falls | 200,000 
Laxapana Falls | 
(B) Kitulgala Rapids ... 50,000 
(C) Haragama eS 36,000 
(D) Teldeniya ... 160,000 
(E) Ulapane ... 40,000 
(F) St. Claire Falls 100,000 
(G) Dunhinda Falls 18,800 
(H) Behilul-oya 8,000 
(1) Elgin Falis... 8,000 
(KX) Parawella Falls 4,000 


to be provided, in the first instance, as necessary by | 
Treasury Bills. Work is to be put in hand at 
once, and advantage taken of the Home Govern-| 
ment’s offer to defray three-fourths of the interest . 
on money borrowed for the purpose for the first | 
five years for which interest is payable, provided | 
that materials, &c., are purchased in the United | 
Kingdom. The region is central and lends itself to 
comparatively easy development. It is within | 
easy transmission distance of Colombo and is| 
surrounded by tea and rubber-planting districts. 
The scheme is designed to utilise eventually the 


full flow of the Kehelgamu-ganga (or -oya) catch- 


ment and that of the Maskeliya-oya, as shown by 


Fig. 2. As the former will probably suffice for 
some years, details for the development of the 
latter have not yet been worked out. Both these 
oyas (streams) rise in the neighbourhood of Horton 
Plains and run in adjacent and parallel valleys, with 
considerable fall, in a north-westerly direction, 
meeting ultimately at an elevation of 700 ft. above 
sea level. The scheme takes its name from the 
Aberdeen Falls on the Kehelgamu-oya, and the 
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A.—Aberdeen Falls. 
B.—Horton Plains. 

C.—Site of Norton Bridge Dam. 
D.—Aberdeen Valley. 


Of these Nos. C, D, E, F, G and K are on the 
Mahaweli-ganga. A and B are on the Kelani- 
ganga and its tributaries. The first and most 
important scheme, A, is concerned with two rivers, 
the Kehelgamu-ganga and _ the Maskeliva-oya, 
which, joining together, form the Kelani-ganga. 
It is this scheme to which attention has first. heen 
paid. Jt was originally mooted while Lieut.-Col. 
T. H. Chapman, O.B.E., M.Inst.C.E., was Director 
ot Public Works for Ceylon. On _ his  retire- 
ment last year the matter was followed up by his 
successor, Mr. J. Strachan, M.Inst.C.E., assisted by 
Mr. 1. J. Wimalasurendra, and, having been reported 
upon by Messrs. Preece, Cardew and Rider, was 
recently laid before, and the first stage adopted by, 
the Legislative Council of the country. The first 
stage is estimated to cost Rs. 10,710,000, the sum 


te Catchment Areae ~ 
+ 60S9Miles jp.- 


E.—Site of Glencairn Dam. 
F.—Tunnel through ridge. 
G.—Site of Kintyre Dam. 
H.—Surge Tank and Foreboy. 


SKETCH DIAGRAM OF POSITION,OF 


WORKS PROPOSED AND SITUATION 


I.—Laxapana Falls. 

K.—Pipe lines. 
L.—-Horawalathena Power House. 
M.—Adam’s Peak. 


Laxapana Falls on the Maskeliya-oya, both of 
which will be found marked in Fig. 2. The main 
features are an intake and regulating dam at 
Norton Bridge, in the Aberdeen Valley, a storage 
dam at Glencairn, with further storage eventually 
higher up. The Maskeliya-oya would be controlled 
by a dam at Kintyre, with other possibilities in 
the higher reaches for ultimate development. The 
power-house is planned to be placed in the Maskeliya- 
oya valley below the Laxapana Falls, the supply 
from the Kehelgamu-oya being led to it by a tunnel 
through the intervening ridge. 

The catchment area of the Kehelgamu-oya above 
the dam at Norton Bridge is 62 sq. miles, and that 
of the Maskeliya-oya above the Kintyre dam site 
60 miles. The rainfall over both catchments is 
well distributed and above 100 in. a year, while the 
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dry season seldom exceeds a month in duration. 
Quite a number of rainfall-gauging stations have 
been established in both catchment areas for many 
years, and their records have been made use of to 
supplement the stream gaugings taken during the 
past six years. A fairly accurate estimate of the 
run-off under all conditions has thus been made 
possible. At the Norton Bridge weir the minimum 
dry-weather flow of the Kehelgamu-oya is approxi- 
mately 100 cusecs. 


Fig. 5. 


Kehelgamu-oya at the site of the proposed Norton 
Bridge dam is shown in Fig. 5. 

The scheme which has now been decided upon is 
a variation of the one put forward by Lieut.-Col. 
T. H. Chapman in 1921. In the main the charac- 
teristics are identical. The present arrangement 
will cost less to carry out and will be cheaper to 
operate, but 450 ft. of head are sacrificed, the head 
now being 1,500 ft. in lieu of the 1,950 ft. of the 
earlier project. The new scheme is admittedly the 
more economical development of the two supplies 
involved. As now adopted the undertaking pro- 
vides for an intake dam and regulating reservoir of 
30 million gallons capacity at Norton Bridge, in- 
volving a structure about 90 ft. high provided with 
a spillway. The pressure tunnel from this intake 
through the ridge separating the two valleys will be 
8,100 ft. in length and of a sectional area of 63 sq. ft. 
This will terminate at a surge chamber and forebay. 


The gauging point on the| Plains are located in the far distance. 


For the first section of the scheme only one 65-in. 


to 45-in. pipe line will be laid to the power-house 


below, the length of line being 5,250 ft. The sites 
for these several components of the project are 
shown in Fig. 2. An excellent idea of the project 
may also be obtained from the key sketch Fig. 3, 
while Fig. 4 gives a good impression of the nature 
of the country of the two valleys. In Fig. 3 
Adam’s Peak is shown on the right, while Horton 
At present 
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the supplies of the left-hand valley only are being 
developed. 

’ The power station at Horawalatpena, on the east 
bank of the Maskeliya-oya, will be built for a first 
instalment of three turbo-generator sets each of 
5,650 kw. This will develop only one-third of the 
possible output of the Aberdeen Valley, or one- 
sixth of the ultimate output of the two sources 
combined, based on a load factor of 50 per cent. 
As the demand grows it is proposed as a first 
expansion to add a fourth generating set, after 
which further load would be met by the construc- 
tion of the Glencairn dam, which would be 100 ft. 
high, impounding about 2,000 million cub. ft. of 
water. An additional pipe line and extension of 
the power station would also be involved. To 
utilise the full resources of the Aberdeen Valley a 
further dam could be erected and two additional 
pipe lines installed. With the project advanced 


as far as the completion of the Glencairn dam, the 
scheme would have an output of about 50,000 kw. 
It is stated that the demand already in sight 
amounts to this figure, so that it is considered that 
the success of the first instalment decided upon is 
well assured. 

Transmission to Colombo, a distance of 42 miles, 
is to be at 88,000 volts, three-phase, 50 cycles, by 
duplicate pole line. The line will cross the Mas- 
keliya-oya at the power-house and pass through 
Avissawella, at the mouth of the Kelani Valley. A 
sub-station will be erected at Welikade, on the 
outskirts of Colombo. From this the first trans- 
mission system will extend north to Negombo, on 
the coast, north-east to Veyangoda, and south 
along the coast to Panadure. Subsequent exten- 
sions will be developed as occasion arises from 
Veyangoda to Polgahawela, and direct from the 
power station to Kandy and beyond, and to Ratna- 
pura and beyond, as well as up-country to Tala- 
wakela and Nanu-oya. The load for the early stage 
of the scheme is expected to be derived from tram 
ways and lighting in Colombo, factories and mills 
in Colombo, and small users. In later stages, in 
addition to the extension of supply in these direc- 
tions and to the gem mining district of Ratnapura, 
the possibility of electrifying parts of the railways 
is considered. Since the rise from Polgahawela 
to Kandy and again further up country from Hatton 
to Pattipola, where the main line reaches its highest 
point at 6,620 ft. above sea level, involves very 
steep gradients, electrification in this area would 
seem to present a very attractive aspect, though 
this is not discussed at all in the official reports 
bearing on the Aberdeen-Laxapana scheme. 

The cost of the first stage, placed at Rs. 10,710,000, 
or about 714,000/. (at Rs. 15 to the 1/.), is for 
10,000 kw. delivered at Colombo, with 16,800 kw. 
plant installed. This works out at 401. per kilowatt 
of installed plant. The early items would include 
the Norton Bridge intake works, tunnel and fore- 
bay, which have been designed and estimated for a 
capacity sufficient for the development of the full 
resources of the Kehelgamu-oya, and are therefore 
necessarily somewhat out of proportion as regards 
cost to the remainder of the preliminary installation. 


BRITISH EMPIRE EXHIBITION : 
RAILWAY MATERIAL.—VII. 


In our first article of this series we gave on page 
539, of our last volume, a detailed description of the 
handsomely-furnished car built by the Metropolitan 
Carriage, Wagon & Finance Company, Birmingham, 
for H.M. the King of Egypt, for use on the Egyptian 
State Railways. On that occasion our article was so 
complete that there is comparatively little to add to it 
in explanation of the views and drawings of the coach, 
which we publish this week on pages 476 and 477 
and on our two-page Plate LI. A general view of the 
vehicle is given in Fig. 163, while Fig. 164 shows the 
interior of the saloon, the partition door being open 
and thus permitting a view of the private bureau 
beyond. Beyond the latter again is situated the 
bedroom, which, in turn, communicates with the 
bathroom, of which we give a view in Fig. 165. 
On our two-page engraving, Figs. 166 to 168 give 
elevations and plan of the vehicle; in the plan, 
Fig. 167, the foregoing references to the interior 
arrangements may be followed. Since the furnish- 
ing of the compartments is mostly of the usual moy- 
able type, constructional drawings of the saloon, 
&c., do not show features of any peculiar interest. 
The arrangement of the bathroom is shown in 
Figs. 169 to 173. 

The exterior of the coach presents a very neat 
appearance, the sides being finished with one long 
panel below the waist rail, and the whole body being 
painted in cream colour picked out with gold lining. 
The centre of the panels is adorned with the coat 
of arms of the King of Egypt. The general appear- 
ance of the vehicle is much enhanced by the liberal 
and symmetrical disposition of the sidelights which 
are all 4 ft. wide. The roof is double, the space 
between the sun roof carlines and those of the main 
roof being 6 in., while 4-in. openings between the 
two are arranged all round to ensure thorough venti- 
lation of the space enclosed between them. Access 
to the coach is by means of doors on either side at 
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THE SALOON IN THE PALACE OF ENGINEERING. 


Fig. 164, 


each end, with steps, the bottom two of which are 
arranged to slide inwards so as to clear the loading 
gauge. 

The interior of the coach is very handsomely 
finished, as will be gathered from the typical view 
we give in Fig. 164, The mouldings and carving are 
dignified and not over elaborate, a point of great 
moment in connection with keeping railway vehicles 
clean and in good order in such a country as Egypt. 
The saloon, as mentioned in our former article, is 
decorated with quartered panels of satin wood, 
carved pilasters and enrichments, with oxydised 
silver fittings. The bureau leading out of it is 
finished in Adams style, the panelling being of 
mahogany inlaid with satinwood. While the up- 
holstery of the saloon is in blue, that of the adjoin- 
ing bureau is green, the fittings in the latter room 


View oF INTERIOR. 


being of mercurial gold. The bedroom is perhaps 
the most ornate part of the coach, the style being 
Louis XVI. This compartment is finished in white 
enamel, with carved work and enrichments in gold. 
The chair coverings are of old gold, and the curtains 
are of the same, while the carpet is of dark olive 
green. The bedstead and metallic fittings are of 
mercurial gold. 

The bathroom is probably one of the best ever 
arranged on a railway coach. The illustrations 
Figs. 169 to 173, Plate LI, give a good idea of the 
conveniences provided, while the photograph repro- 
duced in Fig. 165, above, depicts in a convincing 
manner the high class of the fittings installed. The 
general appearance of the room is excellent, the sides 
being finished in Wedgwood blue, with white mould- 
ings, &c. The floor is laid with mosaic tiling, drained 
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towards the centre. The bath is silver plated, as is 
also the table lavatory basin. Bath and basin are 
fitted with both hot and cold water, the former having 
shower and needle sprays. The oval mirror is 
framed in silver, and the towel rails are of glass in 
silvered brackets. The spray end of the bath is 
provided with a waterproof curtain. 

Details of the underframe are given in the draw- 
ings, Figs. 174 to 180, Plate LI. The principal 
points in the construction of this have been already 
noted in our previous article, and need hardly be 
repeated. We may, however, draw attention to the 
deep flitch plates fitted to the solebars over the 
bogies. The frame is trussed with four rods 
extended out to the headstocks in all cases, carried 
over the bogie cross bearers in the form of flat bars: 
The bogies, which are illustrated in Figs. 181 to 
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184 above, possess interesting features. The side; hangers for these have rubber springs. The| Between the transoms the side frames have filling 
frames are of }-in.plate reinforced with angles at the | hangers have ball sockets. The spring plank is| pieces of teak measuring | ft. 1 in. by 84 in. by 
top and bottom edges, while between the transoms| suspended by two-point parallel hangers. The | 2? in., covered on the inside with a 4-in. rubbing 
and axle-box guides they are pierced by large open- | bolster is of teak, plated on the top and sides with| plate. In each end of the bolster is a pocket 
ings flanged inwards. The bogie is very well sprung. | y-in. steel. The transoms are of channel, with| containing a spring plunger to control side move- 
The bolster is carried by six elliptical springs in| flanges facing inwards, and the inside fitted with | ment. 
two groups of three. Long semi-elliptical springs | teak block 8} in. deep by 2% in. thick. Rubbing| The coach is altogether a very fine example of 
are provided over the axle boxes, and the spring | plates are provided on both these and the bolster.|the high-class vehicles which builders of this 
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country are able to turn out, and which have won 
for them so good a reputation abroad. 

In previous articles we have made mention of 
a number of exhibits on the stand of Messrs. 
Cammell Laird and Co., Ltd., of Sheffield. We 
wish now to draw attention to one other item 
which is novel to this country. We refer to the 
Willison automatic central buffer coupler of which 
Messrs. Cammell Laird are taking up the manu- 
facture here. The Willison coupler is a development 
originating in the United States where it has been 
evolved with a view to producing a simpler coupler, 
if possible stronger than the M.C.B. Standard “‘ D ”’ 
type coupler. This coupler has no hinged closing 
knuckle, a part which has proved the weak point 
of the M.C.B. pattern, while the number of parts 
in the Willison is reduced to two, a limit which 
cannot possibly be reached with the M.C.B. design, 
though considerable simplification has been brought 
about in this in recent years. The design of head 
is of the interlocking type, with a hook shaped 
arm on one side and a more or less rectangular 
head on the other branch. Both sides are furnished 
with slanting faces to induce coupling correctly 
when heads are out of alignment. In action the 
rectangular branch of one head slips between the 
arms of the other. In a pocket in the inner face 
is a loose locking piece. This is finished with a 
slope on the underside and rests on the inclined 
bottom of the pocket, tending, therefore, always 
to slide towards the front. In coupling, when a 
head enters the fork this lock is pushed back into 
its recess, and then on the heads being pressed 
snugly together, is cleared so that it slides forward 
and fills the vacant space between the branches. 
As it is set at an angle and partly completes the 
third side of a square, the enclosed rectangular 
head or lug cannot be withdrawn until the lock 
is drawn back. The other head is locked in a 
similar way at the same time. Features of the 
design are that the pulling lug and the hook of the 
other arm are at equal distances on both sides of 
the centre line, while the two buffing faces are 
disposed in the same way, so that all stresses are 
equally taken on both sides of the head. The 
gathering range of the coupler is 10 in., which is 
much greater than that of the M.C.B. type. The 
head is a steel casting of relatively simple design. 
The fixed arms enable the metal to be disposed 
in a very efficient manner so that the actual weight 
is much less for a very much stronger coupler. 
The coupler is capable of meeting all the functions 
demanded of the M.C.B. type, and can be adapted 
for transition from the screw link type of coupler 
with side buffers. 

Messrs. Worthington-Simpson, Limited, of Queen’s 
House, Kingsway, W.C.2, include among their 
exhibits an example of the Worthington loco- 
motive feed water heater. This heater it will be 
remembered originated in the United States. It is 
of the open type, and though the present model 
differs considerably from the original heater which 
we illustrated and described fully in our issue of 
January 14, 1921 (page 42), the principles on which 
it works remain unaltered. The modifications intro- 
duced have made a much neater, and in some re- 
spects, a much handier unit. The unit is a combined 
one of pump and heater. In the drawings given in 
Figs. 185 and 186, the heater is on the left, the pump 
on the right. The pump consists of a single steam 
cylinder ‘above, with two water cylinders below, 
one for cold and one for hot water. The steam 
cylinder is provided with a shuttle valve, the rocking 
lever and valve rod in the former model being dis- 
pensed with. All cylinders are double-acting. 
The steam cylinder valve gear consists of a main 
slide valve working horizontally, and controlling 
the steam admission to the cylinder. It is worked 
by a steam plunger, the latter being operated by a 
small auxiliary valve. The gear is adjusted so that 
the pump runs at full stroke under all conditions. 

Water enters the cold-water (centre) cylinder B 
from the suction A, through the valve ©, being 
discharged through the valve D. From here it 
follows the path of the dotted arrows into the space 
K, from which it is passed into the heater through 
the spring-controlled valye shown in the heater 
head. On entering the heater, it is sprayed over 
baffles, and at this stage comes in contact with 


exhaust steam from the engine cylinders. The water 
and condensed steam pass down to the bottom of 
the heater F, where they accumulate. From this 
reservoir supplies are drawn by the hot-water pump 
G (shown dotted) through the lower of the valves 
to the right, being discharged by the pump through 
the upper valve and the passage marked by dotted 
arrows, passing then to the outlet and the boiler 
connection. 

The hot-water pump is made somewhat larger 
than the cold-water cylinder, in order to cope with 
the cold water plus the condensed steam. In order 
to ensure the hot pump always working flooded the 
difference does not quite correspond with the 
augmentation of volume. Excess therefore accumu- 
lates, and this has to be dealt with. This is handled 
in the following manner :—The heater is provided 
with a bucket H, capable of a small vertical move- 
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ment on a hollow stem. 
ally accumulates this bucket is first floated, but 
when the water level has risen sufficiently it flows 
over the edge of the floating bucket and floods it. 
It thereupon sinks, being assisted in this move- 
ment by a spring. In falling it uncovers ports in 
the hollow stem, and this allows the water in the 
bucket to drain off to acompartment in connection 
with the small suction valve J. This is in com- 
munication with the cold-water pump, and so long 
as excess water is available, some of it is drawn 
in at each stroke by this pump, in conjunction 
with the cold-water supply from the tender, which 
is correspondingly reduced. When the water is 
drawn off the bucket is floated again. 


A 
N 
N 
NY 
N 
NS 
N 
N 


As regards construction the unit is of high grade 
cast iron. The hot and cold barrels are fitted with 
gun-metal liners. The steam piston is of cast iron; 
the pump pistons are of bronze fitted with Rock- 
hard water piston packing rings. The piston rod 
is of manganese bronze and an intermediate sleeve 
is fitted between the two water pistons. The heater 
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THE WortTHINGTON Locomotive Freep Wartrr Heater. 


When excess water gradu- | is effectively lagged and is placed on the side of the 


boiler. All compartments are fitted with well placed 
drains and wash-out plugs. The connection with 
the engine exhaust is fitted with a check valve and 
with an oil separator. A drain from the latter 
is led by a pipe to a suitable point under the loco- 
motive. Two eye-bolts are provided in the top 
of the unit for slinging. 

The amount of the exhaust steam utilised in the 
heater and returned to the boiler as feed is about 
15 per cent., and the direct and indirect advantages 
of this are numerous. Apart from fuel economy 
and additional capacity of the locomotive, the 
scale forming characteristics of the feed are reduced 
to this extent and the tender capacity is virtually 
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increased in the same degree. The general ques- | 
tions of feed water heating and its influence on 
economy and on the ability of a locomotive to handle 
increased loads were fully discussed in these columns 
some thirteen years ago, and in a paper read before 
the Institution of Mechanical Engineers in 1913. 
There is no need, therefore, to refer to more recent 
developments in the United States following very 
similar lines of argument. We may say, however, 
that the articles and paper referred to were con- 
cerned with closed type heaters, whereas the heater 
now under consideration is of the open type, a form 
which, owing to the actual return to the boiler of 
condensate in the form of feed, has claims superior, 
in some directions, to those which can be made for 
the closed system, which allows the condensate to go 
to waste. It is notable that the question of increase 
of power, which was so thoroughly discussed here, 
and shown to exist, so many years ago, is now 
consistently advanced in the United States in con- 


Each power unit has eight wheels, four being 
arranged in a bogie, the others being geared driving 
wheels. The bogie pivot is in each case at the out- 
ward end of the unit, and coincides with the pivot 
connecting the unit and the main girder framing 
carrying the steam plant. The driving wheels of 
each unit are driven by a steam turbine arranged 
longitudinally at the inner end on the upper side 
of the unit frame. The high-pressure turbine is 
arranged on the rear unit, 7.e., close to the steam 
generator; the low-pressure turbine is mounted 
at the rear end of the front unit. Large flexible 
pipes connect the two units. Power is transmitted to 
the driving axles through double reduction gearing. 
The shaft from the turbine is taken to a gear 
box situated between the axles where one set of 
reduction gears is housed. The shaft of the larger 
gears terminates fore and aft in bevels in gear 
with other bevels on the axles. 

The boiler is of the standard locomotive type 


nection with the renovation of the smaller loco- 


with superheater. The feed water is supplied from 


show some of the parts to which we have referred 
above. Fig. 189, which is of the fireman’s end of 
the cab, shows on the left-hand side the Weir 
feed pump, and under the window the controls 
for theslubrication of the condenser auxiliaries and 
the water spray. On the right-hand side is a forced 
lubrication pump for the turbines and gears. In 
the centre of this figure is the boiler head fitted with 
forced draught arrangement. Fig. 190 is of the 
driver’s end. In the centre of this is the steam 
turbine driving the induced draught fan for the 
condensing plant. On the right hand is the hand- 
wheel for the brake. On the left hand are the 
Westinghouse and vacuum brake driver’s-valves 
(the engine being dual fitted), turbine steam control 
and reversing wheel. The Westinghouse pump is 
mounted at the rear end of the engine, attached to 
the inner side of one of the side tanks, which at this 
end extend for some distance beyond the smoke-box. 

All bearings are force-lubricated, and the oil for 
these and for the gearing is supplied by the pump 
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motives, as a means of bringing such engines at, 
small expense up to the capacity required by loads 
which are now habitually heavier than those for 
which they were originally designed. 

The greatest novelty among the railway exhibits 
is undoubtedly the experimental Reid-MacLeod 
geared turbine locomotive, but we are afraid that 
engineers will be somewhat disappointed at the 
facilities afforded for acquainting themselves with 
the particular features of this design. Interest 
in the engine would have been greatly stimulated 
if drawings could have been exhibited at the stand, 
since many of the important features are concealed 
from outside view. The engine is illustrated in 
Figs. 187 to 190, above and on page 488. It has 
been constructed and is shown by the North British 
Locomotive Company Limited, of Glasgow. As will 
be seen, the engine is without tender, the whole of 
the steam plant being supported by a long rigid 
frame carried by two compound bogie units. The 
main frame is bellied in the centre between the 
bogies. On it at the trailing end is arranged the 
steam boiler, fitted with forced draught fan and 
superheater. The front end of the main frame 
accommodates condensing plant housed within a 
steel plate casing. This end of the locomotive 
is well shown in Fig. 187. 


Tue Rerp-MacLeop GEARED STEAM TURBINE 


the hot well. The condenser is of the air-cooled 
evaporation type, consisting of a large number of 
thin flattened copper tubes arranged vertically 
between which air is caused to circulate while the 
machine is travelling forwards. 

Across the open front end of the condenser casing 
are placed a number of pipes fitted with spraying 
nozzles, and from these a spray of water is delivered 
and carried on to the condenser elements by the 
current of air. This supply is maintained by means 
of a rotary pump, while the natural flow of air 
through the condenser is assisted by an induced 
draught turbine-driven fan situated at the rear end 
of the condensing plant. An air pump of the steam 
ejector intercooler type is provided to extract the 
non-condensible gases from the condenser, and is 
specially arranged to maintain a vacuum in the 
condenser when the locomotive is not in operation. 
The condensate is extracted from the condenser 
by means of a rotary pump in conjunction with the 
boiler-feed pump, and is passed through the air 
pump intercooler to the hot well. Before being 
delivered to the boiler it is passed through a feed 
heater, the latter serving to condense the exhaust 
from the auxiliaries. 

The two views, Figs. 189 and 190, of the interior 
of the cab, situated in the centre of the locomotive, 


LOCOMOTIVE. 


referred to above, the closed system being continuous 
and embracing suitable cooling arrangements. The 
auxiliary turbines are under automatic control, with 
lubrication arranged independently for each unit. 

In addition to this machine, the North British 
Locomotive Company are exhibiting a number of 
models, including one of a large 4-6-2 type passenger 
locomotive for the French State Railways, a 4-6-0 
type of the Egyptian State Railways, and a 2-8-0 
type freight locomotive for the New South Wales 
Government Railways. Another model is of a 
modified Fairlie engine which the company is now 
building for the South African Government Rail- 
ways. This is a large engine with a 2-6-2 + 2-6-2 
type wheel arrangement. A further model repre- 
sents the 4-6-6-4 type of electric locomotives built 
for the Imperial Government Railways of Japan, by 
the North British Company in conjunction with the 
English Electric Company, Limited. These loco- 
motives, it will be remembered, were fully illustrated 
by means of two page plates and other engravings 
in our issue of January 25 last (page 97 ante.) 


Tas Posr Orrice Tuse Ratway.—The Postmaster 
General has placed the contract for the rolling stock and 
electrification of the Post Office Tube Railway with the 
English Electric Company, Limited, Kingsway, London. 
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THE BRITISH ASSOCIATION MEETING 
. AT TORONTO. 


(Concluded from page 449.) 
SECTION B.—CHEMISTRY. 


Liguip AND PowpDERED FUELS. 


Tue discussion on August 12 with Section C, 
Geology, was opened by Dr. G. S. Hume, of the 
Geological Survey, Ottawa, with a paper on 
“Liquid Fuels in Canada.” The oil, at present 
mined in New Brunswick, Ontario and Alberta, 
he stated, was only 1-3 per cent. of the total oil 
consumption. Further borings in Alberta were very 
promising, and there were the 8,000 sq. miles 
of tar sands in Alberta, some of which gave 20 per 
cent. of bitumen carrying 69 per cent. of oil, and 
further the oil shales of New Brunswick, yielding 
as much as 36 imperial gallons of oil to the ton. 
But satisfactory processes for the extraction of 
the tar sands and shales had still to be worked out. 
On the other hand, the stripping of coke oven gas 
of benzole, started in 1915 by the Dominion Iron 
and Steel Company of Nova Scotia, had yielded 
a superior motor fuel, of low freezing point, which 
was an important consideration in Canada, of which 
292,000 gallons had been produced in 1921. The 
coke oven industry of the country was also 
interested in this process. 

Mr. H. D. Savage, of the Combustion Engineering 
Corporation, Limited, Toronto, followed with a 
paper on “The Advantages of Pulverising Fuels,” 
which he illustrated by many slides of the 71 plants 
of his firm in various parts of America, several of 
which, he said, had been run for years. Locomo- 
tives fired with powdered fuel were running in 
Brazil and Japan. Any coal, from anthracite to 
lignites, could be powdered, and coal, oil or gas 
could be burnt in the same furnace. At the River 
Rouge plant of the Ford Motor Company four Ladd 
boilers, each of 26,000 sq. ft. heating surface were 
fed with blast furnace gas and powdered coal. 
There had at first been trouble with fused bricks. 
But if the powdered coal were introduced in a 
vertical jet, near the front wall, the velocity along 
the front need not exceed 15 ft. per second, so 
that the walls were not eroded, and the tempera- 
ture near the wall would be 1,500 deg. F. and 
reach 2,700 deg. F. only in a small central zone. 
Air-cooled and water-cooled walls had removed all 
the difficulties. 

In the next paper, on “ Pulverised Coal for 
Metallurgical Plants,” Professor G. A. Guess, of 
Toronto, mentioned that the International Nickel 
Company, of Copper Cliff, Ontario, had in 1914 
first successfully used pulverised coal in rever- 
beratory smelting, and powdered coal had subse- 
quently been adopted at Anaconda. In both 
places a long-flame bituminous coal had been 
available ; the want of such fuel accounted for the 
earlier failures of Sdrensen in Utah and others, 
because parts of the furnace did not get hot enough. 
The ashes from powdered coal contained 25 per cent. 
of combustible matter, but the amount of ore 
smelted was raised by 50 per cent. Coal with 
3 or 4 per cent. moisture was now sent direct to 
the pulverisers. As regards handling, the powdered 
coal might be delivered from a bin by a screw and 
be blown into the furnace by air; or it might be 
kept in continuous circulation at 70 ft. per second 
with 50 cub. ft. of air per pound of coal by means 
of fans, to be ready for use as soon as the valve 
was opened; the latter was preferable for large 
plants. 

At the pyretic smelting plant of the Tennessee 
Copper Company powdered coal had been used 
instead of coke, and the gases from the blast furnace 
had been utilised for making sulphuric acid; the 
innovation had been abandoned only because the 
unconsumed coal had discoloured the acid. But 
at Copper Cliff they had not been able to replace 
more than 50 per cent. of the coke by powdered coal 
because the fuel was blown away. Similar experi- 
ments with powdered anthracite had been made 
at the blast furnaces of Cerro de Pasco, Peru; in 
the reverberatory smelter the powdered anthracite 
(with 8 per cent. of volatiles) had not answered, 
the furnace growing cold from the firing end. 
Thirty per cent. of volatiles was considered the 
minimum for metallurgical powdered coal. At the 


same plant, however, suspensions of powdered coke 
in oil had proved suitable, the oil serving as igniter. 
Powdered coal had many advantages, among them 
being the small stand-by loss in the case of boilers. 
In reverberatory smelting the efficiency was dimin- 
ished by the necessity of melting the ashes. But 
powdered-coal boiler installations were becoming 
common ; the Lead Company of the River Mines, 
Missouri, had a plant of 10,000-h.p. capacity and 
powdered the fuel at 50 cents per ton. ‘The use of 
pulverised coal was receiving considerable attention 
in many parts of Canada. 

Many questions were raised during the discussions 
of these various papers. Sir Henry Fowler referred 
to the cutting action of slags on English fire-bars, 
which were smaller than American. The absorption 
of moisture by powdered fuel was mentioned by 
Mr. EH. A. Cunningham, of the Canadian Pacific 
Railway. Dr. J. W., Mellor considered the attack of 
the bricks by the ash the serious problem. Lieutenant 
Duncan thought that the difficulty was more with 
the quality of the bricks. Sir Max Muspratt men- 
tioned that the United Alkali Company had been 
beaten twenty years ago by the cost of grinding 
and the corrosion due to the use of pulverised coal ; 
both these difficulties were now overcome by water- 
cooled walls and other expedients. The difficulties 
of storing powdered fuel and the risk of explosion 
of electric boilers were also commented on, and 
Professor Bone spoke of the serious corrosion in 
such generators. 

In his paper on “‘ Brown Coals and Lignites ” 
Professor W. A. Bone, F.R.S., touched upon develop- 
ments of many problems which he had discussed in 
his Cantor lectures,* and he dealt further with the 
classification of sub-bituminous coals, brown coals 
and lignites, and their distribution within the 
Empire, for the purpose of urging a scientific brown- 
coal technology. Seams of brown coal, 253 ft. in 
thickness, such as found at Morwell in Australia, 
were probably unparalleled. The’ rich Canadian 
deposits were now being explored, but more co- 
ordination of the researches was required. Drying 
the brown coal would double its available energy, 
but the driers should be air-tight and contain no 
pockets nor sharp corners, to avoid the accumulation 
of dust; Professor Bone exhibited a drier of his 
design among his many slides. The yield of oil and 
tar from brown coal (8 per cent. in Australia) was 
not greater generally than from bituminous coal; 
Canadian brown coal gave only 3 per cent. The 
long paper, which was largely tabular, was discussed 
by Sir Robert Robertson and by Messrs. McCleat and 
R. E. Gilmore. The latter mentioned that a report 
on Canadian lignites had recently been issued ; the 
lower black lignite of Western Canada was very 
friable, but might give satisfaction when briquetted 
and carbonised. In Ottawa they had adopted a 
geological classification which they sought to bring 
in harmony with chemistry. Professor Bone replied 
that they had at South Kensington compared all 
the lignites of the world ; he used his own classifica- 
tion, and an international classification was not 
possible without exchange of samples and did not 
appear advisable for another five years. 


COLLOIDS. 


The joint discussion, of Wednesday, August 13. 
with Section A, on “Colloids,” was opened by 
Professor J. W. McBain, F.R.S.,. of Bristol, with 
a series of papers. In the first -paper on ‘“‘ The 
Conception of the Electrical Double Layer in its 
Relation to Ionic Migration,” he reviewed our 
knowledge of the double layer between liquids and 
walls of glass or membranes and colloidal particles, re- 
marking that, while he had no intention of criticising 
Helmholtz’s mathematics and calculations, he ques- 
tioned his experimental basis. The accepted contact 
potentials had merely a fictitious value ; Dr. McBain 
suggested that results should be recorded as ob- 
served, as movements in electric fields or as electro- 
motive forces set up by bodily movement, and that 
most ions would be held to the wall, whilst a few 
were mobile. That view, which agreed with the be- 
haviour of sols, gels and soap curds, was supported 
by Miss Laing, his collaborator, and partly by 
Professor Bancroft, but was adversely criticised by 


* See ENGINEERING, vol, civ, pages, 682, 715, 749; 
December, 1922, 
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Professor Donnan and Dr. Rideal. There was gen-— 
eral acceptance of Professor McBain’s further papers 
on “‘ The Rate of Saponification by Oils and Fats,” 
on the “ Use of Indicators ” (in such studies he finds 
only three indicators suitable), and on the “ State 
of Matter Exemplified by Soaps and Their Solu- 
tions.” Soap, he demonstrated, formed an almost | 
unique material for the study of states of aggre- 
gation. Any aqueous soap could be prepared in 
the form of hexagonal crystal lamelle, of white 
crystalline curd fibres, transparent liquid crystals 
(anisotropic) and transparent isotropic solutions ; 
the latter were dark with crossed nicols and were 
crystalloids or colloidal electrolytes, fluid or true 
jellies at different temperatures and concentrations. 


CoNcLUpDING REMARKS. 


The exertions of the local committee and the 
Association officials for the Toronto meeting were 
crowned with signal success. It was a great and 
enjoyable gathering, and everybody heartily jomed 
in the thanks to which Sir David Bruce and Sir 
Ernest Rutherford gave expression at the concluding 
meeting. Sir Ernest spoke almost with envy of the 
splendid equipment of the Toronto Laboratories, 
and Principal E. Barker, of King’s College, London, 
mournfully referred to the vision of our own country 
having public elementary schools built and equipped 
as in Toronto. Professor C. Venkata Raman 
brought greetings from India, and Sir Henry Fowler 
looked forward to great industrial developments on 
the St. Lawrence. Professor Millikan, of California, 
thanked Canada for the inspiration from across the 
border ; that obligation was certainly mutual. The 
attendance figure, 2,825, has only been surpassed 
eight times, the last time last year at Liverpool ; 
there is no previous record of two great consecutive 
meetings. We hope to deal later with the dis- 
course delivered by Professor Eddington during the 
meeting, which did not really close on August 13. 
We will deal later with the excursion to Edmonton, 
Vancouver and Victoria, which were really part of 
the meeting, as at previous meetings in Canada, 
South Africa and Australia. Thanks to the large 
attendance, the research grants of 1,086/. once more 
reached the pre-war average. 

Next year the Association will meet in September 
at Southampton under the presidency of Professor 
Horace Lamb. The exact date has not been fixed 
yet. 


ELECTRICALLY EQUIPPED KITCHENS 
ON TRAINS. 


Tue first restaurant car saloon to be run on any 
railway in Great Britain was introduced into the service 
between King’s Cross and the North in September, 
1879. In this pioneer contribution to the comfort of 
the travelling public, coal fires and oil lamps were used 
for cooking purposes. As a contrast to this and one 
indicating the measure of improvement in facilities 
to meet the requirements of an exacting public, the 
new triple restaurant car sets now put in use on the 
London and North Eastern Railway may be referred 
to, This equipment consists of dining accommodation 
in separate carriages for first-class and third-class 
passengers, with a kitchen car interposed between them. 
The arrangement is made on the articulated principle, 
four bogies being used for the support of the three 
cars, with the intermediate bogies under the ends at 
the junctions to the kitchen car. 

The advantages of electric cooking apply to a greater 
extent on a train than in a house or restaurant. <A 
cool and pure atmosphere may be maintained in the 
kitchen car and this advantage results in better atten- 
tion on the part of the staff. It is due to the enter- 
prise of Mr. H. N. Gresley, the Chief Mechanical 
Engineer of the London and North Eastern Railway, 
that this new development in electric cooking has 
been made possible. The whole of the apparatus 
was supplied by Messrs. J. Stone and Company, Limited, 
of Deptford, London, who also provided the electric 
lighting equipment for the train. The Jackson Electric 
Stove Company made the cooking range, ovens and 
boilers to meet the special requirements of the instal- 
lation. In Figs. 1 and 2, views are given of the 
kitchen car, from which the compact way in which 
the apparatus is assembled for use in working will be 
appreciated. j | 

At one end of the kitchen the main cooking range 
is fitted, and on the left there is a roasting oven with a 
steaming oven, grill and hot water tank super- 
imposed. Beside these there is a boiling range with 
six hot plates for frying or boiling, and one beiling pan 
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of seven gallons capacity, which is used for cooking 
vegetables. Between the serving hatches on one side 
of the kitchen a hot cupboard is fitted, which has 
sufficient capacity to heat the whole of the plates 
required for the service, and its top forms a con- 
venient table. Two urns each of two gallons capacity 
and two kettles of six pints size are available for boiling 
water for teas, and to supplement what can be obtained 
from the boiler on top of the oven range. Hot water 
for washing purposes constitutes a continuous demand 
on the available electric energy, and two 45-gallon 


tanks for warm water are, therefore, fitted in the roof ! 


of the corridor alongside the kitchen. The heating 

' elements for these are clamped to the underside of the 
tanks. As this supply is used for the feeding of the 
boiler, kettles and urns, it is possible to obtain boiling 
water very quickly. To minimise the capacity and 
weight of the electric plant, connecting plugs and sockets 
are provided on the train, so that when it isin terminal 
stations electrical energy for preliminary operations 
may be drawn from the station supply system. 

A main throw-over switch enables the load to be 
switched over from the preliminary alternating-current 
supply, at the railway station to the direct-current 
supply from the dynamo and batteries on the train. 
Subsidiary boards are provided for each group of 
the cooking appliances in the equipment, carrying 
separate switches for the control of each element. Pilot 
lamps above the switches, with red glasses bearing the 
name of the apparatus the switch controls, indicate 
when the operations are in progress. The electrical 
energy while the train is under way is provided by 
two dynamos of their “Lilliput” type made by 
Messrs. J. Stone and Co., Limited. These are installed 
on the underframe of the kitchen car. They are of 
7-2-kilowatts capacity, have self-contained automatic 
pole changing and are belt-driven from the axles of 
the carriage. During intermediate stops, the cooking 
operations are continued by the use of current from a 
battery of accumulators. Automatic switchgear is 
provided for the control of the machines in order that 
they be connected up to the cooking equipment when 
a predetermined speed is attained, and disconnected 
when a lower speed is reached. A battery overcharge 
prevention switch automatically diverts a part of the 
current from the batteries when they reach the fully- 
charged condition. This current is passed to the 
supplementary heaters of the warm-water tanks in 

_ the corridor. The automatic cut-in switches and 
potential overcharge switches are of special design, 
constructed on the principle of the standard apparatus 
of Messrs. J. Stone and Co., Limited, but, to suit 
the higher voltages of this application, they are of the 
double-pole type, with carbon breaks on each pole. 
The battery comprises 90 cells, of which the dimensions 
are 4{ in. by 63 in. by 133 in., and they are each provided 
with 15 plates each. They are housed in ebonite 
boxes with sealed lids and have screwed vent plugs 
for testing the acid and for refilling. All the wiring 
is carried out in enamelled screwed conduits which 
are earthed, as also are the casings or frames of the 


cooking appliances, For safety, the plug connections 
for electrical supply at terminal stations are inter- 
locked with a valve on the train pipe, so that a vacuum 
cannot be created in the train pipe if the plug is 
connected. 

The prevailing note in the decoration of the 
restaurant cars is extreme simplicity, the walls of the 
first-class cars are lined with mahogany panels and the 
seats are of the arm-chair type, with green Morocco 
leather upholstery. Green indiarubber is used, over 
felt, for the flooring. In the third-class carriages, the 
upholstery is in crimson and black plush. A trial run 
between King’s Cross and York was given to the new 
trains on Monday, September 29, when the non-stop 
journey was accomplished, with a train of 370 tons 
weight drawn by a Pacific type locomotive, in 3 hours 
38 minutes, the schedule time. 


THE REFRACTORY SECTION OF THE 
CERAMIC SOCIETY. 


(Concluded from page 461.) 


Tue INFLUENCE oF ExposuRE ON FIRECLAYS. 


ExPreRmMeEnts to determine the effect of weathering 
on fireclays were described in a paper entitled ‘‘ The 
Influence of Exposure on the Chemical and Physical 
Properties of Certan Fireclays,” which was contributed 
by Messrs. W. Hugill and W. J. Rees, B.Sc. The 
purpose of the experiments made was to investigate 
the nature of the changes occurring in the case of 
fireclays exposed for a fixed period, during which 
the meteorological conditions were recorded. 

Samples of fireclay were taken from three localities : 
1. A light grey, somewhat sandy, micaceous clay, 
which forms the scab earth of the Lower Busty Seam, 
Co. Durham; 2. A dark coloured, compact, fine- 
grained clay from the Pot Clay Bed of the Sheffield 
district; 3. A light grey, very sandy and micaceous 
variety from the same stratum as No. 2, but from a 
different locality. Some of each clay was made into 
bricks, another portion being spread evenly over the 
bottom of a wooden box and left exposed in the open 
air for 12 months. Bricks were afterwards made of the 
clays which had been exposed, and various tests 
were carried out. Details were given as to meteoro- 
logical conditions, analyses, &c. Clays 1, 2 and 3 
contained respectively about 61, 51 and 63 per cent. 
of silica, with about 26, 30 and 20 per cent. of alumina, 
the percentages being altered somewhat after exposure. 

The authors concluded from the results that ex- 
posure to the weather removed impurities in the clay 
to a variable extent, depending on their chemical 
and physical characteristics. It improved the working 
properties of the silicious clays (Nos. 1 and 3), but 
in the case of the more aluminous clay (No. 2), whilst 
some impurities were removed (notably some of the 
iron sulphide), the general properties, and in particular 
the worlsability, were not materially improved by 
exposure. Mr, Rees added verbally that bacteria seem 


Fig. 2. 


to play an important part in the decomposition of the 
sulphides, and that such decomposition might possibly 
be speeded up by inoculation with suitable bacteria. 


ALUMINA—SILICA MINERALS IN FIREBRICKS. 


A paper by Mr. W. J. Rees, B.Sc., on the above 
subject recounted experiments on five different kinds 
of firebricks. 

Finely powdered samples were exposed under similar 
conditions as to temperature to the action of pure 
hydrofluoric acid for 12 hours, the amount of the 
insoluble residue and its composition being ascertained 
in each case. Similar tests were applied after re- 
burning at cone 18 and cone 26 respectively. In all 
cases the amount of insoluble matter increased con- 
siderably with increase of firing temperature, the 
percentage in the case of the first brick being 14-4, 
increased to 18-9 and 34-4 after re-burning at cone 18 
and cone 26 respectively. The composition of the 
insoluble residue ranged mostly between 72-9 and 
70-9 per cent. of alumina, 27-0 to 25-9 silica, and 
0-2 to 2-1 of ferric oxide, which agreed fairly well 
with that of Bowen and Grieg’s mineral mullite 
3 Al, 0,:2 SiO, (= Al, O, 71-8, SiO, 28-2). In the 
case of one brick the residue gave on analysis just 
under 70 per cent. alumina and just over 29 per cent. 
silica, which again approximated to the composition 
of mullite. Another brick had a composition approxi- 
mating rather to 4 Al,O, -3 SiO,, but after re-burning 
at higher temperatures the composition of the residue 
became similar to the others. 


Tuer SToRAGE oF SinicA REFRACTORIES. 


In a paper, entitled “A Note on the Storage of 
Silica Refractories,” the author, Mr. W. J. Rees, B.Sc., 
called attention to the fact that the neglect to exercise 
care in storage of silica bricks and blocks was liable 
to cause considerable changes in properties, parti- 
cularly in the mechanical strength and spalling 
tendency. For instance, the author had noticed that 
a batch of silica bricks which had been stored in the 
open for six months spalled badly in use, whilst 
normal freshly-delivered bricks of the same make, and 

aving the same texture, &c., were satisfactory. The 
Boo bricks had a cold crushing strength of 3,000 lb. 
per square inch, whilst that of the stored bricks was 
only 2,200 lb. per square inch. 

Two batches of commercial silica bricks, one coarse 
and the other of moderately-fine texture, and posses- 
sing very similar composition and properties, were used 
for testing, 12 bricks of each batch being placed in 
the open, unprotected from the weather, for four 
months. Some were also placed under similar tem- 
perature conditions, but protected from the weather, 
and others again were placed in a warmed store-room. 
Besides tests for mechanical strength the test-pieces 
were subjected to special treatment by boiling in water, 
soaking in water, and spraying with water respectively. 
The results furnished definite indications that the loss 
in strength of silica bricks exposed to weather, was, 
in part, due to a slight degradation of the bond by 
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hydration and solution in water, as well as to the 
physical effect of frequent wetting and drying. 

In these tests, there was little or no distinction in the 
behaviour of the coarse and fine-textured briquettes, 
but in both cases the briquettes burned at higher tem- 
peratures were more resistant to the water attack. 
This test was an approximation to the storing of bricks 
in the open without protection, and the results further 
emphasize the need for suitable protection of silica 
bricks during storage. 


DETERMINATION OF SPECIFIC GRAVITY. 


The next paper was entitled ‘‘ A Rapid Method for 
the Determination of True (or Powder) Specific 
Gravity,” and was contributed jointly by Messrs. W. 
Hugill and W. J. Rees. The apparatus used was a 
250-c.c. glass flask, with a graduated neck, the lower 
part of the neck being enlarged into a globular bulb. 
At the bottom of the neck, below the bulb was the 
250-c.c. mark. The neck was graduated in specific 
gravities from 2:00 to 2-70, so that the specific gravity 
might be read off directly without calculation. For 
making a determination, which took from 15 to 20 
minutes (most of the time being used in crushing the 
brick), not less than one quarter of a brick was crushed 
so that it would all pass through a 30-mesh sieve. 
The flask was then filled with xylene up to the 250-c.c. 
mark. Exactly 100 gms. of the crushed brick were 
then weighed out in a counterpoised scoop and sprinkled 
into the flask. The flask was gently agitated to free 
any air-bubbles which might have been carried down. 
After standing for two minutes, the powder density 
was read directly from the level of the liquid in the 
graduated neck of the flask. The conside ations which 
led to the adoption of xylene as the liquid to be used 
with the flask, and to the maximum grain-size indi- 
cated by passing through a 30-mesh sieve, were fully 
explained in the paper. Both xylene and toluene 
had much lower viscosity than alcohol or water, and 
they also had low surface tension. The higher boiling 
point of xylene was the deciding factor. Results 
obtained indicated that accuracy to plus 1 or minus 1 
in the second place of decimals could be expected from 
the method, provided that the erushed brick was 
dried. 


PROPERTIES OF LIME-BONDED SILICA BRICKS. 


The last paper of all, entitled “The True Specific 
Gravity and After-Expansion of Lime-bonded Silica 
Bricks,” was also contributed by Mr. W. J. Rees. 
The data for 40 bricks which had been examined were 
given in a graph and table of analyses, with certain 
physical properties. The bricks were from North and 
South Wales, the Sheffield district, North of England, 
Scotland, and France. The following points were 
to be noted :—(a) That for bricks of lime content 
between 1 per cent. and 3 per cent., there was a suffi- 
ciently close relation for practical purposes between the 
true specific gravity (or powder density) and the degree 
or extent of quartz conversion ; (b) That for bricks of 
fine and medium texture there was a close relation 
between the true specific gravity and the after-expan- 
sion as determined by the standard after-expansion 
test. For works purposes, a rapid determination of 
the powder density of such bricks gave a definite 
indication of the permanent volume change which was 
likely to occur during their use ; (c) That for the raw 
materials which were in use in this country for the 
making of lime-bonded silica bricks, the grading of 
the raw material had in general a greater influence 
on the rate of quartz conversion than variations in 
the source or type of the raw material itself : (d) That 
for coarse-textured bricks containing large fragments 
of raw material (7.e., 4-in. and above in diameter), 
there was not a close relationship between the true 
specific gravity and the after-expansion. This was 
probably due to the slower rate of inversion of the 
coarse fragments and their less intimate association 
with the lime in the matrix of the brick. It suggested 
the possibility that for coarse-textured bricks, the 
time of heating in the standard after-expansion test 
was insufficient. In the case of two of the bricks 
with coarse texture, doubling the period of heating 
at 1,410 deg. C., increased the after-expansion and 
brought it into relationship with the true specific 
gravity of the brick. 


THE WORTHINGTON 2-CYCLE DOUBLE- 


ACTING DIESEL ENGINE. 


Ix spite of the position which the single-acting 
four-stroke type of oil engine has attained, there have 
never been wanting engineers who believed that. it 
was only a matter of time before questions of the more 
economical use of material would compel greater 
attention to designs involving more than one working 
stroke per two revolutions. The two-cycle, single- 
acting engine has, indeed, already proved itself a 
very severe competitor of the older type, especially 
in the larger sizes, and the next step lay in the direction 
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Fic. 4. CamsHarr Drivin aND REversiInG CYLINDER. 


of evolving a practical design of engine having two | double-acting engine, which we illustrate in Figs. 1 
working strokes per revolution. Such a design would | to 10, on pages 482 to 485, in their works at Buffalo, N.Y. 
_ place the heavy oil engine on nearly the same basis In view of the somewhat experimental nature of the 
as the steam engine so far as evenness of turning effort | engine, the first unit was constructed with a single 
and weight for power developed are concerned, and, ; cylinder only, it being, of course, a simple matter to 
regarding it as the logical development of heavy oil- | arrange for the combination of as many cylinders as 
engine practice, the Worthington Pump and Machinery | desired for the development of larger powers. The 
Corporation have recently?constructed the two-cycle | engine illustrated, however, is by no means a small 


one, the cylinder being 27 in. diameter by 40-in. stroke 
and developing from 600 to 800 brake horse-power at 
90 to 120 revolutions per minute. These ratings corre- 
spond to a moan effective pressure of about 61 lb. 
per square inch referred to the brake horse-power. 
At the lower speed about 316 brake horse-power is 
developed in the upper end and 284 brake horse-power 
at the lower end of the cylinder, the difference, of 
course, being accounted for by the presence of the rod 
in the latter. In the case of a multi-cylinder engine, 
each working cylinder, with its running gear, frame, 
&c., will form a complete unit, each frame having on 
either side a large flange for bolting to an adjacent 
cylinder unit, scavenging air-compressor unit or end 
cover, as desired. A cast-iron bedplate common to all 
cylinders will make a continuous crank-case for the 
whole engine, the design providing ample room for 
lifting main bearing caps, &c. 

Referring to the particular engine illustrated, the 
details of which may be taken as similar to those which 
would be used for a multi-cylinder engine, the frame 
supporting the working cylinder is of cast-iron of 
box section with a large door in front and a smaller 
one on the rear side. It supports a cross-head guide, 
which is a separate casting with astern bars. The 
working cylinder is supported by a cast-iron cylinder 
housing bolted to the top of the main frame. To 
this housing the cast-iron cylinder base is attached by 
means of four tie bolts which extend from the top 
of the base to the bottom of the bedplate, so that the 
framing is relieved from the tensional stresses due to 
the working of the engine. The cylinder base serves 
to introduce the scavenging air to the cylinders and to 
lead the exhaust gases away, a scavenging-air manifold 
and an exhaust manifold of steel plates being bolted 
on opposite sides of the base. The top and bottom of 
the cylinder base are held together by the side walls 
and by 16 hollow water-cooled bridges passing across 
the scavenging and exhaust ports. These ports 
register with corresponding ones in the top and bottom 
cylinder liners. 

The cylinders consist each of a forged shell of heat- 
treated chrome-vanadium steel, into which is pressed 
a cast-iron liner containing the inlet and exhaust ports. 
Hach cylinder is clamped to a projecting internal 
flange cast in the cylinder base, by means of a clamping 
ring resting on a shoulder on the steel shell and held 
down by 16 heavy studs. A cast-iron water-jacket is 
bolted to the free end, of each cylinder and its other end 
slides in a stuffing-box in the clamping ring so that 
the cylinder can expand and contract independently 
of the jacket. The cooling water is led to the water- 
cooled bridges of the cylinder base and passes through 
them to the water-jackets by means of holes in the ends 
of the cylinders. At the top of the upper cylinder and 
at the bottom of the lower cylinder are valves by 
means of which the cooling water can be regulated. 
It will be clear that each end of the double-acting 
cylinder is virtually an independent single-acting 
cylinder, having its own air and exhaust ports, its own 
cooling-water system, and its own attachment to the 
engine framing. The combustion space which is 
formed by the domed end of the steel cylinder is of 
extremely simple shape, and this fact, together with 
its comparative thinness and the nature of the material 
employed, eliminates the likelihood of trouble from 
cracks. 

The lubrication of the cylinder walls is provided for 
with special care. Holes are drilled through every 
alternate one of the water-cooled bridge-bars in the 
cylinder base, and oil is thus introduced to a part 
of the liner which is always covered by the piston, 
Efficient cooling of the lubricated surface over which 
the rings slide is very necessary, and is assured by 
compelling a high velocity of the cooling water by 
means of guiding walls inside the jacket at this point. 
In the top of the upper cylinder is placed one fuel 
valve, and in the bottom of the lower cylinder are two 
fuel valves, one on each side of the rod. Each of these 
valves has an independent valve motion actuated by 
its own-cam on a camshaft common to all the valves. 
Air injection is used. 

The piston is constructed like two single acting 
pistons mounted on the same piston rod. The piston 
heads are forged of heat-treated chrome vanadium steel, 


| bolted to a flange on the rod. To each piston head is 
: bolted a cast-iron sleeve carrying the piston rings. 
i This sleeve is guided at its free end by a flange on the 


piston rod, which keeps it in Jine and forms an end to 
the watercooled space of the piston, water-tightness 
being secured by a rubber packed stuffing-box. The 
centre-piece of the piston is made in halves, and 
is secured by two heavy bolts. It is prevented from 
sliding on the rod, but the top and bottom pistons can 
slide upon it when they expand or contract under vary- 
ing temperatures. The piston rod is hollow and con- 
tains a central tube for the circulation of the cooling 
water. The rod is fastened to the crosshead by nuts 
above and below the latter. Telescopic pipes, one for 
the incoming and one for the outgoing cooling water of 
the piston, are arranged outside the engine casing. The 
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crosshead is of forged steel, with a cast-steel shoe 
faced with whitemetal, bolted to the back side. The 
connecting rod is forked at the crosshead end, the 
general design being shown in Fig. 8. 

The scavenging air compressor is combined with the 
compressor for the injection air. The former consists 
of two cylinders in tandem with pistons mounted on a 
common rod. The cross-head on the rod serves as the 
piston of the first stage of a four-stage compressor for 
the injection air. The other three stages are built in 
one cylinder fixed at the rear of the engine and operated 
by a beam from the connecting rod, which also drives 
the scavenging air compressor. For starting the 
engine, air at from 200 to 350 lb. per square inch is 
used. All the fuel injection valves are driven from a 
single camshaft. The cams are symmetrical, so that 
they will operate the fuel valves in the same way, 
whether the engine is running ahead or astern. To 
set the fuel valves for going astern, the camshaft has 
to be turned through 34 degrees, relatively to the crank- 
shaft. To reverse the air-starting valves, the layshaft 
is slid longitudinally so as to present a second set of 
cams to the relay valves. 

These two operations are accomplished as follows :— 
The camshaft is driven by means of a vertical shaft 
which has a set of bevel gears at each end. The hori- 
zontal lower bevel is mounted on a sleeve supported 
on two bearings and the horizontal layshaft passes 
through this sleeve and drives it by means of a feather. 
The layshaft is driven from the crankshaft by cast- 
steel helical spur"gear. If now the layshaft is moved 
axially, the effect of the helical gear is to turn it, and, 
therefore, the camshaft, through the required angle 
to bring about the reversal of the fuel injection valves. 
The?longitudinal motion of the layshaft also reverses 
the air relay valves by bringing them under the action 
of another set of cams.. A bronze piston on the lay- 
shaft operated by the pressure of the lubricating oil 
causes the axial motion of the layshaft required to 
reverse the engine. The oil cylinder containing this 
piston, and part of the helical gear is shown in Fig. 4. 

The builders of the engine, the Worthington Pump 
and Machinery Corporation, are represented in this 
country by Messrs. Worthington-Simpson, Limited, of 
Queen’s House, Kingsway, London, to whom we are 
indebted for illustrations and particulars. The design 
is a bold one in many respects, but the greatest sim- 
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Fie. 7. CYLINDER WITH WATER JACKET. 


plicity which the principle admits of has been main- 
tained throughout, and the long experience of the 
Worthington Corporation as Diesel engine builders, 
gives an added interest to their latest development. | 


ACCIDENTS ON THE RAILWAYS OF GREAT 
BRITAIN DURING 1923. 


ty his annual report presented to the Ministry of 
Transport (Report to the Ministry of Transport upon 


the Accidents that occurred on the Railways of Great 


Fig. 8. Cross Heap anp Piston Coonine 
PIPES. 


Britain during 1923, Cmd. 2256), Colonel J. W 
Pringle gives a valuable analysis of the figures at his 
disposal relating to railway casualties. Accidents or 
the 51,818 miles of track in the country are grouped 
in the report under three main heads, namely, those 
sustained by trains, those by moving railway vehicles, 
and non-movement misadventures on railway premises. 
These groups are further sub-divided according as they 
relate to passengers, servants, and other persons. It 
must be borne in mind, however, that all accidents 
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to passengers which occur during the working of railways 
require to be reported, however slight, while servants 
must be sufficiently injured to necessitate their absence 
from work for one day at least. The total number of 
persons killed in all classes in 1923 amounted to 743, 
while the injured numbered 23,240. The figures com- 
pare with 1,008 and 26,628 respectively for the average 
during the decade 1912-1921. 

Under the first group, train accidents, inquiries 
were held in 26 cases and it transpired that in four 
collisions attended with the loss of the lives of three 
passengers and seven seryants, failure of single-line 
working was not the cause of any one of these cases. 
The total number “of collisions for the 12 months 
was 246, derailments totalling 418. These figures show 
an increase over the corresponding ones for 1922, 
probably more apparent than real, in view of the 
more comprehensive system of reporting accidents 
which is now in use. Train coupling failures have 
increased in number in comparison with the figures 
for two previous years; possibly this is due partly 
to a better system of reporting and partly to the in- 
creased loads carried by goods trains: The returns 
as a whole for the year again, as in previous Reports, 
show the liability to danger in the conduct of railway 
traffic either from signalmen forgetting the position 
of light engines, or engines with brake vans on running 
lines. Of the persons killed and injured while passing 
over level crossings, 15 were killed and 11 injured at 
public road crossings, 11 were killed and 3 injured at 
private crossings, and 11 were killed and 3 injured at 
footpath crossings. As a result of inquiries into the 
first and second group of accidents only 181 or 6-79 per 
cent. were found to be due to directly preventable causes. 
The accidents reported under the second group— 
accidents of movement—for 1923, both fatal and non- 
fatal, continue to show a reduction compared with 
those occurring during the years prior to 1921. The 
higher figures for non-fatal accidents for 1923 as 
compared with the two previous years is probably 
due to the better facilities afforded for reporting cases 
since the railway amalgamation, and to some extent 
to the increase in the number of passenger journeys 
and train mileage. In the case of passengers the 
66 killed and 2,262 injured were largely due to mis- 
adventure, want of caution, or misconduct on the 
part of the persons concerned. 


THE LATE MR. R. F. GRANTHAM. 


Mr. Ricuarp Fucr Granruam, who constructed 
many British waterworks, sewerage works and coast 
defences, died at his residence, 19, Daleham-gardens, 
Hampstead, on Friday, September 26. He was the son 
of Mr. Richard Boxhall Grantham, M.Inst.C.E., and 
was born in 1845. After receiving a scientific training 
at King’s College, London, he was articled to his 
father, and in 1878 was taken into partnership with 
him. Amongst his works may be mentioned the water 
supply of Littlehampton, sewerage works at Enfield 
and Cirencester, the repair and reconstruction of the 
seawalls at Canvey Island in the River Thames, river 
walls at Fulham and on the River Swale. He con- 
structed the seawalls at Westgate on the coast of Kent, 
and carried out many drainage and sewerage works 
for the Commissioners of Woods and Forests and the 
Ecclesiastical Commissioners. With his father, Mr. 
Grantham completed the reclamation of Brading 
Harbour in the Isle of Wight. He was elected an 
Associate Member of the Institution of Civil Engineers 
in 1874, and was transferred to the class of Member 
in 1886. He was also a Fellow of the Royal Geogra- 
phical Society. 


LETTERS TO THE EDITOR. 


*“ ROTATING DISCS OF CONICAL PROFILE.” 


: To THr Epiror or ENGINEERING. 

Srr,—In the leading article, in your issue of September 
19, 1924, you state, that the stresses produced by rota- 
tion in a dise of conical profile had been first dealt with 
in 1923, in the article, “ Rotating Discs of Conical 
Profile,” published in your periodical on January 5 
and 26. I beg to inform you, that this subject had 
previously been mathematically solved in § 11 of my 
dissertation, which was printed in 1919. 

Yours truly, 
EK. Honrccrr. 


Susenbergstrasse 85 
Zirich 7, September 29, 1924. 


A RAPID EVALUATION OF BRINELL 
HARDNESS. = 
To tHE Eprror oF ENGINEERING. 

Smr,—The enclosed table may be of interest and use 
to some of your readers. Its concise form enables a 
rapid evaluation of Brinell hardness to be made, and it 
is applicable to any ball diameter or load ratio, these 
being selected to suit the material under test. 


The value of the hardness figure is obtained thus :— 

(a) The diameter of the ball impression is divided by 
the ball diameter = . 

(b) The corresponding value for hardness is then read 
off in columns 0-9. 

In the case of load ratios other than 30 (that used by 
Brinell for measurements of the hardness of steel), the 


R : 
value obtained must be multiplied by 39 > Where Ris the 


load ratio used. 
An example will make this clear :— 


Ball diameter, D=}%6 10m. 
Load, W = 250 kilos, 
: WwW 
Load ratio, Det 10. 
Impression diameter, d = 2:12 mm, 
£ = 0°424 mm. 
Hardness = 201 x es = (iy 


I am, yours faithfully, 
R. C. Gaug, A.C.G.I., A.1.C. 
Chemistry and Metallurgy Branch, Artillery College, 
Woolwich, S.E. September 27, 1924. 


Brinell Hardness Table. 


3 = 30. 
® nm). | O.| 4.1 2) el 4 1 ede) m1 8. |. 
D | 
0-24 654 [648 [643 [637 |631 |626 [620 [616 |e11 605 
0-25 ../600 |595 |500 (586 |581 [576 [571 [567 [562 558 
0-26 + .1553 [549 |545 [541 [537 [532 |528 524 [520 [516 
0-27  :.|512 |509 |505. |501 |497 |494 |491 [487 |483 479 
0-28 1/476 |473 |470 |466 [463 [460 [457 [453 |450 [447 
0-29 ../444 (441 |438 |435 [432 |420 |426 [423 |420 417 
0-30 ../415 {412 |409° |407 [404 |401 398 |395 (393 390 
0-31 388 |385 /383 |380 |377 |375 [373 |371 (368 365 
0-32 |./363 [361 /358 [356 |353 /851 |349 |347 |345 [343 
0-33 |.|341 [339 |337 1335 |332 |331 |329 |386 (324 (328 
0-34 ¢./320 [318 |316 |3i4 [313 [311 /309 |307 [305 304 
0-35  ..|302 |300 [298 |296 |295 |298 |292 [290 \288 287 
0-36 |. |285 |283 [282 |280 |279 |277 |275 \a74 l272 271 
0-87 1./269 |268 |266 [265 |263 |262 261 |259 258 256 
0-38 255 |254 |252 |251 l240 [248 |247 l245 loaa [oao 
0-39  ../241 |240 |239 [237 236 [235 |234 232 [231 230 
0-40 ..|229 |227 |226 225 |224 [223 |201 220 la19 218 
0-41 217 |215 l214 |213 |212 |211 I210 |209 [208 [206 
0-42 206 |205 |203 |202 |201 |200 |199 |198 [197 1197 
0-43 196 {195 |194 |193 {192 |191 190 |1s9 |188 187 
0-44 : 1/187 |186 |185 {184 |183 |182 |181 |181 |180 179 
0-45 178 [178 |177 |176 |175 |174 [178 |173 [172 [171 
0-46 170 |169 |169 |168 |167 |166 |165 [164 |164 |163 
0-47 163 |162 |161 |160 |159 |159 |158 {15s |157 1156 
0-48 11/155 |155 |154 1154 |153 |152 151 |151 [150 [149 
0-49 1/149 [148 |147 [146 146 [145 [145 144 [143 143 
0-50 ..|142 [142 {141 |140 [140 [130 fis0 /138 [137 137 
0-51 136 [136 {135 |135 /134 |134 |133 |133 [132 [131 
0-52 1/131 |130 {130 /129 [129 [128 {128 |197 |127 126 
0-58 125 |125 125 |124 |124 j123 |123 l1a2 l1e2 21 
0-54 | .|121 [121 |120 |119 |119 {118 |118 |118 117 116 
0-55 ..|116 [116 {115 [115 114 lata [118 113 fae fae 
0-56 .|112 [111 |111 |110 [110 {109 {109 [108 |108 107 
0-57. :.|107 |107 |106 [106 |106 105 |105 104 [104 104 
0-58 |.|103 |103 |103 [102 {102 |101 101 |100 [100 100 
0-59 99 | 99 | 98 | 98 | 98 | 97 | 97 | 96 | 96 | 95 
0-60 95 | 95 | 95 | 94 | 94 | 94 | 98 | 93 | 92 | 92 
0-61 92 | 91 | 91 | 91 | 90 | 90 | 90 | 89 | 89°| 89 
0-62 ss‘| 88 | 88 | 87 | 87 | 87 | 86 | 86 | 86 | 85 
0-63 35 | 85 | 85 | 84 | 84 | 84 | 83 | 83 | 83 | 82 
0-64 s2 | 82 | s2 | 81 | 81 | 81 | 80 | 80 | 80 | 79 
0-65 79 | 79| 78 | 78 | 78 | 77177 | 77 | 77! 76 
0-66 76|76| 76 | 75 | 75 | 75 | 75 | 741 741 74 
0-67 74|74| 73 | 73 | 73 | 73 | 72 | 72 | 72 | 79 
0-68 71 | 71 | 71 | 71 | 70 | 70 | 70 | 70 | 70 | 69 
0-69 69 | 69 | 69 | 68 | 68 | 68 | 68 | 67 | 67 67 
0-70 67 | 67 | 66 | 66 | 66 | 66 | 65 | 65 | 65 | 65 
0-71 65 | 64 | 64 | 64 | 64 | 64 | 63 | 63 | 63 | 68 
0-72 63 | 62 | 62 | 62 | 62 | 62 | 61 | 61 | 61 | 61 
0-73 61 | 60 | 60 | 60 | 60 | 59 | 59 | 59 | 59 | 59 
0-74 58 | 68 | 58 | 58 | 57 | 57 | 67 | 57 | 56 | 56 
0-75 BO. 7 Gf se a ea 


LIGHT DRAUGHT RIVER VESSELS. 
To THE Epitor or “ ENGINEERING.” 

Str,—Adverting to your article on “ The Navy at the 
British Empire Exhibition,” on page 459 of this week’s 
ENGINEERING, when commenting on Messrs. Yarrow’s 
special light-draught river vessels, ve the earlier type 
built vessels, H.M.S.S.W. Herald and Mosquito, it is 
stated that these vessels were built for the Admiralty 
for service on the Niger. 

Allow me to point out that the Herald and Mosquito 
were originally built for the Portuguese Government 
for service on the Zambesi and Shiri rivers in Central 
Africa. 

In 1890 England very nearly declared war on 
Portugal, due to Maj. Serfa Pinto’s action at Chiromo 
in holding up the James Stevenson, a light-draught 


. | 
stern-wheel steamer belonging to The African Lake, 
Company, also re the Chinde Mouth being part of thi 
international River Zambesi. 

As Messrs. Yarrow had sufficient time to make twi 
other vessels in the contract time, the British Ad 
miralty took over these vessels and sent them out ti 
the Chinde Mouth under the escourt of H.M.S. Red. 
breast. | 

I well remember Messrs. Yarrow launching the firsi| 
pontoon on the Thames, and fitting up the vessel wit] 
their boilers and engines in, if I remember rightly, 6) 
hours from the time the first pontoon was launchec'| 
to the time she was under weigh under her own steam, 
this was the Mosquito, if my memory serves me right, 

In conclusion I was the engineer of the James 
Stevenson, and was present at Chinde when the Herald 
and Mosquito were launched in sections from H.M, 
Transport—and put together on the river without 
landing any part, and we steamed up the Chinde inte. 
the Zambesi proper under the escort of H.M.S. Red. 
breast, Capt. Kerry in Command. Had Major Serfa| 
Pinto opened fire or fired another blank shot from his 
fort at the juncture of the two rivers, it would have 
meant war between England and Portugal. 

Tam Sir, Yours faithfully, 
«* An Old Mud Larker.” 

September 28, 1924. 


OSMUNDS. 
To THE Eprror or ENGINEERING. 

Str,—If we look in an ordinary English dictionary 
we shall see under the word ‘“‘ osmund ” that it is the | 
name of a flowering plant, and we shall find no other. 
osmund of any kind mentioned. This seems strange, 
for we know very well that there was another and 
very different osmund well-known in England, and which 
for hundreds of years was bought and sold in the metal 
trade and used freely for many purposes. 

If we turn to the great Oxford English Dictionary 
which, in a large measure, 
gives all medieval and later 
words, we shall find, not only 
a reference to the plant, but 
many references extending 
over many centuries to an 
osmund of metal. The os- 
mund with which we are 
concerned was the pig or 
ingot of iron fresh from | 
the smelting works of nor- | 
thern Europe. It was ex- | 
ported to England and else- | 
where in bundles or barrels. | 
Several of these small metal | 
bars remain to-day, the 
shape being very much like 
a big nail. The osmund 
was about 10 in. in length 
and somewhat less than 
1 in. in thickness in its 
stoutest part. 

The osmund appears to 
have been of a finer grain 
and of a much smoother sur- 
face than the large English 
pig. It appears to have 
been of a very high quality 
and was used for the making 
of the more delicate and finer 
articles of iron. 

Naturally, being of a 
better quality than the ordi- 
nary Englishiron, the osmund 
commanded a higher price 
and consequently offered a 
special attraction to unscru- 
pulous metal dealers. The 
system such people com- 
monly adopted was to mix 
a number of real osmunds 
with other pieces of inferior metal cast in a similar form 
and to sell all together as real osmunds. 

The accompanying illustration shows a still exist-— 
ing Swedish osmund. The original may be seen in a 
case in Bay XVI of the new building of the British 
Museum at Bloomsbury. It is not easy to fix the date 
of this example, for apparently osmunds retained the 
same form for some centuries. 

Yours, &c., 
H. Lirrienaes. 

27, Hastgate-street, Winchester. 


“ DREDGING AND LAND RECLAMATION.” —ERRATUM— 
In our article on this subject, by a typographical error 
it was stated, at the bottom of column 2 and the top of 
column 3, on page 437, of our last week’s issue, that 
the cost of the dredging referred to was 4d. per cub. 
yard ; this should read ls, 8d. 


Oct. 3, 1924.] 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrppiEsBroucH, Wednesday. 

The Cleveland Iron Trade.—The quantity of Cleveland 
pig iron available for sale in the open market is by no 
means large, but values continue to show rather marked 
downward tendency, notwithstanding reports of more 
numerous inquiries. Competition for orders is very keen 
and actual transactions are only put through after much 
bargaining. Continental iron is still underselling the 
products of this district in markets abroad. No. 1 
Cleveland pig, though very scarce, is not more than 86s. 
Sellers endeavour to fix the price of No. 3 g.m.b. at 81s., 
but as low as 80s. has been accepted. No. 4 foundry is 
put at 79s, 6d. and No. 4 forge at 79s. 


Hematite—The statistical situation of the East Coast 
hematite branch is unsatisfactory. With output in 
excess of current needs, the already heavy stocks at 
makers’ yards are being steadily increased. Quotations 
are unattractive to customers abroad and home require- 
ments are vastly below what could be desired. Nos. 1, 
2 and 3 are put at 89s., and No. 1 is quoted sixpence 
above mixed numbers. . 


Foreign Ore.—Foreign ore is not much inquired after, 
but sellers are inclined to take a slightly firmer stand. 
Market rates remain on the basis of best rubio at 21s. 6d. 
cif. Tees. 


Blastfurnace Coke.—Local consumers of Durham blast- 
furnace coke purchase very cautiously. Good average 
qualities are quoted 25s. 6d. delivered to users in this 
district. 

Manufactured Tron and Steel.—Sheet makers are busily 
employed and report good inquiries still circulating, and 
a few orders for rails are understood to have been secured, 
put in most branches of the manufactured iron and steel 
industry underselling by Continental firms has to be faced 
and business is very difficult to put through. A good 
deal of foreign semi-finished steel is coming here. Common 
iron bars are 120. 10s.; iron rivets, 14/. 5s.; packing 
(parallel), 97.; packing (tapered), 12/.; steel billets 
(soft), 87. 10s.; steel billets (medium), 9/.; steel billets 
(hard), 92. 10s. ; steel rivets, 141. 15s. ; steel boiler plates, 
131. 10s.; steel ship, bridge and tank plates, 10/. 5s. ; 
steel angles, 107. ; heavy steel rails, 9/. ; fish plates, 130. ; 
pees corrugated sheets (24in. gauge, in bundles), 

- 10s. 


NOTES FROM THE NORTH. 
Grascow, Wednesday. 

Scottish Steel Trade.—Depression is all too general 
throughout the steel industry of Scotland, and none 
of the works are employed at anything approaching 
their actual capacity. The improvement at the ship- 
yards some time ago has not been reflected in the local 
steel works on account of the cheap material offered 
from the Continent, as a goodly quantity of the latter is 
being consumed here. The sheet makers are the best 
off at present; orders for light gauges are sufficient to 
ensure steady running for some months yet, and there 
is quite a fair tonnage of the heavier gauges being turned 
out. The export demand for galvanised sheets in parti- 
cular is keeping up very well. Prices are steady, and 
show no variation over the week, and are quoted as 
follow :—Boiler plates, 13/7. 10s. per ton; ship plates, 
107. 5s. per ton; sections 10/. per ton; and_sheets, 
4; in. to } in., 127. 10s. per ton, all delivered Glasgow 
stations. 

Malleable Iron Trade——The West.of Scotland malle- 
able-iron trade has shown little movement during the 
past week, and business is as quiet as ever. Neither 
home nor foreign buyers exhibit any desire to place 
business, and only actual requirements are being covered 
in the meantime. The demand is so slow that only a 
part of the plant in any of the works is able to be kept 
employed, and that only intermittently. Prices are 
unaltered with ‘‘ Crown” bars quoted at 121. 10s. per 
ton delivered at Glasgow stations. 


Scottish Pig-Iron Trade.—There is no change in the 
Scottish pig-iron trade this week, and a very dull tone 
prevails. Home buyers are still holding off and the 
foreign demand is almost dead at the present time. 
Hematite is slow of consumption because of the quiet- 
ness in the steel works, while foundry grades are also 
in poor request. Prices are again weaker and show a 
decline this week. The market quotations are as under : 
—Hematite, 41. 15s. per ton, delivered at the steel works ; 
foundry iron, No. 1, 41. 15s. per ton; and No. 3, 41. 10s. 
per ton, both on trucks at makers’ yards. 


Scottish Pig-iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour continue small, 
and for the week ending last Saturday, September 27, 
the total was only 866 tons. Of the amount 809 tons 
went overseas, and 57 tons coastwise. For the corre- 
sponding week of last year the shipments were 1,170 tons 
for foreign destinations and 185 tons coastwise, making 
a total of 1,355 tons in all. 


Shipbuilding.—The returns issued in connection with 
the Scottish shipbuilding industry for the past month 
are again very interesting, and point to quite a fair 
amount of activity in the yards. The output figures 
for the different districts are as follow :— 


Sept., 1924. Nine Mths., 1924. 
¢ Vsls. Tons. Vsls. Tons. 
The Clyde ane a 17 44,772 165 375,657 
The Forth ... iss 1 113 VSee 23,071 
The Tay owe rae 1 6,500 6 12,400 
The Dee & Moray Firth 3 970 16 §=11,879 


22 52,355 


Totals oF 


200 423,907 


reduction in outputs. 


ordinaries are plentiful at 24s. 6d. to 25s. 


While the above totals are very good and over the 
average, they are a long way short of the record figures, 
but the disappointing thing is that there are few new 
contracts booked on which to commence now. The 
men are working better and more steadily, 


The output figures for the Clyde for the month of 
September are barely as high as for the previous month, 
put are a good average and bring the nine months’ 


total up to 165 vessels of 375,657 tons, which compares 
favourably with recent years, but is still a long way 
behind the record nine months (1920), when the figures 
were 166 vessels of 489,425 tons. New orders reported 
during the month were few and the total in tonnage 
was not heavy. Amongst the latest are the following : 
An oil-tank steamer for the Vacuum Oil Company, to 


be built by the Greenock Dockyard Company ; a@ river 


steamer for service in the East to be built by Messrs. 
Yarrow and Co.; and a twin-screw tug, a stern-wheel 
steamer, and two barges to be constructed by Messrs. 
Alley and McLellan (Limited), Polmadie, Glasgow. 


NOTES FROM THE SOUTH-WEST. 
Carpisr, Wednesday. 
The Coal Trade.—The position of the Welsh steam 
coal trade shows no sign of improvement. In fact, 


the only. classes of coal for which the demand about 
balances the supply are anthracite, sized coal and best 
dry large. 
despite the loss of production caused by pit stoppages, 
and prices are entirely a matter of individual bargaining 
with buyers able to secure heavy concessions on the 


All other grades are abundantly offered, 


Already a score of pits have been closed 


quoted values. 
in fact, in 


down, and thousands of men rendered idle, 


the Merthyr district alone it is estimated that 10,000 
men. are idle or under notice. 
pressing contractors to take deliveries, and practically 
the whole of the coal being shipped from the Welsh 


Colliery salesmen are 


docks at present are contract supplies. New business 


is so limited that it is believed that unless a change for 
the better takes place, half the Welsh pits will be idle 


This, notwithstanding a considerable 
Nominally, best Admiralty large 
coal is round 27s. 6d., with Monmouthshires from 23s. 6d. 


by Christmas. 


to 25s., and smalls from 10s. to 15s., but all these figures 


can be lowered by buyers with definite business. Best 
dry large, however, is steady, at 26s. 6d. to 28s., but 
Anthracite 
coals are virtually unattainable with French nuts up 
to 65s. The outlook is, indeed, gloomy. 


Tron and Stecl.—Exports of iron and steel goods last 
week amounted to 8,591 tons compared with 10,372 tons 
a week earlier. Shipments of tinplates and terneplates 
totalled 4,695 tons against 7,200 tons; _blackplates, 
2,101 tons against 1,599 tons ; galvanised sheets, 990 
tons against 1,071 tons, and other iron and steel yards, 
to 779 tons against 502 tons, 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—Hopes are entertained of an early 
settlement of the dispute which has reduced the greater 
part of the basic steel trade of this district to a state 
of paralysis. The strike of semi-skilled operatives for 
improved rates and conditions at the three largest 
concerns devoted to this class of production has now 
lasted six weeks. Loss in output is reliably estimated 
at 105,000 tons, and some eight thousand men affected 
are calculated to have sacrificed 84,000/. in wages. 
Unless an early settlement is reached there is a positive 
danger that one of three works concerned may have to 
remain closed for an indefinite period, orders having 
gone elsewhere. The decision arrived at in Sheffield 
to reduce the basis of foundry coke from 20s. 6d. to 
163. 9d. a ton minimum, superior qualities to be graded 
proportionately according to calorific value, will benefit 
iron producers, many of whom have for several weeks 
been operating unprofitably. Whether the benefit will 
be passed on in full measure to steelmakers remains to 
be seen. Reports received from the steel manipulating 
sections are the reverse of cheerful. Order books 
generally reflect spasmodic buying in tonnages that 
leave a big percentage of productive capacity idle. 
Forges and foundries are similarly placed, though an 
improved tonnage is going to certain of the shipbuilding 
yards. Automobile builders continue substantial buyers 
of special steel and constructional parts, but turnover 
would, it is stated, be about one-third as large again 
if the McKenna Duties had not been allowed to lapse. 
The tool sections are moderately employed, mining and 
quarrying requisites representing a large share of current 
output. 


South Yorkshire Coal Trade.—Best quality house coal 
represents the only active section, and though the 
gross demand still falls short of output, recent advances 
are maintained. The steam coal market is suffering 
from the continued slump in the demand from Continental 
buyers, and with home requirements restricted, prices 
tend to sag. Best quality slacks are still in request for 
inland consumption, but cobbles and nuts have developed 
fresh weakness owing to the abundant offer of inferior 
grades, and supplies are available at an average reduction 
of two shillings. Quotations :—Best branch hand- 
picked, 328. to 35s.; Barnsley best Silkstone, 26s. to 
28s.; Derbyshire best brights, 26s. to 28s. ; Derbyshire 
best house, 238. to 25s. ; Derbyshire best large nuts, 21s. 
to 25s.; Derbyshire best small nuts, 13s. to 15s. 6d. ; 
Yorkshire hards, 20s. 6d. to 22s. ; Derbyshire hards, 
20s. to 21s. 6d, ; Rough slacks, 12s. 6d. to 15s. 6d. ; Nutty 
slacks, 12s. to 14s. ; Smalls, 6s. to 8s. 6d. 


NOTICES OF MEETINGS. 
THE InstirurTE or TRANsPoRT.—Monday, October 6, 
at 5.30 p.m,, at the Institution of Electrical Engineers, 


Victoria Embankment, W.C. 2. Presidential address by 
Sir Lynden Macassey, K.B.E., K.C. 


Tue Socrery or Encinesrs (INCORPORATED).— 
Monday, October 6, at 5.30 p.m., at the Geological 


Society, Burlington-house, Piccadilly, W. ‘ Pulverised 
Fuel,” by Mr. E. Kilburn Scott, M.1.E.E. 
Tue InstiruTIon or RuBBER INDUSTRY, LONDON 


AND District Srcrion.—Monday, October 6, at 8 p.m., 


at the Engineers’ Club, Coventry-street, W. 1. “ Sul- 
phur,” by Mr. Edward Anderson, A.I1.C. 
Tur Braprorp ENGINEERING Society. Monday, 


October 6, at 7.30 p.m., in the Hall of the Bradford 
Technical College. Address by the President, Mr. Bald- 
win, on “A Visit to the Redcar Steel Works.” (With 
cinema, illustrations.) 


Tur Junior InstiruTIon oF ENGINEERS, NortH 
Western SrctIon.—Monday, October 6, at 7.30 p.m., 
at the Manchester Geographical Society, 16, St. Mary’s 
Parsonage, Manchester. Annual General Meoting. 
Chairman’s address, ‘“‘ Triumph over Difficulties.” 


Tur MANCHESTER METALLURGICAL Soctery.—Tuesday, 
October 7, at 7 p.m., in the College of Technology, 
Manchester. Presidential Address by Mr. J. Cartland, 
M.C., M.Sc. 


Tue INstriTUTION oF PETROLEUM TECHNOLOGISTS.— 
Tuesday, October 7, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C. 2. ‘‘ Recent Develop- 
ment in the Art of Cracking,” by A. E. Dunstan, D.Sce., 
Fr Ee Crus Gree 


Tur Newcomen Socrety.—Wednesday, October 8, 
at 5.30 p.m., at the Iron and Steel Institute, 28, Victoria- 
street, S.W. 1. ‘A Sketch of the Industrial History 
of the Coalbrookdale District,’ by Mr. Rhys Jenkins. 
“The Discoveries of the Darbys of Coalbrookdale,”’ 
by Mr. T. 8S. Ashton, M.A. “Notes on Coalbrookdale 
and the Darbys,”’ by Mr. John W. Hall. 


Tur INSTITUTION OF ENGINEERS-IN-CHARGE.—Wednes- 
day, October 8, at 7.30 p.m., at St. Bride’s Institute, 
Bride-lane, Fleet-street, E.C. 4. ‘‘ The Testing of Aero- 
Engines in Flight,” by Mr. R. J. Penn. 


Tue Oprican Socirry. Thursday, October 9, at 
7.30 p.m., at the Imperial College, Imperial Institute- 
road, South Kensington, $.W.7. “Some Problems in 
the Theory of Optical Diffraction,” by Mr. EH. T. Hanson 
B.A. “The Annealing and Re-annealing of Glass.” by 
Mr. W. M. Hampton, B.Sc., A.LC. 

Tur Junior InstiruTION oF ENGINEERS.—Friday, 
October 10, at 7.30 p.m. Ordinary meeting. ‘‘ The 
Design of Static Sub-stations, with Some Notes on 
their Equipment,” by Mr. N. Thornton. 


— 


Tur PROCEEDINGS OF THE INSTITUTION OF MECHANICAL 
ENGINEERS.—We have received Vol. I of the Proceedings 
of the Institution of Mechanical Engineers for 1924. 
This contains the papers read in the period from January 
to May, which have already been dealt with in our 
columns. The papers included are: “ Wave Transmission 
of Power,” by Mr. H. Moss; “ Flywheel Stresses,’ by 
Mr. A. J. 8S. Pippard; ‘‘ Mechanical Engineering in the 
Military Service,” by Major Martel, D.S.O., R.E. ; 
“Repair and Upkeep of Pneumatic Tools,” by Mr. 
R. W. Wilson; ‘“ Air Consumption of Internal-Combus- 
tion Engines,” by Mr. H. Moss; “ Irrigation Pumping 
Machinery, Sudan,” by Mr. R. W. Allen ; and ‘** Payment 
by Results,’ by Mr. J. P. Udal. In addition, Professor 
A. H. Gibson’s and Lieut.-Colonel E. Kitson Clark’s 
lectures to the Graduate Section are given, as well as 
reports on the joint meetings held with the Chemical 
Engineering Group and with the Institution of Civil 
Engineers. The third report of the Steam Turbine 
Nozzles Research Committee is also included. 


Exrcrric Surety ror ApEN.—The Executive Com- 
mittee of Aden Settlement having obtained a licence 
under the Indian Electricity Act to supply electricity 
in the Settlement and Cantonment of Aden, have had a 
scheme prepared by their Consulting Engineers and 
Agents, Messrs. Barry, Wolfe Barry and Messent, of 2, 
Queen Anne’s Gate, Westminster, London. The scheme 
put forward by them has been adopted and will be 
financed by means of a loan obtained from the Govern- 
ment of Bombay. High pressure three-phase alternating 
current will be generated by 6,600 volts, 50 cycles, and 
will be transformed down for supply to consumers in the 
shape of 3-phase 4-wire alternating current at 230 volts 
per phase. The maximum charges to consumers which 
are permissible under the license are (1) for general supply 
purposes for lights, fans and heaters, six annas a unit ; 
(2) power purposes, four annas a unit, with a minimum 
monthly éharge in each case of Rs. 3-8-0 per month 
The tender of Messrs. Cromptons, Limited, for the power 
house and its plant has been accepted by the Executive 
Committee. The tender provides for the installation of 
three Vickers Spearing boilers and three 250 kw. turbo- 
alternators together with the necessary subsidiary 
machinery, and calls for delivery at Aden in eight months. 
The turbines will be manufactured by Messrs. W. H. 
Allen, Sons and Co,, Limited, and the alternators by 
Messrs. Crompton and Co., Limited. A managing 
engineer will shortly be appointed and will probably 
visit Aden later in the autumn to investigate the 
transmission and distribution system on the spot. Itis 
hoped that the scheme will be in operation by September, 
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THE RELATIVITY OF WAGES. 


THE most potent cause of industrial unrest is a 
sense of injustice. Man wants but little here below 
for his contentment, provided that he is not con- 
fronted too insistently with the sight of someone else 
who has more. Even then, if he sees that the 
graduations of wealth characteristic of all ordered 
civilisations are in rough relationship with ability, 
energy, or services rendered to the community, his 
discontent with his own lot is sublimated, as the 
psychologists would say, into a laudable ambition 
to improve it. It is the feeling that others, no 
more meritorious than himself, have taken advantage 
of the structure of society to secure for themselves 
more than a fair share of this world’s goods, and 
that, in consequence he is contributing to their 
welfare at the expense of his own, which engenders 
bitterness of mind. The present industrial system, 
under which workers are organised into distinct 
groups, the members of each group receiving equal 
wages, regardless of their individual energy or skill, 
is essentially unfair to those who work with more 
than the average efficiency, whether they are civil 
servants or road-sweepers. But as this equality of 
wages is, generally speaking, insisted on by the 
workers themselves, its demoralising effects are 
accepted by them as preferable to alternative evils, 
and the system does not give rise to industrial 
unrest in the ordinary sense. The latter arises 
acutely when one group of workers sees another group 
enjoying higher wages with no justification for 
them either in the skill or arduousness of their 
occupation. The aggrieved group never suggests 
that the wages of the others should be lowered, but 
requires that their own should be raised, and to 


enforce this demand will precipitate all the miseries 
and losses of an industrial struggle. 

Those who maintain that industrial disputes can 
be settled in accordance with the principles of 
abstract justice and without recourse to the arbitra- 
ment of force, have yet to determine in what justice 
consists. Should a patternmaker, for example, 
receive more for a day’s work than a moulder, or a 
blacksmith than a policeman? Before the war 
certain rough ratios between the payment of the 
various kinds of skilled and unskilled labour had 
become accepted, though it was difficult to see how 
the ratios were justified except by the powers of the 
respective unions to enforce them. The common- 
sense of the public, however, accepted them as 
reasonably fair, they made all trades sufficiently 
attractive to ensure the required influx of workers 
and, generally speaking, gave no serious cause for 
complaint. But the social and industrial changes 
brought about as a consequence of the war have 
produced a state of affairs which no one can regard 
without misgiving. What correlation there once 
existed between the skill of an occupation and the 
wages earned seems to have totally disappeared. 
We find porters better off than mechanics, tram- 
drivers earning more than cabinet-makers, and in 
general labourers possessed of no skill or training 
drawing higher pay than accomplished craftsmen. 
The injustice of this is obvious, and unless things are 
rectified the end will be the ruin of those skilled 
trades by which alone the population of this country 
is supported. 

Even a cursory examination of the facts is 
sufficient to show, not that the situation is chaotic, 
for it is not, but that the classes of men who are 
getting less than a fair wage can be separated, 
along a fairly well defined line, from those who are 
getting more than their economic value. As a 
rule the relatively extravagant wages are found in 
unskilled or semi-skilled occupations, which could 
be carried out by almost anybody with a few days’ 
training. This fact, although serious in its moral 
and industrial effects, is only incidental. It is not, 
of course, because certain classes of men are un- 
skilled that they can extract unduly high wages, 
but because their work is of such a nature that 
it is not subjected to foreign competition. Further- 
more in very many cases, these wages are not paid 
out of the earnings of an industry, but are derived 
from rates and taxes. The recipients claim them 
as necessary to provide a certain desirable standard 
of living, and secure them either by their power at 
elections or by holding the community at ransom 
by a strike. The skilled mechanic upon whose 
work our export trade, and therefore our whole 
industrial existence depends, has no such resources 
at his disposal. He does not elect his paymasters 
at the polls, and as they can only pay wages out 
of their own earnings, it is futile for him to strike 
for more than an economic wage, however much 
he may desire to improve his standard of living. 
It is no wonder that the skilled man is dissatisfied 
when he sees ordinary labourers far better off than 
he is, or that he emigrates to the factories of our 
foreign competitors where his skill is appreciated 
at its proper value. 

In considering the question of wages in its broadest 
aspect, it is evident the population of this country 
cannot enjoy more wealth than it produces. It may 
live upon its past earnings for a limited period, 
but in the long run an excess of consumption over 
production will result in starvation, as certainly 
for a nation as for an individual. It is no good for 
a community to decide that it will have a higher 
standard of living if it has not produced more to 
live upon. Nature takes no account of resolutions 
or aspirations, but facts alone. We are enormously 
poorer than before the war, and our national pro- 
ductivity is less, on account of shorter working 
hours and other causes. Until productivity is in- 
creased we cannot hope for a greater total in- 
come, and until this is attained there is no chance 
of a higher average standard of living. All we can 
do in the meantime is to see that the national 
income is used to the best advantage, and that the 
workers share in it proportionately to their merits. 
If one class of them gets more than they really 
earn another class has to take less. The former 
are really being subsidised at the expense of the 
latter. It is the skilled mechanic, the shipwright 
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and the coalminer who are, in effect, paying the 
excess wages of the municipal employee, the rail- 
way porter and the labourer. 

These high wages in the sheltered trades are 
not only a source of legitimate unrest’ amongst 
those whose occupations have not the same artificial 
protection, but they are a definitely adverse factor 
to the prosperity of many of the skilled trades. 
The cost of transport is so absurdly great that the 
heavy engineering trades, for example, are bur- 
dened by charges for freight on raw material and 
finished products which prevent many an order being 
obtained, and even so, the transport workers are 
threatening to demand more. The only way by which 
these high freight charges can be neutralised is by a 
corresponding reduction in the mechanics’ wages, 
so that the latter class of men are indirectly paying 
for the high wages of the transport workers. The 
mechanics, moreover, have to pay more for every 
article of their own consufption which is subject 
to transport charges, and they cannot force up 
their own wages in the face of foreign competition. 
Some most instructive figures on the relative rates 
of wages in the sheltered and non-sheltered trades 
are given in an article by Mr. Archibald Hurd, 
entitled ““ The Tyranny of Trade Unionism,” in the 
October issue of the Fortnightly Review. It appears 
that in April last, the average wage paid to fitters 
and turners in 16 of the principal districts was 
56s. 5d. per week. Shipwrights on time work only 
received an average of 48s. 7d. In contrast with 
these, the average bricklayer, who is certainly no 
more skilled than a fitter, but who is in a sheltered 
trade, received 70s. 10d. for a 44-hr. week. The 
road labourers of Shoreditch were paid 66s. 10d. 
per week and the refuse collectors employed by 
the same municipality received 68s. 4d. per week. 
There is something grossly wrong about a system 
under which a skilled tradesman is worse off than 
a tram driver, a ticket collector, or an ordinary 
labourer. 

Sooner or later something will have to be done 
to rectify the injustice as between different classes 
of workers, and the sooner the problem is faced 
the better. The skilled mechanic is much underpaid 
in comparison with workers in the sheltered trades, 
and any reduction in the wages of the latter would 
not only make his expenses less but would facilitate 
the raising of his own wages. The country has 
rejected the idea of extending shelter, by means 
of tariffs, to those industries exposed to foreign 
competition, and it is therefore incumbent on the 
Government to relieve them from the parasitic 
action of those which are not so exposed. Mean- 
while we are losing many of the best and ablest 
of our craftsmen by emigration, and forcing those 
who remain to accept a standard of living lower 
than that of a labourer. An authoritative state- 
ment as to the proportion which rates, taxes and 
transport charges now bear to the total cost of 
production in any exporting industry would perhaps 
rouse public opinion to a perception of the injustice 
of the present wage relationship between the shel- 
tered and the unsheltered trades, and lead to action 
in the matter. The present conditions are unfair 
to the best of our workers, conducive to industrial 
exasperation, and destructive to the welfare of 
ndustry and all who live by it. 


AIRCRAFT DEVELOPMENTS IN 
UNITED STATES. 


FoLLow1nG upon the somewhat optimistic review 
of the situation regarding aircraft developments by 
Air Vice-Marshal Sir W. Sefton Brancker, the Direc- 
tor of Civil Aviation, at the Congress of the Institute 
of Transport at Wembley (page 450, ante), we 
have on the other side of the Atlantic, if the 
reports in the public press are correct, President 
Coolidge owning himself a firm believer in the 
future of aircraft for naval purposes and in the 
passing of the capital ship. It is stated that the 
President has been greatly impressed by the success 
of the world flight carried out by the U.S. Army 
airmen and also by the experiences of the U.S. 
airship Shenandoah, and these two factors have 
convinced him that the future is in the air and not 
on the water. If these are the correct reasons for 
his faith in aircraft and the disappearance of the 
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capital ship, there will be many of his countrymen 
ready to contest them. For some time now a 
large body of naval officers has been urging the 
modernisation of the U.S. capital ships, pointing 
out that in actual fighting strength, as against dis- 
placement, they fall below the 5-5-3 ratio of the 
Washington Treaty. These officers, it is stated, 
have the sympathy and active co-operation of Mr. 
Wilbur, the Secretary of the Navy, and a former 
naval officer. There is thus likely to be a sharp 
controversy between those who take the President’s 
views of the paramount importance of aircraft and 
the obsolescence of the capital ship and those who 
take the view that both aircraft and battleships 
have important and independent réles in national 
defence. 

So far as the success of the world flight is con- 
cerned, this, to the ordinary man in the street, 
would hardly appear to have the importance with 
which, it is alleged, the President regards it. Start- 
ing on March 17, the flight was completed on Sep- 
tember 29, a duration of six and a-half months. 
Although some time was unavoidably lost in wait- 
ing for their leader in the Northern Pacific, yet 
the time required for the remainder of the flight 
was prolonged. Difficulties were encountered in 
various portions of the route and, as an example of 
physical endurance, the completion of the flight 
reflects the greatest credit on the three U.S. Army 
airmen and their colleagues. Credit should also be 
given to those who organised the flight, for new 
engines and spare parts were accumulated at the 
various points of call, and these were largely drawn 
on. In addition, wherever circumstances _per- 
mitted, units of the American Fleet were at hand 
to give all necessary assistance. Such favourable 
conditions could hardly be expected in actual 
warfare, and are in striking contrast to the help 
given by the Government to British aviators who 
essayed the same flight. Possibly in this lack of 
support our own authorities demonstrated their 
view that a world flight was of little value in testing 
the qualities of aeroplanes for war purposes. 

But if the President’s reported deduction from 
the successful world flight is difficult to follow, that 
on the importance of the airship appears to be based 
on more solid foundations. The Shenandoah has 
been in commission for over twelve months and 
has been uniformly successful. Several remarkable 
flights have been made, and at least one exciting 
experience has been safely negotiated. We refer 
to the airship breaking loose from a mooring mast 
during a heavy gale, whereby she sustained con- 
siderable damage to the structure forward and to 
one of her fins. Despite this damage, the officers 
and crew by superb navigation brought her safely 
to her shed at Lakehurst. This spectacular feat 
was one which won the admiration and consider- 
ably enhanced the value of the rigid airship in the 
minds of the American public. 

More recently the Shenandoah has been engaged 
in fleet manceuvres and proved her worth by 
searching for four “ enemy ” vessels, reporting their 
position and movements by wireless to the Fleet, 
and finally “destroying” one of the four. It is 
not stated if the ‘enemy ” ships carried aeroplanes 
for defence against such an adversary, thus giving 
a more equal and realistic touch to the manceuvres. 
During this flight the airship flew steadily for 40 
hours at cruising speed, and, at one period, was 
500 miles from the American coast, being 72 hours 
away from her base altogether. 

A few such expetiences as these emphasise the 
value of airships to a fleet, a value which is con- 
siderably increased by the fact that the gas by 
which the Shenandoah secures her buoyancy is 
helium. As we pointed out some time ago, the use 
of this gas in place of hydrogen increases to an 
incalculable extent the safety of an airship, rendering 
her practically immune from destruction by fire. 
In the possession of inexhaustible supplies of natural 
gas from which helium can be obtained, and the 
necessary appliances for its separation and collection, 
the United States have a very distinct advantage 
over other nations. 

Another interesting fact which is recorded of the 
flight of the Shenandoah is that the water-recovery 
system proved so efficient that it became unnecessary 
to “valve”, or liberate, any helium, although 
9,500 lb. of petrol were used during the 72 hours’ 


flight. According to the American technical press, 
American engineers have been experimenting on 
this problem for some time, and it would appear 
that their efforts have been crowned with success. 

The operations of the Shenandoah have necessi- 
tated a new type of auxiliary war vessel, whose sole 
representative at the present time is the Patoka, a 
former oil tanker of about 17,000 tons deadweight, 
which has been converted to a mobile airship 
base. This vessel is fitted with a mooring mast at 
the stern, whose platform is 120 ft. above the deck, 
and is fitted with a topmast 30 ft. long for wireless 
purposes. The mast is of the lattice type and has 
a base 45 ft. square. The Patoka is arranged to 
stow cylinders in her hold, in which 2} million 
cub. ft. of helium can be compressed. A helium 
supply main, 1 ft. in diameter, is connected to the 
gas cylinders and runs up to the platform on the 
mast. Pipes for the supply of petrol and fresh 
water are similarly arranged for. Powerful electric 
lights are fitted on the platform. Three seaplanes 
are also carried, presumably for defence against air 
attack. The vessel was originally prepared for the 
proposed flight of the Shenandoah to the Arctic 
regions, and, although this was cancelled, the vessel 
is being retained for service with the fleet. She is 
thus the first mobile base for rigid airships, and as” 
a test of the arrangements, the Shenandoah was 
recently moored to the mast for a week. 

It is evident from the aeronautical press, that the 
operations of the Shenandoah have impressed 
American public opinion and that much is expected 
of the type of aircraft she represents. One of the 
leading journals has found it necessary to issue 
a word of caution in connection with a proposed 
programme of airship work which, it states, has 
received official consideration, if not approval. 
This programme, which is to be put into operation 
when ZR3, a commercial airship built in Germany, 
reaches America, includes a world flight by both 
ships, one proceeding east and the other west; a 
flight to South America to cement friendly relations 
between the peoples of North and South America, 
and to collect geographical, geological, aerological 
and oceanographical data ; exploration of the million 
square miles area between Alaska and the North 
Pole ; and, finally, a regular mail service between 
London and New York. The programme, if 
correct, is an ambitious one, and the journal to 
which we refer cautions the Government against 
engaging in it until the capabilities of the two air- 
ships have been completely and finally established. 
As evidence of the belief of the United States 
authorities in the future of the rigid airship, it has 
been recently announced that specifications and 
plans are being prepared by the Navy Department 
for a super-Dreadnought of the air of dimensions far 
in excess of those of the Shenandoah. It is stated 
that the volume of this airship may reach 10 million 
cub. ft., the speed 85 miles an hour, with a fuel supply 
sufficient to make the return voyage across the 
Atlantic. 

But whilst the Navy Department is busily engaged 
in the development of the rigid airship, it is not 
neglecting aircraft of the heavier-than-air-type. The 
qualities and operations of all types of naval machines 
are being continuously improved, and according to 
reports are in advance of European nations. At 
the present time only one aircraft carrier—the 
Langley—is in commission, but others are being 
pushed forward. Photographs of American war- 
ships which are being published in the illustrated 
papers show that many are fitted with one or more 
catapults of the revolving type by which aircraft 
can be started on their flight. This is a contrivance 
which the United States Navy has been experiment- 
ing with for many years, the first having been con- 
structed and tried before the outbreak of the Great 
War. As it has now been adopted in many of the 
American warships, it may be concluded that success 
has been achieved in its construction and use. 
European nations are far more reticent in allowing 
photographs or drawings of their warships to be 
published and information on such matters is 
treated as confidential. It may be the case, there- 
fore, that catapults are being fitted in the warships 
of other Powers, although nothing has been allowed 
to transpire. If this is not so, the United States 
naval authorities may rightly claim to be in advance 
in this respect, and their lack of aircraft carriers 
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is to some extent compensated by the general 
fitting of catapults on one or two aeroplanes in the 
larger fleet units. These aeroplanes must be of the 
amphibian type, since they have necessarily to 
land in the sea and be hoisted on board by crane or 
other means. Photographs have also been pub- 
lished of a small seaplane designed for use in a 
submarine and stowed in cylinders on its deck. By 
this addition it is claimed the vision of the sub- 
marine is very largely augmented. This is, we 
believe, the first occasion on which aircraft have 
been so used. 

From the foregoing account it may be gathered 
that at the present time the United States authorities 
—and especially the Navy Department—is busily, 
and from all appearances successfully, engaged in 
developing aircraft for purposes of national defence 
and for commerce. Unless some special endeavour 
is made by the British Government, some of those 
airship services which Sir Sefton Brancker envisaged 
in his address to the Institute of Transport will be 
flying the Stars and Stripes in place of the Union 
Jack. 


MATHEMATICS FOR ENGINEERS. 


ON several occasions during recent years we have 
pointed out that the object of the engineer in 
studying mathematics is to provide himself with a 
useful tool and not as an end in itself. This being 
so, it is right and proper that he should attack the 
subject by the methods with which he is most 
familiar, and on which he must mainly rely in the 
conduct of his life work, viz., geometrical and 
mechanical experience and intuition. All the func- 
tions with which he is concerned have what Professor 
Whitehead has called ‘‘ convenient properties.” If 
they do not possess the latter, they are in the very 
nature of things useless to him. The methods of 
proof and attack relied upon by the mathematicians 
of a hundred years ago, therefore, hold good for all 
such mathematical questions as may be of interest 
and importance to him, and are those which should 
be followed by his teachers. That innumerable 
continuous functions can be conceived which have 
no differential co-efficient may interest him in the 
same way that the more intelligent type of literary 
man may be interested in learning that it has now 
proved possible to measure the diameter of some of 
the fixed stars, but it is placing an undue burden on 
the engineer to insist that the old time simple 
proots of the theorems in which he may be interested, 
should be remodelled and complicated to meet con- 
ditions with which he will never be confronted. 

The point of view above set forth formed the 
text of a paper on “ The Teaching of Mathematics to 
Engineering Students,” which Professor Sir J. B. 
Henderson read before the International Mathe- 
matical Congress at Toronto. As stated above, we 
have repeatedly urged in our own columns, but 
Sir James has done good service in impressing on 
a body of professional mathematicians, the unwisdom 
of increasing the difficulties of the subject to the 
engineering student by the complications arising 
from the study of what may perhaps be called 
fancy functions. These seem for the most part 
to resemble the average idol of the heathen, in that 
so far as our present knowledge goes, they represent 
nothing existing in the heavens above, the earth 
beneath, or the waters under the earth. 

It would seem from a recent review in Nature 
that the physicist is being confronted by much the 
same difficulty. At Cambridge mathematics and 
physics have been divorced for some years, a step 
which was probably inevitable in view of the growth 
of both subjects. 

Nevertheless, the physicist must acquire a good 
working knowledge of mathematics, and this should 
be attainable without undue insistence that proofs 
and demonstrations shall be valid not only in the 
limited mathematical field in which he is interested, 
but also throughout the whole of the external area 
which the mathematicians have filled with non- 
differentiable functions, which, whilst continuous, 
cannot be represented by a graph. The tool user 
should not, in short, be called upon to undergo 
the same apprenticeship as the tool maker. 

The article in Nature, to which reference has 
already been made, observes further that the 
abandonment of the principle that “the profound 


study of nature is the most fruitful source of 
mathematical discoveries’? has been followed by 
a barren period in British mathematics. The 
principle in question implicitly assumes that 
mechanical and geometrical intuition are the most 
effective agents in promoting mathematical progress, 
and our own national genius lies rather in imagina- 
tion and intuition than in pure logic. Most of us, 
in fact, mistrust the latter save within narrowly 
defined limits. It is true, of course, that in matters 
mathematical we are masters of our premises, and 
a purely logical development is, therefore, legitimate, 
however dangerous it may prove in other studies. 
What is legitimate, however, is not necessarily wise, 
and it may well be that, as in Fourier’s time, 
mechanical and geometrical intuition may again 
play a leading part in the further development of 
mathematics. In the meantime, it is the faculty on 
which most reliance should be placed in presenting 
the subject to engineering students. It is too 
frequently forgotten that those who use mathe- 
matics for practical ends have one safeguard which 
the pure mathematician lacks. They have to 
obtain numerical results. This in itself constitutes 
a not ineffective safeguard against, say, the illegi- 
timate use of a divergent series, and in the second 
place the result has to be in general accord with 
practical experience. The engineer’s investigations 
seldom lead him on to entirely novel ground. He 
can generally find some more or less analogous case, 
which gives him some rough idea as to what the 
numerical value should be, and if his calculations 
diverge too widely from this, he suspects an error 
in his analysis, and this suspicion generally proves 
justified. 


NOTES. 
SMOKELESS FuEL aT GLASGOW. 


Txosx who look forward to the eventual develop- 
ment of some commercially satisfactory process for 
the production of smokeless fuel by the low-tem- 
perature carbonisation of coal will be interested in 
a development which is about to take place in 
Glasgow. We are interested to learn that the 
Glasgow Corporation has decided to install a 
five-unit plant of the type developed by Messrs. 
Maclaurin Carbonisation, Limited, to work in 
connection with the large generating station at 
Dalmarnock. A single-unit Maclaurin plant, capable 
of carbonising 20 tons of coal per day, was installed 
at the Port Dundas Generating. Station of the 
Corporation in 1915. This plant, with the consent 
of the Corporation, was subsequently moved to 
Grangemouth, where further experiments have 
since been carried out on a large scale. The success 
of these has resulted in the decision above referred to, 
and the new five-unit plant will be in operation 
within the next few months. The idea is apparently 
to produce smokeless fuel for domestic purposes 
with gas as a by-product. The electricity Depart- 
ment are willing to give 1-0ld. per therm for this 
gas for boiler-firing, when coal is 20s. per ton, and 
it is said that when the new plant is working it will 
be profitable to dispose of the gas at this price. 
It is not stated, in the report to which we refer, 
that any attempt is to be made to recover oil or 
ammonia as by-products, the main object being, 
apparently, the production of smokeless fuel. 


Tur StrenctH oF Hooks. 


Experiments made during the war in connection 
with aeroplane components showed that the 
ultimate strength of hooks and eyes was not. very 
different from what would have been estimated by 
the simple formule in general use a generation ago. 
The mathematician has shown us, however, that 
within the elastic limit, the maximum stress pro- 
duced in a hook by a stated load, may be very 
materially higher than would have been estimated 
from the older formula, and the engineer has been 
offered as a substitute for this the fairly simple 
Winckler-Bach formula and the much more com- 
plicated Andrews-Pearson formula. Both give 
results in satisfactory agreement with the complete 
mathematical theory, but the Andrews-Pearson 
formula is in conflict with the well-established 
theorem that in “simply connected” structures 
the elastic coefficients cannot enter into any ex- 


pression for plane stress. A new comparison of 
these formulas with experiments, has recently been 
carried out at the testing station of the Bureau of 
Standards, U.S.A. [‘* Tests of Some Girder Hooks.” 
By Herbert L. Whittemore and Ambrose H. Stang. 
Technologic Papers of the Bureau of Standards. 
No. 260. Price 10 cents.] The hooks experimented 
with were provided by the American Bridge Com- 
pany, and were of a pattern used for lifting steel 
girders into place, and had nominal lifting capacities 
of 5, 10 and 15 tons respectively. As was to be ex- 
pected, the two formulas above mentioned proved. 
both to give stresses in reasonable accord with those 
deduced (within the elastic limit) by strain measure- 
ments, but with the particular pattern of hook 
experimented with, the stresses by the old simple 
theory were not more than 20 per cent. too low. 
It was found, moreover, that the openings of the 
hooks when the stress reached the elastic limit were 
only +, in. wider than at first, so that it is not 
possible to tell by mere inspection of a hook whether 
the material has been strained beyond the elastic 
limit. 


Tur PANAMA CANAL. 


On August 14 last, the Panama Canal had been 
in operation for ten years, having been officially 
opened to commerce on August 15, 1914. The 
outbreak of war interfered with the celebrations 
planned originally on an international scale. In 
the ten years which have elapsed no bad accident 
has occurred to shipping using the waterway, nor 
has traffic been seriously interfered with since 1916, 
and, though there has been some trouble from 
slides in a few instances, in none has there been 
occasion for any long delay. The number of 
commercial vessels making use of the canal in the 
decade, has amounted to 25,620, no less than a fifth 
of these having passed through in the last twelve 
months. When a new route is opened to any form 
of transport, it takes some time for traffic to adjust 
itself to the new facilities. The Panama Canal, 
opened during the war, did not get a normal 
start, and for a while after the war suffered 
by the World’s efforts to resume its normal 
life. The two most recent years afford proof 
of the immense value, which this great engineer- 
ing work is likely to become. The cargo tonnage 
making the passage of the Canal in 1921 and 1922 
reached to between eleven and twelve million tons. 
The traffic increase since has been phenomenal. In 
1923 the Canal passed no less than 21,210,962 tons, 
while in the year ending August 14, 1924, the 
tonnage passed was no less than 26,633,477. As 
trade improves, and the effects of the war pass, a 
considerable increase on these figures is, of course, 
to be expected. The value of the Canal to American 
shipping is to be judged from the fact that in the 
ten years nearly 11,000 passages were made by 
United States vessels, which carried roughly one-half 
of the total cargo. In this connection it must be 
remembered that the United States got a good 
start while other countries were concerned with more 
serious matters than ordinary commerce. However, 
the Canal was bound to be of immense permanent 
value to that country, commercially as well as 
strategically, as the sea route now available affords 
cheaper transport between the east and west coast 
ports than was available by rail before. The figures 
given do not include 2,271 U.S. Government vessels 
using the Canal in the period named. 


INTERFEROMETERS FOR CALIBRATING 
STANDARDS OF LENGTH. 


For some years past engineers have recognised 
that optical methods provide the most delicate 
means of standardising lengths, and such methods 
are now in use in a number of establishments for 
testing the precision of gauges. Other optical 
methods have been devised by which accurate 
standards of length can be originated and during 
the past few days Messrs. Adam Hilger, Limited, of 
Camden-road, London, have completed apparatus 
of this kind to the order of the Japanese Govern- 
ment. The need for such an equipment arose, 
because the metre has been adopted in Japan as the 
sole legal standard of length and, although copies of 
the international standard at Paris are now made 
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with great accuracy, the Japanese authorities 
wished to have apparatus by which the residual 
error in these could be accurately measured, and 
also to be able to produce other standards of which 
the length could, with the highest degree of pre- 
cision, be determined in terms of the Paris meter. 
An accurate standard reproducible in every part of 
the globe is represented by the wave-length of the 
red line of the Cadmium spectrum. It will be 
remembered that Benoit, Fabry and Perot in 1907 
showed that the wave-length of the light represented 
by this line was 6,438-4702 x 10-8 cm.; a figure 
which agrees, within 2 units in the last place, with 
the original determination made by Michelson and 
Benoit in 1894. The wave-length of this light 
constitutes, therefore (for all terrestial measure- 
ments), an absolute standard of length with which 
practical measures can be compared and _ their 
errors determined. 

The Japanese Government accordingly ordered 
from Messrs. Hilge®the apparatus necessary for such 
a comparison, and we think that an explanation of 
the principles involved may be of interest. 

Using the copy of the metre as a basis, the first 
operation is to produce a measure which is very 
nearly 1 metre in length. From this sub-standard 
another of exactly half the length is derived, the 
final adjustment to this exact half value being 
effected by purely optical methods, as will be 
explained presently. A third standard, half the 
length of the second, is next produced in the same 
way, and the process is repeated until a standard 
exactly one-sixteenth the length of the original sub- 
standard is obtained. The error in the latter is 
then determined in terms of the wave-length of 
Cadmium light, and thus the true length of the 
whole series is fixed with extreme precision. 

These sub-standards each take the form of a 
cell. (See Fig. 1.) The walls A B and CD consist 
of two stout bars of invar, and the ends of two 
optically worked glass plates E. and F. The 
whole cell is mounted on an invar base plate. The 
glass end plates are each silvered on their internal 
faces, but the silver coating is so thin that one half 
of the incident light passes through, whilst the other 
half is reflected. It is the distance between these 
two silvered surfaces which constitutes the sub- 
standard of length, of which the true value has to 
be determined in terms of the international meter 
at Paris. A first determination is made, by 
ordinary mechanical means, in terms of the 
official copy of the meter, and hence the optical 
methods to be described have merely to fix the 
very small residual error. The next step in the 
procedure is to make a second cell the length of 
which is adjusted to be exactly one-half of the 
distance between the end plates of the first cell. 
This second cell is of exactly similar construction 
to the first, and in Fig. 1 the two invar side bars 
are represented by G Hand IJ and the two glass end 
plates by KandL. The length between the internal 
silvered surfaces of these end plates is made, by 
ordinary workshop methods, as nearly as practicable 
equal to one-half the distance between E and F, 
and is then adjusted to nearly absolute accuracy 
by optical methods. To permit of this adjustment 
the glass plates do not rest directly on the ends of 
the side plates as represented in the diagram, but 
are fitted with micrometer screws, by which they 
can be adjusted not merely as to their distance 
apart but also into absolute parallelism. 

The optical test depends upon the fact that when 
the length of the second cell is exactly one-half 
that of the first, certain interference effects are 
produced if a beam of light is passed through 
both cells when arranged in series as indicated 
in the diagram. These effects are not detect- 
able if the halving operation described above is 
inexact. 

The test is made in the following way. A beam 
of white light is passed through the cells from O 
to Q and is then reflected by a mirror at Q through 
the lame étalon represented at R. This lame étalon 
consists of two plates of glass which are separated 
from each other by strips of tinfoil at each end. One 
of these strips is thicker than the other and the air 
gap included between the two sheets is therefore 
wedge shaped. When white light passes through 
such a wedge of air enclosed between glass plates, 
interference effects are produced exactly in the same 


way as are Newton’s rings when a lens is pressed 
against a flat glass plate. If, therefore, the two 
cells E F and K L were removed we should, on 
viewing the lame étalon through the telescope 8, see 
a series of colour bands. 

If, however, the apparatus is arranged as in the 
figure, we shall in general get additional interference 
effects, due to the fact that whilst some of the light 
passes once only through the cells, other portions 
of it are reflected to and fro between the silvered 
end plates before they finally succeed in escaping 
to Q. Owing to these reflections, the rays, which 
finally reach the lame étalon at R, have traversed 
different distances before getting there, and accord- 
ingly are not, speaking generally, in phase with each 
other. The additional interference thus arising 
causes such an overlapping of the colour bands 
produced at the lame étalon that these mutually 
destroy each other, and the whole field, as viewed 
through the telescope S, appears white. The above 
state of affairs is what results if the length of the 
second cell is not exactly one-half the length of the 


first. If, however, the adjustment to this half- 
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length is accurately made, some of the light which 
passes through the two cells, after undergoing 
different numbers of reflections within them, arrives 
at R in the same phase. In this case faint bands 
of colour can then be perceived through the telescope 
8S. The test is a very delicate one, as unless the 
distance between K and L is exactly right the bands 
cannot be seen. 

The reason will be apparent from the following 
considerations. Suppose, for example, that the 
distance between KE and F is n + @ wave-lengths of 
some particular kind of light, where n represents a 
whole number of wave-lengths and @ a fractional 
wave-length. Then with proper adjustment the 
distance between K and L will be 3 +§ 
lengths. 

Now consider that portion of the light which 
traverses the first cell once, but which is reflected to 
and fro in the second cell and only escapes from it 
after traversing it five times. Then the total dis- 
tance (within the cells) traversed by this fraction of 


the light will be n +6 + ° Ad 


net wave-lengths. 
Consider next another fraction of the light which 
only escapes from the first cell after it has been 
reflected to and fro from the silvered surfaces, and 
suppose that, owing to these reflections, it has 
traversed this cell three times. It then passes to 
the second cell and part of it passes directly through 
this to Qand onto R. This part will have traversed 
(within the cells) a total path equal to 3n + 39 + 


: =| : wave lengths. The difference in the length 


wave- 


of the two paths described above is, it will be seen, a 
whole number of wave-lengths. Hence, both the 
fractions considered, reach R in the same phase 
and only suffer interference on passing through the 
lame étalon and thus give rise to faint bands which 
are visible in the telescope. 

The characteristic feature of the device lies in the 
fact that white light is used, which gives rise to 
coloured bands, if the only interference is that 
produced by the dame étalon; whilst if additional 
interference is produced by a faulty adjustment of 
the lengths of the two cells, the bands overlap so 
much, that they obliterate each other and the field 
of view appears white. 

By repetitions of the operations above described 
a cell is at last obtained of which the length is just 
one-sixteenth of the distance between the plates 


E and F of the first cell. The actual distance is 
already known with great accuracy, since the 
distance between E and F has been measured by a 
comparator. There is, however, a very small out- 
standing error, and this is determined by passing a 
ray of the red light of Cadmium through the cell 
and measuring the diameter of the rings produced by 
the interference of rays which have followed different 
paths before reaching the eye. 

The principle involved will be readily understood 
on reference to the diagrammatic scheme of the 
apparatus which is represented in Fig. 2. Here 
the two vertical plates represent the end plates of 
the cell, whilst V represents a point source of 
Cadimum light. Consider the point W. One ray of 
light reaches this point directly, as indicated by the 
dotted line. Another ray, however, reaches the 
same point after reflection from the semi-transparent 
silvered surface of the second of the glass sheets, 
and after a further reflection from the corresponding 
surface of the first sheet. Hence, the two rays, ~ 
which both arrive at W, have followed different 
paths. If the difference in the length of these paths 
is exactly half a wave-length the “ crest ”’ of the one 
ray corresponds to a “trough” of the other. 
The two therefore mutually destroy each other, 
and a dark Newton ring is produced. If, however, 
the two paths differ by a whole number of wave- 
lengths, the two rays reinforce each other and a 
bright Newton ring is produced. 

There is thus a definite geometrical relationship 
between the wave-length of the light, the diameter 
of the rings produced, and the distance between 
the two glass plates. The Newton rings formed are 
of very small size and they are viewed through a 
telescope fitted with a micrometer, by which their 
diameters can be measured with a high degree of 
accuracy. From these measurements it is possible 
with the same degree of precision to calculate the 
error in the distance between the two end plates of 
the ‘‘one-sixteenth ” cell, and we then know to an 
equal degree of precision the dimensions of all the 
preceding cells. 

The methods above described are, it will be seen, 
simple in principle, but a very high degree of accuracy 
is required in all the mechanical and optical work as 
well as considerable ingenuity in devising the various 
adjustments so as to be at once convenient, sensitive 
and reliable. It is sufficient to know that the whole 
of the work has been carried out at the establishment 
of Messrs. Adam Hilger, Limited, to be assured that 
these requirements have been most successfully 
filled. 


HIGH-TENSION RECTIFYING AND 
TRANSMITTING VALVES. 


In our last issue, on page 456 ante, we described the 
manufacture of the small three-electrode thermionic 
valves, used mainly for the reception of broadcast 
telephony, as carried out at the Brook Green Works, 
Hammersmith, of the M. O. Valve Company, Limited. 
We mentioned, in the article referred to, the fact that 
the firm’s products are by no means confined to small 
receiving valves, but also include a wide range of 
transmitting valves, as well as valves for rectifying 
high-tension alternating currents. Notable progress has 
recently been made in the two last-mentioned appli- 
cations of the thermionic valve, and we now propose to 
deal with the latest developments in these directions. 

Rectification is, of course, one of the functions of the 
valves of a wireless receiving set, and was, in fact, the 
sole object of the two-electrode valve, as first invented 
and employed by Dr. J. A. Fleming. The addition of 
the third electrode, or grid, by De Forest, by enabling 
valves to be used for amplifying extremely weak cur- 
rents and for generating electrical oscillations of almost 
any frequency, has so enormously augmented their 
utility that their employment for simple rectification 
may seem of comparatively little importance. There 
are, however, a number of applications in which valves 
may be used as efficient, convenient and reliable | 
rectifiers, particularly of high-tension currents of 
moderate strength. Such applications include the 
supply of the anode current to valves used in wireless 
telegraphic and telephonic transmitting apparatus, the 
supply of high-tension direct current for the precipitation 
of smoke and fumes, for X-ray work, and for the testing 
of cables. The voltages employed for these purposes 
range from about 10,000 in the first-mentioned to 
100,000 and upwards in the last, and, as will be readily 
understood, the detail design of the valve is largely 
dependent upon the pressure at which it is required 
to work. The principle of operation, however, is the 
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same in all cases and depends upon the fact that the 
negative electrons emitted by the heated filament are 
drawn towards the anode when the latter is at a positive 
potential with respect to the filament, thus constituting 
a flow of current through the valve, but when the 
anode potential becomes negative the electrons are 
repelled and the current flow ceases. If, therefore, an 
alternating potential of any frequency is applied to 
the anode, a pulsating unidirectional current will be 
produced, the current flowing during that half of each 
cycle during which the anode is positive and being 
entirely suppressed during the other half. By suitably 
connecting a pair of valves, or four valves, both 
halves of a cycle can be rectified, producing a more 
steady unidirectional flow. 

The design of rectifying valves for the production of 
a few amperes of direct current at about 10,000 volts, 
such as is required for wireless transmitting apparatus, 
presents no great difficulty and many types and sizes 
are available for the purpose. In the rectification of 
currents at pressures of the order of 100,000 volts, 
however, some interesting problems are encountered, 
not the least_of which arises from the electrostatic 
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attraction between the filament and anode ; this attrac- 
tion, of course, varies as the square of the operating 
voltage. The conditions, however, have been satis- 
factorily met by the M. O. Valve Company, Limited, 
in the valve illustrated in Figs. 1 to 3 above, 
this valve being suitable for rectification at pressures 
up to 150,000 volts, and being capable of passing 
a current of about 100 milliamperes, R.M.S. value. 
The filament requires a heating current of 8 amperes 
at 8 volts. 

In this valve the anode, which can be seen in position 
in Fig. 1, and is illustrated separately in Fig. 3, consists 
of a molybdenum cylinder, closed at one end and 
flanged in at the other, so that when mounted in the 
valve it encloses the filament system as completely 
as possible. The latter, which is illustrated in 
Fig. 2, consists of two nearly circular loops connected 
in parallel and mounted in vertical planes at right 
angles on the forked ends of the two lead-in wires. 
Where the filaments cross, they are connected to a 
central support insulated by steatite. The whole 
arrangement of the filaments, which is clearly shown in 
Fig. 2, has been adopted to reduce to a minimum the 
distortion which would normally occur from the 
electrostatic attraction between the anode and filament 
during that part of the cycle in which the valve is non- 
conducting. The partially-closed anode is used so that 
the electronic current will be kept as far as possible to 
the interior of the anode, there being, in these circum - 
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stances, a much smaller tendency for any residual gas 
in the bulb to become ionised. The glass is also 
largely protected from the electronic bombardment, 
with the result that the stability of the vacuum is 
increased. It is also an advantage, as regards the 
vacuum, if the total amount of heat generated in the 
bulb is kept small, and the short and unimpeded path 
provided for the electron stream with the arrangement 
of filament and anode adopted, has the effect of lower- 
ing the effective resistance of the valve and thus of 
reducing the heat production. It is found in practice 
with this type of valve, that should the vacuum become 
impaired by accident or improper use to an extent 
sufficient to give rise to obvious signs of gas discharge, 
the rectification is still almost complete. The valve 
can thus often be kept in action until the released gas 
has been again adsorbed on the walls of the bulb. 
The small size of the filament system also ensures 
that, in the non-conducting phase, when the full operat- 
ing voltage is applied to the valve in the reverse direc- 
tion to the current flow (or twice the operating voltage 
when bi-phase rectification is employed), there is a 
steeper potential gradient outside the positive electrode, 


Fia. 4. 
Fies. 4 To 7. 


Fie. 3. 


which is the filament at this part of the cycle, and 
consequently a less steep gradient outside the negative 
electrode. If, therefore, the anode system is made 
smooth and free from sharp edges, so as to avoid 
local’ steep-potential gradients, the operating voltage 
can be raised very high before there are any signs of 
point discharge. This somewhat obscure phenomenon 
is caused by an extremely intense, but very localised, 
emission of electrons from those parts of the negative 
electrode, whether hot or cold, where potential gradients 
of the order of 1,000,000 volts per centimetre exist. 
It is only by giving attention in the design to such 
matters as have been mentioned above that rectifying 
valves can be made to operate satisfactorily with the 
extra-high voltages required for cable testing and other 
similar work. 

The use of the three-electrode valve as a generator 
of oscillations for wireless transmitting apparatus 
has developed enormously in recent years, but the high 
powers used in modern stations have resulted in a 
demand for units of larger capacity than have hitherto 
been generally available. The capacity of the ordinary 
valve, in which the electrodes are totally enclosed in 
a glass bulb, is limited, by the difficulty of dissipating 
the heat generated in the anode by the electronic 
bombardment, to about 2 kw., and, although it is 
possible to employ a large number of valves working 
in parallel, there are obvious objections to this course 
on account of the space occupied, the fragility of the 


large glass bulbs, &c. Practically the whole of the 
heat is radiated from’ the anode to the glass walls of 
the bulb, which has thus to be made inconveniently 
large in order to prevent it from softening, or at least 
from becoming sufficiently hot to impair the high vacuum 
required for satisfactory working. The anode itself 
must, of course, be made from a metal, such as molyb- 
denum, having a very high melting point, so that it 
can withstand the extremely high temperatures attained 
in working. 

The obvious method of disposing of the heat generated 
in the anode, and thus of avoiding these difficulties, 
is to employ water cooling, but although the advan- 
tages of this method of cooling have been appreciated 
for some years, it is only comparatively recently that - 
valve manufacturers have been able to devise satis- 
factory means for applying it in practice. One of the 
chief difficulties, as will be readily understood, was to 
ensure a permanently vacuum-tight joint between the 
metal anode and the glass required to serve as an 
insulating support for the other electrodes. The 
difficulties, however, now appear to have been satis- 
factorily overcome, and water-cooled valves are being 
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made in different parts of the world and are coming 
into more general use. 

Fig. 4 shows a water-cooled valve manufactured by 
the M.O. Valve Company, Limited, which is capable of 
absorbing over 12 kw., with an anode voltage ranging 
from 15,000 to 18,000 on a dead-loss test, 7.e., when 
oscillations are not being produced in the external 
circuits. When oscillating, an input of 30 kw. at 
15,000 volts has been reached, although the normal 
load is from 10 kw. to 15 kw. input, the loss by heat 
generated in the anode then amounting to about 
3 kw. In Fig. 4, the valve is shown complete, except 
for the water-jacket which surrounds the anode when 
the valve is in use. The anode, which occupies the 
lower half of the illustration, consists of a copper tube 
5 cm. in diameter externally and 23 em. in length, 
closed at the lower end, and having a ring of a special 
nickel-iron alloy brazed on to its upper end, on to 
which a glass tube 7 cm. in diameter is fused. The 
nickel-iron ring has the same coefficient of expansion 
as glass, and thus does not set up strains in the latter 
due to changes in temperature. To obtain perfect 
adhesion between the glass and metal, however, the 
nickel-iron ring is coated with a thin film of copper 
before making the joint. The filament and grid 
system, which is shown in Fig. 5, is supported on a 
flanged glass tube, the latter being fused into the 
previously open end of the larger glass tube which is 
sealed on to the anode. The grid and filament are, of 
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course, completely surrounded by the copper anode | 


in the complete valve, as will be understood from 
Fig. 4. The filament system, from which the grid 
has been removed, is shown in Fig. 6. The filament 
itself consists of a tungsten wire 1 mm. in diameter 
and having a total length of 40 em., but bent so as 
to form two U-shaped loops, each limb of which is 
about 10 em. in length. The leads and the central 
support for the filament are of molybdenum, and the 
heating current required is about 50 amperes at 20 volts. 
Trouble is experienced in conveying such a heavy 
current through the glass by solid leads in the ordinary 
way, and, to avoid this, thin thimbles, to which the 
connections are made, are sealed into the glass, as is 
most clearly shown in Fig. 6. The grid system, which 
is also supported on the glass seal as can be seen in 


Fig. 5, consists of a “stocking woven from fine wire | 


and supported by four tungsten rods, the whole being 
carried by four rods brazed on to a clamp. Mica is 
used to insulate the grid system from the filament, 
while electrical connection to the former is made 
through the side of the glass enclosing tube, as will be 
clear from Fig. 4. Fig. 7 shows the form of grid 
employed when the valve is used as a modulator, 
the form illustrated in Fig. 5 being that adopted when 
the valve is used for generating oscillations. 

Every part of the electrodes inside the valve has to 
be designed so as to avoid sharp corners and projec- 
tions, which would set up the point-discharge men- 
tioned above in describing the high-tension rectifying 
valve. Special precautions have also to be taken to 
ensure the cleanliness of the internal parts, as traces 
of grease or dirt would, of course, impair the vacuum. 
A side tube with a constriction is used to connect the 
valve with the pump for exhaustion. This operation 
has to be carried out very thoroughly, and in order 
to free the parts from gases the complete valve is 
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baked in an oven. After this treatment, the internal 
parts are heated electrically, by resistance heating in 
the case of the filament and by electronic bombard- 
ment in the case of the grid and anode. Finally, the 
constriction in the connecting tube is sealed off as 
shown on the left of Fig. 4. 

It may be of interest to refer, in conclusion, to the 
use of these valves at the high-power experimental 
station, 5 XX, of the British Broadcasting Company, 
designed by Marconi’s Wireless Telegraph Company, 
Limited, and erected at their Chelmsford works. A 
photograph of the transmitting apparatus at this station 
is reproduced in Fiy. 8 on this page, and four water- 
cooled valves of the type described above can be seen 
on the left of this illustration mounted in an angle-iron 
framework. These valves, which handle about 54 kw. 
each, are employed for modulating the oscillations 
generated by two other valves of the same type, which 
can be distinguished towards the right of the illus- 
tration; the input to each of the oscillator valves 
is 11 kw. The anodes of all the valves are supplied 
with rectified alternating current at 10,000 volts, and 
some of the rectifying valves can be seen on the 
extreme left of Fig. 7. These rectifying valves, it 
should be mentioned, are of the M.R. 7a type and are 
not of the extra-high tension type described above. 
Other components of the apparatus, such as the aerial 
condensers and an electrostatic voltmeter for indicating 
the anode voltage, can be recognised in the illustration. 

The chief interest in the latter, however, centres 
round the water-cooling arrangements for the modu- 
lating and oscillating valves which can be followed by 
examining the illustration closely. It will be seen that 
the angle iron frame of each set supports a pair of steel 
tanks, one above the level of the valves carried on 
porcelain insulators and one below them close to the 
ground. Separate pipe connections are led from the 


upper tank to the lower ends of each of the water 
jackets, the upper ends of the jackets being connected 
to spraying roses arranged so that the water which 
flows from the upper tank and through the jackets is 
delivered into the lower tanks in the form of a spray ; 
from the lower tanks the water runs to waste. The 
water supply from the mains to the upper tanks is also 
delivered through sprays, the object of these sprays 
being to break the water up into separate drops and — 
thus to disconnect the tanks electrically from the earth. 
The need for this precaution arises from the fact that 
the water in the jackets is at the potential of the anodes, 
viz., 10,000 volts, and, although clean water is not a 
good conductor, some leakage of current would take 
place if the sprays were omitted. Further to increase 
the resistance of the path to earth, lengths of rubber 
tubing are included in the pipes connecting the upper 
tanks to the water jackets, and also in those connect- 
ing the jackets to the outlet spraying nozzles. 

The Chelmsford experimental station has now been 
in operation for some months, mostly transmitting the 
evening programmes from the London broadcasting 
station on a wave length of 1,600 metres, the same 
programmes also being transmitted simultaneously, on 
a wave length of 365 metres and on the usual power, 
from the London station. The Chelmsford station has 
a normal range of 100 miles for crystal reception, but 
has been heard, under favourable conditions, over a 
distance of 1,000 miles with the same form of receiving 
apparatus. It has recently been announced that the 
British Broadcasting Company hopes to establish a 
permanent high-power station within the next six 
months, to be located probably in the neighbourhood of 
Northampton. Presumably the transmitting apparatus 
now in use at Chelmsford will be transferred to the new 


station, as it appears to have functioned quite satis- 
factorily. 
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LABOUR NOTES. 


Nosopy who is aware of the facts which Sir Robert 
Hadfield graphically expressed in his letter to The 
Times seeks to deny that the state of matters to which 
they relate is deplorable and ought to be ended in some 
such way as Sir Robert indicates. An industrial 
truce arrived at in the manner proposed by Mr. G. N. 
Barnes will be, however, not so easy to bring about as 
issuggested. A conference of representative employers 
and trade unionists was held, it will be recalled, some 
time after the Armistice with the object of setting up 
a national joint body, which would have functioned as 
a sort of Industrial Parliament. That attempt to find 
a basis of common understanding in the Labour affairs 
of the country failed largely because some of the 
executives hesitated to pledge their unions to action 
of any kind. One or two—the Amalgamated Society 
of Engineers, as it then was, amongst them—actually 
withdrew. Mr. Barnes suggests that either the General 
Council of the Trades Union Congress or its opposite 
number on the employers’ side—presumably the 
Confederation of Employers’ Organisations—should 
invite the other to a conference on the subject. The 
experiment is certainly worth trying, and if it succeeded 
in setting up a Court of Reference that commanded 
the confidence of both sides—a Court, that is, to which 
all differences that threatened to lead to stoppages 
. would be referred—great good would be the result. 


The fact must not be ignored, however, that one of 
the most cherished rights of trade unionists is the right 
tostrike. Up till now, they have emphatically declared 
against compulsory arbitration and insisted on the right 
to strike in the last resort. Under their various agree- 
ments with the Engineering Employers Federation, 
the engineering unions have retained it for use after the 
provisions for avoiding disputes have been exhausted. 
Still, even if only national provisions for avoiding 
disputes with their local and central facilities for 
discussing differences were the result of such a con- 
ference as Mr. Barnes proposes, the community 
would be immensely the gainer, for stoppages are nine 
times out of ten the result of misunderstandings or 
distrust and nothing clears away both so effectively as 
frank and free discussion. 

Judging from the circular which has been issued to all 
the branches of the metal and metal-working trades 
unions by the Metal Workers Section of the National 
Minority Movement, the idea of the Red International 
Labour Union is to destroy industry as at present 
organised and substitute a dictatorship of the prole- 
tariat. The officially-defined attitude of the executive 
committee of the Labour Party towards the renewed 
application of the Communist Party for affiliation 
suggests that a dictatorship of the proletariat here is 
not an immediate possibility. But the destruction of 
industry as at present organised would not be long in 
coming if the programme outlined in this circular of 
the Metal Workers’ Section were carried out. Branches 
are urged to make “a great united effort ” to secure 
(1) a wage advance of 20s. Od. per week with an ultimate 
minimum—whatever that means—of 4/. per week ; 
(2) a 44-hour working week, and the abolition of over- 
time; (3) the establishment of Factory Committees ; 
(4) control by the unions of all youths and apprentices. 
Even under a dictatorship of the proletariat any industry 
obliged to feed and clothe its workers and their depend- 
dants would speedily go to the wall were its ‘“ con- 
ditions ” the least like that. 


While our workers are seeking directly and indirectly 
to increase production costs Continental workers, 
especially in Germany, are acquiescing in measures 
which tend enormously to reduce them. According to 
the Federation of Trades Unions 82-4 per cent. of 
textile employees and 68-5 per cent. of metal employees 
work longer than eight hours per day. A third of these 
metal employees work more than 54 hours per week. 
In the heavy iron and steel trades.ten hours a day is the 
tule. In the chemical and printing trades the eight 
hours’ day has been largely abandoned, although in the 
building, wood and footwear trades large majorities 
adhere to it. In all trades the longest hours prevail 
in big concerns. Up to the end of 1923 the rule in coal 
mining was 7 to 74 hours per day for men working 
underground, and 8 hours for men working on the 
surface. At present in all districts, except the Saar, 
the rule is 8 to 84 hours underground, and 94 to 10 hours 
on the surface. The same hours obtain in lignite and 
iron ore mining, The longer hours have resulted, it is 
stated, in a great increase of output and consequent 
decrease in working costs. In most cases the ratio of 
Increase in production exceeds the ratio of increase in 
working hours. 


Mr. A. B. Swales, the new Chairman of the General 
Council of the Trades Union Congress, is a Yorkshire- 
man who has been on the executive council of the 
Amalgamated Engineering Union—formerly the Amal- 


gamated Society of Engineers—since 1917. For a 
year or two previously he was Organising Delegate 
in the London District. He is this year’s fraternal 
delegate of the British Trades Union Congress, to the 
Convention of the American Federation of Labour. 
Mr. Swales is a blacksmith, but is not the first of his 
craft to achieve distinction in his organisation. The 
late Mr. Alfred Sellicks, who was chairman of the 
executive council of the old A.S.E. in the late ’nineties 
of last century and a singularly able administrator, 
was also, if our memory serves, a blacksmith. 


At its annual conference in Blackpool the National 
Federation of Building Trade Operatives decided to 
recommend the withdrawal of affiliated societies from 
the Wages and Conditions Council. The settlement 
of the recent dispute is not affected by this decision. 
It stands by itself and continues in force until 1926. 
According to Mr. Coppock, the resolution means that 
a new method of negotiation will have to be set up to 
take the place of the Wages and Conditions Council, 
and he hopes that that will be done between now and 
next March when the necessary six months’ notice 
which the Federation has just given expires. . 

In his presidential address to the annual conference 
of the Institute of Industrial Welfare Workers which 
met at Swanwick, Derbyshire, on September 27 and 28. 
Mr, A. C. Marshall, of Sheffield, referred to the dis- 
appointment felt at the results of the shorter working 
day, and said that the general lack of co-ordinating 
effort throughout industry was responsible. It was 
essential in his opinion if we were to go on holding 
our own, that we should put our industrial house in 
order. The race was to the nation which was organised 
industrially in a highly efficient and yet in a thoroughly 
human way. 

At its opening session the conference discussed 
“What the Psychologist can do for Industry.” 
Dr. C. S. Myers, Director of the Institute of Industrial 
Psychology, in an address, spoke of the importance of 
rest pauses in factories and other industrial concerns, 
and gave statistics showing that in one experiment a 
reduction of 3 per cent. in working hours resulted in 
an increased output of 5 per cent. He emphasised 
on the other hand, the bad effect on production of 
excessively short hours, and said that in certain classes 
of the boot trade experiments had indicated—although 
the results seemed to need further investigation—that 
the rate of production progressively fell after the hours 
of labour had been reduced below forty hours a week, 
In future, there would be, he said, a close association 
between the welfare worker and the industrial 
psychologist. As the education of the welfare worker 
became more complicated, some knowledge of industrial 
psychology .and physiology would be necessary. The 
main difference would be that whereas the function of 
the welfare worker would be to observe, the industrial 
psychologist would be called in for action, investigation 
and experiment. 


Dr. H. M. Vernon, investigator for the Industrial 
Fatigue Research Board, dealt with the physiological 
aspects of accident prevention. In the course of his 
remarks, he mentioned that it had been found by a 
Home Office Committee that in all the industries in 
which investigations were made, accidents were more 
numerous in winter-time, when there was a good deal 
of artificial light, than in the summer-time, when there 
was little or none. Undoubtedly, considerable fatigue 
had increased the frequency of accidents, but it seemed 
probable that under ordinary working conditions the 
physiological state of the workers was much more 
important a factor in accident causation than physical 
fatigue. The increase of accidents as the result of the 
speeding-up of production was probably more physio- 
logical in its origin than psychological. The atmo- 
spheric conditions under which industry was carried 
on might, Dr. Vernon suggested, have a great influence 
on the frequency of accidents. In one factory experi- 
ment it had been found that there was a minimum of 
accidents when the temperature was 65 to 69. When 
the temperature fell 5 deg. there were 6 per cent. 
more accidents. Another 5 deg. lower, accidents 
increased by 16 per cent., while another drop in the 
temperature of 5 deg. involved a 35 per cent. increase 
in the number of accidents. At temperatures above 
69 deg. accidents again increased in frequency. One 
very obvious and simple means of decreasing mining 
accidents was to improve the ventilation of mines. 


Addressing the Rowntree Conference of Managers and 
Foremen at Oxford on September 27, Mr. Ernest 
Bevin, Secretary of the Transport and General Workers’ 
Union, said that the specialisation of labour to-day 
prevented the workman from viewing his industry 
as a whole. Some method must be found to teach 
him exactly what his industry meant to the nation and 
to the world. There need be no fear that such a move- 
ment would tend to produce revolution or violent 
changes in any form. The workmen were nearly as 


conservative as the employers. At this moment they 
were at the cross-roads. Within the next five years 
this country, as well as others, must either drift 
towards a general upheaval, or must give the workman 
his proper place in industry. He wanted to see the 
State itself set up an economic council of impartial 
men and women who would examine the factors which 
composed industry, take into account the new psy- 
chology of the workers, and investigate how far industry 
to-day was thwarted by the dead hand of the past. 
As long as there remained the conception that an 
industry was wholly the possession of those who 
contributed its capital, he saw no way of interesting 
the workers in industry. 


According to the Central Statistical Board, the 
number of days actually worked in Soviet industry in 
1920 was 228-3. In 1921 the number was 221-5; in 
1922, 257-9; and in 1923, 260-7. The number of 
holidays in 1923, including Sundays and summer 
holidays, was 81. The total number of hours worked 
in industry in 1923 was 1,948, as compared with 3,100 
in Czarist Russia. Apart from rectifying faults of 
organisation leading to unnecessary loss of working 
time (which in 1923 amounted to 186-4 hours), the 
Soviet authorities are striving, Russian Information and. 
Review states, to make good this difference, not by 
long hours of work and reduction of legitimate holidays, 
but exclusively by improving the methods of organisa- 
tion and intensity of labour. 


The wages of British railwaymen, which fluctuate 
with the cost of living, are to remain at their present 
level for the next three months. On September 29, 
the Central Wages Board decided that. recent move- 
ments of the index do not warrant any immediate re- 
adjustment of the scale of pay. 


The Umpire under the Unemployment Insurance 
Acts has decided that the stoppages at the Rischow 
and Camerton Collieries, Cumberland, were due to the 
employers terminating all contracts with their work- 
men. He has, therefore, granted the men full benefit 
as from August 1. 


The Industrial Court has issued its reserved decision 
in the reference concerning the wages of charge hands 
and men on night duty employed by The Metropolitan 
Water Board. An extra allowance .for the leading 
drivers at the different pumping stations in Kent is 
awarded, the amount varying from 5s. per week to 
2s. 6d. per week. Only men who are on the rotative 
system were affected by the claim for night work 
payments. In their’ case, the rates already fixed by 
the Court are inclusive rates, and. the Court decide 
that where men are so employed, no extra payment 
falls to be made. 


The Ministry of Labour states that the number of 
persons recorded on the registers of Employment 
Exchanges in Great Britain on September 22 was 
1,180,200. This was 16,250 more than on September 15, 
1924, but 105,423 less than on December 31, 1923. 


On September 29, the Industrial Court heard a 
reference relative to wages submitted by the London 
County Council and the Joint Trades Tramways 
Movement. The wages of the Council’s employees 
of this class are regulated broadly on the basis of the 
wages agreed to by employers’ associations and trade 
unions or, in the absence of “ agreed”’ rates, on the 
basis of those in practice obtaining. In 1922, when the 
Engineering and National Employers’ Federations put 
into operation three cuts of 5s. 6d. per week each, the 
London County Council, after a lapse of time, operated 
only two cuts of 5s. 6d. per week, and in July of the 
present year they restored one of these cuts, leaving 
their employees with a war bonus of 21s. per week, 
as against the bonus of 10s. per week paid by members 
of the Federations. The unions asked that the other 
cut of 5s, 6d. should also be restored, and they based 
their claim partly on the practice of the London 
borough councils and on the higher rates paid by the 
London General Omnibus Company and by the tram- 
ways connected with the ‘ Combine.” The men 
affected are in the Chief Engineer’s Department (main 
drainage, &c.), Mental Hospitals, Fire Brigade, and 
Tramways Department, and number in all about 
1,200. It is estimated that the cost to the Council 
of conceding the claim would be 17,500/. per annum, 
of which 12,800/. would fall on the tramways. Sir 
William Mackenzie, who presided, intimated that the 
Court would take time to consider its decision. 


At a meeting in Manchester on September 30 the 
short-time organisation committee of the Federation 
of Master Cotton Spinners’ Associations decided that 
the existing working hours of 26} a week should be 
adhered to, and that there should be another review 
of the situation on October 7. 
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ContRActs.—Messrs. Vickers and International Com- 
bustion Engineering, Limited, have secured an order for 
a complete new power plant for the York-street Flax 
Spinning Company, Limited, Belfast. The plant will 
inelude Babcock and Wilcox boilers having 9,270 sq. ft. 
of heating surface each, which will be fired by pulverised 
coal on the “ Lopulco ” system. Messrs. Henry Berry 
and Co., Limited, hydraulic engineers, Leeds, have been 
awarded the contract by Messrs. Dorman, Long and Co., 
Limited, London, for the whole of the hydraulic machi- 
nery to be used in the construction of the Sydney Harbour 
Bridge.—In connection with the new underground 
electric railway being constructed by the General Post 
Office, London, we learn that Messrs. Spencer (Melksham), 
Limited, engineers and contractors, of Melksham, have 
secured the order for the whole of the conveyors and 
elevators to be installed at the postal stations of King 
Edward Buildings, Liverpool-street Station, Western 
District, Eastern District, West Central District, and 
the Mount Pleasant Parcels and Letter Post Offices.— 
Messrs. Bruce, Peebles and Co., Limited, engineers, 
Edinburgh, have secured the contract for the supply of 
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Norz.—In the diagrams the figures plotted for tin and copper are the official closing cash quotations of the 
London Metal Exchange for fine “foreign” and “standard” metal respectively. The prices shown for lead are 
for English metal, whilst those for spelter are for American metal. Middlesbrough prices are plotted for steel 
plates and rails, and also for hematite and Cleveland pig-iron. The prices given, in the case of steel plates are 


for ship, bridge and tank qualities, and those for steel rails are for heavy sections. 
East Coast hematite and Cleveland iron, both of No. 1 quality and‘for home co 
quicksilver is per bottle, the contents of which vary from 70 Ibs. to 80 lbs. 


per box of LC. cokes f.o.b. at Welsh ports, but in 


line in the diagram represents a market-day, and the horizontal lines re 


The pig-iron prices are for 
nsumption. The price of 
The price of tin-plates is 
are per ton. Each vertical 
present 17. each, except in the case of 


all other cases the prices 


the diagram relating to tin-plates, where they represent 1s. each. 


two 7,500-kw. alternators to be used in connection with 
the Lake Coleridge Hydro-electric Power Station of the 
New Zealand Government.—We are informed that the 


PrERSOoNAL.—Messrs. James Gordon and Company, 


contract for structural steelwork for Messrs. Cravens 
Railway Carriage and Wagon Company, Limited, 
Sheffield, has been secured by Messrs. Thos. W. Ward, 
Limited, Albion Works, Sheffield. 


Limited, of Windsor House, Kingsway, London, have 
recently opened a branch office at 110, Waterloo-street, 
Glasgow, under the management of Mr. A. D. Burgess. 


—-We learn that Mr. Harry Allcock associated with the 
firm of Messrs. W. T. Glover and Company, Limited, has ' 


joined the Board of Messrs. Royce Limited, Trafford 
Park, Manchester.—Mr. F. W. Lanchester, Consulting 
Engineer, of 41, Bedford-square, London, W.C.1, will 
in future conduct business from his office at the Daimler 
Works, Coventry, while his private address will be 
Dyott End, Oxford-road, Moseley, Birmingham. 
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THE BASSLER LIQUID METER. 


For many industrial purposes the measurement of 
the flow of liquids to within about 1 per cent. of 
accuracy meets all requirements, and there are many 
different types and designs of meters on the market 
which are capable of giving this, or an even higher, 
order of accuracy when working under uniform condi- 
tions. In most cases, however, the results are affected 
by variations in the temperature, viscosity and rate 
of flow of the liquid, or by the pulsations in the flow 
which occur in the delivery from reciprocating pumps, 
so that when measurements of high accuracy are desired 
it is frequently necessary to employ weighing methods 
or to use calibrated tanks, making allowance, with 
the latter, for any considerable variation in the tem- 
perature of the liquid. 

The accompanying illustrations show a form of fluid 
meter, known as the Bassler meter, which, we under- 
stand, has been extensively employed in the United 
States for some two or three years, and which the 
makers guarantee will give measurements with an 
error of less than 0-1 per cent. over a temperature 
range of 150 deg. F., and irrespective of changes in 
the viscosity of the fluid or of pulsations and irre- 
gularities in the rate of flow. The Bassler meter is 
now being made in this country and has recently 
been placed upon the market by the British Liquid 
Meter Company, Limited, 7, Victoria-street, West- 
minster, S.W.1. Vig. 1 shows the external appearance 
of a Bassler meter with 4 in. flanged connections and 
having minimum and maximum capacities of 3,750 
and 25,000 gallons per hour, while Figs. 2 and 3, which 
are a longitudinal section and a sectional plan, respec- 
tively, serve to illustrate its design and construction. 
Six standard sizes are now being made for pressures 
up to 350 lb. per square inch, and for flows ranging 
from 5 to 120,000 gallons per hour, although larger and 
smaller meters can also be supplied. These meters 
are particularly suitable for measuring and controlling 
the supply of oil to liquid-fuel burners or to internal- 
combustion engines; for measuring vegetable and 
mineral oils, petrol and other spirit oils to or from bulk 
storage installations, tank steamers, wagons, &c. ; 
and for measuring the flow of cold or hot water for 
boiler-feed or other purposes. Their high accuracy, 
it is stated, also enables them to be used for checking 
the calibration of large tanks or tank wagons. 

As will be understood on reference to Figs. 2 and 3, 
the meters are of the single-cylinder, positive-dis- 
‘placement type, each stroke of the piston delivering a 
definite quantity which can be accurately adjusted 
by means of a valve tripping devico. The latter is 
controlled by a thermostat, which will be described in 
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use when the 


measurements are 
required to be by 
volume only. The 
general arrange- 
ment of the meter 
will be clear from the illustrations, from which it will be 
seen that the cylinder is formed with inlet and outlet 
passages on opposite sides, the passages leading to inlet 
and outlet valves of the piston type, working in cages 
fitted in the end covers. One inlet and one outlet 
valve is employed at each end of the cvlinder, the 
inlet valves being uppermost in Fig. 3. As drawn in 
that illustration, fluid is flowing from the inlet connec- 
tion through the inlet valve in the top right-hand 
corner and forcing the piston towards the left, while 
the fluid from other end of the cylinder is being forced 
out through the outlet: valve in the bottom left-hand 
corner of the illustration to the outlet connection ; the 
path of tbe fluid through the passages is indicated by 
the full-line arrows. 

As the piston approaches the end of its stroke, a 
conical boss formed on the centre of the piston comes 
into contact with a roller of the valve-tripping device, 
as indicated on the left of Fig. 2, and, at the same time, 
the flat web of the piston touches the ends of the 
valve stems which extend into the cylinder as shown in 
Fig. 3, The valves are connected to the stems through 
helical springs, and further movement of the piston puts 
a tension on these springs without, at first, moving 
the valves. At this stage the latter are still held by 
the trip gear, which engages with a yoke connecting 
each pair of valves, as can be followed in Fig. 3. As 
the piston continues to move, however, the trip is 
released in two steps, the first step permitting the 
valves to close partially, and thus reduce the rate of 
flow of the fluid, and the second step allowing them to 
close completely. All four valves, it should be noticed, 
move together, since the yokes are connected by a rod 
which passes through the centre of the piston, so that 
as one pair of inlet and outlet valves closes, the other 
pair opens. The fluid then flows from the inlet in 
the direction of the dotted arrows in Fig. 3, and that 
which entered the right-hand end of the cylinder on 
the previous stroke is then forced out through the 
valve at the bottom right-hand corner of the illustration, 
flowing to the outlet as indicated by the dotted arrows. 


detail later, when the meter is required to measure the 
weight of fluid delivered irrespective of volume changes | 


The control of the valve movement in two steps, as 
mentioned above, is an important feature of the design 
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of the meter, and is that which prevents the accuracy 
from being impaired by changes in pressure, viscosity 
or rate of flow. The first partial closing of the 
valves ensures that one end of the cylinder is com- 
pletely filled, and the contents of the other end 
are fully discharged before the valves are finally 
closed. 

The strokes of the piston are counted, in order to 
record the total quantity of fluid passed, by means of 
a twisted square rod, which passes through a babitted 
sleeve in the web of the piston and is carried in ball- 
thrust bearings mounted in the end covers, as indicated 
by the chain-dotted lines in Fig. 2. At one end, the 
rod is provided with a double ratchet through which it 
is connected to integrating mechanism of the cyclo- 
meter-dial type. This is enclosed in a rectangular 
cast-iron box mounted on the end cover as shown in 
Fig. 1. No leakage, it is stated, takes place past the 
piston or by way of the openings in the web through 
which pass the counter rod and the rod connecting the 
valves. This follows from the fact that the pressures 
on the opposite sides of the piston are practically 
equal, the pressure difference being only that required 
to overcome the slight frictional resistances. No 
lubrication is necessary, other than that provided by 
the working fluid, and even when the latter is of a non- 
lubricating character, such as petrol, no indication of 
undue wear has been noticed after extended use. The 
trip points, it should be mentioned, are case-hardened 
to reduce wear, and thus to ensure accurate working 
over long periods. To bring the valves quietly to rest 
at the end of their travel, the end of each valve is 
spigoted so as to fit into a recess formed on the inner 
face of the valve cover, as can be seen near the bottom 
left-hand corner of Fig. 3. The recess, which is filled 
with fluid when the meter is in operation, thus acts 
as a dash-pot. Similar dash-pots for the piston are 
formed by recesses in the boss, into which adjustable 
collars on the valve rod enter at the end of each stroke. 
The cylinder is counterbored at each end, as shown in 
Fig. 2, to form a sump for sediment, which can be 
removed at intervals through screwed plugs. Air 
vents are also provided at each end of the cylinder to 
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enable the latter to fill with fluid when first starting 
up. 

ae now remains to explain the thermostatic device 
fitted to compensate for temperature changes in the 
fluid being measured, so that the readings indicate a 
definite weight of fluid irrespective of its volume. 
This device is shown in position on the right of Fig. 2, 
and is illustrated to a larger scale in Fig. 4. It consists 
of a hollow body forming the trip, which is pivoted 
on to the end cover ot the cylinder. The hollow space 
in the body is filled with a small quantity of the fluid 
to be measured, or some other liquid having the same 
coefficient of expansion, and a plunger, indicated by 
dotted lines in Fig. 4, fits into the space containing the 
fluid, passing out through a packed gland shown on the 
right of the illustration. The outer end of the plunger 
is connected by a yoke to a rod capable of sliding in 
a hole in the thermostat body and carrying a roller 
which engages with the conical boss of the piston, 
and is used for tripping the valves as explained ahove. 
Since the whole device is immersed in the fluid to be 
measured, an increase in the temperature of the latter 
will cause the liquid in the thermostat body to 
expand, force out the plunger, and pull back the 
rod and roller. The valves are thus tripped later 
in the stroke, and a larger volume of the hotter 
fluid is delivered to compensate for the reduced 
weight per unit volume due to the expansion. If the 
temperature of the fluid falls, the plunger is pulled 
back into the thermostat body by a spring, shown in 
Fig. 2, but omitted in Fig. 4, so that the rod and roller 
are moved forward into the cylinder and the valves are 
tripped earlier. In meters of the smaller sizes, only 
one tripping device is fitted with the thermostat 
control, as shown in Fig. 2, but in the larger sizes 
both trips are so fitted. As usually supplied, the 
thermostats cover a temperature range of 150 deg. F. 
with a “factor of safety ” of 20 per cent., but if the 
upper limit is exceeded, the plunger is forced out to 
such an extent that it comes into contact with the 
cylinder cover, thus preventing the trip from operating 
and stopping the meter. The meters can, however, 
handle fluids at any temperature up to 350 deg. F., 
this limit being fixed by the fact that higher tempera- 
tures are liable to draw the temper of the springs. 

The trips, whether operated directly or by the 
thermostat device, can be adjusted through screwed 
plugs in the end covers, shown in Fig. 2, and the 
valves can be examined or withdrawn, together with 
their operating mechanism. by removing the small 
covers clearly shown in Figs. 1 and 3; all! four valves 
are of identical design and construction so that they 
are interchangeable. The complete valve assembly, 
and also the piston, can be withdrawn for cleaning at 
intervals by removing one of the end covers. Cast- 
iron is employed for the cylinder covers, valves, 
valve cages and pistons, while mild steel is used for 
the valve rods, yokes, and trips when the meters 
are intended for measuring non-corrosive fluids. 
Phosphor-bronze liners are fitted in the cylinders of 
meters for measuring water, and this material is also 
used for the other parts which are likely to be affected 
by corrosive action. An automatic valve can he fitted, 
if required, to cut off the flow after a predetermined 
quantity of fluid has been delivered. As previously 
mentioned, the meters are suitable for measuring the 
oil supply to liquid-fuel burners, and they can be 
employed for this purpose in either land or marine 
installations, their action being unaffected by the 
motion of a ship. For this application, however, they 
are fitted with an automatic by-pass which maintains 
a supply of fuel to the burners if the meter should 
‘stop working from any cause. 


FIVE-STAGE ATR-COMPRESSOR. 


Wrz illustrate on this page and opposite an air com- 
pressor, shown at the British Empire Exhibition by 
Messrs. Belliss and Morecom, Limited, of Birming- 
ham. The machine has been designed for supplying 
high pressure air for colliery locomotives used for 
underground haulage. The general character of the 
compressor is well represented in Fig. 1, whilst the 
sectional drawings, on the opposite page, show details 
of its construction. The machine is intended to 
compress 353 cub. ft. of free air per minute to 2,350 lb. 
per sq. in., the speed of running being 210 revolutions 
per minute. The compression is effected in 5 stages. 
The air enters the compressor by the double-beat inlet 
valve, shown at A in Fig. 2. The opening of this valve 
is controlled by a relay operated by the oil pressure 
required for the forced lubrication with which every 
bearing is provided. The valves which supply or 
withdraw oil from below the piston attached to the 
inlet valve are controlled by the pressure on the dis- 
charge main. Should the demand for air fall off and the 
discharge pressure rise accordingly, oil under pressure 
is admitted below the inlet valve piston, which is 
thereby forced up, and closed until the pressure falls 
to normal, 


FIVE-STAGE AIR-COMPRESSOR; EMPIRE EXHIBITION. 


MESSRS. BELLISS AND MORCOM, LIMITED,» ENGINEERS, BIRMINGHAM. 
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From the inlet valve the air passes to a valve box 
at the back of the machine, which resembles that shown 
at Bin Fig. 4. From this box it passes either to the 
top or bottom of the first stage cylinder C (Fig. 2). 
This cylinder is, it will be seen, double-acting, and 
both sides of the piston belong to the first stage of 
compression. The air compressed in this first stage 
passes through the cooler D (Fig. 3) to the valve box 
of the cylinder E. 

This is also double-acting, and in this cylinder the 
second stage of compression is effected. The air 
delivered from this cylinder is passed through a second 
cooler, shown at F (Figs. 2 and 3), and is then split 
into two portions for the third stage of compression, 
which is effected in the single-acting cylinders, G and 
H (Figs. 2,3 and 4). These deliver the air to a third 
cooler, from whence it passes to the single-acting 
cylinder I (Fig. 2), in which the fourth stage of com- 
pression is effected. These deliver it to a cooling coil 
immersed in a tank from which it passes to the cylinder 
J, where the final stage of compression is carried 
out. 

Tt will be noted that for the earlier stages of com- 
pression, the intermediate coolers are of the ‘‘ surface 
condenser ”’ type, the cooling water passing through 
the pipes indicated. For the later stages, at which the 
air pressure is high, the cooler consists of a helical 
coil immersed in a tank of water. The whole machine 
is very thoroughly water-jacketed throughout. Metallic 


packings are fitted to all glands, and the machine 
has proved capable of making prolonged continuous 
runs on full load. 


University or Lonpon.—The formal opening of the 
Ramsay Laboratory of Chemical Engineering, instituted 
in 1923 as part of the memorial to the late Sir William 
Ramsay at University College, has now been arranged — 
to take place in November. A full course of study in 
chemical engineering will be provided in this laboratory 
in the coming session, leading to the degrees of M.Se. — 
or Ph.D. Full details of courses may be had from the 
Secretary of University College, Gower-street, London, 
W:Gs Is 


Paper MAKinGc TECHNOLOGy.—The Board of Educa- 
tion has issued a report on Technical Education in~ 
England on the paper-making industry. The report com- 
prises an historical note on the art from its introduction 
into this country, about 1494, It is stated that the pre- 
sent tendency is towards larger mills and greater outputs, 
but expresses the opinion that costs of production can 
be reduced by greater scientific knowledge. The industry 
is one in which the value of the output per head ranks 
relatively high, being according to the 1907 census, 1130 
per head, as against an average of 93. per head for the 
nine principal manufacturing industries of the country. 
The report states that full time courses of instruction in 
the technology of the industry are provided in a _ 
number of universities and technical colleges, and that 
evening classes are provided in the main centres of the 
industry. Copies of the report can be obtained from 
H.M. Stationery Office, at the price of 6d. net. 
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THE EFFECT OF HIGH TEMPERATURE ON 
THE RANGE OF REPETITION STRESSES 
ON STEEL.* 


By Professor F, C. La, D.Sc., M.Inst.C.E., 
M.1.Mech.E., and Mr. H. P. Bupa@zn, M.Sc. 


Introduction.—The experiments to be described 
were carried out in order to determine, if possible, the 
ranges of stress for various mean stresses that certain 
steels would withstand when tested under 2,000 cycles 
per minute and at temperatures varying from 15 deg. C. 
to 800 deg. C. 

Preliminary experiments indicated that very re- 
markable results could be obtained by submitting a 
mild steel, at temperatures as high as 400 deg. C., to 
equal tensile and compressive repetition stresses. At 
this temperature, the range of repetition stress for 
20 million repetitions was greater than at ordinary 
temperatures. When the same material was tested 
statically, the tensile strength at 400 deg. C. was about 
the same as at ordinary temperatures, 7.e., when the 
specimen was tested so that it was broken in, say, one 
or two hours. The same material was subjected to 
long-period statical tests, and the stresses at particular 
temperatures were ‘determined at which there was 
either continuous, or not continuous, creep. The method 
of carrying out these tests has been described in a paper 
contributed to the Institution of Mechanical Engineers. 

For materials containing 0-14 per cent. carbon and 
having a breaking strength of 30-6 tons per square 
inch at 15 deg. C., and 28 tons per square inch at 
400 deg. C., the range of repetition stress for 10 million 
repetitions at 400 deg. C. was about 35 tons per square 
inch (+ 17-5 tons per square inch). At ordinary 
temperatures it was 30-2 tons per square inch (+ 
15:1 tons per square inch), When, however, this 
material was tested statically at 400 deg. C. to deter- 
mine the stress at which the creep was continuous, it 
was found that the stress was only slightly greater than 
14 tons per square inch. Thus the range of repetition 
stress was far greater than the stress in one direction 
that would cause continuous creep, and the half-range 
stress in tension was also greater. 

This illustrated at once the importance of the time 
effect on materials. Taking the same material and 
subjecting it to repetition stresses with a mean stress 
of 15 tons per square inch, the maximum stress could 
be increased to 22 tons per square inch. The range 
was thus a tensile stress of 14 tons per square inch, 
z.e., there was no reversal of the stress. Thus, with 
a maximum stress of 22 tons per square inch, a range 
of stress equal to that which will produce continuous 
creep when applied in one direction can be applied 
many millions of times without fracture. At 22 tons 
per square inch, the creep of the steel when statically 
tested is apparently continuous and comparatively 
rapid. Another steel at 500 deg. C., which broke in 
10 hours at 22 tons per square inch, broke at 7 tons 
per square inch in a little less than 1,000 hours. At 
6 tons per square inch, the creep ceased in about 
3 days. The strength, if broken in one hour, was over 
30 tons per square inch. 

At ordinary temperatures, specimens kept under 
observation for many weeks at stresses above what is 
generally called the “‘ yield point,” + creep fairly steadily 
for some hours, but the creep will eventually cease, 
provided that the stress applied is below a stress 
which is nearly equal to what is generally called the 
ultimate breaking strength. The ultimate range of 
stress for 20 million repetitions, and for equal and 
opposite stresses, was very nearly equal to this 
ultimate strength for this steel, or the range in one 
direction was about half the ultimate strength. It 
should be noted that in speaking of stress here the load 
is to be divided by the original area of the specimen. 
Long-period static tests lasting for many weeks have 
also been carried out on several steels at various 
temperatures up to 700 deg. C., and it has been 
shown that at each temperature there is some stress 
below which the creep may commence but will finally 
cease. Above this stress, the creep is continuous. 
This may be called the static limiting creep stress and 
denoted by f t », 7.e., the stress continuously applied 
above which for a given temperature t, the material 
is progressively viscous, or the stress at which if the 
temperature exceeds ¢ the material is progressively 
viscous. 

When materials are subjected to repetition stresses, 
the maximum stress attained is clearly only operating 
for a very small fraction of time, and stresses above the 
static-limiting-creep-stress may, in a given cycle, only 
operate for a small proportion of the cycle. In such 
cases it might probably be expected, therefore, that 
after 10 million repetitions a specimen might not be 
broken, but if the application be continued long 
enough fracture will probably inevitably take place. 


* Paper read before the Engineering Section of the 


British Association at Toronto on August 11, 1924, 


+ Very small creeps can take place even below the 


yield point. 


This remains to be seen, but it can be said that more 
than 50 million repetitions can be run at ranges well 
above the value of ftv. 
however, generally indicates that fracture will even- 
tually occur, although in some cases very many 
million repetitions had to be run. 


temperatures, the total range of stress for ten million 
repetitions for a mild steel with equal tensile and com- 
pressive stresses is about the same as the breaking 
strength of the original material; it is possible to run 
at ordinary temperatures at any rate more than 30 
million repetitions, with the range nearly equal to the 
static breaking strength in tension, without the risk of 
fracture and probably an infinite number of repetitions 
can be applied for a range of stress 0-9 of the static 
breaking stress. 
to the breaking stress agrees at ordinary temperatures 
with the stress below which, as already stated, creep 
in tension is not continuous. 


at 400 deg. C., and referred to above, when the maximum 
stress was 22-2 tons per square inch, the range of 
repetition stress was about the same as the stress 
below which creep is not continuous. 
in this case, however, broke and it is doubtful if an 
infinite number of repetitions could be run. 
have been expected that if the maximum stress had 
been 14 tons per square inch, and the minimum zero, 
then an infinite number of repetitions could be applied. 
At 500 deg. C., the 0-14 per cent. carbon mild steel has a 
critical value ftv of 4 tons per square inch, but it will 
be seen later that at 496 deg. C. a specimen was run, 
with a range of stress of 14 tons per square inch and a 
maximum of 22 tons per square inch for more than seven 
million repetitions without fracture. 
ftv value for this steel is very low indeed, not more than 
one or two tons per square inch, but at this stress, 
statically applied, many hours would be required to 
break a specimen, 
in, say, one hour under statical stress at 600 deg. C., 
it will have a breaking strength of about 7 to 10 tons 
per square inch, and yet at a temperature of 636 deg. C. 


maximum stress of 18-64 tons per square inch and a 
minimum of 11-36 tons per square inch, 7.¢., a range of 
stress of 7:28 tons per square inch, for more than 
8,291,000 repetitions without fracture. 
at these high temperatures when subjected to rapidly 
variable stresses much higher than would break them 
if slowly applied, is evidently healed in a remarkable 
manner, and molecular discontinuity is not able to occur 
so readily as at ordinary temperatures, 


stresses at a much slower rate so that a longer time 
will be given to cause movement in a given direction. 
Now creep is apparently the evidence of slip, and persis- 
tent creep, although not perfectly continuous, is evi- 
dence of inability of the material to resist given shear 
stresses. 
which the time plays an important part and in which the 
resistance is a function of the velocity. 


mined and a critical test is then made in which the 
specimen is made to break at various rates from one 
hour upwards, the viscosity resistance might be 
approximately determined. During repetition tests, 
the change of length during each cycle and the mean 
velocity of movement of two planes relative to each 
other may be approximately obtained. If the resistance 
is of the nature of viscosity and varies with the square, 
or other power, of the velocity, then the resistance to 
sliding will be considerably increased as the velocity is 
increased, and thus it might be expected that the appa- 
rent strength under repetition stresses would depend 
upon the rapidity of application of the stresses. 
the ends of the cycles the velocity is zero, but the time 


The evidence of the tests, 


Reverting for a moment to the tests at ordinary 


Now a range of stress nearly equal 


In the case of the mild steel tested always in tension 


The specimen 


It might 


At 600 deg. C. the 


If the specimen is made to break 


a specimen withstood, at 2,000 cycles per minute, a 


The material 


The authors 
are designing machines to subject these steels to variable 


The persistent sliding implies viscosity, in 


If at a certain temperature the value of ftv is deter- 


At 


at zero velocity is clearly infinitely small. 

The experiments to be described thus indicate that 
viscosity and creep phenomena are of importance in 
connection with repetition failure, and that, if certain 
ranges of stress are exceeded, the rate of application 
of the stress is important. If, however, the range of 
stress is below that at which even for slowly applied 
loads there is no continuous creep, then the rate of 
application of the load is apparently of little conse- 
quence, and it is to be expected that an infinite number 
of repetitions would be possible whatever the rate of 
application of the load. The author has previously 
shown that the range of repetition stress for 40 million 
repetitions can be raised more than 25 per cent. by 
slowly increasing the range of stress during applied 
cycles of stress. This seems to indicate that very small 
centres of possible creep can be healed by ‘‘ manipu- 
lation,” but if the stress first applied exceeds a certain 
amount then the displacements are such as to prevent 
healing. Further, at ordinary temperatures the vis 
cosity coefficient is small as compared with what may 


be called the adhesive factor, and thus velocity has not 


such an important effect as at high temperatures. 


That at high temperatures viscosity is more important 


connection with which the author first sugges 
1917 the possibility of raising the fatigue lin 
slight increments of stress as cycles were being 
wrought iron, nickel and copper, small slips can 
place at very small stresses, but these heal. 1 
case of mild steel the fatigue range can be increa 
per cent. by gradually increasing the stress, and in 
case of the steels dealt with in this paper, hee 
can clearly take place, provided the temperatul 
high enough, after very large slips have occurred. — 
illustrate this point, 
carbon mild steel and the other of a nickel-chrome. 
vanadium steel 8,, were run at temperatures of abow 
450 deg. C. 3 


than at ordinary temperatures is indicated by the 
rapid increase in the damping of torsional oscillations 
of steel wires as the temperature is increased. If, then, 
it be conceived that the resistance of a metal to stress 
is made up of two parts and that viscosity becomes more 
important as the temperature rises, then the fact that 
up to the very high temperature of 500 deg. C. stee 
are just as able to resist repetition stresses as at ord 

temperatures suggests that viscosity is an impor 
factor at ordinary temperatures, as well as at 
temperatures in those cases where the mai 
really going to fail, but if the stress is below the fi 
range, then the viscosity limiting stress is not ex 
or, in other words, the time effect is unimportant 
draw conclusions of this character is, however, a 
dangerous, as the effect of the temperature 
doubt be materially to assist the process of h 
that can go on after slip has taken place, pro 
that the slip does not exceed a certain amount. 
is certainly not time here to discuss all the po 
interpretations of the facts obtained from the e: 
ments, but it would appear that the range of 
tion stress is that range below which molecular s 
can take place in the material, but that after the 
a new bond may be established. This new bo 
is materially helped by raising the temperature 
also by allowing the slip to take place in very s 
steps while cycles of stress are being run. If the aj 
stress exceeds a certain amount, then the degree of 1 
tive movement of the molecules is too great to al 
them to come into bond with each other, and 
molecular separation occurs which allows of cone 
tion of stress and final fracture, probably by ten 
and not by shear. According to this view, the 
essential to failure is the degree of slip strain 

prevents re-cohesion, and thus a crack is forme 
which further concentration of stress may occur. 


In certain metals, such as the aluminium allo 


two specimens, one of 0:14 


The stress was continuously tensile in the first cast 


and varied from 17-05: to 2-95 tons per square inel 
tension ; the range was thus 14-1 tons per square ig 
and the mean stress 10 tons per square inch. I 
was found that the specimen continued to clon 
very gradually, but it finally broke with a fracture lik 
an ordinary repetition-stress fracture. 
millions were run without any measurable change i 
length. i 


Very man} 


Slip bands and Failure-—With the apparatus deve 


loped up to the present, slight oxidation of the speci 
mens has not been avoided, and therefore slip band 
have not been observed for the high-temperature tests 
Clearly, however, in the case of the specimens jus 
referred to, very large slips have taken place. 
at ordinary temperatures the limiting fatigue range i 
exceeded slip bands do occur, and if the amount by 
which the limiting fatigue range is exceeded is faith 
large, the bands are very noticeable, but when thi 
range is very near, the fatigue range slips apparentl; 
of molecular dimensions may lead to non-readhesion 


Whe 


(To be continued.) 


THE British Cast-Iron RESEARCH ASsOCIATION.— 
The ‘ Bulletin” of this association for July contains 
among other useful information, an interesting dis 
course on the recent developments in foundry educatior 
and training in France. That the high standard alread) 
attained by the French in foundry work will be mor 
than maintained seems probable in view of the estab 
lishment of a special technical school in Paris to supple 
ment part-time training during the apprenticeship perioc 
of young men. 


“A Century or Sea Trapinc.”—Though numerow 
volumes have been published from time to time dealin 
with the development of British shipping, few work 
contain so many illustrations and historical details @ 
does “ A Century of Sea Trading,’ by L. Cope Cornfort 
(Messrs. A. and C. Black, Limited, price 10s. 6d. net) 
The work is based on the progress of the General Stean 
Navigation Company, Limited, during the first hundret 
years of its existence, and in it is clearly traced the growt! 
of steam shipping against the innumerable handicap 
that tended to impede its progress during the early pat 
of the nineteenth century. A comparison is draw 
between the European situation at the start of th 
project of propelling ships by steam in 1824, and tha 
existing at the present time, which possesses muC’ 
interest. The book is enhanced in value by the inelu 
sion of descriptions of the war experiences of a numbe 
of the company’s ships. ‘ 
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OIL-FIRED VERTICAL BOILER AT THE BRITISH EMPIRE EXHIBITION, 


| CONSTRUCTED BY 


Pres 


OIL-FIRED COCHRAN BOILER. 


For purposes of generating steam in quantity, 
‘sufficient to meet the requirements of power plants 
of small works, the vertical boiler has many distinct 
advantages, such as the use of very little floor space, 
while their self-contained construction makes un- 
necessary the building up of a brickwork setting. 
‘As this type of boiler is manufactured in standard 
sizes, economy in production costs has been obtained 
and the prices are in consequence comparatively 
small. A good example of the type is the well-known 
Cochran boiler made by Cochran and Co. (Annan), 
Limited, Annan, Scotland. An illustration of a com- 
plete boiler of this make, which is fitted with oil-firing 
equipment as shown on Fig. 1, while the details of 
the standard coal-fired boiler and the modifications 
introduced for purposes of burning oil fuel are shown 
in Figs. 2 to 5. 

The Cochran boiler has a furnace dome which is 
pressed from a single plate and is, therefore, free 
from the troubles that would be experienced were 
riveted seams exposed to the flames. From the fur- 
nace the gases enter a combustion chamber at the back, 
from which they are conducted through a bank of 
parallel horizontal tubes of 24-in. external diameter, 
to the smoke box in front. The 22 standard sizes 
in which these boilers are made range from a diameter 
of 3 ft. and height of 6 ft. 9 in., giving an evaporation 
of 360 lbs. per hour, up to a diameter of 8 ft. 6 in., 
and height of 17 ft., which can give 6,600 lb. per hour. 
It is the largest size of which the details are shown in 
Figs. 2, 3 and 4. The construction of the Cochran 
boiler is such that internal accessibility for cleaning 
and inspection is an outstanding characteristic. Through 
the manhole fitted in the hemispherical top every 
part of the internal structure may be readily reached. 
The top row of tubes forms a convenient platform for 
the examination of the wall of the dome-shaped steam 
space and from the same position the vertical spaces 
between the tubes may be used for scaling purposes. 
Between the shell and the nest of tubes ample space is 
available for a man to get down at each side, and thus 
the horizontal rows of tubes may be examined and the 
‘seale visible from that position may be removed. In 
boilers of 4 ft. diameter and upwards it is possible 
to enter the firebox through the furnace opening, and 
the combustion chamber can be reached through the 
uptake, for the examination and expansion of the 
tube ends. 


These boilers have, in addition to their extended 


MESSRS. COCHRAN 


AND CO. (ANNAN), 


LIMITED, ENGINEERS, ANNAN. 


Speen HF pl 


einige oN Picea maa 


38:00 0 
‘9000000000 
10000000000 
1@Q00C00000e 
{0000000000 
19000000000 
19000000000 
e@000000000 
Yo000000000 
{0000800000 
1b000000000 
' 
| 
1 


90000000090 
0000000000 
DOG00080008 
p9990090003 


ee 


90000860009 
9000000000 
00000090000 
0000000000 
90000900090 
0000000000 
poes009000$ 
0800000 


o008e0000 
09000060 


eee cb elemremeta ae rg Sp 


0 


A) 


use ashore with coal firing, been adopted to the burning 
of oil fuel for installation in motor ships for the driving 
of auxiliaries and also for land service. For this pur- 
pose enlargement of the furnace volume is required and 
Fig. 5 indicates clearly how this is effected. It will 
be noted that the grate and its supporting system are 
removed and that the boiler is erected upon a cylin- 
drical base, made up from plates, which are lined intern- 
ally with fire brick. Ample protection is thereby 
afforded for the riveted seams at the junction of the 
furnace dome and the ring, as well as at the junction 
of the extension provided to obtain a larger volume 
for the combustion of the oil. A firebrick arch is 
erected over the oil burner to direct the path of the 
flames in their passage to the tubes. It will be appre- 
ciated from Fig. 5, that the increased volume which is 
necessary to burn vil fuel, as compared with coal, has 
been obtained in an exceedingly simple and cheap way, 
and without any alteration of the essential features 
of the construction of the boiler. Already many 
boilers of the size illustrated have been installed for the 
provision of steam for auxiliary purposes on motor 
ships. 


Srrer O1-Driviine Brrs.—The United States Depart- 
ment of the Interior has recently undertaken to study 
the efficiency of drill bits and steel parts used in the 
boring of oil wells. A metallurgist attached to the 
Petroleum Experiment Station of the U.S. Bureau of 
Mines, Bartlesville, Oklahoma, has been appointed to 
conduct the investigation. The time lost due to wear 
and breakage of steel components is also to be considered. 
Figures obtained by the U.S. Bureau of Mines from a 
lost-time investigation of oil-well drilling show that in 
rotary boring only 31-2 per cent. to 36-5 per cent. of 
the time necessary to complete the work is spent in 
actual drilling, 21-5 per cent. to 29-3 per cent. of the 
time being taken up with pulling out and running in to 
change bits. It is intended to widen the present field of 
experiments later. 


| 
| 


a 1614- 


- 20.56" >- ---2'976'-- 


se ee) i aoa In 


hess oe = Spy nee 


verge OE, ot 
etiam ncuto 


COPPER ORE IN FINLAND. 


Some interesting news comes vid Helsingfors from 
the Northern News Service that the huge copper ore 
field at Outokumper, East Finland, discovered in 
1909, but never properly worked, is about to be 
exploited. The site of the deposit is situated some 
10 miles from Lake Saima, which is connected with the 
sea by a canal. The stratum of copper-bearing ore is 
about 1 mile long, and has a width of from 7 ft. to 
28 ft., the depth being unknown, however, beyond 
the fact that 600 ft. down there is no difference in the 
width or character of the ore, which embraces iron, 
copper, pyrites and zinc. The copper content is from 
4 per cent. to 5 per cent., and that of the zinc 1-5 per 
cent. 

The field, so far as has been ascertained, is calculated 
to hold 300,000 tons of copper, to the value of, roughly, 
20,000,0001. 

During the Great War, when no sulphur could be 
imported, the latter was extracted from the field, 
and used for pulp and paper manufacture. At Outo- 
kumper an experimental plant has been at work 
securing copper since 1914, and the results show that 
a proper exploitation, even with the present low price 
of copper of 631. per ton, would yield a considerable 
profit. The mine is now being thoroughly organised, 
and considerable development is anticipated. The 
great deposit, half of which is owned by the State 
and the other half by the firm of Flackman and Co., 
is considered in Finland to be a valuable acquisition 
to the country. 

There has been talk of reviving the river gold-mining 
industry in the North of Finland by the aid of modern 
machinery, but this is largely speculative. The gravel 
of many of the northern rivers is no doubt auriferous, 
and hope has often run high with regard to new 
discoveries, but the conditions there present so many 
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these rivers since 1895 has amounted only to 60,0001., 
a sum quite negligible compared with modern pro- 
duction elsewhere. 


ELECTRIC CAPSTAN. 


Tue starting and running characteristics of an 
electric motor may be so markedly changed by an 
alteration in the system of field winding used, that 
almost every requirement of power users may be 
completely met. In addition to this advantage of 
electric driving there are others of importance, for the 
system admits of the use for starting and control 
of automatic contactor equipment, the operation 6f 
which is simple and so certain in action as to make 
injury to the motor almost impossible. As an interest- 
ing example of the application of an electric-motor 
drive, attention may be called to a capstan possessing 
the advantages of the system and which is, in addition, 
compact in design and completely enclosed for protec- 
tion. It is illustrated in Figs. 1 and 2 on this page. 
This capstan is a product of Messrs. Vickers Limited, 
of Vickers’ House, Broadway, Westminster, and is a 
feature of their display at the British Empire 
Exhibition. 

The capstan is of the box type and was designed for 
use in railway goods yards and colliery sidings, as well 
as for ordinary haulage purposes. It is capable of 
exerting pulls up to 14 tons at a rope speed of 130 ft. 
per minute as a normal duty. To obtain a suitable 
speed for the bollard, a worm drive is introduced, to 
the worm shaft of which the motor is directly connected 
by means of a flexible coupling. Starting and stopping 
are effected by the use of a pedal switch on the box, 
conveniently situated for the operator’s control. To 
start the motor the pedal must be depressed, and to 
keep it running continued pressure is necessary, as 
it is so arranged that the moment the pedal is released 
the electric circuit is interrupted and a brake is 
brought into operation. When the pedal is again forced 
down the brake is released by the action of a solenoid. 

The compactness of the design may be clearly seen 
from the illustrations, and as the details have been 
well thought out the capstan has much to recommend 
its extended application. The casing is made as a 
single-piece casting, which is strongly ribbed and is 
watertight. For the purpose of draining off any 
moisture, the bottom of the box is made continuously 
sloping towards one end, from which the moisture can 
be removed should it be necessary. This casing is 
designed to be firmly embedded into a concrete founda- 
tion without the use of holding-down bolts. For the 
cover two ribbed plates are used, the one over the 
motor being provided with lifting rings and also with 
an inspection door which is readily removable. The 
bollard, which is made of close-grained cast-iron, is 
securely keyed to a vertical shaft which carries the 
worm wheel. The worm wheel is constructed of 
a cast-iron hub keyed to the main shaft and a rim of 
bronze in which the teeth are machine-cut. Substan- 
tial bearings with gun-metal bushes carry the rolled- 
steel main shaft. The worm is made of forged steel 
in one piece with its shaft, which is carried on self- 
aligning ball bearings of the radial type, while axial 


wheel there is a casing arranged to act as an oil bath. 
The motor is of the Metropolitan-Vickers protected 
type and is series wound with limiting shunt. When 
supplied with direct current at 220 volts, it is capable 
of developing 25 brake horse-power at a speed of 960 
revolutions per minute.. All its windings are specially 
impregnated to prevent damage by moisture. The 
pedal switch is of the collapsible type, so that it can 
be dropped flush with the cover of the casing when the 
capstan is not in use. An automatically accelerating 
type of electrical control gear is used, and this is 
contained in a weather-proof cast-iron pillar external 
to the capstan, and thus capable of being set up in 
any convenient position. The automatic controller is 
ot the contactor type, associated with which there is a 
hand-operated double-pole switch for isolation purposes 
and fuses to ensure protection against excess current. 
The contactors, each of which has a magnetic blow-out, 
are time controlled, and adjustable time overload and 
instantaneous no-load releases are included in the 
equipment. For the coupling of the motor to the 
worm shaft, cast-iron flanges are keyed to each, and 
the drive is taken from one to the other by means of 
leather or Dexine washers. The rim of the flange 
on the motor shaft is suitably formed for use, as the 
brake drum and cast-iron shoes fitted with Ferodo 
pads form the necessary friction surfaces. The brake 
is of the post type, and the shoes are held in engage- 
ment by a steel lever, to one end of which a weight 
is attached, release being effected by the use of a 
magnetic solenoid acting on the other end of the lever. 
When the pedal switch is depressed the solenoid is 
energised, thus overcoming the effect of the weight. 


CATALOGUES. 


Water-Turbine Governor.—A new catalogue of the 
Seewer governor for hydraulic turbines of the impulse 
type has been issued by the English Electric Co., Limited, 
Queen’s House, Kingsway, London, W.C. 


Marine Telephones.—The marine “laryngaphone ”’ is 
a telephone specially constructed for use in situations on 
ships and elsewhere where excessive noise would render 
the ordinary telephone unreliable or quite useless. A cata- 
logue describing the apparatus has come to hand from 
the Telephone Manufacturing Company, Limited, West 
Dulwich, London, S8.E. 21. 


Fuel Economisers.—Messrs. E. Green and Son, Limited, 
Wakefield, have sent us a copy of a new edition of their 
catalogue of fuel economisers for steam generating plant, 
containing full descriptions of the various types con- 
structed and of the methods of installation. In addition, 
much technical and practical information is given which 
will be useful to engineers in charge of steam plant. 


Railway Breakdown Cranes—A catalogue received 
from Messrs. Thomas Smith and Sons (Rodley) Limited, 
Rodley, near Leeds, contains illustrations of a number 
of steam-driven breakdown cranes capable of lifting 
from 5 to 25 tons, and of a hand-operated crane for lifting 
12 tons. These cranes, which are of various types, have 
all been supplied by the firm to railway companies in 
this country or abroad. 


Pyrometer.—Messrs. Siemens Brothers and Co., 
Limited, Woolwich, have issued a new catalogue of the 
Siemens calorimeter-type pyrometer which enables 
high temperatures to be measured by noting the tem- 


Fig. 2. | 


perature rise in a known quantity of water in which ; 
small body heated in the furnace has been immersed 
A pamphlet containing views of the Woolwich work, 
and plant has also been received. 


Motor Starters and Controllers.—A catalogue receiver 
from the British Thomson-Houston Company, Limi 
Rugby, deals with direct-current reversing-drum ¢ 
trollers for shunt, series and compound wound mot 
resistances, limit switches, &c. Another catalogue fr 
the same firm gives prices of combined starters, controlle: 
and resistances for direct-current motors, including s 
running and dynamic-braking types. 

Marine Geared Turbines—A special eight-page 
catalogue describing their marine steam turbines witl 
reduction gearing, has been issued by ‘the Metropolitan: 
Vickers Electrical Co., Limited, Trafford-park, Manchester 
Amongst the ships fitted with these turbines are thi 
French twin-screw steamer Cuba, of 9,000 s.h.p., the 
Brocklebank liner Mangalore of 5,000 s.h.p., and the 
British Tanker Company’s oil tanker British Grenadier 
of 2.750 s.h.p. - | 

Electrical Apparatus.—The General Electric Company 
of New York, U.S.A., have issued a pamphiet containing 
illustrations of their works at Schenectady and elsewhere 
which gives a good impression of the large scale organi 
sation of production and the great variety of produet 
turned out by the concern. The most striking feature: 
are the progress made in the size and capacity of machin« 
tools and the extending employment of women anc 
girls in light mechanical work. 4 


Electro-Medical Apparatus.—Several catalogues 0) 
electrical instruments and apparatus used for curative 
purposes are to hand from Messrs. Watson and Son: 
Limited, Parker-street, Kingsway, London, W.C. One 
of these is a large octavo list of general electro-medica 
equipment; another deals with the application of X-ray | 
to dental work; and a third relates to an intensi 4 
screen for radiography. The catalogues are of specia 
interest to members of the medical and allied professions, 


Machine Tools.—A catalogue received from Messrs, 
A. A. Jones and Shipman, Limited, Leicester, illustrates 
a very wide range of vertical drilling machines, severa! 
radial drilling machines, a small tapping machine, a 
horizontal centring machine, a number of twist-drill 
grinding machines, and a variety of universal, cutter, tool, 
cylindrical, internal and  surface-grinding machines. 
Many useful machine-tool accessories, such as steadies, 
tables, dividing heads, vices, &c., are also dealt with in 
the catalogue, which is a very creditable production. 


Pottery.—An attractive book, giving a brief historical 
account of the Royal Doulton Potteries at Lambeth, 
Dudley, St. Helens, Burslem and Paisley, recently to 
hand, is of unusualinterest owing to the wide range of arts 
and industries in which pottery is employed. Domestic 
and artistic ware, statuary, water and sewage pipes, 
sanitary fittings, crucibles, electrical insulators, and 
building stone-ware are all illustrated in the book, which 
is a highly creditable production in all respects. It has 
been issued by Messrs. Doulton and Co., Limited, Lam- 
beth, London, S.E. | 


Ou Engines.—The catalogue of small oil engines 
recently issued by Messrs. Petters, Limited, Yeovil, is 
one of the most complete and best-arranged of its kind. 
The engines listed range from 5 b.h.p. to 36 b.h.pey 
with maximum powers of about one-sixth more, and 
there are also three small engines, for which theré 
is a considerable market, developing 13, 3 and 5 b.h.p., 
respectively. The engines are made in fixed, portable 
and marine types, and are started from cold by inserting) 
a patented cartridge in the vaporiserin order to generate 
the necessary heat. In addition to separate engines, 
there are shown sets in which the engines are coupled to 
electric generators, pumps, air compressors, hoists,! 
mortar mills, concrete mixers, &c, ‘ 
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OUTSTANDING FEATURES OF SWEDISH 
PRACTICE IN STEAM POWER PRODUCTION.* 


By Houerr A. Lunpsere, C.I., Secretary to the Fuel 
Research Board, Ingenidrsvetenskapsakademien, 
Stockholm. 


Srram power in Sweden is mostly used for traction 
purposes and only in a smaller degree for the driving of 
mills. In stationary steam power plants, the co- 
operation on the one hand with the hydro-electric plant 
and on the other hand with the steam plant of the mill 
for heating purposes, has created interesting types of 
plants and arrangements, typical of Swedish practice. 

The development of the Swedish locomotives has 
run para!lel with the development in other countries. 
Among newer constructions in this field should be 
mentioned the corrugated, spiral shaped boiler tube, 
improving the heat transmission from the flue gases 
to the water of the boiler. Thus a better economy is 
possible for the same length of boiler. Its disad- 
vantages are increased resistance to the flow of the 
flue gases, which must be overcome by a more rational 
arrangement of the blower, as well as a somewhat, 
increased difficulty in removing the soot deposits, which 
however, is of less importance. 

As long ago as December, 1923, trials in regular 
traffic on the State railways were carried out with a 
condensing steam turbine locomotive of the Ljungstrém 
type. [See EnGinrERrING, vol. cxiv, pages 64, 131, 
163, 198.] 

As a marine engine, also, the steam turbine is forging 
ahead. There are two main firms, A. B. de Lavals 
Angturbin, Stockholm, and Svenska Turbin-fabriks, 
A.B. Lijungstrém, Finspong, who build turbines of 
Swedish design. 

Air pre-heating in marine service as well as in sta- 
tionary plants is also progressing. The advantage of 
this measure is that the air pre-heater tukes the place 
of the economiser on board, where the latter cannot 
be used, and in heat-consuming industries, where hot 
condensate is used as feed water. In Sweden the 
Ljungstrém air pre-heater is the most common. It can 
be defined as a rotary heat regenerator, in which the 
heat accumulating mass revolves very slowly and con- 
yeys the heat from the flue gases to the air on its 
way to the furnace. 

fick stationary steam power plants, which do not 
produce steam for heating purposes, or at any rate do 
not doso ona large scale, and where no waste wood is 
available, are one by one being shut down and replaced 
by water power from the electric transmission systems. 
The sawmills, burniny their own refuse, continue to do 
so. Industries consuming heating steam, such as 
paper mills and cellulose mills, extend their back- 
pressure plants and produce cheap steam power in 
eombination with the heat distribution. The electric 
power undertakings increase primarily their water 
power stations but also simultaneously their auxiliary 
steam power plants. It is typical of the development, 
that the steam turbine is very rapidly superseding the 
reciprocating engine. In 1913 wurbines represented 
27 per cent. of the total installed steam power, they 
increased to 36-5 per cent. in 1917 and reached 52 per 
cent. in 1921. Modern plants, as built to-day, are 
generally fairly large and almost always interlinked 
electrically. 

The total amount of steam power installed in “he 
plants of miscellaneous industries, usually small, was 
104,000 h.p. in 1921. Many of these plants, perhaps 
half of them, were not working. But some of them, 
such as the power plants of brickyards and dairies with 
an aggregate power of 20,000 h.p. are certainly used. 
These plants are numerous and very small, and in 
consequence the electric transmission lines can scarcely 
reach them. Dairies use steam for heating purposes. 
A dairy cannot dispense with the boiler and its attendant 
apparatus by the introduction of electric power. How- 
ever, an investigation has just now been started to 
ascertain if the whole demand of energy of the dairies 
for motive power, as well as for heating, could not be 
supplied by electricity. Such a combination is perhaps 
practicable because of the possibilities for accumulating 
steam during the night and using it in the daytime. 
With this arrangement the cost of power can be kept 
quite low. The general trend of development is that 
such small steam power plants are shut down as soon 
as they can be reached by the spreading branches of 
electric transmission lines. 

No less than 20 to 25 per cent. of the available steam 
horse-power is installed in sawmills, which use their 
waste wood, especially sawdust, asfuel. Sawdust.as a 
fuel is rather troublesome, because of its moisture and 
its very low calorific value per unit of volume, 450,000 
cal. per cubic metre or 50,000 B.Th.U. per cubic foot, 
being a common figure. This is the reason why it 
cannot be stored or transported, but must be burnt 
practically at the rate it is produced at the mills. 


* Paper, abridged, contributed to Section D of the 
World Power Conference on July 3, 1924. 


However, water forces its way even into thisindustry- 
If a sawmill is allied with some other steam-consuming 
industry, the sawdust is used to produce steam for 
heating purposes in the latter. Such a combination is 
formed, if the sawmill is supplemented by a cellulose 
mill. The sulphate cellulose mills especially use waste 
wood from the sawmills, and from the forests as raw 
material. In such cases all sawdust and also the larger 
refuse of very poor quality is generally burnt in the 
boilers of the cellulose mill to raise the steam needed for 
heating purposes. This steam is first led through a 
back-pressure turbine to produce power, kefore it is 
utilised in the digesting and drying plants. For 
additional power water power is used. 

The introduction of thin saw-blades and other im- 
provements in sawing methods have done much to 
reduce the waste. If there are other industries in the 
neighbourhood of a sawmill, especially sulphate pulp 
mills, these will be consumers of the larger refuse. 
In such cases the difficulty is not how to get rid of the 
sawdust, but how to make both ends nieet, in other 
words, the problem of fuel economy arises. 

The Fuel Research Board of the Ingeniérsvetenskap- 
sakademien (Swedish Institute for Scientific-Industrial 
Research) has made a thorough investigation of furnaces 
of semi-producer type, which are commonly used for 
firing sawdust and waste wood. It has been found that 
in most cases the working conditions of the furnaces 
could be much improved. In particular, it is to be 
recommended that continuous charging, a fuel not 
too moist, and a sufficient supply of secondary air be 
used. It was ascertained that with a high percentage 
of moisture in the fuel, 50 per cent. or more, almost 
complete combustion takes place in the furnace, so 
that the gas produced by it is hardly combustible, For 
such moist sawdust a better type of furnace must be 
found, and just now a furnace with stepped grate is 
being installed in a sawmill for trial. Improved effi- 
ciency is also to be gained by drying the fuel and pre- 
heating the combustion air. KHven the limited reduc- 
tion of the moisture that can be effected by using the 
waste gases of the boiler for drying is of good service. 
The drying is sometimes made in drying towers, where 
the hot flue gases pass horizontally through a vertical 
fuel column, sometimes in chambers, where the gases 
are led through perforated wagons containing the fuel. 
Experiments carried out with rotary drums, in which 
the hot gases and the fuel are intimately mixed, have 
also proved the possibilities of using driers of this 
design. At all events, precautions must be taken 
that the fuel does not catch fire as it comes into contact 
with the hot gases. 

The main industries of this type in Sweden employing 
heating steam are the paper mills and the cellulose 
mills. The sugar works and refineries, the breweries 
and the match factories, can also be counted among 
these. The other industries belonging to this group 
are of very small account in the power market. 

The match-factories have a particular position, inas- 
much as their own waste wood suffices for the genera- 
tion of the needed heating steam, and out of this steam 
a sufficient quantity, or rather a surplus, of power can 
be generated by back-pressure steam engines or 
turbines. 

The cellulose mills need a very great quantity of 
steam for digesting and drying purposes, and they are 
important power consumers. With the boiler pressure 
at present used, their power demand cannot be com- 
pletely filled by back-pressure turbines, and water 
power has beenintroduced. This co-operation hetween 
back-pressure turbines and hydro-electrical plants has 
given rise to a great many interesting regulating 
problems. The steam flowing through the turbine is 
regulated by the back pressure, which thus is held 
constant. The turbine then delivers the exact quantity 
of low-pressure heating steam needed in the mill. To 
the bus-bars all the energy is delivered that the turbine 
can generate out of this steam. As the three-phase 
generator of the turbine is connected to the transmisson 
lines from the distant water-power station, the speed 
of the turbine is kept constant by the speed governors 
in the water-power plant. If the speed of the turbine 
exceeds the normal value by, for instance, only 5 per 
cent., its governor begins to throttle down. When 
this occurs the back-pressure tends to drop and the 
balance of low-pressure steam needed is by-passed 
direct from the boilers through a reducing valve. 

In the paper mills various combinations are used. 
In a certain mill the reciprocating steam engines for 
driving the variable part of the paper-making machines 
are retained. The heating steam needed, in addition 
to the exhaust steam of these engines, flows through a 
back-pressure turbine to the common low-pressure pipe 
In another mill the whole amount of heating steam 
passes through a back-pressure turbine, driving a three- 
phase generator connected with the bus-bars. The 
paper-making machines are driven by direct-current 
motors fed through Ward-Leonard converters. Another 
mill, again, has the back-pressure turbine coupled to 
one three-phase generator and to two direct-current 
generators of different voltage. The direct-current 


motors of the paper-makiny machines can thus work 
with three different tensions and thereby obtain a wide 
range of speed regulation. The three-phase generator 
is connected with the water-power station and works 
as a generator or as a synchronous motor, according to 
circumstances. 

On the whole, efforts are mace to build and instal 
back-pressure engines and turbines with the lowest 
possible steam-consumption per kw.h., the highest 
possible yield of power from a given quantity of 
heating steam being thus obtained. The efforts to build 
boilers for very high pressures also aim at the same 


result. It may be worth mentioning that an ‘‘ Atmos- 
boiler,’ constructed for a pressure of 60 atmospheres 


(850 lb.), has been working in a sugar refinery in 
Gothenburg since the end of 1921, feeding a back- 
pressure turbine for 50 atmospheres admission pressure 
(700 lb.). A new boiler of the same make with a 
pressure of 100 atmospheres (1,400 lb.) was put into 
service in October, 1923. 

Many industries consuming beating steam have found 
it profitable to instal Ruths’ steam accumulators in 
order to smooth the load curve of the boilers, thus 
increasing their economy and facilitating their opera- 
tion. This accumulator also increases the powe~ that 
can be obtained from tke back-pressure turbine, as the 
steam flow through the turbine will be constant. It may 
here be mentioned that the firm of A. B. Vaporackumu- 
lator, Stockholm, has in an excellent way solved the 
problem of building reliable reducing valves by 
equipping them with sensitive oil relay governors. 

In the year 1921 there was a total amount of 166,000 
steam horse-power installed in electric power stations 
built for distribution purposes. 

The great stations in Visteras and a couple of the 
medium-sized stations have for the most part to work 
only during water shortage. But all the others, lying 
as they do in towns or in industrial centres, have three 
different purposes : (1) To act as stand-by during water 
shortage ; (2) to act as stand-by for disturbances in the 
transmission system; (3) to take the local peak loads 
off the water-power stations and the transmission 
lines. 

All these stations work with a very low load factor, 
but nevertheless it has generally been found profitable 
to equip them with boilers and turbines of the most 
economical design. 

The experience of the author, who has planned, or 
co-operated in the planning, of many of the medium- 
sized plants, is that such must be built with special 
consideration for the necessity of being run by as 
small an experienced permanent staff as possible. 

The purpose of these stations to take the peak loads 
and to act as stand-by plants in case of disturbances 
makes rapid starting indispensable. It is usually the 
time necessary to get the boilers under steam that 
settles the length of time required for the starting 
of the station, This time can, of course, be materially 
reduced if the boilers are continuously kept under 
pressure. With the Stockholm plant this is accom- 
plished with the aid of an electrically heated boiler of 
2,000 kw. capacity, fed with water power during 
periods of sufficient water supply. Other stations, too, 
have adopted the same arrangement or keep one 
boiler under steam in order to keep them all warm. 
Oil burners are also often installed in order to accelerate 
the starting-up process of the boilers. 

At two plants, recently built in Malm6 and in 
Halmstad, the time for starting the station has been 
still more reduced by installing Ruths’ steam accumu- 
lators. The turbine can be run at full load with steam 
from the accumulator until the boilers are heated up to 
overtake the load. The accumulator, when loaded, is 
always ready to supply immediately. At these plants 
it is, thus, the turbine that settles the length of time 
necessary for starting the station. 

At Malm6 this time is about three minutes plus the 
time necessary for synchronising. At the official 
trials a turbine of 3,750 kw., starting cold but with a 
vacuum in the condenser, was fully loaded in 64 
minutes after starting. The vacuum is maintained 
by a small 10-h.p. condensing machine that is always 
running. 

At Halmstad a turbine of 800 kw. was, on some trials, 
started cold, in18 seconds, with the condenser machinery 
running, and was fully loaded in 120 seconds after 
starting. 

These turbines, manufactured by A. B. de Lavyals 
Angturbin, Stockholm, work with a normal admission 
pressure of 13 to 14 atmospheres (185 to 200 Ib.), but 
when using steam from the accumulator they can give 
full load at a pressure of 1-5 atmospheres (22 Ib.). 
This is made possible by a series of by-passes, auto- 
matically governed. The steam economy of the tur- 
bines, working with normal boiler pressure, is never- 
theless almost unimpaired. 

If the generating set is kept running by water power 
with the alternator used as a synchronous motor for 
improvement of the power factor, the set, with the aid 
of the accumulator, automatically takes over the load 
if the transmission line breaks down. 
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“ ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
SBLECTED ABSTRAOTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘‘ Sealed” is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


214,338. A. H. S. MacCallum, Caversham. Trans- 
formers. (5 Figs.) January 22, 1923.—The invention relates 
to a transformer for use in high frequency circuits, such as 
wireless telegraph receiving and transmitting circuits, in which 
mutual inducvion between the windings is varied by movement 
of a conducting shield in their mutual field. The transformer 
is a disc transformer of the plug-in type. 1, 2 are the coils 
wound concentrically on a flat bobbin which is formed in two 
parts 3,4. 5 is the block carrying the pins 6 of the plug. A 
straight rod 7 passes through central holes in the parts 3, 4 of 
the bobbin and is screwed into a central hole in the block 5. 
The parts are clamped tcgether by a nut 8. A shielding member 
comprising a dise of copper 9 is mounted on a carrier 10 consisving 
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of a block of ebonite, and both the disc and the carrier are slidabiv 
and centrally mounted on the rod 7. A hole 11 is formed in 
the carrier 10 from the outer edge and does not extend completely 
therethrough; in the hole is mounted a slidable bar 12. The 
hole 11 is so disposed that the bar 12 is to one side of the rod 7 
and the bar 12 has at the side adjacent the rod a notch or depression 
13 with a sloping surface 14. A spring 15 at the bottom of the 
hole 1lacts on the end of the bar 12 to cause the sloping surface 14 
to engage the 10d 7 and grip it. The end of the bar 12 projects 
from the edge of the carrier so that by depressing it the sloping 
surface 14 may be reieased from engagement with the rod and the 
shielding member be rendere free to bemoved thereon. | (Sealed.) 


214,698. J. E. Calverley, Ribbleton, Preston, and W. E- 
Highfield, Westminster, London. Commutators. (2 Jigs.) 
January 16, 1923.—The invention relates to commutators of 
electric machines of the kind which are formed as units struc- 
turally separate from the rest of the machine and in which the 
segments are held in place by means of a moulded composition. 
The improvements, in accordance with the inyention, apply to 
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commutators in the orm of discs, either flat or slightly conical, 
of the stationary or rotating type. 1 is a disc of moulded 
composition and 2 segments provided with undercut recesses 
3 and consisting of limbs 18 projecting from the face 19 of the disc 1 
to form working faces 17 and limbs 16 extending from the back 
of the disc 1 for the purpose of forming connections. (Sealed.) 


MINING, METALLURGY AND METAL WORKING. 


213,775. W.A. Logan, Bradford. Coal-cutting Machines. 
(1 Fig.) April 14, 1923.—The invention relates to coal-cutting 
machines of the chain-cutter type, and aims, inter alia, at 
securing a more rigid mounting of the gear case containing the 
gearing for the cutter-chain drive. The invention consists 
broadly in the feature that the non-rotary shaft constituting 
the mounting for the cutter-chain driving sprocket wheel and 
the main reduction spur wheel is formed as a bolt serving rigidly 
to bind together the cover and the bottom plate of the gear case. 
A secondary characteristic of the invention consists in the feature 
that the bifurcations of the jib are mounted so that they can revolve 
on journals located, respectively, on the bottom plate and on an 
intermediate web of the gear case, with which journals are asso- 
ciated flanges serving, in conjunction with the bifurcations, to tie 
the web and the bottom plate together. There is substituted 
for the usual rotary vertical shaft carrying the cutter-chain 
sprocket wheel a non-rotary shaft 1 formed as a bolt having 
a head 2 and a screw-threaded end 3. Revolvably mounted on 
the shaft 1 are the sprocket wheel 4 and the main reduction spur 
wheel 5. The lower end 3 of the shaft 1 is threaded into a 
ring 6 bolted to the bottom plate 7, to which bottom plate a 
ledge 8 on a depending extension of the gear case is also bolted. 
The head 2 is let into the cover 9 of the gear case. The shaft 


1 thus serves as a rigid member binding together the cover of 
the gear case and the bottom plate. The ring 6 constitutes a 
journal for the lower bifurcation 10 of the jib 11, and presents, 
at the upper end, am out-turned flange 12 which engages over 
the bifurcation 10. Formed on the intermediate web 13 of 
the gear case is a boss 14 presenting a journal for the upper 
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bifurcation 15 of the jib 11 and associated with a flange ring 16 
which engages under the bifurcation 15. The bifurcations 10, 15 
thus serve to tie together the web 13 and the plate 7. The 
chain-driving sprocket wheel 4 is carried by a bearing 17 
surrounding the lower end of the shaft 1 and is clear of the gear case 
proper. (Sealed.) 


213,999. Travers and Clark, Limited, Manchester, 
M. W. Travers, Manchester, and F. W. Clark, Manchester. 
Furnaces. (2 Jigs.) January 15, 1923.—The invention 
relates to furnaces and especially to glass-pot furnaces. According 
to the invention, an air duct has a number of ports communicating 
with an annular chamber formed round the refractory shell of 
the producer or combustion space, and having a number of 
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passages by which the air can pass from the chamber to the 
producer or combustion space. A is the air duct into which air 
can be forced by any convenient mechanism. In this duct, 
a number of ports B is formed by which the air passes into 
an annular chamber C surrounding the refractory shell D of 
the producer E. In the shell and close beneath the siege blocks 
F is formed a number of passages from the chamber C into the 
producer E. (Sealed.) 


MOTOR ROAD VEHICLES. 


213,988. S. E. Alley, Westminster, London, and G. 
Woodvine, Shrewsbury. Combined Engine Crankshaft 
and Differential Driving Gearing. (1 Fig.) January 11, 
1923.—The invention relates to combined engine crankshaft 
and differential driving gearing. The mechanism comprises 
aligned end shafts 10, 11, whereof the axis is the crankshaft 
axis. The crank wehs are shown at 12, 13, 14 and 15 and the 
erank-pins at 16, 17. The shafts 10, 11 carry, at the inner faces 
of the webs 12, 15, gear wheels 18, 19 which mesh with corre- 
sponding wheels 20 carried on shafts 21 co-axial with the crank- 
pins 16,17. The wheels 20 are rotatable bodily with the crank- 
pins about the crankshaft axis. The shafts 21 also carry other 
wheels 22, 23 which mesh with each other and constitute part 
of the differential gearing. On the outer faces of the webs 12, 15 


are sleeves 24, 25 which are fixed with their respective webs. 
The sleeves 24, 25 constitute the sole bearing for the end shafts 
10, 11. Bushes 30, 31 support the ends of the sleeve 24. The 
sleeves 24, 24 are themselves supported in bearings constituted 
by portions 26, 27 of the casing of the gearing. The sleeves 
extend at least to points at, or substantially at, the outer ends 
of the bearings 26, 27 and thus the wear in the latter will be 
constant along their length. Actually the sleeves are prolonged 
beyond the ends of the bearings 26, 27 and enveloped by, and 
form the bearings for, hollow sprocket wheels 28, 29 fixed to 
the end shafts 10, 11, respectively. These sprocket wheels may 
be regarded as affording the principal support for the outer ends 
of the shafts 10, 11 and consequently it will not be of importance 
if the bushes 30 become worn or are omitted. (Sealed.) 


213,990. The Associated Equipment Company, Limited, 
Westminster, London, and H. K. Thomas, Westminster, 
London. Steering and Controlling Road Vehicles. (2 
Figs.) January 12, 1923.—The invention relates to the steering 
and controlling of road vehicles of the type in which the vehicle is a 
compound vehicle comprising two or more portions, each portion 
with its own road wheels, which portions are attached together 
by a connection providing a vertical axis about which the two 
portions can turn relatively to each other for steering the vehicle. 
According to the primary feature of the invention, there is provided 
a vehicle of the type described which is characterised by the 
combination with the said connection, of means, operable at will 
(for example when the vehicle is to be driven backwards), for 
locking the vehicle portions against relative movement about the 
said axis. Thus, when the vehicle is travelling backwards, its 
two portions can be maintained locked in any desired relationship 
to each other and consequently the whole vehicle will be under 
adequate control by the driver. There is shown at 10 the rear 


portion of a tractor vehicle part, and at 11 the front portion of a 
trailer vehicle part. The tractor carries a turntable 12 having 
an upstanding central pivot pin 13 around which a sleeve 14 
on the trailer 11 centres itself. The turntable 12 carries an 
annular bearing ring 15 which receives against it a corresponding 
bearing ring 16 on the under part of the trailer. The rings 15 
and 16 are concentric about the axis of the pin 13. Carried upon 
the trailer 11 is a toothed rack 17 which is concentric with the 
axis of the pin 13 and is movable thereabout with the trailer, 
This rack 17 has blind ends 18 and 19, and co-operating with the 
rack is a toothed wheel 20 rotatably mounted upon the turnta 
12, and therefore upon the tractor 10. The effect of the 1 
portions 18 and 19 at the ends of the toothed part of the rack 

is to prevent the relative travel clear of the rack of the wheel 
20. It will be understood that the axis of the wheel 20 is af ; 
fixed distance from the axis of the pin 13, and consequently when 
the two parts of the vehicle move relatively to each other 
wheel 20 will be rotated by the rack until one end or the other 
of the rackis reached. When this occurs, further rotation of the 
wheel 20 will be prevented and, consequently, further moyemer 
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in the same direction of the two portions of the vehicle relatively 
to each other will be prevented. Therefore excessive moveme 
of the two parts of the vehicle will be impossible. A fur 
toothed member 21 is also provided, which, at one end, is pivot 
in a bearing 22 on the turntable 12. At the other end, 
member 21 is controlled by a spring 23 which tends to dr 
the member 21 away from the wheel 20, and a flexibie connec! 
24 passing over a pulley 25 leads trom the member 21 to a 
point adjacent the seat of the driver of the vehicle. By opera- 
ting the connection 24, the driver can move the member 21 into 
engagement with the wheel 20 and prevent rotation of the e 
about its own axis. It will beappreciated that when the loc 
member 21 is in unlocking position, ¢.e., as shown in the drawin 
the rack 17 will be free to move and will do so as the vehi 
steered. Naturally its movement will rotate the wheel 21 a 
the axis of the latter. When the vehicle is to travel backwards, 
the driver having manoeuyred the two portions so that they are 
at the requisite angle to each other, will release the loc 
member 21 and permit it to move into engagement with 
wheel 20, thereby preventing further rotation of the latter ¢ 
locking the two vehicle parts in their chosen angular relation 
(Sealed.) uz 


214,906. G. and J. Weir, Limited, Cathcart, Glasgo 
and J. G. Weir, Cathcart, Glasgow. Steam Conde! 
(1 Fig.) September 10, 1924.—The invention relates to st 
condensers of the surface type. According to the inven 
the condensate is passed, on leaving the condenser, into a fe 
water heater, and a portion of the exhaust steam—unvooled 
contact with the cooling surface in the condenser—is led to 
heater, the steam and the condensate being breught into in! 
contact with each other in the heater so that ieed water is - 
drawn frcm the heater and passed into the feed system at 
relatively high temperature. 7 is the condenser and ¢ the 
tubes through which passes the condensing water. The inlet 
for exhaust steam is at s and « is the air withdrawal port. SY 
port is placed behind a baffle 6. w is the water-withdray 
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port whereby the condensate flows from the condenser into the 
heater h. The sveam is led to the heater by the conduit ¢ from 
the top of the condenser above the uppermost row of wubes. 
The steam from the conduit ¢ is admitted to the heater h a 
the perforations 0, and the condensate is sprayed into the heater . 
through the perforated plate &; the water, mingling with the 
steam, becomes heated thereby, and the heated water is with- 
drawn through the pipe m by the pump n. d is a pipe leading | 
from the heater to the condenser. Through this pipe ail, | 
separated from the steam in the heater by the action of the water, || 
is withdrawn to the condenser. The pipe d is led to the side | 
of the condenser other than that containing the air-withdrawal 
port a. This is to insure that the air withdrawn through the 
pipe d (which is relatively hot) will pass over relatively ¢0) 
surfaces before gaining access to the Iport a. (Sealed.) 
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HORIZONTAL TACHEOMETRY. 


By C. H. Lay, Director of Surveys, Palestine. 


Method.—It would perhaps be impertinent of me 
to suggest that in tacheometry experiment has not 
marched in the van of practice, but that there are 
directions in which its more extended use may be 
possible will perhaps appear from some experiments 
carried out in Palestine which are described below. 

This description will refer to the taking of readings 
for range on a tacheometric staff of two stadia 
lines at a fixed distance apart in the diaphragm of a 
tacheometer; also to a method invented by Prof. 
Oltay of Buda-Pesth, by which the reading of a 


single central line in the diaphragm can be shifted 


through the necessary optical interval by means of a 
prism hinged in front of the object-glass of the 
instrument. 

The troublesome inherent errors of tacheometry 
as normally carried out are well known, and I 


(8443.A) | 


would only say here that,in my own experience, one 
of the commonest sources of error in practice is 
differential parallax between the two stadia-lines, 
liability to which is eliminated by using the one- 
line method with the Oltay prism. 

But the most deadly, because the most elusive, 
source of error in determinations of range by 
readings on a vertical staff is, of course, atmospheric 
refraction, by which the rays of light passing through 
the two lines in the diaphragm from the distant 
staff are unequally bent owing to a vertical tem- 
perature gradient in the lowest stratum of air. 
This temperature gradient is subject to continual 
change according to the thermal conditions of the 
moment or locality, and in hot countries its effect 


is often enormous, so that, even with very tall 


staves and short ranges, accurate results are un- 
attainable. 

Yet in certain parts of this country great ad- 
vantage would result if ranges of say, from 50 to 


_ 250 metres could be accurately and quickly observed 


by tacheometry, especially in traverse work, and I 
therefore determined to make a thorough trial of 
horizontal tacheometry, in which the stadia lines 
are ruled across the central horizontal line of the 
diaphragm and the readings are made on a horizontal 


| staff. 


The Horizontal Staff—After some trials, the pattern | 


_ of staff illustrated in Figs. 1 and 2 was arrived at. 
_ This short and light staff was fitted with a central 


cross-sight and could be slid into a bracket carried 
by a ball in a socket mounted on a light tripod, so 
that it could be rapidly adjusted by eye in a hori- 
zontal position at right angles to any line of sight. 

To facilitate readings in the heat-shimmer, 
which usually begins one or two hours after sunrise, 
I adopted a system of open graduations in which 
readings were to be to decimal points or half- 
decimal points of a division on the staff by estima- 


tion. Now one reading is obviously unreliable for | 


such work, and, at the same time, if a series of 
readings is taken each reading of the series should 
be quite independent. Also it is most desirable so 
to camouflage the system that the congenial art of 
fudging becomes difficult and not worth practising 
by the young surveyor. 

I therefore adopted a system of bulls-eyes at 
one end of the staff which were painted at varying 
distances from and around the true, but unmarked, 
zero-point of the staff graduations, which distances 
were so arranged that they would always provide 
readings to different decimal points—the shortages 
and excesses of which would cancel out in their 
summation. Thus, in the case of the six-bull staff 
used at Acre, the distances of the bulls-eyes in order 
from the true zero-point of the staff-graduations 
were :— 


— 15°5, — 8:5, — 35, + 4°5, + 9:0, + 14.0 cm. 
which gave readings, for instance, such as the 
following :— 

35°1 + 37-4 + 39°2 + 41°8 + 48°3 + 44-9 = 241-7 m, 
Readings.—Again, in order to obtain the great 


advantage for transport and handling of short 
staves even at long ranges, it was desirable to use 


-each 1/200 stadia-interval an equal number of 


times, so that in summation the result would be 
equivalent to a number of 1/100 observations. 
As the stadia-lines are never exactly equidistant 
from the central cross-line, readings 2 and 3 of the 
above can be deduced from 1, and readings 5 and 


Fig.3. ACRE PLAIN. AUG. 1922. 
242-9 M.CLOUDLESS. 


6 


is the range, r a single reading, d the actual distance 
of r along the staff from the zero point of the 
graduations, n the number of bulls-eyes and read- 
ings, S the stadia-angle interval, and « the distance 
on the staff representing one metre of range, we 
have 
d/S =R, r= R/n, andw=d/r=nS8. 

Therefore if S = aw © 6-bull staff must be 
graduated with lines 6/200 m.=3 cm. apart, 
reading successive metres, and a 4-bull staff would 
have graduations 2 cm. apart reading metres. 

The choice of the number of bulls-eyes on such a 
staff thus in reality depends upon the maximum 
range likely to be wanted and the telescopic power 


|of the instrument, and I came to the conclusion 


that the most useful combination is an instrument 
having a 30-power telescope and a 4-bull staff 
reading metres, the actual length of which would 
be about 175 cm. so as to cover ranges up to 300 
metres. 

Accuracy of Method.—Now consider the probable 
error of a complete observation of six readings under 
this system, assuming perfectly accurate graduation 
of staves and negligible error in bisection of bulls- 
eyes in comparison with the error of estimation of 
readings under fair conditions of atmosphere. Take 
a range of 200 metres at which we can estimate to 
the nearest decimal point with confidence. Our 
error of estimation should not exceed one half of 
this, 7.¢., 0-05 of a division on the staff, and we may 
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| estimate the mean error at one half of this again, or 
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6 from 4, but 4 cannot be deduced from 3 from a 
knowledge of the staff constants only. 

Now I found, and I think it may be a matter of 
general experience, that in bringing a line up to 
bisection of a bulls-eye in one direction with the 
slow-motion screw there is a tendency to consistent 
shorts or overs, a matter partly personal. The bulls 
were not therefore bisected in continuous order from 
the outer bull, but the 3 outer bulls were bisected 
in one direction of motion and the three inner ones 
in the contrary direction, working inwards toward 
the zero-point in each set. 

In Figs. 1 and 2, C is the central vertical line, and, 
on either side of it, A and B the stadia lines of the 
diaphragm of the telescope. In the first set the 
readings of B are taken on bisections with C of the 
three outer bulls in order from left to right. In 
the second set, the readings of C are taken on bisec- 
tions with A of the three inner bulls in order from 
right to left. 

The six readings are entered under one another in 
a column in the field book, and totalled to give the 
range. As a check the differences are also got out, 
and should agree with the known constants within 
a decimal point. This avoids all possibility of a 
gross error, and provides a ready means of analysis 
in case of doubtful work. 

I found no difficulty in taking the six readings 
and applying the check in three minutes, and no 
doubt with practice this speed would be greatly 
improved upon. With the four-bull staff subse- 
quently used a range should be observed and checked 
in the field in less than two minutes. 

Staff Graduations.—It will be noted that the staff 
is so graduated that the sum of the readings is the 
true range, thus avoiding the necessity for obtaining 
a mean by division and removing an unnecessary 
source of arithmetical error. Now this involves a 
simple calculation for determining the actual 
distance between graduations on the staff. If R 
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0-025 of a division. At 200 m., the reading will be 
200/6, hence the mean error will be 0-025 in 200/6, or, 
put as a fraction, 1/1333. But there are six such 
readings independent of one another, and which, 
added together, make the total range-reading. 

Hence, since the errors are of either sign, and 
accidental, the representative error of their sum 


will be the above fraction divided by 4/6, or 1/3300 
nearly. 

It might be thought that such a representative 
error must vary inversely as the range since the 
actual error would be constant. That is far from 
being the case, since the accuracy of estimation 
increases as we decrease the range, at least over the 
medium ranges. I came to the conclusion that 
accuracy had a maximum in the neighbourhood of 
100 m., and that at less than 50 or over 250 m. the 
errors became excessive for purposes of very accurate 
traverse. It will be seen that the probable errors 
deduced from the inter-correspondence of the 
various observations on the same ranges are, for the 
most part, less than the above theoretical value. 


EXPERIMENTS. 


Observations at Acre—The first series of experi- 
ments was carried out on a base-line on the Acre 
Plain in the hot weather of August, 1922, with a 
5-in. Watts tacheometer, using two 2-m. staves, 
one mounted horizontally as described above, and 
one erected vertically. Observations on three 
ranges were taken over several hours after sunrise 
and before sunset on five different days in the 
same type of weather, approximately one observa- 
tion being taken per hour. The resulting deter- 
minations were plotted on diagrams for each range 
against the time from noon, regardless of dates, the 
ordinates representing the time and the abscissxe 


the observed ranges on an open scale. In these 
diagrams (Figs. 3, 4 and 5) each vertical observation 
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is marked by a black circle and each horizontal 
observation by a small triangle. 

Inspection of these diagrams shows that whereas 
in the case of the vertical staff large systematic 
variations of the range with time commence soon 
after sunrise and continue in the afternoon until 
sunset, changing in sign in the middle of the day, 
in the case of the horizontal staff there is no evidence 
whatever of any changes other than those which can 
be attributed to small ordinary accidental errors of 
reading. Drawing in the mean lines through the 
plotted points for the vertical staff, we obtain 
range-curves, the critical points of change of sign 
of which occur between 11 a.m. and 1 p.m., about 
the time of minimum refraction. The means for 
the horizontal staff are practically parallel to the 
ordinates. It was disappointing that owing to 
extreme heat and air-shimmer between 10 a.m. 
and 3 p.m., reliable observation became impossible, 
so that the change that took place in the middle 
of the day could not be traced. But the regularity 
of the results obtained on different days is testimony 
to the extraordinary regularity of the atmospheric 
conditions in normal summer weather in this 
country. 

Tabulating the rate of change of the vertical 
observations at each range we obtain :— 


TaBLE I.—Vertical Staff, Acre, 1922. 


Pay No. of 1 Variation 

Range m. | Observations. Time. per hour. 
m. 

243 3) 6-9 a.m, —0-83 

8 4-6 p.m. +0-45 

183 5 6-9 a.m. —0-40 

6 4-6 p.m +0-30 

1122 8 6-8.30 a.m, —0:°25 

4 3.30-5.30 p.m. +0-20 


It would appear from this table that there is 
rough correspondence between the rate of change 
per hour of the observed range and the square of 
the range in the morning hours, but a more nearly 
linear relationship holds in the afternoon. It is 
evident, however, that, at such ranges and under 
such conditions, no accuracy can be expected with 
a vertical staff, nor indeed can the instrumental 
constants be satisfactorily determined. 

Turning, however, to the results with the hori- 
zontal staves, we find the probable errors of a single 
observation independent of time or occasion to be 
as follows :— 


TasLe II.—Horizontal Staff, Acre, 1922. 


No. of 
Observations. 


P.E. Single 


Observation. Remarks. 


Range. 


m. 


m. 
243 5 0-054 or 1/4500 


183 5 0-089 ,, 1/2050 | One wide observation. 


Tf the wide observation at 183 m. were omitted, 
the probable error works out at 1/5300. Observa- 
tions at 122 m. were not recorded, no variations 
being obtained on the first day. 

Observations at Jaffa.—The second set of experi- 
ments was carried out near Jaffa on three different 
days in August and September, 1923, in somewhat 
cooler, but more variable, conditions. 

A 6-in. Siiss-Nandor tacheometer having a 
35-power telescope was used, with a 4-bull staff 
having graduations 2 cm. apart, for the horizontal 
readings, and the vertical readings were obtained 
with the Oltay prism-attachment on an ordinary 
3-m. levelling staff. 

On August 19, a range was used in which, owing 
to a rise of ground, the lower ray with the prism 
passed only + m. above the surface at 120 m. 
from the instrument, and both rays from the 
horizontal staff passed at less than 1 m. above 
the ground at this spot. In the September observa- 
tions, a more level range was obtained, and the 
sun was periodically obscured by light cloud. 

Figs. 6 to 9 show the results plotted as before. 

These observations were confined to the morning 
hours, but the actual ranges were not taped with 
sufficient accuracy properly to determine the 
instrumental constants. The results for the varia- 
tion of range per hour on the vertical staff, are 
given on Table IIT annexed. 


Taster Ill.—Vertical Staff, by Oltay Prism, Jaffa, 1923. 


No. of . Variation. 
Range. Observations. Time. per hour. Danes 
m. m. 
214 3 6.15-8.15 a.m. —0:70 Aug. 19. 
206 4 6-9 a.m. —0-30 Sept. 2. 
207 5 6.20-10.5 a.m, —0:52 Sept. 9. 
122 4 | 6.0-9.50 a.m. —0:05 Sept. 9. 


The irregularity of these figures is due in part 
to changes of actual site, and in part to more 
variable conditions. They appear to show the 
considerable improvement effected by using a longer 
vertical staff, especially at the shortest range ; 
but, also show the unreliability of the method in 
ordinary varying conditions of ground and atmos- 
phere. The effect of cloud on September 9 is 
noticeable in Figs. 8 and 9. But the results for 
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the horizontal staff are again consistent, and 
remarkably accurate. The probable errors of a 
single observation work out at follows :— 


Taste LV.—Horizontal Staff, Jaffa, 1923. 


: No. of P.E. Single e 
Range. Observations. Observations. Remarks. 
m. 
214 3 0-060 or 1/3566 Hot. 
206 4 0-024 ,, 1/8583 Cool breeze. 
207 4 0-033 ,, 1/6300 | Cloudy. 
122 4 0-012 3; 1/10166 | Cloudy. 


It is evident from this table that a gain in accuracy 
had been effected by using a more powerful telescope 
and a staff with somewhat closer divisions, in spite 
of the fact that the number of bulls-eyes and readings 
had been reduced from 6 to 4. 

Conclusion.—It must be admitted that the hori- 
zontal method has still to stand the test of use in 
less open ground than was available in these experi- 
ments, and that it is probable that where the 
horizontal rays pass alongside a heated wall or 
bank, or other vertical object which is likely to 
produce a temperature-gradient in a horizontal 
direction, there exists the liability to horizontal 
distortion of the rays which may produce serious 
errors. - That, however, would be an exceptional 
condition, and it is clear that in ordinary open 
ground the method is accurate, speedy, and cheap 
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for traverse work. With it a measurement in one 
direction is alone required, the full advantage of 
tacheometry over rough ground and across obstacles 
is secured, the temptation to fudging is eliminated, 
and the constants of the instrument can be accu- 
rately determined. At present I have limited its 
use to traverse in rough country, with success and 
economy. 


CANADA AND THE BRITISH 
ASSOCIATION. 


THE annual meetings of the British Association 
provide a unique opportunity for those interested 
in any branch of science to foregather for friendly 
and scientific intercourse, and the policy of holding 
occasional meetings in the Overseas Dominions 
maintains that personal touch between the scien- 
tific workers of the Empire which is so valuable 
in its effects. The meeting this year in Toronto 
gave the members an opportunity for renewing 
their acquaintanceship with, or seeing for the first 
time one of the great nations of the British Common- 
wealth and of observing under the most pleasant 
and advantageous circumstances the manner in 
which the special technical and social problems 
of the country were being handled by the enter- 
It is no disparagement of the 
more formal proceedings of the Association at 
Toronto to say that these were probably less pro- 
ductive of useful knowledge to the members than 
the experience of Canadian life, conditions and out- 
look which the trip afforded. We have already 
reprinted or otherwise dealt with most of those 
papers and discussions as were likely to be of interest 
to our readers. At the conclusion of the Toronto 
Session the party broke up, the main body going 
West in two special trains right to the Pacific Coast 
and returning by a different route. The trains 
stopped at important cities and places of interest 
on both journeys, and the hospitality and kindness 
which marked the reception of the party everywhere 
will long be remembered. Most, if not all, of the 
members will by now have returned home, and each 
according to his peculiar interests will be endeavour- 
ing to classify the impressions of several crowded 
weeks. 

With the reflections of the botanists, geologists 
and other exponents of the natural sciences we 
have no direct concern, but it may be interesting 
to suggest some of the thoughts likely to have 
arisen in the minds of those occupied more parti- 
cularly with engineering matters. With regard to 
the Toronto meeting itself one could not help 
noticing a contrast between the papers contributed 
by British and Canadian authors respectively. 
The latter dealt with great works executed or in 
contemplation, such as the last and greatest of the 
Niagara developments by the Hydro-Electric Com- 
mission of Ontario, the fuller utilisation of the 
St. Lawrence waterway for navigation and power, 
and the transportation problems of the Dominion, 
and so on, all descriptive of engineering work in 
its real sense. There was a breath of the open air 
about the Canadian papers, noticeably different 
from the kind of laboratory atmosphere which hung 
around many of the British contributions. Of the 
latter the paper by Mr. E. A. Watson on “ Cobalt 
Magnet Steels,” was admirable of its kind, puttimg 
forward new knowledge in so orderly and complete 
a manner that little or nothing further remains to 
be said on the matter. On the other hand, the 
“Report of the Committee on Complex Stress 
Distributions in Engineering Materials” was some- 
what disappointing. It was, indeed, not a report 
at all, but a collection of eight papers by individual 
members of the Committee, none of which appeared 


| 


to add anything much to existing knowledge. It | 
is to be hoped that by next year the Committee will | 


be able to produce an agreed report, stating what | 
facts, if any, are definitely proved with regard to 
the fatigue and fracture of metals, what views 
still need confirmation, and what beliefs are cer-_ 
tainly wrong. 
Of the general impressions resulting from the © 


tour, that of the practically universal use of hydro- — 


electric power must have remained in the minds of | 
all the engineers of the party. The admirable work | 
of the Hydro-Electric Commission, culminating 


in the 


Queenston-Chippawa Development, the — 
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largest hydro-plant in the world, has provided the 
whole of Ontario with cheap and abundant power 
according to a unified system, and has been of incal- 


eulable value to the Province. One could not help 
wishing that a Commission with equal power and 
ability had been appointed, years ago, to see 


that the electricity supply of Great Britain was 
developed on equally sound and far-sighted lines. 
The province of Quebec is as dependent upon water- 


power as is Ontario, but excepting Montreal, there 
are no such large power-consuming communities as 
Toronto, Hamilton and the manufacturing towns 
in the neighbourhood. ‘The difficulties in changing 
established systems, even in a new country, are 
shown by the persistence of the frequency of 
In spite of the 
fact that most of the lamps are encased in frosted 
globes, the flickering at times is very unpleasant 
to a visitor, although the inhabitants do not seem 
The cheapness of electric light and power 
is remarkable, the average inclusive .nett charge 
for residential service in Toronto being only 1-05d. 
per kw.-h., although the power has to be trans- 
mitted from Niagara 90 miles away. In the town 
of Niagara Falls itself, a similar service costs 0-75. 
per kw.-h. The Hydro Electric Commission at 
present operates 22 water power stations which, 
when fully developed, willfurnish the equivalent of 
i The Queenstown plant, 
which uses 305 ft. of the total difference of 327 ft. 
between the levels of lakes Erie and Ontario, will 
develop 600,000 h.p., or an average of 30-h.p. for 


25 cycles for lighting in Toronto. 


to object. 


over a million horse-power. 


every cubic foot of. water used per second. 


Those of the party who took a special interest in 
hydro-electric developments were also given an 
opportunity of seeing the Pointe du Bois plant of 
the City of Winnipeg. The journey to the plant 


and back involved 150 miles of automobile riding, 


mainly over roads which would be pronounced 
impassable in this country, and a further 50 miles 


in a petrol-driven tramcar over the city’s private 


line, the whole being through most beautiful wooded 


country. The passage of the cars at a speed of 
30 m.p.h. to 40 m.p.h. over roads which, as was 
remarked at the time, would not be altered in 
appearance by being ploughed up, exemplified not 
only the skill of the private drivers who acted as 
hosts to the party, but also indicated the conditions 
which must be met by British motor-car manufac- 
turers who wish to do business in the overseas 
markets. The whole journey, allowing ample time 
for inspection of the plant and for the necessary 
meals, was accomplished easily iri the day. The 
construction of the Pointe du Bois plant was decided 
on by the city in 1906, when the cost of electric 
power supplied by a private company was 10d. 
per kilowatt-hour. The city now own a plant 
capable of developing 110,000 h.p., and the average 
price of current for residential purposes in Winnipeg 
is 1}d. per kilowatt-hour. Transmission over the 
77 miles of line from Pointe du Bois to the city is 
effected at 66,000 volts. It is worthy of note that 
the most recent transmission lines, both at Winnipeg 
and Calgary, are of the ““H” type with wooden 
poles connected by a single wooden cross-arm 
at the top, from the centre and overhanging ends 
of which the lines are suspended by insulators. 
This construction is said to be far less liable to 
breakdowns than the use of steel towers. 

The City of Winnipeg Hydro Department, under 
the management of Mr. J. C. Glassco, started last 
year to build a steam stand-by plant near the 
centre of the city. This will contain two 5,000-kw. 
steam turbines and one of 1,000-kw. capacity, 
together with the necessary boilers. This plant is 
specially interesting, as it will also form the nucleus 
of a central steam-heating system for the city. 
When the plant is supplying electrical energy the 
boilers will be fired by pulverised lignite coal, but 
normally steam will be kept up by electric boilers 
using the surplus energy of the hydro-electric 
system. The pipes were being laid in the streets 
while the visitors were in the city, and it is hoped 
to get two sections of the city supplied with steam 
heat before the coming winter. At present the 
citizens depend upon a high-pressure water service 
for protection against fire, the pumping station 
being operated by producer gas engines which are 
kept always in readiness for duty. The inauguration 
of the new plant will enable this pumping station 


to be safely electrified, and, further, the ordinary 
waterworks steam stand-by station can be elimi- 
nated, thus saving a considerable amount in opera- 
ting expenses. Winnipeg has a population of 
283,000, and its total consumption of electricity 
is something like 250,000,000 kw.-hours per annum. 
The rivalry between the municipality and the 
private company who share the supply between 
them, is, no doubt, partly responsible for this 
excellent showing, and the figures may be taken to 


heart by anyone who thinks that any British town 


is anywhere within sight of its electrical saturation- 
point. 

At Saskatoon, the next important city to be 
visited, the reception of the visitors took place at 
the University, and the proceedings included the 
formal opening of the fine new chemical building. 
Those interested in concrete work examined the 
handsome concrete bridge, several hundred feet 
long across the South Saskatchewan River, and 
noted the effects of expansion and contraction under 
the extreme temperature conditions, ranging between 
limits of 100 deg. F. and — 40 deg. F. or thereabouts. 
Another very fine concrete structure was the 
Dominion grain elevator, with a capacity for 
3,500,000 bushels of wheat. Saskatoon, like Edmon- 
ton, Regina, Lethbridge, Moosejaw, and some 
other Western cities, has to depend upon coal for 
power purposes, the coal being a lignite of variable 
quality, according to the district in which it is 
mined. In all the cities mentioned the generation 
of electricity and the supply of water are municipal 
undertakings, and the plants are generally operated 
in a highly efficient manner. Mention should be 
made especially of the Regina plant, where the 
engineer and manager, Mr. E. W. Bull, is generating 
power from a lignite containing an average of 
35 per cent. of moisture. This fuel is not dried in 
any way before it is fired. It is burned under 
Babcock and Wilcox land-type boilers on retort- 
type stokers without arches, and the results obtained 
are extremely good. Most of the steam stations 
mentioned are, at least, as well equipped with boiler 
and engine-room measuring instruments as any 
corresponding station in this country—coal-weighing 
apparatus between bunkers and stokers, feed-water 
meters, steam-flow meters, CO, recorders, and 
other instruments for checking the efficiency of 
operation being general. The way in which the 
operating results of each shift are recorded and 
analysed, especially at Saskatoon and Regina, would 
be an example to many a British station. Further- 
more, the way in which the commercial development 
of these undertakings has been fostered, so that 
the average consumption of electricity is from 
400 kw.-hours to 500 kw.-hours per head of popula- 
tion per annum, should also be noted by our own 
authorities. 

(To be continued.) 


INDIA AND BURMA AT THE BRITISH 
EMPIRE EXHIBITION. 


Inp1a, including Burma, is a sub-continent as 
large as all Europe outside Russia. Its 319,000,000 


}inhabitants form three-fourths of the inhabitants 


of the British Empire, or a fifth of the whole popu- 
lation of the world. Nearly a fourth of the popu- 
lation of India, occupying more than a third of 
the country, is divided among a great number of 
native States, which vary in area from the size of 
Italy to a few square miles. Indians are likewise 
of many diverse races, with as many languages 
and an indefinite number of dialects, and in a way 
are divided again into a vast number of castes. The 
climate of the country, though generally hot, has 
many grades of temperature; a scientific man 
travelling one winter in Canada attained a reputa- 
tion for unexampled mendacity by saying that he 
had found much colder weather in India during 
the previous summer than in Canada on his way 
up the Karakorum mountains. Practically all 
the country has, however, its monsoon rains from 
June to October, and as a vast part of the soil is 
naturally fertile, nine-tenths of the people dwell 
in the country and get their living off it. Huge 
tracts are dependent on irrigation for the necessary 
moisture, and some of the greatest irrigation works 
in the world have been executed or are in con- 


templation for turning desert into crop-bearing 
land. There are also great forests with varieties of 
hard and decorative woods not yet fully appre- 
ciated in the markets of the world, and mineral 
deposits in active work, though not wholly deve- 
loped. A great and expanding railway system 
runs from one end of the continent to the other, 
and profitably carries an immense traffic at what 
are probably the cheapest fares in the world. 

These vast and complex groups of diverse condi- 
tions and activities form the great original that the 
India Pavilion has to represent in miniature. To 
collect the huge variety of material that was 
necessary for any sort of adequate representation 
would in any circumstances have been a great 
undertaking, and the conditions in which the collec- 
tion had to be made increased the difficulty. Before 
India could be properly associated with the Exhibi- 
tion not only the Central Government and the 
Legislative Assembly of India had to sanction and 
provide a large part of the means for participation, 
but under the Reformed Constitution each of the 
executive authorities and legislative assemblies in 
the chief provinces had independently to arrive 
at a similar decision, and so had each of the Native 
States. These decisions, each involving substan- 
tial expense to those who took them, had moreover 
to be taken at a time of acute financial stringency, 
and, when the several high authorities had agreed, a 
large part of what had to be exhibited had to be 
sought from bodies and individual firms through 
the length and breadth of Indian industry. 

When all these circumstances are remembered 
the dominant impression left by a visit to the India 
Pavilion is one of amazement at the extent to which 
those entrusted with the active execution of the 
undertaking have succeeded in their difficult task. 
Circumstances have unfortunately prevented the 
great State of Hyderabad from being represented. 
Its absence is notable and is deplored; but it 
throws perhaps into the greater relief the astonish- 
ing fact that the Central and each of the Provincial 
Governments, with the single exception of Hyder- 
abad, and every principal State and a number of 
others are represented in some form or other in the 
Pavilion. It will be remembered that it was on 
the suggestion of the late High Commissioner for 
India, Sir William Meyer, that the Exhibition was 
postponed till this year; and the Pavilion gives 
the best evidence that this prudent delay has been 
turned to good account by the Exhibition Commis- 
sioner for India, Diwan Bahadur T. Vijaraghava- 
charya and his staff. 

An account has already appeared in our issue of 
April 25, page 527, of the structural and decora- 
tive scheme of the India Pavilion, with a view 
showing its beautiful and impressive effect. Several 
of the smaller states are exhibiting in the Madras, 
United Provinces, and Punjab Courts, and in 
addition to the objects of retrospective art dis- 
played in the Central Hall, a separate Indian 
Gallery for modern fine art is reserved in the Palace 
of Art. The Meteorological Department has an 
exhibit in the Education Court, and the Bombay 
and Calcutta mints show a varied collection of coins 
and medals struck for use in India, Ceylon, the 
Straits Settlements and East Africa. So much of 
what is most important in the various Courts relates 
to great works and objects too large to be exhibited 
that extensive use has been made of models, many 
ef them apt and instructive, and some having a rare 
beauty. The small objects produced by native 
handicrafts are shown, for the most part, on the 
stalls of individual exhibitors, and provide probably 
the most extensive collection of the traditional 
Indian domestic arts that has ever been seen in this 
country. ‘They extend from one end of the Pavilion 
to the other, and in themselves and their sur- 
rounding impress the visitor constantly with an 
Oriental atmosphere that adds to the interest of his 
inspection. ‘ 

Behind the Central Hall is the exhibit of timber 
and forestry, with which may be taken the exhibit 
of the Burma Forest Department in the Burma 
Pavilion and a boathouse outside the Indian 
Pavilion and facing the Palace of Engineering. 
These exhibits and the many examples of joinery and 
flooring in Indian woods to be found in the two 
pavilions and elsewhere in the exhibition are 
practically all of hard woods, for, although there is 
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EXAMPLES OF INDIAN TIMBER 
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reason for considering that Indian forests contain 
abundance of material for paper-making, such as is 
furnished by soft woods, the matter involves 
technical aspects, which at present are under 
investigation. 

Meanwhile the remarkable forest services of 
India and Burma have succeeded in the last sixty 
years, not only in stopping the reckless waste of 
timber that used to go on in their forests, as, at 
much later dates, it has been found to go on in those 
of the Dominions, but has succeeded in making good 
what damage had been done to such an extent that, 
in spite of their large annual production of timber, 
the forests are now estimated to be worth much 


more than they were at the beginning of that period. | 


While it is believed that the entire timber resources 
of the Indian Empire are now protected adequately 
against the possibility of future destruction, un- 
limited supplies are said to be available of all the 
commercially valuable timbers that are shown in the 
pavilion. This statement seems likely enough to 
be borne out by experience, for, as a fact, about a 
fourth of the entire area of British India is forest 
land, mostly of the many varieties of hard or semi- 
hard woods now exhibited, and adequate arrange- 
ments seem to have been made not only for renewing 
treés that have been felled, but also for gradually 
removing trees that are without commercial value, 
and so encouraging the fuller development of those 
that produce better timber. 

The large variety of timbers shown includes 
examples of what are valuable for constructional 
or decorative purposes or for both. A pedestal 
with 28 hinged panels of different Indian and 
Burmese timbers shows some of the most important, 
some of them repeated in the panels on the base, 
and the whole standing on a platform of the 
extremely durable Burmese pyinkado wood. A 
still more varied collection of planks and boards 
is shown in a timber and sample room, and in a 
two-story building a series of suites designed in 
different styles show the use of a number of the 
timbers in structures, panelling, andfurniture. The 
pillars supporting the upper story are each complete 
young teak trees sawn out from the solid; an 
unusual construction, used also in other parts of 
the India and Burma pavilions. It is impossible 
in a reasonable space even to enumerate the various 
ways in which these timbers are applied, but they are 
certainly well worth inspecting, for it may be long 
before as fine a collection of timber and workman- 
ship is seen again. Fig. 1 on this page shows a 
church screen of Indian koko-wood designed and 
made in England, and Fig. 2 a captain’s state- 
room, made of teak with interior panels of figured 
wood. 


AT 


The whole of the timber used in the exhibits 
has been artificially (kilu) seasoned in planks cut 
from the green log, taking for l-in. boards from 
four to five weeks, and for 3-in. boards from eight 
to ten weeks; the seasoning is found to be quite 
satisfactory, and complex structures built up of 
twenty or thirty pieces cut from such boards and 
glued together have remained unaltered through the 
considerable variations of temperature and moisture 
to which they have been exposed in the pavilions. 
A still more drastic practical experience has oc- 
curred in the Central hall, which is paved with 
l-in. (£ in. finished) Indian Gurjun wood-block 
flooring laid on concrete. Through unsoundness 
in the roof this pavement was exposed to rain 
both before and after the hot spell, but it remains 
quite flat and little worn, in spite of a considerable 
traffic. This timber is said to be cheaper than 
oak and to wear better. 

The boat pavilion contains as its principal exhibit 
the 38-ft. motor-launch Burma Bee, designed and 
built by Messrs. J. I. Thornycroft and Co., Limited, 
entirely out of Indian and Burmese timbers, which 
the builders regard as the strongest and the most 
durable and attractive woods in the world. The boat 
is shown in Fig. 3 on the opposite page. The hull 
is constructed entirely of Burma teak, each plank 
in the top sides being in one length from end to end. 
The coamings, hatchways, and deck-house are of 
Andaman padauk, the interior wood of the aft cabin 
being laurel and of the fore cabin silver-grey wood. 
A motor canoe and a skiff by Messrs. Salter Bros., 
all (including the sculls of the skiff) made of Indian 
woods, show their suitability for this special class 
of work; and a section of a composite Great 
Eastern coach built in Indian gurjun-wood with 
decorative work in beautifully figured Indian silver- 
grey wood and Andaman padauk, represents stock 
that has been running satisfactorily since 1920. 
A motor-car body in Indian white chuglam and 
teak, with internal finishings in highly figured 
laurel-wood, is shown by the side of the boat. The 
white chuglam is imported in planks with square 
edges, and it is said that 75 per cent. of these are 
fit for their intended use, where in ash only 25 
per cent. could be used. 

In the Palace of Engineering the Birmingham 
Railway Carriage and Wagon Company, Limited, 
show two Pullman cars built entirely of Indian 
gurjun-wood with interior decoration in Andaman 
padauk, with figured veneer panels inlaid with 
Andaman and Burma padauk curls respectively, and 
on the stand of the General Electric Company the 
Express Lift Company shows a cage fitted through- 
out in Andaman padauk with finely figured panels. 
These are excellent examples of the decorative 
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qualities of this timber ; and on Messrs. Dorman, 
Long and Co.’s stand is a fine ship’s decking produced 
from round Burma teak logs. Other notable 
applications of Indian timbers are the main and a 
number of other doors of H.M. Government 
Building, made in laurel-wood and presented by 
the Indian Forestry Department. 

The exhibits in the Pavilion show the most 
various applications of the timbers for all sorts of pur- 
poses, and one exhibit in the south-eastern grounds 
of the Burma Pavilion, should not be missed. It 
stands under a large teak log cut into planks, above 
which are specimens of bamboos and planks of 
various woods, and it consists of a piece of wharf- 
age front, with piles, camp-sheeting and capping, 
made of pyinkado or Burma ironwood. This 
timber is here shown publicly for the first time 
in this country, and is said to be among the 
strongest and most durable timbers that is grown. 
A platform of it is also shown near the section of 
the Great Eastern coach in the boat-house. It 
is immune from white ant, and in Burma is used 
for sleepers when cut from wet green logs, without 
any seasoning, with better results than other 
timbers. It would be interesting to know how it 
resists teredo. While it can be sawn and _ tooled 
when fresh, it is difficult to work when old. Its 
local reputation is certainly very high, and con- | 
siderable quantities of it are shipped to Bombay | 
and Calcutta. 

The railways of India are represented in three 
courts by a considerable number of models of 
rolling-stock and some of bridges and other works, 
which for the most part present no features of | 
novelty. The most interesting is the model of 
Hardwar Station on a single-line branch of the. 
Oude and Rohilkhand, where from time to time | 
arrangements have to be made to deal with a 
pilgrim traffic that may run into several hundreds | 
of thousands of passengers, mostly illiterate. The | 
model shows the arrangements by which this 
abnormal strain is met, and the pilgrims shepherded | 
into the right trains after they have duly bathed | 
in the sacred pool and worshipped at the shrines. | 
In effect they consist in issuing tickets for the’ 
several routes from offices marked with flags of 
distinctive colours, collecting the passengers into 
similarly flagged enclosures, and interposing between 
these enclosures and the special trains what may 
be described as measuring enclosures, holding just, 
a trainful, through which the trains are loaded 
without overcrowding or confusion. | 

Nothing perhaps is more remarkable in Indian 
administration than the elaboration and efficiency, 
of their great co-ordinating services. No parallel, 
for instance, is probably to be found on a comparable 
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scale to the manner in which, as described above, 
the forestry service has safeguarded and developed 
this great asset in their charge. In a neighbouring 
court to that devoted to forestry is the exhibit of 
the Geological Survey. Of the minerals repre- 
sented the most important are probably the iron 
ores, of which huge deposits, likely to be among 
the largest and richest in the world, have been 
opened up at from 150 miles to 200 miles from 
Calcutta. The scale on which they are being 
worked at present is nothing like proportionate to 
their extent, but examples of pig iron and castings 
for railway and other purposes by the Bengal Iron 
Company are shown, and the Tata and Indian Iron 
and Steel Companies are likewise operating. 
Specimens are also shown of various grades of char- 
coal iron, made at the Mysore States’ Iron Works, 
and examples of rough and finished iron from the 
Central Proyinces. Several exhibits show finished 


iron and steel made by native workers with the | 


crudest traditional appliances. From various work- 
ing mines are specimens of chromium, copper, gold, 
silver and zinc-lead, manganese (with several new 
varieties of ore), tin, titanium and tungsten ores, and 
of ilmenite and zircon sands from the Travancore 
beaches, with a number of examples from various 
districts in India and Burma of metals smelted by 
natives in ancient ways. Importance is attached 
to various bauxite deposits, of which specimens are 


million total population are receiving education of 
some sort. Of these, over 7,000,000 are in primary 
schools, and over 1,000,000 in not very advanced 
secondary schools; and of this total over three- 
fourths are in the lower primary stage, and it is 
estimated that less than half those who are at/school 
will ever be able to read and answer a letter. Only 
about 67,000 are attending colleges. 

That co-operation should be associated in this 
exhibit with education is, however, a very practical 
reminder of the important elements of education 
that extend into adult life and are not literate. The 
large majority of the population of India subsists 
on agriculture. Most of them have to live from 
hand to mouth, and until recently have had to 
finance themselves by the help of local money- 
lenders at very exorbitant rates. In 1904 an Act 
was passed by the Legislative Council of India, pro- 
viding for the registration and supervision of such 
agricultural co-operative societies as might be set 
up with the object of obtaining credit co-operatively 
or for similar purposes, and an Amending Act in 
1912 extended the scope of such societies to all co- 
operative purposes. Under the Act, the several 
Provincial Governments were charged with the 
appointment of registrars, and an essential part of 
the business of these officers was to bring the 
advantages of forming co-operative societies to the 
notice of those whom such associations might 
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shown, which seem both in quality and quantity to 
compare very favourably with others that are 


worked successfully on a large scale in other parts | 


of the world. The available figures of minerals are 
for British India, including Burma, and the metallic 
ores reckoned both as metal and ore show a sub- 
stantial production of gold, lead, manganese, silver 
and iron in the order named, and a much smaller 
production of tin, zinc, chromium, tungsten and 
copper. The commercial value of the monazite 
sand (from which thoria, ceria, &c., are extracted) 
is not great in the aggregate, though both in quantity 
and quality the deposit is the largest and best in 
the world. Of non-metallic minerals, coal is by far 
the most important, and specimens are shown from 
fields in various parts of India, including the large 
fields in the same district as the great iron deposits 
to which reference is made above. Among other 
minerals of importance many specimens are shown 
of mica, Burma oil shales, marbles, steatite, &c., 
together with oils and various gems and rare 
minerals, including pitchblende. 

A joint exhibit dealing with co-operation and 
education is found in the stall opposite the Geolo- 
gical Survey. The subject matter does not lend 
itself to ocular demonstration, and the stall is 
small. Its contents, however, are of the utmost 
importance to an intelligent understanding of the 
meaning of the Exhibition. Upwards of 12,000,000/. 
are being spent yearly on education. For the time 
being the proportion of persons, taken all over 
India, who can read a simple letter and answer it, 
is under one in twelve. It varies very widely in 
different parts. In Burma, for example, where 
children usually attend the monasteries and receive 
their very elementary education, the overall figure 
is about one in three ; in Travancore, it is better 
than one in four, and in Cochin than one in five. 
At the present time some 8} million of the 319 
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benefit, and generally to give the movement official 
encouragement. By 1906-7, 740 such societies had 
been formed, with a total membership stated to be 
890, and a capital of 250,000/. In 1922 this total 
had grown to over 56,000 societies, with a member- 
ship of over 2,000,000 and a total capital of about 
24,000,000/. The co-operative movement is said 
to be entirely non-political, and appears to have the 
singular distinction of being approved by every 
party in Indian politics. The extreme parties 
welcome in it an idealism akin to that which they 
cherish themselves, while men of moderate views 
approve it no less warmly because, in practice, the 
societies have been found to make agriculturists 
better contented, and to assist the orderly progress 
of their industry. The movement extends all over 
India, and the Registrars—independently and, no 
doubt, unconsciously, adopting the practice of 
our own Research Department—have sought to 
create non-official bodies to assist them in their 
propagandist work, and generally to obtain the 
help of non-officials. The registrar acts also as 
a consultant on technical matters to all co- 
operative societies that seek his advice. The 
progress of the movement is the more remarkable 
because the enormous majority of the members 
of the societies cannot read and answer a letter, 
and it is estimated that probably not one-fifth of 
them can even write their own names. When 
account is taken of the extraordinary rate at which 
these societies have grown, their present collective 
strength and the relatively small proportion of the 
population that they include even now, they seem 
to be a possible factor of economic progress, of 
which it would be difficult to exaggerate the import- 
ance, particularly if their numbers continue to 
grow at anything like the rate shown in the last 
17 years. Commercially, they seem to be among 
the most likely avenues of communication between 


Indian agriculturists and those who make appli- 
ances that would be of benefit to them. Though 
the movement is mainly agricultural, it is not con- 
fined to that industry. An interesting illustration 
of the circumstance mentioned above that the 
services of senior officers have been placed at the 
disposal of the Exhibition authorities is seen in the 
fact that the Registrar of Co-operative Societies for 
Bengal, Rai Bahadur J. M. Mitra, is in charge of the 
Bengal Pavilion, and we are indebted to him for 
much of the information in regard to these societies 
that has been given above. 


(T'o be continued.) 


NOTES ON NEW BOOKS. 


It is only natural that there should be an ever- 
increasing flow of literature dealing with internal- 
combustion machinery, and in reviewing textbooks 
concerned with this type of prime mover, we have 
strongly advocated for some time past that, since the 
scope is So wide and is rapidly broadening, authors would 
be well advised to limit the range of the individual 
volume so as to attempt less, treating more thoroughly 
with the particular rather than dealing somewhat 
sketchily with the general. In “ British Oil Engines,” 
by Mr. W. A. Tookey, M.I.Mech.E. (Percival Marshall 
and Co., London, E.C., 2s. 6d. net), the aim has 
been concisely and clearly to give a good insight 
into the problems associated with the choice, instal- 
lation and management of modern heavy oil and 
paraffin engines. Mr. Tookey’s remarks apply princi- 
pally to land plants. First principles of thermo- 
dynamics, theory of machines, and design of prime 
movers very rightly are not directly dealt with. The 
point of view of the buyer and user is ever kept in 
the foreground, and controls the descriptions given, 
which, it is unnecessary to state, in view of the pro- 
minence of the author in this field, are commendably 
accurate, as also is the reproduction, considering that 
this is a first edition. It is surprising in such a modest 
work, comprising some 176 pages in all, with 24 well- 
chosen and capitally-reproduced illustrations, to find 
such a wealth of useful information, due to the author’s 
concentration on the user’s point of view. Designers 
and producers will find therein more useful information 
to guide them than in many comprehensive works 
purporting to deal almost exclusively with design. 
Almost all types of oil engines at present in service are 
dealt with and are taken in order of date of production. 
This serves as a good guide to the progress made during 
the last twenty years. Tables of test results of a large 
number of engines during this period serve as an index 
to the development, and indicate the results to be 
expected from the best types to-day. The book is 
carefully written, is accurate and is excellent value for 
the very moderate price charged. 


Instruction in engine design makes high claims upon 
competency and upon the judgment of the teacher. 
The engine is an entity, almost an organism. It may 
work with different kinds of limbs, but the limbs 
must be adapted to the organism, though their 
correlation may imply combination of apparently 
incompatible conditions. The specialist may give 
valuable advice as to parts. The professor has to 
bear the general object and principles in his mind, 
and must not be tempted into premature specialising, 
not even by his students, The student may grow 
tired when he begins to understand that engine design 
cannot be worked out like mathematical problems 
by the aid of formule such as he finds in engineer’s 
pocket-books, together with the requisite tables of 
dimensions and constants. But he must not shirk 
systematic study in the workshop, the lecture hall and 
at home. Professor R. Grassmann, of the Technical 
High School, of Karlsruhe, recognises that his 
Anleitung zur Berechnung einer Dampf maschine 
(Berlin: Julius Springer; price 6-70 dols.) should 
not in general stand entirely by itself as a text-book 
of engine calculation and design. Like the previous 
editions—the volume is the fourth, partly re-written 
and much enlarged edition—the book is offered to 
the student in addition to lectures. The statement 
does not deprive the book of its value for engineers 
who do not-attend Professor Grassmann’s lectures. 
In the first chapters Professor Grassman puts down 
a definite problem: design a horizontal single-cylinder 
condensing engine to develop 110 h.p. at 130 r.p.m. 
working with superheated steam of 320 deg. C. He 
shows how a problem of this kind should be approached, 
and discusses the working parts, pointing out in what 
respects the compound engine would require special 
treatment ; he then proceeds to deal more exhaustively 
with the valve-gear problems. These deductions 
occupy 246 pages out of a total of 643 pages. The 
other two-thirds of the space are taken up by appen- 
dices $n admissible stresses, pressures on bearings, 
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accelerations in crank drives, predetermination of 
steam consumption, indicator diagrams, dynamical 
problems and other detail intended for the advanced 
engineer. The whole book is, of course, not written 
for beginners, and might a little dishearten the reader 
if it were not for the excellent material. The 471 
text figures, paper, type and the general get-up are of 
the superior type of Messrs. Springer’s publications. 


For those who wish to follow the progress of service 
and civil aviation in all parts of the world, convenient 
and effective means are provided by the issue each year 
of “* Jane’s All the World’s Aircraft,” the 1924 edition 
of which has just made its appearance. The book, 
which was founded fourteen years ago by Mr. Fred T. 
Jane and is now compiled and edited by Mr. C. G. 
Grey, is divided into four parts. The first part gives 
fully illustrated historical notes on the year’s work of 
each nation in military, naval and civil aviation, together 
with the names and addresses of aeronautical officials, 
departments, associations, &c., while the remaining 
parts deal, respectively, with aeroplanes (including 
helicopters and gliders), aero engines, and airships. 
The section on aeroplanes naturally occupies the greater 
part of the volume and is probably the most useful for 
reference purposes, since it gives a brief specification of 
practically every machine in use, with reproductions of 
photographs and outline diagrams in most cases. En- 
gines are similarly dealt with in the third section, except 
that the outline diagrams are less numerous ; in many 
cases, however, the engines are shown in a dismantled 
state in order to illustrate their construction. Only 
4 or 5 pages are devoted to the airship section, but these 
include some interesting line drawings of the German 
airship L.Z.126, as well as some illustrations of the 
United States airship Shenandoah. The book, which 
is well printed and strongly bound in blue-cloth covered 
boards, is published by Messrs. Sampson Low, Marston 
and Co., Limited, 100, Southwark-street, S.E. 1, price 
2 guineas. 

The work of the pioneer as he blazes new routes 
on untrayvelled paths, and wrestles successfully with 
natural difficulties, is not without attractions for 
those who cannot share in the adventures and hardships 
he gallantly accepts. From a humble distance, we 
admire the boldness that conceives the plan, the 
disregard of danger in its execution, and the fortitude 
that finally wins achievement. In this spirit we offer 
our congratulations to M. M. Georges M. Haardt and 
Louis Andouin-Dechreuil, who, by their simple tale 
‘* Across the Sahara by Motor-Car ”’ (translated by 
E. E. Fournier d’Albe, T. Fisher Unwin, London, price 
12s. 6d. net) enable us to follow them in their three 
weeks’ journey from Touggourt to Timbuctoo, in their 
attempt to utilise this means of transport for opening 
up the vast horizons of the desert to useful purposes. 
The scheme had its origin in the enterprise of M. 
Citroén, who had been impressed by the slowness and 
inefficiency of the old-world camel caravan during the 
war. With the fleetest kind of camel, eight or ten 
weeks are required to traverse the distance, but the 
pack camel whose load may not exceed 3 cwt., and 
whose daily rate of progress is 20 miles, requires six 
or seven months. M. Citroén works and trained staff 
enabled him to try the experiment of constructing a 
““ caterpillar ’’ car, a modified form of tank, that would 
travel over broken ground or yielding sand, where 
fixed roads did not exist. His car for the Sahara 
voyage has been illustrated and described in 
ENGINEERING. By the aid of a fleet of five cars the 
small party, carrying their own necessaries and fuel 
accomplished their task. The return journey was 
made from Bourem on the Niger, after the party had 
made an excursion up that river in search of crocodile 
andhippopotami. Onthereturn 23 days were occupied, 
but delays were occasioned by festivities and con- 
gratulations. This more leisurely progress over a road 
already traversed permits the authors to relate tales 
of folk-lore, and to depict the manner of life of the 
natives. The authors claim, and with justice, that for 
the first time mechanism has not only conquered the 
distance, but all the obstacles accumulated in a most 
desolate and nightmare country, where superfluity 
and deficiency unhappily alternate. In the true spirit 
of adventure they make light of the sufferings 
occasioned by the heat of day and the frosts at night, 
the dust and the sand mingling in their food, the 
dangerous declivities that the cars successfully negoti- 
ated, and the fear of attack from hostile natives. 
These are all forgotten in the fact that the Caterpillar 
has subdued the desert. It will not be thought any 
disparagement of a brave and intrepid enterprise to 
suggest, that as the car has supplanted the camel so the 
aeroplane may be destined to displace the automobile. 


In days past practically every draughtsman had 
passed through the shops and had a first-hand acquaint- 
anceship with workshop methods. He had also 
gathered by actually working on them much valuable 
knowledge as to the properties of various materials 


of construction, and repair jobs had taught him where 
trouble might be looked for in the operation of machines. 
To-day a much smaller proportion of draughtsmen 
have had this comprehensive experience. Many enter 
the drawing office directly from the technical school, 
or after, say, but six months’ shop experience, often 
passed wholly at the marking-off table. The schools, 
therefore, must attempt to convey to their students 
in some other way, at least part of the knowledge 
which the old-time draughtsman had more or less 
unconsciously assimilated, and thus there is a tendency 
to elaborate the courses on machine design. The 
natural result has been the issue of new works on the 
subject. Amongst these we notice that Messrs. 
John Wiley and Sons and Messrs. Chapman and 
Hall, Limited, are publishing at 20s. net a second 
edition of the Elements of Machine Design, of 
which the first edition appeared in 1909. This text 
book has been compiled by Mr. D. S. Kimball, 
Dean of the College of Engineering, Cornell, in con- 
junction with Mr. J. H. Barr, who was formerly 
Professor of Machine Design at the Sibley College, 
Cornell. The earlier portion of the text is devoted to 
a discussion of fundamental principles of design; of 
straining actions and factors of safety. This is 
followed by a more detailed discussion of the ques- 
tions that arise in proportioning machine elements. 
There is a long chapter on lubrication, giving a good 
summary of the results of experimental work. Little, 
however, is said as to the theory, and in the references 
appended at the end of the chapter no mention is made 
of Osborne Reynold’s classical paper. The text 
dealing with machine details, contains many valuable 
observations clearly expressed, and the growing import- 
ance of high-speed machinery is met by a chapter 
discussing the balancing machine parts. 

A second treatise dealing with the kindred subject 
has just been issued by the same publishers. This 
is entitled Machine Design Drawing-room Problems, 
and its price is 15s. net. The author is Professor D. C. 
Albert, who occupies the chair of machine design at 
Cornell University. Much of the book consists of 
tabular matter which includes not only tables relating 
to the resistance of beams, plates, &c., and of the 
strength of materials but much useful data as to 
ordinary proportions of oil grooves, cap screws, washers, 
split pis and the like, which the young student 
generally finds particularly difficult to discover. The 
chapter on factors of safety contains a very valuable 
summary of a great deal of experimental work and will 
undoubtedly prove useful to many who have long passed 
the student stage. The remainder of the volume is for 
the most part devoted to the design of certain machines. 
One of these is a pump and each element is discussed in 
detail. A shearing machine and a drilling machine 
are similarly dealt with. The work will undoubtedly 
prove extremely useful for those for which it is intended. 
The text is clearly written and the observations in 
general very sound, though as machine design is an 
art rather than a science there must always be certain 
minor points on which no two engineers will ever be 
in complete agreement. 


PIETTE COKE OVENS. 


By-propvct coke ovens practically began to find favour 
in this country only in this century, although some 
isolated plants of Continental types were erected in 
England in the ’nineties. Within the period 1898 to 1916 
the weight of coal treated in by-product coke ovens 
increased from 1,250,000 tons to 14,600,000 tons. Yet 
the number of beehive ovens, 16,037 in 1910, was 6,842 
in 1916, and’thus still almost equal to that of the by- 
products ovens, viz., 8,700. Apart from America and 
the Continent, improvements in by-product coke ovens 
have been tried rather than adopted since the war. 
But the gas and coke industry has to study the iron and 
steel makers, who over here seem to retain a preference 
for beehive-oven coke, so it has good reasons for main- 
taining a conservative policy. Low-temperature carboni- 
sation remains in the experimental stage and is hardly 
yet considered economical anywhere. Many attempts 
have been made to obtain higher efficiency of the coke- 
oven plant, and more uniform products by altering the 
dimensions of the ovens, narrowing their width, and by 
shortening the coking time. There has been much 
research on the combustibility of coke; fundamental 
research on the constitution of coal has also received 
a new stimulus, and the conviction is gaining ground 
that the primary fuel problem is to find out what coal 
really is, lest we defeat by our treatment the main 
object, utilisation of its constituents to the fullest 
extent. 

There is little inducement at present for the coke 
industry to abandon approved types of ovens, but pro- 
gressis, of course, being made, both in design and methods 
of working and in materials. The use of silica bricks, 
in preference to silica-clay bricks, almost the stan- 
dard practice in America, is still tentative in this country. 
But the large silica ovens recently built at the Shelton 


Tron Works and at Consett are now in operation. Exhibits 
illustrating both these plants are conspicuous at the 
British Empire Exhibition. We describe below the new 
coke ovens of the Semet-Solvay and Piette Coke Oven 
Company, Ltd., of Sheffield, with special reference to 
their battery of 24 coke ovens at the Shelton Iron, Steel 
and Coal Company, of Stoke-on-Trent. Each of these 
ovens can produce 60 tons of coke per week. The choice 
of silica as material was important for the Shelton plant 
because the Staffordshire coal, rich in volatile matters, 
cannot by washing be freed of its salt (sodium chloride) 
which attacks fire bricks. The point was to make 
the construction sufficiently robust to reduce the liability 
to repairs and loss of potential output, while securing 
an even, easily controlled temperature and minimisin, 
the quantity of gaS necessary for coking the material 
thus rendering more available for other purposes. 

Our illustrations show in Figs. 1 to 4, opposite, 
sections through an oven and a middle wall, while the 
diagram given in Fig. 5 on page 512 explains the 
understructure of a battery. Fig. 6 is a plan of a, 
battery of 66 ovens, while Fig. 7 and the illustrations 
given in Figs. 8 to 12 on Plates LII and LIII refer to 
the Shelton plant. Fig. 7 shows the machine used for 
feeding the coke on to the Robins conveyor, while 
Figs. 8 and 9 are general views of the coke ovens, the 
coke hearth is shown in the former, and the Robins 
conveyor and screen in the latter. Figs. 10 and 11 
illustrate the new Shelton coke ramming machine, and 
Fig. 12 shows the oven face on the ram or pusher side. 

The type of oven, illustrated in Figs. 1 to 4, 
is the Piette reversing regenerative oven, type C, 
of the Semet-Solvay Piette Company. This oven 
is of the vertical-flue class, and is provided with 
reversing arrangements and transverse regenerators 
placed in longitudinal flues. As Fig. 5 indicates, 
the understructure of a battery of these Piette 
ovens consists of five heavy longitudinal walls form- 
ing four regenerator chambers, which give a sub- 
stantial grid support for the overlying oven walls 
and arches. The two outer longitudinal chambers 
form the primary regenerators P; they open into the 
sole flues of the ovens above and communicate through 
calibrated passages with the two inner chambers or 
secondary regenerators 8S. Though arranged in longi- 
tudinal chambers, the regenerators are actually trans- 
verse. The products of combustion cross through the 
chequer work in a direction parallel to the oven and 
travel longitudinally only after arriving in the spaces 
or distributing chambers a of Fig. 3. These are free 
of filling and are situated on top of the secondary 
chamber which communicates with the chimney 
through: the reversing valve V of Fig. 5. This 
valve is operated by gearing at regular intervals of 
half-an-hour; the valve connects the one or other 
secondary chamber with the chimney, alternately 
opening at the same time the air inlet to the other 
chamber. The heating flues are arranged to lead in 
groups of about four (3 to 5) from the distributing cham- 
bers a a, each chamber being fed by an independent gas 
pipe and regulating cock. The air feed is regulated by 
dampers placed at each end on the inlets to the sole 
flues, as well as by proportioning the inlets to each flue 
or burner, and by appropriate contraction of the areas 
on top of the flues. Most of these passages and inlets 
appear of equal dimensions when one glances at the 
diagrams ; they, in fact, vary in dimensions, and are 
proportioned in accordance with formule checked — 
by practice. 

The fan T (Fig. 5) draws the air first through the 
passages / in the foundations (Fig. 1), and then through 
the flues g above the secondary generators. In g the 
air takes up the radiated heat of the sole flues, in 4 
it recovers the heat radiated in the foundations. The 
air entering the regenerators is thus preheated to 
100 deg. C. or more. From the secondary regenerators 
the air flows through the passages 7, which are again 
not all of equal cross sections, but of pre-determined 
areas, into the primary generators, to rise at once 
to the sole flues and to be distributed to the burners. 
The whole operation is watched through sight-holes 
of which there is one over each vertical flue on top of 
the bench ; other sight-holes are provided in each half 
sole flue, in the collecting horizontal flues, and at each 
of the regenerating chambers. 

One of the advantages, claimed for the provision of 
the primary and secondary chambers with transverse 
passages, is that the expansion of the regenerator 
linings and arches and of the communicating ports is 
independent of the general sub-structure of the bat- 
teries, increasing its stability, while the draught will 
be uniform for all the ovens. The arrangement com- _ 
bines the superior operation of the transverse type with 
the structural strength of the longitudinal type. On 
entering the primary regenerator, the temperature of 
the air will approximately be that of the combustion 
products, which will leave during the next phase of 
reversal ; the passages 7 will, therefore, be correct as 
to area for both the phases. These passages are, a8 
stated, proportioned so that the draught will be inde- 
pendent of the position of the oven with respect to the 
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chimney, which is nearest the ovens, in the middle 
portion of the battery. 

The principal dimensions of the type of oven, illus- 
trated in Figs. 1 to 4, are as follows: width of oven, 
1 ft. 64 in. to 2 ft. 94 in.; distance between oven 
centres, 4 ft. 34 in.; taper of oven, 24 in.; height 
of oven, 13 ft. 10 in.; length between the doors, 39 ft. 
5 in.; length between the backstays of iron on the 
face of the oven, 42 ft. 0 in. The capacity of an oven 
is 17-37 tons. It will be seen that the heating (middle) 
walls are very massive. The uniformity of heating 
of this wall is perfected by providing a lesser number 
of burners and heating flues on the discharge side 
than on the ram (pusher) side ; the former half contains 
a larger mass of coal owing to the taper of the chamber, 
but the quantity of gas burnt is the same as on the 
pusher side. The gas is distributed through individual 
pipes with cocks into compartments, each serving, as 
Fig. 3 shows, from 3 to 5 burners, according to the situa- 
tion, as was mentioned already. The preheated air from 
the regenerator is distributed through the sole flue to 
ports, one for each burner, the correct area for the ports 
being predetermined. The proportioned restriction of 
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is not effected in the usual way by means of travelling 
winches, but by the aid of an electric motor and a 
drawbar. The arrangements are nearly, though not 
quite, the same on the discharge side as on the pusher 
side. The doors are made of cast steel. Over the 
centre of each door is a chain sheave carried between 
channels which are supported on the backstays 
(Figs. 2 and 12); alternating backstays are prolonged 
upward for this purpose. A drawbar riding upon the 
sheaves is actuated by an electric motor. The draw- 
bar runs the full length of the battery along the top ; 
it has a length of 91 ft., and its travel is 114 ft.— 
that is, about 2 ft. less than the height of the oven. 
By means of tension ropes the motor is controlled 
from any point in the battery. To lift any oven 
door the operator hooks a chain on to the top of the 
door, passes it over the sheaf and pins it to the draw- 
bar; he then pulls the control rope. The 7-h.p. 
motor works through a worm reduction gearing, 
provided with a magnetic brake, and a drum, on 
which two ropes are wound; the one rope is joined 
to the drawbar, the other holds the balance weight 
which descends into a pit. A smaller balance weight 
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the tops of the flues is of importance for gases travelling 
upwards ; the flames should be in actual contact with 
the surfaces. 

Since combustion with the theoretical quantity of 
air might fuse the regenerators in a vertical flue oven, 
even if made of silica, the temperature has to be 
limited by admitting an excess of air. The burnt 
products from the flues in one half of the heating wall 
pass along the top of the horizontal flue and descend 
through the flues in the other half of the wall, thence 
flowing through the regenerators to the chimney. 
These products contain the excess of air just referred to, 
which should not be less than 25 per cent. to 30 per 
cent. That air swells the volume of hot gas lost to 
the stack. But the Piette oven is said to be so operated 
that a sufficient quantity of gas is added through the 
top burners to consume the excess of air contained in the 
burnt products. If there be an excess of 25 per cent. 
in the half-wall working on the up-draught phase, one- 
fifth of the total gas required is introduced into the 
down draught on the other half-wall. Instead of 
burning all the gas at the bottom burners, a sufficient 
quantity is reserved to consume the excess air contained 
in the combustion gases. This retarded combustion 
gives a very high calorific efficiency. In most reversing 
systems a considerable portion of the effective heating 
surface is not utilised to its full extent, because the 
hot gases are cooled in transit to and along the hori- 
zontal flue and are no longer able to give up more heat 
in their descent. The combustion adopted in the 
Piette design utilises the whole surface of the wall 
for heating and allows of increasing the height of the 
oven (to 13 ft. 10 in.), thus reducing the relative coking 
time. 

The operation of the doors, their lifting and lowering 


is connected with the other end of the drawbar. 
drawbar and sheaves will be seen on the top of the 
ovens in Fig. 8. 

The coke is discharged from the oven on to the 
inclined coke hearth on which it is quenched. Below 
the hearth and its screen, which can be seen in Fig. 9 
(which is a progress photograph), the Robins coal 


The 


conveyor is situated. The machine, Fig. 7, which 
feeds the coke on to the Robins coke conveyor has 
been supplied by The Fraser and Chalmers Engineering 
Works, of Erith. The machine straddles the conveyor 
and runs on two rails. The general view, Fig. 9, 
shows one of these rails underneath the screen; the 
other rail had not been laid when the photograph was 
taken. The general arrangement will further be 
understood from the plan of a battery, Fig. 6; the 
rails in question are the coal track running along the 
discharge side of the battery, whilst the ram track, 
presently to be mentioned, runs along the pusher side. 
The feeder machine is equipped with two electric 
motors, both of 5 h.p., running at 550 r.p.m. One 
motor mounted in the middle portion of the machine 
is shunt wound, and is connected by a flexible 
coupling with the rotary feeder; the other motor, for 
travelling, is series-wound. The controllers are assem- 
bled in the cab. By travelling on the track the 
operator reaches the finger gates of the screen along 
the front in succession. The object of this arrangement 
is to prevent quenching water and coke breeze from 
being swept off the coke hearth on to the conveyor. 
The water and breeze pass through the grid fixed at 
the bottom of the inclined coke hearth and fall into a 
trench sloping sharply towards a sump at the end of 
the battery, out of which the breeze is recovered by 
a slow-acting elevator. When the machine is brought 


into position opposite any part of the hearth, the 
operator opens the corresponding finger gate and the 
| coke falls on to the conveyor, as shown in Fig. 7. 

The coal-levelling and coke-ramming machine, 
introduced at the Shelton iron works, which is illus- 
trated in Figs. 10 and 11, is sufficiently novel in its 
design to entitle it to the name the Shelton ram, 
particularly as the design is due to Mr. C. Bruce 
Gardner, the managing director of the Shelton Iron, 
Steel and Coal Company, Limited, and to members of 
his staff, working in collaboration with the makers, 
Messrs. M. B. Wild and Company, of Nechells, Bir- 
mingham. ‘The large dimensions of the oven and the 
heavy bulk of the coal and coke to be handled called 
for an exceptionally massive design. The ram girder, 
14} in. deep by 13 in. wide, is built up of steel channels 
and plates, upon which the double-shrouded steel rack 
is mounted ; the teeth are 3 in. pitch and 10 in. face. 
The ram head is of cast steel. The rack is operated 
through a worm gearing from a 30 h.p. variable speed 
motor, designed for 240 r.p.m. forward motion and 
800 r.p.m. return. The worm gearing was made b 


Messrs. David Brown and Sons, of Huddersfield ; the 


Fig. 7. 
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wheel is a phosphor bronze ring shrunk on a cast-iron 
centre ; the worm is cut solid on a forged steel shaft 
case-hardened and ground. The worm shaft runs in 
phosphor-bronze self-oiling bearings; the whole is 
enclosed in a cast-iron oil-bath casing. The motor 
drives the worm through a flexible coupling. The two 
outside bearings of the extended worm-wheel shaft 
are both 10 in. long, and 6 in. and 7 in. in diameter, 
respectively ; the shaft drives the rack pinion through 
a machine-cut steel spur pinion and wheel. All the 
bearings are assembled and cast integrally in one steel 
frame, to which the worm-wheel case is also bolted. 

The 30 h.p. motor for travelling operates through 
machine-cut spur-reduction gear, enclosed in a cast-iron 
oil-tight box. The machine travels on four steel-tyred 
wheels, 30 in. diameter, running on two heavy rail 
tracks. 

As regards the experience, upon which the construc- 
tion of these new ovens is based, we should mention 
that the twenty installations of Piette coke ovens in 
operation and the nine more under construction 
comprise a total of 1,841 ovens. At Moll, in Belgium, 
where a mixture of Durham coal and Belgium coal is 
treated in the proportion of 60 to 40, giving an average 
material with 26:5 per cent. of volatile matter and 
4-5 per cent. moisture, the coking time is 21 to 22 hours. 
The heating of the ovens requires 42 per cent. of the 
gas produced, leaving 58 per cent. of the gas available ; 
the excess of air in the burnt products is 3 per cent., the 
temperature variations in the sole flues do not exceed 
20 per cent., and the temperature of the burnt products. 
at the chimney is below 275 deg. C. The ovens may 
be heated with producer gas or coke oven gas or a 
mixture of the two gases ; the results stated are said 
to be the same. The by-products are recovered in 
these Piette ovens. 


InstITUTION OF CHEMICAL ENGINEERS.—Volume I of 
the Transactions of the Institution of Chemical Engineers. 
has now been published and contains a record of the 
history of the formation of the Institution, together with 
the papers read during 1923, the first year of the Institu- 
tion’s existence. A very comprehensive contribution 
“Industrial Oxygen,” by Mr. T. Campbell Finlayson is: 
included in the volume, in which he gives an account of 
two years’ research into the problem of the cheap- 
manufacture of oxygen. 
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PIETTE COKE OVENS AND ROBINS CONVEYOR; SHELTON IRONWORKS. 


THE SEMET-SOLVAY AND PIETTE COKE OVEN COMPANY, LIMITED, SHEFFIELD. 


For Description, see Page 510. 
( p ¢ 


saneeg 


Zz 
fede iethe F= 


Fie. 8. Virw oF Ovens AND CoKkE HEARTH. 


Fie. 9. Rosrns Conveyor. 


(To face page 512.) 
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CHARGING MACHINE AND COKE OVENS AT THE SHELTON IRONWORK 


THE SEMET-SOLVAY AND PIETTE COKE OVEN COMPANY, LIMITED, SHEFFIELD. 


Fia. 10. Caarcarne Macutne; Messrs. M. B. Witp anv Co., Limitep, BIRMINGHAM. 


Fie. 11. CHarerna Macutnn, Messrs. M. B. Witp anv Co.. Limirep, BrrMINGHAM. Fig. 12. Oven Face on Ram Sipe 


(To face page 513.) 
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Nigerian Products, Limited, of Liverpool and Nigeria, 
and it is exhibited by the latter firm in the Nigerian 
section of the British Empire Exhibition. The lay- 
out of the plant, as arranged at the Exhibition, is 
illustrated by the plan and elevation reproduced in 
Figs. 1 and 2, respectively, on page 513, while views 
of the more important components are given in Figs. 3 
to 8, on Plates LIV and LY, accompanying this issue. 
The distinctive features claimed for the plant are that, 
in addition to giving a higher percentage of oil extrac- 
tion than is obtained by the processes mentioned above, 
it avoids the use of either depericarping machines or 
hydraulic presses, thus reducing the first cost. Another 
important point, which will be explained more fully 
later, is that provision is made for cracking the nuts 
and separating the kernels in the same plant, which 
thus produces palm oil and palm kernels simultaneously. 
The usual practice, we understand, has been to leave 
the nuts to dry for several weeks before extracting the 
kernels. The plant illustrated is capable of handling 
1 ton of palm fruit per hour, yielding an average of 
4 to 5 ewt. of oil and 3 ewt. of kernels. This is about 
equal to the productive capacity of a cultivated palm- 
fruit estate of 35,000 acres, assuming the plant to work 
for 10 hours a day and for 300 days per annum. The 
plant requires about 60-h.p. to drive it. 

In the process of extracting the palm oil, the fruit 
travels through the plant from left to right of the 
lay-out as illustrated in Figs. 1 and 2, and although 
the arrangement of the plant when put to work in 
Nigeria will be somewhat different, the sequence of 
operations will be the same. The ripe fruit, as gathered, 
is stored in bins and supplied to the plant by conveyors 
as required. It is delivered, as received, into the 
boot of a bucket elevator, which lifts and deposits 
it into a digester. In this the fruit is subjected to 
the action of low-pressure steam for about 20 minutes, 
and at the same time it is stirred by a number of 
revolving paddles. The elevator and digester are 
shown on the extreme left of Figs. 1 and 2, and also 
in the half-tone engraving, Fig. 3 on Plate LIV. The 
steam has the effect of softening the pericarp, which is 
removed from the nuts by the action of the paddles, 
eventually leaving a mass of mixed oil, fibre and nuts, 
with water from the condensed steam. This mixture 
is run out of the digester into a centrifugal separator, 
from which the greater part of the oil runs into an 
open tank located underneath the digester, as can be 
seen in Fig. 4. The nuts and fibre which remain 
in the centrifugal together with most of the moisture, 
are then steamed to release the remainder of the 
oil, the centrifugal, of course, running continuously 
throughout the whole operation. The oil resulting 
from the steaming process may be run into a separate 
tank as it is of a lower grade than that which first 
runs off. Not more than 3 per cent. of the oil in the 
pericarp remains behind after the operation of steaming. 

The basket of the centrifugal is then raised by 
lifting tackle, as shown in Fig. 5, the contents, con- 
sisting of wet nuts and fibre, being dumped into a 
hopper whence they are delivered into the upper end 
of an inclined rotary drier shown in Figs. 1 and 2, 
as well as in all the photographic illustrations on 
Plate LIV. The drier consists of a steel-plate cylinder 
fitted internally with inclined vanes which are designed 
to assist the motion of the material from the upper 
to the lower end as the cylinder rotates. The cylinder 
is 4 ft. in diameter, and would be 30 ft. in length 
in the ordinary way, but the length has been 
reduced to 21 ft. 6 in. in the plant exhibited in order 
to economise space. Drying is effected, in this case, 
by drawing through the cylinder the waste gases 
from a boiler, this being accomplished by means of 
the exhaust fan best shown in Fig. 6. The boiler 
itself is located near the upper end of the drier, and 
is distinguishable in. the last-mentioned illustration ; 
it can be seen on a larger scale on the right of 
Fig. 4, and is clearly indicated on the plan, Fig. 2. 
This. boiler is of the Bonecourt gas-fired type in the 
plant as exhibited at Wembley, but would be fired 
by the dried waste fibre and other refuse material 
under normal working conditions. Various different 
methods of heating the drier can be employed, according 
to the circumstances of each particular installation. 

The material discharged from the drier is delivered 
by a bucket elevator into a rotating screen indicated 
in Figs. 1 and 2, but not clearly shown in the half-tone 
engrayings. A small portion of it is visible in the 
bottom right-hand corner of Fig. 6 on Plate LIV, and 
it is actually enclosed in the steel-plate casing shown 
on the right of Fig. 7 on Plate LY. The screen is 
of hexagonal cross section, 9 ft. in length by 3 ft. in 
diameter across the angles, and it is set at a slight 
inclination downwards towards the outlet end. The 
object of the screen is to separate the dried fibre 
from the nuts, the fibre falling through the screen 
being removed for use as fuel for the boiler under 
normal. working conditions. In the case of large 
installations, this fibre may be treated in a solvent 
extraction plant in order to recover the greatest 
possible amount of oil. The nuts travel through the 
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screen, and, in the plant as erected at Wembley, they 
are delivered by an elevator at the outlet end into an 
autoclave most clearly shown in Fig. 7, a little to 
the right of the centre of the illustration. The auto- 
clave was provided for the purpose of steaming the 
nuts under pressure for about 15 minutes, in order to 
render the shells brittle enough to be cracked imme- 
diately after removal. The usual method of procedure, 
it should be explained, has been to allow the nuts to 
dry in the sun before cracking them, the drying 
process occupying several weeks under those condi- 
tions. Experience has shown, however, that the 
secondary steaming process in the autoclave can be 
dispensed with, the shells being made sufficiently brittle 
by the preliminary treatment in the digester above 
referred to. It is therefore proposed, when the plant 
is put to work in Nigeria, to use the autoclave to 
increase the capacity of the digester. This, it may be 
mentioned, can easily be arranged for, since the auto- 
clave is of exactly similar design and construction to 
the digester, and is also fitted with rotary paddles for 
agitating the contents; it is capable of taking a charge 
of about 1 ton of nuts at a time. 

With the existing arrangement, the contents of the 
autoclave are discharged into a worm conveyor, visible 
just below the floor level in Fig. 7, the conveyor deliver- 
ing them into the boot of another bucket elevator, which 
deposits them through a breeches spout into the hoppers 
feeding the nut-cracking machines. These machines, 
which are in duplicate as shown in Figs. 7 and 8, are con- 
structed in accordance with Knox’s patents, and thev 
each consist of a drum rotating at 1,000 r.p.m. and 
enclosed in a stout cast-iron casing. By means of 
worm feeds, the nuts are delivered into the centre of 
each drum, whence they are thrown by centrifugal 
action on to the imner surface of the cast-iron casing 
with sufficient force to crack the shelis. The cracked 
sheils and kernels mixed together fall from the cracking 
machines on to a reciprocating screen, which serves to 
remove the dust and also to separate out the larger 
pieces of shell. The dust falls into a hopper placed 
below the upper end of the screen, as shown in Fig. 1 
on page 513, while the large pieces of shell, with any 
uncracked nuts, are delivered from the lower end of 
the screen into an inclined trough, best shown in Fig. 8 
on Plate LV. The shell collected in the trough slides 
down the latter and falls into a heap on the*floor, 
whence it is removed at intervals. 

The kernels, with the greater part of the broken 
shell, fall through the screen into a tank below, also 
shown in Fig. 8, this tank being filled with brine, 
the density of which is adjusted so that the kernels 
float while the shells sink. The tank is triangular in 
section and in the bottom of it, at the apex, is a worm 
conveyor which collects the shelis as they sink through 
the brine and delivers them into a bucket elevator, 
the cast-iron casing of which is in communication with 
the brine tank. This elevator, which can be seen 
towards the left of Fig. 7 and on the extreme right of 
Fig. 8, raises. the shells and deposits them into a 
receiving bin. The kernels, which float on the surface 
of the brine in the tank, are drawn along to one end 
by means of a paddle conveyor, and are placed by hand 
on a drip tray from which the surplus brine drains back 
into the tank. Both shells and kernels are afterwards 
dried separately in the centrifugal machine shown on 
the extreme left of Fig. 7, in order to recover the brine, 
common salt, being, of course, a fairly expensive com- 
modity in West Africa. After drying, the kernels 
are bagged for export and the shells are used as fuel 
for the boiler. 

From the above description it will be understood 
that the whole plant is self-contained and continuous 
in action, and the example exhibited at Wembley 
serves to show the ease with which the apparatus 
can be erected on the ground level and afterwards 
covered with a light, corrugated-iron building. The 
plant exhibited is driven by an electric motor for 
convenience, but this would, of course, be replaced 
by a steam engine supplied with steam from boilers 
fired with the refuse material in an actual installation. 
The supply of this refuse material, it may be mentioned, 
is sufficient to meet all the fuel requirements of the 
plant. Similar plants are made with capacities ranging 
from 1 cwt. to 2 tons of palm fruit per hour, these 
sizes covering all the usual requirements of the industry. 


MICROSCOPES FOR METALLOGRAPHIC 
WORK. 


Asour 10 years ago, an instrument known as a 
““Micro-Telescope”” was put upon the market by 
Messrs. F. Davidson and Co., of 29, Great Portland- 
street, W. 1., and this instrument has since been used 
to a considerable extent by entomologists for studying 
the habits of insects at a distance, as well as by physi- 
cists and others for reading instruments placed in 
inaccessible positions. The instrument consists simply 
of a tube containing an achromatic object glass, usually 
of 6 in. focal length, and arranged so that it can be 


screwed on to the lower side of the stage of an ordinary 
compound microscope used with its axis set more or 
less horizontally. The image of a distant object formed 
by the object glass is magnified by the microscope ob- 
jective and observed through the eyepiece in the ordinary 
way, Magnifications up to about 50 diameters being 
readily obtainable. 

In a later development of the instrument, known as 
the ‘‘Super-Microscope,” the telescope object-glass, 
above referred to, is replaced by a comparatively low- 
powered microscope objective with an additional 
achromatic lens, called a collector, located between 
it and the ordinary microscope objective. With this 
arrangement magnifications up to 1,000 diameters 
are possible with a much greater working distance and . 
depth of focus than can be obtained with an ordinary 
microscope having the same magnifying power. These 
properties render the instrument particularly useful 
for examining fractures and other rough and irregular _ 
bodies, and it has been employed in a considerable 
number of engineering works and testing Jaboratories 
for this class of work. The depth of focus available, 
of course, corresponds with that of the first, or primary, 
objective, and, as an example of the working distance 
obtained, we may say that this amounts to 8 in. with 
a 4 in. primary objective, a 14 in. secondary objective 
and an eyepiece having an initial magnification of 8 
diameters, although the total magnification, with a 
9-in. tube length, is 40 diameters. 

While high magnification is possible with the instru- 
ment described above, it is not suitable for critical 
microscopy owing, mainly, to lack of rigidity in the 
stand. With the form of stand recently designed with 
the collaboration of Dr. F. Rogers of Sheffield, and 
illustrated in Fig. 1 opposite, however, the same 
optical system has been adapted to the highest class 
of visual and micro-photographic work in metallurgy, as 
will be evident from the microphotographs reproduced 
in Figs. 2 and 3, which were taken with the instrument. 
Fig. 2, it will be seen, shows lamellar pearlite in a 0-4 
per cent. carbon steel at a magnification of 5,000 
diameters, and was taken with a ;},-in. oil immersion 
fluorite lens as the primary objective, a l-in. lens as 
the secondary and a + 4 eyepiece in addition. Fig. 3 
is a microphotograph of cast iron showing phosphide 
eutectic and pearlite at a magnification of 1,000 
diameters, and was taken with a }-in. primary objective 
and a }-in. secondary objective. 
point out here, although it will doubtless be obvious, 
that the optical arrangement adopted does not increase 
the resolving power of the primary objective, i.e., its. 
ability to separate exceedingly fine structure. The 
resolving power, however, is not impaired, as is usually 
the case with very high eyepiece magnification. 

The instrument illustrated comprises a cast-iron 
base with a mechanical stage shown on the right of 
the figure. The primary objective is screwed into a 
fixed tube fitted with a vertical illuminator and also 
containing a sliding tube in which the collector lens is 
mounted. The tube with the collector lens can be 
adjusted by rack and pinion gear visible in the illus- 
tration. The secondary objective is mounted in a 
second tube fitting into the end of the primary-objec- 
tive tube and provided with fine and coarse adjustment, 
This tube works in machined slides secured to the 
base, as also does the mechanical stage above referred 
to, the whole arrangement ensuring accurate align- 
ment in conjunction with great rigidity. For visual 
work, the tube of the secondary microscope is fitted 
with an eyepiece, but for photographic work the camera 
shown in the illustration is provided. This is con- 
nected to the secondary microscope by a light-trap — 
formed by two co-axial tubes, and is mounted on stout 
mahogany bars clamped to the cast-iron base by means 
of bolts and fly-nuts. Fine focusing adjustments to 
the stage and the secondary microscope tube can be 
carried out from the screen end of the camera by means 
of rods fitted on each side and having pulleys connected 
to the focusing screws by flexible cords. The camera is 
made to take half-plates, which are well covered at 
all magnifications, and we should, perhaps, explain 
that the microphotographs given in Figs. 2 and 3 are 
portions of half-plate photographs reproduced without 
reduction in scale and without retouching in any 
way. Some of the finest detail visible in the photo- 
graphs, however, is unavoidably lost in the process of 
reproduction. 

The instrument just described, although quite simple 
and easy to use, is intended mainly for high-class work 
in the metallurgical research laboratory. For the 
ordinary routine practice of engineering works, steel 
works, &c., the instrument illustrated in Fig. 4 has 
been designed by Dr. Rogers. In this instrument, the 
same optical system is employed as is used in the labora- 
tory microscope, but, in the former, the mechanical 
stage is placed on the upper end of a rectangular tube 
or box of mahogany. The specimen is placed with the 
polished and etched face downwards on the upper 
surface of the mechanical stage, in which there is an — 
aperture, and the magnified image formed by primary 
and secondary objectives mounted in a tube below the 
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MICROSCOPES 


CONSTRUCTED BY MESSRS. 


Fig. 2. LAMELLAR PEARLITE IN 0°4 PER Fie. 3. 


Cent. Carson STEEL Av 5,000 Diameters. 


Cast Iron av 1,000 Dra- 
METERS. 


was ASS Ry 


FOR METALLOGRAPHIC WORK. 


F. DAVIDSON AND CO., LONDON. 


Fra. 4. MicropHotograpHic APPARATUS FOR Works Usz. 


exposure made. Light is supplied by a Pointolite 
lamp contained in the optical lantern which forms a 
prominent feature of Fig. 4, the beam of light being 
projected on to a vertical illuminator fitted in the 
microscope tube just below the primary objective. 

The workshop form of microscope is intended to be 
used for one magnification only, and is supplied for 
magnifications of 100, 250, or 500 diameters, as required. 
The exposure necessary with a magnification of 100 
diameters is only about 2 seconds with special rapid’ 
plates, and it is therefore possible to take microphoto- 
graphs at the rate of 100 per hour on purely repetition 
work. Two examples of the work of this instrument 
are reproduced in Figs. 5 and 6, of which the former 
shows the structure of a cast bronze and the latter 
that of a 0-25 per cent. carbon steel, both at a magni- 
fication of 100 diameters. For this magnification, the 
focal lengths of the primary and secondary objectives 
are % in. and 14 in., respectively. 

Messrs. Davidson manufacture both types of instru- 
ment, which can, of course, he employed for other 
than metallographic work. The high-powered micro- 
scope has, in fact, been used with very satisfactory 
results in connection with bacteriological investigations 
and medical research work. 


THE CrTy AND GUILDS TECHNOLOGICAL CouRSE*.—Next 
year’s programme for the examinations in technology 
of the City and Guilds of London Institute has now been 
published by Messrs. John Murray, at 3s. 6d. net. Few 
changes have been made, and these relate mainly to the 
chemical and textile industries. The syllabus now covers 
79 subjects. The needs of engineers are particularly 
well met, papers being set in mechanical and electrical 


Cast Bronze at 100 
DIAMETERS. 


Fria. 5. 


Stage, is received on a white screen at the bottom of 
the box. The image can be examined through a door 
in the side of the box and focused by rack-and-pinion 
gear, the milled-edge dise of which is shown in the 
illustration near the upper end of the box; the focusing 


Fia. 6. 
CarBon AT 100 DIAMETERS. 


gear moves the secondary objective only. After the 
desired portion of the specimen has been selected by 
the adjustment of the mechanical stage, a dark slide 
containing a photographic plate of quarter-plate size 
is inserted in place of the focusing screen and-the 


engineering, boiler-making, naval architecture, motor-car 
enginecring, and aeronautical engineering. In addition 
there are courses on electrical installation work, on 
engineering as applied to the cotton industry, and also 
on iron and steel making, and the metallurgy of the non- 
ferrous metals. Handicraft examinations are also 
provided for. The examination in mechanical engineer- 
ing is divided into two divisions, of which the first is 
intended for engineer assistants, draughtsmen and 
designers, and the other for those engaged in the 
shops. The offices of the Institute are at “29; 
Roland Gardens, London, 8.W. 7. 


Minp Stren 0:25 pmr CEnt. 


[Ocr. 10, 1924. 


516 


E'N GUN BERGEN) G. 


FOUR-FURROW ANTI-BALANCE CABLE PLOUGH; EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS. JOHN FOWLER AND CO. 


(LEEDS), 


LIMITED, ENGINEERS, LEEDS. 


FOUR-FURROW ANTI-BALANCE PLOUGH. 


Tue cable-ploughing system associated with the 
name of Messrs. John Fowler and Co. (Leeds), Limited, 
of Leeds, has always held a prominent place in agri- 
cultural operations since it was invented by the late 
Mr. John Fowler something like 70 years ago. For 
deep cultivation of arable land, or for the breaking-up 
of old pasture or virgin soil, the cable-ploughing system 
is unrivalled, both for the thoroughness and rapidity 
with which the work may be performed. The power 
which can be applied to the ploughing tackle, whether 
the usual steam ploughing engines or the more-recently 
introduced motor engines are used, is so great compared. 
with that exerted.by horses or by any form of tractor, 
that special ploughs have naturally been developed 
for the system, and the illustration above shows the 
latest type of four-furrow anti-balance plough con- 
structed by Messrs. Fowler. We mentioned this 
plough in our recent account of the agricultural exhibits 
at the British Empire Exhibition at Wembley (page 
382 ante), but by an unfortunate slip it was attributed 
to another manufacturer. 

The plough in question is arranged to cut four 
furrows 14 in. wide and from 8 to 12 in. deep. It 
has exceptional clearances under the frame and between 
the bodies to permit the free passage of rabbish, &c., 
which may exist on the land surface. It is fitted with 
the Fowler anti-balance gear which automatically 
allows the centre-carriage of the plough to move ahead, 
after the machine is tipped for its reverse passage. 
This causes a greater weight to come on to the work- 
ing end of the plough, ensuring that it keeps down to 
its work when being pulled at a high speed. The 
advantages of the increased weight on the end of the 
plough at work, are not gained at the expense of more 
difficult reversing at headlands. The machine is 
reversed as easily as a balanced plough. Furthermore 
the amount of out-of-balance which occurs when the 
plough is working can be regulated, or the anti-balance 
gear can be put out of operation if desired, and the 
machine operated as a balanced plough. The whole 
implement is constructed almost exclusively of steel, 
and embodies the great experience of the makers in 
connection with such details as steering gear, mould- 
boards, shares, &e. 

Messrs. Fowler and Company make an almost in- 
numerable variety of ploughs for cable work as they 
specialise in this class of apparatus and supply tackle 
to meet the conditions required for any country or 
crop in the world. Their vine and heath ploughs are 
constructed for ploughing up to 24 inches deep and 
subsoiling up to 8 in. deeper. Ploughs for less drastic 
work are built to cut up to 10 furrows at a time. 
The makers also construct combined implements for 
preparing land previous to sowing, cultivation, rolling 


and harrowing all being performed by one passage of 
the implement. Scoops for excavating reservoirs, &c., 
trenching and ditching machines, land levellers and 
grades, and mole draining machines are also among the 
special implements which can be supplied to work in 
conjunction with cable ploughing engines. 


THE SHIPBUILDING INDUSTRY. 


Tue latest survey of the world position with regard 
to shipbuilding, embodied in Lloyd’s Register issued 
for the quarter ended September 30, records little im- 
provement abroad with regard to the industry, while 


in this country a setback has been sustained. Com- 
pared with the report for the preceding quarter the 
total merchant tonnage under construction in Great 
Britain and Ireland, 1,468,408, is substantially the same 
when allowance is made for the fact that the figure given 
for June included some 52,000 tons on which work had 
been suspended. The important figure which serves 
as an index by which the state of trade can be most 
easily estimated, however—the amount of new tonnage 
laid down during the quarter—shows a decrease of 
122,000 tons when compared with the corresponding 
figure for the preceding three months. The launchings 
during the period under review are not quite 2 per 
cent. below the total for the earlier quarter. This 
year’s wage increases to labour have intensified foreign 
competition by preventing us reducing quotations 
below present prices, and the recent order for oil 
tankers from the “* Shell”? Company placed abroad, is 
an example of how the course of future business may 
be affected. : 

The corresponding tonnage for France, 137,210, 
shows a decline of over 5 per cent. on the preceding 
return, while that for Japan shows a decrease of 25 
per cent. from the 66,654 tons previously recorded. 
Dutch figures have decreased from 88,643 tons by over 
8 per cent. Denmark, Norway and Sweden have 
registered increases, however, of 15 per cent. on 64,225 
tons, 6 per cent. on 27,445 tons’ and 8 per cent. on 
63,800 tons respectively. 

The total number of merchant vessels under con- 
struction in the world amounts at present to 737, having 
atonnage of 2,581,016. This compares with 2,616,897 
tons for 786 vessels, the figures returned for last quarter, 
and apparently shows a decrease, but it is to be re- 
membered that for the first time for a number of years 
no mention is made in Lloyd’s Register of suspended 
tonnage, a handicap at one time amounting to over a 
quarter of a million tons and which was reduced to 
52,000 tons at the end of June. In all probability, 
therefore, the present returns do not actually indicate 
a decrease. 


The popularity of the motorship continues to in- 


crease. The world figures over'the last three months 
shows motor ships eyual to 57 per cent. of the steam 
tonnage. For the preceding period the figure was 
45 per cent. and for the corresponding period a 
year ago only 24 per cent. In this connection it is 
interesting to note that of the combined tonnage 
building in Germany, Denmark and Sweden, motor 
vessels amount to 78 per cent. of the total. It may be 
argued from these figures that we in this country are 
not paying sufficient attention to this class of ship, our 
motor vessels under construction during last quarter 
only amounting to 26 per cent. of our steamers, but 
it is to be recollected that since we build more ships 
than the rest of the world combined it is more correct 
to base any estimation of the success of the motor- 
ship on figures issued for our own country than for 
returns of foreignnations. The enthusiasm of Germany, 
Sweden and Denmark is very probably due as much 
to their coal fuel situation as to any particular prefer- 
ence for the oil engine. 

In the case of the large vessels 20 of the 35 now build- 


| ing in the world between 10,000 tons and 20,000 tons are 


being constructed in Britain, and the eight above 
20,000 tons are all building in this country. In 
concluding, it should be pointed out that vessels below 
100 tons are not included in these returns. 


New Dvurce Warsuie Construction.—The new 
Dutch cruiser Java, which was designed for service in 
the East Indies, has now been completed, and is running 
her trials off the Scottish coast. She was laid down in 
1916; her sister ship, the Sumatra, will be completed 
next year. Her characteristics are: displacement, 
6,930 tons; length, 509 ft.; beam, 52 ft.; draught, 
18 ft. ; indicated horse-power, 65,000; speed, 30 knots ; 
radius of action at economical speed, 5,000 miles : arma- 
ment, ten 5-in, and four 3-in. (anti-aircraft) guns. The 
cruiser is fitted as a minelayer and carries no torpedo 
tubes. She has a 3-in. armour belt covering nearly four- 
fifths of her total length. Her complement is 30 officers 
and 450 men. 


_ Lonpon Iron anp SreEL Excuaneres.—The report 
issued for the week ending September 30 by the London 
Iron and Steel Exchange, Limited, 123, Cannon-street, 
London, E.C.4, states that British works have had 
slightly improved requests for material for export. This 
however is seasonal buying and not sufficient permanently 
to affect the market. Home and Far Eastern markets 
have remained lifeless. The prices of Continental 
material have developed fresh weakness, efforts by foreign 
manufacturers to sell in the British market, however, 
meet with very little success. In the semi-finished section 
the Continental manufacturers continue to quote prices 
well below those of the British producers. The finished 
steel department is still inactive, while the pig iron 
position is unchanged. 
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OIL-ENGINED versus STEAM-DRIVEN TUGS. 


THE growing practice of'equipping vessels with in- 
ternal combustion engines for the purpose of propulsion 
is not confined to large ships and designers are giving 
their attention to the construction of small craft so fitted. 
For example, two tugs, the Hurghada and the Safaja 
recently constructed by Messrs. J. Samuel White and 
Company, Limited, of Cowes, for the Egyptian Ports and 


fore end of the motor room, the latter occupying a 
position towards the stern of the tug. Air spaces 
between the bunker and the deck and sides of the vessel 
prevent undue heating of the fuel by contact with 
metal, heated by the sun’s rays. Two strong towing 
hooks are fitted over the motor room casing just 
abaft amidships. A powerful hand-steering gear is 


fitted in shelter—seen mounted forward of the funnel 
in Fig. 1—which operates a balanced rudder. 


Fig. 1. 


Tur Motor Tue “ HurRGHADA.” 
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Lighthouses Administration, are provided with six- 
cylinder Vickers-Petter heavy oil engines. The princi- 
pal dimensions of the boats are :—length overall, 75 ft. 
length between perpendiculars, 70 ft.; moulded 
breadth, 20 ft.; moulded depth, 10 ft.; and mean 
draft, 8} ft. A general view of the Hurghada is shown 
in Fig. 1. The vessel has a straight stem and counter- 
stern, the former being well cut up, while openings are 
provided in the deadwood aft to give good manceuvring 
qualities. Teak sheathing over the steel main deck 
prevents the latter becoming too hot in hot weather. 
Accommodation is provided below the forward deck 
for the captain and the engineer, the crews’ quarters 
being situated beneath the aft deck, The oil fuel is 
carried in a cross bunker, of 16 tons capacity, at the 


VOWS 


It is interesting to "note that in the first 
instance designs were prepared for both motor 
and steam tugs of equal power. The dimen- 
sions of the vessels were the same, but the 
displacement of the motor-tug was two-thirds 
that required for the steamer, while the space 
oceupied by the machinery and fuel was practi- 
cally the same. The mileage that would be run by the 
motor tug on the fuel carried was about three times 
that for the steam ship. The total weight of motor 
machinery and auxiliaries was only about one-half of 
the weight of the steam machinery. In the cases of 
the steam and oil-fitted vessels the relative horse-power 
was 560 indicated horse-power to 450 shaft horse- 
power, the engine room length 38 ft. to 31} ft., the 


weight of engine and boiler 72 tons to weight of oil 
engines with auxiliaries, shafting and exhaust piping 
39 tons. The shaft horse-power per ton of machinery 
was 6-6 in the case of the steamer, compared with 11-5 
for the oil ship. The bunker capacity of 20 tons of coal 
exceeded in weight the 19 tons oil fuel carried, but the 
coal consumption of 0:4 tons per hour compared with 
an oil consumption of 0-107 tons per hour meant a 
cruising range of 180 hours as against 50 hours in 
favour of the oil-fueled vessel. Further, the steam 
engined tug’s crew comprised two engineers and one 
stoker, while that of the oil tug consisted of only two 
engineers. 

The propelling machinery of the Hurghada is 
directly reversible, and has a nominal brake horse- 
power of 450 at 250 r.p.m., the six cylinders 
having a diameter of 16 in. and a stroke of 18 in. 
Fig. 2 shows the position of the engine in the 
vessel, the fuel storage tank, the exhaust pipe 
and the secondary exhaust silencer. The fuel feed 
pipe forms a hand-rail. ‘The 39-in. flywheel is 
shown coupled to the Michell thrust block, the pro- 
peller being four-bladed and made of cast-iron. The 
disposition of the fuel service tank, relief valve, and air 
receiver are shown in Fig. 3. The engine is controlled 
by means of a handwheel and fuel lever, arranged 
midway between the cylinders. (See Fig. 4.) Four 
vertical plunger type pumps are placed at the forward 
end, three for circulating water and one for bilge, 
driven by reduction gearing at a speed of 90 r.p.m. 

Each cylinder is complete with a water-cooled silencer 
mounted at the back. The auxiliary set consists of a 
Vickers-Petter oil engine of 134 brake horse-power, 
having a single cylinder 8} in. diameter, 9 in. stroke, 
running at 400 r.p.m., and directly coupled to a two- 
stage air compressor on the port side. This engine, 
shown in Figs. 3 and 4, also drives, through a clutch and 
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a double-acting bilge and general service 
The compressor has a 


gearing, 
pump on the starboard side. 
capacity of 354 cub. ft. of free air per minute compressed 
to a pressure of 200 lb. per square inch, charging two 
large starting air containers on the starboard side. 


A hand compressor and auxiliary air container are 
also mounted on the auxiliary engine platform. The 
general service pump is capable of dealing with 12 tons 
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of sea water. per hour. The engine is controlled by 
means of a handwheel and fuel lever, arranged between 
the cylinders as shown in Figs. 5 to 7, on pages 517 and 


520. . 

Electric light is fitted throughout, the generating 
set consisting of a Capel paraffin motor of 34 brake 
horse-power, with petrol starting, driving a 1}-kw. 
generator. During the trials carried out on the test 
bed each installation took full load for six hours, 
afterwards running at reduced speeds, varying from 
54 to 60 r.p.m., exceptionally even running being 
obtained. Reversing tests proved the engines to be 
capable of changing from ahead to astern in four 
to five seconds. By means of pressure-fed rapid 
starting blow lamps, the engine can be started from 
cold in two or three minutes. On a four hours’ official 
trial a speed of 10-82 knots was obtained with a fuel 
consumption of about 31 gallons per hour. 

The Hurghada arrived at Alexandria on June 7, and 
was dry-docked preparatory to speed trials. The 
Acceptance Committee of the Ports and Lights 
Authorities witnessed the trials, a speed of 11-1 
knots being obtained. One such test was the coupling 
up of the Hurghada with the twin screw tug Tir-el- 
Mina. This ship is steam driven and develops 600 
indicated horse-power at 160 r.p.m. Both vessels 
were placed stern to stern and set going at full speed 
ahead. For the first three minutes the steamer moved 
the Hurghada astern, but during the succeeding three 
minutes both ships were stationary. Finally, the oil- 
engined vessel steadily towed the Tir-el-Mina at a speed 
of 3 knots against the latter’s own power. 


THE LATE MR. F. E. GOBEY. 


By the sudden death at the Railway Works, Derby, 
of Mr. Francis Edward Gobey on October 2, the 
London, Midland and Scottish Railway has lost one 
of its most valued servants. He was born in 1873 in 
Manchester and received his general education at Sir 
Thomas Rich’s School, Gloucester. His practical 
training was obtained in the works of the Gloucester 
Railway Carriage and Wagon Company, Limited, and 
during his early years in their service he attended the 
engineering classes of the Municipal School of Science 
and Art in Gloucester. He later joined the staff of the 
Carriage and Wagon Department of the Lancashire 
and Yorkshire Railway Company at Newton Heath, 
Manchester, and became a student of the Manchester 
College of Technology. Mr. Gobey was promoted chief 
draughtsman in 1903 and became works manager in 
1909. He was then made Assistant Superintendent in 
charge of the Carriage and Wagon Department, and 
thus had control of the works at Newton Heath and 
the many repair shops, cleaning depots and oil gas 
works throughout the two counties. For his company 
he visited works in France, Belgium, the United States 
and Canada for the purpose of studying railway works 
methods. He was lecturer on Rail-Carriage and Wagon 
Construction in the College of Technology, Manchester, 
and also on Railway Economics in the Faculty of 
Commerce of the Victoria University of Manchester. 
On the formation of the London, Midland and Scottish 
Railway he became Divisional Superintendent of 
Carriages, with Wolverton as his headquarters, and 
this post he held at the time of his death. He served 
on the committees for “ British Standard Rolled 
Sections’ and ‘“ Standardisation of Wagons.” Mr. 
Gobey was elected M.I.Mech.E. in 1908 and M.Inst.C. E. 
in 1918. He received the Webb Medal in 1919 for his 
paper on “ All-Metal Passenger Cars for British Rail- 
ways. 


THE LATE MR. A. W. GLOVER. 


THE principal of the well-known saw mill engineers, 
Messrs. M, Glover and Co. of Leeds, Mr. Arthur William 
Glover, died at his residence, Riversdale, Pool, York- 
shire, on September 29, in his 63rd year. His training 
was received in the works of the firm, which were founded 
by his father and of which he, at the age of 23 years, 
became the head. Technical education he obtained 
in the Leeds Mechanics’ Institute and the Yorkshire 
College. Mr. Glover was responsible for the develop- 
ment of his firm to its present position, and the improve- 
ments he effected in the design of woodworking 
machinery, especially for sawing and splitting, were 
many and important, while he also designed sawdust 
briquetting machinery. In addition to his activity in 
developing wood-working machinery, Mr. Glover was 
the proprietor of Bury’s Earthenware Pottery, Brick 
and Tile Works at Sutton, Macclesfield, and established 
concerns for the production of firelighters in Leeds. 


Soctmty or Guass TECHNOLOGY.—The Journal of 
the Society of Glass Technology has now been published 
for the quarter ending September, 1924, by the Society 
at a price of 10s. 6d. net, and contains, besides the papers 
read, which were referred to in our columns at the various 
times they were read, a classified list of abstracts of 
papers dealing with various sections of the industry. 


THE EFFECT OF BRITISH COAL PRICES ON 
THE AMERICAN EXPORT COAL TRADE. 


AMERICAN coal is a factor in the markets of Europe 
and South America which British producers have to 
consider. As the British prices rise and fall the 
American trade in what were British coal markets 
fluctuates in a way which is closely associated with 
the British price. The accompanying figure has been 
prepared to show for the various months in the year 
1923 what the British F.0.B. price of export coal 
amounted to, and also what quantity of bituminous coal 
entered the European and South American markets 
from the United States. The graphs show in a striking 
way what the effect of increased production costs are. 
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As the British price rose the American trade increased 


in a way showing the close association of the two factors. 


When prices fell, nervousness of what might be the 
condition in the immediate future caused a more rapid 
diminution of the American exports. The diagram 


is based on figures quoted by Mr. Evan Williams, the 
President of the Mining Association of Great Britain, 
in a paper on ‘“‘ Economics of the Coal Mining Industry,” 
which he read before the Empire Mining and Metal- 
lurgical Congress, in June, and which was further dis- 
cussed by the members of the Institution of Mining 
Engineers last week. It seems obvious from the graphs 
that had the British F.0.B. price for export coal re- 
mained at 23s. per ton during the period in question, 
no American competitionin these markets would be 
contemplated, and British miners would have been 
engaged in winning the additional quantities of coal 
necessary to replace what America actually sent. 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 
Scottish Steel Trade——There has been no change for 


the better in the Scottish steel trade during the past 
week, and all makers are experiencing a shortage of 
business. 
as consumers are only ordering from day to day and the 
quantities are of small tonnage. 
active, but, despite very low offers for all classes of 
material, they are not picking up much business at 
present, although some of them have done fairly well in 
recent months, and the local works have been feeling 
the effects of the competition. 
and there is not the slightest sign of anything to give 
hope for better times in the near future. 
makers continue to do well and their position is unal- 
tered. 
and exports are of little account at present. 
prices are nominally steady at last quotations, viz. :— 
Boiler plates, 137. 10s. per ton ; 
per ton; sections, 10/. per ton; and sheets, yg to } in., 


Specifications are coming to hand very slowly, 


Continental agents are 


The outlook is not good 
The sheet 


The general inquiry from abroad is very poor, 
Home 


ship plates, 107. 5s. 


12/7. 10s. per ton, delivered Glasgow stations. 
Malleable-Iron T'rade—-The West of Scotland mal- 


leable-iron trade continues very quiet and unsatisfactory. 


There is a dearth of new business and hand-to-mouth 
conditions are very general at the works. The re-rolled 
steel branches are in a very similar position, and prices 
have a downward tendency. For ‘‘ Crown” bars the 
quotation is 12/7. 10s. per ton delivered Glasgow stations. 


Scottish Pig-Iron Trade.—A dull state prevails in the 
Scottish pig-iron trade. For foundry grades there has 
been just a shade better home demand and the inquiry 
is also the turn better, but hematite is extremely quiet. 
Export orders are very scarce, and the tonnage going 
through does not amount to very much. Prices are 
weak but show no appreciable change from last week, 
and are as follow :—Hematite, 4/. 15s. per ton, delivered 
at the steel works ; foundry iron, No. 1, 4l. 15s. per ton, 
and No. 3, 4/. 10s. per ton, both on trucks at makers’ 
yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, October 4, amounted to 1,249 
tons. Of that total 1,054 tons went overseas and 195 
tons coastwise. For the corresponding week of last 
year the figures were 829 tons to foreign ports and 35 tons 
coastwise, making a total shipment of 864 tons. 


Tue Iron anv StEEt InstituTE.—The first volume of 
the Journal of the Iron and Steel Institute for the year 
1924 has now been published, and contains valuable 
notes on the progress of the home and foreign iron and 
steel industries, as well as the papers lately read before 
the Institute and already dealt within ENGINEERING. 


fuel, on the other hand, is slightly weaker. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—It is difficult to determine whether 
business in the bulk is progressing or retarding. Local 
unemployment remains much about the same as for the 
past month, with an occasional slight addition or diminu- 
tion according to seasonal effects on individual trades. 
The winter outlook is regarded with a certain measure 
of anxiety, though comfort is drawn from the fact that 
all the staple trades of the district are well equipped to 
deal with a progressive movement as and when this 
occurs, : 


Opinions of leading manufacturers respecting the effect 
on local industry of the prospective early General 
Election differ considerably. According to some of the 
foremost engineering masters an immediate General 
Election will have a serious effect on trade revival, as its 
disturbance will divert important orders which foreign 
countries contemplate placing in the early future. 
Settled conditions, contend these authorities, are more 
than ever required to assist trade organisers in counter- 
acting the worse effects of current depression. On the 
other hand the opinion is expressed by equally reliable 
authorities that if there is to be an early General Election, 
the sooner it takes place the better. A settlement is 
still awaited in the basic steel trade dispute. The con- 
ditions offered by the employers, which are similar to 
those obtaining in comparable establishments in other 
parts of the country are to be placed before the strikers, 


who will decide by ballot vote for acceptance or rejection. 


This strike has now run seven weeks and has caused 
total losses of 122,000 tons in output and close upon 
100,0002. in wages. There is little movement in semi- 
finished materials despite the attractive prices ruling. 
Buyers generally are awaiting more settled conditions 
before placing contracts to cover forward commitments. 
The special trades are patchy. A slight revival in the 
best. tool steels has been followed by a similarly slight 
contraction in purchases, and the position remains much 
as it was two months ago. Small tools continue a fairly 
active market. Building trade requirements are a 
feature. 


South Yorkshire Coal Trade.—The outstanding feature 


is the improved demand from London and country users 
for best quality house coal, which on the week has 


advanced an average of 9d. to 1s. perton. Manufacturing 
Best steam 


hards have eased 9d. per ton. Sales of best quality 


slacks have improved somewhat, but owing to the 


abundance of inferior grades available for open market 
disposal, official quotations have eased a shilling. Smalls 
remains nominally unaltered. Business in foundry. coke 


is anything but brisk, recent reductions having failed to 
tempt the largest buyers. 


Quotations. Best branch 
handpicked, 32s. to 35s.; Barnsley best Silkstone, 26s. 
to 28s. ; Derbyshire best brights, 26s. to 28s. ; Derbyshire 
best house, 24s. to 26s.; Derbyshire best large nuts, 
22s. 6d. to 25s. ; Derbyshire best small nuts, 14s. to 16s. ; 


Derbyshire hards, 21s. to 23s. ; Yorkshire hards, 21s. 6d. 
to 23s. 6d. ; Rough slacks, 11s. to 13s. 6d. ; Nutty slacks, 


10s. to 12s. ; Smalls, 6s. to 8s. 


THe Juco Stavian Navy.—One of the most in- 
teresting symptons in the public life of the new Serbo 
Croat Slovene Kingdom has been the consistent effort 
which a group of influential men have made to interest 
the public in naval affairs ; and to persuade them that the 
country needs a navy. The Serbian Navy League has 
been untiring in its efforts, and the recent estimates 
show that it has gained a certain amount of ground. 
The sum voted to the new navy is small—£286,000—but 
provision is made for repairing four ex-Austrian monitors 
and three torpedo boats, repairing Cattaro arsenal, and 
purchasing eight hydroplanes, which are to be the nucleus 
of a nayal air service. 1 


Riversipp Sewace ScHEME FoR RomrorD,—On 
Saturday last the new works at Rainham Creek for the 
treatment of sewage from the district under the control 
of the Romford Rural District Council, were put into 
operation. Mr. William Fairley, M.Inst.C.E., of Parlia- 
ment Mansions, Westminster, designed the installation, 
which consists of a pumping station and sedimentation 
tank system. ‘The station is provided with oil engines 
of the hot-bulb type, driving Worthington pumps. Two 
of these engines, of 50 brake horse-power, were supplied 
by Messrs. Marshall, Sons and Co., Limited, of Gains- 
borough, and drive pumps each capable of dealing with 
3,000 gallons per minute. This equipment serves t0 
deal with excess flows or storm water. A two-cylinder 
engine of 28 brake horse-power supplied by the Ham- 
worthy Engineering Company, Limited, of Poole, driving — 
a Worthington pump of 1,500 gallons per minute capa- 
city meets the normal requirements. Another item of 
the equipment is a 14 b.h.p. Hamworthy oil engine 
driving a Broom and Wade air compressor to give supplies — 
for operating sludge ejectors and for engine starting 
purposes. This engine also drives a 5 kw. Crompton 
dynamo for lighting purposes. The sewage is delivered 
by the pumps to the concrete sedimentation tanks 
through conical shaped depositing tanks. There are 17 | 
the present installation four tanks, 100 ft. long and 30 ft. 
wide, but there is ample space available for large exten- 
sions. Storage of the effluent is necessary at certain 
states of the tide, and two large concrete tanks have been 
installed for the purpose. No filters have so far, been 
provided, as the river at the point of entry of the 
effluent is tidal, and the capacity of the available sedi- — 
mentation tankage is such that no further treatment 18 
at present considered necessary by the authorities. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Supply of Cleveland pig 
iron for the open market is not large, but demand is very 
quiet and prices are quite easy. Makers’ stocks are 
stated to be fully disposed of, but customers are still 
failing to take up anything like their full purchases under 
contracts, and consequently the statistical situation 
does not improve. No. 1, though very scarce, is obtain- 
able at 85s.; No. 3 g.m.b. is on sale at 80s.; No. 4 
foundry is 79s.; and No. 4 forge 78s. 


Hematite-—Producers of East Coast hematite have 
heavy unsold accumulations at their yards, and stocks 
continue steadily to improve. Considerable curtailment 
of output, however, is promised by the closing down this 
week of a furnace at the Newport Ironworks of Messrs. 
Samuelson, and by the last two furnaces at the Tees 
Tronworks of Messrs. Pease and Partners becoming 
inoperative. These actions will reduce the number of 
hematite furnaces blowing to 11 and the total number of 
furnaces in operation on the North East Coast to 39. 
Nos. 1, 2 and 3 hematite are offered at 88s. and No. 1 is 
quoted 88s. 6d. . 


Foreign Ore.—There is very little doing in foreign ore, 
and quotations areeasier. Sellers base market quotations 
on best rubio at 21s. 3d. c.i.f. Tees, 


Blastfurnace Coke-—Durham blastfurnace coke is in 
only very moderate request, and good average qualities 
are on sale at 25s. delivered to local consumers. 


Manufactured Iron and Steel.—Foreign competition in 
manufactured iron and steel continues keen. Continental 
firms are still selling semi-finished steel here at prices 
well below quotations for local products. Prices here are 
weak but hardly quotably lowered. Producers’ figures 
stand: Common iron bars, 12/. 10s. ; packing (parallel), 
9l.; packing (tapered), 12/.; iron rivets, 141. 5s.; steel 
billets (soft) 8/. 10s.; steel billets (medium) 9/.; steel 
billets (hard), 97. 10s. ; steel rivets, 141. 15s. ; steel boiler 
plates, 13/7. 10s.; steel ship, bridge and tank plates, 
107. 5s.; steel angles, 10/.; steel joists, 10/.; heavy 
sections of steel rails, 9/. ; fish plates, 137. ; and galvanised 
corrugated sheets (24 in. gauge, in bundles), 187. 10s. 


Imports of Iron and Steel.—Monthly returns of the 
Tees Conservancy Commissioners issued this week give 
the imports of iron and steel to the River Tees from 
Holland, Belgium, France, Norway, Sweden, Germany, 
India and coastwise for the eleven months ending 
September, 1924, together with those for the same 
months a year ago, and for the corresponding pre-war 
period of 1913-14. Pig iron brought in to the end of last 
month amounted to 21,868 tons, as against 12,843 tons a 
year ago, 1,427 tons for the pre-war period ; crude sheet 
bars, blooms, billets and slabs unloaded to the end of last 
month reached 84,887 tons, as against 66,526 tons a year 
ago and 33,655 tons in the pre-war period ; and plates, 
bars, angles, rails, sheets and joists imported to the end of 
last month totalled 18,457 tons, as against 10,482 tons a 
year ago and 19,481 tons in the pre-war period. 


Shipments of Iron and Steel.—Last month’s shipments 
of iron and steel from the Tees ports amounted to 
75,122 tons—31,989 tons pig iron, 5,165 tons manu- 
factured iron, and 37,968 tons steel. Of the pig iron 
despatched 17,841 tons went to foreign destinations, and 
14,148 tons went coastwise; of the manufactured iron 
cleared 1,849 tons went to foreign destinations, and 
3,316 tons went coastwise; and of the steel shipped 
28,705 tons went to foreign destinations, and 9,263 tons 
coastwise. The largest receivers of pig iron were: 
Scotland, 10,020 tons; Belgium, 3,500 tons; Wales, 
2,770 tons; Denmark, 2,712 tons; Italy, 2,130 tons; 
Germany, 2,045 tons; France, 1,935 tons; Sweden, 
1,100 tons; and New South Wales, 1,020 tons. Nova 
Scotia,;with an import of 843 tons, was the best customer 
for manufactured iron. Principal receivers of steel were 
India, 9,933 tons; New South Wales, 3,644 tons ; 
Victoria, 2,903 tons; Japan, 1,750 tons; Natal, 1,475 
tons; and Hong Kong, 1,065 tons. 


Mercuant Suippine Losses.—According to statistics 
just issued by Lloyd’s Register of Shipping, the world’s 
_ losses of merchant shipping during the quarter ended 

March 31 last, amounted to 161,201 gross tons comprised 

in 105 vessels. Great Britain and Ireland lost 22 ships, 
totalling 38,949 tons, during the period, but the latter 
is only 0-2 per cent. of the total tonnage owned in this 
country. In the case of the United States, the losses 
amounted to 32,108 tons (17 ships), the proportion of 
the total American tonnage lost being 0:22 per cent. 
Japan lost 0-64 per cent. of her merchant tonnage during 
the quarter under review, the losses including seven 
vessels with an aggregate tonnage of 22,999. For Italy 
the losses amounted to 13,011 tons, or 0:43 per cent. 
of the total tonnages and the corresponding figures for 

Germany and France respectively were 2,817 (0:11 per 

cent.) and 7,457 (0-20 per cent.). In proportion the 

heaviest losses during the quarter were suffered by 

Greece, the 5,213-ton vessel lost by that country, 

amounting to 0-69 per cent. of the total Greek tonnage. 

In this connection it is noteworthy that Greece appears 

to hold the position of greatest sufferer in these lists 

frequently. The above-mentioned figures include 
_ steamers, motor ships and sailing vessels of 100 gross 

tons and upwards, but the totals exclude cases of break- 

ing-up, condemnation, &c., which are not known to be 

consequent upon stress of weather, &c. If such cases 

are included, the total losses for the whole world amount 
to 519,608 tons, comprised in 239 vessels. 
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NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal T'rade.—The general position of the Welsh 
coal trade is practically unchanged. New business con- 
tinues insufficient to absorb available supplies notwith- 
standing the loss in production occasioned by the closing 
down of collieries. The result is that prices generally 
are entirely a question of individual bargaining with 
values controlled by the circumstances of each buyer 
and seller. For the same quality coal prices differ by 
ls. to 2s. per ton according to the different circum- 
stances. Steam large and small of all grades are in 
abundant supply with the best Admiralty large from 
27s. to 27s. 6d. and the other grades from 23s. to 26s., 
while smalls range from 10s. for the inferior classes up 
to 15s. for the very best sorts. The state of the in- 
dustry may be gathered from the fact that in the three 
months ended August 1 total output at 11,354,668 tons 
was 2,300,000 tons less than the quantity produced in 
the corresponding period of 1913 while the cost of pro- 
duction at 11,239,3271., of which wages absorbed 
7,568,4271. and other costs 3,670,900/., was no less than 
471,2911. in excess of the proceeds, so that there was an 
actual loss of 9-96d. per ton on the coal produced in the 
three months ended August last. In the month of 
August there was a loss of 1s. 3d. per ton on the output 
of 3,531,916 tons and the colliery workers wages has been 
certified at 16-08 per cent. on the 1915 standard compared 
with 20:72 per cent.in July. The wages payable this 
month, based on the August returns, however, remain 
at the minimum of 42-22 per cent. on the 1915 standard, 
and to pay this the owners are compelled to sacrifice the 
whole of their standard and surplus profits. Produc- 
tion was 400,000 tons less than in August of last year, 
and the cost of production was ls. per ton higher than 
in July while the average pit-head selling price was 
reduced by about 2d. perton. The new wages agreement 
it is estimated has added Is. 5d. to 3s. ld. per ton to the 
cost of production. 


Iron and Steel.—Exports of iron and steel goods last 
week amounted to 21,152 tons compared with only 
8,591 tons in the preceding week. Those of tinplates 
and ternplates totalled 12,589 tons against 4,695 tons, 
blackplates and sheets to 4,615 tons against 2,101 tons, 
galvanised sheets to 2,630 tons against 990 tons and 
other iron and steel goods to 1,318 tons against 779 
tons. 


A MerxHop or Mryiisinc Srreer Notses.—The 
Holborn Borough Council are having the part of High 
Holborn opposite the Holborn Restaurant surfaced 
by a new method in an effort to minimise traffic noises. 
The granite setts will remain in position and will be 
covered with a top layer of bituminous material 1} in. 
thick, made of bitumen, dry rock asphalte, limestone, 
sand, cement and other ingredients not specified. 


Export TRADE witH CHINA.—Mr. H. H. Fox, the 
commercial counsellor at the British Legation, Peking, 
who is at present on leave in this country, will be in 
attendance at the Department of Overseas Trade from 
October 20 to October 31 inclusive, for the purpose of 
interviewing British manufacturers and merchants 
interested in export trade with China. Such interviews 
will only be given by appointment and all applications, 
quoting the reference 5494/T.G., should be addressed 
to the Comptroller-General, Department of Overseas 
Trade, 35, Old Queen-street, Westminster, 8.W.1. 


British Commerctan Gas AssociaTion.—The 13th 
annual conference of the British Commercial Gas Asso- 
ciation was opened at Liverpool on Monday, September 29, 
and the meetings were continued until Wednesday, 
October 1. In his presidential address Mr. H. Wade 
Deacon, chairman of directors of the Liverpool Gas 
Company, referred to the necessity for cheap power if 
any country was to maintain its position in trade against 
foreign competition. In a country where there was 
not an abundance of available water power and no oil 
wells, he said, coal had to be used in the most efficient 
way. Although electricity might be the means largely, 
but not entirely, adopted to obtain power without the 
production of smoke, gas and coke must be regarded as 
the fuels most suited to obtaining heat without polluting 
the atmosphere. Discussions were later held on “ Gas 
as an Aid to Health,’ under four sectional headings. 


Tue Insrirution or Crvin Enemverrs.—The Council 
of the Institution of Civil Engineers have made the 
following awards in respect of selected engineering papers, 
published without discussion during the session 1923-24 : 
A Telford Gold Medal to Mr. E. H. Lamb, D.S.O., M.Sc., 
Assoc.M.Inst.C.E. (London); ‘Telford and Indian 
Premiums to Mr. F.C. Temple, M.Inst.C.E. (Jamshedpur, 
India); and Telford Premiums to Mr, H. A. Lewis-Dale, 
M.B.E., M.Inst.C.E, (London); Professor Louis N. G. 
Filon, D.Sc., F.R.S. (London) and Mr. C. J. Gyde, 
MInst.C.E. (Pretoria). In respect of papers read at 
students’ meetings in London, or by students before 
meetings of local associations, they have also awarded 
the James Forrest Medal, the James Prescott Joule 
Medal and a Miller prize to Mr. R. W. Mountain, B.Sc., 
Stud.Inst.C.E. (London); and Miller prizes to Messrs. 
H. S. Smith, B.Sc., Stud.Inst.C.E. (London) and C. D. 
Crosthwaite, B.Se., Stud.Inst.C.E. (London); H. C. Toy, 
B.Se., Stud.Inst.C.E. (Birmingham); F.W. S. Hawtayne, 
B.Sc., Assoc.M.Inst.C.E, (London); E. G. Wilson, Stud. 
Inst.C.E. (North Shields); and W. W. Davies, B.Sc., 
Stud. Inst.C.E, (London), 


NOTICES OF MEETINGS. 


Tur Junior Instirurion or ENGiInerrs.—To-night 
at 7.30 p.m. at 39, Victoria-street, S.W.1. Ordinary 
meeting. “The Design of Static Sub-stations, with Some 
Notes on their Equipment,” by Mr. N. Thornton. 
Friday, October 17, at 7.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. Special meeting. 
Lecture, “ High Voltage Electric Oscillations,” by Mr. 
R. P. Howgrave-Graham. M.1.6.E. 


Tue Norte or Enauanp Institurp or Minina AND 
Meratiurey.—Saturday, October 11, at 2 p.m., in the 
Lecture Theatre of the Institute, Newcastle-on-Tyne. 
Inaugural Address by the President. Further discussion - 
on “Safety Lamps Giving Warning of Gas,” by Dr. 
W. M. Thornton. ‘‘ The Heat due to Strata Movement 
and its Effects on Certain Coal-Seams,’’ by Professor 
Henry Briggs, Ph.D., D.Se., A. L. 8. Owen and John 
Wilson, ‘‘ The Washing of Fine Coal by the Froth-Flota- 
tion and Concentrating-Table Processes at Oughterside 
Colliery, Cumberland,’ by Messrs. J. G. Scouler, B.A., 
and Basil Dunglinson, 


THe Minine Institute or Scortanp.—Saturday, 
October 11, at 3 p.m., in the Heriot Watt College, 
Chambers-street, Edinburgh. Discussion on “ Boring 
in Frozen Strata,” by Mr. Robert L. A. Dron, B.Se. 
““Some Uses for Hydraulic Stowing,” by Mr. Richard 


Kirkby. ‘“‘Some Problems of Indian Coal Mining,’ 
by Professor David Penman, D.Se. ‘ Problems of 
Mechanical Coal Mining,” by Mr. Sam Mavor. Papers 


to be read :—‘‘ Experiments on the Flow of Air in 
Mines,” by Professor David Penman, D.Sc. “ Efficiency 
of Safety Lamps,” by Mr. James Cooper, F.R.S.E., and 
Mr. D. Davidson. 


Tue Keriguimy Association oF ENGINEERS.—Satur- 
day, October 11, at 6.30 p.m.,; Assembly Room Cycling 
Club, Cavendish-street, Keighley. Lecture: “ Keighley 
Waterworks,” by Mr. M. Ratcliffe Barnett, M.Inst.C.E. 


THe IystirurTe or Merars: ScorrisH Locat SECTION. 
—Monday, October 13, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow: Chairman’s Address. Also some 
notes on “ Brass Foundry Casting,”’ by Mr. John Stirling. 


THE [ystITuTION ofr MECHANICAL ENGINEERS: SOUTH 
Wares Brancu.—Tuesday, October 14, at 6 p.m., at 
the Chamber of Commerce, Swansea. Chairman’s 
Address by Mr. J. W. Burr. 


Tue Socists pes INGENIEURS CIVILS DE FRANCE.— 
BririsH Szection.—Tuesday, October 14, at 6 p.m., at 
the Institution of Mechanical Engineers, Storey’s Gate, 
§8.W.1: ‘‘ Repairing and Strengthening of Cast-Iron 
Railway Viaducts by the Use of Reinforced Concrete 
and Are Welding,” by Monsieur de Boulongue. 


Tue InstiruTE oF Marine ENGINEERS.—Tuesday, 


‘October 14, at 6.30 p.m., at 85-88, The Minories, 'Tower- 


hill, E.1. Discussion on “Indicator Diagrams and 


Lessons Therefrom.” 


Tue InstTiruTIoN oF HEATING AND VENTILATING 
ENGINEERS.—Tuesday, October 14, at 7 p.m., at Caxton 
Hall, Westminster, S.W.1. ‘‘Safety Valves,” by Mr. 
H. A. Stirzaker. 


Tue Instirure or British FouNnpRYMEN—LANCA- 
SHIRE BRaNcH: BURNLEY SEctTIoN.—Tuesday, October 
14, at 7.15 p.m., at the Municipal College, Burnley. 
Open discussion on ‘‘ Some Foundry Problems.” 


Tue IystiruTion or AUTOMOBILE ENGINEERS.— 
Tuesday, October 14, at 8 p.m., at the Royal Automobile 
Club, Pall Mall, S.W.1. Presidential address by Dr. 
W. R. Ormandy on ‘*‘ Research.” 


Tur Soctrty or Guass TEcHNOLOGY.—Wednesday, 
October 15, at 3 p.m., in the Applied Science Depart- 
ment, The University, St. George’s-square, Sheffield : 
‘The Present Position of the Glass Industry in North 
America,’ by Professor W. E. 8. Turner, D.Sc. 


THe Royat MerEoroLocicaL Soctety.—Wednesday, 
October 15, at 5 p.m., at 49, Cromwell-road, South 
Kensington, §8.W.7: “The Brown Corona and the 
Diameters of Particles,” by Mr. Lewis F. Richardson, 
B.A.; ‘Photometric Observations on Clouds and 
Clear Skies,” by Mr. Lewis F. Richardson, B.A. ; * Notes 
on ‘ Habooks,’”’ by Mr. L. J. Sutton, M.A. 


THE InstituTion or MINING aND METALLURGY.— 
Thursday, October 16, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1: Discussion 
on ‘‘ Hygrometry for Deep Mines,” by Mr. J. 8. Jones ; 
‘** A Short History of the Discovery and Development of 
the Sullivan Mine: the Solution of its Difficult Metallurgi- 
cal Problems; and a description of the Plants Used in 
the Reduction of its Ores,” by Mr. W. M. Archibald and 
others; ‘‘A Research to Determine the Size of the 
Gold Particles in the Witwatersrand Banket Ores and 
their Rate of Solution in Cyanide,” by Mr. K. L, Graham 
and Mr, F. Wartenweiler. 


Toe Roya AgrrRonsautican Socimry.—Thursday, 
October 16, at 5.30 p.m., at the Royal Society of Arts, 
John-street, Adelphi, W.C. 2. ‘‘ Large All-Metal Sea- 
planes,”’ by Dr. Rohrbach. 


Tue Norra Bast Coasr Institution or ENGINEERS 
AND SuHIPBUILDERS.—Friday, October 17, at 7.30 p.m. 
Annual General Meeting. Presidential address by 
Mr. Tom Westgarth. 


Tue InstTITUTION or AERONAUTICAL ENGINEERS.— 


Friday, October 17, at 6.30 p.m., at the Engineers’ 
‘ i ‘“Commercial Airship 


Club, Coventry-street, W.1.: 
Design,” by Commander IF. L. M. Boothby, C.B.E. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, 
W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIC | ‘‘ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 


For the United Kingdom... £30 0 
For Canada— 
Thin paper copies .................0.006 £2 18 6 
Thick paper copies................c..000 £3 3 0 
For ali other places abroad— 
Thin paper copies.................scc0e £3.43- 0 
Thick paper copies.................:0 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 

When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


—==— 


ADVERTISEMENT RATES, 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &0., is four shilings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 

Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, altera- 
tions for standing advertisements should be 
received 10 days previous to the day of 
publication. 


All accounts are payable to ENGINEERING, LTD. 
Cheques should be crossed “‘ The National Provincial 
Bank, Limited, Charing Cross Branch.” Post-Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. 
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THE COST OF COAL. 


In times of industrial depression, when many 
potential workers are idle, but supported by doles 
made available through the industry of others, it 
is advisable that a complete study be made of all 
the factors which prevent production at competitive 
prices. Goods can only be sold at the prices which 
the potential consumer can afford to pay, and 
unless they can be produced at costs which make 
this possible, the entire activity of the works con- 
cerned must immediately cease. Competition with 
other manufacturers, in our own or other countries, 
has the effect of determining from what sources 
the consumers will obtain his requirements, and thus 
the manufacturer has a maximum price fixed for 
him by conditions quite external to his own control. 
What can be done, however, is to reduce production 
costs by improvements in methods of working. 
Modern machinery may be installed, and the work 
done by each employee may become more special- 
ised in the endeavour to keep down the item of 
costs. The cheapening of production is made a 
question difficult of solution by the attitude 
shown by the men as indicated in the output 
returns for each workman employed. While 
it is sometimes contended that there is no 
organised endeavour on the part of the men’s 
leaders to restrict output, it cannot be denied 
that the results show that slackness is a prevailing 
condition among the workmen in some industries. 
This is the cause of dull trade and the enforced 
idleness of many who could otherwise be given 
employment. To cite coal as an example, figures 
were given by Mr. Evan Williams, the President of 
the Mining Association of Great Britain, in a 
paper on *‘ Economics of the Coal Mining Industry,” 


which he read before the Empire Mining and Metal- 
lurgical Congress in June, and which was discussed 
last week at the meetings of the Institution of 
Mining Engineers. These show that the output 
per worker per shift at the end of 1923 was only 
17-97 hundredweights, compared with 20-3 hundred- 
weights in 1913, a reduction of 114 per cent. 

Coal figures largely in the returns relating to 
exports from this country and the preservation of 
this trade is essential to the maintenance of our 
international trade balance on which the cost of food 
and indeed all living expenses, so largely depend. 
When conditions permit the exportation of American 
coal to Europe and South America, the American 
traders quickly grasp the opportunity and cut out 
the British supplies. An examination of the condi- 
tions which ensure the maintenance of the British 
position may be obtained from the monthly returns 
during the year 1923. As these figures are of great 
interest we have put them into the form of a 
graph which will be found in this issue of 
ENGINEERING on page 518. As the price of British 
export coal rises, the Americans enter the market, 
and it may be observed /that the tonnage of the 
United States export trade in bituminous coal rises 
with the British price with a degree of exactitude 
which is quite remarkable. There is, too, a falling 
off in the American trade when the British price 
falls, which might be anticipated when it is remem- 
bered that then the position in the immediate 
future cannot be exactly gauged. During the 
period for which the diagram was prepared it seems 
obvious that had the British F.O.B. price been 
kept down to 23s. per ton the participation of 
America in these overseas markets would have 
been entirely, or almost entirely, prevented. One- 
third of our coal is sent abroad and it will be appre- 
ciated that if this export trade is to be maintained, 
the cost of production must be such that prices may 
be kept down to cut out competition. Granting 
concessions in prices to overseas users of coal 
would not meet the conditions for the heavy users 
of coal in this country are the iron and steel 
trades, which must have cheap coal if their output 
is to be sold in competition with that of foreign 
origin. 

Nothing but a reduction in the cost of winning coal 
and in the railway transport charges can produce 
the desired effects. With cheap coal available, the 
production of all types of goods would become 
possible at competitive prices, and a great increase in 
employment and reduction of the cost of living would 
result. The elements making up the average price 
in 1923 of 19s. lld. per ton at the pithead for the 
commercially disposable coal are: wages, 12s. 74d. ; 
timber and stores, 2s. 32d. ; other production costs, 
3s. 64d.; and the remainder, after meeting costs 
which are not considered in the ascertainment of 
wages, is available as profit. Wages constitute two- 
thirds of the selling price of coal. The wages are 
determined on the results of the activity in a 
complete district and not on the returns of poor 
collieries, as is often alleged by some of the repre- 
sentatives of the workers. In the period during 
which the agreement on wages was in full opera- 
tion—up to December, 1923—profits only amounted 
to 11-9 per cent. of the wages, or about two-thirds 
of what was contemplated in the agreement, because 
of the failure of the recoupment provisions, 
under which the owners might be recompensed 
for a loss by profits made in later periods. 
In 1923 an output of coal of 279 million tons 
was obtained at a wages cost of 155,000,000/., 
whereas in 1913 the output was 287 million tons 
and the wages amounted to 91,000,000/. The eight- 
hour day for underground workmen which was in 
operation prior to 1919 gave an effective day of 

4 hours at the coalface, the balance being occupied 
in walking to and from the face and in meal times. 
The reduction of one hour under the Act of 1919 
reduced the working time to 54 hours and involved a 
reduction of 15 to 16 per cent. in actual working 
time. Recent investigation by an American Com- 
mission on the Coal Industry showed that the 
average actual working time of American colliers 
was 6 hours 54 minutes. In Westphalia the working 
hours have been increased to eight. In France 
and Belgium the 8-hour day is in operation. From 
this statement of working times it may be judged 
how this country is handicapped in meeting the 
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competition of foreign coal, and how our large 
industries are prevented from reducing the prices of 
their goods to figures comparable with those of 
foreign manufacture. When comparative output at 
different periods is under consideration, it must not 
be forgotten that the use of machinery and electric 
power in mining has grown extensively since 1913, 
but the output per man has decreased. New 
methods of working, new means of production have 
been introduced, and all have proved of no avail in 
increasing the yield per man and so reducing the 
cost. 

Cheap coal is essential and the main item in 
its cost being wages, increased activity on the part 
of the workmen is imperative. Without an increase 
in the rate of production there can be no justification 
for reduction of hours. There seems to be no doubt 
that the lamentable condition of the mining industry 
is largely due to the slackness of the workers, who 
by their inaction are preventing the employment of 
their fellow miners, as well as restricting the activity 
of every industry in the country. 

Suggestions. are often made, particularly by 
laymen and enthusiastic inventors, that the con- 
ditions as regards output and costs in the coal 
industry will right themselves if full advantage 
is taken of modern scientific progress. The 
reference is mainly to the possibilities of extended 
low temperature carbonisation. Unfortunately 
those who speak optimistically on this matter do 
not appreciate the difficulties which still have to be 
contended with. Mr. Frank Hodges, the miners’ 
leader, when addressing the Mining Students’ 
Association at Wigan last Saturday, spoke of what 
might be done in this country in this respect in 
the future. Were the difficulties removed, much 
of the oil which we obtain from abroad could be 
produced at home, and thus assist in the main- 
tenance of the international trade balance of our 
country. 

When the time that this is entirely possible 
is reached, coal mining may be conducted under 
different conditions, owing to the fact that there 
may be a marked change in the relationship of 
imports and exports. Whatever is done, how- 
ever, to reach the stage of complete carbonisation 
of our coal resources will depend on the prevailing 
economic conditions. We have a problem in coal 
production which cannot be left to solve itself in 
some far distant future. We have a problem which 
demands solution now. The winning of coal at 
prices which make it saleable is imperative, and 
until the output of coal per man is largely increased 
and the price reduced, there can be little hope of 
any material reduction in the general unemployment 
returns or of marked decreases in the cost of living. 


THE LONDON TRAFFIC PROBLEM. 


To what extent the population of Greater London 
will continue to increase must remain matter for 
speculation, but it is clear that there is as yet no 
sign of any check, and the difficulty of the con- 
comitant traffic problem continues to grow. This 
problem we have inherited from the past, and it 
seems probable that we will pass it on to our 
children. In the year 1905, each inhabitant of 
Greater London made, on an average, 188 journeys 
in tram, train or omnibus. By 1923 this figure 
had risen to 421, and it will be clear that this figure 
does not represent the total increase of travel, since 
it takes no account of the great increase in the use 
of motor cars. The figures do not include long- 
distance, main-line train journeys into, or out of, 
London. 

Although it is usual and in some ways convenient 
to consider street and railway traffic together in dis- 
cussing this question, it is clear that the two are ona 
very different footing. Indeed, it may quite safely be 
said that the problem of London traffic as ordinarily 
understood, is concerned only with street traftic. 
There is a problem in connection with railway trans- 
port in the London area, but that is not how to deal 
with it, but how to make it pay. The total increase 
in railway traffic in the period taken above amounted 
to 60 per cent., but the total increase in tramway 
traffic amounted to 94 per cent., and in omnibus 
traffic to 288 per cent. These figures we quote from 
the presidential address which Sir Lynden Macassey 


delivered at the inaugural meeting of the session of 
the Institute of Transport on the 6th inst. 

It does not appear that there would be any diffi- 
culty in dealing with a very great increase in rail- 
way traffic, if it were to come, by building new 
tubes, doubling some of those now in existence, and 
increasing the capacity of further suburban sections 
of the main line railway by electrification. One 
may indeed, expect work of this latter kind to 
assist in relieving the street pressure in a com- 
paratively few years. The problem of London 
traffic, as we see it, is not one of railways at all. 
It appears to be to a considerable extent due to 
the increase of passengers who favour road above 
rail transport. Lord Ashfield has stated that the 
average speed of the vehicular traffic in the streets 
of Central London has fallen to-day to one-half 
of what it was in 1919, and it is clear that the great 
proportional increase in tram and omnibus traffic 
must be partly responsible. 

One may reasonably assume that street transport 
is a greater convenience to the public than rail 
transport, otherwise the public would not patronise 
it to a greater extent. None the less if street trans- 
port throttles itself by its own growth, it is clear 
that it will cease to be a greater convenience to the 
public and they will forsake it for the railway. 
If such traffic is still increasing at a greater rate 
than rail transport, notwithstanding the fall in 
average speed quoted by Lord Ashfield, it is clear 
that we have not yet reached the point at which 
the railways are the more attractive. This ques- 
tion, however, is not one only concerning trains, 
omnibuses and trams. The growth in street traffic 
is interfering with business generally, and although 
the omnibus passenger, who has an alternative 
method of travel by.tube which he does not use, 
has no serious grievance about the slowness of street 
traffic, other street users have. 

Sir Lynden Macassey, in the address to which 
we have referred, suggests that the present difficulty 
in Central London may be assisted by decentralisa- 
tion and the moving of large concerns to the outer 
suburbs. This would certainly help, but it is 
difficult to see that anything official can be usefully 
done in that matter. Again, if it is to the benefit 
of works and large administrative concerns to go 
to the suburbs, they will go. If it is not, they will 
stay where they are, and they can hardly be forced 
to go to new sites on which they would conduct 
their business less profitably or less efficiently. 
A fair amount of movement of this kind is already 
taking place naturally, and the only practicable 
procedure appears to be to let it continue to do so. 
Sir Lynden referred to the enormous cost of any 
attempts to deal with traffic congestion by street 
widening, and referred favourably to Lord Montagu’s 
scheme for overhead roads to which he thought we 
would be driven at no distant date. It may be 
that it would be cheaper to construct an overhead 
roadway from Trafalgar Square to Temple Bar 
with proper means of access to it than to widen the 
Strand between these points, but it is really difficult 
to think so. 

Sir Lynden Macassey suggested that possibly 
“heroic measures are justified.” They may be, 
but something a little less heroic and to the ordinary 
man more sensible, might possibly have precedence. 
Part of the length of street we have mentioned is 
now being widened, and not far from the Hotel 
Cecil the road has been left for a short distance at 
its old width, forming a throttling point, and to a 
large extent nullifying the effect of the other 
widening. No doubt the leases of the property 
at this point have not fallen in, but leases can be 
bought, and if some heroism were displayed in 
dealing with obvious absurdities of this kind, the 
heroism of overhead Strands might be left to a 
distant future. 

The whole question of London traffic is obscured 
and much mixed up with disputes between tram- 
ways and omnibuses, and between different omnibus 
authorities. According to Sir Lynden Macassey the 
average receipt per vehicle-mile does not greatly 
differ between train coaches, trams and omnibuses, 
but the railway cost of capital per mile of route is 
twenty times, and that of the tramway three or 
four times, that of the omnibus. These figures are 
sufficient to explain the great success of the omnibus 
in competition with the tram. The tram, of course, 


developed before the motor omnibus, and naturally 
all the capital invested in it simply cannot be 
written off, but it is clear that no case exists for 
any considerable increase in tramway mileage. 
Particularly is this the case anywhere near the 
centre of London, since the tramway interferes to 
a much greater extent with other traffic than does 
the omnibus. It is apparently fair to say that a 
tramway cannot be made to pay unless it is pro- 
tected from motor-omnibus competition, and since 
the public patronises the omnibus in preference to 
the tram it evidently serves it better, so that public 
interest would be affected by eliminating such 
competition. Trams must certainly be put up 
with, since they exist and so much public money has 
been invested in them, but if the new London 
Traffic Committee makes any arrangements to 
restrict such competition it is to be hoped such 
restriction will always have in view the fact that 
the matter is one of expediency and not of traffic 
efficiency. , 

In the address to which we have more than once 
referred Sir Lynden spoke several times about a 
uniformity of fare basis in the London traffic area, 
and pointed out that such a uniformity could only 
be secured between railways, tramways and omni- 
buses by working them all as one and pooling the 
receipts. We are not absolutely clear what Siz 
Lynden means by a uniformity of fare basis, but 
if he means that a traveller in one of the remote 
parts of Surrey should be carried for a mile for 
the same price as one in Holborn we cannot see 
that such a uniformity of fare basis has any 
justification. To subsidise transport in outlying 
areas at the expense of transport in the centre is 
not to the public benefit. It is not to the public 
benefit to run any services for less than they cost. 
The only effect of this is that other users or non-users 
are charged for something from which they receive 
no benefit. It is frequently stated that the Londor 
General Omnibus Company runs many outlying 
services at a loss, butif this is so, the purpose is tc 
cultivate a traffic which it is calculated will ulti 
mately pay. This is a reasonable commercia 
procedure. 

In this connection it is claimed that the oppo 
sition omnibus companies put their vehicles or 
central busy routes and take the cream of the 
traffic. They naturally put them where they thinl 
they will obtain a paying load, and if they obtai 
such a load in the central area it merely show 
that that area was not previously fully served 
It is quite possible that these opposition companie 
are introducing a greater density of service thai 
the demand warrants. In that case they are doin; 
neither themselves nor anyone else any good, an 
some of the services must ultimately drop out 
The fleet with the best vehicles, the longest pursi 
and the best management is likely to survive 
These are matters of every-day competition, bu 
London street transport affects so many peopl 
who are not directly concerned with it that nothin; 
but good is likely to come from its survey as | 
whole by a competent authority, and the appoint 
ment of the London and Home Counties Traffi 
Advisory Committee should lead to such a survey 
The problem is one of such complexity that it ma; 
ultimately prove impossible to leave it to ordinar: 
competitive development, and may prove necessar, 
to introduce some common working scheme coverin; 
the whole area. 


RESEARCH IN INDUSTRY. 


Anyone turning to the recently issued nintl 
annual report of the Department of Scientific ani 
Industrial Research in the hope of finding interestinj 
stories of scientific discoveries made during thi 
past year is doomed to disappointment. Th 
report* which, with its appendices, runs to 13! 
pages, is an uninspiring document, giving a colour 
less summary of the work of the Department and 0 
the various research organisations connected with it 
.The number of industrial research associations 0 
actual operation is now 23 and an additional onei 


* Report of the Committee of the Privy Council fo 
Scientific and Industrial Research for the year 1923) 
1924. Published by H.M. Stationery Office, Londor 
Manchester, Cardiff and Edinburgh. Price 3s. net. 
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being started for the sugar industry. The grants 


to these associations during the year 1923-24 
amounted to 103,187/., and we gather that a further 
sum of 48,727/. was contributed to other researches. 
This money was provided from the 274,297/. granted 
by the Exchequer, but this did not nearly cover 
the total expenditure of the Department, which 
amounted to 515,382/. for the year. Much of this 
was, of course, derived from the interest and capital 
of the “Million Pound Fund” with which the 
Department was started. At the end of last March 
this fund stood at 618,3187. The estimated amount 
to be provided by Parliament for the current year 
is 328,281/., which exceeds the estimate of 276,8631. 
for last year by 51,418/., or by about 18 per cent. 
The receipts and expenditure of the Department for 
the year are not given anywhere in tabular form, so 
that analysis is not so easy as it otherwise would be. 

By making an addition of some figures given in 
an appendix, we find that a total of 394,133/. had 
been granted up to date to the various industrial 
research associations. Two only of these, namely, 
the Photographic Research Association and the 
Scientific Instrument Research Association, have 
completed six years of work, and only four have 
completed five years of work. The largest amount 
received by any individual body has been 58,6011., 
granted to the Glass Research Association in respect 
of four years of work. The Scientific Instrument 
Association have received 54,484/. for six years of 
work and the Cotton Industry Research Association 
have had 44,2947. for five years’ work. Seven 
associations altogether, including those mentioned 
above, have received more than 20,0007. each. As 
it is an essential condition of receiving a grant that 
the industry concerned shall put up an equal amount, 
it will be seen that quite considerable sums are being 
expended in the effort to improve industrial processes 
and products. 

The research associations more directly concerned 
with the engineering trades generally are those 
which have been formed to investigate questions 
dealing with cast iron, non-ferrous metals, Portland 
cement and refractories. The Iron Manufacturers’ 

Research Association, which has been in existence 
for four years, has not yet received a grant from the 
Department. Of the more specialised associations 
connected with the engineering trades are those 
devoted to the interests of the electrical and allied 
industries. the motor industry and the cutlery trade. 

We are given in the report no detailed informa- 
tion concerning the activities of any of the 23 
industrial research associations which are in exist- 
ence, or any account of the practical results achieved. 
It is stated, however, that full reviews have been 
made during the year of the work of the nine associa- 
tions which have nearly or quite reached an age of 
five years. Hach review was carried out by a 
visiting committee possessed of the requisite quali- 
fications, and containing at least two persons of 
high scientific standing unconnected officially with 
the Department. From the evidence so obtained, 
the Department “has no hesitation in saying that 
the scheme as a whole has justified its inception,” 
and they add that “‘a large part of the success 
achieved is due to the enlightened and enthusiastic 
guidance which has been freely given . . . by the 
leaders of the industries, in starting a new and un- 
tried movement.” The visiting committees speci- 
ally noted the attitude of the various associations 
to the question of undertaking consultative work 
for individual firms. In a few cases only they con- 
sidered that the attention paid to work of this 
character was unduly great. The Department 
clearly recognises the difficulty of drawing a hard 
and fast line between what is legitimate for a 
State-aided Association to do in this matter and 
what is not, but it enunciates the sound general 
principle that the criterion of legitimacy should be 
whether the work is for the good of the Associa- 

tion as a whole. If it is, it should be performed 
without a fee, and the results communicated to all 
the members. Consultative work, if undertaken, 
in special cases for individual firms, should be placed 
upon a proper financial basis, and even then its 
extent thould be strictly limited. 

The Portland Cement industry appears to be the 
only one which has yet got its research association 
upon such a basis that it can continue doing effective 
work without further State assistance. The Associa 


tions connected with the woollen, boot, scientific 
instrument, cotton, linen and cocoa trades are all 
to receive further grants of sums appropriate 
to their needs. Only in two cases is there adverse 
comment, the fault in one instance being adminis- 
trative and in the other technical. The former 
relates to wastefulness of funds, but unfortunately 
the erring Association is not specified. Nor do 
the Committee indicate any action that they have 
taken or could take to enforce economy. They 
recommend, however, that a standard form of 
accounts should be adopted by all the Associations 
to enable the expenditure upon research and admin- 
istration to be compared upon a reliable basis. This, 
we think, should certainly be insisted on. The other 
complaint of the Committee is in reference to the 
Glass Research Association. ‘They are not “ favour- 
ably impressed with the scientific results achieved,” 
and, furthermore, consider that “the present 
financial position of the industry affords no prospect 
that the firms will be prepared to subscribe funds 
sufficient to justify the continuance of a research 
Association for this trade.” This is a poor report 
on an industry which has already received 58,6001. 
of public money for research, and one fears that the 
secretive policy associated with the trade may be 
primarily responsible both for the failure of its 
research Association and for its unfortunate 
financial position. 

Although only one-fifth of the total expenditure 
of the department is used to assist the various trade 
research associations, we think that this fraction is 
likely to be more productive of practical results than 
much of the remainder. It seems optimistic, for 
example, to hope for anything useful from “an 
investigation into problems of machine design in 
relation to the comfort and efficiency of the operator ”’ 
for which a grant, of unspecified amount, has been 
made. The investigating body are the Medical 
Research Council whose innocence of any knowledge 
of machinery and its functions is to be counteracted 
by expert assistance. In such a case as this, the 
public, who after all find the money, should be 
assured that there is anything to find out more than 
every machine maker and user knows already, that 
the Medical Research Council is competent to pass 
an opinion on machine design, and how much money 
is being granted to them. 

It is, we venture to say, a great defect of the 
report under review that no information is given 
in respect of the expenditure on the researches, 
other than those of the various trade associations. 
In connection with the Fuel Research Board, for 
example we are told only that “a sum of 20,000/. 
to 30,0007. per annum, in addition to the present 
expenditure of the Board would be fully justified ” 
for various further work. The report is silent as to 
what the present annual expenditure is, or how 
much has been spent since the work was started. 
Among the objects of the Board is a “ Physical and 
Chemical Survey of the National Coal Resources.” 
This is being done by Committees, of which two are 
in operation. In the Lancashire and Cheshire 
area, the result of over two years’ work is that the 
examination of five seams is “‘ practically complete 
so far as laboratory work is concerned.” ‘The 
other committee is ‘‘ making good progress’ with 
its first seam. At this rate it is to be feared that 
some of the seams will be worked out before the 
investigators get to them. 

It is in connection with the various methods of 
the carbonisation of coal that the Fuel Research 
Board is probably doing the best work, and. we are 
glad to note that it proposes in future to issue an 
annual report of its activities. Arrangements have 
now been made for the Department to undertake 
tests on low temperature carbonisation plants for 
private parties, an enterprise which we thoroughly 
commend. If the scheme could be enlarged so as 
to include steam-boiler tests it would be even more 
advantageous. There is pressing need for some 
independent body, possessing the proper men and 
apparatus, to do for boiler users, what the National 
Physical Laboratory will do for users of gauges, 
thermometers, &c., namely, to make a proper and 
authoritative test beyond which there would be no 
appeal. We do not know any way in which the 
Department could earn the gratitude and apprecia- 
tion of coal users more quickly than by extending its 
testing work in the direction we have indicated. 


RECENT DEVELOPMENT IN OIL 
CRACKING. 

Tue distillation of oil, crude or refined, is always 
accompanied by partial decomposition, even when 
performed at atmospheric pressure and when super- 
heating is avoided. That is one of the chief reasons 
why the nature of natural oils remains obscure. 
Distillation at higher pressures is more destructive, 
and the kinetics of this pyrolysis are still but 
little understood, even when we start from simple 
hydrocarbons. The destructive distillation of oil 
for the purpose of breaking down high-molecular 
complexes into compounds of lower molecular 
weight and of higher value is technically known as 
cracking. The cracking may be performed in the 
vapour phase or in the liquid phase. In vapour- 
phase processes, the oil is vaporised, and the vapours 
are passed through reaction vessels heated to 
high temperatures, generally in the presence of 
catalysts, although the hot iron walls themselves 
act as catalysts. In liquid-phase processes, the 
pressure in the vessels is maintained sufficiently 
high to keep the oil substantially in the liquid state. 
The materials are therefore different to start 
with in the two processes. But more depends 
upon the working conditions than upon the raw 
material; there will always be vapours, and the 
vapour-phase and liquid-phase processes can be no 
more rigorously distinguished, than we can speak his- 
torically of vapour-phase and liquid-phase periods. 
The two processes have developed simultaneously, 
but the liquid phase predominates at present. 
In 1923, nearly 21 per cent. of the gasoline used in 
the United States was produced by cracking, 
mainly in the liquid phase, and the art of cracking 
is now being standardised, as Messrs. A. KE, Dunstan 
and R. Pilkethley stated in a paper on “ Recent 
Development in the Art of Cracking,” read before 
the Institution of Petroleum Technologists last 
Tuesday. 

Vapour-phase processes, working practically at 
atmospheric pressure, it will be conceded to Dr. 
Dunstan, have not been particularly successful. The 
losses are high, and the products are poor in quality 
and apt to gum on standing, though that tendency 
can be suppressed. High-pressure processes, on 
the other hand, are still in the experimental stage, 
and the preference is for moderate pressures. Dr. 
Dunstan has observed that the quality of the pro- 
ducts changed but little as the pressure was raised 
from 350 lb. to 700 lb. per square inch. If it were 
possible, each separate compound should be cracked 
at the temperature at which decomposition sets in ; 
when that temperature was gradually exceeded, 
however, the quantity of spirit obtained was almost 
doubled by every further increase of 10 deg. C.—an 
interesting observation in accordance with the 
general rule of the rate of chemical reactions. The 
analogy went further; the same increase in the 
spirit contents was noted when the rate of pumping 
was halved or the reaction time was doubled ; there 
would then be a definite relation between the three 
variables, time, temperature and yield. The 
suitable adjustment of these variables in technical 
plants is more a matter for the engineer than for 
the chemist; in that sense the engineer has a 
greater share in the progress of cracking than the 
chemist, as is generally the case in industrial 
chemistry. The two have, of course, to co-operate, 
for instance, with respect to the undesirable 
deposition of coke during the cracking. That 
deposition cannot altogether be avoided ; but it can 
be minimised or confined to certain parts of the 
plant, and special provisions can be made for the 
removal of the coke without long periodical inter- 
ruption of the operations. 

In conjunction with Drs. Lomax and Thole, 
Dr. Dunstan surveyed the cracking problems eight 
years ago in the same place. In dealing now with 
the progress made in the last decade he could only 
refer to American practice, apart from his own ex- 
periments and the remarkable researches of Bergius. 
The only vapour-phase, atmospheric-pressure pro- 
cess which Dr. Dunstan mentioned, was that of 
Ramage, which is worked at Detroit and, industrially, 
at Tulsa. The oil (gas oil from crudes was first used) 
is boiled in a still at a pressure of about 5 lb. per 
square inch, and the vapours, mixed with steam, are 
led into cracking tubes packed with hematite, which 
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seems to last a year and more, if an air is blown 
through for a few minutes, once every 24 hours, to 
remove the sulphur adsorbed. The cracking tubes 
at Detroit were heated electrically in sections of 
10 ft. ; at Tulsa 63 tubes, 20 ft. by 6 in., are ar- 
ranged in rows of seven. In the first half of the 
tube the temperature rises to 480 deg. C. and 
in the second to 650 deg. C. The spirit produced 
resembles other cracked spirits, the loss of gas and 
oil amounting at Detroit to 22-6 per cent., and 
Ramage claims also to be able to convert higher 
aromatic hydrocarbons into benzene, which is 
certainly possible and has been done by F. Fischer, 
to whom Dr. Dunstan alluded. 

Before proceeding to the liquid-phase processes, 
Dr. Dunstan referred to the intermediate type 
process of Fleming, who distils and cracks in up- 
right stills, 30 ft. high and 10 ft. diameter, because 
the coke does not adhere much to vertical walls, the 
process occupying 60 hours to 80 hours. Of the liquid- 
phase—or rather two-phase—processes, he con- 
sidered the Dubbs process, now adopted in 113 
plant units actually in operation or under con- 
struction in North and South America, in the East, 
Borneo and Japan, asone of the most successful. He 
also gave particulars of the Roy Cross and the 
Carlton Ellis processes ; the Burton process, which 
held the field when he reported eight years 
ago, was now being displaced by others. In the 
standard Dubbs unit, which Dr, Dunstan was able 
to explain by the aid of a large model, due to the 
Universal Oil Products Company, of Chicago, the 
oil was pumped at a uniform rate through a heating 
coil (in a furnace) and passed partly into a 
welded reaction chamber, 15 ft. high, 10 ft. diameter, 
and partly into the top of the dephlegmator, in 
which it was preheated by the condensing vapours. 
The heater coil consisted of fifty 4 in. tubes, 30 ft. 
long, connected in series by return bends; the 
furnace was side-fired and divided into a combustion 
chamber and a heating chamber, the cracking tem- 
perature being 450 deg. The reaction chamber was not 
heated but heavily lagged. The vapours passed 
into the dephlegmator chamber, the heavy portions 
returning to the heating coils. The coke capacity 
of the reaction chamber was 30 tons ; to facilitate 
the removal of the coke, a steel chain was suspended 
in a helix on the inner wall and withdrawn at 
intervals. The temperature of the dephlegmator 
was 395 deg. C. at the bottom ; the condensed heavy 
oils and the raw oil, preheated to about 300 deg. C., 
passed back to the cracking tubes. The light 
vapours rose to the top and were discharged into the 
condenser, the condensate and gas flowing into a 
receiver. Up to that point the entire system was 
under a pressure of 140 lb. per square inch. The 
Dubbs process was the only one which could 
successfully crack commercial fuel oil, or topped 
crude oil without pre-treatment. It yielded 42 per 
cent. of Navy gasoline and a good coke that 
could be briquetted without binder, and the process 
was safe and easily controlled. 

The Cross process (originally a vapour-phase 
process) resembled the Dubbs in that the 
heating and reaction zones were separated and 
no heat applied to the reaction chamber. But 
this chamber was a horizontal steel drum, 40 ft. 
by 38 in., with walls 3 in. thick, and the working 
conditions differed. In the upper bank of the 
heating coils, which served as preheaters, the flow 
was downward while in the lower bank (the cracking 
tubes) the flow was upward. A pressure of 600 
to 700 lb. per square inch was maintained on the 
whole system. Normally, about 1 per cent. 


of coke was produced. The Carlton Ellis process, 


one of the latest developments, taken up by the 
Standard Oil Company and the Invincible Oil 
Company, was practically a combination of a crude 
still and a cracking still and did not carry pressure 
right through the system; the process was distin- 
guished by great flexibility as to raw materials. 
The oil passed, at 350 lb. per square inch, through 
the coils into the ‘‘soaking drums,’’ which were 
upright cylinders ; the gasoline produced could be 
treated as straight-run spirit without blending. 

Dr. Dunstan further outlined his views on crack- 
ing as successfully applied in the Auld-Dunstan- 
Herring experimental plant and to a large variety 
of oils. He advocated a liquid (not dual) phase, 
three-stage process. In the first stage, the oil is 


carefully heated up to not more than 25 deg. above 
the optimum-decomposition temperature in the 
““thermolyser ”’ pipe or pipe system ; in the second 
stage the heating is quickly pushed 20 deg. higher 
in the “reactor,” where carbon deposition will 
take place ; the third stage comprises dephlegmation 
and condensation. 

Dr. Dunstan also discussed the Bergius process,* 
on which Dr. Ormandy subsequently gave further 
information. Bergius originally studied the forma- 
tion of coal and produced a kind of bituminous 
coal from cellulose (wood, &c.) in his autoclave for 
high temperatures and pressures. Afterwards he 
converted inferior coal into oil by sealing it up with 
water and hydrogen, and also obtained motor spirit 
by spraying heavy oil together with hydrogen into 
his autoclave, initially heated to 400 deg. C.; the 
reaction proceeds endothermically, and the pressure 
may rise to 300 atmospheres. Such reactions may 
take place even in nitrogen atmospheres, the 
breakdown of some of the hydrocarbons (or of the 
water) supplying the necessary hydrogen. Dr. 
Ormandy did not say anything on the oil hydro- 
genation, which is carried out in Rheinan on a fairly 
large scale ; but he had seen quantities of 10 kg. of 
oil prepared by Bergius from coal. 

The process is said to proceed without forma- 
tion of coke. Dr. Thole remarked during the 
discussion that the coke in cracking processes was a 
secondary decomposition product of a certain 
viscous tarry matter. That is further to be investi- 
gated, and Dr. Dunstan and his collaborators are 
studying cracking in silica vessels. Another sub- 
ject discussed was the examination of the cracked 
spirits. These differ from straight-run spirits, and 
the conventional, now standardised, gasoline tests 
are not directly applicable to cracked spirits, or 
their results are at any rate not directly compar- 
able with ordinary gasoline tests. 


NOTES. 
InquIRY ON FrENcH NAvaL ENGINEERING. 


Tue plugs of three boiler tubes in the French 
battleship Courbet gave way recently ; three men 
were killed and ten were injured. A court of 
enquiry censured the captain and two engineer 
officers, but found also that the accident was due 
to “certain deep laid causes which went beyond 
personal responsibilities.” A committee of enquiry 
was therefore appointed after the court had given 
judgment, to decide whether any personal responsi- 
bility existed (i) with regard to boilers constructed 
before 1922; and (ii) with regard to naval con- 
struction in general, “ more particularly in respect 
to those sections of it which are concerned with 
testing and fitting.’ These very wide terms of 
reference imply that French naval construction in 
the past few years has caused uneasiness. In the 
meanwhile, the new minister of the marine, Monsieur 
Dumesnil, has set up a new permanent committee 
at the Rue Royale to “study the use of machinery 
and boilers in the new ships, and to decide all 
questions relative to the upkeep and management 
of such material.” As it is hardly credible that no 
section of the French Admiralty has, hitherto had 
these very duties to perform, the new committee 
probably takes away some duties from an over- 
worked department. The boilers of the Courbet 
were of the Niclausse type. 


Tue British INpustrRies Farr AT BIRMINGHAM. 


It has been decided to revert to February as 
the most convenient time for the Annual British 
Industries Fair, and the sixth of the series will be 
held next year from February 16 to February 27. 
The London section will be housed in the White 
City, and the Birmingham section in the permanent 
exhibition buildings at Castle Bromwich. It is 
the Birmingham Fair which is of the greater pro- 
fessional interest to our readers, as this is concerned 
more particularly with the engineering and metal 
trades, and in view of the efforts made by the 
Department of Overseas Trade and the Birming- 
ham Chamber of Commerce to attract foreign buyers, 
it is especially desirable that manufacturers them- 


* Illustrated, with its conical steel joint, on page 262 
of our issue of August 22, 1913, 


selves should give the Fair greater support than has 
been the case hitherto. It is greatly to be deplored 
that some of the organised trade associations en- 
tirely ignore this form of national advertisement, and 
a foreign buyer might well have returned from pre- 
vious Fairs with the conviction that there was no 
machine-tool industry at all in the country, and 
that such things as locomotives, steam engines, 
turbines, condensing plant, heavy-oil engines, &c., 
were not to be procured in England. The organisa- 
tion of the Birmingham Fair is thoroughly efficient, 
being controlled by perhaps the most capable and 
active Chamber of Commerce in the country, and 
an increasing number of foreign buyers are attracted 
to it. If manufacturers feel that the expense of 
exhibiting heavy machinery precludes them showing 
it, they might well consider a display of photographs, 
and models attended by a competent representa- 
tive. The number of enquiries which we ourselves 
receive as to the makers of certain articles and pro- 
ducts shows that there is ample room or more 
activity on the part of the British manufacturer 
in giving publicity to his wares. 


British Ratway EMPLOYEES. 


A return recently prepared by the Statistical 
Department of the Ministry of Transport shows that 
the employees on British railways have increased 
by 18,795 during the past year, the aggregate 
number employed in March last being 700,573 of all 
grades. Of this total the London, Midland and 
Scottish Company employed 274,523, the London 
and North Eastern 207,528, the Great Western 
117,113, and the Southern 70,484, the balance being 
made up by the London Underground and other 
systems. The engine-drivers and motormen last 
March numbered 38,062 and earned an average 
weekly wage of 106s. The goods and passenger 
guards numbered 24,807 and earned an average of 
75s. 6d. per week. Signalmen, numbering 29,265, 
with nominal rates of pay varying from 48s. to 
75s., according to district, earned 68s. 4d. on an 
average ; goods porters earned 53s. 10d. ; uniformed 
police constables 74s. 4d.; motor and steam lorry 
drivers 63s. 1ld., and locomotive shed labourers 
54s. 6d. The lowest average weekly earnings given 
for any class of men appear to be 50s. 9d. for grade 2 
porters of the traffic department, but, of course, the 
gratuities of the public are not included in this 
figure. Crossing keepers, with no such adventitious 
source of revenue, earned an average of 51s. 7d., 
but their duties are not arduous. Signal-lamp men 
in the traffic department earned 51s. 10d. and engine 
cleaners 53s. 2d. A separate table dealing with 
“Mechanics and Artisans” shows that riveters 
earned an average of 85s. 4d. during the last week of 
March, moulders earned 84s., smiths 82s., brick- 
layers in the locomotive, carriage and wagon 
departments 80s., fitters, turners and erectors in 
the same departments 79s. 1d. and machinists 738. 
The lowest earnings of unskilled labour amounted 
to 47s. 2d. per week, this being received by marine 
and dock labourers. Labourers in the locomotive, 
carriage and wagon departments earned on an 
average 56s. 7d. per week. The report gives, in the 
case of every class of railway employee, the standard 
rates of wages on July 1, 1923, and July 1, 1924, as 
well as the average weekly wage and the average 
weekly earnings for the last week in March of the 
two years. The earnings are usually substantially 
greater than the weekly wage, on account of over- 
time, &c. The report, which enables most useful 
comparisons to be made, can be obtained from 
H.M. Stationery Office, London, for the price of 
2s. 6d. net. 


LITERATURE. 


—_ =o , 
Road Engineering. By E. L. Lermrne, M.Sc. In the 
series of Glasgow Text Books. Edited by G. MoncuR. 
London: Constable and Co, 1924. [Price 18s. net.] _ 
TuE application of the internal combustion engine 
to the road vehicle has worked a revolution in the 
means of transport, and the consequences are as 
yet by no means fully developed. The King’s high- 
way, like canals, was falling into disuse, and the 
railway was regarded as the only possible me 
for the conveyance of heavy traffic with rapidity 
and certainty. Under the altered conditions, the 


Oct. 10, 1924. ] 


ENGINEERING. 


525 


public roads have now assumed a prominent place 
in the life, in the business relations and in the com- 
mercial activities of the nation. But to derive the 
full advantages enlarged traffic offers, the roads 
must be rendered more efficient and made to acquire 
a very different character from the water-bound 
MacAdam highways that were controlled by local 
authorities, exercising very limited powers within 
narrow boundaries. Much transformation and 
reconstruction is necessary to convert the roads 
that sufficed in the past into the efficient weight 
supporting, smooth surfaced, continuous highways 
now demanded. 

It is to meet the urgency of the demand for im- 
proved communication, and to assist those who are 
remodelling our roads in the light of the new con- 
ditions, that Mr. Leeming has prepared this treatise. 
The subject bristles with difficulties, both technical 
and fiscal, but the author prudently leaves the latter 
on one side, remarking, however, that the principle 
is established that the traffic using the road should 
bear the cost. We may say, in passing, that we 
doubt if this principle is as fully admitted as the 
author would persuade himself, and we submit it 
would be more correct to say that the traffic is 
prepared to pay some of the cost. It has been 
urged, and perhaps proved, that the extra road 
expenditure necessitated by the increasing number 
and weight of motor vehicles should be estimated 
at not less than 25,000,000/. per annum. ‘The pro- 
ceeds from motor vehicle licences in 1923 amounted 
to about 13,000,000/. Consequently the road users 
seem to be heavily subsidised out of the national 
revenue, and this they are not likely to forego with- 
out a serious struggle. 


Many excellent treatises have been published 
both in England and America dealing with road 
construction, in which every aspect of the subject 
has been adequately considered, but the author 
justifies the appearance of this work on the ground 
that it is desirable to discuss the problem of vehicle 
design and road construction as constituting one 
branch of engineering. The author dissents from 
the view, held apparently by many writers, that it 
should be the object of the road engineer to produce 
a road capable of supporting the present weight of 
traffic, with allowance for increase in the near future, 
and urges that the makers of vehicles should adopt 
types of construction calculated to do the least 
damage to existing roads. Undoubtedly, the author 
is right in his main contention that true economy 
demands that the two problems of form of vehicle 
and of road strengthening should proceed pari passu, 
and that a well-directed policy requires that the 
road authorities should not be asked to produce a 
road capable of resisting any weight or any type of 
vehicle that readily fulfils a particular purpose. 
The road and vehicle should be regarded as one 
unit, and the interests of the user, of the road con- 
structor, and of the community at large, should 
receive equal attention. 

Hence in the matter of road construction much 
attention is given to the effects of camber in in- 
fluencing road wear and preservation, to curves and 
super elevation on curves and to the improvement of 
hillroads. Mr. Leeming thinks that more attention 
should be paid to mathematical deductions, and 
as an example we presume, he discusses at some 
length *the appropriateness of the Bernouilli Lem- 
niseate as a suitable curve for effecting the transi- 
tion at bends, or for easing the junction of roads. 
We have not calculated the differences in length 
or position between that curve and the parabola, 
but from the diagrams these should be slight. 
The use of the lemniscate to overcome the incon- 
venience of abrupt curves on gradients certainly 
seems unnecessary for the construction of the 
recommended form of profile would call for more 
expert supervision in the course of construction, 
and the nicety of curve acquired by rigorous 
measurement would soon be lost from wear and 
uneven settlement. The insistance on extra width 
of roadway required at bends is very pertinent. 
We are quite sure that the drivers of lorries and 
trailers, and probably few drivers of cars, could 
give a correct diagram of the curve traced by the 
wheels in negotiating a bend or hairpin turn. 

As touching design the author will have the sup- 
port of all road surveyors in his plea for a wider use 
of pneumatic tyres. In the interests of road 


economy there is urgent need for further legisla- 
tion to define the limits within which solid tyres 
may be used. It is intimated that with the view of 
reducing damage to roads the transport department 
is considering the propriety of imposing lower 
taxation on pneumatic tyred vehicles, but we know 
nothing of the character of the proposals. The 
remarks on cushion tyres and on the “ springing ” 
of vehicles are well considered and deserve atten- 
tion; of more importance as suggesting a change 
in road locomotives is the problem of the four 
wheel drive, a scheme that introduces some obvious 
advantages over rear-wheel driving. The effort at 
the driving whee!s is reduced and the whole mass is 
jointly pulled by the front, and pushed by the rear 
wheels. The ill-effect of the rear wheel striking 
an obstruction is diminished, and the friction and 
wear on the road surface are very much less, and this 
last cannot but be an advantage to both the road 
and the user, which should compensate for the 
inconvenience of the drive through the front axle 
to the steering wheels. It is said that the tendency 
to form corrugations and create waves on the road 
surface is practically eliminated in the four-wheel 
drive, but this problem of road corrugation, though 
very exhaustively treated by the author, can hardly 
be regarded as settled. The effect of all the variables 
does not yet seem to be thoroughly determined. 

The book is very illuminating in all practical 
matters and is directed closely to those which are 
pressing at the time. To those who are compelled 
to face the problems of strengthening and renew- 
ing old and feebly constructed roads, little fitted 
to modern traffic, the work should prove very 
useful, for much valuable experience is here digested 
and made easily accessible. 


BOOKS RECEIVED. 


United States Geological Survey. Mineral Resources of the 
United States, IL: 1. Sulphur and Pyrites in 1923. 
By H. M. Meyer. IL: 27. Feldspar in 1922. By 
F. J. Katz. IL: 28. Stone in 1922. By G. F. 
Lovexutim and A. T, Coons. II:29. Carbon Black 
Produced from Natural Gas in 1922. By G. B. 
RicHarpson. II: 30. Natural Gas Gasoline in 1922. 
By G. B. Ricuarpson. II: 31. Natural Gas in 1922. 
By G. B. RicHarpson, Washington: Government 
Printing Office. 

Free Trade and How to Keep It. By Masor-Gen. 
B. M. Sxryner, C.B., C.M.G. Colchester: Benham 
and Co., Limited. [Price 6d. net.] 

Ice Cream Plant and Manufacture. 
Retp. London: A. J. Rayment. [Price 10s. net.] 

Canada. Department of Mines. The Mineral Re- 
sources of Canada. Compiled by A. H. A. Rosinson. 
Ottawa: Mines Branch. Department of Mines. 

An Introduction to the Strowger System of Automatic 
Telephony. ByH.H. Harrison, M.1.E.E. London: 
Longmans, Green and Co. [Price 7s. 6d. net.] 

Forschungsarbeiten auf dem Gebiete Ingenieurwesens, 
No. 267. Der Druckabfall in Glatten Rohren und die 
Durchflussziffer von Normaldisen. By M. Jaxos and 
S. Err. Berlin: Vereines Deutscher Ingenieure. 
[Price 4 marks.] 

Die Grundwasserabsenkung in Theorie und Praxis. By 
Dr. Ing. Joacuim ScHutrze. Berlin: Julius Springer. 
[Price 1-45 dols.] 

Modern Methods of Pipe Manufacture by the Centrifugal 
Process. By EH. J. Fox and G. H. Witson. Reprint 
of Paper read at the Shipping and Engineering Exhibi- 
tion. Nottingham: Stanton Ironworks Company, 
Limited. 

The Institution of Electrical Engineers. Regulations for 
the Electrical Equipment of Buildings. Highth edition. 
London: E. and F. N. Spon, Limited. [Price ls. 
net. | 

Air Ministry. Air Publication 859. Hagle VIII and 
Falcon III. Aero Engines. London: His Majesty’s 
Stationery Office. [Price ls. net.] 

Coast and Bush Life in West Africa. 
London: Gay and Hancock, Limited. 
net. 

Labhvon der Hydraulik fur Ingenieure und Physiker. 


By Rosert G. 


By ‘“ CoastER.” 
[Price 2s. 6d. 


By Dr. Ina TxHEropor POscut. Berlin: Julius 
Springer: [Price 2 dols.] 

Marine Engineering in Theory and Practice. Vol. I. 
Elementary. By 8S. G. Wuerter, R.N. With a 


Special Chapter on Metals and Strength of Materials. 
By G.C. Maupren, R.N. London: Crosby, Lockwood 
and Son. [Price 18s. net.] 

Zetchnerische Bestimmung der Spieqelbewegungen in 
Wasserschlissern von Wasserkraftanlagen mit unter 
Druck durchflossenem Zulaufgernine. By Dr. TECHN. 
Lupwie MtutHorer. Berlin: Julius Springer. 
[Price 0-95 dols.] 

United States Bureau of Standards. Technological Papers 
No. 250. Pulp and Paper Fibre Composition Standards. 
By M. F. Mererrirr. [Price 15 cents.] Washington: 
Government Printing Office. 

Lehrbuch der Technischen Physik fur fortgeschrittene 
Studenten und Ingenieure. Erster Band. Masse und 
Messen/Mechanik Akustik und Thermodynamik. Weip- 
zig: Johann Ambrosius Barth. [Price g.m. 17-50/20.] 


LYMPNE TRIALS OF TWO-SEATER LIGHT 
AEROPLANES, 


THE competitive trials for two-seater light aeroplanes, 
in connection with which the Air Ministry offered prizes 
totalling 3,000!., were duly carried out at-Lympne last 
week and were concluded on the 4th instant. As 
mentioned on page 232 ante, the object of the Air 
Ministry prizes was to encourage the production of a 
two-seater machine suitable for training purposes, 
particularly in connection with the flying clubs it is 
proposed to establish in various parts of the country. 
For this purpose, a good range of speed, combined with 
the ability to get off and to land in a comparatively 
restricted space, is required, and the above-mentioned 
sum, divided into a first prize of 2,000/. and a second 
prize of 1,000/., was awarded to the entrants of the two 
machines giving the best performances in these respects. 
The first prize was secured by Messrs. William Beard- 
more and Co., Limited, Dalmuir, with a monoplane 
named “‘ Wee Bee I,”’ which is described below, while 
the second prize went to the Bristol Aeroplane Company, 
Limited, Filton House, Bristol, as a result of the per- 
formance of their machine named ‘“‘ Brownie,” also a 
monoplane ; both these machines were fitted with the 
Bristol “ Cherub” engine. Several other bodies and 
individuals offered prizes in connection with the trials, 
the total sum provided in this way amounting to 9001. 

Altogether 15 machines (7 monoplanes and 8 biplanes) 
arrived to take part in the trials; which were organised 
by the Royal Aero Club. Eliminating trials were 
first carried out to establish the conditions of the 
competition that each machine could be dismantled 
and folded, transported a distance of 25 yards, and 
placed in a shed 10 ft. wide. The machine had then to 
be taken out of the shed, and re-erected by two persons 
in not more than two hours. <A further preliminary 
test to indicate that the machine could be flown satis- 
factorily by a pilot sitting in either of the two seats 
was also carried out. Eight of the machines, it is 
understood, failed to pass these eliminating trials, 
mainly on account of engine troubles, so that the actual 
trials were carried out with the remaining seven. 

In the speed-range trials, on the results of which, in 
conjunction with getting-off and pulling-up tests, the 
main prizes were offered, the Beardmore machine 
attained a high-speed figure of 70-11 m.p.h. and a low- 
speed figure of 39-66 m.p.h., the corresponding figures 
for the Bristol machine being 65-19 m.p.k. and 38-73 
m.p.h. The Bristol machine also secured an additional 
prize of 500/., given by the Duke of Sutherland, for 
the machine having the best getting off and Janding 
qualities, while a biplane fitted with an A.B.C. engine 
and entered by the Hawker Engineering Company, 
Limited, Kingston-on-Thames, secured.the second prize 
in these particular tests. A reliability prize, offered 
by the Society of Motor Manufacturers and Traders 
and the British Cycle and Motor-Cycle Manufacturers’ 
and Traders’ Union for the greatest number of circuits 
flown throughout the week, was awarded for a biplane 
entered by,the Cranwell Light Aeroplane Club, this 
machine having covered a distance of 7624 miles in a 
total flying time of 17 hr. 53 min. 18 sec. The first 
and second prizes for a 100-mile handicap race were 
won, respectively, by an Avro “ Avis” biplane and 
a biplane, named ‘‘ Wood Pigeon,” entered by the 
Westland Aircraft Works, Yeovil. Another Bristol 
“ Brownie’ monoplane, fitted with metal wings,was 
third in this race. 

In view of the excellent performance of the Beard- 
more “‘ Wee Bee L”’ monoplane, some particulars of 
the design and construction of this machine should 
be of interest. Its appearance is shown by the photo- 
graph reproduced in Fig. 1 on the next page, and the 
clean aerodynamic design, which must have contributed 
materially towards the results achieved, will at once be 
apparent from this illustration. It will be noticed 
that the only external bracing employed is in the form 
of a pair of raking struts on each side of the machine 
connecting the wing spars with the bottom longerons 
of the fuselage. The general arrangement of the 
machine is illustrated in the front elevation, plan, 
and longitudinal section reproduced in Figs. 2, 3 and 
4, respectively, and as the main dimensions are indi- 
cated on these illustrations it is unnecessary to repeat 
them here. Some particulars of the allocation of the 
weights, however, may be of interest. The total weight 
of the machine, including a passenger and pilot having 
a combined .weight of 340 !b., is 837 lb., the other 
principal items included in the latter being 200 Ib. 
for the wings and struts, 120 lb. for the engine and pro- 
peller, and 65 lb. for the fuselage. The weight of the 
undercarriage is 25 lb., and that of the tail unit 20 lb., 
the remainder being accounted for by the controls and 
instruments which weigh 20 lb., petrol and oil 35 Ib., 
and tanks and connections 12 lb. As the wing area 
amounts to 187 sq. ft., the wing loading, for the total 
weight above mentioned, works out at 4-47 lb. per 
square foot, and as the maximum horse-power of the 
engine is 32:6 when running at 3,200 r.p.m., the power 
loading is 25-67 lb. per horse-power. 
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As already stated, the machine is fitted with a Bristol 
‘Cherub’ engine which has a cylinder capacity of 
1,096 cubic centimetres and thus just comes within the 
maximum capacity of 1,100 cub. centimetres allowed 
by the conditions of the trials. The engine, which has 
already passed the Air Ministry type tests, has two 
air-cooled, horizontally-opposed cylinders with a bore 
of 85 mm. and a piston stroke of 96-5 mm. The 
cylinder heads are of aluminium alloy and are allowed 
to project through the cowling to facilitate cooling, as 
shown in Fig. 1. The engine, which is directly coupled 
to a propeller 4 ft. 6 in, in diameter and contains no 
gearing, weighs 8] lb. alone and the petrol consumption 
is given as 0-625 pint per horse-power hour. With this 
consumption, the machine can fly from 40 to 70 miles 
per gallon. The engine is mounted on an upper support 
of pyramid form constructed of Duralumin plate and on 
lower supports, also of Duralumin, but having steel 
diagonal tubes connected with the bulkhead corners. 
By simply removing four nuts, in addition, of course, 
to the petrol and oil connections, &c., the whole power 
unit can be removed from the machine for overhauling 
or replacement. A plain gravity feed to the zenith 
carburettor, which is located below the crankcase, is 
provided, petrol being supplied from a tank mounted 
in the centre section of the wings between the spars ; 
the tank is clearly indicated in Fig. 3. 

The monoplane wing is constructed on two box spars 
having plywood webs with spruce flanges, the sides 
and flanges being decreased in section from the point of 
maximum bending moment towards the wing tip to 
correspond with the reduced shearing forces and bending 
moments. The wing is pin jointed to the fuselage and 
braced by pairs of struts as previously mentioned ; 
one strut of each pair is adjustable. The ribs are of 
spruce with plywood webs and are of the Warren-truss 
type, as shown in Fig. 4. Plywood 1 mm. in thickness 
is fitted over the whole of the leading edge, and this 
plywood is continued back just beyond the rear spar on 
the top and bottom surfaces of the wing in order to 
resist the bending due to the drag forces ; no other drag 
bracing is employed. The ailerons, shown in Fig. 3, 
are of high aspect ratio, and they are operated from bell- 
crank levers by short push and pull rods in place of the 
more usual flexible cords and pulleys. The area of the 
ailerons is 21°5 sq. ft. 

The fuselage, illustrated in Fig. 4, is constructed on 
six spruce longerons with bulkheads of spruce and 
three-ply wood, the whole being covered with birch 
plywood +-in. in thickness, Great strength, particu- 
larly in torsion, is claimed for this form of construction. 
Of the two cockpits, one is located just forward of the 
front main spar and the other immediately behind 
the rear spar. Their arrangement is shown in Figs. 
3 and 4, and from the former it will be seen that 
a clear view forward on either side of the machine is 
secured for the front pilot by curving the deck fairing 
inwards. This feature is also noticeable in Fig. 1, 
from which it will be seen that the concave curvature 
of the deck fairing is continued along the whole length 
of the fuselage. Access to the front cockpit is arranged 
for by hinging a part of the leading edge of the wing, 
and, in the case of the rear cockpit, an opening, covered 
by a celluloid window in flight is provided in the trailing 
edge. Dual controls are fitted so that the machine 
can be flown from either cockpit. The undercarriage 
consists of a single bent tube passing through the 
fuselage and anchored by suitable fittings on the sides. 
The axle is of chrome-nickel steel designed so as to 
give sufficient flexibility for the absorption of the 
landing shocks and supported in fittings on trunnions 
which allow the necessary movement. 

The whole tail unit is designed so that it is easily 
detachable. The fixed tail plane, which is 6-5 sq. ft. 
in area, issupported by a single cantilever spar, and is 
constructed in one piece with the rear portion of the fin, 
which is fitted with dowel pegs for locating it in the 
front portion ; the total fin area provided is 4-3 sq. ft.. 
while the rudder area is 7 sq. ft. The elevator, which is 
operated by a push and pull rod similarly to the 
ailerons, has an area of 13:5 sq. ft. Its design mcludes 
one feature which should be mentioned, viz., that the 
elevator is hinged to the fixed tail plane along its upper 
edge and provided with a Duralumin flap which covers 
the opening on the lower surface so that no gap is left. 

The whole design of the machine with respect to 
loading and factors of safety has been carried out in 
accordance with the Air Ministry requirements for a 
general-class certificate of airworthiness. It is perhaps 
hardly necessary to mention that very good perfor- 
mances were put up by several other machines which 
took part in the trials, the general results obtained 
serving to show that British manufacturers are quite 
capable of maintaining the lead with this class of 
aircraft that they obtained with the somewhat lighter 
machines taking part in last year’s trials. Finally, 
we think the Ai Ministry is to be congratulated on 
its policy in encouraging the development of these 
light machines, as also are the officials of the Royal 


Aero Club for their work in connection with the organ- 


isation of the trials. 


THE “WEE BEE 1” TWO-SEATER LIGHT 


MESSRS. WILLIAM BEARDMORE AND CO., LIMITED, 


~AEROPLANE, 
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On the facts disclosed by Sir Robert Hadfield and 
others, an industrial truce of some kind or other iS 
clearly necessary. How to bring one about is, how- 
ever, a baffling problem whose complexities increase 
the closer one studies it. It is suggested, for 
instance, by Mr. Barnes, that a grand conference of 
representative employers and trade unionists should 
make an effort to find a satisfactory formula. That 
pre-supposes, however, (1) that all employers are 
organised in their respective industries and (2) that 
a trade union body exists which can effectively nego- 
tiate on such a subject, whereas, in fact, there are 
many unassociated or un-federated employers and the 
General Council of the Trade Union Congress cannot 
act on any subject without express authority—in 
other words, cannot bind its affiliated unions. The 
way toachievement of the desired object nevertheless 
lies through such a congress as is proposed. The 
executive authority of the Confederation of Employers’ 
Organisations ought to be able to get together a com- 
prehensive representation of employers for a discussion 
of the question, and the General Council of the Trade 
Union Congress could ask a special congress to give it 
power to explore the possibilities of agreement. If 
a formula were the result of a meeting between the 
parties—something like, say, the engineering provisions 
for avoiding disputes or the proposed conciliation 
scheme for the Tramways industry or the railway agree- 
ment—the affiliated employers’ associations on the one 
hand and the affiliated unions on the other, could be 
balloted on it. 

The objection may be urged that it would not be 
possible to apply one agreement to all industries. The 
Provisions for Avoiding Disputes are, however, easily 
adaptable to the case of any industry, and round them 
each trade and its unions could build whatever working 
conditions suited them. The procedure which’ has 
been indicated would necessarily take time, but only 
in some such way can the problem, in our opinion, be 
solved. The parties directly concerned must mutually 
agree to end the present deplorable state of affairs, 
and the greater the freedom of their deliberations is 
from the interference of outsiders—even well-meaning 
outsiders—the more lasting will their agreement be. 
Under such an arrangement as has been outlined 
there would be no stoppage of work until every possi- 
bility of adjustment had been examined locally and 
centrally. The rank and file of labour affect, on 
occasion, to distrust all conciliation machinery and 
to rely on their ability to enforce their demands on 
employers. The history of the Amalgamated Society 
of Engineers from 1897 till the formation of the 
Amalgamated Engineering Union proves conclusively, 
however, that there is no foundation for their fears. 
Under the organisation’s agreements—all of which 
included provisions for avoiding disputes—with the 
Engineering Employers’ Federation its funds and 
membership steadily grew, wages appreciably increased 
and working conditions were improved. c 


On October 7 the Umpire under the Unemployment 
Insurance Acts heard an appeal by the Unemployment 
Insurance authorities on the question of unemploy- 
ment pay for 1,700 Kent miners who are idle in conse- 
quence of a dispute with the coalowners over the 
National Wages Agreement. The coalowners’ case 
was that they were willing to pay under the National 
Agreement, but could not keep the collieries going if 
the base rates remained as at present. On behalf of 
the men, it was stated that the base rates could be 
altered by agreement on three months’ notice being 
given. The notice was not given, the full wages were 
not paid, and the men went on strike. The Umpire 
decided in favour of the men’s claim. 


The engineering industry’s provisions for avoiding 
disputes are less involved than some machinery 
devised with the same object, and on that account 
recommend themselves to the consideration of those 
who desire more or less prolonged industrial peace. 
When a difference arises and the workers and their 
representative on the spot fail to agree with the 
employers’ representative, the point is automatically 
transferred to the consideration of a local conference 
which must meet within a given time. If there is 
still failure to agree, the matter then goes on the 
agenda for the next monthly central conference at 

ork. If there is failure to agree there, the provisions 
are exhausted, and the parties are free to take whatever 
course they choose. 

The procedure proposed for the tramways industry 
is much more elaborate. Agreements are to be 
national, and all applications from either side for 
revision of wages or conditions are to be submitted 
to the Joint Council. If agreement on any question 
is not reached by the Council in two hours’ discussion, 
the claim is automatically remitted to a standing 
Wages Committee, consisting of the chairman of the 
National Council and 10 members—five chosen by 


the employers’ side and five by the workers’ side. 
This committee is to report to the Council within 
28 days. 
fails to reach agreement within 14 days, the claim 
becomes the subject of consideration by a tribunal 
composed of 10 members of the Council, of which 
five are chosen by each side, four co-opted members, 
each side nominating two, and a chairman appointed 
by the Council. 
and the chairman has only one vote. 
all required to vote there must, obviously, be a decision. 


If the Council, with the report before it, 


Each member is required to vote, 
With 15 members 


It will be interesting to observe how this plan works 
out in the case of the difference which is now under 
discussion. 


According to the “ Labour Press Service’? some 
considerable time will elapse before a critical stage is 


reached in the negotiations between the railwaymen’s 
unions and the railway companies on the new national 


programme drawn up by the N.U.R. The Railway 
Managers will be asked to fix a date for a meeting 
with the Negotiating Committee of the N.U.R. to 
consider the programme. If this meeting fails to 


reach an agreed settlement the programme will then 


go through the conciliation machinery set up by the 
Railway Act. Thus, the next step will be the con- 


sideration of proposals by the Central Wages Board 


on which both parties have equal voting power. These 


proceedings are private, and the chief value of this 


step is that both sides can state their position frankly. 
If the results are inconclusive, the programme will 


then come before the National Wages Board, which 


will have Sir William Mackenzie as chairman, 


There are, it seems, nine points in all in the National 
Minority Movement’s Metal Workers’ programme, 
They are :— 

(1) An increase in wages of 20s. per week on all 
existing rates to all grades, with an ultimate demand 
for 4/. per week minimum wage. 

(2) The’ establishment of a 44-hour working week and 
the abolition of overtime. 

(3) The establishment of Factory committees repre- 
senting all grades of workers in the factory or workshop. 

(4) The rebuilding of unions. The revival of spirit 
and interest amongst the present members, and a 


campaign for bringing into the unions those at present 


outside. Every metal-worker a trade unionist. 

(5) The complete organising of all women in the 
metal trades into the unions. 

(6) Control by the unions of all youths and appren- 
tices. 

(7) The collaboration of all unions in the engineering, 
shipbuilding, and iron and steel trades for united 
demands to the employers and for united industrial 
action. 

(8) Amalgamation of all unions in the industry into 
one union for national workers. 

(9) Affiliation of all unions in the industry to the 
International Metal Workers’ Secretariat, and full 
support to the request of the Russian Metal Workers’ 
Union for admittance into this International. 


One of the points is, it will be observed, “‘ control by 
the unions of all youths and apprentices.’ According 
to The Worker's Weekly, the official organ of the 
Communist Party of Great Britain, the Young Com- 
munist League, “enthused by the success of its 
mining campaign, is now making a determined effort to 

rally the young workers round the following 
concrete demands :— 

*(1) An increase of 10s. per week on all existing 
rates of wages paid to young workers. 

**(2) A six-hour day ; no overtime. 

(3) No piecework, 
““(4) All work to have training value. 
*“(5) Right to strike with adult workers.” 


a 


Many of the items in the foregoing programmes are, 
on their face, economically impracticable. It has, 
however, to be remembered that in putting them 
forward the Red International of Labour Unions and 
the Young Communist Party are less anxious to bring 
about improvement in the state of the workers than 
they are to capture Trade Unionism and, through its 
organisation, destroy industry as it is at present 
organised. Most of the “ demands ” are far ahead of 
orthodox Trade Unionism’s authorised programmes 
and concession of them would mean the scrapping of 
numerous agreements. If trade unionists were wise 
they would lose no time in disciplining these headstrong 
gentlemen, for the logical conclusion of successful 
propaganda along these lines is impoverished organisa- 
tions powerless te do anything at all for their members. 


Recently, the Belfast shipbuilding and ship-repairing 
employers offered to increase the wages of the members 
of the Amalgamated Engineering Union in their 
employment by 2s. per week, thus putting the engi- 
neering trades on the same footing as the shipyard 
trades so far as recent advances were concerned. The 


offer has now been formally accepted by a majority 
in a ballot vote. 


The Worker, the official organ of the British Bureau 
of the Red International of Labour Unions, gives an 
interesting account of a recent examination of the 
registers of Moscow Labour Exchange. ‘The results of 
the investigation were, it says, convincing proof of the 
urgent necessity of reforming both the system of 
relieving the unemployed and the registration of the 
unemployed by the Labour Exchange. The examina- 
tion, which affected 107,688 unemployed, was carried 
out by visiting the unemployed and having talks with 
them and with representatives of the managements of 
the houses in which they lived, as well as by investi- 
gating the actual conditions under which they lived. 
As a result of these and other inquiries 42,117 of the 
unemployed, or 39-2 per cent., were dropped from the 
lists. Most of the excluded lived in the neighbourhood 
of the largest Moscow market—Sukharevka—where 
about 75 per cent. of the alleged unemployed were 
struck off the lists. In the centre of the city 50 per 
cent. were dropped, while in the outskirts, populated 
chiefly by workers, only 20 per cent. were excluded. 
The examination showed that many of those registered 
had already found employment, while others had left 
Moscow. 

A number of characteristic cases of pseudo-unemploy- 
ment were, it is added, discovered. Among the un- 
employed, some were found to own automobiles. In 
some of the apartments occupied by ‘“‘ unemployed ” 
the investigators were not admitted for fear that they 
might be unclean and smudge their furniture. The 
unemployed lists contained names of ex-police officers 
and former owners of the biggest factories. There 
were among them also former dukes and officers of the 
court. All these unemployed were, “of course,” 
immediately dropped from the lists, and many of the 
unemployed who had not previously been receiving 
the unemployment grant were placed on them. 


A report published by the All-Russian Central Council 
of Trade Unions states that in the year 1922 the income 
of the “‘ Central” was 5,678 milliards of Soviet roubles, 
331 milliards being contributions from the affiliated 
unions and 5,027 milliards derived from State funds 
(5:8 per cent, against 88-5’per cent.). In the year 
1923 the total income was 1,997,246 gold roubles, the 
contributions from affiliated unions being 132,804, 
and the moneys received from State funds 1,816,115 
gold roubles (6-6 per cent. against 90 per cent.). In 
the first quarter of 1924 the Central Council had an 
income of 867,458 gold roubles, the trade unions con- 
tributing 61,968 and the State 796,044 gold roubles 
(7-1 per cent. against 91-8 per cent.). 


The Ministry of Labour states that the number 
of unemployed persons on the registers of Hmploy- 
ment Exchanges in Great Britain on September 29, 
1924, was 1,198,800—903,700 men, 37,700 boys, 
223,900 women and 33,500 girls. The total is 18,510 
more than that for September 22, 1924, but 86,823 
less than that for December 31, 1923. The number 
registered on September 22, 1924, was 16,250 greater 
than that for September 15. 


The miners’ agent in the Forest of Dean is reported 
to have informed a mass meeting of the men on October 7 
that the largest collieries in the West Dean area had 
conceded the full terms of the National Wage Agree- 
ment and given an undertaking to disburse all back 
pay by October 24. Discussions have been begun, it 
was stated, with the Waterloo and Princess Royal 
Collieries. 


The Industrial Court has issued its award in the 
wages reference submitted by the Joint Trade Union 
Movement and the London County Council. Of the 
war bonus of 26s. 6s. per week originally enjoyed by 
the men, 16s. 6d. was taken off when wages in the 
engineering trade were reduced in 1922. Eleven 
shillings of that was subsequently restored in two instal- 
ments, each of 5s. 6d. and the restoration of the third 
instalment of 5s. 6d. was now claimed on the ground that 
the rates paid by the Council compared unfavourably 
with those paid by the L.G.O.C., the companies 
operating tramways in the metropolitan area and the 
London Borough Councils. The decision of the Court 
was that the claim had not been established. 


Soctuty or CHemicat Iypustry.—The programme for 
the session 1924~—25 of the Chemical Engineering Group of 
the Society of Chemical Industry has now been arranged, 
and the first meeting will be held on October 23 at 
5 p.m. in the Kelvin Room of the Engineers’ Club, 
39, Coventry-street, London, W.1, when papers dealing 
with crystallisation will be read by Professor T. V. Barker 
and Mr. Hugh Griffiths. Information regarding suc- 
ceeding meetings may be had from the Secretary of 
the Society, Mr. H. Talbot, at Abbey House, Victoria- 
street, Westminster, London, 8.W.1. 
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THE COLLIERY AT THE BRITISH 
EMPIRE EXHIBITION. 


(Concluded from page 413.) 


Tue plant above ground comprises a complete 
workshop equipped with a smith’s hearth and a 
pneumatic 5-cwt. power hammer, constructed by 
Messrs. Alldays and Onions, Limited, of Birming- 
ham. The machine tools supplied by Messrs. T. W. 
Ward, Limited, include a planing machine 6 ft. by 
2 ft. 6in. by 2 ft. 3 in. ; sliding, surfacing and screw- 
cutting gap-bed lathes 9 in. centre by 12 ft. bed 
and 13 in. centre by 20 ft. bed; a radial drill with 
4-ft. arm ; a shaping machine with automatic feeds 
to the slide and vertical head; pipe-screwing 
machines to take from } in. up to 6 in.; parallel 
vices and small tools. 

The motor ambulance garage contains a motor 
ambulance, the body of which is fitted on a Daimler 
chassis. Rescue apparatus of two varieties, con- 


Fig. 160. 


The stroke is considerably longer and the weight less 
than for a drill of the same size; the piston rod J 
in this case terminates in a taper instead of forming 
a large chuck. The cradle K, which is fitted with 
a feed screw handle L at the end is capable of being 
rotated by hand round the axis of a worm wheel 
by means of the worm handle shown in Fig. 165. 
A rotation sleeve clamped round the column carries 
the cone seating on which the machine is mounted, 
and also the worm. The column is fitted with a 
jack screw operated by ratchet gear, shown in 
Figs. 165 and 166, for tightening it in place. The 
worm wheel is itself clamped and keyed to the 
column; the mounting shown in the illustrations 
is intended for, undercutting or horizontal work 
only, a different fitting being used for shearing or 
vertical work. The internal construction resembles 
that of the hammer drill, the details shown in 
Figs. 163 and 164 being: M, ratchet ring; N, 
clamp ring bolt; O, air nipple and dust cap; 
and P, the bent coupling piece and coupling nut. 
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structed respectively by Messrs. Siebe, Gorman 
and Co., Limited, and the Mining Engineering 
Company, Limited, is arranged on the walls. 

A shaker conveyor with compressed air drive, 
constructed by the Mining Appliances Company, 
Limited, of Sheffield, is shown near the creepers 
for elevating the tubs. The hammer drill, shown 
by the Climax Rock Drill and Engineering Works, 
Limited, of Carn Brea, Cornwall, is intended for 
drilling coal and the lighter stone for blasting. This 
drill is shown in detail in Figs. 160 and 161, and in 
a general view, Fig. 162, above. It is of light weight, 
25 lb., and fast rotation, working with either solid 
or hollow twisted auger steel, and capable of 
drilling holes up to 8 ft. deep either horizontally 
or vertically in coal or stone. It is fitted with a 
blow-out valve A, Fig. 160, under the control of 
the operator, for enabling an extra blast of live 
air to be sent down the drill when required. The 
ratchet ring B is fitted with lugs, which lock into 
grooves in the handle forging, and prevent it from 
rotating. The tool holder C is usually made to 
take drill shanks } in. square by 3} in. long. The 
details shown are: D, drill extractor ; E, valve 
seating packing ; F, valve; G, valve cage; and H, 
the valve seating. 

The valve gear is of the tubular type, to give 
a large number of blows fer minute with fast 
rotation. 

The Climax percussion coal cutter is shown in 
section and detail in Figs. 163 and 164, and in 
general view and at work in Figs. 165 and 166, 
opposite. This machine resembles the reciprocating 
rock drill, but delivers a blow of a different character. 


The cylinder I is machined from a steel casting 
with V-slides on either side to fit the corresponding 
slides in the cradle. The valve chest Q is made 
from a steel stamping, and the valve R is machined 
from rolled steel bar, both being case-hardened 
and ground to size. The valve-box and bushings 
are so designed that the parts are all truly co-axial. 
The piston is turned from a nickel steel forging, 
and fitted at the junk end with a rifle nut to suit the 
fluted rifle bar, Fig. 163. The cradle K is a steel 
casting machined to suit the slides on the cylinder. 
The chuck is bored taper at the one end to fit the 
piston and at the other end to suit the extension 
steels which are usually supplied in 20 in., 40 in., 
60 in. or 80 in. lengths, and are machined at 
the ends to suit the chuck and the five-prong 
picks used for cutting. The picks are generally 
34 in. diameter, machined from solid carbon-steel 
stampings. 

A complete range of pneumatic tools is exhibited in 
the Palace of Engineering by Messrs. Holman Bros., 
Limited, of Camborne ; among these are a pneumatic 
pick weighing 16 lb., hammer drills of light weight 
(25 lb.) for coal and soft to medium rock, and heavy 
sinker drills weighing 115 Ib. for boring holes up 
to 4 in. and even 6 in. diameter. These hammer 
drills are made of either the one or two-handed 
varieties, and either with or without a cradle and 
feed screw. This firm also specialises in machines 
for gripping and swaging drills and sharpening 
peeks DLbHe 

Hand-boring machines, manufactured by Messrs. 
Matthias Spencer and Sons, of Sheffield, are shown 
in the mine, examples of this type being the Paragon 


and the Agrippa hand boring machines with pivoted 
supporting blocks, adjustable in a twin pillar, and 
ratchet levers both for drilling and for feeding. 
The Borok is a smaller hand drill fed from a barrel 
and designed by the same makers for use in yery 
thin seams. 

The removal of props from the worked-out portions 
of the mine was formerly, when effected by means 
of the hammer, attended with considerable danger, 
because the miner had to occupy the position in 
which he was most exposed to falls of roof. A 
range of appliances has been evolved for this work, 
among them being the “Sylvester,” one of which 
is shown alongside a Diamond jigging conveyor, 
Fig. 110, Plate XXII, of our issue of August 15. 
Another is the ‘“Sylat”’ prop withdrawer, made 
by Messrs. Hadfields, Limited, of Sheffield ; with 
this appliance the leverage is 30 to 1, as against 
7 to 1 in the chain and ringer withdrawer that first 
superseded the use of the hammer. The design 
in this case has been improved so as to permit the 
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operator to stand close to the anchor prop at the 
maximum distance from the prop that is being 
pulled. 

Several types of prop-puller manufactured by 
Messrs. Matthias Spencer and Sons are exhibited 
in the mine ; of these the ‘‘ Agrippa,” an appliance 
of the rack-and-chain type, has a cranked end which — 
keeps the rack parallel with the chain and facilitates 
the sliding of the chain-box, Fig. 167, page 530. 

A further accessory is the “ Klippa” chain- 
retaining box, Fig. 168, which enables the length of 
chain pulled in to be secured to the rack, and a fresh 
pull obtained whilst the slide-box is readjusted. — 
With this appliance the length of pull is not limited — 
to the length of the rack, and it is not necessary | 
to release the tension before taking a fresh grip, — 
the hold being taken automatically. 

A third accessory is the ‘“ Rensha,” Fig. 169, 
which utilises the pull to wrench the prop by | 
twisting it from its position. With this appliance — 
the hook end of the chain is arranged on the prop - 
and secured in place by a spring connection. The | 
free end of the chain is then passed through the - 
wheel, the appliance arranged to straddle the chain » 
on the prop, and the large hook placed in the slot | 
at the back of the frame. The chain is then pulled | 
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tightly through the frame and round the toothed 
pulley, thus fixing the “ Rensha”’ at right angles 
to the prop. When fixed, the chain should be 
nearly tangential to the prop, and when the pull 
applied has brought the “ Rensha”’ round till almost 
at right angles to the pulling position, the prop 
will usually be loosened enough to pull out direct. 
The use of electricity for power distribution in 
mines has made it possible to improve the lighting 
—one of the worst features of underground working 
—and to enable the miner to see in the galleries 
and at the working faces. We have already seen 
that it is possible to make all the switchgear instru- 
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lighting point. The removal of switch or lantern 
portions by other than authorized persons can be 
prevented by the use of a special locking device in 
place of the ordinary wing nuts. 

The terminal box is split in such manner that 
connection can be made without cutting the cable, 
which is bared in two places and attached to 
terminals, after which the box is assembled and 
compound filled. The lamp fitting is arranged to 
plug into the terminal box, the machined faces 
rendering the combination flameproof. This ar- 
rangement facilitates the removal of any defective 


lamp to the underground substation or other suit- | 
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ments and motors flameproof, and the same arrange- 
ments are made in the case of the lamps. 

A very complete system of lighting devised by 
Messrs. W. Francis and Co., Limited, of Altrincham, 
has been installed in the colliery at Wembley. 
The fittings are of various types to suit central 
overhead positions for general lighting, inclined 
fittings for attachment to props or walls, and hand- 
lamps for use in driving headings. Care has been 
taken to conform with the Home Office requirements 
and the 1911 memoranda relating to the use of 
electricity in mines. A feature of the system is 
that three units are used, Fig. 170 and Fig. 171; 
a terminal box portion, a number of which may be 
fixed on a cable before it is erected ; a combined 
switch and fuse portion which can be connected to 
the terminal box, thus forming a complete switch 
point ; and a lantern portion which can be connected 
to any terminal box portion, thus forming a complete 


able place for repairs or fuse replacement. The 
interchangeability of the light fitting and switch 
in the terminal box has been considered specially 
with a view to the application of the system to 
collieries. The assembly of the components is shown 
in Fig. 170. 

Any means that can tend to the diminution in 
the number of cases of miners nystagmus are, next 
to safety, of the greatest importance to the miner 
and to the colliery owner. Efforts are being made 
in Britain, and also in the French and Belgian 
mines, to reduce this evil, which is often supposed 
to be caused by the position which the miner is 
compelled to assume in the hand working of the 
seams, but is now very generally believed to be 
attributable to the scanty light afforded by the 
ordinary safety lamp, to the position it frequently 
occupies almost between the miner and his work, 
and to the colour of the light itself. 


The miners’ electric lamp of to-day, as manu- 
factured by the Ceag Miners’ Supply Company, 
Limited, of Barnsley, is the result of continuous 


|improvements on their original pattern that won 


the first prize in the Home Office international 
competition of 1912. The production of a miners’ 
lamp, which must be at the same time light, port- 
able, and not liable to extinction when upset, alone 
took many years of study. The present Ceag 
lamps weigh 6} Ib. and contain a safety fuse, so 
arranged that in the event of the wall glass being 
broken the cell is automatically disconnected. 
The lamp is secured between two springs, which 
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take up vertical and lateral shocks, and the lamp 
is switched on and off by rotating the top relatively 
to the bottom of the lamp. The accumulator is of 
the “‘jellac”’ type, using a semi-solid electrolyte 
which contains no free acid and is put into the cell 
in liquid form ; it solidifies inside and thus renders 
the cell unspillable. The lamp is locked by a 
“magnetic ” lock, which can only be unlocked by 
means of a powerful electromagnet, when a quarter- 
turn of the retaining ring releases all the parts of 
the lamp top. In order to obtain an absolutely 
dependable quality the lamp bulb itself is now 
manufactured by the Ceag Company. 

In consequence of the suggestion, believed to have 
originated in Belgium, of the use of coloured glass 
as a means of reducing one cause of nystagmus, 
the Ceag Company have introduced a pale yellowish 
green tinted well glass, giving a rather softer and 
more diffused light than the ordinary glass. Lamps 
of special pattern are made for officials, of the bull’s 
eye, torch, signalling (red, green and white, by 
means of three stops) and “deputy” types. The 
latter combines the bull’s eye and torch, either 
being switched on as desired by rotating the top of 
the lamp relatively to the bottom. All these 
special lamps are sealed with a lead rivet. Cap 
lamps connected by a short length of cable to the 
portable battery are alsomade. In order to improve 
the illumination of the work afforded by the ordinary 
lamp, a special pillarless lamp is made which is 
fitted with a reflector that gives, over an angle of 
80 deg., increased illumination from the normal 
1-4 candle power to a maximum of 2-4 candle 
power. 

In a large mine it is not only necessary to have 
a system for exchanging lamps for the miners’ 
checks, but also to provide charging stands, a 
generator and an instrument board for recharging 
the batteries. It is, moreover, essential that at 
regular intervals the lamps be taken to pieces, 
cleaned and kept in repair. For this purpose the 
magnetic unlocking device is used, containing @ 
powerful electro-magnet, the pole-piece of which 
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can attract the hidden bolt in the lamp with sufii- 
cient power to overcome the locking spring and 
free the parts. Inspection is also necessary to ensure 
that the bulbs are replaced when necessary, and 
while the lamp is dismantled the well-glass should 


a 


SV ie=ay L 
en en. Ne ee ee eee 
SS Soro " 


(8696.C ) 


Fras. 167 to 169, Prop-WITHDRAWING APPLIANCES ; 
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Figs. 170 anp 171. Lamp AnD FIrTina FOR 
Mine Licutinc; Mzssrs. W. FRANCIS AND 
Co., Lirrep. 


be cleaned by a rotating brush. Records are also 
kept of the life of the batteries and of the bulbs. 
For mines provided with a compressed-air supply, 
but not having underground electric supply, a 
portable, turbine-driven self-contained generator 
and lamp, illustrated in Figs. 172 to 174, is made 
by the M.L. Magneto Syndicate, Limited, of 
Coventry. A short hollow shaft, running on ball 
bearings in the upper part of the lamp casing, 
carries on its upper part a ring of turbine blades 
built into a disc flywheel ; to the lower part of this 
disc is attached a permanent magnet rotor, which 
revolves within a laminated stator carried in the 
lower part of the casing by a clamping ring. The 
magneto-generator is designed to supply alternating 
current at a practically constant voltage over a wide 
range of speed. The nozzle is mounted in a branch 
that projects tangentially from the casing and is 
fitted with a gauze air-filtering cap. The exhaust 
passes to the atmosphere through a port at the top 
of the casing, closed by a spring-loaded disc valve 
opening outwards. The glass cap covering the 


lamp bulb is continuously scavenged by air received 
from the lamp casing, and escaping through a hole 
in the recessed portion. of the bottom wall. In 
order to ensure that the terminals may be dead 


if the protecting glass should be broken, a cut-out 
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Frias. 172 to 174. CompressEeD-AIR TURBINE- 
— Driven Exrotric Lame; Tue M.L. Maac- 
NETO SYNDICATE, LIMITED. 


is provided, consisting of a flexible sided metallic 
chamber, similar to that of an aneroid barometer. 
The chamber is in connection with the atmosphere, 


but it is placed at the back of the lamp holder, 
where it is exposed to the exhaust pressure. The 
chamber carries a platinum contact, which engages 
with a fixed contact on the body of the lamp. If 
the pressures inside and outside the chamber are 
equal, the contacts are pressed together, short- 
circuiting the generator. Breakage of the glass or 
tampering with the points will therefore auto- 
matically make the lamp dead. An emergency 
governor is provided on the generator, and operates 
for an excess speed of 10 per cent. The lamp is 
of about 32 candle power (24 watts), and the 
ordinary 12-volt automobile lamp bulb can be used. 
In the lamp in question, with an air pressure of 
100 Ib. per square inch, the consumption is stated 
to be nearly 3 cub. ft. of free air per minute ; the 
total weight of the lamp is between 14 lb. and 16 lb. 

Wherever electric lamps are used in coal mines, it 
is, of course, necessary to retain a small number of 
oil safety lamps for use as gas detectors. 


MERRYWEATHER FIRE APPLIANCES AT 
THE BRITISH EMPIRE EXHIBITION. 


In addition to the large fire engine and the trailer 
pump on loan to the British Empire Exhibition 
authorities, dealt with in our issue, of August 1 and 
September 19 (pages 156 and 426), Messrs. Merry- 
weather and Sons, Limited, of Greenwich, have an 
interesting display in the Palace of Engineering of 
numerous modern machines for fire fighting. Perhaps 
the most novel piece of fire-extinguishing apparatus 
exhibited by Messrs. Merryweather is their automobile 
first aid “‘ Fire Suds ’’ machine (Fig. 1) which is the 
first machine of its class yet constructed. Itis designed 
primarily for dealing with oil fires and carries in- 
gredients for the production of a large quantity of 
suds, a semi-liquid froth holding in suspension carbonic 
acid gas. It is now well established that a compound 
of this kind is the only really effective antidote for fires 
of burning oil, tar or substances having a lower specific 
gravity than water. The chassis upon which the fire- 
suds machine is constructed is of the same type as 
that of the fire ladder above referred to, but is fitted 
with a 50 b.h.p. motor. The superstructure is built 
up of mahogany with panel sides, the rear half being 
constructed to carry two galvanised steel tanks 
holding an alkaline solution forming the suds-producing 
material, and six separate lead-lined compartments 
carrying an acid solution. Each of the compart- 
ments has a separate valve-controlled outlet con- 
necting with the suction pipe of a double chamber 
rotary pump, each chamber dealing with a separate 
solution. The pump is driven from an extension of 
the first motion shaft of the automobile gear box, 
and delivers the two liquid ingredients through 
separate parallel lines of hose wound on an hydraulic 
reel to a single delivery branch, where they mix 
and form the fire suds which is delivered under 
pressure on to the surface of burning oil; it quickly 
overspreads this, preventing the access of oxygen and 
most effectively extinguishing the flames. As soon as 
one of the compartments is exhausted, the others are 
brought into operation seriatim, in accordance with 
the size and nature of the fire to be extinguished. 
The solution carried makes a total quantity of 1,800 
gallons of fire suds ; this may be considered a sufficient 
supply for a fire of average dimensions, but it may be 
increased to any degree desired from a provision of 
dry ingredients carried on the machine. 

In addition to the suds-producing apparatus, 4 
tank of plain water of 40-gallon capacity is carried 
for first-aid use at an ordinary fire; the water 1s 
delivered by an entirely separate rotary pump, operated 
from the transmission gear, to an hydraulic reel carrying 
180 ft. of rubber delivery hose, 1 in. in diameter. 
A compartment is also provided for carrying 4 
supply of canvas delivery hose for use from street 
hydrants, and large boxes are fitted on each side of 
the chassis between the wheels for the storage of other 
necessary fire-fighting gear. Overhead is a light 
telescopic ladder. 

From the above brief description it will be seen 
that a fire brigade equipped with such a machine 1s 
in a position to deal effectively with any description 
of outbreak to which it is called, other than such 
necessitating the use of powerful pumping apparatus, | 
and Messrs. Merryweather are confident that owing to. 
the constantly-increasing number of oil and petrol 
depots throughout the country a large demand exists, 
for machines of this class. ;| 

Another interesting item of Messrs. Merryweathers | 
exhibit is their ‘Konus Kemik” portable fire-) 
extinguisher, of which a large number are in commissi0D) 
throughout the Palace of Engineering for the fire: 
protection of the stands. The ‘“ Konus Kemik™ 
generates carbonic acid gas in an aqueous solution 
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under pressure by the mixture of sulphuric acid with 
a solution of bicarbonate of soda. The soda solution 
is contained in the ‘‘ Kemik’”’ itself, whilst the acid 
is carried in a hermetically-sealed glass tube which is 
fractured by the impact of a sliding lead weight. The 
apparatus acts solely by reversal. The discharge 


with the suds-producing compound being in the 
container itself. Upon reversal, the lead weight 


uncloses the orifice of the internal cylinder and the 
fire suds under pressure is produced. These types of 
apparatus have been most successful and make an 
extremely attractive display. 
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Fie. 2. 2,000-GatLton “Gem” Fire anp SALvAGEe Pump. 


utlet is in the gun-metal cover which closes the con- 
ainer, and being well above the level of the contents 
t is impossible for these to percolate by capillary 
uttraction or by other cause, a defect common to 
nany types having internal pipes. A “fire suds” 
ipparatus is made of the same capacity and on the 
jame lines as the “‘ Konus Kemik,” the only difference 
eing in the method of carrying the ingredients. In 
he case of the fire suds apparatus, acid solution 
s in a removable copper cylinder, the orifice of 
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Messrs. Merryweather also show two examples 
of their double cylinder vertical ‘“‘ Greenwich Gem” 
steam pump, one of the largest and one of the 
smallest of their standard types of this class. The 
larger (Fig. 2) has a volumetric capacity of 2,000 
gallons per minute, and is designed for a steam 
pressure at the stop valve of 180 lb. per sq. in. ; 
the capacity of the smaller size is 200 gallons per 
minute (Fig. 3), 

These pumps are most frequently in demand for 


vhich is closed by a lead ball, the alkaline solution! ships, where pumps of large capacity are required for 


sea salvage and fire pumping duty, and where space is 
limited for their installation. Our illustrations of these 
pumps show the extremely compact nature of the 
design. The 2,000 gallon pump weighs only 54 cwt., 
the weight of the 200-gallon size is only 6 ewt. 

These pumps are usually mounted below the water- 
line of a ship, and for fire-pumping duty take their 
supply from the ship’s side through a sluice-valve 
and strainer box delivering into a deck discharge, 
fitted for the attachment of fire hose and usually 
carrying a double-swivelling monitor of sufficient size 
to take the whole of the output of the pump. The 
diameter of the monitor nozzle used under these 
circumstances is for the 2,000-gallon pump 2% in., 
and for the 200-gallon one 2 in. For salvage-pumping 
duty a suction branch is taken to a deck fitting for 
the attachment of flexible suction pipe, and the great 
usefulness of a pump of this type for salvage work is 
specially in evidence when the water-line in a flooded 
compartment fluctuates to such a degree as to occa- 
sionally uncover the suction strainer. These pumps 
were used with marked success in the salving of the 
block-ships at Zeebrugge, where their high-pressure 
jets were of great advantage for clearing a passage in 
the sand bottom underneath the ships, through which 
lifting hawsers were passed. The same pumps were 
afterwards used for pumping-out purposes. 

Another interesting example of Messrs. Merry- 
weathers’ machines, especially in relation to sea salvage 
operations, is their steam-driven centrifugal pump, 
having a capacity of 3,000 gallons per minute, against 
a head of about 40 ft. The pump has a cast-iron body, 
with suction and delivery branches 12 in. in diameter, 
the impeller chamber having flanged covers at the ends 
carrying long gun-metal sleeve bearings. The impeller 
is of the closed-vane type, of gun-metal with a bronze 
spindle. The pumpis coupled direct to a single-cylinder 
vertical steam engine, running at a speed of about 


200-GaLLon ‘“‘Grem” Fink AND SALVAGE Pump. 


700 revolutions per minute, which can be supplied in 
a range of sizes to suit the steam pressure available in 
the ship in which the pump is installed. The motion 
work runs in a totally enclosed crank-case, with forced 
lubrication to all working parts, and pump and engine 
are aligned on a cast-iron bedplate. This particular 
type of pump is made for fixing in a ship’s engine-room, 
with the suction and delivery branches piped to deck. 
There is usually supplied with it a multiple deck suction 
fitting having four separate inlets each 6 in. in diameter 
for the attachment of flexible rubber suction piping. 
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THE EFFECT OF HIGH TEMPERATURE ON 
THE RANGE OF REPETITION STRESSES 
ON STEEL.* 


By Professor F. C. Lra, D.Se., M.Inst.C.E., 
M.1I.Mech.E., and Mr. H. P. BupeeEn, M.Sc. 
(Concluded from page 500.) 

Description of the apparatus and method of experi- 
menting.—Fig. 1 on page 533 shows the furnace 
in which tests were carried out at temperatures 
varying from 15 deg. C. to 800 deg. C. at 2,000 
repetitions per minute. 

The specimen at its upper end is screwed to the con- 
nector C, which is partially insulated from the upper 
part of the machine by the mica tube and mica washers 
shown in the figure. This arrangement was adopted 
to prevent, as far as possible, heat flowing upwards 


TaBLE I.—0-14 Carbon Steel. 


Showing the ranges of stress for various numbers of 
reversals at various temperatures for equal tensicns and 
compressions. 


Stress 

4+ tons} No. | Reversals. | Temp. Remarks. 
per Deg. C, 

sq. in. 

16-41 1 7,196,000 15 B 

19-19 2 611,000 + B 

15:6 3 8,907,000 5 B 

15-29 4 |21,063,000 eS B 

15-31 5 |17,537,000 ” B 

16:3 1 891,000 202 B 

15-78 2 1,402,000 216 B 

15-37 3 5,231,000 198 B Stopped 10 min. 
15-2 4 8,356,000 200 B oH 

15-34 5 9,425,000 203 B 35 min, 
17-8 1 2,351,000 290 B 

17-92 2 4,906,000 310 B 

17-75 3 9,878,000 308 B Stopped 3 hours. 
19-52 1 332,000 398 B 

18-94 2 2,816,000 402 B 

18-4 ao 4,772,000 409 B Stopped 2 min. four times 
18-72'| 4 |'6)725,000 | B941,B — G, 5 hours. 
18-56 5 9,431,000 399 B 1 hour. 
A727 1 891,000 500 B 

16:24 2 1,402,000 497 B 

16-28 3 2,396,000 501 B 

L277 5 4,871,000 496 B Stopped 12 min. 
15:6 4 8,892,000 506 B + 

15:2 1 340,000 603 B 

14:29 2 2,732,000 600 B Stopped 10 min. 
13-66 | 3 | 4,951,000 | 589 |B ,, 3 min, 
14:14 4 7,452,000 595 |7B 


TABLE III.—0.1 


strips of uralite, and this is first wound round with 
nichrome wire connected to the terminals T and T., 
The inner tube is insulated with asbestos wool sur- 
rounded by a larger tube and the ends closed with thin 
plates. The temperature is measured by means of a 
thermo-couple touching the specimen as shown in 
the figure. 

The specimen is fixed in the machine and the tempera- 
ture raised gradually to the temperature of the test, 
the machine being adjusted carefully to allow for any 
expansion that may take place. When carrying out 


| sists essentially of a steel tube along which are laid | tion can be estimated fairly approximately during the 


test by keeping a record of the numbers of turns of 
the adjusting wheel, or more accurately by recording 


Results of Tests at various Temperatures on Three Steels 
for Equal Tensils and Compressive Stresses. 
Compositions of the Steels. 


C. | Chr.| Ni.) Mn. | $i: 8. ny, 
p.c. | p.c. | p.c.)| D.c. | p.c. | piChamemE 

1. K4 steel ..| 0°35 | 0°60 | 3 Je Fa big aie 
2. 0°14 carbonsteel) 0°14 te xe 0°68 | 0°19 |0°040 | 0°045 
3. S2 steel 0:3 | 06 | 3°6 | Of | 0°17 (0°02 Sh or08 


ce 


TABLE II.—0-14 Carson STEEL. 


Showing the ranges of stress for various numbers of 


reversals at various temperatures for a mean stress 


of 10 tons per sq. in. 
Mean Stress. Maximum Minimum Range Temp. 
Tons per No. Stress* Stress. of = ¢: Reversals, Remarks. 
square inch. Tension. Stress . 
10 1 —19:47 —0-53 18-94 15 628,000 Broke. : 
2 —19-38) —0:62 18-76 15 4,894,000 Stress increased. 
2 —20°05 +0-05 20:10 15 832,000 My 
3 —19:22 —0-78 18-44 15 10,439,000 Broke. 
4 —19-41 —0-59 18-82 15 1,325,000 = 
5 —17-425 —2-575 14-85 15 3,832,000 Stress increased. 
5 —21-32 +1-02 22-34 15 1,856,000 3 
6 —19-41 —0-59 18-82 15 7,251,000 Broke. ; 
10 1 —19-51 —0-49 19-02 153 225,000 Broke. 
2 —19-42 —0:56 18-86 148 351,000 es 
3 —19-3 —0:7 18-6 147 2,392,000 » St. 5 hrs. 
4 —19-11 —0:89 18-22 155 4,481,000 “s 
5 —19-18 —0-82 18°36 150 8,642,000 Not broke. 
10 1 —19-78 —0-22° 19-56 300 998,000 Broke, St. 10 hrs. 
2 —19-61 —0-39 19-22 315 989,000 oH 
3 —19-48 —0-52 18-96 302 2,196,000 pe 
4 —20-11 +0-11 20-22 298 3,461,000 »  8t, 4hrs, 
5 —19-4 —0:6 18-8 291 8,211,000 Stress raised several 
not broken times. 
10 1 —18-6 —1:4 17-2 431 1,251,000 Broke. 
2 —19-07 —0-93 18-14 440 5,409,000 a 
3 —18-61 —1-39 17°22 437 7,721,000 7 
10 1 —18-58 —1-42 17-16 489 572,000 Broke. 
2 —19-05 —1-95 18-10 502 3,810,000 . 49y Seba ao liege 
3 —18-23 —1:77 16-46 499 7,419,000 i 
4 —18-69 —1-31 17-28 505 8,951,000 Not broke. 
10 1 —16-91 —3-09 13-82 655 310,000 Broke. ‘ 
2 —17-29 —2-71 14-58 660 1,821,000 és : 
3 —16-46 —3-54 12-92 661 5,352,000 » St. 1 hr. 30 min, 
4 —16-89 —3-11 13-78 664 6,841,000 as 
10 1 —15-1 —4-9 10-2 700 582,000 Broke. 
2 —14-17 —5:83 8-34 715 2,361,000 ie t 
3 —15-15 —4-85 10-30 692 6,723,000 yy  St..2)hrs, 
4 —14-68 —5-32 9-36 698 8,391,000 js.  Sb-.5 hres 


* Tensile stresses are indicated as —. 


4 CARBON STEEL. 


Showing the number of reversals for various ranges of stress at various temperatures for a mean stress of 
> 15 toms per sq. in. 


Mean Stress. Maximum Minimum Range of Temp. 
oe per No. Tension. Stress. Stress. onOe Reversals. Remarks. 

Sq. In. 

15-06 1 —24-14 —5-98 18-16 15 1,080,000 Broke. 
2 —23-12 —7-00 16-12 38,000 iS St. 2 hours,* 
3 —24-67 —5-45 19-22 385,000 Be 
4 —22-91 —7-21 15-70 17,028,000 ar St. 3 hours. 
5 —23-05 —7-07 15-98 4,152,000 cs 
6 —22-98 —7-14 15-84 9,062,000 ‘5 

15-00 il —23-88 —6-12 17-76 250 1,752,000 Broke. 
2 —23-32 —6-68 16-64 252 8,211,000 Ne St. 2 hours. 
3 —23-39 —6-61 16-78 253. 6,641,000 = St. 1 hour 35 min. 

15-00 1 —24-65 —5-95 18-70 300 252,000 Broke. 
2 —22-81 —7:19 15-62 309 4,290,000 & St. 1 hour 30 min. 
3 —22-84 —7:16 15-68 310 5,554,000 a 
4 —22-73 —7:27 15°46 303 9,354,000 Not broken. 

15-00 1 —22°+9 —7-1 15°8 400 602,000 Broke. 
2 — 22-93 —7:07 15-86 408 841,000 
3 —22-25 —7:°75 14-50 403 8,441,000 rs St. 10 min. 
4 —22-21 —7:79 14-42 397 6,131,000 a St. 15 min. 

15-00 ul —22°7 —7:30 15-4 503 402,000 Broke. 
2 —22-02 —7-98 14-04 505 632,000 
3 —22-2 —7°8 _ 14-4 497 1,803,000 a St. 5 min. 
4 —22-18 —7:°82 14-36 491 2,751,000 A St. 2 min. 
5 —22-00 —8-00 14-00 496 7,243,000 Not broken. 

15-00 1 —21-79 —8-26 13-48 570 302,000 Broke. 
2 ~21-35 —8-65 12-70 563 387,000 “ 
3 —21-2 —8-80 12-40 575 3,612,000 rf St. 5 hours. 
4 —20°9 -9:1 11-80 570 5,710,000 iss 
5 —21-0 —9:0 12:00 569 10,873,000 

15-00 1 —19-16 —10-84 8-32 630 5&2,000 Broke. 
2 —18-75 —11-25 7-50 630 1,092,000 3 St. 2 min. 
3 —19-29 —10-71 8-58 625 1,583,000 ” St. 3 min. 
4 —18-42 —11-58 6-84 628 4,682,000 Ka 
5 —18-64 —11-36 7-28 636 8,201,000 Not broken. 


* St. indicates the machine was stopped for the number of hours mentioned. 


from the specimen. The lower end of the specimen 
is connected to C, which, in turn, is attached to the 
lower part of the machine. The electric furnace con- 


* Paper read before the Engineering Section of the 
British Association at Toronto on August 11, 1924. 


experiments at unequal ranges of stress, the specimen 
creeps quite perceptibly when the mean stress exceeds 
some specified amount. While the stresses are being 
applied, however, the machine can be adjusted to 
take up the elongaticns so as to preserve the air gaps 
at their origina] setting. The amount of the elonga- 


Compressive stresses are indicated as +. } 


Taste [V.—K4 Steel. 


Showing the ranges of stress for various numbers of 
reversals at various temperatures for equal tensions and 
compressions. 

A 
Stress 
Tons per Reversals. | Temp. Remarks. , No, 
sq. in Deg. C. ' 
+ and — 
29-25 . 125,000 15, | Broke .. Ae 
27°85 . 312,000 — ss x |e 
OT ste 3 877,000 — s 3) 
27-8 2,425,000 — eee . 4 
27-1 4,201,000 = tes ot 
26-46 . 75,000 | 138 | Broke ..  -.} a 
25-5. 313,000 140 1 _ St. Sming 
24-4 1,075,000 145 an ENS «7 em 
23-9 1,676,000 137 >»  St.5mimn | 2S 
23-96 5,810,000 141 Wes. all Nae 
—— 
23-29 20,000 294 Broke .. a nN 
19-86 9,602,000 290 55 P «elt 
20-63 692,000 301 ma i ay ie 
20-39 2,972,000 291 :, Ay 
20-01 1,790,000 542 | Broke .. | 2 
19-95 6,590,000 566 | Stress raised ..| 2 
20-46 1,668,000 566 | Broke .. 2 
19-2 2,302,000 | 537 3 | 
19-76 . 3,137,000 538 5 a |. 
—_—— 
20-1 108,000 728 | Broke .. ot ae 
Troe 1,241,000 724 as S i 
18°30. 3,675,000 727 a ‘ oa oe 
22-85 . ,000 729 3 é Ly 
ier oh = Ss 
19-05 | 22,000 761 | Broke .. Sasa 
17-6 1,112,000 768 ie * lly 
18-22 425,000 775 oe 8 o 3 
17:02 1,397,000 771 6 Ee al 
17:01 3,675,000 782 sae - 5 
= 
the movement of the differential ammeter which is 
normally set at zero, This measures any permanent 
change of position of the oscillating armature between - 
the opposing poles, due to an extensicn of the specimen. | 
Tests showing the rate at which creep takes place have | 
already been referred to in the introduction (see Fig. 5). | 
When the tensile and compressive stress were at equal | 
ranges, although the maximum stress exceeded the 
static creep stress, there was no perceptible creep 


the specimen. The fracture was of the ordinary | 
fatigue character. 
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The results of tests on three steels are shown in Tables 
Ito VI. # As the specimens broke in nearly all cases, 
the safe ranges for, say, 10 million repetitions are best 
interpolated by plotting the usual curves showing stress 
against number of repetitions. These interpolated 
values are shown plotted in Fig.2. Curve No. 1, Fig. 2, 
shows the ultimate strength of the K4 steel at various 
temperatures when tested statically and fracture takes 
place in one or two hours. Above 400 deg. ©. the 
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racture will take place at less stress if sufficient 
ime is allowed. 

Curve 1a, Fig. 2, and Table IV show the range of 
tress for equal tensile and compressive stresses that this 
naterial will withstand for more than 10 million repe- 
itions of stress. It will be seen that at temperatures 
is high as 760 deg. C., a range of stress of 35 tons per 
square inch (+ 17-5 tons per square inch) is possible 
or more than 10 million repetitions. 

Curve No. 2, Fig. 2, shows the static breaking strength 
or0-14 carbon steels carried out in the ordinary way. 
. Curve 24, Fig. 2, and Table I show the range of stress 
or equal tensile and compressive stresses for more 
han 10 million repetitions at various temperatures. 
At 400 deg. C. the strength is greater than at ordinary 


steels for mean stresses of 10 tons and 15 tons per 


TABLE V.—S2 SrTEet. 


Showing the range of stress for various numbers of reversals at various temperatures for a mean stress of 
10 tons per sq. in. 


Mean 

Stress Maximum Minimum Range of Temp. 

tons per No. Tension. Stress. Stress. See Reversals, Remarks. 

Sq. in. 

10 1 —28-41 +8-41 36°82 15 831,000 Broke. 

2 —27-89 +7:-89 35-78 15 3,341,000 - 
3 — 28-08 +8-08 36-16 15) 10,593,000 c 
1 — 28-09 +8-09 150 302,000 Broke. 
2 —27°91 +7-91 145 381,000 2 
Om —27°83 +7 -83 153 1,432,000 » *8t. 2 br. 35 min. 
4 ) —27-9 +7-9 149 3,751,000 0) wt. 10) hrs 
5 — 27-63 +7:-63 143 7,263,000 » st. 1 hr. 30 min. 
6 —27:-71 +7-71 152 9,732,000 », St. 2 min. five times. 
1 —28-0 +8-0 36°8 300 1,882,000 Broke 
2 — 28-92 +8:92 37°84 308 5,743,000 we estnS. LE. 
3 —27°83 +7-83 35-66 302 7,763,000 », St. 2 min. three times. 
1 —27-63 +7-63 35-26 450 1,121,000 Broke 
2 —28-25 +8:-25 36-50 445 2,723,000 cn St. 1 hr. 15 min. 
3 —27-4 +7-4 34-8 455 4,710,000 AY St. 2 hr. 
4 —27-1 +7:-1 34-2 452 8,111,000 Hh 
1 —28-22 +7 -22 34-44 590 708,000 Broke. 
2 —27°35 +7:-35 34-70 592 2,351,000 » St. 2 min. six times. 
3 —26-71 +6-71 33-42 595 6,830,000 4, St. 2 min. 
4 —27-00 +7-00 34-00 590 11,090,000 Not broken. ‘ 
1 —25-49 +5-49 30-98 650 750,000 Broke. 
2 —25-15 +5-15 30-30 642 1,850,000 a St. 2 min. 3 times. 
3 —24-19 +4:19 28-38 653 7,430,000 a St. 2 min. 
4 —24°8 +4:8 29°6 650 9,746,000 ry) 


* St. indicates stopped in all the tables. 


TABLE VI.—S 2 StEEt. 


Showing the ranges of stress for various numbers of reversals at va1ious temperatures for a mean stress of 
15 tons per sq. in. 


Mean 
Stress Maximum Minimum Range of Temp. 
tons per No. Tension. Stress. Stress, CSE Reversals. Remarks. 
sq. in. 

15 1 —33°46 +3-34 36°80 15 2,128,000 Broke. 
2 — 32-28 2:16 34-44 — 8,386,000 Stress increased. 
2 33-30 | +3-18 36°48 — 1,144,000 Broke. 
3 —32-70 +2-58 35-28 == 4,334,000 ae 
4 —32-61 +2-49 35°10 — 8,002,000 +5 

15 1 —31:18 +1-18 32-36 250 1,621,000 Broke. . 
2 —31°:3 +1:3 32-6 245 3,623,000 re St. 3 min. 
3 —31-23 +1-23 32°46 252 9,545,000 on 

15 1 —31-45 +1-46 32-92 345 412,000 Broke 
2 —31-06 +1:06 82-12 345 1,151,000 as St. 10 min. 
3 —31-1 +1-1 BPA) 340 6,861,000 Hf St. 2 min. six times, 
4 —30-49 +0:49 30°98 348 (8,681,000 x 

15 i —30-48 +0-84 31-32 436 666,000 Broke 
2 — 29-86 —0-14 29-72 429 821,000 ae St. 12 min. 
3 — 30:4 +0-49 30-98 440 2,171,000 SE) St. 3 min. four times. 
4 —30-3 +0°:3 30-6 438 6,292,000 5) 
5 — 30-89 +0-89 31-78 439 12,640,000 Not broken. 

15 il —30°25 +0-25 30-5 470 591,000 Broke. 
2 —30-11 +0-11 30-22 482 1,852,000 Broke. 
3 —29-35 —0-65 28-70 481 4,251,000 Pe St. 2 min. 
4 —30:1 +0-1 30-2 470 5,753,000 eo 

15 i —28-4 —1-6 26-8 515 661,000 Broke. 
2 » —28-51 —1-49 27-02 509 1,293,000 of St. 5 sec. 
3 —28-28 —1-72 26°56 520 4,741,000 ee 
4 —27°9 —2-1 25:8 - 517 6,402,000 i St. 3 sec. 
5 —28-73 —1-27 27-46 509 8,820,000 St. 4 sec. six times. 


Fig.3. CURVES SHOWING MAXIMUM STRESS FOR 
MEAN STRESS OF 10 &15 TONS PER SQ.IN. 
FOR MORE THAN 10000000 REPETITIONS. 
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temperatures. Curve 3A shows the results obtained 
from 82 steels for equal tensile and compressive stresses. 

Fig. 3 and Tables If and III and V and VI show the 
results obtained from the 0:14 carbon and the 82 


square inch respectively. The maximum tensile 
strength has been plotted against the temperature in 


Fig.4. CURVES FOR -14C STEEL. 


CURVES SHOWING RANGE OF STRESS AT 
MEAN STRESSES OF 10 AND 15 TONS 
PER SQ.IN. 
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each case. The curves are practically parabolas of 
the form f = F — & ‘IT? where T is the absolute tempera- 
ture and F the range at absolute zero. When f is 
zero, T should be the melting-point of the steel or the 
stress at which the ‘steel becomes sufficiently fluid to 
have very small viscosity. The mean stress corre- 
sponding to each curve can be obtained from the tables. 
In Fig. 4 the range of stress for 0-14 carbon steel 
at various temperatures is shown, also three curves 
for temperatures of 150 deg. C., 300 deg. C., and 
500 deg. ©. are plotted, showing the range of stress 
for various mean stresses. Only three mean stresses 
are plotted, but it will be seen that the curves of 
maximum and minimum stresses are approximately 
straight lines, but only approximately. The equations 
for range of stress in terms of the mean stresses are 
given in the figure. 
ordinary temperatures for 0:14 carbon steel the curves 


Fiig.5. CURVES SHOWING CREEP OF METALS 
IN THE HAIGH MACHINE SUBJECTED 
TO REPETITION STRESSES. 
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The authors have shown that at |. 


not be exceeded, have made it possible to refer only 
to a few steels and to a few of the many interesting 
points that arise from a consideration of these experi- 
ments. Other steels have been tested and much 
other information on the statical and repetitive 
properties of metals at various temperatures has been 
obtained and are being further investigated. Both 
the repetition work and the statical work are very 


laborious. It may be that for an infinite number of 
TasieE VII. 
Per 
square inch. 
350 deg. C. 28 tons 
400 ,, C. 1d ,, 
500 ,, C. cat 


K, Stezy. x 300. 


Fie. 6. 0°14 Carson STEEL. 


x. 380. 


are not straight, the maximum stress being partly 
concave and partly convex downwards. For the 8, 
steel at ordinary temperatures maximum mean and 
minimum curves similar to those of Fig. 4 are straight 
lines. 

It will be seen that up to temperatures of 500 deg. C. 
it is possible to run specimens of 0-14 carbon stcel 
with a range of stress of more than 13 tons per square 
inch and a mean stress of 15 tons per square inch. At 
10 tons per square inch mican stress the range of 
stress is about 14 tons per square inch. It will be 
seen from Fig. 3 and other figures and tables that 
when the temperature exceeds 500 deg. C. or 600 deg. C. 
the range of stress possible begins to fall rather rapidly. 
Table VII shows the stress above which creep is stati- 
cally continuous at various temperatures for 0-14 
carbon steels. It will be seen that these are very 
much smaller than the stresses at which many millions 
of repetitions can be run without fracture. This fact 
has already been referred to in the introduction. 

The limits of this paper, which it is essential should 


Fie. 8. §, STEEL. 


repetitions with stress in one direction the statical 
stress that will cause continuous creep may be the 
limiting range under repetition stress, but, providing 
the time is sufficiently short to prevent the viscous 
slip (or strain) exceeding a certain amount, it would 
appear that much larger stresses than the statical 
creep stresses can be applied without risk of failure. 
If, however, the time of each cycle is long enough 
and the temperature not sufficient in this time to 
allow of the re-adhesion of the molecules, a molecular 
creep will be formed near to which a pulling-apart 
failure can commence. Whether there is such a thing 
at these high temperatures as a real endurance limit 
will have to be investigated, but what is possible at 
the present time is to fix for certain mean stresses and 
certain ranges of stress the life of the specimen. For 
the present, therefore, the safest procedure will be to 
define the stress range which the material at a certain 
temperature will resist for a specified number of repe- 
titions. The micro-photographs of the three steels 
show that the structures are normal. 


CATALOGUES. 


Railway Asle-boxes.—Messrs. Hyatt, Lintited, 56, 
Victoria-street, London, S.W.1, have sent us two leaf 
catalogues showing the design of their self-aligning axle- 
boxes for railway rolling stock of light and heavy types. 


Electrical Circuit Breakers.—Mr. George Ellison, Perry 
Barr, Birmingham, has issued a little eight-page pamphlet, 
explaining in simple terms the cases and circumstances 
in which circuit breakers should be used instead of relying 
on fuses. . 


Motor-Cycle Chains.—The Coventry Chain Company, 
Limited, Coventry, have issued a little booklet stating 
which chains of their standard range are used on motor- 
cycles. The particulars given are the chain list numbers 
and the number of teeth for front drive, rear drive and 
magneto drive. 


Oil Engines.—Messrs. Ruston and Hornsby, Limited, 
Lincoln, have issued a pamphlet containing « long list 
of the vertical and horizontal cold-starting oil engines 
supplied by them, and also giving full reports of separate 
tests carried out by Captain H. R. Sankey and Mr, 
W. A. Tookey. 


Electric Motors.—A new edition of their catalogue of 
single-phase and polyphase induction motors has come 
to hand from the British Thomson-Houston Company, 
Limited, Rugby. It contains full descriptive matter 
with all the necessary technical and commercial informa- 
tion in tabular form. 


Electric Motors.—A revised edition of their catalogue 
of asynchronous-synchronous motors has been issued 
by the English Electric Company, Limited, Queen’s 
House, Kingsway, London, W.C.2, containing a full 
description of these machines and a list of about 30 


|supplied, ranging from 143 brake horse-power to 1,200 


brake horse-power. 


Water Tuwers.—Diagrams, tables and notes from 
which sketches and estimates may be made of the 
approximate cost of concrete water towers of 10,000 
gallons to 500,000 gallons capacity, and of heights 
ranging from 10 ft. to 100 ft., are given in a catalogue 
issued by Messrs. Trollope and Colls, Limited, 5, Coleman- 
street, London, E.C. 4 


Mining Machines.—A. recent issue of M. & C. Machine 
Mining has reached us from Messrs. Mavor and Coulson, 
Limited, 47, Broad-street, Mile End, Glasgow. It con- 
tains much interesting matter about their coal-cutting 
machines, the use of which is extending, and also about 
mechanical conveying plant for carrying the coal from 
the face to the tub tram lines. 


Telephones, &c.—A very complete catalogue of 
telephone apparatus, fire alarms and water-level indi- — 
cators has been issued by the General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C.2. — 
The full equipments supplied are designed to allow 
additions to be made at any time without interfering 
with the operation of those already installed. 


Fans.—A number of circulars specially addressed to 
colliery owners, laundry proprietors, woollen manu- 
facturers, hop driers and blacksmiths have been issued 
by the James Keith and Blackman Company, Limited, 
27, Farringdon-avenue, London, E.C.4. We have also 
received from this firm a circular dealing with a small 
enclosed water-heating boiler, burning coke or anthracite. 


Testing Machines.—Messrs. Alfred J. Amsler and Co,, 
of Schaffhouse, Switzerland, have prepared a new edition 
of their abridged catalogue of materials, testing machines 
and precision measuring instruments, containing parti- 
culars relating to some new designs and improye- 
ments in the standard types. An interesting historical 
sketch of the firm, now in its 70th year, appears as 4 
preface to the catalogue. ; 


Heavy Oil Engines—A new catalogue of heavy oil 
engines, from the National Gas Engine Company, 
Limited, Ashton-under-Lyne gives particulars of eight 
standard sizes from 18-h.p. to 83-h.p. and four twin- 
cylinder engines of 92-h.p. to 166-h.p. These engines are 
of the horizontal self-starting type, and consume ernde, 
residual, refined or tar oils. All sizes are made for both 
industrial driving or electrical generation. 


Gas Valves and Fittings —A catalogue of gas valves 
and accessory fittings received from Messrs. J. Blake- 
borough and Sons, Limited, Brighouse, Yorks, shows @ 
very full range of valves in cast-iron, gun-metal and 
bronze as well as of pipes, couplings, bends, etc., tools 
for pipe laying, capstan pillars, hand wheels, syphon, 
boxes, and the various hand and manhole street fittings. 
Dimensions are given throughout the catalogue. 


Turbo-Generators.—Several turbo-generator sets, com- 
plete with auxiliary machinery, as installed in large 
power stations, are illustrated and briefly described in @ 
catalogue received from the Metropolitan Vickers Elee- 
trical Company, Limited, Trafford-park, Manchester. The — 
examples shown include sets for the Glasgow, Salford, 
Liverpool, and Manchester Corporations, the Metro-— 
politan Railway Company, and the Clyde Valley Electri¢ 
Power Company. 


Electric Furnaces.—A furnace with internal electric — 
heaters, suitable for heat treatment and general . 
industrial purposes requiring temperatures up 10 | 
1,000 deg. C., is illustrated in a catalogue received | 
from Automatic and Electric Furnaces, Limited, | 
173, Farringdon-road, London, E.C.1. These furnaces _ 
are built on a unit system which enables the firm to | 
supply any size required with heaters to suit the work. | 
It is stated in the catalogue that the costs of heat are 
equal when town gas is 2s. 10d. per 1,000 cub. ft. and | 
electricity ld. per unit. 
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RELATIVITY. 


Durine the recent visit of the British Associa- 
tion in Canada, Professor A. 8. Eddington, F.R.S., 
who, after Kinstein, is probably the ablest exponent 
of the theory of relativity, undertook the difficult 
task of explaining the elements of the theory to 
popular audiences. The interest taken in the sub- 
ject was shown by the crowds, both in Toronto and 
in Victoria, B.C., who were attracted by the lectures 
which, if not breaking new ground, at least upheld 
the best traditions of the association by proving 
that the most difficult branches of science can be 
presented in a form which enables ordinary persons 
to keep in touch with scientific thought, provided 
that the lecturer, as in this case, has the necessary, 
but rare, qualifications for the purpose. 

To prepare his audiences for the revolutionary 
ideas which the theory of relativity involves, Pro- 
fessor Eddington commenced his lecture by calling 
their attention to the way in which science had 
repeatedly attacked the commonplace conception 
of things and substituted entirely different views. 
When the lecturer, like any other human being, 
stepped upon the platform to address them he appa- 
rently performed no extraordinary feat, yet from the 
scientific point of view there he was—a collection of 
molecules with relatively enormous spaces between 
them—kept in an average position by the bombard- 
ment of another set of molecules constituting another 
aggregate—the boards on which he stood. Further- 
more, he was hanging, head outwards, from a large 
sphere (the earth) rotating rapidly and also travel- 
ling through space with enormous velocity. That 
this was a reasonably correct picture of his condition 
while addressing them, no one doubted, yet how 
different it appeared from their every-day concep- 
tions. It was not arrived at by any process of 
directly disproving the ordinary view, but by dis- 
passionately reviewing all the evidence bearing on 
the case. Similarly, the astronomer was not con- 
cerned to prove that the ordinary traditional ideas 
were wrong, but to devise a way of looking at things 
which should take into account all facts which were 
demonstrably true. 

Professor Eddington introduced the real subject 
of his lecture by considering what he termed the 
“experimental fact ” that a moving rod shortened 
in the direction of its motion. The term may seem 
to some of our readers rather a strong one, but is 
justified by the result of the famous Michelson- 
Morley experiment which seems to leave room for 
no other conclusion. This experiment, which was 
first performed in 1887, was repeated in 1905 with 
the same results, and has again been verified more 
recently. A rod on the surface of the earth moving 
longitudinally with the earth’s speed of 19 miles 
per second would be shorter by one part in 200 
million than if it were at rest. Such shortening not 
only followed as a necessity from the Michelson 
Morley experiment, but could also be predicted on 
other grounds by the accepted laws of physics. The 
electrical forces of cohesion which retained the mole- 
cules of matter at their normal distances were modi- 
fied by motion, with the result that a moving rod 
was shorter than a stationary one. The contraction 
of a moving body might therefore be taken as defi- 
nitely established by the ordinary laws of physics 
which were accepted by everyone. 

We had next to consider the consequences of this 
fact, which were certainly remarkable. Sup- 
posing a planet to be moving through space at a 
speed of 160,000 miles per second. As the planet 
rotated on its axis a man would vary in height from 
3 ft. to 6 ft. while the planet made a quarter of a 
revolution, and a 100-mile journey would shorten 
to 50 miles in the same time. As the man’s foot- 
steps and measuring devices would lengthen and 
shorten exactly as the distance varied he would 
have no means of finding out by himself that any- 
thing was happening at all. We knew of no 
heavenly bodies moving with such a speed as that 
mentioned, but there was certainly a spiral nebula, 
travelling at 1,000 miles per second. This speed was 
quite high enough to alter lengths sufficiently to 
affect engineering and_ scientific measurements 
according to their direction. How annoyed an 
observer on the nebula would be when he first 
discovered this, and how thankful we ought to be 


that the earth travelled along at a decent speed. 
But was our self-congratulation justified 2 The 
nebular observer would say that it was we who were 
rushing through space at 1,000 miles per second 
and that our measurements were all wrong while 
his were right. In the nature of things neither 
party could possibly discover the errors which the 
other attributed to his observations. The dilemma 
was serious and far-reaching. Scientists on the 
earth and on the nebula respectively would agree 
about nothing. If we constructed a square it 
would look oblong to them and vice-versa. They 
would locate the stars in positions which we would 
not admit. In fact, each of us would be using a 


different “frame of space’ and the one’s location of 


things would be like a distorted map to the other. 
The clocks, measuring rods, electric fields, &c., of 
each observer are all distorted from the point of 
view of the other but the “errors” of all the 
measurements of the same observer cancel out so 
that the wrong frame of space, if either can be 
called wrong, acts just as well for those who use 
it, as if it were right according to the notions of 
other people. 

As Professor Eddington pointed out, the absur- 
dities, if they could be so called, to which he had 
called attention, had nothing to do with Einstein 
or his theory. They arose from experiments and 
facts admitted by opponents as well as by advocates 
of the theory of relativity. The facts regarding 
the observer on the nebula had led to the conclusion 
that there must be two different frames of space, 
both of which would work equally well, and, of eourse 
there could be an indefinite number of other frames. 
What Einstein had said, was that none of these 
frames was more justifiable than any other. We 
mortals had assumed that there must be one unique 
“right” frame, without saying in what its right- 
ness consisted. We had selected the one in which 
we and our petty affairs occupied the central 
position. Einstein asked us to abandon our 
parochial outlook, to complete the revolution 
in thought begun by Copernicus and to regard 
the universe from an external position. Length, 
which like mass and time, we had been taught 
to regard as some absolute thing, was nothing 
of the kind. It was the result of an operation of 
measurement carried out by prescribed rules, but 
what thing was correlated to the result of the 
measurement we could not conceive. The differ- 
ence between absolute and relative quantities must 
be kept clearly in view. The number of people 
in the room was an absolute quantity, quite inde- 
pendent of the position or motion of the observer. 
The direction of a city was relative, to one man it 
might be east, and to another west. Length used 
to be considered absolute, but we now knew that a 
rod which had one length relative to measurements 
made on the earth, would have another length if 
considered in relation to the space-frame of Venus 
for example. Length, in fact, like direction, varied 
according to the position and motion of the observer. 

To drive this point home to his audience, Professor 
Eddington gave a humorous illustration. He 
supposed that two of his assistants had been asked 
to determine with great care the exact distance 
between two points on the platform. They could 
not get their results to agree, as one maintained that 
it was right to make the measurements according 
to the terrestrial space frame, while the other had 
adopted the view-point of Plaskett’s Star, as being 
the most massive, and therefore presumably the 
most important, body in the universe. After 
chiding them for not having both considered their 
instruments as partaking of the same motion 
through space as the platform, and thus securing 
consistent results, he asked them to go and measure 
the wave-length of the wireless radiations, by means 
of which his speech was being broadcasted. They 
returned saying that their results were in perfect 
agreement, both finding the length of the waves to 
be infinite. Asked how this could be, in view of 
the fact that the wave-length was advertised as 
about 300 metres, they replied that at great trouble 
and expense they had acted on the principle he had 
laid down and had seen their apparatus hurtling 
through space at the rate of 186,000 miles per 
second, so that it should keep up with the waves. 
The consequence had been that the measuring 


apparatus had contracted to infinitely small dimen- 
sions and had, therefore, produced the results 
mentioned. 

There was nothing in any way mysterious about 
the “‘ fourth dimension.” It was obvious to every- 
one that the world of solid permanent objects 
could be regarded as comprising “up and down” 
“right and left,” ‘‘ backward and forward,” in 
other words things existed in a three-fold order. It 
was equally obvious that the world of events was 
four-dimensioned, because the question of ‘‘ sooner 
or later’? had also to be considered. The British 
Association meeting at Toronto, relative to the 
previous one at Liverpool was so many miles west, 
so many miles south, so many feet higher, and so 
many months later. Four dimensions were, there- 
fore required to fix a thing in the world of events. 
Nothing more than this was meant by a four- 
dimensioned world. ‘‘ Sooner and later” was quite 
a different relation from ‘‘ up and down,” but this 
also was different in its way from “right and left.” 
Why, it might be asked did the relativists, resurrect 
the ancient and simple truism about the fourfold 
order of events? In general, little attention had 
been paid to it because there was no need to associate 
the three-fold order of space with the one-fold 
order of time. But the possibility of this separation 
was due entirely to the fact that we lived on a planet 
with a particular kind of motion. In the nebula 
previously mentioned, the separation into a three- 
fold and a one-fold order was made in a different 
way. ‘The possibility of different divisions would 
be evident from the fact that the words vertical 
and horizontal described different directions accord- 
ing to whether the person using them were, for 
example, in Canada or England. An infinite choice 
of frames arose from the possibility of slicing the 
four-fold world in different ways, but to see the 
universe in its true simplicity we must not slice it, 
but regard it as a four-dimensioned whole. 

In our ordinary mode of thought we analysed 
the world into a succession of instantaneous states. 
We regarded instants as extending through all 
space, and the world as going on from instant to 
instant. Piling these instants on one another, we 
got an idea of the whole world of events. The 
enduring world appeared to us as if it were stratified 
into instants. The actual lines of structure did 
not necessarily follow any such scheme any more 
than the geological formation of the earth corres- 
ponded with the lines of longitude or latitude on a 
map. An observer of another star would use a 
different direction of stratification or a different 
division into instants as being more convenient 
according to his own motion, and he would be 
entirely at liberty to do so, since these artificial 
divisions, convenient as they were, did not in any 
way indicate the structure of the world outside us. 
They were merely our scaffolding for inspecting it 
and not part of the structure. 

The theory of relativity, Professor Eddington 
continued, revealed the simplicity of the world 
outside us, which was obscured because our mental 
eye was distracted by the irrelevant lines of partition 
we had drawn across it for our own convenience. 
But although the world with the stratification 
removed was simpler it was more unfamiliar. A 
clear distinction had to be drawn between simplicity 
and familiarity. <A pig, as stratified into rashers 
might be much more familiar to a biologist than 
in its natural state, but if he wished to discover 
how the animal functioned he would find the study 
of the complete pig much simpler and more con- 
ducive to results than a study of the rashers. 

The theory of relativity as so far outlined was 
promulgated by Einstein in 1905, and was called 
the special theory. The general theory, introducing 
space curvature and a new law of gravitation was 
reached by Hinstein some ten years later. The 
idea could best be approached by considering our- 
selves as being in a lift falling freely down a shaft. 
Under such conditions we should have frames of 
space and time differing from those of the earth, 
and such physical knowledge as we could learn by 
experiments would be referred to the new frame. 
The frame was different from any yet considered 
because the motion was accelerating with respect 
to the earth. Suppose that, when standing in the 
descending lift, we dropped an apple. It would 
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remain suspended in the air showing no tendency to 
fall to the floor of the lift, so that so far as we were 
concerned gravitation would appear to have been 
abolished. Except for this important difference 
we should find all ordinary physical laws to be the 
same as on earth. We might then try another 
experiment, namely, that of dropping two apples 
simultaneously at opposite corners of the lift. 
As they both would be on convenient paths to the 
centre of the earth, we should see them slowly 
approaching each other although remaining at 
the same height above the floor of the lift as when 
we released them. Gravitation would have dis- 
appeared, and a new phenomenon, namely, that of a 
tendency of masses to drift horizontally instead 
of to fall vertically would have been observed. It 
would thus be evident that our old notion of 
gravitation as a definite pull, independent of frames 
of space and time, could not be maintained. Our 
picture of the phenomenon must depend upon 
whether we regarded it from a standpoint on the 
earth or in the lift, and there was no reason for 
holding that one position was more correct to take 
than the other. Whether we preferred to regard 
gravitation as some sort of pull, or whether we 
regarded it, as Einstein did, as a curvature of space- 
time, our description could never be more than 
that of a mental picture. Our imagination could 
not rise to the conception of the inscrutable pro- 
cesses of nature in their intrinsic essence. 

If the space-time of the falling observer is on an 
equality with that of the stationary observer, 
our ideas of gravitation must be reconstructed. 
Professor Eddington gave it as his own opinion 
that the standpoint of the man in the lift was the 
simple one, and by considering the lift-man on an 
equality with ourselves as an observer of phenomena, 
we were forced to construct a new picture of 
gravitation which would not arbitrarily condemn 
certain of our frames of space time as wrong, and 
accept others as right, with equal disregard of 
principles. It was more difficult to see why the 
picture had taken the form of non-Euclidean 
geometry, or, in other words, a curvature of space 
time. The idea might be approached by an 
analogy. The earth, to the earliest human 
observers appeared flat, and any view that it was 
curved would have been rejected as absurd and 
inconceivable. However, the fact of its curvature 
was forced upon the mind by the extension of 
knowledge, and no one now finds any difficulty in 
conceiving it as spherical. The conception of 
space-time as curved was a strange one, but it 
seemed best to fit the case. A curvature or pucker 
was just the picture we needed for gravitation. 
It did not exist at a point, no one could say a point 
was curved, but in the neighbourhood of a point. 
There was similarly no gravitation at a point. 
When the apples mentioned above had drifted to 
the centre of the lift they would stop. Gravitation 
was a property of the space surrounding a point, 
and was obvious to all observers whatever their 
frame of reference. 

The use of a geometrical term, such as curvature, 
for a mechanical force, such as gravitation was, 
arose in consequence of the unification of geometry 
of mechanics in consequence of the unity of space 
and time in a four-dimensional continuum. They 
could only be divided on artificial lines. The 
measurement of space was a matter of geometry, 
and that of time a matter of mechanics, but they 
could not be dissevered and treated separately. 
Geometry and mechanics could not be kept apart, 
hence we had to erect a wide subject which would 
contain both. This subject came under the head- 
ing of geometry because of the wider nomenclatures 
of this science. There was nothing revolutionary 
in one sense, in regarding the space time continuum 
as curved, or in other words as obeying the laws 
on non-Euclidean geometry. We had for 2,000 
years believed that space was Euclidean and were 
consequently attached to this view, but the idea of 
a continuum of space time as distinguished from 
space alone, did not occur to physicists until 15 years 
ago. Hence we had no tradition as to the geometry 
of the combination. If the space time continuum 
had not a Euclidean geometry, our arbitrary 
section of it called space could only be Euclidean 
by mere chance. In fact, if Einstein had bit upon 
the right line of geometry in his law of gravitation 


The curvature 
however, the more 


our space must be non-Euclidean. 
of the time element was, 
important consideration. 

In concluding his lecture, which had held the 
earnest attention of a large audience from start 
to finish, Professor Eddington remarked that the 
introduction to the subject, which was all that he 
could attempt under the circumstances, was only 
the beginning of a long series of developments 
which had made clear much that was puzzling and 
obscure in various regions of physics, and had 
given us a wonderfully unified conception of. the 
forces at work in the world. Mathematicians 
had not introduced the new and curious way of 
looking at things simply because the ideas were 
amusing to contemplate, but because the view-point 
provided a line of thought which led to the unravell- 
ing of some of the mysteries of science. The 
theory of relativity had justified itself by enabling 
the prediction of things which could be and had 
been verified by observation. 


INDIA AND BURMA AT THE BRITISH 
EMPIRE EXHIBITION. 
(Concluded from page 509.) 

Onty the most general account can be given 
of the contents of the individual courts. The 
Cotton Court represents one of the greatest of 
Indian industries, the export of raw cotton being 
nearly half the value ofythe total exports of raw 


districts about twice the area of England and Wales 
with something over half their population. It 
has no great mineral resources, but nearly two- 
thirds of its population are agricultural, producing 
chiefly wheat and cotton. It includes the remark- 
able district of Sind, which from being a great 
desert is being gradually converted by irrigation 
work into one of the most important cotton fields 
in the world. Production on the agricultural side 
is illustrated fairly, and some beautiful examples 
of artistic fabrics and wares are shown by 
private exhibitors. So far, however, as concerns 
the great textile industry of which Bombay is the 
Indian centre, the representation is quite inade- 
quate. The only considerable exhibit, indeed, is 
that of the Indian Woollen Mills, which show some 
of their fabrics. The United Provinces of Agra 
and Oudh, rather larger than Great Britain and 
carrying a rather larger population, are principally 
agricultural. The States of Benares and Rampur 
are exhibiting in this court, and in numberless 
ways the traditional aptitude of the population in 
Benares and elsewhere to give beautiful and elabo- 
rate forms to metal and other materials is fully 
illustrated. eee 

The Punjab, rather larger than the Bombay 
Presidency and with rather more population, is at 
present mainly agricultural, owing its prosperity 
in large measure to the recent development of 
canal irrigation. Considerable attention is being 
given to the scientific study of agriculture, and 
among the exhibits models show some progress in 
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material and just under a fourth of that of all 
total exports, and likely to be still larger as the 
cotton-growing area is increased by irrigation, 
and a larger proportion is used for producing 
a longer staple. About a third of the crop is 
made into yarn and cloth in Indian mills, and cotton 
manufactures now represent more than a fifth 
in value of the total manufactured exports and 
about 6 per cent. of the total export trade. 

The Madras Court, which includes the exhibits 
of the States of Cochin, Banganapalle and Sandur, 
is among the largest and most varied. Madras 
has about the same population as Great Britain, 
and is about half as large again. Some 70 per 
cent. of its population is engaged on agriculture, 
the chief crop being rice, the others including 
cotton, sugar, ground nuts, tea, coffee, and the 
various herbs and spices that enter into South 
Indian grocery. It has large industries in coir, 
cotton, silk, wool, jute and other fibres, and a rich 
selection of textiles made from them is exhibited. 
Tanning materials and tanned hides and goat skins 
also represent an important industry. Models of 
specimens illustrate a large number of practical 
native devices, such, for example, as the improvised 
bridge shown in Fig. 4 for crossing narrow streams, 
which is cheap, ready and serviceable. 

Bengal has rather less area than Great Britain 
and rather more population, most of whom are 
connected directly or indirectly with agriculture 
and produce, chiefly rice ; in addition to important 
productions ‘of tea, tobacco, jute and similar 
fibres, lac and forest products. All these are 
fairly represented, and to some extent also are the 
manufacturing industries that are being actively 
conducted. 

The Bombay Presidency includes in its British 


the adoption of mechanical methods. Samples 
and statistics illustrate the improvement in cotton 
and other produce. The State of Kapurthala is 
exhibiting in this Court. An interesting model 
by Messrs. Ransomes and Rapiers, Limited, shows 
the Mangla regulator and other works in connection 
with irrigation, which are further illustrated by 
maps and plans showing the development that has 
taken place and the growth of the irrigated districts. 
Bihar and Orissa, the area and population of which 
are roughly comparable with those of Great Britain, 
show mainly silks and other textiles, silver and gold 
ornaments, and filigree and a few other native arts 
of great beauty, but give no suggestion of the fact. 
that in iron, steel and coal, and allied industries 
it is the great manufacturing district of India. 

Of the native States not exhibiting in the pro- 
vincial Courts separate exhibits are shown by 
Patiala, Baroda, Indore, Kashmir, Bikaner, Cutch, 
Jodhpur, Kathiawar, Tonk, Jaipur, Khairpur, 
Mysore and Travancore, All of them are rich with 
the products of the arts and crafts practised tra- 
ditionally in their territories, each possessing its in- 
dividual local characteristics. They show specimens. 
of the agricultural products from which the sub- 
sistence of a large part of their inhabitants is derived. 

Baroda displays examples of its many artistic and 
other small industries, including pottery and its. 
forest products, and considerable particulars are 
given of the provisions made for education and for 
the progress of co-operative societies. The Indore 
(Holkar) State shows only some of its agricultural 
products and specimens of its rich mineral deposits, 
but has no representation of its cotton mills or its. 
glass, brush, tile and brick and thymol factories, 
nor of its iron and brass factories. The exhibit, 
however, is intended to attract British capital and 
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enterprise to protected industrial schemes that the 
Government has in view, particulars of which can 
be discussed with the officer in charge of the court, 
Mr. S. V. Kanungo. 

Kashmir is a mountainous country, at the foot 
of the Himalayas, nearly as large as Great Britain, 
and cut up into very numerous hills and valleys, 
with no railroad connecting it with India, and even 
the carriage roads are in need of the improvement 
they are receiving. It has naturally, however, an 
abundance of potential water power, and Srinagar, 
its capital, is already lit by electric light from a 
hydro-electric installation. Apart from its fertile soil, 
and the varied products it bears, its many timbers, 
and the valuable drugs that grow in its forests, 
it is known to have considerable mineral deposits, 
specimens of some of which are exhibited. The 
exhibits in the Kashmir Court include examples of 
its resources. Though the exploration of the 
mineral deposits is only in an early stage it has 
already disclosed enormous quantities of useful 
minerals, some of them of great purity. 


nising that they need to adopt or extend the use of 
machinery, and the Mysore Government is advanc- 
ing large sums to encourage the extended use of 
machinery in agriculture and industry. Agricultural 
machines and tractors, steam, oil and gas engines, 
textile machinery for small factories, oil pressing and 
chemical plant, and hydro-electric plant are among 
the machinery that is likely to be required in the 
near future. The purpose, indeed, of the exhibit 
is said to be not only to stimulate export trade in 
raw materials and artistic wares, but also to build 
up connections with manufacturers of machinery 
and others who can assist in developing the economic 
resources of the State. 

Travancore, a little smaller than Wales, has rice 
for its largest crop, all of which it eats. Of export 
commercial crops, cocoanuts and tea are the most 
important ; with the former a large production of 
various oil seeds may be taken, as being possibly in 
need of better machinery than they have. Rubber, 
timber, forest products and coir, with monazite, 
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The considerable resources of the State of Bikaner, 
though illustrated in the exhibit, are likely to be 
made far more available than they are with the 
completion of the Sutlej Valley irrigation scheme and 
the extension of the railway system. In Cutch, 
Jodhpur, Tonk and the Kathiawar States (the last 
including Navanagar, the present ruler of which is 
illustrious to Englishmen for personal reasons) no 
great industrial prospects are shown. Except 
possibly for the marble of Jodhpur, the products 
are mainly pastoral and agricultural or those of 
cottage industries. Jaipur and Khairpur similarly 
show examples of their numerous traditional arts. 

The exhibits of the two southern states, Mysore 
and Travancore, show a much higher industrial 
development than most. Apart from its well- 
known gold mines, Mysore possesses good iron 
deposits, from which, with its abundant timber, it 
makes charcoal iron, specimens of which are shown, 
together with the products of the destructive dis- 
tillation by which the charcoal is made. The 
Mysore Iron Works and the Mysore Government 
show specimens of these, and the Workington Iron 
Company show the Mysore manganese ores they 
use, together with samples of manganese steel made 
from them. The Director of Geology shows specimens 
of chromite and other ores and minerals, for which 
the development of markets and industries is being 
sought. The important silk, cotton and wool indus- 
tries show not only raw material, but a variety of 


garnet sand and a variety of textiles are the chief 
other commercial exhibits. 

Taking generally the whole of the exhibits in the 
Indian Pavilion, it will be seen that at the present 
time they represent India as interested mainly in 
produce and raw materials, with a gorgeous back- 
ground of hand-made products, which result from 
the wide-spread traditional crafts of the country. 
India is the largest customer of the United Kingdom, 
as the United Kingdom is of India, and up to now 
Indian purchases from the United Kingdom have 
been steadily increasing. It should be realised, 
however, that for some time past there has been a 
strong desire pervading India, not, indeed, felt in all 
circles, but apparently found in all parts of the 
country, that India should be independent of 
foreign manufactures. The considerable iron and 
steel works, the large and increasing number of 
mills, and many other enterprises, for the most part 
not represented fully in the pavilion, show that 
effect is being given to the desire for increased 
Indian manufacture, and a question of considerable 
moment for British trade is how far this movement 
is likely to go, and to what extent it will affect the 
trade of this country with India. 

The desire for increased Indian manufactures is 
accentuated by more influences than one. In some 
quarters, extremist politicians support it as a step 
towards weakening the British connection; but 
there seems no doubt that, however honest may be 
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this section, no important body even among poli- 
ticians would be willing to “ cut the painter,” sup- 
posing they were offered the opportunity. Another 
sentiment, felt perhaps much more widely and 
found in some Dominions as well, is that a great 
nation loses dignity if it does not conduct the skilled 
operations of manufacture for itself, and depends 
for them on other nations ; that, as is sometimes 
said, India has emerged from the state in which she 
should be only a hewer of wood and drawer of water 
for other countries. It may be questioned whether, 
in the long run, the sentiment will be found to stand 
examination. The large majority of individuals 
engaged in modern manufacture have the chance of 
showing not more but less skill than is required 
in the cottage arts and crafts of India, and less 
knowledge and judgment than is required in much 
agricultural, pastoral and mining work. The life 
of town dwellers, aggregated in factories, does not 
do more for a nation’s stock, and for national or 
individual well-being, than country life ; nor in the 
great struggle of man with nature is that population 
the least useful and honourable or placed to the 
worst advantage which extracts the resources of the 
earth, harnesses to its service the powers of the sun: 
and the elements, and holds the world in fee for the 
indispensable products of its labours. The probable 
outcome in Indian opinion and practice may per- 
haps be gauged best by the policy of the co-opera- ° 
tive societies, already so powerful a body, and 
increasing at the astonishing rate already recorded. 
The purpose of these institutions is so to use their 
resources as to’ yield the greatest return for the 
money spent in buying the appliances, and the energy 
absorbed in using them. The co-operative societies 
buy and will continue to buy what will best serve 
their purpose, from whatever source it comes ; and 
to obtain and keep their trade it is necessary to 
offer them what will work best in the conditions in 
which it will be used, and costs no more than is 
charged by other suppliers, whether in India or 
elsewhere. There seems to be no question that 
at least for a time the practice of manufacturing will 
extend in India, and tend to reduce the amount of 
Indian imports. To what length this reduction will 
go, and to what extent it will be offset by the 
natural growth of Indian demands will depend 
largely on the degree in which manufacturers fit 
their designs to Indian needs, and are able to supply 
at competitive prices. What seems to be certain 
in the meantime is that in the immediate future 
India will be a large market for the sale of productive 
machinery of various kinds, and that many parts 
of the country, particularly some of the native 
States, are anxious to co-operate with British 
enterprise and capital in developing many of its 
valuable resources. 

Three exhibits, which have special technical in- 
terest, may be described. Messrs. Henry Simon, 
Limited, show in operation a Paddy eliminator, an 
elevation of which is given in Fig. 5 and a plan 
in Fig. 6. The purpose of the machine is to 
separate the husk from the paddy or unshelled 
grain as completely as possible in substitution for 
the crude native method of separating by hand. 
It will be seen that the grain is fed into the 
machine through a feed-box at the back. The 
body of the machine A is carried on trunnions B 
mounted on a strong. timber frame C, and can be 
set and held by clamps at an inclination to the 
horizontal of anything up to 10 deg. The frame 
itself rests on rockers D, which have teeth cast on 
their feet to mesh with racks E on the steel under- 
frame F, An eccentric G gives the machine a 
reciprocating motion, which the rockers and racks 
make purely horizontal, the shock being absorbed 
by four helical springs H fixed on the underframe,. 
and heavy flywheels J on the driving shaft assuring 
asmooth running. The grain therefore is subjected 
to the effect of gravity through the inclination of 
the body to the horizontal, and at the same time to 
the horizontal reciprocation imparted by the 
eccentric. A division plate and gates fitted to 
the feed-box prevent the stock from stratifying 
before it reaches the body of the machine. It is 
thus delivered in a uniform mixture into a number 
of compartments on the topmost of three similar 
floors, the flow being regulated by a slide controlled 
from the end of the machine, and further, by 
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separately set slides over the holes in the feed-box. 
Under the influence of the machine’s motion the 
grain stratifies in the compartments to an extent 
determined by the relative densities and sizes of 
the grains (the smaller and denser, which are the 
shelled rice, tending to sink to the bottom), and 
to some extent also by their relative coefficients or 
friction. The zig-zag sides of the compartment 
cause relative motion between the top and bottom 
layers of the stratified mixture, the grain piling up 
against the plates a-a and b-b, with the lighter 
grains—the unshelled rice—at top. The grain passes 
through the feed holes P to the next floor, where the 
process is repeated, and similarly to the third floor, 
outlets being provided at suitable points. The 
separation is found to be satisfactory when the 
machine has a stroke of 74 in. and is run at 105-110 
revolutions per minute, the exact inclination of the 
floors being set at something between 4 deg. and 
5 deg., according to the percentage of paddy in the 
feed. 

Messrs. Douglas and Grant, Limited, show a 
model of the complete machinery of a rice mill, and 
Fig. 7 is a view of the machinery from which the 
model was made. The paddy under treatment 
passes over a reciprocating shaker, on which it is 
cleaned, and thence through an elevator into a 
hopper which feeds the huller, consisting of a 
fixed upper disc and revolving bottom disc, each 
covered with a composition of emery, cement and 
salt, and spaced according to the length of grain to 
be hulled. About 80 per cent. of the paddy is freed 
from its husk in this huller, and the mixture of husk 
and paddy is elevated and discharged on to a shaker, 
where any small “ brokens”’ are sifted out, and the 
feed spread evenly across the breadth of a blowing 
fan over which it is next led, the husk being there 
blown away and the mixture of rice and paddy 
delivered to a further elevator. The small broken 
from the shaker is bagged off direct, and the husk 
either used for boiler firing or ground up for cattle 
food. The mixture of rice and paddy is discharged 
on to a compartment separator, the paddy being 
taken by a screw conveyor back to the elevator to 
be re-treated as before. 

The rice passes into another elevator, and thence 
either into a bin if it is to be used without further 
treatment, or it is fed into a pearling cone. This 
appliance consists of a cast-iron tapered cone 
mounted on a vertical spindle and covered with 
emery composition, revolving inside a case covered 
with fine wire cloth and provided with rubber 
brakes. The rice, passing through the space between 
the cone and the case under the control of the 
brakes, is milled, the meal so formed passing through 
the wire cloth into an outer cage, from which it is 
discharged, and the rice passes into an elevator 
for discharge into a bin and thence to another cone 
where the milling process is repeated and finished. 
The rice, which now contains a certain amount of 
breakage and dust, passes on to a shaker and 
aspirator, the shaker extracting the broken and 
grading it, and the aspirator doing the final clean- 
ing. For high quality rice a polishing cone is also 
provided, the conical part being covered with sheep 
skin. This type of mill represents what is used 
in the numerous small mills in outlying districts, 
and even at the large milling centres it is used in 
considerable numbers by the Burmese and Chinese. 
It does not, however, represent the design of the 
large mills, of capacity up to 1,000 tons in twelve 
hours, that Messrs. Douglas and Grant have supplied 
in the East. 

At the rear of the Burma Pavilion a plant has been 
erected for treating Burma oil shale and similar 
material on the Crozier system, designed by Mr. 
R. H. Crozier, of Finsbury Court. This is a single 
unit using a retort 5 ft. long by 15 in. deep by 15 ft. 
high, which in larger scale production might be 
simply repeated. A view of it is seen in Fig. 8. 
In operation, the shale is fed through the hopper 
at the top of the retort, while the furnace gases 
(the furnace is in the side of the unit not shown in the 
view) pass successively through flues running round 
and through the retorts, being assisted by a fan pro- 
ducing about 1 in. vacuum. The internal flues are 
arranged in five tiers, each controlled separately, 
so that the temperatures can be regulated as desired. 
In practice the temperature in the bottom flue 
round the retort is about 600 deg. C., corresponding 
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to 450 to 500 degrees in the centre of the shale round 
the inside flue. The temperature in the top of the 
external flue is only about 100 deg. C. 

As against arrangements in which the heat from 
the furnace gases has to penetrate through the whole 
mass of the shale, this construction of flues, leading 
the gases not only outside the retort but through 


flues within the mass of the shale itself, has the 
advantage both of heating the shale far more 
rapidly and thus increasing the capacity of the 
plant in proportion, and of producing much smaller 
differences of temperature in neighbouring parts of 
the shale mass. Each tier, moreover, has separate 
offtakes just over the internal flue, so that the 
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products are drawn off almost immediately they are 
formed, and cracking is reduced to a minimum, 
Each offtake leads to a separate line of condensers, 
and, by counter current cascading arrangements, the 
light fractions first condensed are all concentrated 
at one end of the system and the heaviest fractions 
at the other end, with intermediate grades also 
collected separately, so reducing the work to be done 
in final refining. It will be observed that, provided 
the proportions of the width of the retort and the 
internal and external flues are so calculated that the 
shale is heated with the necessary speed and uniform- 
ity, the size of the unit retort may be increased as 
desired, or the output of the plant may be raised 
by merely multiplying units. After the operation 
has been started it is continued by the combustion 
of a portion of the gas produced in the shale. Shales 
both from Burma and Tasmania have been treated 
in the Wembley plant with results that are stated 
to have been highly satisfactory, a circumstance 
that is the more interesting because the Tasmanian 
shale is of a quite different type from that of Burma, 
It is claimed that through the greater heat efficiency 
and throughput assured by this system the capital 
cost of a unit for a given production is only about a 
fifth of that of the ordinary type. 

Visitors from the East have remarked that no- 
where in the Exhibition is the atmosphere of the 
exhibiting State reproduced more faithfully than 
in the Burma Pavilion. In the combination of 
design, material and workmanship the structures 
of which it is composed are the most characteristic 
and probably the most beautiful of the Exhibition 
buildings. Burma itself is a country about twice 
the size of Great Britain, with semi-independent 
native States nearly half as large, and a population 
of about 13,000,000. More than half the country, 
some 150,000 square miles, is forest land, and nearly 
three-fourths of the population are supported by 
agriculture. The chief product of Burma is rice, 
' with oil next in importance. It has rich deposits 
of minerals, including coal and oil shale and some 
_ variety of gems, and it has also a considerable 
cultivation of rubber. All these resources are well 
represented in the Pavilion, and, in addition, the 
artistic products of cottage industries—wood and 
ivory carving, mother-of-pearl, lacquer, silver and 
inlaid work, embroidery, and silk. 

In the description of the India Pavilion an account 
has been given of the Burma timbers, and the 
Burma Pavilion has further examples on a large 
scale of their varieties and many applications. In 
addition to the exhibit of the Burma Forest Depart- 
ment through their agents, Messrs. W. W. Howard 
Bros. and Co., the Bombay-Burma’ Trading Cor- 
poration, Messrs. MacGregor and Co., Messrs. 
Foucar and Co., Messrs. Steel Bros. and Co., and 
the Lower Burma Timbers, Limited, show teak and 
other Burma timbers, and Messrs. Hockly and 
Manning show paper and pulp from bamboo. A 
‘considerable number of stands exhibit agricultural 
produce, tobacco and cigars, and the Bur-Chin 
Syndicate and Mr. Ponting have notable exhibits of 
jade in the many tones that this beautiful mineral 
affects. The Burma Oil Company has a large 
exhibit of its products. The Burma Corporation 
shows minerals and métals and the Coalfields of 
Burma, Limited, coal and coke, the Burma Ruby 
Mines precious stones, and the Geological Survey 
of India a number of specimens and maps. 


CANADA AND THE BRITISH 
ASSOCIATION. 
(Concluded from page 507.) 

THE next stop after Saskatoon was at Edmonton, 
the capital of the Province of Alberta and the seat 
of the provincial University. In addition to the 
more formal receptions and entertainments at the 
Parliament buildings and at the University, the 
citizens, with that hospitality which marked all 
Canadian cities, had arranged to drive the visitors 
to any places or objects of interest which they might 
wish to see, individually or collectively. Among 
the engineering structures visited, perhaps the most 
notable was the fine high-level bridge, 2,250 ft. long, 
carrying the Canadian Pacific Railway over the 
valley of the North Saskatchewan River, at a 
height of 152 ft. above the water level. The river 


the ease and certainty with which water supplies 


seem to be justified, particularly as the lake water 
would also need chlorination in order to be safe. 


and the nature of the great prairie rivers like the 


and others, raise many interesting problems in 
connection with water-supply. For .about six 
months of each year these rivers are covered with 
2 ft. or more of ice, and during the summer months 
they are unconscionably dirty. Ordinary distribu- 
tion mains have to be laid about 8 ft. deep to be 
safely below the first line, and the silt in suspension 
in the summer water can cause great difficulties 
with intakes, pumps, &c., not to mention filtering 
plant. 
excellent for condensing purposes, and at Edmonton 
the condensing water from the power plant is taken 
from and returned to the sedimentation basin during 
the winter months. 
the water, on an average, by 20 deg. F., and thus 
enables the filter plant to be operated all the winter 
without freezing. 
save frozen house services throughout the city. 


a natural gas supply. The gas field is quite distinct 
from the famous one south of the Province supply- 
ing Lethbridge and Calgary. Edmonton gets its gas 


itself at this point is about 600 ft. wide. The bridge 
is of the two-deck type, with railway and street- 


car tracks on the upper deck and a roadway with 
concrete sidewalks immediately below. The steel 


superstructure is carried on lofty concrete piers. 


The city power plant and waterworks, situated 
on the river-bank practically in the centre of the 


city, were visited by some of the party, who were 
personally shown round by the superintendent, 


Mr. W. J. Cunningham. Of the comparatively few 


steam-power stations in Canada that at Edmonton 
is almost, if not quite, the largest, its electrical 
output amounting to something like 30,000,000 


kw.-hours annually. The neighbourhood of Edmon- 
ton is extremely rich in lignite coal, a number of 
mines being within the city limits, and this, although 
containing about 25 per cent. of moisture, is burnt 
successfully on mechanical stokers without previous 
drying. The waterworks pumping and filtration 
plant, which is also under Mr. Cunningham’s manage- 
ment, is particularly interesting to British engineers 
on account of the extraordinary turbidity of the 
raw water during several months of the year, the 
suspended solids being enormously greater at times 
than anything met with in this country. The 
extreme muddiness is due to the river running in 
flood by reason of the melting of the winter snows 
in the mountains. A normal flood increases the 
height of the water by about 20 ft., and floods of 
40 ft. have been recorded. The raw water is first 
treated with alum in sedimentation basins and then 
passed through mechanical filters, and as a further 
precaution it is chlorinated. A scheme is now 
being considered for bringing water to the city from 
Pigeon Lake, about 80 miles away, but, in view of 
the bacteriological purity of the river water and 


can now be safeguarded the expense would not 


The rigour of the climate in Western Canada 


North and South Saskatchewan, the Belly River 


The coldness of the water in the winter is 


This raises the temperature of 


It probably also does much to 


Edmonton is one of the fortunate cities with 


from a field at Viking, 70 miles from the City, 
located in 1913 by the enterprise of some of the 
public-spirited citizens. The first wells put down 
struck gas at about 2,300 ft., and the pressure in 
the well rose to about 600 lb. per square inch when 
shut off. It is piped to Edmonton at a pressure of 
200 Ib. per square inch, and reduced, of course, 
for the distribution system. The gas is practically 
pure Methane (CH,), with a calorific value of about 
1,000 B.Th.U. per cubic foot. It is retailed at 
45 cents per 1,000 cub. ft., or about 24d. per therm. 
It is not, of course, used for lighting, but for cooking 
and heating. Even in Medicine Hat, electric light 
is universal, the gas, which is sold at only a few 
cents per thousand feet, being used to fire steam 
boilers at the Power Plant. At Calgary, in the 
steam power plant which serves as a standby to 
the hydro-electric plant, several boilers are arranged 
for gas firing. The cleanliness and convenience 
of this method of firing and the absence of all coal 
dust and ashes make a great change in the aspect 
of a boiler-house. 

The wealth of Canada in timber was well brought 
home to the party by the thousands of miles of 


forest passed through, in Quebec, Ontario and 
British Columbia, but no one could help deploring 
the terrible waste caused by forest fires. The dead 
trees and the blackened stumps everywhere looked 
sad enough even seen through the summer foliage 
of the undergrowth, but only those who know the 
appearance of burnt forest when the snow is on 
the ground fully realise what sense of desolation 
a landscape can convey. It is said, with what 
truth we do not know, that more timber is burnt 
annually in Canada than is cut. The Government 
however, are fully alive to the situation, and, 
in addition to posting up earnest appeals to all” 
campers, trappers and others to see that their 
fires are properly put out, they maintain an 
army of 3,000 fire-fighters to preserve the forests. 
There are numbers of hydroplanes on the Ontario 
lakes, and fire rangers are in telephonic communica- 
tion with them. On the sight of any suspicious 
smoke, a hydroplane is notified and told to investi- 
gate. The observer reports by wireless or otherwise, 
and if necessary fire fighters are carried to the 
spot by other aeroplanes, together with pumps, 
axes, chemical extinguishers, &c. 

As is well known the largest timber in Canada is 
to be found on the Pacific Coast, and the magnificent 
trees in Stanley Park, a bit of primzval forest in 
Vancouver, were specially striking. Thousands of 
giant cedars and Douglas firs, many of them 
hundreds of feet high and without a branch until 
near the top, showed. how timber could grow under 
suitable conditions. Some of the party visited 
the Fraser lumber mills at New Westminster and 
saw how the largest logs were converted into sawn 
lumber. The way the logs were hauled out of the 
water by an inclined conveyor, pushed from it to 
a travelling platform and squared by successive 
passes by a bandsaw which had teeth on both 
sides and so cut on each traverse, was a revelation 
in the speed of handling heavy stuff. The whole 
of the power was derived from burning sawdust 
under boilers, and even then 160 tons of wood 
refuse per day were destroyed by burning in large 
kilns. It would seem that some use should be 
found for this refuse wood, either by distilling 
it or otherwise, but apparently it is more economical 
to burn it. 

The wood-pulp and paper-making industry is 
one of very great importance to Canada, and the 
visitors were enabled to get an insight into the 
processes of making newsprint by a visit to the 
Abitibi Power and Paper Company’s works at 
Troquois Falls, Northern Ontario. Here about 
25,000 h.p. is developed and mostly used in the 
mill. Owing to the remoteness of the place, the 
company have built a garden city, with schools 
and churches, for the workpeople, of whom 1,400 
are employed in the mill and some 2,000 in the 
woods during the winter. A golf course, steam 
laundry, dairy, athletic grounds, &c., are also 
provided by the company. The number of aerials 
for broadcast reception which were to be seen 
showed how greatly this kind of entertainment is 
appreciated in really -isolated small communities. 
In the mill the logs are cut into short lengths and 
then ‘“ barked ” by being tumbled about in rotating 
cylinders. They pass continuously through the 
cylinders, and any still retaining patches of bark are 
rejected by an attendant who pushes them into a 
water channel which floats them back to the 
eylinders. Those to be used for sulphite pulp are 
put through machines which tear them into chips 
which are subsequently digested in the sulphite 
tanks. Those destined for the cheaper mechanical 
pulp are ground up between great grindstones 
against which they are forced sideways by hydraulic 
pressure. They are flooded with water meanwhile, 
as a great amount of heat is developed. There are 
51 of these machines, each capable of grinding 10 
tons of wood per day. 

The newsprint mill, said to be the largest on the 
Continent, has seven paper-making machines, two 
of them made by Messrs. Charles Walmsley and Co., 
Ltd., Bury, being the largest in the world. Each 
makes a shect of paper 18 ft. 5 in. wide at the rate of 
700 ft. per minute. The mill has a daily capacity 
of 500 tons of newsprint, 30 tons of wrapper paper, 
510 tons of mechanical pulp and 140 tons of sulphite 
pulp. The company uses 200,000 cords of pulp-wood 
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per year, and cuts down, on an average, 60 
acres of forest a day. A nursery yields 3,000,000 
seedlings annually and re-afforestation has been 
started this year. To assist in the protection of 
the forest, the company employs fire rangers of its 
own who have an observation tower and portable 
pumping and water tank equipment. The magni- 
tude of the company’s operations will be under- 
stood from the fact that on an average 70 of the 
large Canadian freight cars enter and leave the 
yards a day, and in the same time 114,000,000 
square feet of paper can be made. 

Another Canadian industry, the growth of which 
is hardly realised perhaps by engineers in this 
country is that of metal mining. Iron, unfor- 
tunately, is not yet available in any large quantities, 
but gold, copper, lead, silver, nickel and many 
other metals are produced in abundance. The 
party were given an opportunity of going down the 
great Hollinger gold mine, which produces and mills 
about 5,000 tons of ore per day, and produced 
10,600,000 dollars’ worth of gold last year. The 
Lake Shore gold mine at Kirkland lake also in 
Northern Ontario, was also visited. When in British 
Columbia the party visited the Britannia copper 
mine and concentrating plant at Howe Sound. At 
Cobalt they viewed a silver mine, and at Sudbury, 
on the return journey, stops were made to inspect 
the copper-nickel smelting works. The copper 
production of Canada last year was nearly 43,000,000 
Ib., nickel was produced to the extent of 17,600,000 
lb. and over 94,000,000 lb. of lead were mined. 

Travelling, as they did, over more than six 
thousand miles of the Canadian Railways, the 
members of the Association had ample oppor- 
tunities for noticing the features of construction 
and operation in which Canadian railway practice 
differs most markedly from our own. They travelled 
in two special trains with a 20-minutes interval 
between, and lived on the trains continuously from 
Toronto to Vancouver and back, the double journey, 
with its various breaks, lasting from August 17 to 
September 4. Each train was about 1,100 ft. in 
length and comprised 13 cars varying in weight 
from 50 to 80 short tons, the heaviest cars being 
of all steel construction. The cost of each train was 
said to be 700,000 dols., or, say, 140,0001. at the 
normal rate of exchange. The length of the trains 
was such that the front part frequently appeared to 
be at right angles to the rear when taking some of 
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the curves in the Rockies, and at other times the 
train was S-shaped. Generally speaking, the con- 
fort of travelling was all that could be desired, but 
starting from rest appeared always to be accom- 
panied by one or more violent. concussions of a 
nature quite unknown on British railways. ‘These 
were, possibly, due to some peculiarity of the central- 
coupling system, in which the drawbars have to act 
also as buffer-bars, but however they were caused, 
some mitigation of them would seem desirable. 

The universal use of flat-bottomed rails spiked 
directly to the sleepers or “ties”? was a further 
noticeable difference from British practice, but 
more striking perhaps than anything was the 
magnitude of the freight cars. The little eight and 
ten-ton trucks, beyond which British railway 
enterprise seems unable to go, are replaced by 
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vehicles holding an average of 30 or 40 tons of 
goods, fitted with central couplings, automatic 
brakes, and, of course, running on bogies. In com- 
parison with these the little British truck seemed 
almost amusing as a means of economically hand- 
ling freight, and especially bulk goods, such as coal. 
It is true that Canadian railways are not so limited 
by loading gauge restrictions as our own, but the 
fact that we can run dining saloons and sleeping-cars 
of reasonable size, suggests that the limit of develop- 
ment has hardly been reached with respect to coal 
wagons. 

The route chosen for the trip did not involve a 
passage either over the famous Lethbridge viaduct, 
a steel structure, more than a mile long, carrying 
the Canadian Pacific Railway over the Belly river 
at a height of 314 ft., or over the high-level railway 
bridge at Edmonton, although the latter was 
traversed by road when the City was visited. . There 
was, however, plenty of remarkable railway con- 
structional work to be seen, including the Con- 
naught tunnel, exactly five miles long, the longest 
in America. This pierces Mount Macdonald, in the 
Selkirks, and takes the place of the long loop which 
earlier travellers will remember, by which the rail- 
way climbed over the Rogers Pass, 552 ft. above its 
present level. The old loop line had to be protected 
in winter by four miles of snowsheds, as the average 
snowfall in this neighbourhood is 34 ft. 6 in. annually. 
The tunnel which is double-tracked, is 29 ft. wide, 
with a clearance of 21 ft. 6 in. over the rails. Its 
construction not only saved the 552-ft. climb 
mentioned but eliminated curves amounting to seven 
complete circles. When the party passed through, 
a good deal of concrete lining work was in progress. 
The train emerges from the tunnel at a height of 
about 1,000 ft. above the Beaver River, which will 
give some idea of the indescribable magnificence 
of the scenery. Nearly 100 miles further east, the 
railway crosses the “‘ Great Divide” at an altitude 
of 5,338 ft., a stream at this point being diverted by 
a Y-shaped concrete channel, so that half the 
waters were turned westwards into the Pacific and 
half eastwards into the Atlantic. To reach the level 
of the Divide, the railway has to climb 1,145 ft. in 
the seven and a-half miles between Field and Hector, 
and the original line had a maximum gradient of 
4-5 per cent. To ease this, the famous “spiral 
tunnels ’’ were constructed, and the party passed 
through them. The line now first enters Mount 
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Ogden and passes through a circular tunnel, 2,922 ft. 
long, emerging almost over its entrance, but 50 ft. 
higher. It then crosses itself and enters Cathedral 
Mountain, passing through another circular tunnel 
3,255 ft. long, and emerging a further 54 ft. above 
its entrance. The tunnels make a complete 
“figure of 8,” and have the effect of reducing the 
maximum gradient to 2-2 per cent. Over this 
section the trains were run double-headed, a couple 
of very powerful oil-burning mountain locomotives 
being attached to each train. The trains were 
stopped in the mountains during the night, so that 
the whole of the magnificent scenery could be seen 
by daylight, a little detail typical of the thought- 
fulness displayed both by the Canadian National 
and the Canadian Pacific Railways for the pleasure 
of the party throughout the entire journey. 
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COFFEE-PREPARING MACHINERY. 


Messrs. H. H. Bentaty anv Co., Limited, Heybridge 
Works, Maldon, Essex, exhibit in the Palace of 
Engineering of the British Empire Exhibition a series 
of the machines which they build for coffee plantations, 
for pulping, washing, drying, polishing and grading 
coffee berries, all processes involved in the preparation 
of coffee for the export market. The display includes 
washers, peelers, pulpers and their components, and 
several of these machines are illustrated in Figs. 1 
to 9 on this and the opposite pages and on page 542. 
The machines are utilised in the preparation of the 
coffee inthe country in which it is grown, and they 
leave it in the condition in which it arrives on the 
European market. Messrs. Bentall export large numbers 
of the machines to South America and other coffee- 
growing countries. 

The coffee berry, with which everyone is familiar, is 
the seed or stone of the coffee ‘“‘ cherry,” which is 
about the same size and of much the same appearance 
as a cherry proper. Each coffee ‘‘ cherry” contains 
two seeds. The first operation to which the coffee 
has to be subjected when it arrives at the mill from the 
fields is the removal of the pulp or flesh. This opera- 
tion is carried out ona pulper, which consists essentially 
of a disc or cylinder provided with a copper surface 
covered with a series of projections. Cylinder and 
disc machines are illustrated in Figs. 1 and 3 respec- 
tively, while one of the discs of a disc machine is illus- 
trated separately in Fig. 2. This illustration will 
give a better idea of the surface by which the cherries 
are treated than would a long, verbal description. 
The copper plates are, of course, formed by dies, and 
the actual shape of the projections varies with the 
class of coffee being dealt with. In some cases the 
surface of the projections is rough, while in others 
the metal is broken through at the top of the pro- 
jection, leaving a rough surface. A water supply 
passes through the pulper when it is in operation and 
washes away the loosened pulp, leaving the berries 
clean. The pulp is toa large extent a waste product, 
and one with which we have no further concern in 
this description. 

Messrs. Bentall have introduced a new and efficient 
feed regulator for pulpers which overcomes a difficulty 
that has long been experienced with machines of 
this type. By the feeder the supply of berries to the 
pulping dise or cylinder is accurately regulated, and 
in addition to improved feeding they have intro- 
duced a new type of outlet valve or breast with 
simultaneous and independent regulation of the 
doors. The independent regulation enables the doors 
to be adjusted for wear, whilst the simultaneous 
regulation gives quick adjustment for varying 
grades of berries. Regulation, which can be made to 
very fine limits, is simple and positive. Fig. 1 illus- 
trates the ‘“‘ Essex’ cylinder pulper, fitted with the 
Bentall patent breast. This hand machine is manu- 
factured in two sizes, capable of dealing with 2,400 
and 1,200 lb. of ripe berries per hour. Fig. 3 shows 
one of the firm’s disc pulpers. The use of this type of 
pulper has greatly developed of late years, a number of 
plantations preferring it to the cylinder machine, 
although the work done in both is very similar. 
According to the advocates of the disc machine, the 
work turned out is cleaner, requires less water, and 
since there are, according to the size of the machine, 
two, four, six or eight pulping surfaces, should one 
surface become inefficient the others would still come 
into play. These machines are built with one, two, 
three or four discs, and the disc is covered on either 
side by a circular copper plate having many projections 
as shown in Fig. 2. The pulping action takes place 
by the friction of the projections upon the berries 
combined with the action of oblique, adjustable bars. 
All sizes, except the one having only one disc, are pro- 
vided with an improved feeder cylinder in the hopper, 
which ensures equal work for each disc. The coffee as 
it leaves the machines is perfectly smooth and clean, 
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the breast being adjusted so that the berry is not 
released until it is properly freed from pulp. The 
largest machine, which has four discs, has a capa- 
city of 9,600 lb. of ripe berries per hour. Messrs. 
Bentall manufacture discs, the projections on which 
vary to suit the various grades of coffee grown in 
different parts of the world. 

One of the Bentall patent breast pieces for coffee 
pulpers is illustrated in Fig. 4. The main feature of 
this is the simultaneous and positive regulation of the 
water jets and outlet doors. As explained above, the 
doors may be regulated independently or together by 
means of the gearing shown. In the Bentall breast 
piece the gates are hinged; in the former types the 
gates formed an integral part of the breast piece and 
were liable to break and to render the whole device 
unserviceable. No part of the new arrangement is 
under tension stress, and this component of the cylinder 
coffee pulping machine works smoothly and accurately. 

The coffee berries pass from the pulper to a fermen- 
tation tank before passing forward for further treat- 
ment. They normally remain in the tank for some 
time. Such tanks naturally cannot well be shown 
at the Exhibition but Messrs. Bentall show sluices 
for the tanks. When two sluices are used, one for 
the water outflow and the other for the coffee 
berry discharge, the operation is as follows: The 
two sluices are closed when the pulper is started. As 
soon as the fermentation tank is filled to the required 


are seen in Fig. 6. Hot air can be supplied to 
the drum from any source. The hot air enters at one 
end of the hollow axle, and is distributed to the four 
separate compartments by the perforated radial tubes, 
and its action is continuous. An improvement intro- 
duced by Messrs. Bentall consists in building the dryer 
in two lengths; instead of giving the drum a length 
of, say, 16 ft., they build two drums each 8 ft. in length, 
the arrangement being that shown in Fig. 6. The hot 
air enters at one end of each 8-ft. drum. The new con- 
struction enables the coffee planter to dry either a 
comparatively small quantity, or a full quantity, at 
a cost in proportion to the bulk dried. The machine is 
provided with a central valve, by which the hot air 
can be diverted into either cylinder, or supplied to both 
as the case may be. Formerly, the perforated radial 
tubes were screwed in the hollow axle, and were diffi- 
cult, if not impossible, to remove for cleaning. In 
Messrs. Bentall’s dryer they are fitted as shown in 
Fig. 7, and can easily be removed when required. 
Another improvement consists in the deflector valves 
(Fig. 8), which they have introduced in the double 
drum dryers, for running either one, or the two drums. 
The device allows also of filling one drum before the 
other, of deviating the hot air from one drum to the 
other, or again of circulating more hot air through one 
than the other. 

The final operation on the coffee berries consists in 


grading them to size. Grading is carried out by sieves, 
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capacity, since there is an excess of water in the tank, 
the lower sluice is opened until the water remaining 
is just sufficient for fermentation. Once the coffee has 
fermented, the tank is filled afresh with water, the two 
sluices remaining closed. The added water serves to 
remove the viscous and frothy matter, the water 
carrying this being drawn off by opening the lower 
sluice. This sluice is then closed again, and the tank 
is again filled with water. When this is done the upper 
sluice is opened and the water carries the berries to the 
washing tank, or washing machine, as the case may be. 

In Fig. 5 is shown the 8-ft. Bentall horizontal washing 
machine. The characteristic feature of this machine is 
that it is continuous in its action. It consists of a 
cylinder in which revolves an axle provided with radial 
arms. These beat the berries in the course of the wash- 
ing action and remove the gummy matter which adhered 
to them following upon the fermentation process. On 
the top of the cylindrical drum, as will be seen in the 
illustration, are two inspection doors. The drum is 
24 in. in diameter while the axle revolves at a speed of 
180 r.p.m., and can be driven by any convenient source 
of power. The machine has an output of 1,500 lb. of 
washed berries per hour. The water can be regulated 
as well as the quantity of berries discharged. 

When the coffee berries leave the washer they are 
taken to a dryer. Machines of this class are rather 
bulky and for that reason are not actually shown by 
Messrs. Bentall as part of their Wembley display. 
We have, however, included in Figs. 6 to 8 some illus- 
trations of the firm’s driers in order to make our 
account of their coffee-preparing machinery reason- 
ably complete. The dryer consists of a cylindrical 
drum built up of sheet-steel, revolving on a hollow 
axle on which are placed a number of perforated 
radial tubes. The drum is divided into four equal 
and separate compartments. Hach compartment is 
provided with a number of mixers which exert a 
regular beating action on the coffee as the drum 
revolves on its axle. The coffee is placed in and 


removed from the drum through doors, two of which 


each passing berries up to some predetermined size, 
so that by passing from one sieve to another a 
separation into classes may be obtained. Various 
arrangements are used, some with reciprocating 
sieves, but a simple and effective arrangement is that 
shown in Fig. 9. The berries travel along the rotating 
perforated drum and pass each through their appro- 
priately-graded sieve. The gearing can be made 
so as to allow the machine to be placed parallel with 
or at right angles to the overhead line shafting. This 
type of grading machine is built of three sizes of 1,100 lb. 
1,600 lb., and 2,200 lb. per hour, requiring 4, } or 
4 b.h.p. respectively. 


TenpER.—The City of Toronto Department of Works 
is inviting tenders (Contract No. 58) for the supply and 
installation of a large steam turbine-driven centrifugal 
pump for a high-pressure fire system at the Main Pump- 
ing Station, Toronto. Further information may be had 
on application to the Department of Overseas Trade, 
35, Old Queen-street, London, §8.W.1, on quoting 
reference A.X. 1335. 


University COLLEGE or SwaNsEA.—The Engineering 
Prospectus of the University College of Swansea has now 
been issued for the session 1924-25. In it full details are 
given of the work covered in the various classes to be 
attended by students qualifying for the College Diplomas 
in Engineering, and all information may be had from 
the Registrar, Mr. Edwin Drew, University College, 
Singleton Park, Swansea. 


Tue Institution or Ratnway SIGNAL ENGINEERS.— 
The Proceedings of the Institution of Railway Signal 
Engineers (Incorporated) for the period February to 
August, 1924, have now been published, at a price of 
7s. 6d. to non-members of the Institution. The publi- 
cation contains a number of papers read at general 
meetings, and is noteworthy on account of the inclusion 
of a number of plates on Indian signalling practice 
accompanying a paper on the subject by Mr. A. C. Rose. 


THE BRISTOL “« JUPITER” AERO ENGINE 
IN COMMERCIAL SERVICE. 


In our issue of April 25 last, on page 551, we illus- 
trated and described the Bristol “ Jupiter” 400-h.p, 
static-radial, air-cooled aero engine, mentioning some 
of the tests carried out on this engine to demonstrate 
its reliability and efficiency. These tests have included 
the two 50-hour type tests of both the British and 
French Air Ministries, as well as separate endurance 
tests of 150 hours each in both of these countries. 
Other notable results achieved by the engine, both 
on the ground and in flight, have also been referred to 
in our columns, and it is now proposed to add to these 
some particulars of the results recently obtained with 
the engine in service on the Continental air routes 
of Imperial Airways, Limited. 

The engine in question was mounted in a “ Bristol ” 
freight-carrying aeroplane weighing 6,200 lb. when 
loaded, which necessitated a throttle opening of over 
90 per cent. for the attainment of the normal cruising 
speed. The installation scheme, we understand, was 
such as to produce cylinder and crank-case tempera- 
tures higher than those encountered under normal’ 
test-bed or flight conditions, and the circumstances 
were rendered still more adverse to the engine by the 
fact that the machine was flown by a number of 
different pilots, none of whom had had any previous 
experience in handling this particular engine. 

After the usual three hours’ official bench test had 
been carried out, the engine was installed in the machine 
and 17 hours’ flying time was occupied in test flights, 
climbs, airworthiness-certificate tests, &c., before the 
machine was taken over for service by Imperial 
Airways, Limited, on July 19 last. The first service 
flight was made on July 22, and the engine remained 
in use until it had completed 150 hours of flying, 
when it was removed and stripped for detail examina- 
tion. Flights were made on 21 days, the longest 
flying time on any particular day amounting to 
94 hours. Throughout this period, the average petrol 
consumption is given as24:8 gallons per hour, the engine 
running at an average speed of 1,580 r.p.m. and using 
1-1 gallons of lubricating oil per hour. - After the engine 
had run for 144 hours, a forced landing had to be 
made near Cologne owing to the failure of the oil 
supply consequent upon the fracture of the pipe 
connection to the oil-pressure gauge. On another 
occasion the oil pipe from the scavenge pump was 
found to be broken at the brazed joint. These, we 
understand, were the only installation failures recorded, 
and the only service replacements required were two 
outer exhaust-valve springs and one stub exhaust 
pipe. 

The stripping of the engine after 150 hours’ running 
was carried out in the repair shops of Imperial Airways, 
Limited, the dismantling process occupying three 
mechanics for 3 hours; the subsequent re-assembling 
of the engine occupied 19 hours. In removing the 
piston rings several were broken, owing to the Jack of © 
proper tackle for the purpose, and these had, of course, 
to be replaced. The only other replacements required 
were three inlet-rocker buttons and one connecting 
rod, complete with its white-metal bush. The bush, 
it is stated, was still serviceable, but was replaced 
owing to the detection of cracks in the white metal. 
The general condition of the engine is understood to 
have been excellent, the bearings and other working 
parts showing no signs of undue wear. 

In view of the fact, already stated, that the engine — 
was required to run at nearly full throttle for the whole 
period, and also as it was handled throughout by 
pilots unfamiliar with its working and therefore 
unable to ‘‘ nurse”’ it to any extent, the performance 
as recorded above must be regarded as very satisfactory 
to all concerned with the production of the engine. 


West Dean Water Suppty Scueme.—The West 
Dean Rural Council have adopted a scheme of water 
supply for some twenty parishes, and as a result of obtain- 
ing financial assistance from the Unemployment Grants 
Committee and Office of Woods, they have been enabled 
to instruct their engineers, W. H. Radford and Son, of 
Nottingham, to send the detailed plans to the Ministry 
of Health. The estimated cost is 45,0001. 


THE Rucpy ENGINEERING Socirty.—The seventeenth 
volume of the Proceedings of this useful Society have 
now been published at the price to non-members of 
10s. 6d. Among its contents are papers on “ Steam 
Turbine Blading,” by Mr. J. C. Read, B.Sc., ‘‘ The Neon 
Cathode Discharge Lamp,” by Mr. L. A. Barry, B.Sce., and 
“Some Problems in the Design of Large Heavy-oil En- 
gines,” by Mr. G. E. E. Burgess. The authors of the 
first two of these papers were awarded premiums by the 
Council. The Society which has less than 300 full mem- 
bers, has, however, a large and active student section, 
and for an extremely low subscription, provides library 
and reading-room accommodation, available to 10.0 p.m. 
every night. The Hon. Sec. of the Society is Mr. G. H- 
Paulin, A.M.I.Mech.E., Willans Works, Rugby. 
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TRANSPORT by sea is as important to the British 
Empire as the carriage of goods and passengers 
by rail or road, within their territories, is to self- 
contained countries. Indeed, it may with truth 
be said that to an empire spread over the entire 
face of the globe, sea transport is a form of internal 
communication. It is for this reason quite natural 
that the position of supremacy in shipbuilding and 
of ascendancy in the utilisation of the products of 
the naval architect and marine engineer, in the 
distribution of goods and passengers, is in British 
hands. Efficient transport and communication are 
the means by which the ties between the component 
parts of any country or empire are strengthened. 
When they are provided, the immediate effects 
are increased trading and the establishment of 
better understanding of the outlook of the people, 
which leads to further commercial developments. 
The first essential to the building up of empire 
trade is the provision of the means of placing the 
goods in the overseas markets at cheap rates and 
with despatch. Passenger facilities must also be 
increased in order that a complete understanding 
of the requirements of individual markets may be 
obtained at first hand without great loss of time. 
While railway transport in many of the Crown 


ance in any consideration of British overseas trade. 
To those who have provided facilities for travel to 
Australia and also for the conveyance of goods, 
must be given great credit in the establishment of 
closer relationships between the United Kingdom and 
the Commonwealth. The Orient Steam Navigation 
Company, Limited, are making every effort that is 
possible to maintain and improve the passenger 
and mail service, and we illustrate on Plates LVI 
and LVII the profile and deck plans of the recently 
constructed vessel Orama, which, after her speed 
and other trials are completed, will be put on the 
Australian service. This vessel was constructed by 
Messrs. Vickers Limited, at their Barrow-in-Furness 
shipyard. 

The leading dimensions and other particulars of 
the Orama are :— 


Length (overall) wee ie ena © 658 ft. 
Length (between perpendiculars) ... 630 ft. 
Breadth... Ben aes cet 75 ft. 
Depth to “E” deck ... 47 ft. 


Gross tonnage ... 20,000 tons 


Deadweight 10,230 tons 
Draught 29 ft. 7 in. 
Speed be wae ovis 20 knots 
Shaft horse-power ... te 19,500 


The vessel was built to be classed 100 A.1. at 
Lloyds’ under the 1922/1923 rules, and also meets 
the requirements of the British Board of Trade for 
passenger ships. From the profile shown in Fig. 1 
Plate LYI, the graceful appearance of the vessel may 


public rooms as well as the cabins, we hope to 
describe, and to indicate the provisions made for the 
comfort of passengers, in a later article. Arrange- 
ment is made for the conversion of part of this 
deck into a ballroom by the use of special screens. 
From the B deck lifts descend for the convey- 
ance of passengers to the other decks where the 
public rooms and cabins are situated. At the 
forward end of the C deck, see Fig. 4, Plate LVI, 
a reading and writing room is provided, which is 
octagonal in plan. Below this on the D deck there 
is a special promenade for children and further 
first-class cabin accommodation. It will be ob- 
served from the plan, Fig. 5, that the cabins are 
arranged in three tiers, the two inner ones being 
provided with an extension, so that each cabin 
has a portlight. There is a special suite as well as 
13 cabins-de-luxe on this deck, with each of which is 
provided a private bathroom. A large deck house 
aft is arranged as a general and isolation hospital. 
A similar three-tier arrangement of cabins to that 
referred to in connection with deck D is also provided 
on decks E and F, Fig. 6 and 7, Plate LVII. Here 
there are promenades provided for the third-class 
passengers and dining saloons for both classes of 
passengers, as well as the third-class lounge and 
smoking room. Beside the first-class dining saloon 
there is a foyer, and the decoration of both of these 
is one of the features of the vessel. The galley is 
situated between the two dining saloons, a position 
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Colonies is not all that is desirable, the same cannot 
be said of the provisions made for carrying goods 
and passengers across the seas. Shipowners have 
kept abreast of the requirements, and whenever 
they asked for improvements in design or the 
incorporation of new developments, made possible 
by the progress of engineering and naval archi- 
tecture, the shipbuilders have always been able to 
provide constructions suited to their demands. 

At no time in the history of the British Empire 
has it been more necessary to study transport prob- 
lems, whether relating to land or sea, than is the 
case at present. The Dominions and Crown Colonies 
produce almost everything of importance that is 
imported into the United Kingdom, and_ offer 
markets which can absorb much of the output of 
the Home factories. This trade must be encouraged 
by every means possible, for on its development 
depends the well-being of the population of Great 
Britain and their kinsmen overseas. Australia 
affords a good example of a part of the Empire 
having almost unlimited natural resources. She 
holds at present the position of being the second 
best market for British goods, and the United 
Kingdom is the greatest importer of her produce. 
There are, however, hopes for even greater results, 
and there is every indication that in a few years’ 
time Australia will hold the premier position in 
British imports against the competition of the 
World. In the last complete year for which figures 
are available, the Australian exports to the United 
Kingdom amounted to no less than 58 million pounds 
in value, and her imports from Great Britain reached 
53 million pounds. Trade between Australia and 
other parts of the Empire added 18 millions to the 
exports and 13 million pounds to the imports of the 
Commonwealth. This market and that of New Zea- 
land must be regarded, therefore, as of vital import- 
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be appreciated. She has a straight stem and cruiser 
stern, which with the arrangement of decks, the 
two funnels and the two masts make the Orama 
a handsome addition to the British mercantile 
marine. The sub-division is effected by the fitting of 
twelve watertight bulkheads, which, where necessary, 
are provided with doors operated both by hand 
and by hydraulic power. Operation of these doors 
by hydraulic gear may be performed from the 
bridge quite instantaneously in case of emergency. 
A cellular double bottom construction is used and 
is arranged for the storage of oil fuel, fresh water 
and water ballast. There are eight decks, including 
the boat deck, the arrangements of which are 
clearly shown in the plans, Figs. 2 to 5 on Plate LVI, 
in Figs. 6 to 9 on Plate LVI, and in Fig. 11 on 
this page. 

The Captain and other executive officers are 
accommodated in the large deck house at the 
forward end of A deck, from which the navigating 
bridge above may be reached. On this deck 20 
lifeboats, 2 sea boats and 2 motor boats are carried 
in MacLachlan davits. Other boats forward and 
aft, which are dealt with by MacLachlan’s, Stewarts’ 
and Welin’s davits, bring up the total complement 
of lifeboats to 37, including two powerful 30-foot 
motor boats. The Orama carries 592 first-class 
passengers, and it is claimed for her and her sister 
ships, the Oronsay, being built by Messrs. John 
Brown and Company, Limited, Clydebank, and the 
Otranto, at present under construction by Messrs. 
Vickers Limited, at Barrow-in-Furness, that they 
will have a larger number of single berth cabins 
than any ship afloat. 

On deck B, Fig. 11, on this page, a spacious 
lounge is provided forward and. the first-class 
smoking room and café are situated aft. The 
decoration and furnishing of these and the other 
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ensuring the minimum of work in obtaining good 
service. The spaciousness of the kitchen accom- 
modation and the arrangement of its components, 
stores, bakeries, larders and sculleries, for easy 
working is apparent from the plan, Fig. 7. The 
galley ranges are oil fired, but advantage has been 
taken of electric power for the auxiliary cooking 
appliances and machines. Particular attention has 
been paid to the comfort of the 1,244 third-class 
passengers which the vessel carries. They are 
accommodated on the G and H decks, Figs. 8 and 9, 
in 2, 4 and 6 berth cabins. 

The ship is lighted electrically throughout, 
power being obtained from three turbo-generator 
sets each of 400 kw. capacity and an emergency 
set of 36 kw. A complete system of steam heating 
is provided for all the passageways, and the arrange- 
ments have been carried out so that heat is radiated 
to the individual cabins. Certain of the first-class 
cabins are provided with electric radiators, and 
steam-heated radiators serve for the maintenance 
of the desired temperatures in the public rooms. 
A complete piping system conveys fresh water, 
hot and cold, and salt water, hot and cold, to the 
bathrooms and lavatory accommodation throughout 
the vessel. There is an extensive refrigerating 
system making use of carbon dioxide and operated 
by three electrically-driven machines, which, with 
the evaporators and electrically-driven brine pumps, 
are placed in a special compartment on the tank 
top forward of the boiler-room, Fig. 10. The 
three holds forward of the refrigerating engine room 
are insulated for the carriage of frozen cargo, 
as also are the second and third lower ’tween-decks. 
Special arrangements are made in the second and 
third holds and the second and third ’tween-decks 
for the carriage of fruit and dairy produce, cooling 
being provided by means of air, which is blown 
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over a battery of brine pipes to cargo spaces and 
delivered through improved air ducts. 

The rudder of the vessel is of the partially- 
balanced type, and is operated by electro-hydraulic 
steering gear with telemotor control from the 
navigating bridge and mechanical control from the 
docking bridge. The deck auxiliaries include a 
large steam windlass of high power with extended 
ends for warping, two steam capstans forward and 
two electric warping capstans aft. There are ten 
electro-hydraulic and six electrically-driven cargo 
winches, while six boat-hoisting winches are 
provided for working the MacLachlan davits and 
one for handling the emergency boats. 

The Orama left Barrow-in-Furness on Sunday 
last for Belfast, where she arrived in the evening 
and was successfully docked by noon on Monday. 
She will proceed later to the Clyde for her speed 
and other trials. A good impression of the hand- 
some appearance of the new addition to the fleet 
of the Orient Line is given by Fig. 12, which was 
prepared from a photograph taken off Barrow as 
the vessel was leaving to cross the Irish Sea. 


(T'o be continued.) 


BOX-MAKING AND WOOD-PRINTING 
MACHINES. 


In contrast with the old hand processes of wooden- 
box making, in which much labour and time were 
expended to obtain what was frequently not a satis- 
factory job, the newer methods of machine working 
have much to recommend them. By the use of a 
planing machine and saws, which can be easily and 
rapidly set to obtain the correct dimensions for base, 
top and sides of a particular standard box, production 
costs may be greatly reduced, as the output is high in 
relationship to the number of workers employed. 
Nailing the structure together is another operation in 
which savings, both in waste material and in time, 
may be attained by the use of suitable machines. 
Among the firms who have specialised in the design 
of machines for these purposes, one of the leading 
concerns is Messrs. Matthew Wylie and Co., Limited, 
of Portman Street, Glasgow, who show a selection of 
their box-making and printing machines at the British 
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Empire Exhibition. Two examples of the machines 
made by the firm, a box-nailing machine and a box- 
printing machine, are shown in Figs. 1 to 3 opposite. 

The nailing machine, shown in Fig. 1, is of the side 
arm type, provision being made for driving nails into 
the end of the box at the same time as they are being 
driven into one of the sides. It can be used to work 
with anything up to eight nails in a straight line, or 
two on the side arm and the rest in the normal length, at 
the same time. The sizes of nails used with the machine 
range from 1 in. to 2 in. in length, but provision can 
be made, when required, to deal with nails of greater 
length. Any pitch for the nails, down to a value of 
13 in. may be obtained by the use of this machine, and 
a total spread of up to 24 in. is within its capacity. The 
nails driven in by the use of the side arm can be located 
up to 17 in. from the main row. The height of the 
table of the machine is adjustable, movement vertically 
up to 30 in. being possible. 

This box-nailing machine has a cast-iron vertical 
frame provided with slides for the accommodation of 
the table, the vertical movement of which is obtained 
through a long screw and a handwheel. On the top of 
the machine frame the nail pan is situated. This is 
given a slow but continuous rocking motion to shake 
the nails into a series of feeder tracks. If two sizes 
of nails are to be dealt with at the same time a divided 
nail pan is used. The nail tracks may be rapidly 
adjusted for different sizes of nails. From each track 
the nails are carried one at a time to the hammer 
boxes by feed discs. These hammer boxes are so 
constructed that the nails are held perfectly straight 
whilst they are being driven, which ensures accurate 
working even when thin wood is dealt with. The 
driving is effected by the vertical motion of hammer 
rods attached to a crosshead, which receives its motion 
through a connecting rod on the main clutch shaft, the 
clutch on which is put into action by a pedal. The 
hammer boxes may be set in any position to suit the 
work in hand, the distances between them being vari- 
able at will. A side fence is provided, which is fitted 
to the hammer box bars and can be quickly set to 
the required spacing of the nails. On the main column 
there is a back fence, the top part of which has a 
spring motion, to ensure that all the nails are driven 
central into the wood. The driving or pulley shaft runs 
in dust-proof bearings. Machines for a direct electrical 


motor drive are also constructed as well as the type 
shown in the illustration. 
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In Figs. 2 and 3 are shown a wood-printing machine, 
used for the printing of names, trade marks and other 
signs in two colours on boxes, barrel heads, &c. The 
boards on which the printing is to be done are placed 
in a pile in front of the cylinders, and are fed through 
the machine quite automatically by two continuous 
running steel chains, with cross bars connecting them 
which feed forward one or two pieces, which make up 
the width of the box side or end. Adjustable guides 
are provided on the table to keep the boards in correct 
alignment. An adjustable guide rises and falls as 
the first printing cylinder turns. It keeps the pile of 
boards in proper place and has an opening at its lower 
edges, sufficient to allow the bottom board of the pile 
to pass to the cylinder for printing. The chain bars 
then carry this one through the machine at the same 
speed as the travel of the face of the printing plate. 
This action gives a continuous uniform speed and carries 
the boards forward at the proper times. If the boards 
are thin a kicker device replaces this chain feed. Prior 
to printing the boards are swept by a brush on the lower 
part of the adjustable guide to remove any sawdust 
or loose dirt. The cylinders are fitted with bevelled 
clamps and adjusting screws which hold the printing 
plates securely in position. These clamps are distributed 
around the cylinder, so that the plates can be located 
in any desired position. Ink is supplied to sets of 
composition rollers from a reservoir or fountain, and 
is very evenly distributed. Should a board get jammed 
when in the machine, either, or both, of two safety 
devices act to stop the machine. One of these is 
operated from the main driving gear, while the other 
is on the chain-driving sprockets at the delivery end. 
The printing plates used are made of brass or thelmite, 
and loose letters or figures in the same materials are 
also supplied. The machine shown in Figs. 2 and 3 
will take boards up to 22 in. wide by 44 in. long, and 
from } in. to 1} in. thick and requires 2-h.p. for its 
operation. 


THE SIGNIFICANCE OF EXHAUST 
TEMPERATURE.* 
By Mr. P. H. Smrru. 


WHEN Messrs.’ Carels first brought out their high- 
speed semi-enclosed Diesel engine a number of innova- 


_* A Paper read before the Diese] Engine Users Associa- 
tion on Friday, October 3, 1924. i 
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tions were introduced which collectively made the 
engine an unqualified failure at that time. The per- 
formance of this type of engine fell so markedly below 
that of the standard engine that the majority of the 
engines purchased were thrown back on the makers. 
A few remained, and their weaknesses were investi- 
gated and remedied, with the gratifying result that 
there are to-day examples of this type, originally a 
complete failure, which are in regular service and show- 
ing as fine a performance as the standard type. One 
such, engine, which very narrowly escaped relegation 
to the scrapheap, was the 3-cylinder, 600 by 600 mm., 
215 r.p.m. Diesel engine installed at Oxford. This set 
was rated at 600 brake horse-power, but actually 
360 kw. was finally adopted as its safe maximum load- 
ing. Being the largest engine of this new Carels type, 
no pains were spared in its careful erection, and every 
effort was made in this direction to make it a show 
job, as the construction of the engine was such as to 
open to wide commercial possibilities were it suc- 
cessful. Various mechanical difficulties were encoun- 
tered in the preliminary runs-which were satisfactorily 
or fairly satisfactorily overcome, but the one problem 
which defied solution was the high fuel consumption ; 
0-53 Ib. per brake horse-power hour was about the 
best result obtainable, and that at well below full load. 
Of course, the exhaust was very dirty. The indicator 
diagram from this engine was very different from that 
to which we had become accustomed, and in any case 
was obviously distorted. Therefore, it gave no clue 
to the root of the difficulty. 

Here, let me take a short cut, and state that ulti- 
mately we traced the cause of the trouble to a wrongly 
shaped combustion space and a wrong method of fuel 
introduction into the combustion space. When this 
was appreciated we were able to formulate a sound 
principle to guide us in our further experiments, and 
that was as follows ; 
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The fuel shall pass approximately through the centre 
of gravity of the combustion space, and the stream shall 
impinge approximately normally to the piston so long 
as a single jet flame-plate is used. 

As showing how far the original design failed to 


approach this principle, you are recommended to 
examine Fig. 1. This was the original design, to scale, 
except as regards the flame-plate, which has been 
drawn much larger to emphasise another point to which 
reference will presently be made, 

In juxtaposition with Fig. 1 is Fig. 2, showing the 
final design. In Fig, | it is clear that fuel injection 


Fig. 2. Two-CoLtour Woop-Printineg MACHINE : 
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ENGINEERS, GLASGOW. 


Front View. 


VIEW. 


cannot be made normal to the piston-head without 
causing the stream to pass far away from the centre of 
gravity. In this connection it is to be noted that the 
centre of gravity moves towards the axis as injection 
proceeds. When it was quite realised why this type 
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of engine was such a failure an experimental piston 
was made, and on the first run up there was a marked 
improvement. As a matter of interest, the shape of 
piston selected, and as shown in Fig. 2, was not subse- 
quently altered. It was hoped that the new shape of 
piston would cause the indicator card associated with 
the original piston to resume a more familiar shape. 
In this, however, we were disappointed, for the indicator 
card was as perplexing and distorted as hitherto. 
We therefore decided not to use the indicator card for 
tuning up, except for the rudimentary purpose of 
adjusting firing-point and compression, We decided, 
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(For Description, see opposite Page.) 


Fic. 2. Virw sHowWING THE ADJUSTMENTS FOR THE GRINDING WHEEL AND THE REVERSING GEAR. 


instead, to be guided largely by exhaust temperature, 
for the obvious reason that our main trouble was lack 
of economy, and economy as defined in thermodynamics 
is 

T, — T* 

a 

So far as we were concerned, we had to seek means of 
reducing T,. Later we also tried the effect of altering 
T,, as will presently be shown. 

In adopting exhaust temperatures under com- 
parable conditions as our standard, we established 
quite early in the experiments that there was a straight- 
line law connecting exhaust temperature and mean 
indicated pressure. This is shown in Fig. 3. Here 
let it be stated that the mean indicated pressure is 
calculated from the indicator card, and is the area of 
the power card plus the area of the rather large loop 
which was obtained with the fuel cut off. This loop 
area was constant for all cylinders and for a very wide 
range of speed, proving it was not due to cylinder 
leakage. 

Then followed a series of experiments, one factor 


Shape of Combustion Space— 


M.i.p. Exhaust temp. 
(1b. per sq. inch). ( 


Shape. deg. F.). 
Old piston asin Fig. 1 81-4 765 after 15 min, 
10D tego) COs 
New piston as in Fig. 81:6 660> ie LOR. 
2 665 5, Lb ky 


* Notrs.—T] and T2 represent the temperatures of the 
working fluid at the beginning and end of the impulse 
stroke, 
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only at a time being altered. In all, 27 variations were 
investigated carefully, and the results given herewith 
‘are the most interesting. 

Blast Pressure-—A clear exhaust at large load has 
a higher temperature if the blast is only just sufficient 
to clear smoke than if the blast pressure is raised 


100-150 Ib. per square inch above the “ smoking 
point.” 


M.i.p. Exhaust temp. 
(ib. per sq. inch), 


Blast (atmos.), (deg. F.). 
50 66 697 
58 664 652 
65 664 663 


Flame-Plate.—The difference between the original 
flame-plate and the final, as shown in Figs. 1 and 2 
respectively, was as in the next column. ; 

It is unfortunate, in this experiment, that blast 
‘pressures were not equal, If, however, we add 


M.I.P. Blast Exhaust temp. : 
Flame Plate. (Ib. per sq.in.)} (atmos.). (deg. F.). : 
Original (Fig. 1).. 68-4 50 720 
Final (Fig. 2) iG 69-2 56 610 


50 deg. F. to the exhaust temperature in the second 
test, a figure warranted by results recorded under 
sub-heading ““ Blast Pressure,” we are still vindicating 
the flame-plate shown in Fig. 2 as compared with 
Wig. 1 

Fuel Admission Period.—After securing consistent 
results with normal cylinder pressure, viz., 38-39 
atmospheres at full load with 65-70 atmospheres blast 
pressure, the effect of retarding the timing was tried. 
It was found that by reducing the peak of the diagram 
the exhaust temperature was increased. The actual 
figures are given as follows :— 


Fuel Admission 


(degrees before M.LP. 


Blast Pressure |Exhaust temp. 


top dead centre). (Ib. per sq.in.)} (atmos.). (deg. F.). 
Normal 9 deg. 80-1 65 675 

” 8s, 79°2 65 720 

i hae 78:5 710 


Pulveriser Rings.—Provided the area of the holes 
in the rings was well in excess of the minimum area of 
the flame-plate, 7.e., 8 to 10 times, we got no difference 
in exhaust temperature with large variations of this 
particular factor. 

The official trials of this engine, in the finish, were 
perfectly normal, and are given in curtailed form in 
Table I on the next page. roan 

The value of the pyrometer was shown during these 
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preliminary tests, and the customer thereafter recorded 
exhaust temperatures quite as a routine matter. 
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Hence 


the records are interesting to compare service results 
TaBLe I. 
Three 381 423 
Load. Qtr. Half qtr. | Full kw. kw. 
Kw. ath 90-5) 180-7) 285 361 381 423 
DS ne 142-6} 269 421 526 555 616 
M.i.p. Ib., sq. in 44 59 77 90 93 | 101 
pm. .. Of 214 215 214 213 215 213 
Fuel per kw.-hour 
i oe ../1°087 |0-803 0-692) 0-661/0-662 |0°685 
Fuel per b.h.p.- 
hour (1b.) . (0°69 0-54 0:47 | 0:454,0-455 |0-471 
Fuel per i-h.p,- 
hour (Ib.) ..|0-267 0-294 0-306) 0-318 0-324 |0-345 
Blast (atmos.) .. 46 51 61 70 70 72 
Exhaust temp. 
(deg. F.) 3 _— -— — — g10? | — 
TaBLE II. 
Exhaust temp 
Date. Load kw. (deg. F.). Remarks. 
April, 1913 381 810 S 
THe 55, ey 300 705 — 
September, 1916.. 276 688 — 
January, 1917 300 706 — 
October, 1918 300 _ _ 
: 320 726 Tar oil. 
310 746 Fuel oil. 
250 622 Tar oil. 
250 630 Fuel oil. 


with test-bed figures. 
over a number of years, and attention is drawn to this machine the hardened rod on which the thread 


Table II shows these results 


ithe fact that when operating on tar oil exhaust tem- 


perature appears rather lower than with ordinary 
fuel oil. This suggests that exhaust temperature is 
also a function of viscosity of fuel, for tar oil is very 
much thinner than normal fuel oil. 


THE WOLSELEY THREAD-GRINDING 
MACHINE. 


Tue production of accurate screw gauges and also 
of screwing tools such as dies and taps has always 
proved difficult owing to the distortion troubles caused 
by the hardening process. If the work is accurately 
cut and later is hardened, variations in diameter may 
be created, but in addition pitch errors may be intro- 
duced which are exceedingly difficult to rectify. Some 
of the best results are obtained by grinding the thread 
after the work is hardened. By this method, if com- 
pensating devices are fitted to get over the irregularities 
introduced through the existence of pitch errors in 
the lead screw of the thread-grinding machine, results 
may be obtained which can be guaranteed to a great 
degree of precision. These conditions were recognised 
in the design of the thread-grinding machine of Wolseley 
Motors Limited, of Adderley Park, Birmingham, which 
is suitable for the production of gauges, taps and dies to 
very fine limits. These appliances made on this 
machine are guaranteed accurate to a ten-thousandth 
of an inch. One of these machines is available for 
inspection in the Research Laboratory on the stand of 
Messrs. Vickers Limited, at the British Empire Exhibi- 
tion. Illustrations of this machine are given in Figs. 1 
to 3 on page 546 and in Figs. 4 to 9 above. In 


is to be ground is moved along and rotated under a 
grinding wheel of suitable form and inclination, which 
is set in a fixed position on the bed of the machine. 
Compensation gear is provided to overcome the effects 
of irregularities of pitch in the lead screw and provision 
is also made for truing up the grinding wheel to the 
requirements of the work. 

The machine, as is shown in Figs. 1 and 2, consists 
of a driving head, the main body, a grinding headstock 
and a wheel-truing device, all mounted upon a general 
base plate which may be set up on a bench or table. 
The driving head has three forward speeds and three 
reverse. Incorporated in it there is a sliding splined 
shaft driving the spindle carrying the lead screw in the 
main body. This drive is obtained through a flexible 
coupling. For the change from forward to reverse 
motion, automatic operation is obtained by means of a 
rod on which are mounted adjustable stop collars (see 
Fig. 2). These stops are set to the required traverse, 
and the motion obtained from the rod actuates the dog 
clutch, shown in Figs. 2 and 3, through a forked lever. 
Hand operation of the reversing motion is also possible, 
a lever being provided for the purpose. It is arranged 
that the speed of the return is double that of the for- 
ward motion, this requirement being met by the use 
of a geared countershaft. 

The main body, the details of which are illustrated 
in Figs. 4, 5 and 7, has a base which is machined 
to take a Vee slide, with adjustable gib straps. On 
this base is mounted the headstock bracket in which 
the head screw nut rotates, see Fig. 5 where it is 
shown in section. To this nut a yoke arm for the 
pitch correction mechanism is attached at the end 
towards the main spindle, which transmits the drive to 
the work. This spindle is supported in a bracket 
where it is provided with suitable bearings. On the 
bracket, lugs are provided at the sides for the attach- 
ment of the sine bars. The pitch of the lead screw 
regulates the travel of the slide, which carries the work, 
which is to have threads ground upon it, and any 
compensation that may be necessary to correct the 
pitch errors in the head screw is obtained by canting 
the sine bars on which there are vertical pegs located 
in small slipper plates at their base in which they slide. 
By their use the lead screw nut may be turned in such 
a way as to lengthen or shorten the pitch to an extent 
depending solely on the amount and direction of the 
cant of the sine bars. The thread of the lead screw, 
it may be noted, is of the buttress form and is kept in 
complete engagement with that of the nut, which 
may be turned between two ball races, by means of 
suspended weights located beneath the machine, but 
attached to the bracket. ; 

The grinding wheel, shown in Fig. 4, is driven by a 
small electric motor and is mounted on a slide in the 
angle bracket, as is shown in Fig. 6. Adjustment to 
the height required for the diameter of work under 
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treatment is effected by means of a feed screw provided 
with a handle at the top of the bracket. As the 
bracket for the support of the grinding wheel is located 
on a swivel plate it can be set to suit the helix angle 
of the thread for the work. The form of the grinding 
wheel may be maintained to the requirements of the 
work. This is done by the use of a diamond held in an 
adaptor fixed on the hinged arm, which may be seen at 
the right-hand side of the machine in Fig. 1, and in 
detail in Figs. 8 and 9. The housing from which this 
arm is hinged is in the form of a quadrant, graduated 
in degrees, which swivels on a base block. Stops are 
provided on this base block, which can be locked in 
position to obtain immediately the correct setting for 
the required angle for'the edge of the grinding wheel. 
Once the quadrant is set to the required angle the 
hinged arm may be swung vertically to bring the 
diamond against the cutting face of the grinding wheel. 


THE OPTICAL SOCIETY. 

A MEETING of the Optical Society was held at the 
Imperial College of Science and Technology on Thurs- 
day, the 9th inst.. when the following papers were 
presented and discussed. 

“Some Problems in the Theory of Optical Diffraction,” 
by E. T. Hanson. The paper stated that the diffrac- 
tion of waves by a perfectly reflecting wedge was now a 
problem of considerable celebrity. A semi-infinite 
plane might be looked upon as a wedge whose internal 
angle was zero. The application of Kirchoff’s formula 
in the latter case was considerably extended, it being 
shown that, through a region of not too small dimen- 
sions comprising the whole of the boundary of the 
geometrical shadow, the solution thus obtained was 
identical with the accurate solution. An expression 
was found for a plane wave incident at any angle upon 
a semi-infinite screen. 

The diffraction of waves by a straight slit in a plane 
screen was a problem not yet exactly solved ; it was one 
which occupied Lord Rayleigh’s mind for many years. 
An approximate expression was found for the disturb- 
ance distributed over the slit due to a wave incident 
normally, and by an application of Kirchoff’s formula 
an important result was obtained very readily, which 
was in agreement with Rayleigh’s investigation by 
very long analysis. This appears to be the first time 
that an attempt has been made to apply Kirchofi’s 
formula to an area of disturbance which is not con- 
sidered to be uniform over the area. The paper gave a 
brief treatment of the foregoing points of novelty and 
interest in these two problems which have long been, 
and still are, of some importance in mathematical 
physics. 

“The Annealing and Re-Annealing of Glass,” by 
W. M. Hampton. In this paper the factors which 
play an important part in the annealing of glass were 
discussed. Relations connecting the strains present 
when cooling commences, strain due to gradient, and 
strain present after cooling were obtained and the 
equations were applied to the case of slabs. Tables 
showing the proportion of temporary strain remaining 
as permanent strain for different kinds and sizes of 
slabs were given. The considerations affecting the 
temperature at which annealing is carried out and the 
conditions for the total annealing and cooling times to 
be a minimum were then dealt with. The effect of 
errors in pyrometry were discussed and tables giving 
annealing temperature, annealing time and rate of 
cooling for various kinds of glass were included. 


Tue Moror-VeEsseEL ‘“ Moverta.’’—The first oil engine 
propelled vessel to be ordered by the Donaldson Line, 
Limited, for their trade in carrying live cattle, general 
cargo and carcases from Canada, was launched at the 
Barrow-in-Furness yard of Messrs. Vickers Limited, 
on Friday, October 10. This vessel, the m.v. Moveria, 
is propelled at 11} knots, by a single eight-cylinder oil 
engine of the four-stroke single-acting type. The 
cylinders are 30-in. diameter and the stroke is 45 in., 
and the total power generated is 2,700 brake horse-power. 
Compressed air is used for starting and reversing only, 
the oil being forced into the cylinders by pumps on the 
solid injection system. This engine, it is interesting 
to note, is the largest of its type afloat. 


THE FORMATION OF CLINKERS IN BoILER FURNACES. 
—Experiments have been carried out by the American 
Bureau of Mines with a view to determining the relation- 
ship between the ash-softening temperatures and the 
clinkering of coals in a boiler furnace. From the records 
of 27 coals of substantially the same analysis, it appears 
that the ash-softening temperature varied from 2,200 
deg. F. to 2,882 deg. F. Heavy troublesome clinkers 
were formed with the three coals having ash-softening 
temperatures below 2,300 deg. F. Troublesome clinkers 
occurred with practically all the 16 coals having ash- 
softening temperatures from 2,300 deg. F. to 2,500 deg. 
F., and there was little or no clinkering with the eight 
coals with ash-softening temperatures higher than this. 
Softening temperature jis defined as the temperature at 
which a small cone of the ash, when tested in a laboratory 
furnace, has fused down into a spherical lump. 


LETTERS TO THE EDITOR. 


THE TEREDO WORM. 
To THE Eprror or ENGINEERING. 

Srr,—I have been very much interested and pleased 
with the article produced in your issue of the 10th 
“India and Burma at the British Empire Exhibition.” 

With reference to the point raised in your article as 
to whether Pyinkado (Burma iron wood) wil! resist 
the attack of teredo, I am just now able to give you some 
definite information. Apparently for many years 
subsequent to 1875 it was considered that the timber 
was completely resistant; the fact that for quite a 
long period it was considered to be so is evidence that 
at any rate it partially resisted the attack. On the 
other hand, it is known conclusively that this is not 
always the case; for my own part, I have very nearly 
come to the conclusion that there is no timber in the 
world which will resist the teredo worm. 

I have seen some Pyinkado which was completely 
riddled ; on the other hand, in certain places a certain 
amount of the wood has apparently withstood any 
attack. I think it not unlikely that certain conditions, 
either in the growth of the tree or the condition of the 
timber when put into water, has made some portion of 
the wood liable to attack, while in other cases it has 
been resistant. At the same time, whether it is the 
case or not, I think a sufficiently good character can 
be given to Pyinkado to bring about a fully sufficient 
demand for all possible supplies, because for other pur- 
poses such as fresh water walls, pilings, platforms, and 
all constructive woodwork where the utmost durability 
is required, there is certainly nothing else in the world 
equal to Pyinkado. 

Yours faithfully, 
ALEXANDER L. Howarp. 
38, Trinity-square, London, E.C.3. 
October 13, 1924. 


THE TECHNICAL REPORT OF THE BRITISH 
ENGINE, BOILER AND ELECTRICAL IN- 
SURANCE COMPANY, LIMITED. 

To tHe Eprror or ENGINEERING. 

Sir,—On page 33 of this very interesting and useful 
report relating to accidents during the year 1923, the 
following observation occurs, in connection with a large 
gas engine breakdown: ‘‘ The water-cooling system 
was closed in: this was not a satisfactory arrange- 
ment, as the discharge from each cylinder was not 
visible in the engine room, and neither its temperature 
nor quantity could be checked. It would have been 
better tf there had been a visible outlet from each 
line.” 

As it is often very inconvenient and sometimes 
impossible to have visible outlet for the cooling-water 
systems, it will be of interest to some of your readers 
who have charge of power plant to know that the 
“Monitor”? valve was designed specially for this 
purpose. Its function is to indicate by a pointer the 
relative flow through the pipe, and to sound an alarm 
or shut down the plant automatically in the event of 
the flow of water ceasing. There are very few cases 
where the ‘“‘ Monitor” valve is not useful, both for the 
open and closed circuit, and I shall be pleased to give 
any of your readers free advice in cases where they 
are contemplating the adoption of the ‘‘ Monitor ” 
safety device. 

Yours faithfully, 
Cuas. L. Sroxor. 

Laburnum-avenue, Wallsend-on-Tyne. 

October 14, 1924. 

[We published a full, illustrated description of the 
safety device referred to in ENgineERina, May 11, 
1923, vol. cxv, page 584.—KEp.| 


HIGH-FREQUENCY Erectric MrASUREMENTS.—-Pro- 
fessor J. A. Fleming will deliver a course of six lectures 
on “ High-frequency Electric Measurements,” at Univer- 
sity College on Wednesdays, at 5 p.m., beginning on 
October 29. A syllabus of the lectures and particulars 
as to fees may be had on application to the Secretary, 
University College, London, W.C. 1. 


An ENainerrS’ CLUB ror BrrmMinaHam.—For some 
years engineers in the Birmingham district have discussed 
the formation of a club similar to that which has been 
so successful in Manchester, and the project has now 
taken definite shape by the securing of an option on 
suitable premises in Station-street, practically adjoining 
New-street station. The proposed club-house — will 
contain 16 bedrooms for the convenience of the members, 
in addition to the usual public rooms. Membership will 
be open to all professional men connected with the 
engineering industry. There will be no entrance fee 
for the first members, and the annual subscriptions for 
town and country members are very moderate. Inten- 
ding members should communicate at once with Mr. 
A. R. Page, care of the Birmingham Small Arms Co., 
Limited, Birmingham. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—tt is difficult to determine whether 
the position shows any improvement compared with a 
month ago or whether it is not slightly less satisfactory. 
Output in the bulk is believed to be somewhat greater 
than the average of normal years pre-war, but many 
more orders are needed than was then the case, because 
plant has been so greatly extended and many thousands 
of operatives imported to do war work have settled in 
the district and are reliant upon the staple industries. 
One good feature is the settlement of the strike at Stock- 
bridge, Rotherham, and Parkgate, which for eight weeks 
has reduced production of basic steel to about one-third 
of the customary tonnage, and has diverted valuable 
orders to other competing districts. The men ballotted 
by a considerable majority in favour of accepting the 
employers’ offer of similar rates and conditions to those 
obtaining in comparable works in other parts of the 
country. Furnaces are being started up as quickly as 
is warranted by the state of order books, and the eight 
thousand operatives thrown idle will be gradually 
absorbed. Meanwhile, owing to the generally unsettled 
outlook, due in some measure to political disturbance, 
there is no rush on the part of makers of finished products 
to cover forward commitments, and prices on the whole 
reveal a downward tendency, despite the fact that in 
many instances they are already declared to be unremun- 
erative. Some of the more progressive steel manipu- 
lating sections, judging from the latest reports, have 
produced more favourable results than was anticipated 
from the accounts published by similar concerns, while 
makers of picks, shovels and mining requisites are able 
to show fairly substantial profits. Concentration on the 
application of rust-resisting metals to engineering use is 
attracting a considerable amount of new business, which 
tends to spread with the gradual reduction of production 
costs. 


Hull Coal Traffic—The September returns relating to 
South Yorkshire coal traffic via the Humber ports show 
a decrease of 126,597 tons, as compared with the corres- 
ponding month last year, the respective totals being 
404,958 as against 531,555. For the nine months the 
total sent from this district, 3,721,235 tons, represented 
a drop of over one and a half million tons,:as compared 
with that for the first nine months last year. Exports 
during the same period were little more than half those 
for January to September, 1923. 


South Yorkshire Coal Trade.—The slump in export 
requirements continues to have a serious effect on steam 
coal pits. The most notable contractions in demand 
are from France, Germany and Sweden. Purchases by 
Belgium and Denmark are, on the other hand, slightly 
higher than at this time last year. Home buying is 
fairly steady and contract deliveries are absorbing the 
bulk of the output. Cobbles, nuts and best quality 
slacks have taken on a somewhat firmer appearance, but 
there is still a good deal of price-cutting in inferior grades, 
Production of furnace and foundry coke is being restricted 
until stocks are cleared. The trend of housecoal price 
continues upwards, the latest advance being one of two 
shillings and sixpence in Derbyshire best brights. 
Quotations :—Best branch hand-picked, 32s. to 35s. ; 
Barnsley best Silkstone, 26s. to 28s.; Derbyshire best 
brights, 27s. to 32s. ; Derbyshire best house, 24s. to 26s ; 
Derbyshire best large nuts, 22s. 6d. to 25s. ; Derbyshire 
best small nuts, 14s. to 16s. ; Yorkshire hards, 21s. 6d. 
to 23s. 6d. ; Derbyshire hards, 21s. to 23s. ; rough slacks, 
lls. to 13s. 6d.; nutty slacks, 10s. to 12s.; smalls, 6s. 
to 8s. 6d. 


THE TRANSATLANTIC JOURNEY OF THE AIRSHIP 
‘* Z.R.3.’’—The Zeppelin airship Z.R.3, built in Germany 
for the United States Navy, was successfully landed at 
Lakehurst, New Jersey, on Wednesday morning, the 
15th instant, having completed the 5,000-mile journey 
from Freidrichshafen in 80 hours 45 minutes. The petrol 
supply, it is understood, was sufficient for a further flight 
of 20 hours’ duration, in spite of the fact that heavy gales 
were encountered during the latter part of the journey, 
the head winds attaining a velocity of 50 m.p.h. to 
60 m.p.h. The Z.R.3 is 656 ft. in length, 90 ft. 6 in. 
in maximum diameter, and has a gas capacity of 2,470,000 
cub. ft., giving a gross lift of 80 tons and a disposable 
lift of 40 tons. Her maximum speed is stated to be 
76 m.p-h., and her normal cruising speed 67 m.p.h. It 
will be remembered that the British airship R.34 made 
a double transatlantic journey in July, 1919, flying 
from East Fortune, in Scotland, to Mineola, Long 
Island, a distance of 3,130 miles, in 108 hours, while the 
return journey was completed in 75 hours. 


Str CHartes Parsons’ Harru-Bortinc SCHEME.—At 
a luncheon given on September 26, at the Engineers’ 
Club, New York, in honour of Sir Charles Parsons, Sir — 
Charles Morgan, Mr. W. H. Patchell and Senatore Luigi 
Luiggi by the four national engineering societies of 
America, Sir Charles Parsons invited international co- 
operation in his scheme for sinking a shaft 12 miles into 
the earth. Such an exploration, Sir Charles said, might 
reveal the existence of new elements and of metals 
heavier than those at present known. Preliminary 
investigations of the possible methods of construction 
had been made, and it was thought to be a practical 
engineering project. No return of a financial nature ~ 
could be anticipated from the endeavour, but information 
of great scientific importance might be obtained, and 
the venture must be regarded as of equal importance to 
polar exploration. Senatore Luiggi, President of the 
Society of Italian Engineers, later advocated the private 
ownership of public utility services because of the 
inefficiency generally shown in State management. 
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NORTHERN COUNTIES. 
MItppLEesBROUGH, Wednesday. 

The Cleveland Iron Trade.—There was only a thin 
attendance at the weekly market, the tone of which 
was again cheerless, and the election appeared to be 
more discussed than was business. Cleveland pig-iron 
was in ample supply for needs, but was by no means 
abundant, and makers were somewhat markedly dis- 
inelmed to acknowledge further fall in values, though 
on the other hand, customers considered prices asked 
were too high. Producers protested that quotations 
were already unremunerative, and adhered to 85s. for 
No, 1 quality, 80s. for No. 3 grade, 79s. for No. 4 
foundry, and 78s. for No. 4 forge. 


Hematite.—There is little new in the East Coast 
hematite branch. With curtailed output, makers are 
disposed to take a rather firmer stand, but supply is 
still very plentiful, and producers are anxious to liqui- 
date their large stocks. Nos. 1, 2 and 3 are 88s.; and 
No. 1 is quoted 6d. above mixed Nos. 


Foreign Ore.—Sellers of- imported ore experience as 
much difficulty as ever in arranging contracts, con- 
sumers continuing to hold off the market. Quotations 
are based on best rubio at 21s. 3d. c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
only very moderate request. Good medium qualities 
are on sale at 25s. delivered to local users. 


Tronstone Miners’ Wages.—Under sliding scale arrange- 
ments, Cleveland ironstone mineowners are entitled to 
reduce wages by 5-2 per cent., but when the owners 
met the miners’ representatives at Middlesbrough this 
week they sympathised with a strong appeal made by 
the latter and decided to make no reduction. Thus 
wages for the present quarter remain at 78 per cent. above 
the base rate. 


Manufactured Iron and Steel.—Finished iron and steel 
materials continue very slow of sale, and prices are weak. 
A 10s. reduction made in plates, angles, and joists is only 
what was anticipated, but hope is expressed that the 
actual fall will stimulate buying to some extent. Among 
the principal market quotations for home business are : 
Common iron bars, 12/. 10s. ; iron rivets, 14/. 5s. ; pack- 
ing (parallel), 9/.; packing (tapered), 12/.; steel billets 
(soft), 87. 10s. ; steel billets (medium) 9/.; steel billets 
(hard), 97. 10s.; steel rivets, 14/. 15s.; steel boiler 
plates, 137. ; steel ship, bridge and tank plates, 9/. 15s. ; 
steel angles, 9/. 10s.; steel joists, 91. 10s.; heavy steel 
rails, 9lJ.; fish plates, 13/.; and galvanised corrugated 
sheets (24-in. gauge, in bundles), 187. to 18/. 5s. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—Movement in the Scottish steel 
trade is still of a very restricted nature and specifications 
are most difficult to secure. The demand for plates and 
sections is very limited and much plant is not being 
operated at the present time. One of the main causes of 
the dullness at the various works is that very severe 
competition is being experienced for almost anything on 
ofter. Not only have the local producers to face low 
prices from the Continent, but makers south of the 
border are also submitting very keen quotations. To 
meet this, the Scottish steel makers decided to make a 
reduction of 10s. per ton in the price of plates and 
sections as from Monday of this week, making the current 
quotations as follow :—Boiler plates, 13/. per ton: ship 
plates, $ in. and up, 9/. 15s. per ton; and _ sections, 
9l. 10s. per ton, all delivered Glasgow stations, and 
subject to the usual extras and conditions. The export 
prices are very poor and unremunerative. Black sheet 
makers are doing fairly well, especially in export, as large 
lots are booked and regular shipments are being made of 
galvanised and corrugated sheets to India, South Africa 
and South America. The current home price is 12/. 10s. 
per ton for sheets, 7; in. to } in., delivered Glasgow 
stations. 

Malleable Iron Trade.—Conditions in the West of 
Scotland malleable iron trade must still be reported as 
very disappointing. Not only is the amount of work on 
hand exceedingly poor, but fresh bookings—those that 
are being secured—are of small tonnage. This applies 
both to the home demand and to shipment lots. In the 
re-rolled steel branch of the trade, quietness is general 
with prices tending to sag. ‘‘Crown” bars are quoted 
without change at 12/. 10s. per ton, delivered Glasgow 
stations. : 

Scottish Pig-Iron Trade.—No change has taken place 
in the Scottish pig-iron trade over the week, and a dull 
tone prevails. There is only a small demand on home 
account, while that for shipment lots is just about as 
poor as it could possibly be. The output is much 
restricted at present, and there is a decided possibility of 
a further curtailment before long as stocks are accumu- 
lating. Prices are unchanged but have an easier ten- 
deney, and are as follow :—Hematite, 4/. 15s. per ton 
delivered at the steel works; foundry iron, No. 1, 
4l. 15s. per ton; and No. 3, 41. 10s. per ton, both on 
trucks at makers’ yards. 

Scottish Pig-iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, October 11, were again small 

_and only amounted to 519 tons 13 cwt. Of that total, 
478 tons 13 ewt. went overseas and the balance of 
41 tons went coastwise. For the corresponding week 
of last year the figures were 1,694 tons foreign and 119 tons 
coastwise, making a total shipment of 1,813 tons. 

Institution of Engineers and Shipbuilders in Scotland.— 
The first meeting for the ensuing session of the Institution 


of Engineers and Shipbuilders in Scotland was held on 
Tuesday last in the hall, Elmbank Crescent, Glasgow. 
The President, Mr. J. Howden Hume, in his presidential 
address, referred to the present disastrous condition of 
affairs in trade, and said that it had been brought about 
largely by the loss of our export business. This, he 
thought, was due to the change in the financial equilibrium 
of the world caused by the war, as nations which were 
formerly our best customers were now unable to pay the 
prices of our manufacturers, and could themselves 
produce the goods at lower costs than ours. The ship- 
building industry had been adversely affected to a 
serious extent by the Washington Treaty, as a result 
of which employment had been greatly decreased, and 
many of our best artisans had emigrated, while the 
collapse of the world’s markets and the over-production 
of merchant ships during and immediately after the 
war had also a bad effect on shipbuilding. Now the 
Dawes scheme, thoroughly well intentioned and altruistic 
though it was, would, he was afraid, be equally disastrous 
to the industry. At the close, on the motion of Mr. 
Harold E. Yarrow, the president was thanked for his 
address, and afterwards a paper entitled ‘* Pulverised 
Fuel in its Commercial Aspect ’* was read by Mr. Alfred 
J. T. Taylor, of Toronto. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—The present condition of the Welsh 
coal trade shows little alteration. Most classes of coal 
continue in excess of the demand despite a considerable 
reduction in the output due to numerous pit stoppages 
and irregular working. The undertone of the market, 
however, is somewhat better and the feeling for November 
is distinctly brighter so far as the volume of business 
is concerned. <A fair number of inquiries are circulating 
for delivery next month from all over the world but it 
yet remains to be seen whether they are of a genuine 
character or in the nature of “‘feelers.”” The Argentine 
Navy want prices for 30,000 tons of best large coal over 
the next three months. The French Midi Railway also 
want prices for 110,000 tons of large and through coal, 
chiefly Monmouthshires for locomotives, and 45,000 tons 
of patent fuel with delivery over the whole of next year. 
Other smaller inquiries are also circulating. Meanwhile 
anthracite coals are exceedingly scarce and firm on the 
basis of 52s. 6d. for Big Vein large and 60s. for machine- 
made cobbles, with the result that an improved demand 
has been created for sized coals and best dry large as a 
substitute. Best dry nuts command up to 31s. with 
semi-bituminous up to 26s. and bituminous 24s., while 
best dry large is up to 28s. Other grades of coal, how- 
ever, are in abundant supply with the exception of best 
steam smalls which are steady at 14s. 6d. to 15s. Best 
Admiralty large rules from 27s. to 27s. 6d. with seconds 
from 24s. 6d. to 25s. 6d. and Monmouthshires from 23s. 
to 25s., while smalls range from lls. to 14s. Exports of 
coal as cargo from South Wales last week amounted to 
460,700 tons as against 381,140 tons in the previous 
week. Shipments to France amounted to 151,553 tons 
compared with 167,267 tons, to Italy 56,014 tons against 
51,321 tons, to South America 90,685 tons against 
39,599 tons, and to British coaling depots, 50,034 tons 
against 38,021 tons. 


Tron and Steel— Exports of iron and steel goods from 
South Wales in the past week totalled 14,876 tons com- 
pared with 21,152 tons a week ago. Shipments of tin- 
plates and terneplates amounted to 5,257 tons against 
12,589 tons; blackplates and sheets totalled 561 tons 
against 4,516 tons: galvanised sheets to 5,137 tons 
against 2,630 tons and other iron and steel goods to 
3,921 tons against 1,318 tons. 


Execrriciry in Canapa.—The Hydro Electric Com- 
mission of Ontario, which supplies practically the whole 
of the electricity used in the Province, has now 320,000 
customers, and the average domestic user in Ontario 
gets his light and power for a cost of about 4s. per 
month. 


Tue Late Mr. Camppett THomson.—A prominent 
Indian railway engineer, Mr. Campbell ,Thomson, died 
at the age of 78 years, at Tunbridge Wells on October 13. 
He entered the Indian Public Works Department in 1869, 
and after obtaining a valuable experience of railway 
work in Bengal, he was appointed executive engineer in 
1880. After fourteen years’ service in this capacity 
he was promoted superintending engineer. Further 
responsibilities were given him in 1898, when he was 
appointed Deputy Engineer-in-Chief of the Southern 
section of the North Western Railway. The following 
year Mr. Campbell Thomson was made chief engineer 
of the whole system, consisting of 5,000 miles of track, 
and this post he held until he retired in 1909. 


Tue D. B. Morison ENGINEERING SCHOLARSHIP. — 
Mr. Reginald Porter, of West Hartlepool, has been 
awarded, on the results of a competitive examination, 
the first D. B. Morison Engineering Scholarship. This 
scholarship, which is of the value of 150/. a year, was 
founded by Mr. Morison to enable the best apprentice 
each year in the works of Messrs. Richardsons, Westgarth 
and Co., Limited, to obtain additional instruction over 
that provided under the Apprentice Advancement 
Scheme, which has been in operation for twenty-two 
years. By this scholarship the recipient is enabled to 


take a year’s classes at the Armstrong College, Newcastle 


to complete the training in the West Hartlepool Technical 
College under the old scheme of apprentice training. 


NOTICES OF MEETINGS. 


Tue Junior InstiruTIoN or ENnGineERS.—To-night 
at 7.30 p.m., at the Royal Society of Arts, John-street, 
Adelphi, W.C. 2. Lecture: ‘‘ High-Voltage Electric 
Oscillations,’ by Mr. R. P. Howgrave Graham. Friday, 
October 24, at 7.30 p.m., at 39, Victoria-street, S.W. 1. 
Lecturette : ‘‘ Powdered Fuel,” by Mr. F. F. Evans. 

THe NorrHamMPTON ENGINEERING COLLEGE EN- 
GINEERING Socrety.—Monday, October 20, at 5.30 p.m., 
at St. John-street, Clerkenwell, E.C. 1. Presidential 
Address, by Mr. 8S. C. Laws, M.A., M.Sc.; also “ The 
Power of the Flame,” a cinema film on welding, pre- 
sented by Captain Richardson. 

Tur BrapFrorD ENGINEERING Socrery.—Monday, ~ 
October 20, at 7.30 p.m., at the Bradford Technical 
College. Lecture: ‘‘ The Manufacture of Forgings,” by 
Mr. F. Somers, M.I.Mech.E. 

Tue Instrrrure or TRANSPORT.—Tuesday, October 21, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Victoria Embankment, W.C. 2. Lecture: ‘‘ Locomotive 
Running,” by Mr. W. G. P. Maclure. 

Tue InstrruTE oF Marine ENGINEERS.—Tuesday, 
October 21, at 6.30 p.m., at 85-88, The Minories, Tower 
Hill, E. 1. ‘‘ Present Tendencies in Steam Generation,” 
by Sir Jas. Kemnal. 

THE MaNCHESTER METALLURGICAL SocieTY.—Tues- 
day, October 21, at 7 p.m., at the College of Technology, 
Manchester. ‘‘ Non-metallic Inclusions in Steels,” by 
Mr. A. McCance, D.Se. 

Tae Mip~anp Iystirure or MINING ENGINEERS.— 
Wednesday, October 22, at 2.30 p.m., in the Metallurgical 
Theatre, Sheffield University, St. George’s-squarey, 
Sheffield. ‘‘ The Collieries of the First Danube Steam 
Navigation Company (D.D.S8.G.), near Pécs (Funfkirchen), 
Hungary,” by Dr. J. Herczegh. Papers open for dis- 
cussion: (1) ‘‘The Theory of Ventilation: A Review 
of its Present Treatment,’’ by Professor Douglas Hay, 
B.Se.; (2) ‘“‘ The True Effect of Natural Ventilation in 
Deep Mines,” by Mr. Robert Clive; (3) ‘* Flame-Proof 
Design of Casings for Electrical Apparatus,’ by Professor 
Douglas Hay and Mr. I. C. F. Statham. 

Tue InstiruTION OF ENGINEERING INSPECTION.— 
Wednesday, October 22, at 5.30 p.m., at the Royal 


Society of Arts, John-street, Adelphi, W.C. 2.  *‘ Crank- 
less Engines,”’ by Mr. A. Hamilton. 
Tue InstiruTion or Crvit ENGINEERS: YORKSHIRE 


AssocraTion.—Thursday, October 23, at 7.30 p.m., at 
the Griffin Hotel, Boar-lane, Leeds. Presidential 
Address, by Mr. G. A. Hart, M.Inst.C.E. 

Tus Institution or WeLpina ENGINEERS.—Thurs- 
day, October 23, at 8 p.m., at the Engineers’ Club, 
Coventry-street, W. 1. ‘Steel Wire: Its Manufacture, 
Properties, and Uses for Welding and Other Purposes,” 
by Mr. E. A. Atkins, M.I.Mech.E. 

Tue Instirurion or ExerorricaL ENGINEERS.— 
Thursday, October 23, at 6 p.m., at Savoy Place, 
Victoria Embankment, W.C.2. Inaugural address by 
Mr. W. B. Woodhouse. 

Tue InstiruTiIon oF MECHANICAL ENGINEERS.— 
Friday, October 24, at 6 p.m., at Storey’s-gate, 5.W.1. 
«The Missing Pressure in Gas Engines ” and ‘* Heat Loss 
in Gas Engines,” by Professor W. T. David, M.A., Se.D. 

Tur MANCHESTER ASSOCIATION OF ENGINEERS.— 
Friday, October 24, at the Engineers’ Club, Albert- 
square, Manchester. ‘‘ Costing and Works Accounting, 
with Special Reference to Engineering,’ by Mr. k. 
Dunkerley. 

Tue Hurt Association or EnGiInrers.—Saturday, 
October 25, at the Municipal Technical College, Park- 
street, Hull. Lecture: ‘‘ Modern Constructional Plant 
and Its Application,” by Mr. Ivan W. Benson. 


Evecrriciry Suppry art LepK.—For the year ending 
March 31, 1924, the Electricity Works of the Leek Urban 
District Council had an output of 1,642,000 kw.-hours, 
which were sold at an average price of 2-8d. per kw.- 
hour, which is remarkably cheap, considering the small 
size of the undertaking. The power is generated 
entirely by internal combustion engines, and the plant 
has just been increased by a 600 brake horse-power 
National vertical tandem gas engine, which is a duplicate 
of an engine installedin 1922. It is saidthat for the past 
two or three years there has never been even a temporary 
or partial failure of the supply. The engineer to the 
Council is Mr. H. A. Tulloch. 


Lympne TRIALS OF Two-SEATER LIGHT AEROPLANES : 
AppENpuM.—In connection with an article on the 
above subject, which appeared in our last issue, orm 
page 525, we are informed by the Air Ministry that 
while the results so far achieved are sufficient to warrant, 
the formation of a few light-aeroplane clubs, the Ministry 
does not feel justified in recommending the adoption 
of any existing types of dual-control aeroplane for the 
use of such clubs until the engine question has been 
considered further. The aeroplanes taking part in the 
trials, the Air Ministry points out, proved themselves 
to be thoroughly efficient and satisfactory, and, with 
the power plants installed, they were able to carry out 
the prescribed tests, which included a 10-hours’ reli- 
ability test. It was necessary, however, to run the 
engines at very high speeds in order to attain the maxi- 
mum performance’ required for the competition, and 
reliability suffered in consequence. _ The Ministry, 
therefore, is now reviewing the whole position with regard 
to engines for the proposed club machines, in order to 
obtain the necessary technical data apart from the 
adverse conditions existing in the competitive trials. 


‘ANI'T GdIg GHL NI GNag ‘FH ‘DIg ‘HONEY, HL JO ONITWAGY AHL WOA AGVAN AOVIG NI GULUTAWOD SHaIG “gE ‘DI _: 


[Ocr. 17, 1924. 


“STIOY HHL ONIAVAT UALAY AdIg dO NOIWOGG “*[ ‘DLT 


| VIAOF GILG 


ENGINEERING. 


(‘Z9g abng aas ‘uoydisosag 10,7) 


‘ATIddNS YALVM AVAWNOd AHL FYOA VSNVI AWNVI WOU ANIT AdId 


550 


Ocr. 17, 1924.] 


ENGINEERING. 


551 


ENGINEERING, 


Offices for Publication and Advertisements, 
ee ae 36, Bedford Street, Strand, London, 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

TELEGRAPHIO | “‘ ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NumBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— 


For the United Kingdom  .................... om O 
For Canada— 
Thin paper copies ................sces0e £2 18 6 
Thick paper copiel................cse00 £3 3 0 
For ali other places abroad— 
Thin paper copies....................00 £3 3 0 
Thick paper copies..................0000 £3 7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 

__ When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &o., is four shilings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
the wrapper and on the inside pages may be obtained 
on application. The pages are 12 in. deep and 9 in. 
wide, divisible into four columns of 2} in. in width. 
Serial advertisements will be inserted with all practic- 
able regularity, but absolute regularity cannot be 
guaranteed. 


TIME FOR RECEIPT OF ADVERTISEMENTS. 
' Advertisements intended for insertion in the 
current week’s issue must be delivered not 
later than First Post on Thursday. In con- 
sequence of the necessity of going to press 
early with a portion of the edition, altera- 
tions for standing advertisements should be 
received 10 days previous to the day of 
publication. 


__ All accounts are payable to ENGINEERING, LTD. 
Cheques should be crossed ‘“‘ The National Provincial 
Bank, Limited, Charing Cross Branch.’’ Post-Office 
Orders should be made payable at Bedford Street, 
Strand, W.C.2. ; 


AGENTS FOR “ ENGINEERING.” 


AUSTRALIA: Gordon and Gotch, Limited, Melbourne; Sydney ; 
Brisbane ; Perth. Angus and Robertson, Limited, Sydney, 
N.8.W. T. Willmett and Co., Townsville, North Queens- 
land. W. ©. Rigby, Adelaide, South Australia. Melville 
and Mullen, Melbourne, Victoria. 

BELGIUM, Brussels; EH. F. Satchell, 86. Rue du Tabellion. 

Canada, Toronto, Ont.: Wm. Dawson and Sons, Limited, 

: 87, Queen Street, Hast. 

EDINBURGH: John Menzies and Co., Limited, Rose-street. 

FRANCE, Paris: Boyveau and Chevillet, 22, Rue de la Banque 
For Advertisements, Office de Publications Commerciales 
167 Rue Montmartre, Paris (2e). 

GERMANY: Hermann H. Fromm, Potsdamerstr 1054, Berlin, 
W. 35. A Twietmeyer, Leipzig. 

GLAsGow : William Love, 221, Argyle-street. John Menzies and 
Co., Limited, West Nile-street. 

InpIA, Calcutta: Thacker, Spink and Co., Bombay; Thacker 
and Co., Limited. 

Iraty : U. Hoepli, Milan. 

d any post office. 

-LivERPOOL: Mrs. Taylor, Landing Stages. 

MANCHESTER: John Heywood, 143, Deansgate. 

NEW ZEALAND: Gordon and Gotch Proprietary, Limited, Wel- 

; lington, Auckland and Christchurch. 

Nogway, Christiania: Cammermeyer’s Boghandel, Oarl Johans 
Gade, 41 and 43: 

RorrerDam : H. A. Kramer and Son, Limited. 

SouTH AFRICA: Central News Agency, Limited, Head Office— 
Johannesburg; and Pretoria, Cape Town, Port Elizabeth, 
Bloemfontein, Durban, and various branches and book- 
stalls throughout South Africa. Wm. Dawson and Sons 
(South Africa), Limited, 29, Long-street, Capetown. 

TASMANIA: Gordon & Gotch Prop’ty, Ltd., Launceston : Hobart. 

Umirgp Status: For Subscription, New York: W. H. Wiley, 
440, Fourth Avenue. For Advertisements; J. 8. Allan, 
80, Ohureh-street, New York. 


== 


Anonima Libraria Italiana, Torino, 


CONTENTS. 
Paar 
Re len tiiradivalees cei cssctscsceccesses cosnodécensssatdenaatecscsvachanesueghoandas 535 
India and Burma at the British Empire Exhibition 
ULL Cinas freee ceeas ay anc cee te cconpease aesynachneantsasspossentsomtamisens 536 
Canada and the British Association... cee 539 
Coffee-Preparing Machinery (Il]U8.)..........::1sceeseeeeeeee 541 


The Bristol ‘‘ Jupiter” Aero Engine in Commercial 
Service 
The Twin-Screw Geared Turbine Orient Liner 
45 yamine (CLILUSE) \rascetsctcseesteesvaasacoretassteseritacsotterveraes 543 
Box-Making and Wood-Printing Machines (I/lws.) 544 
The Significance of Exhaust Temperature (Illus.) 544 
The Wolseley Thread Grinding Machine (Illus.).... 547 
The Optical Society 548 
Letters to the Editor—The Toredo Worm. The 
Technical Report of the British Engine, Boiler 
and Electrical Insurance Company, Limited........ 
Notes from South Yorkshive........ ......sscsscessseseeceeronpes 
Notes from Cleveland and the Northern Counties 
Notes from the North 
Notes from the South-West... 
Notices of Meetings 
Research 
Transportation Handicaps to Trade .. 
National Coal Resources 
The Motor Exhibition at Olympia 
Notes 
The Artificial Drying of Crops (Illus.) 
Literature.—-Is Unemployment Inevitable ? Prin- 
ciples of Electric Motors and Control. The 


Modern Theory and Practice of Pumping............ 555 
Booka Received ec wares cece adusyasceonecctvestens neon deoceasecanease 557 
Repair of La Noulte Cast-Iron Viaduct.................... 557 


Labour Notes 
Notes on New Books 
Refrigerating Machines at the British Empire 
XH Ditnors (Tia. ) eeeceeecese secre oncectertccnctennenee eceetn sae 559 
Pipe Line from Lake Tansa for the Bombay 
Water Supply (Iilus.) 


Catalogues) as craescpectesse-:feseoxtsncecsiogesusenseunate 
Large Alternators 1.5.1... cccccssssse-secessncspeeee 
ENGINEERING Patent Record (Illws.)...........:cecseee 567 
Two Two-Page Plates—TWIN-SCREW GEARED 


TURBINE STEAMSHIP “ORAMA” FOR THE 
ORIENT LINE. 


ENGINEERING, 


FRIDAY, OCTOBER 17, 1924. 


RESEARCH. 


Tur word “research” has of late been so greatly 
abused that it must have required some courage 
on the part of Dr. W. R. Ormandy to adopt the 
term for the title of his presidential address to the 
Institution of Automobile Engineers, which was 
delivered on Wednesday evening last. Some 
imperfectly inspired prophet of the Victorian era 
once declared that science was measurement, and 
this hopelessly inadequate definition would seem 
to have been blindly adopted by many laboratory 
operatives, who often appear to think that, so 
long as they are measuring something they are 
necessarily making a valuable contribution to 
science, and are apt to assume accordingly an 
irritating air of superiority to the draughtsman 
and works manager, whose daily activities, in 
innumerable instances, are far better entitled to be 
considered research in the best signification of the 
term than the barren and uninspiring record of 
measurements to which it is constantly applied. 

Perhaps it was some consciousness of a prevalence 
of this feeling of irritation with the pretensions of 
“the hodmen of science,” which led Dr. Ormandy’s 
choice of a subject for his discourse. We all 
respect the man who pursues science for its own 
sake, and of such men we have had some splendid 
instances amongst our own countrymen. But just 
as in certain religious communities the standing 
acquired by the devotion and _ self-sacrifice of 
prophets and martyrs has been subsequently 
exploited by men of ignoble character, so there 
does seem a danger that men who pursue research 
as an alternative, say, to the grocery trade; shall 
attempt to arrogate to themselves halos that belong 
of right only to a few exceptional personalities. 
The latter have seldom in the past received an 


adequate reward for their services to society, and 
it’ was probably a realisation of this which led to 
the establishment of the Nobel prizes, which have 
done something to redress the inequity. We note, 
however, that the “researchers’” trade union is 
opposed in principle to these, influenced possibly 
by the, well-founded conviction of the rank and 
file of their members, that none of these excep- 
tional awards are likely to fall to their lot. 

As matters stand, technical institutions and 
professional journals are constantly asked to accept 
lengthy communications describing in minute detail, 
accompanied by heavy tables, series of measure- 
ments which either lead to no practical conclusion, 
positive or negative, or in other cases are merely 
repetitions of measurements which have already 
been made elsewhere. To such communications 
Professor Armstrong has aptly applied the term 
research. It is, of course, quite proper that such 
researches should be made, and indeed in certain 
laboratories the young student is given the task of 
confirming, by renewed experiments, results attained 
by investigators of established reputation. He 
thus gains facility in laboratory manipulations. 
Frequently unexpected results are announced, but 
these can generally be traced to errors on the part 
of the inexperienced experimenter, who thereby 
acquires first-hand knowledge of the pitfalls awaiting 
the unwary. 

Much of the “‘research”’ work offered to tech- 
nical institutions and the like constitutes hardly 
an advance on the foregoing. At other times the 
investigator frames some hypothesis which, if 
confirmed, would be of considerable importance. 
Quite properly, he tests this by experiment, and 
finds that his provisional theory cannot be recon- 
ciled with his observations. A mere announce- 
ment of the fact is in that case all that is 
warranted, but not infrequently he seeks to 
publish a lengthy detailed description of his abortive 
investigation. 

One class of legitimate “‘ research” has already 
been commented on; but there is another type 
which is of fundamental value, viz., the determina- 
tion of certain important physical constants with 
extreme precision. This class of work is, however, 
beyond the capabilities of the ordinary laboratory 
operative, a certain touch of genius in the experi- 
menter being of greater importance than mere 
industry and equipment. The most striking 
instance of the possible importance of such a 
“research ” is, no doubt, the late Lord Rayleigh’s 
re-determination of the density of nitrogen. This 
was taken up because Regnault had failed to make 
a certain small correction in his own masterly 
investigations. The discovery of argon and the 
whole series of noble gases originated in the circum- 
stance that. with certain samples of nitrogen the 
total weight of gas and container appeared to be 
1 part in 1,000 more than with other samples. 
The actual, difference in the weights was only 
2-3 milligrammes, a discrepancy which, it is pretty 
safe to assume, would have been ignored by the 
average researcher, and probably quite properly, 
as the average man cannot pretend to !a four- 
figure accuracy in highly delicate experiments. 

It: was, no doubt, corresponding  results—e.g., 
Joule’s conclusion, that heat had a mechanical 
equivalent, depended on’ the measurement of tem- 
perature differences so small that they could only 
be expressed in hundredths of a degree—that led 
to the inadequate definition of science to which 
reference has already been made. It would be more 
correct to say that science consists of hypotheses 
supported by measurement, and unless re- 
measurements disclose either large differences 
from their predecessors, or possible minute but well 
confirmed discrepancies with current hypotheses, 
they are of but limited interest and value. It is 
the failure on the part of the ordinary run of 
experimenter to realise this which is causing a 
certain. revulsion of feeling against . industrial 
research, and it is well, therefore, that Dr. Ormandy 
should draw attention to the fact that laboratory 
investigations have cleared up many obscure points 
in the behaviour of internal-combustion engines. 
It had long been common knowledge that maximum 
power output is attained with mixtures distinctly 
richer than that necessary for complete combustion 
and that the engine is more flexible when worked 
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with such mixtures. Messrs. Tizard and Pye have, 
Dr. Ormandy stated, been recently able to correlate 
this with the increase in the specific heat of gases 
with rise in temperature and the dissociation of 
certain of the products of combustion. They have, 
moreover, he stated, established the fact that all 
the usual fuels are practically alike in behaviour. 
None of them will burn if the mixture is more than 
20 per cent. weaker than the “ theoretical ” mixture, 
and with richer mixtures the power output follows 
the same law with all these fuels. It further appears 
that high compressions give rather a higher increase 
of efficiency than would be estimated from the air 
standard, and, moreover, fuels differ greatly in their 
power of withstanding high compressions without 
detonating. The alcohols are much superior to the 
petrols in this respect. It is, however, very curious 
and interesting, as showing how little we really 
know about the mechanism of combustion, that 
the tendency of the petrols to detonate can be 
reduced by small admixtures of certain other 
bodies. The reason is still to seek. 

Dr. Ormandy perhaps rather over-emphasised the 
utilitarian value of research in pure science. Such 
researches have more than sufficient justification, 
in that they satisfy our innate curiosity as to the 
nature of the wonderful world in which we live. 
That they so frequently lead to improvements in 
the amenities of existence is to be regarded rather as 
a lucky bonus, rather than as any weighty argument 
for the encouragement of such pursuits. 

Industrial research, quite properly, is, of course, 
inspired by other motives, and it has undoubtedly 
some striking successes to its credit, in addition to 
innumerable minor improvements in trade pro- 
cesses. The drawn wire lamp was, for example, 
developed in the laboratories of the General Elec- 
tric Company of America, and in pre-war times 
German makers of refractories were, as the result of 
laboratory research, producing very high qualities of 
fire bricks and furnace linings from somewhat 
indifferent raw materials. In the very nature of 
things, however, most industrial research work 
must be of a somewhat humdrum character, 
requiring for its pursuit no higher qualities than 
are needed by the draughtsmen or works manager. 


TRANSPORTATION HANDICAPS TO 
TRADE. 


THE question of road improvements is too often 
discussed as if the whole object of good roads was 
to permit the safe and comfortable passage of motor- 
vehicles at high speeds. Attention has been 
concentrated on the provision of smooth and dustless 
surfaces, the widening of narrow places, the eli- 
mination of dangerous corners and other matters 
highly important to motor-car drivers, but by no 
means the only ones to be considered. The general 
principle that roads should be constructed in a 
manner suitable for the traffic they have to carry, 
must not be interpreted only in the interests of the 
users of fast-moving motor cars, charabancs and 
motor lorries. Adequate roads are as essential to 
the trade of the country as to its recreations, and it 
is fully time that steps should be taken to remove 
the handicap upon our manufacturers which the 
present state of affairs imposes. Many pieces of 
machinery are now so large and heavy that the 
railway companies are either unable to take them 
at all, or charge such high rates that railway trans- 
portation is commercially prohibitive. In such 
cases, unless the roads are fit to carry the load, the 
manufacturer has no option but to decline the order. 
His work-people are thus deprived of earnings, his 
potential customer has to put up with a less desirable 
machine, and last, but not least, his ability to keep 
pace with the developments of his foreign competitors 
is definitely at an end. 

It is in connection with the transport of electrical 
machinery that the limitations of our railways and 
roads are becoming specially apparent. Ship- 
builders and marine engineers may have to handle 
larger or heavier single pieces of machinery, but 
such firms, in the nature of things do not require 
land transportation for any distance. Our heavy 
electrical firms are mostly inland, and even if they 
were not, their products have to be carried to 
inland power stations, as well as to shipping ports. 


Modern electrical practice calls for single pieces 
weighing from 50 to 80 tons or more, and of larger 
dimensions than the railway loading gauge will 
pass. It is out of the question to increase the 
railway loading gauge throughout the country at 
the present time, but the Ministry of Transport 
might very well take such steps as would ensure 
safe road transit for large and heavy weights 
between the main towns of Great Britain. So far 
as Injury to road surfaces is concerned, it would be 
reasonable to insist that only approved types of 
vehicles should be used, with caterpillar tracks if 
necessary, so as to give the fullest distribution of 
weight on the ground. MHauliers of exceptional 
loads should be held responsible for damage caused 
to road surfaces and should be restricted to routes 
and hours of travelling, but as a set-off against this 
control, they should be provided with a definite 
route between all large towns on a road of such a 
nature that they could traverse it safely with their 
loads. 

The inadequacy of our internal transport facilities 
has been demonstrated a good many times recently, 
and complaints on this score are certain to become 
more frequent in the future. Some of the exhibitors 
at Wembley could, no doubt, tell stories of their 
difficulties in getting material from their works to 
London, and must be contemplating its return with 
little enthusiasm. The Transverter of the English 
Electric Company, which forms so prominent an 
exhibit in the Palace of Engineering, was hauled 
from Preston to the outskirts of London, a matter of 
something like 200 miles by road, because the 
railway was unable to carry it. Then, we under- 
stand, further road transport became impossible, 
and the last few miles of the journey had to be 
made by rail. The trouble and expense of this 
transhipment must have been very great, but under 
the existing state of affairs, no other course was 
possible. Furthermore, what difficulties and delays 
the makers met with in so long a road journey 
with a load weighing, we believe, over 60 tons may 
be left to the imagination of those who have had 
similar tasks to perform. 

Public attention has recently been called to the 
question of road transport by the haulage of the 
stator of a 20,000 kv.a. turbo-alternator from the 
works of the General Electric Company at Witton 
to the Marylebone Power Station. A machine of 
this size cannot be called an especially large one, in 
view of modern power station practice, and if 
electrical development proceeds as we hope it will, 
dozens of machines as large, or larger, should be 
installed within the next few years. The stator 
weighed 62 tons and occupied a space 12 ft. square 
by 11 ft. 2 in. high. A 50-ton stator, by the same 
manufacturers, had been carried by rail from 
Birmingham to Manchester for shipment to Austra- 
lia some months before, but no railway between 
Birmingham and London could transport the larger 
stator, so that there was no alternative to sending 
it by road. The distance is 113 miles by rail and 
considerably more by road, particularly as a route 
had to be selected along which such a load could be 
taken with the least danger. The job was under- 
taken by Messrs. H. Bentley and Co., Limited, of 
Halifax, who make a speciality of heavy and diffi- 
cult haulage work, and after a ten-days’ journey, 
the machine was safely deposited at the power 
station. 

The fact that it did arrive, must not, however, 
be taken as evidence that our roads are adequate 
for the passage of large stators of the kind in ques- 
tion. It is more truly a tribute to the engineering 


and diplomatic skill of the haulage contractor. 


The stator was carried on a truck having two 
four-wheeled bogies, the gross weight being 75 tons. 
The leading bogie-wheels were 2-ft. diameter, and 
the trailing wheels 2-ft. 9-in. diameter. The smaller 
wheels permitted the bogie to swivel through a 
right angle underneath the platform of the truck. 
All wheels were 12 in. wide and so arranged that 
each track was 2 ft. wide. Two traction engines 
were normally employed for haulage while a third 
engine, which usually had to bring along the coal 
truck, was available on the hills. The stator on 
its truck required 15 ft. head room, and in one case 
a bridge over the road did not give sufficient clear- 
ance. The local borough surveyor refused per- 
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mission for the road to be cut away for a few yards 
under the bridge, although the General Electric 
Company offered to make it good again immediately. 
Another route had, therefore, to be taken. 

Wherever the surface of the road seemed to re- 
quire it, or where there were underground mains, 
steel plates were laid down for the wheels to travel 
over, thus protecting the road and distributing the 
weight. It is fortunate that no bridges appear to 
have been injured by the passage of the load, 
although many of them must have been nominally 
restricted to the use of much lighter loads. After 
such a test, it is possible that permissible loads on 
certain of the bridges might be safely increased 
with a view to facilitating the movement of other 
heavy weights. We understand that the haulage 
contractors had their names taken by nearly every 
local authority on the route, for exceeding the per- 
missible limits of weight on the roads, but the stator 
had to be moved somehow, and as the railways 
could not carry it, the roads had to. It is to be | 
hoped that the whole incident will serve to empha- 
sise the importance of road transport to our 
industrial development, and bring about conditions 
under which the carriage of a 62-ton stator will be 
a less heroic undertaking. 


NATIONAL COAL RESOURCES. 


In pursuance of its intention to provide a survey 
of national coal resources the Fuel Research Board 
has now published particulars of the Arley seam 
in the Lancashire coalfield.* The work included in 
this report has been carried out under the super- 
vision of a committee formed by an association 
of colliery companies—the Lancashire and Cheshire 
Coal Research Association—with a representative 
of the Fuel Research Board and another of the 
Geological Survey. That this considerable enter- 
prise should have been undertaken under the 
auspices of so essentially practical a body is a ~ 
matter of some significance to the probable practical 
value of the work. It is well known that even in 
the same seam coal will display considerable 
variations in composition, and those who use it 
might be apt to doubt whether in fact the variations 
may not be so wide as to deprive a systematic 
record of them of any industrial value. The readi- 
ness, however, with which a body whose interest in 
coal is predominantly commercial has undertaken 
the lengthy work in question warrants at least that, 
in the opinion of persons exceptionally familiar 
with its subject matter and acquainted particularly 
with the occurrence of the coal in the seam im 
question, the work is likely to lead to results of 
practical value, by which the various constituents 
of a seam may be used severally for the purpose for 
which they are most fit. A similar committee has 
been formed recently in the South Yorkshire 
district, and others are likely to be started else- 
where in the near future. 

The Arley seam, with which this report is con- 
cerned, extends practically from one end to the 
other of the Lancashire coalfield, over a length as 
the crow flies of somewhere about 40 miles, and, 
of course, is much longer when measured along the 
seam itself. Itis of an average thickness of 3 to 4 ft. 
with local increases up to 6 ft. In the Lancashire 
coal trade it has the reputation of being singularly 
consistent in its composition, and indeed for the 
most part its name is accepted as a sufficient trade 
description of the coal. The results under notice 
show for the most part that this reputation is 
justified, when average samples are considered. 
Considerable differences, however, are found to 
exist even locally when the seam is examined at 
various distances from floor to roof. In a section, 
for instance, in the Atherton district, from which 
samples were taken at intervals in height of about 
6 in., the average ash was 2-75 for the whole seam, 
but varied from 7:46 to 0-69 at different levels, 
the middle part being the lowest. In samples from 
the Bickershaw district, with an average ash of 
3:94 for the whole seam, four sections varied 
from 5-77 at the top to 2-01 in the middle. In 
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both these instances, as in others that were recorded, 
the ash was much higher at the top than elsewhere, 
and in the Bickershaw samples the top section 
contained considerable quantities of pyrites, which 
were not found lower down. It will be remembered 
that in other investigations the sulphur contents 
of a coal seam have been found to be localised in 
bands an inch or two deep, and a seam that pre- 
viously could not be used for making metallurgical 
coke became quite satisfactory for that purpose 
when the sulphurous part of the deposit had been 
removed. It would incidentally be interesting to 
know in what way it has been found convenient 
to make the separation in practice. Elsewhere, 
too, localised occurences of phosphorus have been 
met and dealt with successfully in a similar fashion. 

A number of tests were made of the results of 
low-temperature carbonisation both by assay at 
600 deg. C. in the Gray-King apparatus and by 
carbonisation in lots of about 100 lb. each in the 
Station’s mild-steel horizontal retorts, a description 
of which has already appeared in these columns 
(August 10, 1923, page 169). So far as they go, the 
results of these trials show the same sort of concor- 
dance between the small and large-scale carbonisa- 
tions as has been observed previously, though the 
amount of material only allowed the large-scale 
experiment to be made on a sample representing 
the whole seam. The variations of coking capacity 
in different sections and in samples from different 
localities were also observed, and photographs of 
some of them are reproduced. The report contains 
also an account of the results of steaming this coal 
in vertical retorts, which have already been described 
more fully in a previous report of the Board (ENet- 
NEERING, November 2, 1923, page 565). A special 
experiment showed that the Arley coal glowed in 
oxygen under standard conditions at a lower 
temperature than any of the other Lancashire coals 
examined. Experiments on the force and _ persis- 
tence of explosions produced by the dust from 
various coals showed that, although Arley coal is 
slow in combustion and “gob” fires are almost 
unknown with it, explosions produced with it are 
particularly violent, and do not seem to be mitigated 
by the use of stone dust. : 

An entirely separate examination of the seam 
has been made in the Lomax Paleobotanical 
laboratories by the microscopical methods that 
have been developed there. These methods involve 
cutting sections of the coal so thin that they can be 
viewed by transmitted light; and a complete 
microscopical examination has been made of the 
Arley seam from two different localities by hori- 
zontal and vertical sections taken layer by layer 
from floor to roof. These sections are too numerous 
to be included in the report, but they are filed in 
the Research Department’s Records Bureau, and 
are available for examination by interested persons. 
The method is ancient, going back nearly one 
hundred years, but it is only recently, through the 
remarkable manipulative skill of the Messrs. Lomax, 
that serious practical application has been made 
of it. Some experience tends to show that it may 
be a useful method of predicting the general 
character of a seam. 

As a whole, the results indicate that the Arley 
seam is particularly valuable for gas making, though 
it may also be used for steam-raising, metallurgical 
and general purposes. Carbonised at 600 deg. C. 
all samples gave satisfactory yields of tar, gas, &c. 
but while from some districts the coke produced 
at that temperature was strong and hard, that from 
others required to be blended with a seam of inferior 
caking properties. 


THE MOTOR EXHIBITION AT OLYMPIA. 


IN common with most other branches of engin- 
eering industry, the firms engaged upon the manu- 
facture of motor vehicles have passed through a 
period of severe depression since we had occasion 
to comment on the last exhibition at Olympia. 
It is somewhat early to draw conclusions as to the 
effect of the removal of the McKenna duties, but 
the most advanced free trader is unlikely to quarrel 
with the conclusion that their removal must 
aggravate depression in the first instance. In view 
of these circumstances it is not remarkable that there 


should have been a steady fall in prices, and this 
can only have been borne by the most careful 
attention to the various methods of increasing 
efficiency in production. 

The continued high taxation on cars may have 
assisted the industry in that it has to a great 
extent eliminated the competition of American 
firms who specialise in low-priced cars equipped 
with relatively large-bore engines. On the other 
hand, it must have had a marked effect in restricting 
the sale of cars to persons of limited means, and 
it seems unlikely that the very low ratio of cars 
to inhabitants in the British Isles will appreciably 
improve until the tax is lowered. When the tax 
was first increased to its present value a concession 
was made to owners of vehicles of which the engine 
was manufactured prior to January 1, 1913. The 
car was thus subject to this concession in 1920 
if the engine was seven or more years old, but by 
fixing the date of manufacture instead of the age 
of the car as the basis on which the concession 
was made, the privilege is rapidly ceasing to become 
operative. 

At first sight this appears to be an advantage 
to the manufacturer on the grounds that the 
continued use of an old car delays the purchase 
of a new one. Generally speaking, however, it 
will be found that such cars are used by people 
who could not meet the first cost of a new vehicle, 
but are able to pay for the comparatively heavy 
upkeep of an old one out of current income. 
The older cars in use must thus be a lucrative 
source of profit to the repairer, but the manufacturer 
also directly profits by the sale of spare parts. 

The growth of the industry has been exceedingly 
rapid, and it is only comparatively recently that 
there has been any consensus of opinion amongst 
manufacturers as to the broad lines to be followed 
in designing a vehicle for any particular class of 
service. A general similarity of ideas amongst 
the leading makers as to the location of the 
main components was observable for many years 
prior to the war, and this agreement frequently 
extended to many of the minor details of construc- 
tion. After the Armistice there was a marked 
recrudescence of unconventional designs ; and while 
the majority of the firms of older standing adopted 
a conservative attitude, many new firms entering 
the industry attempted to incorporate features 
inspired by the intensive aircraft development of 
the war period, such, for example, as radial engines. 
As might have been anticipated, the last five years 
have shown that the conservative policy of the 
older firms was amply justified, and developments 
in design based on aircraft experience have for the 
most part been of a minor nature. They have 
chiefly taken the form of improvements in manu- 
facturing processes, and in the materials of con- 
struction. 

It is improbable that any fundamental change in 
either engine or transmission will take place for 
some time to come, at any rate as regards the 
touring vehicles such as shown at the Exhibition. 
The matter stands on a somewhat different footing 
as regards commercial vehicles, where a strong case 
may be made out for the introduction of a low- 
powered theavy oil engine, and an extended use 
of electric or other transmission giving greater 
flexibility than that attained with the step-down 
gear box. The most striking departures from con- 
ventional design are to be seen in the cheaper 
class of light cars, as it is in such cases that one 
or other of the characteristics which are now 
deemed to be essential in a high-class vehicle may 
reasonably be sacrificed in order to reduce the 
cost. Some of these cars recall early design in 
such features as air cooling, unconventional position 
of the engine, and the use of epicyclic gears. 

At the time of the last exhibition we referred to 
the increasing number of firms who were fitting 
overhead valve engines and front-wheel brakes, 
and the only marked feature of the past year has 
been further development along these lines, together 
with the adoption, by a number of firms, of low- 
pressure tyres either as standard equipment, or 
as an alternative to the high-pressure cord tyre. 
It is probable that the rapid extension in the use 
of overhead valves has resulted partly from the 
Treasury method of taxation on cylinder bore. 
Given two engines of equal power at normal speeds, 


one having overhead and the other side-by-side 
valves, the overhead type will be smaller and 
therefore lighter ; but, on the other hand, it will 
be more expensive to make and more costly in 
upkeep, as its special characteristics will result in 
more rapid wear. It will also tend to become noisy 
more rapidly than the side-by-side valve engine, 
owing to the greater number of wearing parts, the 
difficulty of ensuring adequate lubrication to the 
overhead gear, and the unfavourable position of the 
latter from the point of view of blanketing the sound 
produced. 

Under the present method of taxation, there is 
undoubtedly a very large demand for cars fitted 
with engines coming under the 10-h.p. rating, 
and a number of makers have specialised in an 
endeavour to meet this demand. There is practically 
no sale for a car in this class without a dickey seat, 
and the general demand is for a double dickey, 
so that the maker has to provide sufficient power 
for a load of four persons. Unless such small 
engines are made with exceptional care and from 
the highest grade materials, they rapidly fall off 
in efficiency, and what is even more important, 
the wear is so rapid that the engines become 
objectionably noisy after a relatively short period of 
service. It is no uncommon thing for one of these 
cars to become noisier after three years running 
than many of the cars having engines of 12 or 
14 h.p. rating after six or more years’ service. 

Light cars in the past have been fitted almost 
exclusively with side-by-side valve engines, which 
are frequently called upon to run for considerable 
periods under loads which call for almost their 
full power output, and it is not surprising that under 
these circumstances they soon become noisy. 
There is a very natural tendency amongst makers 
to decrease the engine weight by fitting overhead 
valves, but it is doubtful whether the improvement 
obtained by this means over the present side-by- 
side valve engines will compensate for the greater 
tendency to become noisy inherent in the overhead 
valve design. Many of the side-by-side valve 
engines we have referred to are already highly 
efficient. We are rather of opinion that every 
endeavour should be made to persuade customers 
to consent to a somewhat larger engine, and that 
this is quite possible is shown by the phenomenal 
success of one of the firms marketing a car in this 
class with such an engine. 

When commenting upon the War Office Specifica- 
tion for Subsidy Type Light Lorries, we expressed. 
the opinion that a considerable further extension of 
front-wheel braking was desirable, and we incline 
to the opinion that legislation should be introduced 
to make front-wheel braking compulsory on all 
cars. The rapid increase in the number of motor 
accidents which result either in fatalities or serious 
bodily injury is a matter of national concern, and 
any measure that can be proved to be for the greater 
safety of the public should receive the support of 
all manufacturers. There can be no serious doubt 
that front-wheel brakes fall within this category, as 
they add about 40 per cent. to the braking power 
of the car, and thus very appreciably reduce the 
distance in which the vehicle can be brought to 
rest. It is desirable that all four brakes should be 
operated by the foot pedal, as the depression of 
this pedal in an emergency is quite automatic, 
whereas a conscious effort is almost invariably 
required to bring the handbrake into operation. 
Many accidents result from the failure of the driver 
to apply the handbrake instantly in an emergency, 
and even without front-wheel brakes it would be 
advantageous if the foot pedal brought into action 
the full braking power available. 

If the foot brake alone was capable of locking 
the wheels no advantage would accrue from 
coupling it up to the hand brake in addition, but 
it is common practice to couple the foot pedal to 
the transmission brake, and after a few months’ 
service this brake is liable to become relatively 
ineffective. 

Turning now to the consideration of modern 
design in rather more detail, there is an increasing 
tendency to adopt unit construction for engine and 
gear box, particularly in the lighter classes of 
vehicles. This practice has undoubtedly much to 
commend it, as it eliminates two universal joints 
between the engine and gear box, but careful 
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attention to the design is necessary if the clutch is 
to be reasonably accessible. Several models in the 
past have been very faulty in this respect. The 
practice of incorporating the gear box in the back 
axle unit overcomes this difficulty, but increases 
the unsprung weight on the back axle. This is 
not a point of great importance in the case of the 
smaller cars, and at least one of the leading firms 
utilises this construction for their smallest model. 

A point on which there is marked difference of 
opinion on the part of manufacturers is that of 
the anchorage necessary for the back axle. Several 
makers in recent years have marketed models in 
which neither torque tubes nor radius rods are 
fitted, the rear springs serving to take up the torque 
of both the propellor shaft ‘and rear axle, at the 
same time performing the function of radius rods. 
This introduces a marked simplification into the 
design, but in such a case the entire safety of the 
vehicle depends upon the strength of the top, or 
anchoring leaf, of the spring. The rear springs of a 
vehicle very rarely break, and we are not aware of 
any accident that has occurred owing to the failure 
of this leaf, but the practice appears to contain a 
needless element of danger. The majority of makers 
fit a torque tube anchored at the rear of the gear 
box, and as this can be made to serve all the three 
purposes already enumerated, the springs can be 
designed solely from the point of view of their 
primary duty as shock absorbers. 

At the time of our going to press the exhibition 
has not actually opened, and we must therefore 
defer discussion of the actual models on exhibit to 
a later issue. There is one further point in general 
design to which we might draw attention before 
closing. Many cars which are relatively noiseless on 
top gear become excessively noisy on the lower gears, 
and although attention has recently been drawn to 
the importance of correct tooth form, the matter 
does not seem to have received the attention which 
it merits. Some of the larger cars may be said 
to be almost mechanically perfect with the exception 
of this defect, and it should be possible to effect a 
considerable improvement in the direction of more 
silent gears. 

(To be continued.) 


NOTES. 
THe TRAINING OF FRENCH NAVAL OFFICERS. 


From the beginning of 1925, all candidates for 
the corps of French naval officers will be taken from 
the Ecole Polytechnique. The recent ministerial 
decree, which gives effect to this, makes a radical 
change in the method of recruiting naval officers. 
It has been rendered necessary by the decline in 
the number of competitors for the entrance examina- 
tion to the Ecole Navale. The Ecole Polytechnique, 
is the most famous school of applied mathematics 
in France. The military engineers, the artillery, 
the architects and surveyors of the Ponts et Chaus- 
sées; the corps of naval constructors and the 
hydrographic surveyors, all receive their theoretical 
training in it. Competition for entry is keen; 
out of every eight candidates only one passes. The 
new ministerial order is certainly in keeping with 
the traditions of French naval training. In the 
eighteenth century the scientific knowledge of 
French naval officers was spoken of with respect 
by the rough, ill-educated seamen in the British 
service. Comment in the French naval press is, 
however, not very favourable. It is stated, in the 
first place, that the new order may not be even work- 
able. A large proportion of the candidates who 
pass into the Ecole Polytechnique resign and seek 
employment in civil life, if their positions on the 
final lists do not entitle them to posts in the civil 
engineers ; and decline absolutely to be drafted 
to the military professions. If the number of 
candidates for a naval career has decreased it is 
because the service is not popular; and there is 
no reason to suppose that a preliminary training 
in the Ecole Polytechnique will make it so. Also, 
the French tendency to regard mathematics as 
the one essential thing in a naval officer’s educa- 
tion has come in for severe criticism. It is said 
to be a fresh manifestation of the national mania 
for developing intelligence at the cost of everything, 
character included. The French system of training 


in a naval officer 
scientific knowledge—although their officers are 
not as ignorant as has been supposed—but that he 
shall have a taste for the life ; 
and a special character. 

is, or at least seems to be, separated from the rest 
of the country. 
nothing.” 


the Soviet Government. 


is unfavourably compared with the British method 


“The British think that the most important thing 
is not that he shall have 


a practical training, 
The British navy 


It gains, and the country loses 


Soviet Parent Laws. 
The possessors of an exceptionally sanguine dis- 


position or of an unusually adventurous tempera- 
ment may be interested in a synopsis of the Soviet 
patent laws, which has been drawn up by Professor 
J. Heifetz of Leningrad, and is issued in pamphlet 
form under the title ‘‘ Principles of the New Russian 
Legislation for the Protection of Industrial Pro- 
perty.” 
law as it now exists, but, of course, it is impossible 
to guarantee that it may not be fundamentally 
altered in a month’s time, or at any other period 
which the Moscow authoritiés may choose. 
matters stand a patentee is accorded the right to 
sell and to devise his patent and also to issue licences 
for the use thereof. 
a representative residing within the jurisdiction of 
the Soviet Government and must work the patent 
within the country. Power is reserved to expro- 
priate any patent which the authorities may decide 
to be useful for state defence or which is considered to 


In it will be found a clear statement of the 


As 


Foreign patentees must appoint 


be of special importance, and in the absence of volun- 


tary agreement the remuneration awarded will be 
fixed by a special legislative decision of the Soviet 
officials. Subject to this, the normal life of a patent 
is to be fifteen years, and this cannot be extended. 
Provision is made for the recognition in certain 


cases of patents ante-dating the establishment of 
The registration of designs 
and trade marks is also provided, for. Existing 


trade marks have, it is declared, lost their validity 


by the decree of August 15, 1918, and must be 
registered anew under a decree made on November 
10, 1922, which gives the right to apply for such 
registration to such foreign firms as the Soviet 
officials may decide to recognise as legal entities. 


Port or Lonpon TRAFFIC. 


It is gratifying to note that the tonnage entering 
and clearing from the port of London has now 
overtaken the pre-War figure. In 1913 the tonnage 
frequenting the Port was 40,082,282 tons, but 
the War caused a large reduction, so that the 
figure for 1919 was only 26,335,191. Matters have 
steadily improved ever since, and in 1922 the 
tonnage rose to 39,293,139 tons, and in 1923 to 
41,215,062 tons, which, as will be seen, is materially 
higher than in the last of the pre-War years. 
Unfortunately, the commercial results have been far 
from satisfactory, as there was an adverse balance of 
over a quarter of a million on the year’s working, 
which was in part due to strikes, and in part due 
to a reduction of dues. The reduction was made 
in the hope of stimulating trade, but, as matters 
have turned out, the port charges were thereby 
reduced below the economic limit and have since 
had to be raised. The Port rates on goods are 
now generally the legal maximum. Demands by 
Somerset House for excess profits not legally due 
led to expensive litigation, as the case was carried 
to the House of Lords. Amongst the new works 
in progress may be mentioned a new 15-acre dock 
in extension of the Surrey Commercial Docks. This 
will provide five 400-ft. berths and a communica- 
tion passage 80 ft. wide between the new dock and 
the Canada dock. The depth of water as at present 
provided for will be 27 ft., but the walls are being 
founded at such a depth as to make possible a 
subsequent deepening of the dock to 35 ft. It is 
announced that tenders will shortly be invited for 
the construction of an 1,150-ft. dry dock at Tilbury. 
The width is to be 110 ft. and the depth on the 
blocks 42 ft. 6 in. In the dredging operations of 
the Authority during the year 3,110,904 cub. yards 
have been removed from the river. In this way 
a good navigable channel giving a minimum depth 
of 27 ft. at low water spring tides has been main- 
tained from the sea up to Tilbury. A new bucket 
dredger is to be delivered shortly. 


THE ARTIFICIAL DRYING OF CROPS. 


THERE could hardly be any greater benefit to 
British farmers than to render their work less 
dependent upon weather conditions. A spell of 
cold wet weather during haymaking or harvest time 
costs the country an incalculable amount in ruined 
crops, and the only result of a tedious and expensive 
harvest is a quantity of sadly damaged hay or corn. 
It is not surprising therefore that the minds of 
many people have turned to the possibility of 
saving crops by artificial drying. The ventilation 
of improperly dried ricks by means of “ chimneys ” 
left during construction or by building in “ sheep- 
cages ’’ at the same time is a very old practice, and 
suffices usually to prevent dangerous heating of a — 
rick. From this practice naturally grew the idea 
of blowing air into a central chamber left in the 
rick and letting it escape through the substance 
of the rick itself. Mr. Borlase Matthews who has 
given much attention to the improvement of agri-— 
cultural methods, exhibited a process of this kind 
at the Royal Agricultural Show at Newcastle in 
1923 and we described his method at the time. 
Other farmers have worked along more or less 
similar lines, but as yet there is no reliable informa- 
tion generally available as to the best way of 
carrying out the drying, and of avoiding the troubles 
of mould and mildew which are liable to be encoun- 
tered. 

The practical importance of saving crops harvested 
in bad weather is so great that the Institute of 
Agricultural Engineering at Oxford, under the 
directorship of Capt. B. J. Owens, has seriously 
taken up the question of artificial drying of hay and 
corn, and a demonstration of the method was given 
on Tuesday last, October 14, on a farm near Oxford. 
The present developments are the sequel to 
experiments carried out by the Ministry of Agri- 
culture in 1923. The system then employed con- 
sisted in building the stack round a hollow central — 
structure, into which air at atmospheric tempera- 
ture was blown by a fan and distributed through 
every part of the stack. Blowing was continued 
intermittently, until all the surplus moisture was 
removed and between the times of blowing a certain 
amount of natural heating was allowed to take 
place. To dry a 12-ton stack with an initial mois- 
ture content of 55 per cent. took about 90 hours, 
the cost was prohibitive and the material was 
almost invariably injured by the formation of 
mould. The conclusion was arrived at that drying 
a stack by this means was impracticable when 
the air had a high percentage of humidity. 

In the process now employed, the crop is cut in 
the ordinary way, and if the weather is fine it is 
left on the ground until the next day. ‘This saves 
a good deal of artificial drying, because grass, when 
cut, contains about 75 per cent. of moisture, about 
a third of which will be lost by merely leaving 
the crop in the field for 24 hours. Should the 
weather be bad, however, the crop can be carted — 
as soon as cut, evenif it is raining at the time. The 
stack is built in a circular form around a conical 
frame composed of six 3 in. by 2 in. rafters covered 
with wire netting. The frames shown at Oxford — 
were about 8 ft. high and about 4 ft. diameter at 
the base. As the frame becomes submerged by 
the rising stack a chimney about 4 ft. high is con- 
tinued upwards from the apex, this being made 
in the usual way by drawing a sack upwards as 
rickmaking proceeds. The top of the chimney is 
closed by brushwood and the stack continued solid 
to its finished height. A duct of steel pipe con- 
nects the base of the central chamber with the out- 
side of the stack. To this duct a fan is connected 
by a flexible canvas pipe. The fan takes its air 
from a sheet iron tank, about 4 ft. cube in size, 
through which passes a pair of zig-zagged flues 
lined with firebrick. At the inlet ends of each 
flue is a burner, burning oil under pressure. The 
air in its passage through the tank is raised to a 
temperature from 30 deg. F. to 60 deg. F. above 
that of the surrounding atmosphere by contact 
with the heated flues. Blowing with the heated 
air is begun as soon as the stack is finished, and 
for a stack containing from 20 to 25 tons would 
continue for eight hours or so. The rapid removal 
of the moisture prevents any heating of the stack 
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by fermentation, and it is said to be found by experi- 
ment that artificially dried crops are as palatable 
as those dried naturally and are equally nutritive. 
Indeed in a bad season it is claimed that artificial 
hay is better than that made by ordinary methods. 

The whole of the apparatus required for drying a 
rick is estimated to cost not more than 50/., exclusive 
of the tractor or other prime mover for driving the 
fan. To dry a 20-ton haystack or 30-ton corn stack 
is found to require 5,000 cub. ft. of air per minute 
at 50 deg. F. above the atmospheric temperature. 
The air is delivered at a pressure of 2:5 in. water 
gauge, and the work is done in about 8 hours, the 
power taken being 6-5 brake horse-power and the 
fuel cost being about 15d. per hour. The fan and 
heater are mounted on a small truck and the fan 
driven by belt from the tractor pulley (Fig. 1). 
Several corn ricks containing from 10 to 20 tons each 
have been dried this year on the Gloucestershire 


farm of Professor W. Somerville, of Oxford Uni-| 


versity. These stacks were composed of corn crops 
containing much clover, the wetness of the season 
causing the clover to exceed the growth of the 
cereals in some cases, and the total moisture content 
to range from 50 per cent. to 80 per cent. The 
conditions were such that the crops could not 
have been saved by ordinary methods, but artificial 
drying proved quite satisfactory. 

At the demonstration to which we have referred 
six different stacks were shown, some of which were 
in process of drying and others had holes cut in 
them so that the interiors could be examined. One 
of the latter showed signs of mould, but this was 
explained as being due to moisture rising from the 
base, which was built on a layer of straw laid direct 
on the ground. A rick of barley straw, which had 
been thrashed fourteen days after artificial drying, 
was also to be seen. It was said to have yielded a 
bright, hard sample of grain, which fetched the 
maximum market price, but some of the straw still 
carried grain, a fact which may have been the fault 
of the thrasher or may have been due to an undesir- 
able toughness remaining in part of the straw. The 
most spectacular exhibit was a small stack of 
lucerne and rough grass being dried. The stuff was 
about as wet and green as it could be, and the smell 
_ of the air coming from the rick was like that of a 

wet retriever dog. Left to itself the rick would 
probably have taken fire in a few days, but perfectly 
satisfactory results were anticipated from previous 
experience. Fig. 2 shows this rick being dried, and 
the state of the material may be judged from the 
steam rising from the rick, 

The impression which, we think, must have been 
made on most of those who witnessed the demon- 
stration was that the process was a perfectly 
practical one, but that the ordinary farmer would 

want a good deal of experience before he could be 
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sure of getting proper results. The making of a 
rick, especially with wet material, in such a way as 
to ensure the passage of the air uniformly through it, 
the correct quantity and temperature of the air 
required to dry the rick without spoiling the 
germinating qualities of any seed or grain in it, and 
other matters are all essential to success, and the 
great difficulty appeared to be for a farmer to know 
that he was doing the job properly. The work, in 
our opinion, is of the greatest practical importance, 
and the investigation should certainly be continued 
until it is possible to put the apparatus in the hands 
of an ordinary agricultural worker with the assur- 
ance that if he makes his rick according to instruc- 
tions and blows for so long at a given temperature, he 
will get the results desired. It may be that a simple 
moisture gauge, capable of being thrust into any 
part of a rick, must be devised, to know when the 
rick is “done,” and possibly some means must be 
provided of controlling the air supply to any 
particular portion of the rick, so as to get uniform 
drying, but the matter should not be let drop until 
its possibilities are fully investigated. The Institute 
of Agricultural Engineering will have more than 
justified its existence if it will settle once for all the 
question of the practicability of drying crops 
artificially in seasons when Nature declines her 
services. 
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Is Unemployment Inevitable? An Analysis and a Fore- 
cast. Macmillan and Co. London: 1924. [Price 
8s. 6d.] 
THOsE who remember or profited by the compre- 
hensive review published last year on the economical 
condition of the country, entitled ““ The Third Winter 
of Unemployment,” will welcome another closely 
reasoned contribution on another phase of the same 
topic. The same unofficial committee, under the 
guidance of Mr. W. T. Layton, with the collaboration 
of several acknowledged authorities, discuss the 
causes that have been suggested to explain the 
depressed condition of commerce and industry and 
the remedies, or some of them, proposed to remove 
the disabilities that hamper the renewal of trade. 
Needless to say, that in a matter of such complexity 
the committee do not expect their views to be 
accepted in their entirety. Effects have been mis- 
taken for causes, judgment too often warped by 
self-interest or prejudice, and misrepresentation 
employed as a weapon of attack, to permit an 
unqualified assent to the conclusions. The object 
is rather to supply material for thoughtful discus- 
sion, to give facts in the place of conjecture, and to 
indicate the logical conclusions that follow from the 
facts established by impartial inquiry. 
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Whatever opinion may have been formed of the 
causes of the economic dislocation from which we 
are suffering, the attentive and critical examination 
of facts and deductions cannot but be of advantage. 
If we differ from authoritative teaching we have to 
find firm grounds for our opposition ; if we agree, 
we are supplied with additional reason for our con- 
clusions. Ignorance or the acceptance of half- 
truths have much to do with the movement of the 
wave-like swings that interrupt the uniform progress 
of the business world. The origin and maintenance 
of these fluctuations, known as trade cycles, may 
sometimes be traced to the operation of the un- 
reasoning and recurring alternate flow of optimism 
and pessimism, which the spread of more accurate 
knowledge can do much to mitigate. Professor 
Marshall taught that “better and more widely 
diffused knowledge is a remedy for that excessive 
confidence which causes a violent expansion of 
credit and rise of prices, as it is also a remedy for that 
excessive distrust which follows.” 

The trade cycle and the part it plays in deter- 
mining the periodic fluctuations of industrial progress 
figure largely in the programme discussed by the 
committee. The subject is treated at great length 
and ability by Professor Pigou, who demonstrates 
that many factors contribute to the observed result, 
while the worried sufferer, it may be, sees only one. 
It is impossible to summarise his long sustained 
argument, and almost equally difficult to state his 
conclusions, without doing him an injustice by 
omitting some of his reservations, or distorting the 
perspective. We are, however, hardly prepared to 
attach the importance to psychological influences 
and crowd instinct as explanatory of the fluctuations 
of prosperity and distress, or to give the same weight 
to the effects of errors of optimism and pessimism 
on which he is inclined to insist. On the other hand, 
the corrections or palliatives that he suggests as 
calculated to diminish the amplitude of the swing 
of the trade pendulum cannot be lightly dismissed, 
though some seem to be hardly within the range of’ 
present politics. The subjects which come under 
discussion are the problems of price stabilisation, the 
currency plan of Professor Fisher, and the assistance 
which central banks might afford in the policy of 
discounting. Thoroughness is shown in his con- 
templation, if not advocacy, of the supersession of 
such institutions as the ,Bank of England by a 
system of central banks definitely organised as 
departments of the Government. 

Professor Gustay Cassel addresses himself to the 
problem of reducing the extent of unemployment, 
and he sees salvation in promoting the reorganisa- 
tion of those parts of Europe whose economic life 
has been disturbed, especially by the instability of 


monetary standards and the accompanying evils, 
exaggerated by the adoption of an unwise infer- 
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national policy. He holds that England has little 
to fear in financing her most active and aggressive 
competitor, and that the removal of the burden 
of internal debt, both State and municipal, which 
has been practically annihilated by the deliberate 
adoption of a policy of inflation, will not prove 
an unmixed advantage to the German manufac- 
turer. Nevertheless, he is constrained to admit 
that if the solution of the reparations question be 
of such a character that France gets the reparation 
payments, and England the artificially increased 
competition, it certainly seems very difficult indeed 
to see where the advantage to England comes in. 
We agree. 

Professor Bonn pursues the problem of inflation 
still further, and concludes that the cost of produc- 
tion will be favourably affected by the wiping 
out of old debts, but, on the other hand, adversely, 
by the limited scope of sales at home, by a high 
rate of interest, and by taxation levied on produc- 
tion. He takes a gloomy view of the immediate 
future of Germany, pointing out that though manu- 
facturing plant has been renewed on model lines 
and equipment perfected, she will be unable to 
work this mechanical plant at full output, as the 
total number of possible customers is insufficient 
for the full industrial productive capacity of the 
world. Professor J. H. Jones does not share these 
gloomy forebodings so fully as his colleague, but 
he holds that the virtual disappearance of such 
fixed charges as debenture interest is likely to 
prove a severe handicap to British industry, as 
this will operate as a kind of bounty to the German 
manufacturer. 

Mr. C. K. Hobson investigates the problem of 
oversea investment, asking how far the problem 
of home employment is likely to be affected by 
the export of capital abroad. With the possibility 
of greatly increased manufacturing activity in 
Germany on the recovery of her economic freedom, 
and in the event of German competition exercising 
an adverse influence on home trade, it seems only 
too probable that English investors will adopt this 
method of employing their surplus capital. The 
question of a possible control over the export of 
capital by legislative processes becomes of great 
importance, and Mr. Hobson renders good service 
by probing this point. He examines at some 
length the machinery adopted by the Government 
during the war to prevent the outflow of capital, 
and concludes that under normal peace conditions 
any attempt at control would be impracticable. 
Any organised proceeding is not likely to be effec- 
tive and would certainly be resisted by the com- 
munity. “Where a strong motive exists for 
exporting capital, the experience of Germany and 
other countries in the last few years shows that it 
is quite impossible to prevent evasion.” 

A large and interesting section of the book gives 
the views of specialists and of competent autho- 
rities on the condition of various British industries, 
but of these it is impossible to give details. Sir 
A. D. Hall, who enjoys a unique position for sur- 
veying the present condition and future prospects 
of agriculture, offers sound, if somewhat unpalatable 
advice to the farmer. He counsels him to get 
down to prairie methods, to aim at a low yield 
per acre, but a high production per labourer. The 
outlook for the coal industry as presented by 
Mr. W. Thorneycroft is not cheerful reading. He 
discusses impartially the effect on production and 
prices of safety legislation, the Seven Hours Act, 
- and the Finance Act. He impresses upon us the 
increasing use of oil fuel and of water power, and 
the increasing development of coal supplies from 
other centres. He reminds us that exported coal 
will be materially reduced as soon as the German 
output in the Ruhr revives. He faces the diffi- 
culties and the unpleasantness of the situation 
fairly, and does not permit us to deceive ourselves 
by indulging in flattering hopes. He makes the 
truth abundantly clear that if the standard of 
living, now being paid out of capital, is to be 
maintained by economic and permanent means, 
increase of production per head is absolutely neces- 
sary. Insistence on this obvious fact is too fre- 
quently resented, and those who question its 
evident truth may think to find support in a paper 
by Mr, H. Jeans, who reminds us that in 1913 our 


steel ingot output was slightly less than eight million 
tons per annum, whereas we are now credited with 
a capacity of 12 million tons, and he pertinently 
asks: where are we going to find a market for the 
additional 50 per cent., when Canada, Australia, 
Japan, Italy, Spain, India and China have made, 
and are making, important additions to their plants 
and are strengthening their nascent industries by 
a tariff wall ? He is obliged to come to the conclu- 
sion that the outlook for the iron and steel trade 
is not a rosy one, though, guided by hope rather 
than experience, he looks forward encouragingly 
to the future to remove the anxiety of the 
present. 

Mr. Horsfall surveys the condition of the engineer- 
ing industry, and the thought so frequently 
emphasised by his colleagues, that employment 
and trade cannot get back to full production 
until the old export markets are reopened and the 
volume of world trade increased, is repeated in 
general terms, and with similar force, though’ with 
some diversity of detail. The pessimist will raise 
the objection that with the greater demand there 
will come a greater number of competitors, and that 
nations and peoples, who have been taught by 
years of scarcity that English capital and English 
workmanship are not indispensable, will change 
their habits only slowly. It is probable that the 
first fruits of reawakened energy will fall to the 
xerman, whose competition will be quickened 
by his long-nursed grievance against the English, 
and he will find the means of accomplishment in the 
improved equipment he has acquired and the 
removal of monetary obligations. In describing 
the woollen and worsted trades, Mr. Shimmin is 
able to point to some technical achievements, and 
Professor Daniel’s analysis of the outlook for cotton 
is written in a hopeful vein, but neither conceals 
the fact that our profitable customers of old are 
meeting a large proportion of their requirements 
by their own machinery. In the case of cotton it 
must be noted with disquietude that the amount 
spent by consumers is practically fixed, and that 
consequently when prices are high the quantity 
required is less. The market remains inelastic, 
and the remedy is apparently to be found only 
in greater production of the raw material. 

The allied subjects of shipbuilding and port 
facilities are treated by Professor Jones and 
Mr. Clement Jones, respectively. The former has 
no difficulty in submitting evidence of the depres- 
sion in shipbuilding, but his indications of the 
prospects of recovery are not equally convincing. 
He can do no more than point to a distinct possi- 
bility of a very rapid recovery, and the qualifying 
clause, that “it is not more than a possibility ” 
is not cheering. The connection between port 
facilities and shipbuilding is patent. The possession 
of adequate docks and harbour accommodation, 
quays and transit sheds, inland railway transport, 
&e., may reduce the number of ships required, 
while their want would only lead to congestion if 
the number of ships was increased. Mr. Jones’ 
examination of the amount and character of the 
facilities provided at British ports leads to the 
conclusion that they are sufficient to deal with a 
normal increase in traffic during the next 20 years, 
provided that the port plant is kept in a state of 
efficiency. 

The question “Is Unemployment Inevitable ? ” 
concerns the future as much as the present, and 
the necessity arises of forecasting the numbers 
that will be required to be fed and employed in 
the coming years. This is a purely statistical 
question, complicated by the allowance to be made 
for emigration, wars and the declining birth- 
rate. Different authorities give different answers 
according to the weight they attach to the variables, 
and we think Professor Bowley underestimates 
the number when he assigns a figure of 47,000 as 
expressing the annual increase in the employed 
population from 1931 to 1941. He seems to 
contemplate the possibility of a shortage of labour 
rather than a surplus, and regards the small 
numerical increase as a favourable factor in the 
problem. But as in many cases the obvious is 
too often the incorrect deduction, and it may well 
be that with the less need for enterprise to support 
a growing population, less energy will be expended 


land as great difficulty be experienced in providing 


for the smaller number. 


Principles of Electric Motors and Control. By Gorpon 
Fox. First Edition. London: McGraw-Hill Pub- 
lishing Company, Limited. [Price 17s. 6d. net]. 

Tuts book has been written with the object of 
serving that large class of people who are interested 
in the application and operation of electrical 
apparatus rather than those who are engaged in its 
actual manufacture. The method of treatment is 
simple and practical, and the types of motors 
described are those in regular use in one industry 
or another. The book may, broadly speaking, be 
divided into two main sections, the one describing 
the various types of motors in commercial use at the 
present time, their inherent characteristics, appli- 
cability and performance; the other dealing with 
the principles of control and the equipment neces- 
sary for both manual and automatic operation. As 
both direct and alternating-current motors and 
control gear are included it will be seen that a 
fairly wide field is covered. There are, in addition, 
chapters on operation of motors in parallel or series, 
the use of flywheels in the application of electric 
power and electric motor braking. It is recognised 
by the author that it is not possible in a single 
volume to do more than give the fundamental 
principles involved ; bibliographies have, therefore, 
been included to enable the reader to pursue further 
any individual line of investigation. 

This is an age in which specialisation is becoming 
very intensified and while it is essential that this 
should be soin the interests of accurate knowledge 
and efficient production, yet the average electrical 
engineer finds it in consequence extremely difficult 
to obtain a comprehensive knowledge of the industry, 
as his energies are principally devoted to the par- 
ticular work in which he is engaged. It is, however, 
essential if he desires to broaden the basis of his 
knowledge that he should become familiar with 
subjects related to his work and it is in such cases 
that a book of this kind, which brings together a 
large amount of widely scattered knowledge, is of the 
greatest help. But, perhaps, the kind of man to 
whom it would prove of most value is the engineer 
in charge of industrial plants whose daily work is of a 
varied character and where a wide knowledge is 
desirable. 

The value of the work would have been increased 
if more regard had been paid to the relative impor- 
tance of the various classes of machines and the 
space allotted to their description. To give an 
example of this, one would refer to the description 
of the Ward-Leonard system of control which is 
disposed of in two pages as contrasted with the 
ten pages devoted to the Dynamic control of 
Induction Motors. While it is admitted that the 
speed control of induction motors by means of 
auxiliary machinery arranged to introduce a 
counter-voltage into the secondary circuit is one of 
considerable technical interest, it should have been 
borne in mind that the Ward-Leonard System is one 
of great practical interest and importance owing to 
its extensive use in the iron and steel and coal 
mining industries. It is also to be regretted that 
the reference on page 148 to that useful machine, 
the Synchronous Induction Motor is so brief and 
unsatisfactory. Indeed, it is misleading, as this type 
of machine is now constructed with a direct-current 
exciter and has been installed for outputs of over 
1,000 horse-power. 

That section dealing with the principles of control 
and the equipment required for starting, stopping, 
protecting and generally controlling the speed and 
direction of rotation of various types of motors 
occupies a considerable portion of the book. It is, 
of course, necessary that the motor be suited in its 
inherent characteristics to the nature of the load 
demand. This condition being fulfilled it is of 
equal importance that the proper control functions 
be employed to direct the application of motive 
effort to the greatest advantage. These functions 
are fully dealt with in two separate chapters, where- 
in a reference is made to the “‘ Eddystat”’ which has 
recently been developed for use in connection with 
wound-rotor induction motors. This device derives 
its name from the fact that it dissipates the 
secondary losses during acceleration in the form of 
eddy-current losses. These automatically decrease 
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ensuring constant protection for the machine. 

The chapters describing the various types of both 
manual and magnetically operated starters and 
controllers are well illustrated and numerous 
diagrams of connections for various types of equip- 
ments are embodied in the text. 


The Modern Theory and Practice of Pumping. By 
Norman Swrypon, M.I.Chem.E., A.M.I.Mech.E. Lon- 
don: Ernest Benn, Limited. [Price 42s. net.] 


Tuis is a really valuable book on pumping problems, 
though its sub-title appears a little unfortunately 
worded. In this sub-title the book is described 
as “ A Treatise on the Application of the Reynolds- 
Stanton Law of Viscous Flow to Modern Pumping 
Problems, and the Flow of Liquids through Pipes.” 
As a matter of fact the term viscous flow is commonly 
regarded as applicable to the ordered ‘stream line 
flow which is observed before the critical velocity 
is attained. The flow beyond this point is in 
contra-distinction named turbulent flow. There is 
thus no Reynolds-Stanton law of viscous flow, 
since, as the author himself shows, we have had of 
this a complete mathematical theory dating back 
to Stokes at least, and thus long prior to Osborne 
Reynold’s researches. 

To finish with adverse criticism, it may be added 
that the author’s calculation of the flow between 
a long-spindle and a closely-fitting gland is not 
sound. It is not permissible to assimilate the 
annulus between spindle and gland to a circular 
pipe of the same hydraulic mean depth. As a 
matter of fact, if the spindle touches the gland 
along a line instead of being concentric, the dis- 
charge under a given head will be two and a-half 
times as much as in the concentric position, 
although the hydraulic mean depth is unaltered. 
A correct formula for calculating leakages past 
such spindles was given by Mr. R. B. Domony 
in a letter published in our issue of May 28, 1915, 
page 610. For a spindle concentric with the gland 
it runs as follows :— 

D $3 P 
26585 L wp V 
where w = weight passed in lbs. per hour ; 

‘D = spindle diameter in inches. 
S = clearance in mils. 
P = pressure difference in lb. per sq. in. 
L = length of hole in inches. 
cubic feet of liquid per 1b.-weight. 
& = viscosity in C.G.S. units. 

If the spindle and gland touch along a line, the 
weight passed will be 2} times the value thus 
calculated as stated above. 

The opening section of the volume is devoted 
to a discussion of viscosity and should fill a widely- 
felt want. There are so many different visco- 
meters in use that it is difficult to bear in mind 
their individual characteristics, and the capitally- 
illustrated and detailed descriptions given by 
Mr. Swindon will be most useful for reference 
purposes. The concluding portion of this section 
gives a short account of Reynold’s fundamental 
work, and of some of the important experimental 
verifications which have since been made of it. 

Part Il of the volume deals in detail with 
different forms of pumps. 

The section on ram pumps is excellent, both in 
text and illustrations. A good deal of space is 
given to the special problems met with in chemical 
works where corrosive fluids have to be pumped, 
sometimes against considerable heads. For such 
purposes, however, the author has an evident 
leaning towards the centrifugal type of pump 
in view of its simplicity, compactness and absence 
of valves. ‘After a short discussion of the general 
theory of these pumps, the author describes many 
of the variants, and this section will again be very 
useful for purposes of reference. After describing, 
in the succeeding chapter, various forms of rotary 
pumps the author gives a very detailed discussion 
of both the theory and design of the air lift, which 
for certain special purposes has advantages which 
outweigh its low efficiency. The author claims, 
moreover, that this efficiency can be materially 
inereased by careful design, and to facilitate this 
there are given in the book a number of ingenious 
graphs. A chapter on “Miscellaneous Lift 
Appliances ” concludes the volume, 
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REPAIR OF LA VOULTE CAST-IRON 
RAILWAY VIADUCT. 

Tue railway line from Livron to Privas crosses the 
Rhone over a cast-iron viaduct of five arches, each of 
180 ft. span. The viaduct is in close proximity to the 
town of La Voulte, a few miles south of Lyons, and 
was built in the year 1861. Many cracks developed in 
the course of time in its various members, owing to 
the great rigidity of the cast-iron cross connections 
between the ribs, and the viaduct becoming unsafe, 
it was allowed to carry a limited traffic only. A 
scheme was prepared several years ago to replace it 
by a new bridge of the straight girder type, but this 
was not given effect to owing to the war. After the 
war, the building of a new bridge was found to be 
out of the question, owing to the great cost it would 
have involved, and a cheaper solution was decided 
upon which consisted in utilising the existing struc- 
ture, strengthened by additional steel members and 
by reinforced concrete. 

The repair and strengthening work, which formed 
the subject of a paper read last Tuesday, by M. de 
Boulongue, at a meeting of the British Section, of the 
Société des Ingénieurs Civils de France, was carried 
out during last year. The members which had become 
defective and in which cracks had developed, notably 
the cast-iron cross pieces connecting the arched ribs, 
were replaced by steel frames. At other parts steel 
bars and rods were built up and encased in concrete, 
and, in order to secure satisfactory adhesion between 
the concrete and the metal surfaces, sandblasting was 
resorted to. Are welding was adopted with satis- 
factory results in the repairs at several portions of 
the viaduct, for example, in repairing the handrail 
uprights several of which had split, and would have 
been difficult to repair by any other process. The 
raising of the permanent way by about 2 ft. necessitated 
an equal raising of the footpath, and the original hand- 
rail had to be made correspondingly higher; this was 
done by arc-welding on the top of each upright, an 
extension piece through which the new handrail runs. 
All the cracks which existed in the various cast-iron 
members remaining in the structure were arc-welded 
on both faces. 

The viaduct, as repaired, maintains the general appear- 
ance of the original one, and the tests carried out with 
locomotives of the “ Pacific ” type, the heaviest type 
of French engines, have proved entirely satisfactory. 
With three such engines coupled together, crossing the 
bridge at a speed of 28 m.p.h., no appreciable vibration 
was recorded. In this connection it should be remem- 
bered that the viaduct is close to La Voulte, before 
reaching which the trains slow down in the ordinary 
way. The expenditure involved was 2,000,600 francs. 

The main points emphasised during the short dis- 
cussion which followed the reading of the paper were 
to the effect that the wedging of the 0-5-in. rods 
in the voussoirs before connecting was a _ useful 
additional precaution, although concrete could gener- 
ally be relied upon to give a good connection. The 
setting of the concrete was in no way influenced 
by the railway traffic during the repair work. The 
viaduct was lightened before work commenced by 
the removal of the ballast; it was also lightened 
somewhat at the springing ot the arches and at the 
crown. The original piers, which were carefully built 
at the time, were quite able to carry the increase in 
load due to the repair work described in the paper. 
Such work as this could only be effected by a staff, 
every member of which was trustworthy and gave to 
his particular task unremitting attention and care. 


LABOUR NOTES. 


Tue effect on Labour efficiency of the decision of the 
general half-yearly meeting of the Co-operative 
Wholesale Society to make membership of a trade 
union a condition of employment—not only of ordinary 
employees but also of managers and foremen—is 
certain to be watched closely by practically everybody 
interested in industry. The largeness of the minority 
in each of the two divisions which took place suggests 
that even amongst co-operators a strong feeling exists 
that it cannot be conducive to efficiency to have 
managers, foremen and workers all members of the 
same trade union. There is, obviously, a good deal to 
be said for that view, for, as matters are tending, it 
cannot be easy for a manager or a foreman to be a 
member of an organisation whose constant endeavour 
seems to be to make the business of his employers 
unprofitable. In ordinary industry, managers and 
foremen are not supposed to be members of the unions 
to which the men under them belong, and in the great 
majority of instances they are not. There is, indeed, 
fairly general and very frank realisation of the fact 
that the ideal manager or foreman is an intermediary 
between the employer and his workers—one who holds 
the balance fairly between the two interests involved, 
and seeks to utilise the money expended by the 
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employer in wages in the most profitable way. The 
practice has been found to work out to the advantage 
of industry generally, and there is no disposition any- 
where, even amongst managers and foremen, to seek 
a change. 

Since 1919, a resolution had been in existence which 
made membership of a trade union a condition of 
employment by the C.W.S. It had not, however, been 
fully complied with, and, owing to dissatisfaction which 
it had been causing, the directors of the C.W.S. 
submitted to the general meeting two recommenda- 
tions. One was that managers, buyers, heads of 
departments, principal and confidential assistants and 
employees over 60 years of age should be exempted 
from the operation of the resolution. The proposal was, 
however, defeated by 1,562 to 1,531 votes. In view of 
this ‘decision, the directors then moved that: all other 
employees should join a trade union eligible for 
admission to the Trades Union Congress, or be dis- 
missed. This was carried by 1,538 to 1,374 votes. 
From the point of view of efficiency these seem to be 
unfortunate decisions. 


The Central Board of the Shipbuilding Employers’ 
Federation, at its annual meeting in Carlisle on 
October 10, elected Mr. John Barr, of Barrow, President 
of the Federation in succession to Mr. Grant Barclay, 
of Dundee. Mr. Barr has been prominent in the nego- 
tiation of both shipbuilding and engineering labour 
affairs for many years. He has served on the Central 
Board of the Shipbuilding Employers’ Federation, 
and the Management Committee of the Engineering 
and Allied Employers’ National Federation, and also 
on the board of the Iron Trade Employers’ Associa- 
tion. Mr. J. T. Batey, of Hebburn-on-Tyne, who was 
junior vice-president, was elected senior vice-president, 
and Mr. A. J. Campbell, of Dalmuir, was elected junior 
vice-president in his place. Mr. Campbell is chairman 
of the Clyde Shipbuilders’ Association. 


Hull City Council has rescinded its resolution to 
accept a German tender for rails required by the tram- 
ways department. Originally, the Tramways Com- 
mittee recommended the acceptance of a tender by 
Messrs. Bolckow, Vaughan and Co., Middlesbrough, 
but the City Council, including its Labour members, 
could not see its way to give preference to this tender, 
which was 3,500. higher over the lowest German 
tender. The Labour members maintained their 
former attitude during the discussion, but the motion 
to rescind the resolution was eventually carried by 
26 votes to 25. No tender was accepted. 

The Ministry of Labour reports that the number of 
unemployed persons recorded on the registers of 
Employment Exchanges in Great Britain on October 6 
was 1,215,600—917,900 men, 37,200 boys, 227,600 
women and 32,900 girls. On September 29, 1924, 
the total number of unemployed persons was 1,199,316 
and on December 31, 1923, 1,285,623. During the 
three weeks which ended on October 6 there was an 
increase in the number of unemployed persons of 51,044. 


The October issue of the monthly report of the 
United Society of Boilermakers and Iron and Steel 
Shipbuilders states that the number of members 
‘ sioning the books” at the end of September was 
18,706, as compared with 18,062 at the end of August. 
The expenses for September were 77,3261. lls. 8d.— 
a decrease of 2881. Os. 8d., as compared with the figures 
for August. 


In September, the membership of the Amalgamated 
Engineering Union declined from 253,264 to 247,131. 


The decrease of 6,133 was, however, largely due to a 
The | 


readjustment of the New Zealand figures. 
membership, as shown in the branches which existed 


in New Zealand at the end of 1923, had been carried | 


forward from month to month, Mr. Smethurst explains 
in the October Journal, until definite information was 
available as to the number who desired to retain their 
membership at the General Office. 
ascertained that only 420 of the 3,646 indicated in the 
New Zealand branch returns desired to retain their 
membership, so that of the decrease of 6,133 in the 
total figures, only 2,907 related to home branches. “ No 
doubt,” the General Secretary adds, “ a large number of 
these have been taken from the books of the union in 
accordance with the instructions of the E.Q. in last 
month’s report.” .The instructions referred to were, 
presumably, those relating to the withdrawal of the 
facilities offered to members in arrears to make good 
their standing. 


The percentage of unemployed members of the 
Amalgamated Engineering Union was 8-75 at the end 
of August. At the end of September it was 8-74. The 
total number of unemployed at the end of August was 
20,112; at the end of September it was 19,649. The 
number of members on sick benefit at the end of 
September was 4,886, as compared with 4,933 a month 


It had now been’ 


earlier, and the number on superannuation benefit 
8,833, as compared with 8,744. 


It is officially announced that representatives of the 
executive council of the Amalgamated Engineering 
Union, in conjunction with delegates from other unions, 
have met the railway-wagon building and repairing 
trade employers for a further consideration of the 
application made in June last for an advance of 10s. 
per week, and also to consider the question of revising 
working conditions. After a full discussion, the 
employers’ representatives stated that they would 
report to a full meeting of their association, to which 
they proposed to recommend that a national agreement 
be entered into on the question of working conditions. 
In due course they would submit the conditions they 
were prepared to recommend, including terms relating 
to overtime and night shift. On the question of the 
wages advance, they agreed to give the matter further 
consideration, and they also promised to see whether a 
national schedule was practicable relative to the wages 
of boys and girls, 


The local representatives of the Amalgamated 
Engineering Union and the Border Counties Engineering 
Employers’ Association have reached an agreement on 
the subject of the wages of young journeymen. It 
applies to the Carlisle, Kendal and West Cumberland 
Districts. The wages of young journeymen who have 
just completed their apprenticeship are to be 10s. per 


week below the full district rate and within one year from 


the completion of their apprenticeship are to rise to the 
full district rate by advances of equal amounts every 
three months. In the opinion of the Organising Dele- 
gate, whose headquarters are at Preston, the terms 
“ are a great advance on existing conditions, especially 
now that the employers in these particular districts 
will not indenture any boy for a longer apprenticeship 
than five years.” 


In pursuance of undertakings given when the 
Housing (Financial Provisions) Act of 1924 was before 
the House of Commons, the Minister of Health has 
taken steps to appoint committees of the building 
industry and of the manufacturers and suppliers of 
building materials to advise and assist him in carrying 
out the scheme embodied in the Act, particularly as 
regards the development and co-ordination of the supply 
of labour and materials for house building. The 
Building Industry Committee has been constituted. 
Representatives nominated by employers in the in- 
dustry are Messrs. A. Andrews, J. H. Barker, J. Carse, 
J. Clark, J. P. Cox, C. E. France, A. J. Forsdike, J. C. 
Gilchrist, F, G. Hodges, H. T. Holloway, E. W. King, 
H. Matthews, A. Melville, Wm. H. Nicholls, H. R. 
Selley, J. Somerville, E. J. Strange, and A. G. White. 
Representatives nominated by the operatives are 
Messrs. T. Barron, G. Haines, H. McPherson, D. 
Merson, S. Sigsworth, G. Waddell, W. Turner, S. 
Taylor, A. G. Cameron, G. Hicks, W. Coles, R. Wilson, 
J. F. Armour, W. Cross, and R. Coppock. It is con- 
templated that representatives of the manufacturers 
and suppliers of building materials will be added to the 
Committee. A separate Committee, representative of 
the manufacturers and suppliers of building materials, 
is in process of formation, and provision will be made 
for co-ordinating the committees by means of a smal! 
joint committee. 


Dangerous encroachments on the eight-hours’ day 
were revealed (says I'he Labour Press Service) by an 
inquiry instituted by the German Factory Workers’ 
Union. The inquiry covered 320 out of the 481 branch 
offices of the Union, and dealt with 4,360 concerns, 
employing 481,449 persons. The result shows, it is 
stated, that of this number of workers 264,140 (54 per 
cent.) work up to 48 hours a week, 17,064 (3-6 per cent.), 
from 48 to 51 hours, 124,592 (26 per cent.), from 51 
to 54 hours, and 75,653 (15-9 per cent.) over 54 hours. 


The Bulletin, the organ of the Federation of British 
Industries, reports that the Eight Hours Act is still 
the object of much discussion in Belgium. The 
Comité Central Industriel recently passed a resolution 
urging the Government to make no engagement which, 
by binding the country for 11 years, would place 
Belgium at a disadvantage with Germany, where nine 
and ten hours’ work a day is common, and with the 
United States, where no limit is recognised. 


The Governing Body of the International Labour 
Office is stated to have noted with satisfaction at its 
recent autumn session at Geneva, the result of the 
conference at Berne, in September, between M. Thomas 
and the Labour Ministers of Great Britain, France, 
Belgium and Germany, on the subject of the Wash- 
ington Eight Hours Convention. The general im- 
pression was, it is said, that unless the British elections 
changed the situation, ratification of the Convention 
by these States was likely to take place before the end 
of this year. M, Fontaine (France) was re-elected 
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president, and M. Carlier (Belgium) and M. Oudegeest 
(Holland) vice-presidents. Since the summer session, 
40 ratifications of Conventions of international Labour 
conferences had been registered, it was reported, bringing 
the total number of ratifications up to 136. 


Mr. J. T. Brownlie, the President of the Amalga- 
mated Engineering Union, returned to London on 
October 13, after visiting several of the principal 
industrial areas of Canada and the United States. He 
was the British Trades Union Congress’s fraternal 
delegate to the Canadian Trades Union Congress, 
whose annual convention took place last month at 
London, Ontario. He also represented his own union at 
the Quadrennial Convention at Detroit of the Inter- 
national Association of Machinists, and addressed 
meetings of metal workers in other centres. He found 
industry generally in the depths of depression, es- 
pecially in the United States. About 60 per cent. 
of the organised metal workers owing allegiance to 
the American Federation of Labour, he said, were 
unemployed, and, in addition, many establishments 
were working short time. 


The steel workers who have been on strike for eight 
weeks in the Sheffield district, have accepted new terms 
offered by the employers, yielding a bonus of ls. 2d. 
a shift increase to the lowest-paid workers, and applying 
the district engineering rate in the case of semi-skilled 
men. 


The Monthly Trade Report for September of the 
United Patternmakers’ Association states that the 
number of unemployed members continues to rise. 
There was a further increase of 112 during the month, 
and the General Secretary regards the fact as 
‘‘ ominous.’ It is, indeed, a most discouraging sign, 
as its clear implication is that fewer orders are being 
booked and the industry’s stock of work is running 
out. It is officially reported that at Southampton a 
payment by result system has been mutually arranged 
as between the employers in two shipyards and local 
members of the United Patternmakers’ Association. 


In the latest official reports of both the Amalgamated 
Engineering Union and the United Patternmakers’ 
Association there are references to the negotiations 
which are in progress with the Engineering and Allied 
Employers’ National Federation on the question of 
wages. A sub-committee was appointed by the 
unions, it will be remembered, to examine the figures 
submitted by Sir Allan Smith on behalf of the em- 
ployers and prepare statistics in support of the men’s 
application for an advance of 20s. per week. Ap- 
parently the sub-committee is nearing the end of its 
labours. The General Secretary of the A.E.U. says 
he hopes “‘ to be in a position at an early date to again 
approach the Engineering and Allied Employers’ 
National Federation in furtherance of our claim.” 
The General Secretary of the U.P.A. says “ The Joint 
Research and Information Department has the inquiry 
under way, and at any moment now, the committee 
expect to have a statement which can be put before 
the Trade Union representatives.” 


iy 


Interesting reports regarding conditions of labour 
were given at the Congress of Russian Building Trades, 
which was held at Moscow in May last. A summary 
of them, printed in Industrial and Labour Information, 
the weekly publication of the International Labour 
Office of the League of Nations, states that the actual 
value of wages in these industries rose to some extent 
in 1922 and at the beginning of 1923; but they are still 
largely insufficient as, on an average, they do not 
exceed 82-4 per cent. of the minimum living wage 
established by the State. Engineers’ wages are barely 
20 to 30 per cent. of the pre-revolutionary wage, while 
the lower technical staff receive less than a skilled 
worker. The continual increase in the cost of living 
tends further to diminish the actual value of wages, 
while constant delays in the payment of wages (in 
eight cases out of ten wages are not paid when due) 
make the position still more difficult. 

The system of regulating labour, it is added, is very 
undeveloped in the building and public work industries, 
only 12 agreements being in force. It was mentioned 
at the Congress that the application of collective agree- 
ments left very much to be desired; for example, 
many of the clauses embodied in agreements concluded 
with the State Building Administration exist only on 
paper and are never applied. Again, in spite of the 
assurances given by the Central Committee, the workers 
are never consulted at the drafting of collective 
agreements. 


FarapAay Hovse Oxp Stupents’ AssoclaTion.— 
The sixteenth annual dinner of the Faraday House 
Old Students’ Association will be held at the Hotel 
Cecil on Friday, October 31, under the chairmanship 
of Mr. R. N. Vyvyan. Members of the Association may 
introduce guests, who need not be old Faraday House 
men. A musical entertainment will follow the dinner, — 
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NOTES ON NEW BOOKS. 


As a standard work, the late Mr. M. Powis Bale’s 
bookfon “Saw Mills” retains the position it has 
c Dealing, 
as it does, with fundamentals,*it cannot be expected 
that there should be much in the way of change to 


enjoyed since it was brought out in 1883. 


chronicle. Recently, however, the introduction of 
new regulations has tended to modify practice in some 
directions, and the opportunity has, therefore, lately 
been taken of bringing out a new and revised edition 
of this work. This, the sixth edition, has been in the 
hands of Mr. A. Powis Bale, A.M.I.Mech.E., and the 
work now reappears brought up to date in many 
respects. A chapter is devoted to the new Home 
Office Regulations, which are reprinted by authority, 
thus making the work complete as a guide to good 
practice and modern requirements. In various sections 
the text has been improved. The references to cutters 
have been redrafted to conform to the new official 
regulations. Place has been found for recent develop- 
ments, such as improvements in winches, the wider 
use of ball bearings, chain mortising machines, thermo- 
stats for timber drying, &e. With such additions and 
alterations and its sound original material, the work 
may be expected to continue to hold its own in the 
special field it occupies. The volume is published by 
Messrs. Crosby Lockwood and Son, London, at the 
price of 15s. net. 


Engineering pocket books differ greatly in dimen- 
sions. Some of them would require for their accom- 
modation a pocket not much smaller than the pattern 
in vogue with poachers, whilst at the other extreme 
we have books for which a waistcoat pocket is more 
than adequate. To this latter class belongs “‘ Steam and 
Other Useful Tables,” which has been compiled by Mr. 
P. W. McGuire, M.I.Mar.E., and published by Messrs. 
E. and F. N. Spon, at 2s. net. The little volume is 
intended, we gather, mainly for the use of seagoing 
engineers. The steam tables included in the volume 
are based on Callendar’s researches which are by slow 
degrees displaying the magnificent pioneering work of 
Regnault, as the recognised standard for the proper- 
ties of steam. The other tables in the little volume have 
been selected as those most likely to be of immediate 
value to the reader. They include metric equivalents, 
a list of standard pipe flanges, particulars of the Whit- 
worth bolts and nuts, and a number of useful data on 
boilers.and their component parts. 


Considering that the root of the term “alloy” is 
supposed to be the Italian word ‘“lega’’ (league) 
we can hardly wonder that alloys partake of the 
undesirable as well as the desirable peculiarities of 
alliances. The alloy may be a good example of a 
compromise and show some of the properties of ‘its 
several constituents; or the properties of the one 
constituent, and that not necessarily the quantitatively 
predominant partner, may mask those of the other 
constitutents ; or the alloy may practically represent 
a new material with properties of its own. The study 
of the principles which underlie the changes caused 
by the admixture of foreign elements, sometimes in 
minute proportions, to metals is still a matter for the 
physical chemist rather than for the metallurgist. 
But theory and practice can certainly no more be 
Separated in this field than in others, though the writer 
on the subject may only accentuate one or the other 
side. In “ Die Legierwngen in ihrer Anwendung fur 
gewerhliche Zwecke” ([Berlin: M. Krayn; price 
20 marks] Professor O. Bauer has, as the title indicates, 
Practical objects in view. Half of the volume of 424 
pages is devoted to the description of the technically 
important metals and alloys and their preparation ; 
the other, first, half deals generally with crystallisa- 
tion, phase diagrams, strength, hardness, &c. The 
yolume represents the sixth edition of the well-known 
Manual on alloys, an old favourite, originally published 
by A. Ledebur, which has grown into a fairly big book 
of 424 pages, and is popularly quoted now as “‘ Ledebur- 
Bauer, Legierungen.” As chief of the departments for 
metallography and inorganic chemistry of the Material- 
priifungsamt, and vice-director of the Berlin-Dahlem 
Thstitut fiir Metallforschung, Professor Bauer has 
exceptional facilities for making such a book instructive. 
He describes some so far unpublished researches of his 
Own on the instability of certain zinc-aluminium alloys ; 
but we are rather surprised that he has nothing to say 
on Y-metal and other recent alloy researches of the 
National Physical Laboratory. Such deficiencies are 
perhaps accounted for by the vastness of the field. 


Whether it is possible to make the ordinary user of 
electricity understand the meaning of ‘“‘ power-factor ” 
we very much doubt. The prevailing ignorance of 
Scientific matters is so profound, in spite of a generation 
of technical education, that most engineers would be 
satisfied to feel that the public had now grasped the 
fact that electricity was not produced ‘‘ somehow or 


other by friction.” 


Vauxhall Works, South Lambeth-road, London, 8.W.8, 
have published “ Vhe Power Factor Booklet’? con- 
taining attempts by a dozen different authors to 
deal with the subject in a manner comprehensible to 
the average consumer. These were originally written 
in competition for a prize offered for the best. They 
are all commendable in their several ways, but the 
part of the book most valuable to the technical reader 
is a section entitled “ Power Factor Correction,” by 
A. E, Clayton. This appears to be a complete reprint 
of one of the ‘“‘ Technical Primers” of Messrs. Sir Isaac 
Pitman and Sons, Limited. It occupies the greater 
part of the book and justifies its acquisition by those 
who have no need for the elementary analogies suitable 
for the non-technical public. The book is supplied at 
the price of 2s. 6d. post free, by the Electrical 
Apparatus Company, Limited. . 


The last 25 years have introduced to us a number 
of entirely new scientific concepts. The nature of 
an electric current is to-day visualised quite otherwise 
than by the preceding generation. The atom is no 
longer an ultimate particle of matter, and we have 
learnt a good deal as to its structure, and of the arrange- 
ment of the almost infinitely minute particles of 
which it is composed, so that we have a sub-atomic 
cosmology. At the other end of the scale we have 
succeeded in getting definite figures for stellar distances 
which there seemed no possible prospect of measuring 
30 years. ago, and we are also beginning to know 
something as to the processes going on in the gigantic 
high-temperature laboratories constituted by the fixed 
stars. The enormous mass of new data has been 
largely brought to rule and order, although there are 
very definite limits within which these rules apply, 
and we see flatly contradictory theories being held 
simultaneously by one and the same physicist, 
according to the special nature of the problem with 
which he is at the moment directly concerned. Such 
a condition of affairs is far from satisfactory, and would 
probably have appeared impossible to the savants of 
the Victorian era. The revolutionary character of so 
much of this modern work has naturally created 
a demand from people of culture for an exposition 
of it which shall be at once accurate, clear and readable. 
To meet this the Cambridge University Press has 
published an excellent discussion of practically the 
whole of these newer discoveries under the title of 
Matter and Change. The author is Mr. W. C. D. 
Whetham, F.R.S., and the price of issue is 7s. 6d. net. 
In its clearness of statement, and in its adequate 
but not too tediously detailed description of the 
fundamental experiments, the work recalls Ganot’s 
Physics, and we trust it will prove as popular. Mr. 
Whetham is not merely a scientist, but is also a 
philosopher, and we fear that the mathematical purist 
who regards a force as simply one side of a certain 
equation may feel aggrieved at the author’s insistence 
that we know intuitively what we mean by a push 
or a pull. Our own sympathies, however, are entirely 
with the writer. The work is divided into nine chapters, 
the first two of which deal with the properties of 
matter. Heat and energy, electricity and magnetism 
are next discussed, and then follows a capital 
exposition of the laws of chemical action and chemical 
equilibrium. The penultimate chapter describes the 
experiments which led to the doctrine of relativity. 
This doctrine is explained probably as clearly as is 
practicable without the aid of very advanced mathe- 
matics. A chapter on astro-physics concludes the 
volume, and gives a good account of the startling 
achievements of the last few years in this department 
of research. 


The kinetic theory of gases has had a long history. 
It was Bernouilli who first suggested that gaseous 
pressure was due to the impact of moving particles. 
The matter was further advanced by Waterston in a 
memoir presented to the Royal Society in 1845, and 
which, apparently because it contained some errors 
of minor importance, remained unpublished for over 
sixty years. The foundations of the theory were, 
however, laid mainly by Joule, Maxwell and Clausius, 
and magnificent work in its development was accom- 
plished by Boltzman. At the outset it was very evident 
that the hypothesis must contain a substantial basis 
of truth, as it accounted for many of the observed 
facts, and led to some striking and unexpected predic- 
tions subsequently verified by experiment, notable 
amongst which was Maxwell’s conclusion that the 
viscosity of a gas must within very wide limits be 
independent of its pressure. There were, however, 
some serious outstanding difficulties, amongst which 


However, as supply authorities 
frequently charge consumers more for their electric 
energy when the power factor is a bad one than when 
it is good, they must be constantly worried by the 
endeavour to explain the meaning of the term, and its 
effect on the cost of supply. To assist them in doing 
this the Electrical Apparatus Company, Limited, of 


the apparent incompatibility of the spectra of gases, 
with their specific heats, was specially noted by 
Maxwell. Little by little, however, further light has 
been acquired. We are now able to detect effects due 
to single molecules, and Perrin, with his ‘‘ artificial 
gases”’ made by suspending gamboge particles in 
water, has confirmed in a masterly way some of the 
most striking deductious from the theory. Moreover, 
starting from Maxwell’s demonstration that the second 
law of thermodynamics is “ macroscopic,” not “‘ micro- 
scopic ’’—true only of masses of molecules, and capable 
of evasion by agencies which can deal with single 
molecules—Boltzman has given a physical interpreta- 
tion of entropy, which he found to be represented by 
the probability of any molecular state. Any assemblage 
of molecules tends to change from a state which is less 
probable to one of great probability, and hence the 
entropy of the universe always tends to increase and, 
apart from the action of mind can never spontaneously 
diminish. Unfortunately, in the recent past most text- 
books dealing with the kinetic theory have been con- 
cerned mainly with the clearing up of outstanding 
difficulties, and have accordingly appealed mainly to 
the specialist. The need for a work of a less recondite 
character has, in fact, long been evident, and is well 
met by a treatise on ‘‘ The Kinetic Theory of Gases,” 
which has just been issued by Messrs. Methuen and 
Co., Limited, at 7s. net. The volume in question is 
translated from the French of Professor Bloch by 
Mr. P.G. Smith. It is quite comprehensive in character 
and includes a discussion of Planck’s quanta, which 
are playing so important a part in many modern 
developments of physical theory. The mathematical 
knowledge demanded from the reader should be within 
the compass of a good “ third-year’ student. 2 


When Professor C. Bach, of the Stuttgart Technical 
High School, compiled the first edition of his ‘‘ Elasticity 
and Strength ” in 1889, some mathematicians and engi- 
neers were, in spite of the work of James Thomson, 
Bauschinger, Rankine and others, still clinging to the 
belief that solutions of the strength problems could be 
based upon the theories of the proportionality between 
stress and strain. Bach wrote chiefly for his students ; 
but he wished to impress upon the engineer that he 
should always check the formule of which he made use, 
by experience, and that he should widen the range of 
his experience by systematic experimenting. In the 
experimental research Bach soon became himself a 
leader and an authority, and his textbook later rapidly 
passed through several editions. In the sixth edition 
of 1911 he was first associated with Professor R. 
Baumann. The full title of the ninth edition of 
“ Elastizitat und Festigkeit,’ by C. Bach and R. 
Baumann [Berlin: Julius Springer; price 5-75 dols.] 
is supplemented by the addition: ‘‘the technically 
most important Rules and their Experimental Basis.”’ 
In the eighth edition Bach had expressed the opinion 
that the primary task of mechanical science was now 
to interpret, to sift, and to co-ordinate the collected 
observational material rather than to adduce further 
material, except as to special features. The new 
matter in the ninth edition, which runs into 687 pages, 
unfortunately, without index, concerns mainly the 
strength of struts and progress in the improvement of 
metals by thermal treatment. There are also some 
excellent new photographs of fractures. The general 
treatment remains the same. As we have had enquiries 
recently we may add that, so far as we are aware, there 
is no English translation of this recognised standard 
book on elasticity and strength. 


REFRIGERATING MACHINES AT THE 
BRITISH EMPIRE EXHIBITION. 


Durine the height of the war meat supplies were 
brought from the Argentine, New Zealand and Aus- 
tralia, and landed in London for an inclusive charge 
for freight, refrigeration and storage of somewhere 
about ld.a pound. The distances over which they were 
carried ranged from 8,000 to 12,000 miles and involved 
the crossing of the equator. The feat would, of course, 
have been impossible in the absence of refrigerating 
machines. It is but fitting, therefore, that several of 
our leading makers have made excellent displays at the 
British Empire Exhibition of refrigerating machinery 
on the successful working of which so much of our 
food supply is directly dependent. 

The exhibit of the Haslam Foundry and Engineering 
Company, Limited, of Derby, includes several patterns 
of CO, refrigerator machines. Special interest attaches, 
perhaps, to one having a high speed compressor, 
which, as shown in Fig. 1, on page 560, is mounted on a 
crank case and is coupled directly to an electric motor, 
making a very compact plant of large capacity com- 
pared with its weight and the space occupied. Forced 
lubrication is provided for all working parts. A special 
feature of this plant is the liquid pre-cooling economiser, 
a section through which is represented in Fig. 2. The 
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the tropics. The principle on which it is 
based will be best understood on reference 
to Fig. 3, which shows diagrammatically the 
arrangement of the complete plant. The 
compressor differs from the ordinary type in 
having an auxiliary port at the middle of 
the cylinder, and a piston so long that this 
port is only uncovered at the end of each 
stroke. This auxiliary port communicates 
as shown with the top of the pre-cooler. In the 
ordinary arrangement, not embodying this device, 
the CO, delivered from the compressor at about 


object of this apparatus is to maintain the capacity 
of the plant, when only relatively warm circulating 
water is available, as is the case in transport through 
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1,200 lb. pressure passes into a condenser where 
it is cooled to the temperature of the circulating 
water and is condensed to the liquid phase. It is 
then throttled through an expansion valve down 
to a pressure about of 247 lb. per sq. in., at which it 
enters the evaporator. The reduction of pressure at 
the expansion valve is accompanied by an evaporation 
of some of the liquid and a consequent large absorp- 
tion of latent heat, giving rise to a great reduction in 
the temperature of the mixture of vapour and liquid 
which is forwarded to the evaporator, where it cools 
the brine in its passage through the coils and then 
returns to the compressor to commence a fresh cycle. 

CO, has, as is well known, a low critical temperature, 
and at this critical temperature the latent heat of 
every vapour is zero, and is, moreover, small at lower 
but neighbouring temperatures. Hence, if the supply 
of cooling water has a temperature approaching the 
critical, but little latent heat,is absorbed in the passage 
through the expansion valve. The consequence is that 
the ice-making capacity may be seriously reduced, so 
that a machine rated at 50 tons with circulating water 
supplied at 52 deg. F. may be good for but 23 tons when 
the cooling water has a temperature of 92 per cent. — 

By replacing the ordinary expansion valve by the 
pre-cooler this loss of capacity is largely avoided, 
and the machine working on this new cycle will, with 
circulating water at 92 deg. F., have an ouput 122 per 
cent. more than that of the usual pattern of machine, 
or conversely will take 40 per cent. less power for a 
given output. 

The essential feature of the apparatus is that the ex- 
pansion valve is “‘ compounded,” two such valves beimg 
arranged in series as indicated at D and E, Fig. 3. 
At the valve D the pressure is reduced from about 
1,200 lb. to about 447 lb. per square inch. The gas 
liberated in this operation passes off through the valve 
F to the central port of the compressor, and thus raises 
the clearance pressure at the commencement of each 
stroke to about 447 lb. per square inch. The liquid CO; 
cooled by the evaporation produced in the passage 
through the valve D collects in the receiver of the 
apparatus and is then expanded through the valve E 
down to the evaporator temperature. It will be 
seen that by this arrangement only part of the gas is 
lowered to the temperature of the evaporator. By 
simply closing the valve F the machine can be operated 
on the ordinary cycle. 

As already stated Fig 2 represents a section through 
the pre-cooler as actually made. In this section the 
valves D, E and F are lettered similarly to the cor- 
responding valves in the diagrammatic sketch. It 
will be seen that the two valves D and E are regulated 
by a single spindle. ; 

The firm also show their high-speed ammonia 
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refrigerating machines, which have now stood most 
successfully the test of prolonged service. Two of 
these, each rated at 25 tons ice-making capacity, have 
already been working for nearly three years, during 
which they have required no adjustment and have made 
non-stop runs of 12 weeks on end. ‘The original valves 
are still in use and show no signs of wear, although 
each machine has made about 145 million revolutions. 
A diagram from one of these ammonia compressors 
taken with a McDobbie-Innes Flashlight indicator 1s 


reproduced in Fig. 5. 


A duplex machine of this type is represented in 
Fig. 4. It can be coupled direct to an electric motor, 
no reduction gearing being required. A machine of 
this type driven by a 50 b.h.p. Crompton auto- 


‘synchronous motor has been supplied by the makers to 


the New Zealand Government for the refrigerated 


exhibits of the Dominion at Wembley. The whole of 


' 


the work in connection with this was carried out by 


the Haslam Foundry and Engineering Co. 


Another firm which has an excellent display at 
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Wembley is Messrs. J. and E. Hall, Limited, 10, St. 
Swithin’s-lane, London, E.C.4. Perhaps the most 
interesting of their exhibits is the twin-cylinder 
ammonia machine, of which the general character is 
well shown in Fig. 6, whilst Figs. 7 and 8 represent 
longitudinal and side views, the former being partly 
in section. The two cylinders are each 84 in. in dia- 
meter by 104-in stroke and are constructed of a very 
close-grained cast-iron. The pistons are of the trunk 
type with four packing rings at the top and two below 
(see Fig. 9). The suction port is shown near the 
bottom of the cylinder at a in Fig. 9, and from this 
the ammonia passes into the cylinder through valves 
arranged in the piston. These valves are of the 
ring type, and can be very readily removed for exam- 
ination or replacement. The delivery valves, which 
are also of the ring type, are fitted into the cylinder 
head. The block in which they are mounted is, it 
will be seen, held in place by stiff helical springs, so 
that should, by any chance, a sudden rush of liquid 
ammonia occur, the block rises from its seat and allows 
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the fluid to escape. . It should, however, be also stated 
that the area through the ring valves is so large 
that it is but very seldom that this spring head is 
called upon to act. An additional safety device con- 
sists of a disc arranged in a by-pass between the suction 
and delivery branches. In the case of any great rise 
of pressure, the disc bursts, thus equalising the pressure 
in both branches. Moreover, it is impossible for the 
attendant to start the machine without opening the 
screw-down delivery valve, since the hand-wheel con- 
trolling this valve overlaps that of the screw-down 
valve on the suction side. Hence, the latter cannot 
be opened until after the delivery valve has been 
opened. 

The machine is arranged for direct coupling to an 
electric motor, but can also be arranged for a belt 
drive if desired. The gudgeon pins are of hardened 
steel, and the connecting rod has a phosphor bronze 
bush at the top end and a white-metal bearing at the 
crank pin. The crankshaft is of forged steel, and is, 
as will be seen, carried in three bearings. Glands are 
provided where it passes through the casing, and the 
nuts for these are coupled together by a circular rack, 
thus ensuring uniform tightening. The casing is of 
cast-iron, and is provided with a large inspection door, 
and with oil-level indicators. Forced lubrication is 
provided to all bearings and also for the glands. 

Oil strainers are fitted in duplicate on the suction 
side of the oil pump, and the connections are arranged 
so that either strainer may be removed and cleaned 
whilst the other remains in action, so that the com- 
pressor can run continuously for several months with- 
out shutting down. On the delivery side, an oil separator 
and drain to the crank case is provided. The machine is 
designed to run at 350 r.p.m., and special attention 
has been devoted to securing a very perfect balance. 
and absence of noise. 

Another interesting machine is represented in Figs. 10 
to 14, page 562. This is a small unit specially designed 
for butchers, small retail shops, small hotels or private 
houses. 

It is, as will be seen, arranged for a direct-drive by 
electric motor; which is of 14-brake horse-power. It 
has a single cylinder, and long trunk piston and like 
the machine already described has the suction valve 
arranged in the head of this. The delivery valve is 
interchangeable with the suction valve, and both 
valves can be withdrawn and replaced without disturb- 
ing pipe connections. The position of the gudgeon 
pin ensures that it shall be efficiently lubricated by 
the oil in. the crank chamber. The gland through 
which the crankshaft passes is perfectly gastight. 
Though a very small unit, it is fully equipped with 
oil strainer, oil-level indicator, drain valve, and oil 
pump for making up the supply without stoppage of 
the machine. : 

The unit is accordingly complete in itself, and it 
can be placed in any position, since ib requires no 
special foundations. It is, moreover, very silent and 
free from vibration when at work, and it may be left 
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running practically all day without attention. This 
machine, it may be added, is now also being supplied 
for use at sea, where there is an increasing demand for 
small plants to refrigerate the provision room of cargo 
steamers. The makers also supply larger ammonia 
refrigerating plants for sea service. One such is 
represented in Fig. 15, on page 563. It is intended to 
be driven by an electric motor through a machine-cut 
spur-wheel gearing with a raw-hide pinion. 

The firm also show CO, refrigerating machines. 
That represented in Fig. 16 is steam-driven. The 
CO, compressor and the steam cylinder are mounted 
side by side on a’ bracket, formed on the front portion 


of the frame, which contains the condenser and 
evaporator coils arranged concentrically within it. 
The two coils are, however, completely insulated from 
each other, so that all interchange of temperature is 
avoided. A special liquid-cooling device is supplied 
when tropical conditions have to be contended with, 
thus maintaining the output even when the water- 
supply to the condenser is as high as 80 deg. F. to 
90 deg. F. 

A large marine CO, machine is illustrated in Fig. 17, 
and is a type which has been fitted on the meat-carrying 
vessels plying between the Argentine, New Zealand, 
and this country. In consideration of the valuable 
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nature of the cargoes carried, these machines are 
usually fitted in pairs, either machine being capable 
in an emergency of maintaining the necessary tempera- 
tures. As will be seen from the illustration, the 
machine consists of a compressor driven off the tail rod 
of a compound steam engine, the steam cylinders being 
arranged in tandem, the high-pressure cylinder occu. 
pying, with the forged-steel compressor, one half, 
and the low-pressure cylinder with the motion work 
the other half, of the base plate. A surface condense1 
for the steam engine is arranged in the base, and ait 
and feed pumps, fitted on the side remote from the 
camera when the machine in question was photographed, 
are driven off the crankshaft. The CO, condenser, 
consisting of copper coils contained in a separate 
rectangular cast-iron casing, and the separate steam. 
driven vertical duplex pump for maintaining the 
necessary supply of cooling water, are not shown ir 
our illustration. A duplex variant of this machine is 
also supplied by Messrs. Hall. In this case the com: 
pressors are driven off the tail rods of the high and low 
pressure steam cylinders. Arrangements are provided 
by which either side of the machine can be disconnected, 
and run independently of the other. 


PIPE LINE FROM LAKE TANSA FOR THI 
BOMBAY WATER SUPPLY. 


Tue City of Bombay has for some time past suffere( 
from a deficient water supply. The water has hitherti 
been obtained from Tansa Lake 55 miles from Bombay 
but the growth of the city has led to demands whic) 
the present reservoir could not supply until the storag’ 
facilities were increased by the construction of a large 
dam, and a new pipe line. About 48 million gallon 
of water are delivered daily to Bombay, but this i 
now quite inadequate, and 90 million gallons will b) 
supplied under the new scheme. This figure. more’ 
over, is capable of expansion to 160 million gallons, 
before a further increase in the pipe line will be neces, 
sary. The contract for this new conduit which no) 
only involves the laying of over 110 miles of wate 
pipe, but the construction of 150 bridges, and th. 
moving of 70 million cub. ft. of earth, has been takei) 
by Messrs. Braithwaite and Co., of West Bromwich 
Birmingham, acting in conjunction with Messrs 
Dorman, Long and Co., Limited, of Middlesbrough, wh 
have the contract to supply the steel work. The Tat 
Construction Company, of India, had the contrac 
to prepare the track for the. pipe line, and undertoo: 
the preparation of the line of route, and the excava 
tion and embankment work is also being carried ou 
by The Tata Construction Company. 

The 90,000 tons of steel plates required were rolle! 
at Middlesbrough by Messrs. Dorman, Long and Co 
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| 
amited, whilst Messrs. Braithwaite and Co. undertook 
he work of forming these plates into pipes. This was 
‘one for the most part in their new works at Mulund 
jn the Great Indian Peninsular Railway. 
_ The special parts required, such as expansion joints, 
per pieces, bends, elbows and manholes, were all 
roduced at the West Bromwich works of the firm. 
-hé same contractors also carried out the work of 
ying, jointing, and painting the pipe line on the 
repared track, The work involved many special 
ppliances, for which compressed air was very largely 
The steel plates after being rolled at Messrs. 
rman, Long and Co.’s works, were cut there to size. 
varied from 15 ft. to 20 ft. in length, depending 
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on the size of the pipe, whilst the width was 7 ft. 44 in. 
and the thickness 3 in. The edges were planed and the 
holes drilled to template. The magnitude of these 
two latter processes may be gauged from the fact that 
there were 700 miles of plate edges to be planed, 300,000 
plate corners to be scarfed, and 40 million rivet holes 
to be drilled. 

Thus prepared, the plates were shipped “flat” to 
India. By shipping “flat,” instead of rolled, the 
shipping bulk was, of course, very much diminished, 
and the cost of shipment from England to India was 
reduced to one-fifth of what it would have been had 
the plates been rolled into pipes. 

Numerous expansion joints have been required, since 
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each 1,000 ft. of pipe when empty, expands as much 
as 64 in. on a warm day, and it has been calculated 
that in very hot weather the movement may amount 
to 84 in. To provide for this, an expansion joint has 
been inserted at every 1,000 ft. of the pipe line. Other 
“ specials ’’ also required in large quantities have been 
taper pieces, bands, branches, elbow outlets and man- 
holes. These have all been made at the firm’s West 
Bromwich works. 

The new works which Messrs. Braithwaite have 
established at Mulund cover an area of 55 acres, and 
consist of a fabricating shop of five bays, 570 ft. long 
and 75 ft. wide. This workshop is electrically driven, 
the current being generated by three high-speed Belliss 
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and Morcom engines direct coupled to direct-current 
electric generators having an aggregate output of 
800-h.p. The power station contains, in addition, 
two 14-in. by 14-in. air compressors, which taken 
together, are capable of compressing 850 cub. ft. of 
free air per minute. These machines are driven by 
electric motors and were supplied by The Consolidated 
Pneumatic Tool Company, of London, Bombay and 
Calcutta, who also provided the pneumatic tools used 
for the field work, and for fabricating the parts in the 
workshops, both at Messrs. Braithwaite’s West Brom- 
wich works, and their new factory at Mulund. The 
power station contains also electrically-driven hydraulic 
pumps for the fixed hydraulic riveters. These are 
used to rivet up the pipes when they are rolled into 
shape, and assembled inside the factory. 

The plates which are delivered into the works siding 
by the Great Indian Peninsular Railway, are unloaded 
from the wagons by Royce 4-ton overhead travelling 
cranes fitted with electroemagnets which pick up four 
plates at a time and stack them on each side of the 
central bay of the works. So complete are the labour- 
saving arrangements that only two men are employed 
to arrange and supervise the stacking. No men at all 
are employed on the wagon, and the craneman merely 
drives his crane over the wagon and picks up a load 
with the magnet. In this way 120 tons of plates are 
handled per hour. The plates next pass to the rolls, 
of which there are four, each driven by 50 h.p. electric 
motors mounted on a tower. Each set of rolls is 
capable of turning out 112 tons of pipe in an eight-hour 
day. 

After rolling, the edges are bolted together and the 
cylinders now pass to the riveting bays, where eight 
rolled cylinders are joined together forming a riveted 
pipe 57 ft. 4 in. long. A section of the pipe, after it 
has been rolled, is shown, Fig. 1, on, page 550. The 
riveting is effected by 24 hydraulic riveters and specially 
designed travelling and turning gear is provided so that 
the pipe moves exactly the pitch of the rivet. 

When the 57 ft. pipe section is completed it is picked 
up by a 10-ton overhead electric crane and transferred 
to the caulking bays alongside. Here the sections are 
carried on rotating stallways and the caulkers can 
accordingly work on steadily without interruption. 

The caulking tools used were supplied by the Con- 
solidated Pneumatic Tool Company. The native 
workmen who use these tools were all trained on a 
system organised on the spot by Mr. J. C. Telford, 
M.Inst.C.E., and Mr. W. A. Radice, A.M.Inst.C.E. 
The efficiency attained by these natives may be gauged 
by the fact that each workman can caulk 25 ft. per hour, 
and three men can caulk the inside and outside of a 
57 ft. pipe in eight hours. The pipes have to stand a 
pressure of 150 lb. per square inch, and weeping joints 
under test are practically unknown. After the caulking 
operation, the interiors of the pipes are spray painted 
with a bituminous solution by pneumatic paint sprays, 
also supplied by the Consolidated Pneumatic Tool 
Company, and a remarkably smooth and impervious 
surface is obtained. 

When the pipe has been caulked, painted and in- 
spected, it is lifted by the overhead electric crane and 
placed on two specially designed bolster wagons, of 
which 232 have been built. Each 57 ft. length of 
pipe resembles a huge tank with each end resting on 
two bogies, and in this way the pipes are transported 
to the site where they are to be placed in position. 

Eight to ten pipes thus mounted are analagous to 
eight to ten bogie coaches, and comprise a train. Seven 
powerful steam locomotives are constantly engaged 
hauling these trains to some part of the pipe line. 

It will be noted from the foregoing that by this 
method of fabricating the pipe into 57 ft. lengths only 
one annular joint in every eight has to be riveted on the 
site. This method of fabricating the pipe line differs 
from all methods previously adopted in building pipe 
lines of this kind. In previous cases both in British 
Colonies, and in the United States of America all the 
rivets have been driven on site. The method adopted by 
Messrs. Braithwaite has reduced the number of rivets 
to be driven on site to one-twelfth of the total, and the 
cost of riveting in the Mulund workshop works out to 
one-tenth of the cost in the field, while on account of 
the many highly specialised appliances the speed of 
riveting is six times faster in the workshop. As there 
are 20 million rivets to be driven these economic con- 
siderations carry a great deal of weight. Fig. 2 shows 
the pipes being placed in position by means of the 
Goliath cranes which span the pipe line and pick up the 
pipes as they are delivered by train, placing them in 
position. The operation of lifting a pipe traversing 
and dropping it into position, 7.e., telescoping it on to 
the end of the pipe already in position, takes on the 
average 12 to 15 minutes, though it has been done in 
less than four minutes. 

As soon as each length of pipe is fitted into the end 
of the pipe line it is bolted in position with temporary 
bolts and nuts in the usual manner, ready for riveting 
by the pneumatic riveting hammers. So accurate is 
the templet work on the plates that no reaming of any 


kind is necessary. The rivet holes have lined up with 
amazing accuracy, and the joints are remarkably close. 

Several hundred Boyer riveting and chipping 
hammers are being used on the field work. Compressed 
air is supplied from eight steam-driven portable air 
compressors, steam being selected on account of the 
ease with which fuel, chiefly timber, could be obtained, 
though recently two portable air compressors with 
petrol paraffin engines have been put into service. 

These portable air compressors travel on the top of 
the pipes, the pipes acting as the railway which carries 
them and the native riveters close the rivets. 

A remarkable fact in connection with this work and 
one indicating how carefully the human problem was 
studied by Mr. Humphreys, Mr. Telford, and Mr. 
Radice, the directors of Messrs. Braithwaite, who have 
directed operations since the beginning, is that the 
Hindu native labour in and around Bombay did not 
prove as efficient as they desired. Other classes of 
native labour were tried but only Pathans proved equal 
to the work. This class of labour is, however, scarce, 
but the most was made of it by training the small 
number of men who were available, and after they had 
worked for a few weeks all these Pathans were sent back 
to their native country for a short holiday, with the 
hint that as many men as they could tempt to leave 
their native hills would be trained and would earn large, 
and for these natives almost fabulous, sums. When 
these men returned they brought so many of their 
friends that there was no further shortage of the right 
class of workman. 

In an undertaking like this, where a large number of 
pneumatic tools are used, the treatment of the tool 
itself is of great importance, quite as important, in 
fact, as the training of the operator. Much attention 
has been paid to training the workmen, and in addition 
the tools are periodically examined and tested in the 
tool room. Into this when the day’s work is done the 
tools are brought. They are forthwith immersed in a 
paraffin bath, drained and then blown through with 
compressed air, so as to clean out the paraffin, and any 
sediment or congealed oil. A little light lubricating oil 
is finally injected, after which the tool is given a pre- 
liminary run on the bench and passed for re-issue. 

In the event of any irregularity in operation being 
found in the bench run, the tool is withheld and the 
trouble investigated. This practice has reduced the 
cost of maintenance very considerably, and it is sur- 
prising how long these pneumatic tools operate without 
repairs when dealt with in this systematic way. 

A long section of completed pipe line is represented 
in Figs. 3and 4, This gives some idea of the magnitude 
of this great undertaking, which dwarfs even the greatest 
of the famous Roman aqueducts with which this modern 
steel aqueduct may be compared. 


CATALOGUES. 


Earth Boring.—-Mechanical equipment for carrying 
out test borings by percussion or core-drill methods is 
illustrated in a catalogue received from Messrs. Thomas 
Wilson, Son and Co., 34, St. Andrew-square, Edinkurgh, 
who have had 65 vears experience in this kind of work. 
The firm undertake borings by contract, using power or 
hand methods as may be most economical in each 
case. 


Telephone Apparatus.—The Western Electric Com- 
pany, Limited, Connaught House, Aldwych, London, 
has sent to us a small quarto booklet of 32 pp., entitled 
“The World’s Messengers.”” This has been issued as a 
souvenir of the British Empire Exhibition, and describes 
many of the firm’s instruments for line telephony and 
their public address system. It concludes with a descrip- 
tion of the company’s exhibits at Wembley. 


Locomotive Superheaters.—The production of the return 
bend of the elements of superheaters for locomotives gives 
rise to some difficulty owing to the sharpness of the bend 
and to the need for a smooth passage, both for the flow 
of the steam inside the tube and of the hot gases outside. 
The North-Eastern Marine Engineering Co., Limited, 
Wallsend-on-Tyne, have issued a catalogue describing 
the excellent design and construction of this part of the 
locomotive superheater nanufactured by them, 


Railway Workshop Machinery.—A specially interesting 
catalogue dealing with railway workshop machinery, 
operated mainly by hydraulic power, has been issued 
by Messrs. Henry Berry and Co., Limited, Leeds. The 
contents cover pumps, accumulators and intensifiers, 
portable and fixed riveters, cranes, hammers and pressses, 
and testing, weighing and other machines. Some of the 
presses shown are of very high powe1 and large capacity, 
and they are adapted for various operations in forging, 
shaping, bending, rolling, tyre-fixing, &c- 

Electric Control Gear—New editions of three cata- 
logues from the British Thomson-Houston Company, 
Limited, Rugby, deal respectively with non-automatic 
electric control gear for squirrel cage, slip-ring and 
direct-current motors; automatic station control 
equipments for runniag isolated electrical machines ; 
and alternating-current contactor type control equip- 
ments, suitable for various non-reversing motors such 
as those driving pumps, compressors, fans, blowers, &c. 
All these catalogues contain very complete information. 


Oil Engines.—A catalogue of horizontal oil engines for 
working with refined or crude oil which has been sent to 


us by Messrs. Ruston and Hornsby, Limited, Lincoln, 
contains a description of a new type of engine inter- 
mediate between the Hornsby oil engine and the Ruston 
cold-starting type. It is a medium-compression type of 
engine which can be started by hand or compressed air 
after the vaporiser has been heated by external means, 
Six standard sizes, ranging from 8-h.p. to 36-h.p., are 
listed, and they are suitable for general work or for 
direct coupling to electric generators. 


Steam Turbines.—Recent developments in the desig 
and construction of large steam turbines, covering the 
usual range of pressure, temperature and vacuum, 
size of unit, and running speed, form the subject of a 
special chapter in the catalogue of high-pressure steam 
turbines recently issued by the Metropolitan Vickers 
Electrical Company, Limited, Trafford-park, Manchester, 
The catalogue also contains a full description of the 
parts of a typical turbine and a list of turbines of various 
types supplied or on order for driving electric generators, 
air compressors, blowers and pumps. 


Electric Cables——A very comprehensive catalogue of 
cables and flexible cords for electrical purposes is to 
hand from the General Electric Company, Limited, 
Kingsway, London, W.C, 2. Illustrations of the various 
classes are followed by tables to assist in the selection of 
suitable sizes the conversion of measures, and the estima- 
tion of costs. After these are sections dealing with 
association-grade cables, aerial cables, non-associatior 
class cables, and flexible cords for general and speci 
purposes. Standard prices are stated subject to sdis- 
counts, of which a separate list is issued from time to 
time. 


Portable Engines.—A series of portable and semi- 
portable engines is described in a catalogue received 
from Messrs. Marshall, Sons and Co., Limited, Gains- 
borough. There are seven standard sizes with single 
cylinders, three with two simple cylinders, and three 
of the compound type, all working with a boiler 
pressure of 150 lb. per square inch and developing 
from 7 brake horse-power to 52 brake horse-power at 
economical loads. The particulars given of a test of 
a single-cylinder engine show that 30:73 brake horse- 
power was developed with a consumption of 2-33 Ib. 
of coal and 20-17 lb. of water per brake horse-power- 
hour. The quality of the coal used was such that it 
would be equal to 2-04 lb. of best Welsh, 


Tools.—Messrs, Alfred Herbert, Limited, Coventry, 
have sent us a copy of a revised edition of their catalogue 
of “Small Tools”—a term now generally used to 
include accessory parts of machines, general supplies, 
small hand-operated machines and hand tools, in addi- 
tion to the cutting tools for machines. This cata- 
logue extends to 500 quarto pages, fully illustrated, 
and includes tables of particulars of various sizes where 
necessary; prices are mentioned in nearly all cases. 
It is very difficult to classify the contents, but we may 
mention that the articles dealt with include millin; 
cutters and reamers, face-plates, vices, dividing heads an 
other attachments for milling and other machines, 
chucks and tool holders for lathes and many special 
changeable parts for capstan and other semi-automatic 
lathes and machines, twist drills, serewing dies and taps 
for machine and hand use, grinding wheels, gauges and 
measuring tools, and tools for blacksmiths, fitters, 
pipe fitters, wood workers, &c. In all cases a consider: 
able range of firms is presented, and the catalogue alsc 
states whether the article is of Messrs. Herbert’s own 
manufacture or not, 


Mechanical-Handling Plant.—A ‘catalogue of 150 pp., 
quarto, well printed, bound and illustrated, and dealing 
with the various types of lifting and conveying machinery 
now known collectively as mechanical-handling plant 
has been received from the Mitchell Conveyor and Trans 
porter Company, Limited, 50, Holborn-viaduct, London 
E.C, The catalogue is divided into ten sections dealing 
with locomotive-coaling plants, power-station equip 
ments, belt conveyors, skip hoists, wagon tippers, telphers 
transporters, aerial ropeways, crushing and grinding 
plant, floating cranes and floating coaling plant. In al 
cases, the machinery is described and illustrated in work 
ing position, and some useful information is offered as t¢ 
the best methods to adopt under various conditions 
Some interesting particulars are given of the locomotivi 
coaling plant, the largest of its kind-in operation in thi 
country, installed by this firm at Nine Elms, London 
In many cases, grinding, crushing, screening and othe’ 
machinery must be incorporated in the handling scheme 
and the selection of this class of plant illustrated is suit 
able for heavy and continuous service. The catalogut 
is of a specialist character, in that it is devoted to th 
particular problems of the handling of materials, but i 
serves to show the great variety of mechanical. appli’ 
ances involved in the solution of those problems. °” 


Tur Ratways or Inp1a.—We are informed that Si) 
Seymour B. Tritton, K.B.E., M.Inst.C.E., of the firm 
of Messrs. Rendel, Palmer & Tritton, civil and con 
sulting engineers, Westminster, is going to make al 
extensive tour of India, Burma and Assam during the 
forthcoming cold season. We understand that his visi 
is made at the request of the Chief Commissioner 0 
Railways in India, and the object is, in the first instance, 
to confer with the Chief Commissioner and the Railway 
Board in India on questions relating to the standardisa 
tion of locomotives and rolling-stock, and several othe 
important matters in connection with the working of thi 
railways in India, He is also visiting the other rail 
ways and port authorities in India for which his firn 
act as consultants, to inspect their workshops and rolling 
stock, and to consult with them on various projects 1) 
hand or under consideration. Sir Seymour will. b. 
accompanied by his son, Mr, Julian §. Tritton, 
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LARGE ALTERNATORS.* 
By A. B. Frecp, M.A., B.Sc. 


From the point of view of our present outlook for 
the near future, the generation of electrical power on 
a large scale will be alternating-current generators 
driven by water or vapour turbines. In either case 
relatively large units will be the order of the day. For 
our own home production of power in the British 
Isles we are chiefly interested in coal-burning stations. 
But our outlook is much wider than this; for, small 
though our island is, it is the manufacturing centre of 
an Empire, and thus the unit consisting of a generator 
coupled to a water turbine for medium and for high 
hydraulic heads becomes an important item of our 
factory products, filling orders from the Dominions, 
the Colonies, India, and from foreign countries ; our 
Canadian interests too, cause us to follow with the 
keenest appreciation the details of those ponderous 
monsters of the Niagara development which, because 
of their size and weight, are more appropriately brought 
into being somewhat not too far removed from their 
ultimate home. 

The present position may conveniently be considered 
in reference to the three features: (a) Reliability ; 
(6) Operating Cost; and (c) Operating Convenience. 
Each of these in reality involves a complex group 
and to some extent merges into the other two. In 
the present communication it has only been possible 
to deal with a few items under these heads. 

_ (a) In the matter of the first feature, it may be said 
at once that a considerable degree of reliability has 
been attained already if we consider the question 
broadly ; that is to say, the frequency of actual inter- 
ruption of service due to generator failures is not 
great; this is partly due to elaborate protective 
gear, and to skilful supervision by which a machine 
is taken out of service and overhauled before it 
breaks down. But there is yet room for improved 
inherent reliability. 

(b) Under the second heading we may first consider 
the efficiency item; we realise the very low overall 
thermal efficiency that holds, but since the modern 
large turbo-generator returns in the desired electrical 
form some 96 per cent. of the energy supplied to it 
mechanically, there is hardly room for an electrical 
contribution to any spectacular improvement here, 
unless it be in the direction of an adaptation to some 
new special requirements of the prime mover by which 
an enhanced efficiency of that part of the set can be 
secured. However, on a small scale there is certainly 
something yet to be achieved in the reduction of stray 
load-loss, windage and ventilation loss, and probably 
core loss ; these are touched upon later. 

(c) Operating convenience is a matter to which some 
weight should be given as a distinct item, although it 
will no doubt be argued by many that all these three 
features (a), (b) and (c) should be comprised under 
“Operating Cost ”’ if that term were really interpreted 
widely enough; it is convenient however to give it 
a somewhat more restricted meaning. 

The question often thrusts itself upon one, whether 
the turbo-generator would bear any great resemblance 
to its present day representative if the general problem 
in its more recent shape had presented itself bluntly 
for solution, instead of slowly coming forward in 
a succession of stages in relation to a machine 
evolved from small engine-type or water-wheel-driven 
units. 

Considering the many features which areidistinctive 
of the large machine of two or four poles, such as :— 
Large air gap, great radial core depth, great axial 
length, great coil span, and so on, it would seem that 
the natural attack, if made ab initio, might not im- 
probably have proceeded along different lines. The 
size of the units desired, running up, let us say, beyond 
50,000 ky.-a., would have suggested terminal voltages 
of the order of 25,000 as being convenient from all 
points of view; while a mechanically sound though 
reasonably compact and well cooled system of supports 
and fixing for coils and connections would have been 
@ prime requirement that we should set before our- 
selves, with the added proviso that the greatest care 
would be needed to avoid incurring heavy stray load 

losses in connection with these requirements. 

We should have foreseen the great space concentra- 
tion of electrical conductors and magnetic material 
that would have been inevitable. Even though 

optimistic, we should have had to accept the pro- 
_bahbility of the total losses to be dealt with running 
up to say, 1,500 kw. per machine. We should then 
have remembered the order of the cooling constants 
applicable to the usual type of air-cooled machinery, 
involving generally considerably under 1 watt per sq. 
in. at the cooling surface. The contemplation of this 
treble combination would surely have forced our 
thoughts in envy to the rate of heat transfer that can 


* Paper, abridged, contributed to Section G of the 
World Power Conference on July 7, 1924. 
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take place when steam condenses on a tube, say some 
180 watts per square inch for air-free steam with a 
20 deg. C. temperature difference. We doubtless 
should then have jotted down some such rough com- 
parison as given in Table I :— 


TABLE I, 
Watts per 
square inch. 


Past practice in air-cooled electrical machinery - 0-5tol 
(Multiply by two and a half for axial ventilation). 
Rate of heat transfer, steam condensing on a con- 
denser tube with 10 deg. C. temperature differ- 


ence, under ideal conditions ‘ nd AA 100 
Current practice in surface condensers ; rate of the 

double transfer of heat, from steam to metal and 

thence to water, with 10 deg. C. mean tempera- 

ture difference between steam and cooling water 30 
Actual rate of heat transfer from tube to water in 

Bonecourt boiler tube 5° ae .. 20 to 40 
Ditto, in Nicolson high speed boiler .. ae ate 100 
Rate of transfer from smooth metal tube 1 in. dia- 

meter to water flowing at 500 ft. per minute with 

10 deg. C. temperature difference. . ne ab 60 


With the problem presenting itself in some such 
manner as here outlined, would it have been surprising 
had we embarked on an exploration of other cooling 
methods than by air circulation ? Our inclination to 
do so would have been further stimulated as soon as 
we considered the relative volumes of the different 
cooling media with the consequent cross-sectional area 
of ducts required ; see, for instance, Table II. 

In the first place, we should have appreciated that a 
sufficiently large air gap was possible to allow of a 
mechanically sound partition between the rotor and 
the stator, as, for instance, might be constituted by a 
cylinder of Bakelite Micarta an inch or so thick; 
influenced then by transformer practice, we might 
have found an oil-immersed stator attractive, while for 
the cooling of the rotor we might, no doubt, have again 
used either oil or water circulation, somewhat along 
the lines of the system that has been practised in a 
few instances by Messrs. Parsons. 

The oil-immersed stator would have appealed to us 
from the point of view of the insulation problem, and 
would have immediately rendered a machine voltage of 
25,000 as simple as, say, the 10,000 volts of the air- 
cooled stator, thus helping out the switchgear problem 
when very large units were in question. It must be 
remembered in this connection also that the amount 
of insulation used on the present high-voltage stator 
windings—for instance, in the slot—is the result of 
empirical determinations of that necessary to meet a 
group of conditions of which the breakdown voltage per 
millimetre thickness under a laboratory test is only 
one, and perhaps a minor one; for an oil-immersed 
stator it is to be anticipated that less insulation thick- 
ness would be required for a given voltage. 

In the detailed application of the oil cooling we 
should have departed at once from the usual trans- 
former practice with its sluggish convective circulation 
and its low rate of heat transfer, represented by one 
or two watts per square inch of cooling-pipe surface ; 
an essential feature of our oil-immersed stator would 
have been the forced circulation of the oil under a head 
of 1 or 2 ft. per foot-run of duct, rendering available a 
transfer rate of well over 30 watts per square inch for 
a temperature difference of 10 deg. C. In the case of 
a high-voltage transformer it is undesirable continually 
to withdraw the oil and pass it through a mechanical 
pump, but the highest generator voltages likely to prove 
advantageous would be low from the point of view 
of the transformer builder. The possibility of a sudden 
rise of pressure in the oil, due to a stator fault or short 
circuit developing, would have been allowed for and 
means provided for immediate venting in such circum- 
stances to avoid injury to the air-gap partition. 

Had we looked at the problem from a slightly 
different angle, we might well have felt that the claims 
of some form of evaporative cooling were sufficiently 
insistent to warrant researches for an ideal medium. 
Some of the chlorine compounds, such as carbon 
tetrachloride (CCl,), combine very important assets, 
such as fire and are-extinguishing properties, greatly 
increased electrostatic strength, &c., with certain 
serious drawbacks, such as slightly corrosive action in 
the case of their commercial grades and injury to the 
insulating gums at present used. There are similar 
objections to dichlorethylene and trichlorethylene. 
Some other compounds of suitable boiling points are 
poisonous or inflammable, or are ready to combine 
with water with an acid reaction—and so on. How- 
ever, it would probably not have been too optimistic 
to think that chemical and physical research might 
bring to light either a suitable medium or methods of 
insulation suited to the use of CCl, or C, HCl,. Ex- 
pressed very crudely, the problem of withdrawing the 
heat from the copper and iron is a double one: first, 
the thermal conduction to the surface of transfer 
second, the interchange thereat from the surface to 
the cooling medium. 

It would, of course, be useless to push a solution of 
the second step so far that the first one became entirely 
predominant, and this must be borne in mind. How- 
over, with this reservation, it is instructive to remember, 
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first, the large amount of interface surface that we 
have to reconcile ourselves to with air cooling and to 
bear in mind that 10 per cent. of this, or less, would 
amply meet the actual interface conditions of transfer 
with, for instance, oil circulation ; and secondly, to 
note the great aggregate cross-sectional area of duct 
that is required for air conveyance, and the extent 
to which this hampers us by increasing the power 
losses and the weight of the machine. The compara- 
tive figures in Table IT, which should be taken as illus- 
trative rather than as a precise statement, are suffi- 
ciently striking in this latter connection. The volume 
of ducts actually required to carry the oil when this 
medium is used for cooling is seen to amount to less 
than 5 per cent. of that demanded by an air-cooled 
system. 


TABLE II.—Comparison of Weights and Volumes of Cool- 
ing Media, and Cross-Sectional Areas of Ducts, for 
Dealing with 100 Kw. Losses. 


Column No... et 1 2 3 4 
Method of cooling i .| By raising the By evapora- 
| temperature of tion. 
| the medium, 
Cooling medium is cir] ea Was Oil. | Water | CCl, 
Temperature rise of medium..| 25°C. | 10° C. | Nil. Nil. 
Weights, lbs. per minute 530 630 5:5 65 
Cubic feet per minute— | 
Entering a ie S5 | 0-09 02% 
Leaving ac a ..| 8,000 11-8 | 1,900 420 
Approximate cross section of | | 
ducts, square inch .. ++ 250 10 20 20 
| 


In Table II, it will be noted, a temperature rise of 
only 10 deg. C. has been assumed for the oil, versus 
25 deg. C. for the air, but in spite of this a duct cross 
section of 4 per cent. of that required for air would 
suffice as far as conveyance of the oil is concerned.. 
In addition to the lower rise of temperature of the 
medium, a smaller temperature difference can be 
allowed between the duct surface and the medium with 
oil cooling ; in these two ways provision can be made 
for lower actual machine temperatures and for a greater 
thermal conduction drop from the seat of loss to the 
cooling surface. Column 3 is based upon a steam. 
temperature of 38 deg. C. corresponding to a 28-in. 
vacuum; the 15,000 ft. per minute steam velocity 
assumed at exit is conservative for a medium of so low 
a density. The air velocity assumed in column | is 
4,500 ft. per minute. Column 4 is based upon a sub- 
atmospheric pressure, viz., about 6 lb. per square inch, 
giving a boiling point of 50 deg. C. for the carbon 
tetrachloride. The vapour at this pressure is denser 
than air, and an exit velocity of 3,000 ft. per minute 
is assumed. The latent heat of CCl, is low, about 8-5 
per cent. of that of steam at the same temperature.. 
Research seems to be needed upon the effect of the 
magnitude of latent heat on the rate of heat transfer 
when change of state is taking place at an interface ;. 
information on this would render a large amount of 
steam data available in other connections. 

The greatly increased heat conveying power of each. 
square inch of cross-section of duct when either oil 
cooling or evaporative cooling is resorted to, compared 
with that of an air-carrying duct has certain far-reach- 
ing effects. ‘To mention one ;: hollow stator conductors 
have been used to a small extent in that type of 
machine in which the ventilating air passes straight 
through from end to end. Cool air is thus admitted 
at one end of the conductor and has the advantage of 
playing directly upon the bare copper during its passage.. 
In the writer’s opinion, the arrangement is compara- 
tively ineffective for the following reason among others ;- 
there is a suitable ratio of cross-section to perimeter of 
duct corresponding to a given air velocity and tempera-- 
tures of air and metal; this ratio increases nearly in: 
proportion of the length of the duct between entrance 
and exit. Now the size of duct permissible in a hollow 
conductor is very inadequate from this point of view ;. 
nor can the length of run be halved, because we are 
unwilling to interrupt the insulation of the slot portion 
of the conductor in the only case where there might, 
be much justification for this method, namely, that of a 
large, high voltage winding. The position is entirely 
changed, however, when we reach the heat conveying 
figures referred to for the other media. It is not to be 
inferred that hollow conductors would necessarily be 
advisable; in some cases possibly a better solution 
might be found in a conductor compactly wrapped. 
with mica and then closely encased in a thin metallic 
sheath, perhaps of high resistance material such as: 
nickel, applied in sections of short length each. The: 
sheath might be applied on top of a light conductor 
insulation with the main part of the mica outside it,. 
or it might be outside the greater part of the insulation.. 
This armour-clad conductor, the insulation of which 
would be debarred from loosening, would be subjected 
to cooling by ducts around it, and room for such duct" 
spaces, having all the cross-section requisite for heat 
conveyance, could be found without serious sacrifice 
either electrical or magnetic. ; : 

While dealing with the question of cooling, it may be 
well to consider for a moment one other direction in. 
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which perhaps insufficient attention has been given to 
the problem, though here again the matter has by no 
means been entirely overlooked. We refer to the ques- 
tion of using some other gas or vapour than air; or air 
at a pressure other than atmospheric, in a closed self- 
cooler installation. It would be necessary to bear in 
mind any physiological effects of leakage from the 
system, and the cost of such leakage; we should also 
look for the possibility of obtaining fire extinguishing 
qualities or improved dielectric strength. Apart 
from these, the essential criterion would be the venti- 
lating power required for removing a given number of 
kilowatts, using a given ducting; or conversely the 
extent to which the ducting could be reduced for a 
given ventilating power. ; 

Now Lanchester, drawing attention to the similarity 
of the molecular mechanism by which frictional 
resistance arises at the interface between a solid and 
a fluid, and that by which heat passes from a surface 
to a cooling medium which scrubs it, inferred that 
there should be a close direct relationship between the 
power called for by the friction, the velocity, the 
specific heat, and the rate of heat removal, the relation- 
ship being largely independent of the physical constants 
of the cooling medium. This really is in conformity 
with Osborne Reynold’s theory published in 1874, as 
we have been reminded by Stanton. We could assign 
relative figures of merit to the different gases that 
might be used for cooling purposes. A somewhat 
more convenient procedure is to assign figures which 
are the inverse of these, and which represent the 
relative amounts of power required for circulating 
the cooling medium with a given ducting and given 
limiting excess temperature of duct surface above 
that of the ingoing gas. Without going into details 
here, it may be said that upon the basis referred to 
above, and expression for this figure of demerit may 
be put into the form :— 


(ka +o)8 
we of 


(1) 


where :— 


w = lb. per cub. ft. 

o« = specific heat at constant pressure. 

a = ratio of effective cooling surface area to cross 
sectional area for the conveyance of the 
medium. 

k = a constant, independent of the medium. 


It will be pointed out, quite justly, that the actual 
pneumatic power represented by the volume and 
pressure of air circulated is very much greater than 
that involved in the friction at the duct surface ; 
in fact, it is often more than twice this amount. 
However, if it be allowed that this additional power 
is called for by losses that are chiefly of the nature of 
those arising when an air stream turns a sharp corner 
or when it encounters a sudden change of cross section 
of its duct, then with regard to this part of the power 
we may use a criterion figure represented by the expres- 
sion (1) multiplied by o, namely :-— 

CM Basie he Se ee) 
we od 

If we take, for the purpose of a rough general survey 
of the matter, that the ventilating power is equally 
divided between the two kinds of resistance mentioned, 
we may add expressions (1) and (2) together, and use 
the sum as our criterion figure. Taking a more or 
less typical value for o applicable to existing practice 
with circular ventilation holes, which makes the 
numerator of (1) proportional to (0-3 + ¢)* we find 
yalues as tabulated below :— 


Tasre III. 
Relative Figures of Demerit. 
Medium. Average 
For Duct | For Stray ce 
Resist- | Ventilat- of aM ears 
ance. ing Power. Golunnat 
Air at atmospheric pressure 1 1 1 
Air at 3 Ibs. per square inch 
above atmospheric ol 0-68 0-68 0:68 
CO, at atmospheric pres- 
sure te aS ‘565 0-61 0:53 OET 
Nitrogen, ditto 0-98 1:02 1 


Such figures would indicate a 30 per cent. reduction 
of ventilating power with air cooling by increasing 
the pressure 3 lb, per square inch, and a 40 per cent. 
reduction by using CO, at atmospheric pressure.* 
Expressed a little differently, we may say that on the 
basis of these figures the temperature rise of the duct 
surface above ingoing gas temperature would be 12 per 
cent. and 17 per cent. respectively less with these two 
methods of cooling than with air at normal pressure, 
assuming the same ventilating power in all cases. 


* The windage of the rotor, in the medium in question, 
should also be considered. 


Had we included hydrogen in the tabulation we 


should have found a high figure of demerit for it; 
this would have been deceptive for the following 
reason: ventilating performance would generally be 
improved by increasing the area of duct cooling surface 


beyond that afforded by the simple circular vent hole, 
but the improvement would be of the same order for 


all the gases given in the table; in the case of the 
light gases, hydrogen and helium, however, the improve- 
ment would be at a much more rapid rate, and we ought 
therefore to assume that the ducting for use with these 
gases would be specially designed to suit them, giving 
higher velocities and much larger surfaces per square 
inch of cross sectional area, for instance, by making the 
cross section a flat oval. 


The position becomes clearer 
by remembering that hydrogen has a specific heat 


about 14 times that of air; in fact, the volumetric 
specific heat is practically the same as those of air 
and its constituent gases, so that for a given tempera- 
ture rise of the gas between entrance and exit it would 
only be necessary to circulate the same number of 
cubic feet of hydrogen as of air, but with this circu- 
lation the hydrogen would be unable to scrub off from 
the duct surface the same watts per square inch as 
the air, except with an increased temperature differ- 
ence ; hence larger surfaces and higher velocities would 
naturally be provided. 
increased velocity, and with the surface increased to 
four times the air value, hydrogen cooling would 


It seems probable that with 


become more effective than air cooling, but for a 


direct and fair comparison a detailed discussion 
involving a number of features would be necessary. 
It is noteworthy that the Osborne Reynolds-Lanchester 
relation 
watts per square inch heat removal, referred to above, 
is applicable to liquids as well as gases. 


between surface frictional resistance and 


The power expended in windage and ventilation 


generally exceeds 1 per cent. of the output; the item 
is therefore worth attacking if any probability comes 
in sight of materially reducing it without detrimental 


effects in other directions. Hence this discussion. 
In the case of cooling by liquid circulation the greater 
part of the item would naturally disappear. 

Core loss is one of the two remaining principal items 
of loss; an appreciable reduction of the core loss would 


follow again upon the use of liquid cooling in conse- 


quence of the greatly diminished duct volumes. 

As regards the third item, reference has already been 
made to the large value of stray load-loss. which we 
still countenance. Of this, the amount arising in the 
conductors themselves due to cross-slot flux and main 
flux is now kept down to a reasonable limit by methods 
well established, and represents but a small proportion 
of the total ; part of the remainder occurs in the active 
cylindrical surface of the rotor, and can be consider- 
able reduced by the use of an adequate system of 
longitudinal and circumferential dampers on the rotor ; 
another relatively large portion is associated with that 
part of the stator winding which is external to the slots, 
and which is the seat of large and far-reaching stray 
magnetic fields causing loss in various parts of the 
structure. One step in the reduction of this last item 
of loss is to be looked for by the use of the grade of 
cast iron known as No-mag, which has been made 
commercially available by Messrs. Ferranti, Ltd., 
recently ; it has a high resistance and is practically 
non-magnetic. The loss is accentuated somewhat by 
the use of magnetic steel for the rotor end rings, but 
until we have available a more suitable substitute for 
chrome nickel steel than the manganese bronze or 
the 25 per cent. nickel steel sometimes used in smaller 
machines, the manufacturer is amply justified in using 
the first-named material and accepting the extra loss. 
It is submitted, however, that the broad problem of 
further reducing the stray load-loss is one which still 
deserves close attention. 

While touching on the subject of end rings, the hope 
may be expressed of further help from the metallurgist. 
Manganese bronze rings can be obtained having ex- 
tremely good tensile strength and fair ductility ; such 
rings have been used a good deal for smaller rotors, 
for single phase machines, and as narrow spacer rings 
in conjunction with main rings of chrome nickel steel. 
This material, although termed bronze, contains but 
an insignificant amount of tin while its zinc contents 
amount to some 37 per cent. ; it suffers in consequence 
from some of the diseases to which other brasses are 
prone. The effect of mercury, even in small traces, in 
causing brasses to become rotten and lose strength 
and ductility has long been known. No more than the 
contents of the bulb of a mercury thermometer, coming 
into intimate contact with the surface of one of these 
bronze rings, may easily result in the failure of the ring, 
But the danger from solder has not, it is believed, been 
so well recognised hotherto. An investigation on the 
subject was made by Mr. J. H. S. Dickenson. Caution 
is needed in the use of these rings, even when the joints 
of the rotor winding itself are silver-soldered or brazed. 
A non-magnetic material without these disabilities, and 
having the good features of manganese bronze, would 
be most useful, and ifin addition there could be obtained 


a stress-strain characteristic similar to that for steel, 
i.e., showing a high value of true elastic limit, then a 
considerable advance would have been made. 

Reverting to the stator construction and a possible 
reduction of stray load-loss ; the suggestion was thrown 
out some years ago by Professor Miles Walker, of 
rendering practicable for the stator that oldest of all 
types of winding, the ring winding, by carrying the 
external return conductors inside copper tubes, which 
themselves would be bonded to a squirrel cage ring 
at each end. In the practical application it might 
prove preferable to use open channels instead of the 
tubes, or merely to sandwich each active conductor 
tightly between two of these compensating bars. The 
end-ring, connecting together compensating conductors, 
might take such a form as to serve also as the support- 
ing structure for the radial end connections of the 
stator winding. These end connections linking the 
air-gap conductors with the peripheral ones, might 
well take a semi-elliptical or even a semi-circular form, — 
such gradual bends being ideal for insulation. The 
extreme simplicity of such a winding would be very 
attractive, while the problems of insulation, of mech- 
anical bracing, and of cooling the end connections, 
would have gone far towards solving themselves. 

The objections to the arrangement are self-evident 
and may quite possibly prove predominant; but if it 
should prove capable of effecting an appreciable saving 
of load loss, over and above the additional I?R loss 
incurred in the active and compensating copper, then 
the arrangement would certainly deserve consideration. 
It is not easy to forecast the effect of such a change on’ 
the stray load-loss, since circumferential currents would 
still be carried at each end of the machine, corresponding 
to the aggregate circumferential ampere conductors of 
the present windings; but the current paths would be 
simpler, and their iocation more at our disposal, while 
the currents flowing would have the nett values re- 
presenting the resultant of the several independent 
currents which partly counter-balance one another in 
the normal type of winding. 

A change to such a winding would perhaps involve 
some 40 per cent. additional active copper, with, say, 
a further 50 per cent. for the compensating copper 
excluding end rings, thus about doubling the stator 
copper. This sounds serious both from the point of 
view of I2R losses and that of cost, but we must note 
that stray load losses frequently run to five and some- 
times ten times the I2R loss, so that there is a distinct 
possibility there. The question of cost also is partly 
wrapped up in that of losses, of inherent reliability, 
and of simplicity of construction and ease of repairs ; 
the true capitalised value of a gain in any one of these 
features is very great, and would pay for a consider- 
able amount of copper, even in the expensive form 
contemplated. 


Suie’s Lirepoat Wrrevess Txsts.—Some trials 
were recently carried out during a voyage of the P. and & 
liner Maloja of the Marconi wireless equipment for 
ship’s lifeboats, with which the vessel is fitted. 
Preliminary trials in the Mediterranean with the life- 
boat hoisted gave satisfactory results. A further test 
at Melbourne with the lifeboat cruising in Port Philip 
resulted in strong signals being received by the boat 
from the Maloja and neighbouring wireless stations, the 
operator being enabled to obtain bearings of any of the 
latter by means of the directional receiver of the set, 
within one point of the compass. The transmitting 
range of such a set is 50 miles. . | 
ae | 

SurpHur.—Lecturing upon “ Sulphur” at the Insti- 
tution of the Rubber Industry on the 6th inst., Mr. EB. 
Anderson, of Edinburgh, said that the many chemical — 
and physical peculiarities of sulphur—the most important | 
raw material of the rubber industry apart from rubber 
itsel{—were probably connected with its still obscure 
action upon rubber. Sulphur, rhombic under ordinary — 
conditions, occurred also in monoclinic crystals and in 
two amorphous modifications. The fused sulphur turned | 
dark and viscous at 250 deg. C., but mobile again at 
300 deg. C. The ordinary sulphur molecule consisted — 
of eight atoms and dissociated into molecules of two atoms 
at high temperatures. All the modifications were soluble, | 
to different extents, in rubber. Vulcanisation had | 
been regarded as a purely chemical process and as 
a physical absorption process; it was probably a 
combination of both. The proteins in rubber seemed 
to polymerise and form additive compounds with 
sulphur. The hot sheet rubber leaving the calender | 
was transparent, but soon became opaque. Some 
sulphur segregated, first in globules which slowly. 
crystallised and grew at the expense of the other sulphur. 
The sulphuring or ‘ blooming” of vulcanised rubber 
was due to sulphur coming to the surface; the bloom) 
started frequently after wiping the rubber with a cloth. | 
The bloom was due to combined sulphur; rubber) 
containing an excess of free sulphur would be less liable. 
to bloom, and ebonite would not bloom. The bloom 
sometimes also brought the dye used up to the surface ; 
Mr. Anderson had not observed that minerals came up. 
together with the sulphur, as was suggested during the 
discussion, which touched also-on the acidity and various: 
other features. Vuleanised rubber would only turn) 
acid, Mr. Anderson thought, if it had been prepared with 
flowers of sulphur, not with precipitated sulphur. 
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tudinal movement to the left is continued. At the completion 
of this fourth angular movement of the shaft the pins 5 and 
other parts occupy positions similar or corresponding to those 
in which they are shown in Figs. 1 to 3. It will thus be seen 
that the movable contact is moved a definite distance for each 
complete rotation of the crank arm. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


216,063. Norton’s (TividaJe) Limited,, Tividale, Tip- 
ton and H. Aughtie, Tividale, Tipton. Operating Reci- 
procating Conveyors. (4 Figs.) January 2, 1924.—The 
invention relates to motors for operating reciprocatory con- 
veyors, and has for its object to control the valve so as to allow 
an infinitely variable stroke between limits. According to the 
invention, the piston rod 11 which is tubular is arranged to 
reciprocate on a hollow axially-rotatable guide spindle 15. Upon 
the inside walls of the piston rod 11 is formed a helical groove 12 
which is open to the outside of said piston rod at 13, 14, or said 
helical groove may be an open slot throughout its length from 
the inside to the outside of the same. The guide spindle 15 
towards its outward end is provided with an opening 16 which 
is adapted to register with the helical groove or slot 12. One 
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ELECTRICAL APPARATUS. 


accordance with this invention comprises a plurality of fixed 
contacts disposed side by side, a contact traversable in relation 
to the row of fixed contacts, and means to traverse the movable 
contact in a step-by-step manner in relation to the fixed contacts 
comprising a rod having a compound movement consisting of 
an oscillatory or partial rotary movement and a longitudinal 
and reciprocatory movement, said two movements being imparted 
to it simultaneously, and said: rod and movable contact having 
co-operating parts which are alternately engaged and disengaged 
by the oscillatory movement, and when engaged couple the 
rod and movable contact so that the longitudinal or recipro- 
catory movements of the former are transmitted to the latter. 
1 is a rod mounted so as to be capable of rotary and endwise 
movements. Therod 1 has a series of pins 5 mounted diametric- 
ally on the rod and spaced at equal distances apart. 6 is a 
series of fixed contacts placed side by side and spaced apart the 
same as the pins 5. 8 is a fixed contact. 10 is the movable 
contact, the brushes of which bear on the contacts 6, 8. The 
contact 10 encircles the rod 1. The movable contact 10 is 
formed adjacent the rod 1 with two pairs of slots 13 disposed 
on opposite sides of the rod 1 and spaced the same as the pins 5. 
14 is a second rod suspended from and below the rod 1 and 
raised or lowered as the rod 1 is rotated. The rod 14 has a 
plurality of slots 15, the spacing of which is the same ag that 
ofthe pins 5. The movable contact 10 has a lug or projection 16 
on its lower side which engages a slot in the rod 14. When the 
lug or projection is so engaged, the movable contact 10 is held 
against movement endwise of therod 1. The movable contact 10 
is released from the rod 14 by downward movement of such rod, 
such downward movement being due to its suspension which 
comprises a pair of eccentrics or cams. 17, 17 area pair of arms 
mounted on the rod 1 and contained within the casing 3. The 
arms 17 are spaced apart and a ball is contained between and 
seated in recesses formed in the opposed faces of the arms 17. 
The ball is engaged by a pin 19 mounted on a crank 20, The 
erank arm 20 is mounted on a shaft that is carried in the 
cover 22 of the casing 3. The shaft carries a circular plate 23 
in driving connection therewith and its upper face is 1ormed 
with a circular groove that is stopped at one or two places. 


JX 
215,055. A. C. Smith, Shepherd’s Bush. Electric (e S 

Switches. (4 Figs.) January 26, 1923.—An electric switch in y i. a ae 
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end of the guide spindle is open to one side of a distributing 
valve 4 controlling the inlet and exhaust of the pressure fluid. 
The piston 10 makes its outward stroke until a part of the helical 
groove or slot 12 in the piston rod 15 is brought into registration 
with the slot 16 in the guide spindle 15, whereupon pressure 
is relieved from the back of the valve 4, which is thus thrown 
over so as to open the exhaust. By partially rotating the guide 
spindle 15, the helical groove or slot 12 is brought into registra- 
tion at a sooner or later period, and so the stroke is varied. The 
return stroke is effected by the gravity of the conveyor when 
the piston by mechanical means relieves the pressure from the 
front side of the valve which is consequently thrown over and 
opens the pressure inlet to the cylinder.—(Sealed.) 


213,949. Stothert and Pitt, Limited, Bath, C. M. Toplis, 
Bath, and W. W. Padfield, Bath. Jib Cranes. (3 Figs.) 
July 6, 1923.—The invention relates to jib cranes. According 
to the invention, a bifurcated jib A, the two branches a of which 
are arranged one on each side of the machinery house HE, is 
luffed by means of a link F pivoted to a convenient: point on 


the jib and te a crank G which can. rotate through 360 deg. 
The crank may be carried on a mast above the jib, the link 
being connected to a point between the jib pivot and the jib 
head, or may, as shown, be mounted on the crane structure at 
any convenient point, the link being connected to the tail of 


24 is u circular plate or wheel provided with a handle 25. 
The wheel 24 is loosely mounted on a boss on the plate: 23, and 
on ifs underside has lugs or projections that enter the groove in 
the pete 23. Between the stops in the groove of the plate 23 
and the lugs, springs are placed. Onrotation of the handwheel 24 
in a clockwise direction by means of the handle 25, the shaft 
carrying the p'ate 23 is rotated in a like direction and imparts 
through the crank arm 20 and arms 17 oscillatory or partial 
Totary, and also longitudinal, movement to the rod 1. In the 
position of parts illustrated, the arms 17 are vertical and the 
a 5 are in engagement with the slots 13 and occupy the posi- 
ion shown in Figs. 3. At the commencement and during the 
first part of the movement of the crank arm 20, the arms 17 are 
moved to one side of the vertical and the rod 1 is also moved in 
a rotary sense in a direction to cause the pins 5 to move towards 
the other ends of the slots 13. The bar 14 is also moved out of 
engagement with the lug or projection 14 on the movable contact 
10 which is thereby unlocked and becomes free to be moved 
endwise with therod 1. As the rotation of the shaft carrying the 
plate 23 continues, the rotary motion of the rod 1 is continned in 
the same direction until the shaft has moved through 90 deg. and 
it is also moved longitudinally to the right. When the shaft 
earrying the plate 23 is rotated through the second angle of 90 
deg., the longitudinal movement of the rod 1 to the right is con- 
_ tinued but its movement in a rotary sense is reversed with the’ 
Tesult that when the shaft has completed 180 deg. of movement 
in all the pins 5 have again arrived at the positions in which 
they are shown in Fig. 3. During movement of the shaft 
through the first and second angles of 90 deg., the pins 5 through 
the longitudinal movement of the rod 1 act on and move the 
Contact 10 to the right, the movement of the contact 10 being 
hee in distance to the pitch of the pins 5 During movement 
the shaft through the third angle of 90 deg. the pins 5 
are moved clear of the slots 13 by the angular movement of 
the rod 1, which movement is in the same direction as that 
which occurs during the second angular movement of 90 deg. 
of the shaft, but the rod 1 is moved longitudinally in the 
Opposite direction, i.e., to the left. The pins 5 being clear of 
€ slots 13, the longitudinal movement of the rod 1 has no 
effect on the contact 10, which remains stationary. When the 
shaft is moving through the fourth angle of 90 deg. the 
Totary movement of the rod 1 is again reversed, while its longi- 


the jib. 


Limited, 
castle-upon-Tyne, and R. F. H. Hedley, South Shields. 
Coal Cutters. 
relates to stands for carrying coal cutters or the like, said stands 
being particularly suitable for carrying compressed air-driven 
percussion machines, for instance, sueh as the Hardy or Siskol 


(Sealed.) 


MINING, METALLURGY AND METAL WORKING, 


216,197. Sir W. G. Armstrong, Whitworth and Co., 
Newcastle-upon-Tyne, R. W. Wilson, New- 


(2 Figs.) February 10, 1923.—The invention 


type. a is a vertical column secured at its base to a serrated 
Fig.7 Fig. 2. 
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base plate b. On the column a is a vertically slidable and non- 
rotatable sleeve c and also rack teeth d engaging a volute 
toothed bevelled pinion e on a spindle f carried in a bearing on 
the sleeve c and which can beturnedbyahandleg. At the upper 
end of the column a is a screw jack h having a head 7 which is 
moved vertically by a collar j threaded on the screw jack and 
rotated by a pawl carried by a swinging arm k and engaging with 
ratchet teeth / on the outer surface of the collar. On the sleeve 
is a bracket m, on which is a worm shaft n meshing with a worm 


wheel segment o fixed to the sleeve c, whereby the bracket m 
can be swung in a horizontal plane. The cutting machine p 
is carried by a short shaft q and secured therein by a conical 
projection 7 which is secured by a bolt s to a filling ¢ in the short 
shaft g. Mounted on the short shaft g is a vertical worm wheel 
segment w meshing with a worm »v carried by the bracket m, 
so that by rotating the worm v the cutting machine p can be 
swung in a vertical plane. (Sealed.) 


PRINTING AND ALLIED MACHINERY. 


215,825. H. G. Rogers, South Lambeth. Printing 
Machinery. (1 Fig.) February 14, 1923.—A printing machine, 
according to the invention, comprises, in effect, two machines 
which are connected together by transferring and reversing 
cylinders by which sheets that have already been printed on one 
side in the first machine are passed to the second machine and, 
during their transfer, are reversed so that when passing through 
the second machine, they are printed on the other side. The 
sheets of paper issuing from the second machine pass to delivery 
mechanism and, it may be, to slitting, tucking and folding 
mechanism, either or both of which may be of any suitable 
construction. A printing machine, in accordance with this 
invention, comprises the combination of two stereo-carrying 
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cylinders 3, 103, an impression cylinder 2, 102 mounted in 
relation to each stereo-carrying cylinder, transferring and re- 
versing cylinders 11, 13 disposed between the impression cylinders 
2, 102 and means to move each impression cylinder before or 
at the commencement of each printing operation towards its 
co-operating stereo-carrying cylinder, and on the completion 
of each printing operation away from the co-operating stereo- 
carrying cylinder comprising to eccentrics, of which one 
is mounted on each end of the shift of each impression roller, 
said eccentrics being operated from cams 32, 33 through trip 
mechanism comprising a tappet lever 20 which is raised and 
lowered by the cam and a rod 21 connected at one end with the 
eccentric and detachably engaged with the tappet lever. (Sealed.) 


PUMPS. 


215,098. F.C. Fulcher, London. Straining or Filtering. 
Apparatus. (8 Figs.) February 3, 1923.—According to the 
invention, a strainer for fluid is characterised by the fact that 
the straining wall is constituted of a plurality of thin discs or 
plates mounted side by side on a carrier and each having a 
hole or holes therethrough, separators disposed between adjacent 
discs or plates to space them apart and form an endless peri- 
pheral slot, the separators being either integral with the discs 
or plates and formed by pressing up the metal thereof, or sepa- 
rate from the discs or plates and constituted of, for example, 
washers, and a scraper blade or scraper blades of a thickness 
substantially equal to, but not greater than, the thickness of 
the separator or separators and mounted on a carrier and per- 
manently engaging the slot, the discs or plates and the scraper 
blade or blades being relatively movable. 1 is a casing within 
which four strainers arranged in two sets are mounted. Hach 
set comprises two strainers disposed end to end or in line, the 
two sets of strainers being disposed side by side and parallel 
to one another. The casing has an inlet 2 and an outlet 3, and, 
internally, a wall 4 which separates the inlet from the outlet 
and also serves to direct the entering fluid towards the lower 


part of the casing, whence it rises and passes between and to 
the parallel sets of strainers. The casing 1 has an opening in 
each of its end walls opposite each set of strainers, the openings 
in one end wall being closed by covers 8 and in the other end 
wall by covers 9. The covers 8, 9 are removably secured in 
position and each is provided with a duct extending from its 
inner face to a groove 10 in a peripheral portion by which, when 
the cover is in position, connection is made with the outlet 3. 
12 is a shaft rotatably mounted in the covers 8, 9. The shaft 
12 serves to carry the two strainers constituting a set. Each 
strainer comprises a plurality of discs 17, each having a plurality 
of holes therethrough, namely, a centrally disposed hole of a 
section and size similar to that of the shaft 12, and by which it 
is mounted thereon and coupled thereto so that the rotary 
motion of the shaft 12 is imparted to the discs 17, and two 
circular rows of holes 19, 20. 21 are rods which are passed 
through the holes 20 and constitute carriers for the discs 17. 
The rods 21 also carry washers 22 which separate adjacent discs 
so that a slot is formed therebetween, the width of which is 
| dependent on the thickness of the washers 22, As many discs 
17 and washers 22 are placed on the shaft 12 and rods 21 as 
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are necessary to produce a strainer of the desired area. 26 are 
rods which extend the length of the casing 1 and are mounted 
at their ends in the covers 8,9. The rods 26 constitute carriers 
for the scraper blades 28, each of which is formed of a piece 
of metal having a hole therethrough of a shape to permit it to 
be mounted on, and prevented from movement relatively to, 
the rod 26. ‘There are as many scraper blades 28 on each rod 
26 as there are slots formed by and between discs 17 and the 
scraper blades are positioned on the rods so that each enters a 
slot formed by and between adjacent discs 17. The scraper 
blades are of such formation that their operative faces or edges 
are oblique or inclined to the peripheries of the discs 17, so 
that when the discs 17 are rotated in relation thereto they will 
act to raise the fluff, dirt or suspended matter contained in the 
fluid being filtered or strained and intercepted by the edges 
of the discs away from the strainer. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


213,943. Cammell Laird and Co., Limited, Sheffield, 
and A. S, Bailey, Sheffield. Brake Gear. (7 Figs.) 
November 7, 1922.—The invention relates to that kind of brake 
gear for railway and tramway vehicles wherein the brake 
blocks, when released, are allowed to move downward under the 
action of gravity and inclined guiding means into the off position. 
Each brake block comprises a renewable shoe a attached to a head 
b, any two of which, at opposite sides of a vehicle, are connected 
by a transverse beam e to which power is transmitted through 
an appropriate system of levers and rods. Hach brake head 6 
is provided with upper and lower flanges d, d@1 projecting laterally 
beyond and well forward of the head to co-operate with a 
stationary slide or guide e and take the upward or downward 


pressure exerted when the brake is applied. These flanges d, d1, or 
the slide e, may be provided with renewable wearing strips f, fl. 
The flanges and slide are, as shown in Fig. 1, inclined down- 
wardly in a direction away from the wheel g, so that the combined 
blocks and transverse beam can move downward and into the 
off position under the action of gravity, when the braking power 
is removed. The lengths of the flanges and slide are chosen to 
maintain engagement throughout the maximum travel permitted. 
The slide e may, as shown, form part of the knee h for the sole- 
bari and headstock j of a bogie, the whole arrangement being very 
compact and suitable in cases where the space available would 
make the use of suspension links extremely difficult. indicates 
part of the lower portion of the body of a vehicle. (Sealed.) 


215,029. Cammell, Laird and Company, Limited, 
Sheffield, and A. S. Bailey, Sheffield. Wheels and Axles. 
(4 Figs.) November 7, 1922.—The invention relates to wheels 
suitable for use with railway, tramway and like vehicles. The 
invention has reference to improvements in wheels of the kind 
in which a rubber ring is arranged between the wheel rim and 
tyre. For this purpose, a wheel, according to the invention, 
comprises a wheel centre or body @ having a plain rim a1 with 
an outwardly extending flange a2 at one side thereof, a metal 
tyre e having an outwardly extending flange e1 at one side 
thereof, and an annular groove e2 on its inner side, a ring of 
rubber 6 held under compression between the wheel rim al and 
the grooved under surface of the tyre e so as to form an effective 
elastic cushion for the tyre, and a lateral ring f for holding the 
rubber ring b and the tyre e laterally in position on the wheel 
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rim @1 and for holding the rubber ring » in a compressed condi- 
tion. To enable the rubber ring b to be readiiy inserted into the 
internal annular groove e2 in the tyreit may be made in segments. 
The rubber ring may be placed under compression by pressure 
caused to act thereon in a radial outward direction in the operation 
cfinserting the rubber ring between the wheel rim and tyre so 
that it can at once firmly hold the tyre to the wheel rim and 
form a very effective cushioning device between the two. To 
enable this result to be attained, the interna] diameter of the 
rubber ring may initially be of less diameter than the external 
diameter of the wheel rim, The compressed rubber ring is 
held laterally in place on the wheel rim between the outwardly 
extending flange a2 at one side thereof and the retaining ring f 
at the opposite side, bolts or screws extending laterally through 
the flange, rubber ring and retaining ring. (Sealed.) 


215,147. Sir P. Dawson, Westminster, London, and 
F. W. Fawdry, South Kensington. Electric Railways. 
(3 Figs.) March 9, 1923.—The invention relates to devices for 
supporting the catenary and conductor wires on electric railways, 
tramways and the like. According to the invention, a supporting 
device for overhead conductors on electric railways is provided 
wherein clamping members to which catenary wires are connected 
are seated around an insulator sleeve in such a manner that the 
clamping members can expand freely without exerting any tensile 
stress on the insulator sleeve. The insulator 1 is of substantially 


cylindrical form externally having a central circumferential 
tidge 2 with inclined sides and two or more circumferential 
flanges 3. The insulator 1 has a central longitudinal cylindrical 
passage 4, the ends of which may be coned outwardly as shown 
at 5. The sleeve thus constituted is carried on a metallic tube 6, 
the relative dimensions of sleeve 1 and tube 6 being such that 
resilient packing material 7 may be interposed between them. 
Further, a secondary insulator may be provided by placing an 
insulating tube 11 between the metallic tube 6 and the porcelain 
insulator 1. The tube 6 is mounted upon a spindle 12, the ends 
of which are carried in standards 13. A clamp formed in two 
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parts 17, 18 surrounds the central ridge 2, the members of the 
clamp being formed internally with sloping faces adapted to 
engage the inclined sides of the ridge 2, and thus prevent lateral 
movement of the clamp and causing only compressional stresses 
on the ridge 2 when the clamp is tightened on the insulator. 
The ends of the clamping members 17 and 18 are connected 
together by bolts and nuts disposed above and below the 
insulator, the two upper ends of the clamping members 17 and 18 
engaging between them a shackle 22 having an upwardly 
extending slotted lug 23 over which is passed a saddle 24, to 
which the ends of adjacent spans of catenary wire 25 are 
connected. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


215,643. The Stirling Boiler Company, Limited, 
London, and E. E. Noble, Fulwell, Sunderland. Water- 
tube Boilers. August 22, 1923—The invention relates to 
water-tube boilers of the vertical or semi-vertical curved or 
straight tube type. There is provided in the rear upper drum 
A a splash plate B covering the cross-over water circulating 
tubes C, such splash plate extending for the greater part of the 
length of the drum A, but being cut away at both ends to un- 
cover at least two cross-over tubes at each extremity. In the 
drum A are mounted two feed boxes D, one at each side of the 
centre, leaving uncovered one, two or even three rows of tubes 
L adjacent to the relative drum end between each box and the 
relative drum end. In the boxes D are the usual feed troughs 
Dl. The boxes D are eonnected by a balancing pipe. HE 


denotes an angle mounted on the drum bottom and connecting 
the boxes D and forming a small ** wall” in front of the tubes 
L2 of the foremost row of tubes of the rear bank L into the 
middle portion of the length of the drum. In the mud drum 
G is fitted a baffle H which may be straight, curved or bent 
and which covers entirely two, three or four rows of the tubes 
Il of the front bank I next the combustion space of the boiler. 
The baffle H forms one side of a box closed at the ends but open 
at the bottom. J denotes a narrow baffle plate extending the 
whole exposed length of the mud drum G between the rear- 
most row of front bank tubes on which rest the usual baffle 
tiles and the next row of front bank tubes. The plate J is 
inclined in such manner that a continuation of the plate J would 
meet the lower edge of the baffle H. (Sealed.) 


215,883. A. T. Patterson, New Brighton. Furnace 
Fire-Bars. (3 Figs.) March 5, 1923.—The invention relates 
to furnace firebars having a longitudinally-extending channel or 


channels in the top or fuel-supporting part of the bar. The 
top of the firebar has a channel (or channels) 1, that extends 
the full length of the fuel-supporting surface, and transverse 
slots or passages 2, spaced at regular intervals apart, are formed 
right through the upper portion of the bar at a suitable level 
below the top surface thereof. In the longitudinal channel 1 
is housed an insert or filling-piece 3, moulded from fireclay or 
other suitable refractory material. This insert 3 may be moulded 
and baked in situ in the channel. The insert is formed with 
a series of vertical holes or tubular passages 4 in it, which com- 
municate when the insert is in position in the firebar, with the 
transverse slots or passages 2 by means of metal tubes 5 secured 
in holes that connect the bottom of the channel with the trans- 
verse slots or passages 2. Air can thus pass from each side of 
the firebar into the transverse slots or passages 2, and up through 
the tubes 5 to the fuel on top of the bar. It will be seen that 
the upper portion of the metal firebar virtually forms a frame- 
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work adapted to house the fireclay insert or other fuel-support- 
ing bed, and provide air-ways for the passage of air to the fuel 
on the top of the bar. The insert, as also the channel, may be 
of any suitable form in cross-section. For example, the insert 
may be of dovetail form in cross-section and narrowed in width 
upwards, so that the insert is locked or keyed in position. Further, 
the vertical air passages may be made so as to increase in width 
downwards. Instead of using a moulded insert of refractory 
material as described, the channel or channels in the top of the 
firebar may have an ash filling, as commonly used in channelled 
firebars, the tubes 5 passing up through this ash bed in the 
channel. The bottom of the transverse slots 2 may be a flat or 
horizontal surface, as in Fig. 3, or be made of ridged form as 
shown at 6, in Fig. 4. In this latter construction, the sloping 
surfaces tend to prevent ash lodging thereon and choking up 
the space, and will also serve to direct the draught to the tubes., 
(Sealed.) : 


216,172. The London Electric Supply Corporation, 
Limited, London, and A. G. Fox, New Cross, London. 
Steam Generators. (6 Figs.) January 18, 1923.—The in- 
vention relates to steam generators of the water tube sectional 
header type. The object of the invention is to provide im- 
proved means whereby the circulation through the lower rows 
of tubes in boilers of the type described having headers divided 
into compartments, and more particularly of existing boilers 
may be increased so that the rate of evaporation of the water 
may be raised without damage to the generators. To this end 
the invention consists in connecting the lower and upper ends 
of the headers by means of external tubes arranged substantially 
parallel to the headers, so as to form independent circulating 
system between the lower rows of tubes and the drums. In 


(216,172.B) 


carrying this invention into effect according to the arrangement 
illustrated a number of tubes 1 is provided which are arranged 
substantially parallel to the header 2, at the rear end of the boiler ; 
the upper ends of these tubes may be connected to the upper 
end of the header, and the other end to the lower end of the 


header, the connections being readily made by utilising the cap . 


holes 3, which are usually provided in such headers. The 
external tubes 1 only supply water to the rows .of tubes 4 enter- 
ing the header at the lower end, for example, the three lower- 
most rows. Above these rows within the header a dividing 


plate or baffle 5 is provided which prevents the water entering — 


the header direct, from descending as far as the bottom rows, 
and also prevents the water entering through the external tubes 
1 from rising to supply tubes situated above the  bafile. 
(Sealed.) 
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ROLL BEARINGS FOR COLD ROLLING 
MILLS. 


By C. E. Davies, A.M.I.Mech.E. 


THE intention in writing this article is to review 
and compare the various designs, materials and 
lubrication systems for cold roll bearings in general 
use in this country and abroad. The subject has 
already received considerable attention from rolling 
mill engineers and mill managers, with the result 
that the modern roll bearing is generally more 
intelligently designed than was the case a decade 
ago. Unfortunately, a generally accepted standard 
for design, material, &c., is still far from being 
realised, and there exists a great divergence ot 
individual opinion. Individuality, within limits. is 
an excellent thing and no engineer or mill manager 
ean be blamed for retaining a design, or particular 
grade of metal, which has been proved to suit 
his particular requirements, in spite of the fact 
that his neighbour or foreign competitor adopts 
an entirely different type of bearing. At the same 
time, there is no doubt a particular design, quality 
of bearing metal, and lubrication system, which 


would best comply with average conditions of 
working, and which with very slight modification 
would give the best results under all circumstances. 

The roll bearing is without doubt the part of the 
mill which requires the greatest attention and its 
successful operation under heavy loads makes for 
both economy and accuracy of product. No bear- 
ing in any other class of machine has to work under 
more arduous conditions. The pressure per unit 
area of bearing surface is considerably higher than 
the limit set by engineers for bearings in other 
machinery. The load is always in one direction 
and generally continuous for considerable periods 
with very short intervals of rest. The difficulty 
in protecting the bearing surfaces from dirt and 
grit, and at the same time providing for efficient 
cooling, is in itself a serious handicap. Bearing 
pressures on the roll neck may be anything from 
800 Ib. to 3,000 Ib. per square inch of bearing sur- 
face, and with such pressures the maintenance of a 
film of oil, between journal and bearing is almost 
impossible, with the result that hot bearings are a 
continual source of trouble in any cold rolling mill, 
and loss of power in bearing friction, with rapid 
wear of brasses, is inevitable. Fortunately, the sur- 
face speed of cold roll bearings is comparatively low, 
although this advantage is now not so great, owing 
to the tendency to increase roll speeds, and with the 
high speed mill, the question of roll bearing design 
requires still more serious consideration. The 
power absorbed by the four bearings supporting a 
pair of rolls is sometimes as much as 90 per cent. 
of the total power applied to the mill, and is rarely 


less than 40 per cent. ‘The whole of this lost power 
is converted into heat, and must be dissipated at a 
rapid rate if the bearings are to be kept within 
reasonable limits for temperature. 

The subject may be considered under three 
heads :—(1) Design; (2) Material; (3) Lubrication 
and cooling. These three questions are to some 
extent interdependent, and the first named cannot 
be fully discussed without involving consideration 
of the other two. 

Design.—It is not now necessary to give atten- 
tion to the types of bearing usually fitted to mills 
in the early days of rolling, when neither the bear- 
ings, nor the recesses for them in the roll frames 
and chocks were machined, but it may be remarked 
that the earlier forms of roll “brass”? and even 
some designs still favoured, were adopted, more 
because they required the minimum of fitting 
and machining than that they had any claim to 
efficiency. This form of bearing is illustrated in 
Fig. 1 and is still employed by some mill engineers. 
It had the merit of being simple in form, easy to 
machine, and was frequently fitted into place by hand 
chipping and filing, the only portion machined 
being the bore. Considerable skill and time was 


| required to fit a set of brasses if reasonable accuracy 


of alignment was required. The brass did not 
bear over the whole surface of the recess in the chock 
or roll frame, but was provided with chipping strips 
to facilitate the work of fitting. Its plain flat base 
was also favoured because it allowed for packing 
up worn brasses; actually, there is very little 
advantage in this, and the necessary attention to 
packing to ensure accurate alignment was rarely 
given. These flat brasses are also relatively expen- 
sive as the weight of brass, for any given size is 
considerable, and a large proportion of the weight 
(at the corners) is unnecessary. The next design, 
Fig. 2 is a simple modification of that shown in 
Fig. 1 and differs only in longitudinal section, the 
flange in the first type being omitted and a step 
formed in its place, to prevent end movement. 
This shape is, however, not convenient when brasses 
and seating are properly machined, as it is difficult 
to machine the seating in its housing due to the pro- 
jécting ledge required. The only advantage which 
could be claimed for it is that the brass is supported 
right up to the end of the roll barrel, this is, how- 
ever, a very doubtful advantage, especially as it is 
scarcely possible to ensure bearing on the radius 
at junction of the roll and roll neck; in fact, a 
bearing on the radius is undesirable. 

The brass shown in Fig. 3 was introduced more 
particularly as a top roll bearing, 7.e., fitted in the 
chock, presumably on account of the saving in 
weight of metal over the flat type (Figs. 1 and 2), 
and the possible need for packing up the brass does 
not, of course, arise in the case of the top roll 


bearing. Figs. 4 and 5 show an entirely different 
type of brass, which was introduced about 15 years 
ago, and was fitted to some strip rolling mills at that 
time. This design has many advantages. While 
the useful thickness of metal in the line of pressure 
is maintained, the circular form eliminates the 
redundant metal in the corners of the designs pre- 
viously described. The circular form is much 
easier to machine not only in the case of the bearing, 
but also in that the seating in roll housing and chock, 
which could be bored. Spigots or keys (as Figs. 
5 and 6) have to be provided to prevent the brass 
turning in its seat; with the former, convenient 
machining of the outside of the brass can be easily 
accomplished, but with the keyed design this 
machining is more difficult and costly. The dove- 
tailed form of key in Fig. 6 serves to hold the brass 
in the top chock, but seems to be scarcely necessary. 

It should be noted that the designs so far des- 
cribed do not, as a rule, provide a complete semi- 
circular bearing, the bearing being usually not more 
than one-third of the circumference. Many mill 
engineers still favour these designs on this account, 
and have certain grounds for holding their opinion. 
As is well known from experiments on bearing 


iam 
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friction, there is less frictional loss in a bearing 
which embraces only a small segment of the cireum- 
ference, than in one which covers the complete half- 
circle. The centre 90 deg. of arc (45 deg. on either 
side of the vertical centre line) is obviously more 
efficient in supporting the bearing load than the 
remaining portion of the semi-circle on either side, 
and in that case a great part of the roll neck is ex- 
posed to the cooling effect of the atmosphere and the 
water, which is directed on to the bearings to carry 
away the heat generated by friction. The small 
arc bearings have, however, certain grave disad- 
vantages, for while exposing the roll neck to facili- 
tate cooling, equally free access is given to dirt 
and grit which are usually much in evidence in a 
rolling mill. Also, very little support is given 
to the roll in the horizontal direction, and there is a 
very great tendency for the bearings to wear on one 
side as shown by Fig. 7, this wear resulting in bad 
alignment of rolls, a serious trouble especially with 
long rolls. For this reason large sheet rolls, with 
this type of bearing are usually provided with side 
brasses, shown in Fig. 8. These brasses are simply 
flat strips of gun-metal, and are packed up to com- 
pensate for wear. Side brasses are, however, not 
entirely successful, unless they receive careful atten- 
tion and are frequently adjusted both horizontally 
and vertically. A design of bearing with side brasses 
for large sheet rolls, is shown in Fig. 9 where they 
are carried in the chocks and are provided with 
wedge adjustment. For strip mills, side brasses are 
a disadvantage and are best avoided, especially 
as the advantages of a small are bearing can be 
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obtained, with a fully semi-circular brass which 
affords ample support to maintain the correct 
alignment of the rolls. 

The circular form of bearing, but covering com- 
pletely, or very nearly completely, the full half- 
circle, is obtained in the designs shown by Figs. 
10 and 11. The former is an American design, 
and shows set screws securing the sides of the brass 
to the seating. These serve to prevent the brass 
turning, and also to prevent the closing in of the 
sides, when the bearing is under pressure and has 
become heated. This last point calls attention to 
the dangers with large arc bearings and especially 
with those of the circular type, owing to the well 
known tendency of such brasses to close in and 
nip the shaft on the horizontal centre line. Also. 
if the brass fits tightly to the neck over the whole 
half-circle, it is extremely difficult to get lubricant 
to the part of the bearing under greatest pressure. 
On this account it is good and general practice in 
high speed motor and other bearings to provide a 
recess at the sides, as shown by Fig. 12. These 
recesses form a collecting chamber for lubricant 
and also minimise the pressure on the sides of the 
journal. In Fig. 10 the recesss for securing screws 
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ot the bore can provide in this design, all the advan- 
tages of the small contact arc, with large bearing 
area, horizontal support and protection from grit 
and dirt. The roll neck in Fig. 14 is shown to bear 
fully over 90 deg. of the circumference, with a 
clearance (shown exaggerated) at the sides. This 
side clearance is very important, as it not only serves 
to collect lubricant, so that it can be‘easily carried 
to the point of greatest pressure, by the rotation 
of the roll neck, but also provides space for any 
expansion of the roll neck due to heat, and prevents 
the closing in of the sides of, the brass which causes 
excessive friction. The film of oil filling this 
clearance is quite sufficient to support the roll 
neck against the tendency to move in the horizontal 
direction. Obviously, a complete bearing covering 
half the circumference of the roll neck, but with 
sufficient clearance provided, so that the actual 
are of contact is not more than 90 deg., will not 
cause appreciably greater frictional losses, than the 
older small are bearing. It is equivalent to the 
design shown in Fig. 15 in which the side clearance 
is exaggerated to a greater degree than the normal 
design in Fig. 14. In practice this clearance should 


not exceed the amount necessary to allow for 


serve this purpose. In Fig. 11 the bore and outer 
surface of the brass are eccentric, thereby providing 


ample thickness at the point where the greatest 
wear is concentrated, with reduction in weight by 
the thinning at the edges and owing to the greater 
stiffness at the centre, the tendency to close in 
on the horizontal centre line is very much reduced. 
The eccentric form is however somewhat expensive 
to machine. 

The next design, shown in Fig. 13, resembles Fig. 
3 in cross section, and is adopted very generally, 
with slight variation in proportions in modern 
high-grade cold rolling mills. The are covered by 
the bearing is very nearly a complete semi-circle. 
The outer surface is octagonal in cross section, 
thus approaching the circle in economy of material. 
The inclined sides of the octagon (at 45 deg. with 
the base) provide for easy adjustment of fit side- 
ways, while the vertical sides do not require close 
fitting, as a good bearing on the flat bottom and 
inclined sides is all that is necessary. With ample 
thickness on the vertical centre line, and a reduced 
thickness at sides, the danger of closing in under 
pressure is minimised. From the manufacturers 
point of view, though naturally more expensive 
than the earlier forms of flat brass, both in material 
and machining costs, this design is not unduly 
expensive in comparison with any of the later 
designs for properly machined brasses, and can be 
made a good fit in the seatings without much hand 
work. Interchangeability can easily be obtained, 
and spare brasses for renewals can be supplied which 
require very little fitting on site. It is very difficult 
to improve on the general form of this bearing, 
which is becoming more and more popular with 
mill designers and users in this country and abroad. 
The only objection from the users point of view is 
that the are of contact is greater than the length 
of circumferential contact still preferred by some. 
However it can be shown that correct machining 


expansion of the roll neck, at a reasonable working 
temperature, and the bearing should fit sufficiently 


closely at sides to maintain a film of lubricant which 
supports the roll centrally in the bearing. In the 
regular design, Fig. 14, this clearance is best 
obtained by first boring the brasses to correct 
diameter to fit roll neck, and afterwards boring out 
to a larger diameter eccentrically. Alternatively, 
the clearance can be scraped out, after boring to 
size, but it is preferable to machine a definite 
clearance as described, rather than trust to hand 
scraping. The eccentric bore leaves a gradually 
tapering clearance which assists the feeding of oil 
to the bottom of the bearing. The only fitting 
then required is the scraping of the 90 deg. of 
actual bearing surface. This should be carefully 
done to ensure a regular and even bearing for the 
neck over this arc of contact. Approximately 
the same result is obtained by simply boring the 
brasses to a diameter somewhat larger than the 
roll neck, giving the result shown by Fig. 16. This 
is a very common practice, but while it is desirable 
to bore the brass, in any case, slightly larger than 
the neck of the roll, an increase in diameter sufficient 
to give the necessary side clearance would call for 
an excessive amount of hand scraping, to obtain 
a good bed for the neck over the required bearing 
arc. The amount of side clearance required, X, 
Fig. 14, may be varied to suit working conditions, 
but should not be less than 0-001 in. per inch of 
roll neck diameter. In addition it is desirable to 
provide a chamfer at the edge of the brass to 
collect lubricant, and ensure an ample supply of 
oil to the clearance space. As previously men- 
tioned, the radius at the neck should not bear on 
the brass, and it is advisable to make the radius of 
the brass definitely larger than the radius of the roll. 

Apart from the detail design of roll bearings, the 
question of diameter and length must be considered. 
Of late years there has been a progressive tendency 


to increase the diameter o1 the neck 1 relation to the 
size of the roll barrel, and the ratio of neck diameter 
to roll diameter has increased from about 0-6 to 
0-7 and even 0-8. On general principles a rela- 
tively large diameter reduces the intensity of pres- 
sure on the bearing surface and is consequently to 
be recommended, but obviously a limit must be 
fixed, otherwise there is no reason why the ratio — 
should not be increased to 0-95, that is, making the 
neck very nearly as large as the roll itself. It is 
often difficult for managers of rolling mills, who-are 
not engineers to understand that the increase in 
size of neck with any given barrel diameter, carries 
with it a disadvantage; for, naturally, the greater the 
neck diameter the greater is the friction loss, other 
conditions remaining the same. Referring to Fig. 17, 
taking the total load on the bearing as P, the 
frictional loss per revolution 
_ Pe209P 
12 
where , represents the coefficient of friction, and r 
is the radius of the neck in inches. The'horse power 
lost in the four roll bearings is therefore 
PEN 
15,750 


From this it will be seen that any increase in the 
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diameter of roll neck will result in a proportionate 
increase in frictional losses, providing, of course, 
that the coefficient of friction is unaltered, and that 
the projected area of bearing is not too small for 
the load. This bearing area is the product of dia- 
meter and length and must be sufficient to keep the 
intensity of pressure below the limit at which the 
lubricant is squeezed out and actual metallic 
contact occurs, as this would cause a very consider- 
able increase in friction, and probably also damage 
to the bearing surfaces. As the diameter should be 
kept small to reduce loss in friction to a minimum, 
the bearing area might be maintained to the neces- 
sary dimensions by increasing the length of bearing, 
the diameter being settled on considerations of 
strength only. As with other bearings, the general 
principle of keeping down the diameter to a size 
which will have sufficient strength and increasing ~ 
the length to give ample bearing area holds as well 
in the case of roll bearings, but the proportion of 
length to diameter, which may be as much as four 
in ordinary bearings, must be much less in those for — 
a rolling mill. In the opinion of the writer, mill 

designers have erred to some extent by increasing 

the diameter of roll necks without extending the 
bearing length as much as they might. The very 

heavy pressures used on roll bearings preclude the 

adoption of great length owing to the tendency of | 
the load to cause bending in the roll neck itself and 
the concentration of the pressure on the inside of 
the bearings. This danger might be minimised by | 
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providing self-aligning brasses with spherical 
seatings, but these do not seem to have been tried. 
There would still remain a possibility of trouble, 
owing to the increase in the distance between the 
effective centres of roll supports, and the consequent 
heavy bending stresses in the roll barrel. For 
these reasons, the length of roll bearings does not 
usually exceed the diameter of neck and is more 
usually about 0-95d., or, in terms of roll diameter, 
0-7 to 0-65 D. 

The desirable proportions for roll necks can be 
obtained very closely by calculation. Referring 
to Fig. 18, which shows diagrammatically the 
loading of a roll, with dimensions in terms of the roll 
diameter D; assuming an average length of roll 
barrel as 1-5 D and length of roll bearing as 0-7 D, 
the distance between centres of supporting bearings 
will be 2-2 D. The load on a roll in a cold rolling 
mill may be distributed over practically the whole 
of its length (as in sheet rolls), but the worst con- 
ditions probably occur in a strip mill, where the 
load is concentrated over a length equal to about 
half the total length of roll barrel or less, and the 
centre of the loaded length coincides with the centre 
of the length of the roll barrel. If the load W were 
distributed over the whole length the maximum 
WL 


bending movement at the centre would be 


whereas if this load were concentrated at a point at 


the centre of the roll length it would be we 


A mean may be taken as representing very closely 
the average conditions in practice; the bending 


moment at the centre of roll being, say, WT and 


6 
B. M. =f z, where z = the modulus of section, 
which, in the case of a roll, = 0-098 D®. For the 
maximum safe working stress f, a low value, say 
3,000 lb. per square inch, should be taken, as the 
stress is reversed every revolution of the roll and 
is applied suddenly. An average maximum value 
for W can now be calculated in terms of roll 


diameter :— 
W = 07588:D3 x f _ 
2-2 D 
Taking the shear stress on the roll necks and 
assuming the same value for f, as for the tensile 
stress, t.e., 3,000 Ib. per square inch, 


800 D2 


aw = fs = 3,000 lb. per sq. inch 
am d2 
1600 D2 = 3000 
mae 
D2 7 x 3,000 © oa 
a2 me 01,6005 a>: 
that is 
» = 2-4; ord = 0°42 D. 
a A 


Calculating the possible maximum B.M. at the 
junction of roll neck with barrel :— 


B.M. = W x 0:35 D = 0:098 d3 f 


“a 


400 D2 x 0°35 D = 0:098 d5 x 3,000 


a5 140 0-475 
é D3 294 io 
and d = 0°78 D. 


Again, limiting the bearing pressure to 1,000 Ib. 


per square inch, 
Ww 


4. = 1,000 
dxt 
400 D2 
es SA) 
dx07D 
d 2D ees 
D- i007 0-570. 


To summarise the above results, the ratio of 
roll neck diameter d to roll diameter D may be 
determined approximately by calculation, taking 
(i) the shear strength of neck, (ii) resistance to 
bending, (iii) bearing area, and the values obtained 
in the three cases are :— 


(i) Diameter necessary to resist shear d = 0-42 D_ 
(ii) Diameter necessary to resist bending d = 0°78 D 
. (iii) Diameter necessary to give bearing 
surface sufficient to limit pressure 
d= 0°57 D 


to 1,000 lb, per sq. in 

While these figures are calculated from an 
assumed maximum load, they serve to indicate very 
clearly the factors which must be taken into con- 
sideration in determining the correct proportions of 
the roll neck. Clearly, the shearing stress is relatively 
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unimportant and the diameter should be sufficient 
to resist the possible maximum bending moment ; 
thus a ratio d/D of about 0-78 should give satis- 
factory results. This agrees very well with modern 
practice where d/D varies from 0-7 to 0:8. As the 
calculations for bending stress are based on the 
worst possible conditions, i.e., assuming that the 
load is applied at the centre of the bearing, there 
would be little fear of breaking the roll at the junction 
of the neck and barrel, even if the load applied ex- 
ceeded the assumed value of 800 D2 Ib., and a suffi- 
cient margin of strength is available to cope with the 
torque applied in rotating the roll. As regards 
bearing area, since the length of bearing is often 
not more than 0:65 D, the average bearing area 
would be :— 
07D x 0°65 D = 0°455 D2, 

and the intensity of pressure on the bearing is :— 
400 D2 
0°455 D2 
With very short stiff rolls, for heavy work, where 
the length of the roll barrel is equal to diameter, the 
maximum load may be as much as 1,040 D? and 


== 880 lb. per sq. in. 


the ratio of = should be about 0:85. Similarly, if 


the roll barrel length is greater than 2D, a smaller 
neck would be strong enough and a ratio of about 
0-65 would be satisfactory. All the above calcu- 
lations are based on the strength of chilled cast-iron 
With hardened steel rolls, while the material 
is much stronger, the roll is able to bear a heavier 


load and the ratio - 


strength would be the same. The bearing area then 
becomes the more important consideration and, 
taking the strength of the steel roll as being twice 
that of the cast-iron roll, the ratio obtained by 
limiting the bearing pressure to 1,000 lb. per square 


obtained by calculation of 


inch, < = 0-875 would not be unreasonable. It is, 


however, very rare to find hardened steel rolls 
loaded in proportion to their greater strength as 
compared with chilled iron rolls, and the same 
dimensions of neck may be adopted in both cases. 
Generally, an average proportion d = 0-75D pro- 
vides for uniformity of strength of the roll to resist 
bending, and there is very little need to increase 
this beyond d= 0-8D even with short rolls, for 
heavy work. These ratios, combined with a 
bearing length of from 0-65D to 0-7D, should 
keep the intensity of pressure on bearings within 
reasonable limits. 

The only other important dimension to be fixed 
in designing roll bearings is the thickness of 
“brass” at the point of maximum load. This 
can only be determined by experience, and it is not 
only a question of providing sufficient thickness to 
withstand wear, but to give depth enough to 
prevent deformation of the bearing by the action of 
closing under load. The thickness of brass, provided 
in modern roll bearings varies from 0-15d. to 0-2d. 
while the values from 0-16d. to 0-19d. are repre- 
sentative of good practice. In large mills, the 
smaller thickness is sufficient, but for smaller rolls 
it is desirable to provide proportionately thicker 
metal. While a brass in which the thickness has 
been reduced to a minimum to save cost is bad 
practice, it is foolish extravagance to put in exces- 
sively heavy bearings, as the expense of these items 
in a large mill is a considerable proportion of the 
total material cost. 


(To be continued.) 
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ACCORDING to a pre-war estimate the 235,000 
miles of public roads then existing in the country 
had cost 350 millions to build, and an additional ex- 
penditure of 287 millions would have been necessary 
to fit them for modern traffic. In view of the rise in 
prices occasioned by the war, this latter figure must 
now be far from adequate. The economic situation 
is somewhat peculiar. In pre-war times we should 
certainly have hesitated to incur our present 
rate of expenditure on road improvement, but 
it is not always practicable. to determine policy 
solely by economic considerations, and as matters 
stand, roads are being built or reconstructed at a 
more rapid rate than would have been considered 


judicious, even in prosperous pre-war times. In 
view of the circumstance that the schemes of which 
the execution has been hastened, are not mere rapid 
improvisations, but in many cases represent plans 
already perfected some years back, there seems 
every chance that the present heavy rate of expen 
diture will prove a fairly sound investment, even 
if less profitable than it might have been, had 
it been possible to raise the funds required under 
less onerous conditions. This has not always been 
the case in the past, when, as to-day, road-making 
was pushed forward in order to reduce unemploy- 
ment. Many of the “famine” roads thus con- - 
structed in Ireland never came into effective use- 
In view of Sir Henry Maybury’s unrivalled ex- 
perience there is no possibility of a similar fate 
overtaking the carefully considered plans now in 
process of execution. 

The capital necessary for the extensive work 
now in progress is provided in part by motor 
taxes, which last year yielded over 14,000,0001., 
and in part by contributions from the local 
authorities. In the case of first-class roads the 
general practice is for the Ministry of Transport to 
contribute 50 per cent. of the approved cost of 
maintenance and improvement, the corresponding 
figure for second-class roads being 25 per cent. In 
Scotland, however, highway rates are in some: 
districts already very high, as long stretches of road 
run through sparsely-populated areas. Hence, 
in such cases, the Government grant is increased 
and may be as much as three-fourths of the total. 
With the increasing traffic it is very important that 
the engineers and surveyors appointed by the local 
authorities shall be really competent, and the 
attainment of this end is helped by contributions 
from the Transport Ministry to the salaries of the 
officials. Such contributions are now made in the 
case of 1,370 out of 2,200 highway authorities. 

As already indicated, a large amount of road work 
has been hastened in order to mitigate the unem- 
ployment problem. This has necessitated a con- 
siderable anticipation of the road fund receipts, 
with the result that the outstanding liabilities of 
the fund exceed by some 5,000,000/. the balance 
available at the end of the last financial year. The 
total sum which is to be contributed during the 
present year to this relief of unemployment is 
8,000,0002., of which 2} millions will be expended 
in the London area. The London County Council 
has, moreover, agreed to contribute 750,000/. 
towards the cost of these works on condition 
that the unskilled labour employed is drawn that 
entirely from the administrative county of London. 

The schemes in question and the estimated costs 


of each are as follows :— 
£ 


(a) Crays and Orpington by-pass ... 350,000 
(6) Watford and Barnet by-passes... 1,895,000 
(c) Construction of a viaduct and 

approaches across the River 

Lee, near Edmonton ... Ges 140,000 
(d) Improvement of road connections 

between Croydon and Seven- 

oaks eas are occ 234,000 
(e) Bexley Heath by-pass 381,000 


The proposed route of most of these improve- 
ments is shown in the map, Fig. 1, on page 572, 
which also sets forth, far more clearly than could 
be done in words, the progress already made in 
reconstructing and improving the arterial roads in 
the Greater London area. 

The reconstruction of the old Roman highway 
known as Watling-street, between Dartford and 
Strood, has involved some of the heaviest work. 
It is, of course, notorious that the Romans, excellent 
road engineers as they were, did not realise the 
importance of reducing counter-gradients to a 
minimum ; their roads ran nearly straight up hill 
and down dale. Thus, Watling-street passed over 
Swanscombe-hill with gradients as high as 1 in 8, 
and traffic has consequently been diverted to easier, 
but more circuitous routes. A cutting 72 ft. deep: 
has now been made through this hill, giving a easy 
and direct route from London to Dover. The 
length of reconstructed road is about 11 miles. 
and its width is 100 ft. between fences, but the 
carriage-way is, for the present, restricted to 30 ft. 
or 40 ft. 

In addition to the schemes indicated on the map, 
the Ministry of Transport have sketched out a plan 
for a North Orbital road, of which the construction 
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which it is thought well to put on record, so that 
town improvements and town-planning schemes in 
the area affected, shall be laid out, so as to favour 
rather than obstruct the future execution of the 
scheme. This road, which will have a total length 
of some 75 miles, will follow a more or less semi- 
circular route. Starting at a point east of Tilbury, 
the road will skirt Brentwood, Ongar, Hoddesden, 
to Hatfield, whence it will proceed via St. Albans 


Fig. 1.\ 
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and Rickmansworth, to a junction with the Bath- 
road at Slough. Most of the work involved will 
consist merely in the improvement of existing 
roadways. 

As indicated, there is no intention of embarking 
on this scheme at any early date. There is, in fact, 
much more urgent need for road improvements in 
the dock area, where road congestion is now ex- 
treme. The roads here existing are not only 
narrow, but the area is intersected by a number of 
water-ways, in part natural and in part artificial, 
and the bridges over these are far from adequate 
for the traffic. Railway level-crossings are numerous 
and occasion much delay. The need for extensive 
road improvements has long been manifest, and 
much further traffic may be expected when the new 
dock is opened. - The local authorities are too poor 
to do the necessary work themselves, and the 
requisite funds must be provided from other 
sources. In the meantime the problem has been 
thoroughly studied by the Ministry of Transport, 
who have prepared a scheme for new or improved 
roads, which we describe below. 

As matters stand most of the heavy traffic from 
London to the docks and the Silvertown factories 
has to cross the Lea by the Iron Bridge (see Fig. 2), 
built in 1897. This is but 55 ft. wide between 
parapets, and not only is the gradient 1 in 29, but 
there is a sharp curve. Horses are so constantly in 
trouble in getting over this bridge with their loads 
that special appliances are held in readiness to 
assist them. The traffic intensity is stated to be 
31,103 tons per 24 hours. Later on, the main stream 
of traffic has to make its way down Victoria Dock- 
road with a carriage-way only 21 ft. wide, and then 
has to swing through a right angle on reaching 
Barking-road. Here it encounters a level crossing 
where, owing to the intensity of the rail traffic to 
and from the docks, the gates are closed for a total 
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of over 9 hours in the 24, and in the busiest part 
of the day for as much as 47 minutes in the hour. 

Throughout the whole area, very similar con- 
ditions prevail. In every part narrow carriage 
ways, level crossings and inadequate bridges are to 
be met with, the resulting obstruction being such, 
that fully 35 per cent. of the time spent on a journey 
is absorbed in delays. 

To remedy matters the Ministry of Transport 
proposes to construct the new roads shown in Fig. 2. 
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Work will start in the East India Dock-road, on 
the London side of the Lea. This will be widened 
to 100 ft. The old iron bridge will be removed and 
replaced by a new one, 100 ft. wide, and having 
easy approaches on both sides. The Barking-road 
will be widened to the same width from this new 
bridge up to the Beckton-road, which will also be 
similarly remodelled, and will then form an extension 
of the East Ham and Barking by-pass. By the 
execution of these works a clear channel will be 
provided for London traffic to and from the 
East. 

Further works will involve the construction of an 
alternative to the Victoria Dock-road. The route 
of the proposed new road is shown in Fig. 2 by the 


dotted lines running from the Iron Bridge to the 
North Woolwich-road. 

It is proposed that this new road shall be 80 ft. 
wide, and for a long stretch it will be carried on 
viaduct, thus avoiding both the obstruction due to- 
the railway level crossings and those arising from 
traffic issuing from the maze of side streets. The 
works will involve the construction of a new swing 
bridge, 60 ft. wide, over the western outlet from the 
Victoria Docks. The proposed works will involve 
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the demolition of nearly 700 houses, and it is 
estimated that the cost will be from two to three 
million pounds, while 4 or 5 years will be needed for 
its execution. 


Frenc# Fiorinta LEADERS.—Two more of the very 
powerful new class of French flotilla leaders have been 
launched recently, the Leopard at the Chantiers de la 
Loire, and the Chacal at the Chantiers de Penhoét de 
Saint Nazare. The characteristics of these ships are : 
Displacement, 2,362 tons; ih.p., 50,000; speed, 
35:5 knots; endurance 2,600 miles at 18 knots; oil 
capacity, 540 tons; length, 400 ft.; beam, 36 ft. ; 
draught, 11 ft. 6 in.; armament, six 5°1 in., and two 
2°9 in., anti-aircraft guns; six 21-7 in., tubes in two 
groups of triple mountings. Their boilers are described 


| as being small tubed, of the Temple type. 
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CONSTRUCTED BY MESSRS. 


VICKERS 


LIMITED, ENGINEERS, BARROW-IN-FURNESS. 


VICKERS’ CONTRAFLO RECIPROCATING 
AIR PUMPS. 


For the attainment of economy in steam plant it is 
essential that a high vacuum be maintained in the con- 
denser. It is therefore imperative that the associated 
auxiliaries, such as air pumps, should be suitable to 
Maintain the required conditions. The difficulties that 
early confronted the designers have been overcome, 
and air pumps that work under the new conditions with 
efficiency and economy are now available. In the 
accompanying illustration, two views are shown of 
reciprocating air pumps of the Contraflo kinetic type 
which were constructed by Messrs. Vickers, Limited, at 
their Barrow-in-Furness works and which are exhibited 
by the company at the British Empire Exhibition. 
These pumps were specially designed for marine use, 
but can, of course, be applied to land installations 
where the conditions are suitable. 

This complete equipment consists essentially of three 
components, a steam jet ejector, a receiver, and a double 
air pump. The condensate is drawn from the foot 
of the condenser by the water barrel of the air pump, 
while the aerated vapour is withdrawn by the steam 
ejector and discharged with its own steam into a re- 
ceiver, mounted beside the steam cylinder of the air 
pump. Here the incoming air and steam come into 
contact with a small portion of the condensate dis- 
charged from the water barrel of the pump. Actually 


the receiver is divided into two chambers, in one of 
which the discharge from the ejector is received, while 


the other acts as a devaporising compartment. The 
air barrel of the pump deals with the condensate and 
aerated vapour from the receiver. From the bottom of 
the receiver the condensate is conducted by a pipe to a 
valve chest, containing non-return valves, which are 
below the head valves of the pump but above the bucket, 
when in the top position of its stroke. The condensate 
from the receiver, therefore, enters the air barrel of 
the pump above the bucket, while the aerated vapour 
is drawn from the top of the receiver into the foot of the 
air barrel, To seal the foot valves and further to reduce 
the temperature of the aerated vapour from the re- 
ceiver, a connection is made to the pipe conveying 
injection water to the receiver, so that some small 
amount of water is passed to the air barrel of the pump. 
By this arrangement the hot water from the receiver 
is kept away from the aerated vapour, until the latter 
has passed through the foot valves into the air barrel 
of the pump. Both are discharged together through 
the head valves into the common discharge system 
for both barrels. Whatever water is required for 
injection into the receiver, or for sealing the foot valves 
of the air barrel, is obtained from a deep well or pocket 
on the discharge side of the water barrel, and is shown 
on the left-hand side of the second view. The heat 
available in the steam used in the system, together with 
the heat of the aerated vapour, is conserved in the feed 


water, so that high efficiency is maintained throughout 
the working. 

When the air pumps of an installation are of the 
ordinary design and are directly connected to the con- 
denser, the effect of pneumatic resistance in the pipes 
is encountered, and it varies with the length and dia- 
meter of the pipe. As a consequence of this, a reduced 
pressure must be created in the air barrel to compen- 
sate for the further fall in pressure between the condenser 
and the air pump barrel. This drop in pressure is the 
cause of additional work in the air pump. Unless 
cooling is resorted to, the density of the aerated vapour 
becomes lower than that prevailing in the condenser, 
and consequently the pump capacity has to be increased. 
Should cooling be adopted, the trouble is not entirely 
removed, as the resistance to the passage of air, due 
to the presence of water in the pipes and valve chambers, 
is still present. In the kinetic type of air pump these 
disadvantages are non-existent, for the ejector can be 
mounted directly on the condenser and there is no 
water present, with the result that the pressure drop 
can be kept down to the minimum required to maintain 
the flow to the ejector. A reserve of air withdrawing 
capacity is obtained with the kinetic reciprocating 
pump system, which permits the running of the pumps 
at low speed, ensuring good steam consumption and 
little wear and tear. The illustration above shows a 
pair of air pumps built for a marine installation and 
such as were fitted in Nippon Yusen Kaisha ships. 
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THE MOTOR EXHIBITION AT OLYMPIA. 
(Continued from page 554.) 

From a purely engineering point of view, the 
exhibition is somewhat disappointing. The great 
majority of the representatives of the exhibiting 
firms are not in a position to discuss the models 
with which they are concerned from a technical 
standpoint, and the number of exposed chassis 
exhibited, from which an engineer may to some 
extent make his own deductions, is comparatively 
limited. 

We appreciate that in organising the exhibition, 
the Society of, Motor Manufacturers and Traders is 
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mainly concerned with affording an opportunity for 
potential customers to view the various models 
under comfortable conditions, and to select the 
make and model most suited to their needs without 
a fatiguing peregrination to the various London 
show rooms. On the other hand, the exhibition 
affords a convenient opportunity for engineers who 
are not primarily concerned with automobile work 
to gauge the progress made in design during the past 
year. To such the difficulty of examining the 
various chassis and discussing technical details 
with the different manufacturers is somewhat 
trying. Even among the non-technical public, the 
knowledge of various details of automobile design 
is surprisingly great, and the superficial nature of 
the information possessed is apt to lead to prejudicial 
selections in the absence of a certain amount of 
technical explanation. It is true that failures to 
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Deraits or 11/22 H.P. WousELEY Car. 


effect sales through such prejudices is likely to be 
impartially distributed, but we believe that it would 
be to the advantage of the various manufacturers to 
have at least one representative on each stand 
reasonably au fait with the technical details of the 
cars exhibited. 

It is obviously not possible in the limited space 
at our disposal to deal with any considerable pro- 
portion of the cars on view in the exhibition, 
and for this reason we are obliged to omit any 
mention of numerous examples of excellent design. 
In making a somewhat arbitrary selection, we 
have endeavoured, as far as possible, to choose 
models which embody features of particular interest, 


incorporated. Magneto ignition is fitted to all 
models, the magneto having a positive drive by spiral 
bevel gears, and being arranged in a position which 
renders the contact breaker very accessible. The oil 
pump of the 11/22 model has been improved, and 
is self-priming, a non-return valve being also fitted 
at the lower end of the suction pipe to maintain the 
pipe full of oil when the engine is at rest. The 
exhaust-jacketed induction pipe is fitted with a 
large inspection door to facilitate cleaning out the 
jacket. We illustrate some details of the latest 


;model in Figs. 1 to 4 on this page, and give a 


general view of the chassis in Fig. 5 opposite. The 
engine is shown in Fig. 1, and the new arrangement 
of the magneto and oil-pump drive in Fig. 2. When 
dealing with this car last year, exigencies of space 
prevented our illustrating the clutch. This is of 
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either in the engine or in some other part of the 
chassis. 

Before dealing with any new models, it will not 
be out of place to refer to one or two of the alterations 
in those with which we dealt last year. 

We dealt fully with the products of the firm of 
Messrs. Wolseley Motors Limited, on that occasion, 
but now note that they have, wisely in our opinion, 
reduced the number of types they manufacture, and 
have also adopted the new two-figure nomenclature 
which is becoming standardised, the first figure 
representing the Treasury rating and the second the 
actual bench horse-power of the engine. The 
models exhibited at Olympia are thus referred to 
as the 11/22, 16/35, and 24/55. The 11/22 model, 
which is a most excellent car, is similar in its main 
essentials to the 10 h.p. model which we described 
last year, a number of minor improvements being 


somewhat unusual construction for a light car, 
being of the multi-plate type, and we now illustrate 
it in Figs. 3 and 4. 

The 10/20 h.p. Galloway car has had a very 
favourable reception, and a number of minor 
improvements have been incorporated in the new 
model which should render it still more attractive. 
An impeller has been introduced to assist the water 
circulation, the rear of the engine has been dropped 
to give a more direct transmission alignment, and a 
banjo axle has been fitted. The worm and worm 
wheel in the steering column have been increased in 
size and the gear ratios have been altered. These 
are now as follows: 17-18, 11°53, 7-89 and 4:54 to 1. 
The accelerator pedal is now placed in the centre, 
instead of on the right-hand side of the brake pedal, 
and the ignition and hand throttle levers have been 
placed in a more convenient position above the 
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steering wheel instead of below, as in previous models. 
Balloon tyres have been standardised on all models. 

Many troubles arose in the earlier cars, due to 
frame distortion, and although this still occurs 
to a much greater extent than is generally realised, 
it has been minimised by giving increased depth 
to the side member. The latter took the form of a 
channel section girder when tubular frames were 
abandoned, and the construction then adopted has 
remained practically unmodified till the present 
time. The ‘various components are 


generally | 


Lancia in their Lambda-Lancia model, which is 
to be seen on the stand of the concessionnaires, 
the Curtis Automobile Company, Limited. In this 
case the side frame forms an open girder, but takes 
the shape of a single pressing instead of being built 
up, this type of construction being probably more 
convenient for automobile work. The car has a 
four-cylinder engine, 75 mm. bore by 120 mm. 
stroke, giving an R.A.C. rating of 13-9 horse-power. 
The engine is of somewhat unusual construction, 
having the cylinders set in pairs, inclined at an 


to 1. Altogether the car forms an extremely 
interesting and unconventional assembly. We 
illustrate the chassis in Fig. 6, from which it will 
be seen that the side members of the frame are 
carried up to from the skeleton of the body. The 
side members are joined up by the radiator frame, 
dashboard frame, the front and rear seat foundation, 
and the housing for the propeller shaft. The whole 


assembly gives an exceedingly strong, but at the 
same time light construction, and results in a very 
low car of excellent appearance. 


Fig. 5. Cuassis oF 11/22 H.P. Wotsetny Car. 


mounted with a view to avoiding trouble, should 
frame distortion actually take place, although in 
many cars at present on the market, such distortion 
frequently affects the body causing separation of the 
panels, defective fitting of the doors and other evils. 
It is surprising that in a structure where weight is 
of primary importance very few attempts should 
_have been made to utilise a trussed girder, instead 
of merely increasing the depth of the side member 
until distortion is eliminated. King and queen post 
trusses have been introduced from time to time, but 
the practice of joining the upper and lower flanges 
of the side frame with light lattice or similar con- 
struction has apparently never received serious 
consideration, although it would be possible to 
make a very strong and light frame by this method. 
An equivalent practice is adopted by Messrs. 
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angle of 14 deg. and slightly staggered. It is thus a 
V-type engine, with a very small angle between the 
cylinders. The overhead valves are operated by 
an overhead camshaft, driven by a vertical shaft 
with helical skew gearing. The lubrication is 
pressure fed throughout. Aluminium alloy pistons 
with tubular connecting rods are used. A three- 
speed gear box with central control is fitted with 
four-wheel braking, a hand brake on the rear wheels 
being fitted in addition in the usual way. The 
suspension is another unusual feature, being by 
coil springs and oil compressors in front and normal 
semi-elliptic springs at the back. The rear axle 
has spiral bevel final transmission, and is of normal 
construction; the clutch is of the multi-plate type, 
and the gear box is mounted separately from the 
engine. The gear ratios are 4:1, 7:25, and 11-7 


Messrs. Rolls-Royce, Limited, are exhibiting 
examples of their 40-h.p. and 20-h.p. models. The 
former is so well known that a detailed description 
is hardly necessary, the only change of any import- 
ance in this model being that’ front-wheel brakes 
are now fitted as standard. Amongst the detail 
changes may be mentioned the substitution of 
Autovac for the previous pressure-feed fuel supply. 
The dynamo is now driven from the engine, instead 
of from the clutch shaft, and the speedometer is 
now driven positively from the gear-box. The front 
wheel brakes are of the mechanical relay type, to 
assist the foot pressure. The foot pressure is used 
directly for the rear wheels, but at an intermediate 
point it causes the mechanical control to come into 
operation so as to apply the brakes to both front 
and back wheels. An equaliser is introduced which 
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ensures that a greater proportion of the braking 
power is applied to the rear as compared with the 
front wheels. This makes it impossible for the latter 
to be locked. A feature of the system is that the 
braking is equally powerful in whichever direction 
the car is moving. The usual hand brake operating 
on the rear wheels is fitted, and is entirely separate 
from the four-wheel system, so that there are six 
brakes in all. 

The 20-h.p. model manufactured by this firm is 
of recent introduction, and is shown at Olympia 


Fig. 12. 
rettor is on the induction pipe, but in this model 
it is incorporated with the main carburettor. 
Ignition is normally by coil, but in addition a 
magneto is now fitted as standard. The latter is 
normally out of action, but may be coupled up 
by merely releasing a locking pawl on the magneto 
driving shaft. As there is only one set of plugs, 


the same distributor serves both for the coil and 
magneto ignition, and it is therefore necessary to 
change over the high-tension wire leading to the 


In the 40-h.p. model the starting carbu- 


standard nor optional. This feature does not 
appeal to us in a design which is otherwise ex- 
cellent. A somewhat special feature on the car is 
the provision of a radiator shutter which can be 
operated by hand from the driver’s seat, a thermo- 
meter being provided to indicate the correct cobtaas 
Bigger lamp brackets are optional. 

We have previously had occasion to refer to the 
importance of standardisation if the British manu- 
facturer is to compete on terms approaching 
equality with American competition. Of the large 
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for the first time. The engine is a six-cylinder 
3-in. bore by 43-in. stroke, giving a Treasury 


rating of 21-6 h.p. We illustrate this car in| 


Figs. 7 and 8 on this page, and 9 to 12 on Plate 
LVIII. Overhead valves are fitted in combination 
with a detachable head. A Rolls-Royce carburettor 
is bolted to the cylinder block on the off side of the 
engine, from which the gases pass through the 
cylinder block to the inlet manifold on the near 
side of the engine. The exhaust manifold is also 
on the near side of the engine, and the exhaust 
gases pass through a muff surrounding the centre 
of the induction manifold before going to the 
silencer. This arrangement is clearly shown in 


distributor when running the engine on the 
magneto. The magneto is arranged in line with 
and behind the dynamo on tie near side. When 
running on the coil 35 deg. more advance may be 
obtained than when the magneto is in action. 
The engine is mounted on three-point suspension, 
a single-plate clutch and three-speed gear-box with 
central change, making up one unit with the engine. 
Spiral bevel final drive is used on the rear axle, 
the general arrangement of the transmission being 
clearly shown in Fig. 10. The springing, both 
front and rear, is semi-elliptic, and braking is on 
the rear wheels only. The car is almost unique 
in its class in that front-wheel brakes are neither 


PLAN oF Cuassis oF 20-H.P. Rotis-Roycr Car. 


number of manufacturers showing cars at the ex- 
hibition, a considerable proportion market two or 
more different forms of each of the units necessary 
to make up the complete vehicle. There are thus 
a very large number of different engines, for example, 
to be seen at the exhibition, many of them being 
of almost identical power and size. The British 
manufacturer is undoubtedly unrivalled for the per- 
fection of his products, but however perfect these 
may be, they must of necessity be excessively 
high in price so long as they are manufactured in 
the small numbers determined by the present policy 
of isolation adopted by the great majority of the 
manufacturers, and a very strong case can be 
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MOTOR CAR CHASSIS WITH 8/80-H:P. OVERHEAD VALVE ENGINE 
CONSTRUCTED BY GWYNNES ENGINEERING COMPANY, LIMITED, LONDON. 


(For Description, see Page 577.) 
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made out for the adoption of standard engines on 
many models of different makes. Such a policy 
is already recognised as correct for a number of 
components, outstanding examples being the 
magneto and carburettor. 

Messrs. Dorman and Co., Limited, of Stafford 
have specialised in a range of engines which cover 
the requirements of the great majority of manu- 
facturers, and have earned a high reputation for 
sound design in combination with the use of 
excellent materials and a high degree of accuracy. 
The finish of the products is exceptionally good 
throughout. They exhibit four engines, the 4 M.R. 
16/40 h.p., the 4 R.O. 12/40 h.p., the 4 M.V.B. 
10/25 h.p., and the 4 P.A. 9/18 h.p., which are speci- 
ally designed for touring car practice. The first and 
last of these engines are suitable for either unit 
or non-unit construction, the other being for unit 
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construction only. The 4 R.O. is an overhead 
valve model, the other three being of the side-by- 
side valve type. All four are four-cylinder engines. 

The firm are also exhibiting the Dorman four- 
speed gearbox with either side or central control, 
and a three-speed gearbox with central control for 
unit construction. 

We illustrate the 4 M.V.B. and the 4 P.A. engines, 
in Plates LIX and LX, and the four-speed gearbox 
in Fig. 21 on this page. Power-speed curves on 
full throttle are shown for both engines in Figs. 18 
and 19. 

Dealing with the 4 M.V.B. model first, it will be 
seen from Figs. 13 to 15 on Plate LIX that the 
eylinder block is cast in one piece with the upper 
half of the crank-case, the starter being on the 
off side and the dynamo on the near side. The 
starter is housed in an extension of the rear 
supporting bracket. The carburettor and magneto 
are both on the off side of the engine, the 
magneto lying at an angle in an extremely acces- 
sible position high up on the engine, and driven 
by skew gearing. A fine adjustment is provided 
by means of a collar locking a spliced shaft. The 
drawing shows the dynamo as being belt driven, 
but in the latest model a chain drive is adopted. 
The whole appearance of the engine is very neat. 
Referring to the two sectional views, it will be 
seen that the camshaft is gear-driven from the 
crankshaft, the tappets operating directly on the 

cams, the arrangement of the valves following 
normal practice. The cylinders have a detachable 
head, and combustion heads entirely free from 
pockets results from this practice, the sparking plug 
being almost central in each chamber. The car- 
burettor, a Zenith H.A., is bolted directly on to the 
cylinder block, the induction passage passing right 
through the cylinder block between the two central 
cylinders, and afterwards running parallel to and 
underneath the exhaust manifold making contact 
at three places; this gives three hot spots. The 
exhaust manifold is of rectangular section and 
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ribbed in the usual way for cooling. The exhaust 
and induction manifolds thus form one casting, 
which can be readily removed for cleaning. 

The oil pump is driven by spiral gear from the 
camshaft, and is of the gear type, situated below the 
permanent oil level in the base chamber. Both the 
crank and camshafts are of the three-bearing type 
with pressure feed from the oil pump. The cylinder 
lubrication is by trough in the usual way. The 
engine is 69 mm. by 100 mm. and, as will be seen 
from the power curve given in Fig. 19, develops 
25 h.p. at 3,000 r.p.m. 

‘Turning now to the 4 P.A. model, Plate LX, it 
will be seen that this differs in many particulars 
from the 4 M.V.B. The cylinder block is a separate 
casting from the crank-case, and has not got a de- 
tachable head. An excellent feature is that the 
holding-down bolts pass right through the block, 
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engine is of the plunger type, driven from the cam- 
shaft. Both the camshaft and crankshaft are 
of the two-bearing type. The timing wheels are 
skew-cut gears and the fan is driven by belt from a 
pulley on the crankshaft. Both engines have die- 
cast aluminium alloy pistons. The engine is 66 mm. 
by 100 mm., and it will be seen from the power 
curve, Fig. 20, that it develops 20-4 h.p. at 2,760 
r.p.m. This engine has put up some most excellent 
performances and is a very interesting example of a 
somewhat unconventional design. If we may 
venture on the criticism of a detail it is that the oil 
filler, though in an excellent position, is totally 
inadequate in size. 

The firm of Gwynnes 


Engineering Company, 


Limited, are exhibiting two interesting models, of 
8 h.p. and 14 h.p. respectively, in their temporary 
in Hammersmith-road. 
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the nuts being in an exceptionally accessible posi- 
tion on top of the cylinders. 

In the earlier models of the engine rocking levers 
were introduced between the tappets and valves, 
but in the later model the tail of the valve ter- 
minates in a circular foot which bears directly on the 
cams. On this account the valve guides are made of 
unusual length and diameter. A somewhat novel 
feature of this engine is that on opening the tappet 
inspection cover the whole interior of the crank-case 
is exposed, and the valves cannot therefore be 
viewed while the engine is running. The starter is 
arranged in the same position as in the 4 M.V.B., 
the dynamo being positively driven by means of a 
roller chain in the timing wheel casing. The 
carburettor is mounted on the near side below 
the exhaust manfold, the induction system in this 
case being totally contained within the cylinder 
block. 

As a detachable head is not fitted the usual 
valve caps are provided for the removal and inspec- 
tion of the valves, and on this account the combus- 
tion chamber is not quite of such a clean shape as in 
the 4 M.V.B. model. For the same reason it has 
been necessary to mount the sparking plugs in the 
valve caps in the usual way. The oil pump in this 
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model has put up some excellent performances in 
the past year, including the winning of the Daily 
Chronicle cup in the R.A.C. 1,000 miles reliability 
trials. We illustrate this car in Plate LXI, Figs. 22 
to 24, and by Figs. 25.to 33 on page 578. The 
engine is 55 mm. bore by 100 mm. stroke, giving 
an R.A.C. rating of 7-6 h.p. As will be seen from 
the section, Fig. 25, the engine is a four-cylinder, 
overhead valve model, with the camshaft enclosed 
in the crank-case, the valves being operated by 
tappet rods in the usual way for this form of con- 
struction. The compression ratio is 4:7:1, and 
the crank-connecting rod ratio 3-76: 1. Aluminium 
alloy pistons are used with carbon steel rods. The 
gudgeon pin is locked in the connecting rod, the 
pistons being bushed to form the bearing. The 
valves are 3 per cent. nickel steel. The engine 
develops 20 h.p. at 3,000 revolutions per minute, a 
somewhat exceptional performance for such a small 
capacity. Ignition is by C.A.V. magneto, mounted 
on the near side of the engine, and an 8.U. carburettor 
is fitted on the off side, the induction pipe being 
water jacketed. Helical cut gears are used for the 
timing train. Both the crankshaft and camshaft 
are mounted in three bearings. The engine is fitted 
with a detachable head. The thermo-syphon cooling 
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system is well carried out, no fan being necessary. 
The outlet pipe at the top of the cylinders is of quite 
exceptional size, and it is probable that this has an 
appreciable effect in preventing local overheating. 
Lubrication is by pressure feed throughout, a 
gear pump being driven from the end of the crank- 
shaft. A priming chamber is arranged to ensure 
that the pump cannot run dry after the engine has 
been standing. 


adjustment. Provision is made in the rear axle for 
the speedometer drive. Side-by-side rear-wheel 
brakes are fitted, operated by steel cables. <A 
screwed adjusting rod is provided at one end of 
each cable, this being all that is necessary as the 
cables for both sets of brakes are continuous, 
starting at one wheel, passing forward through the 
compensator, and then returning to the other wheel. 
The cables make a somewhat sharp angle in entering 
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controlled by an automatic thermostat. The 
ignition is by two M.L. magnetos, with synchronised 
variable advance. Lubrication is by pressure to 
the main bearings and big ends with splash to 
the pistons and small ends. The camshaft bear- 
ings, cams and valve rockers are lubricated by 
pressure-fed supply through the hollow camshaft. 
Two 8.V. carburettors are fitted on the off side of 
the engine, bolted direct on to the induction pipe, 
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The clutch is of the leather-to-metal, reversed 
cone type. A three-speed gear-box is fitted, giving 
ratios of 14-25, 9-15, and 4:83 to 1, the reverse 
ratio being the same as. the first. A somewhat 
special feature of this car is the complete provision 
for relieving the springs of all torque stresses. 
The gear-box is mounted in an approximately 
central position, but really forms part of the rear 
axle unit, as it is rigidly connected to the torque 
tube. The whole of the rear axle unit formed in 
this way is anchored on a ball joint formed on a 
stiff arm which projects from the gear-box at the 
forward end, and on the off side of the box. The 
position of the control is optional, and when it is 
fitted on the right-hand side the control extension 
casing is mounted on a ball joint on the gear-box 
and is anchored by shackles to the side member of 
the frame, so that all stresses in the casing due to 
torque reactions are avoided. The gears are made 
of air-hardening, nickel-chrome steel. 

As will be seen from the illustration of the back 
axle, Figs. 31 and 33, this is of the semi-floating 
type, and is underslung. The final transmission is 
by spiral bevel. An interesting feature of this axle 
is that it is built up entirely of steel stampings, with 
the exception of the outer periphery of the central 
casing, which is a steel casting. The differential is 
of the two-pinion type. It will be noticed from the 
drawing that the bevel. pinion shaft is mounted in a 
separate sliding sleeve, which may be moved in and 
out by means of an internally-screwed distance 
piece, which is normally locked in position by the 
casing assembly bolts. The depth to which the 
pinion meshes with the crown wheel can, therefore, 
be adjusted by merely removing these bolts and 
turning round the collar of the-distance piece by 
means of a special spanner. A sight hole is pro- 
vided in the side of the casing to facilitate the 
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the compensator tube, and it would seem likely 
that they may wear out comparatively rapidly 
owing to a tendency to chafe through at this point. 

The radiator is of the honeycomb type, with a 
separate shell; petrol feed is by gravity from a dash- 
board tank, and the steering gear is of the usual 
worm type, with a complete wheel. The total weight 
of the car is 12 ewt., the wheel base being 7 ft. 3 in. 
and the track 3 ft. 6 in. 

A very interesting car to be seen at Olympia 
is the 3-Litre Bentley. Although this car is 
of very recent introduction; being first produced in 
1921, it has rapidly achieved recognition as a car of 
outstanding merit. The firm of Messrs. Bentley 
Motors, Limited, of Cricklewood, London, N.W.2, 
market a standard and a speed model chassis, which 
differ in a number of details. The chief differences are 
that the standard model has a longer wheelbase, 
a lower compression ratio, and lower gear ratios. 
Both models are distinguished by unusual speed 
capabilities, combined with smoothness in running 
and exceptional silence. We illustrate the sporting 
model chassis in plan and elevation in Figs. 36 to 
38, on page 584, and the engine in Figs. 34 and 35 
above. Dealing first with the engine, this is of the 
four-cylinder type, 80 mm. bore by 149 mm. stroke. 
The cubic capacity is thus 2,996 c.c. and the Treasury 
rating 15-9. There are two inlet and two exhaust 
valves in each cylinder, arranged in the head and 
operated by a totally enclosed overhead camshaft 
and rockers running in oil. Both crankshaft and 
camshaft are of the five-bearing type. The cam- 
shaft is driven by a totally enclosed vertical shaft 
through spiral bevels. The compression ratio is 
5-3:1, and the crank-connecting rod ratio 295 : 
149. Aluminium alloy pistons are used in conjunc- 
tion with nickel chrome steel rods. The valves are of 
stainless steel. Cooling is by pump circulation 
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the exhaust pipe being on the opposite side of the 
engine. The oil pump is driven by skew gears from 
the vertical shaft. 

The clutch is of the inverted cone type lined with 
Ferodo. The compensated withdrawal mechanism 
is automatically lubricated, and automatic lubrica- 
tion is also provided for the spigot bearing. 
The gear box forms a separate unit, four gears 
being provided, giving ratios of 3°78, 4°76, 5:77 
and 9-32 to 1. The gears are ground, thus giving 
very silent action. The rear axle is made of two 
pressings welded together, a large inspection door 
enabling the differential assembly to be withdrawn 
in one unit. The final transmission is by spiral 
bevel. No torque tube is provided ; the forward 
universal is of the two-pin type with plain bearings, 
totally enclosed and running in grease, and the rear 
universal is of the sliding block type. The spring- 
ing is semi-elliptic both front and rear. 


(To be continued.) 


Tue Burr Boox or Messrs. SELLS, Limirep.—The 
October issue of the ‘‘ Buff Book,’ the Trade and 
Commercial Directory for London, is now ready, and 
by an arrangement with H.M. Postmaster-General a 
copy of this issue will be delivered to every subscriber 


to the London Telephone Exchange system, The 
publishers are Business Telephone Directories, Limited, 
25, Lawrence Lane, London, E.C. 2. 
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THs Insrrrurron or Avromosine ENGInEERS.—Tho 
Gouncil of the Institution have made the following awards 
for papers read during the past session :—Crompton 
Medal: Awarded to Dr. Aitchison for his paper entitled 
** Light Alloys for Pistons and Connecting-rods.”’ Utility 
Prize (given by Col. D. J. Smith for the paper of greatest 
utility to the automobile industry) : Awarded to Dr. 
Aitchison for the above paper. Graduates Prize : 
Awarded to Mr. R. N. Aveline, of the Coventry Branch, 
for his paper entitled “ Carburation.” 
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ELECTRIC MOTOR-CONTROL GEAR AT 
THE BRITISH EMPIRE EXHIBITION. 


INCLUDED in the very complete collection of switch- 
gear shown at the British Empire Exhibition by 
Brookhirst Switchgear Limited, of Chester, are the 
direct-current ironclad panel, illustrated in Fig. 1, 
and the oil-immersed, hand-operated, alternating current 
control gear of Fig. 2, herewith. The former appa- 
ratus comprises a substantial ironclad casing pro- 
vided with glazed doors, carrying on top a dead- 
beat, moving-coil ammeter and having a switch- 
panel inside, on which are mounted an automatic 
shunt speed regulator, a solenoid type starter, a pair of 
overload trip coils, two contactors, switches and 
isolating equipment. The regulator permits of automatic 
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Fig. 1, 


variation of the speed of the motor under control by 
push button, The shunt regulating contacts A 
are arranged radially. The moving laminated copper 
brush is actuated by a ratchet wheel driven by one or 
other of the two solenoids according as it is desired to 
accelerate or retard the speed of the machine. The sole- 
noid type automatic starter and accelerator B possesses 
two interesting features in its movement and timing. 
Firstly, the fixed contacts are of carbon, mounted in 
stamped brass holders. Behind each carbon isa spring, 
which ensures thé requisite pressure between fixed and 
moving contacts. The moving contact consists of a 
bar operated by a single solenoid in such a manner that 
each carbon is approached with a direct butt movement. 
The bar presses the carbon home into the holder and 
a subsequent slight sliding motion tends to clean 
the contact surfaces. The second feature is the 
use of an eddy current retarder C in connection with 
the timing. The solenoid plunger, acting through a rack 


and a train of gears, causes an aluminium disc to revolve 
between the poles of an electro-magnet excited by the 
main armature current. The eddy currents generated 
in the disc exercise a braking effect upon it, and, further, 
through the medium of the gearing, on the plunger. 
Since this effect varies in direct proportion to the start- 
ing current, the retarder permits of the desired quick 
starting with light loads and slow starting with heavy 
loads. 

Either of the two independent overload trip coils D 
fitted, one in each pole, are sufficient to open both 
contactors E, The trips can be set to operate at from 
25 to 100 per cent. above full-load current. An 
oil dash pot time lag is also available. The con- 


tactors provide in themselves the no-volt feature. 
They are electrically interlocked with the starter so 
that the circuit cannot be closed unless the former is 
in the off position, 


The operating coil consists of 
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enamelled copper wire wound in layers, and im- 
pregnated. The terminals consist of built-in brass 
strips. By means of the double pole isolating switch 
current may be entirely cut off from all gear and 
interconnections within the pillar. The handle of 
the isolating switch is visible at the side of the 
panel in the figure, and is mechanically interlocked 
with the doors of the switchgear case so that they 
cannot be opened unless the isolating switch is off. 
The panel is well suited for controlling any motor- 
driven type of machine tool where automatic regu- 
lation to any speed together with frequent starting 
and stopping is necessary. In such a case, push 
buttons may be mounted on the bed of the machine, 
the panel being situated some distance away if desired. 

In Fig. 2 an A.C. motor starting pillar, with isolator 
and cover interlock, is shown. The construction com- 
prises a complete starting unit, circuit breaker, resist- 
ances, isolator, &c,, encased in a hollow assembly 


frame, together with a cast-iron hooded ammeter 
mounted on top of the latter. The three-phase start- 
ing unit is oil immersed, and is of the multiple switch 
design, the several switches being controlled by a 
ratchet handle. By this latter means the circuit 
breaker is first closed, and then the starting switches 
in correct sequence. A feature of the design is that the 
arrangement of the gear requires the starting operation, 
once commenced—by means of the top handle at the 
right-hand side of the panel—to be completed, or the 
circuit breaker will be tripped. The latter can only 
be re-set after a return to the off position, The cireuit- 
breaker is provided with a no-volt release and with 
three overload trip coils. These are free to operate 
either during starting or running and independently 
of the position of the ratchet handle. Three self- 
ventilating tubular resistances in a removable case are 
seen in Fig. 2, together with interconnections taken 
through the hollow assembly pillar. The two connec- 
tion boxes mounted at the sides of the casing are in- 
tended for the line and motor leads, respectively. Con- 
tained in the cast iron base is the isolating switch, 
the action of which is cqntrolled by the second handle 
mounted at the top of the pillar. This handle must be ~ 
moved to the off position before the covers can be re- 
moved. The interlock by which this is accomplished 
is the short bar at the left-hand side of the casing. 
The panel is suitable for motors up to 50 h.p. and 415 
volts. 


EVIDENCE FOR FATIGUE LIMITS. 


The Evidence for the Existence of an Endurance, or 
« Patigue” Limit in Metals and tts Determination.* 


H. F. Moors} and T. M. Jaspur.t 


Introductory.—The problem of the “fatigue” of 
metals under oft-repeated loading has been studied 
for some three-quarters of a century. This is not the 
place for even a brief summary of the history of this 
study, but at the beginning of this paper it is desired 
to call attention to a few of the outstanding develop- 
ments. 

Up to about 1895, the study of the fatigue of metals 
was based on the experiments of Wohler and the 
interpretation of his test data by Bauschinger and 
others. The concept of metal as essentially a homo- 
geneous, isotropic substance was generally current, and 
it was supposed to have a clearly-defined elastic limit, 
which if correctly determined would mark the limit 
below which an infinite number of repetitions of load 
would not cause failure. There was, however, a vague 
idea that some kinds of metal “‘ crystallized’ under 
repeated stress and became brittle. 

About 1895 the study of metal structure by means of 
the metallographic microscope began to be developed, 
and about the beginning of the twentieth century the 
well-known researches of Ewing, Rosenhain, and 
Humphrey and their discovery of “ slip bands ”’ threw 
light on the mechanism of fatigue fracture, and 
gradually led metallurgists, materials testing engineers 
and students of the mechanics of materials to recognize 
the basic difference between static failure of metal and 
the progressive failure which takes place under repeated 
stress. 

In 1910 Professor Basquin of Northwestern University 
read a paper before the American Society for Testing 
Materials, entitled, “‘ The Exponential Law of Repeated 
Stress.” In this paper he examined the data of 
repeated-stress tests then available and concluded that 
it was not certain that there was any limiting stress 
below which fatigue failure would never take place, but 
that a safer view for the user of metal to take was that 
stress and “‘ life’? of metal were given by a relation of 
the form S = B/N” in which S is the fibre stress (in 
lb. per sq. in.), N is the number of cycles of stress to 
cause failure and B and m are experimentally-deter- — 
mined constants. Especially in the United States, his 
challenge to the current view has been productive of 
much discussion with a resulting broadening idea as to 
the nature of fatigue failure, and together with the 
growing use of alloy steels, heat-treated carbon steels, 
and high-speed machinery (especially the internal 
combustion engine and the steam turbine) has made 
clear the urgent need for further repeated-stress tests 
which should be carried to many more cycles of stress 
than were the tests of Wéhler and his successors. 

The S—N Diagram and the Endurance Limit.—During 
the period of the study of the fatigue of metals the 
machine designer and the structural engineer have 
always asked the question: ‘“‘ For any given metal is 
there a limiting stress below which the metal will not 
fail no matter how often the load is repeated, and if so 


* Read before the Engineering Section of the British 
Association at Toronto, on August 11, 1924. 

t Research Professor of Engineering Materials, 
University of I'linois, In charge of Investigation of the 
Fatigue of Metals. 

{ Research Assistant Professor of Engineering Materials, 
University of Illinois, Engineer of Tests, Investigation 
of the Fatigue of Metals. 
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what is that stress for each of the common stress- 
carrying metals?” The only positive answer to this 
question is the answer of direct experiment, and it is 
evident that in the finite time available for any set of 
experiments the answer must always be a partial one. 
To the hoped-for limiting stress the name “ endurance 
limit” or “fatigue limit” is commonly given. 
psThe method of estimating the endurance limit of a 
metal from the data of repeated stress tests has been 
practically the same in all extended investigations. A 
series of tests is carried out on specimens of the metal, 
using various values of unit-stress (S) and noting for 
each unit-stress the number of cycles of stress (N) 
necessary to cause fracture. The test results are 
plotted with values of S as ordinates and values of 
N as abscisse, giving what in the United States is 
called an S-N diagram. This diagram may be plotted 
either to ordinary (Cartesian) co-ordinates, to logarith- 
mic co-ordinates, or to semi-logarithmic co-ordinates. 
The unit-stress for which the S-N diagram becomes 
horizontal is estimated from the diagram, and is 
reported as the endurance limit of the metal. Typical 
S-N diagrams for steel are shown in Figs. 1 and 2. 
The “ Elastic Limit”? and its Limitations.—In the 
days before the development of the metallurgical 
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Microscope, when metal was thought of as homo- 
geneous and isotropic, the elastic limit was conceived 
as having a definite value, and it was very natural that 
this elastic limit should be regarded as the endurance 
limit. Most discussions about the elastic limit have 
been confined to the discussion of methods for deter- 
mining it, and there has been very little discussion of its 
Significance—and of its limitations. In the light of 
present-day knowledge, the elastic limit seems unreli- 
able as an index of fatigue strength for several reasons : 
(1) The value determined as the elastic limit of a metal 
depends on the delicacy of the measuring instruments 
used, and on the precision of plotting of the stress-strain 
diagram ; (2) the value of elastic limit is affected by 
the initial quenching, rolling or forging strains in the 
metal, the amount of mechanical work which has 
been performed on the metal tending to adjust the initial 
Strains ; (3) the elastic limit changes value after a few 
cycles of stress are applied to a metal; and (4) in 
determining the elastic limit a minute defect in the 
metal has no appreciable effect on the value determined, 
whereas such a defect may have a very considerable 
effect on the value of the endurance limit. 

The elastic limit of a metal depends on the average 


behaviour of a considerable mass of the metal; the 
endurance limit depends on the behaviour of micros- 
copic portions of the metal. 


The Mechanism of Fatigue Breakdown of Metal.— 
Before discussing two proposed “ short-time ’? methods 


for determining the endurance limit, it seems desirable to 
give some attention to the phenomena of fatigue failure 
as shown by the metallographic microscope. 


The discovery of “‘ slip bands ” has been noted above, 
and the regular sequence of events in the fatigue failures 
first studied under the microscope was: (1) Appear- 
ance of slip bands within crystals, (2) spread of slip 
bands, (3) development of cracks, apparently from 
slip bands, and (4) spread and junction of these cracks 
tocomplete failure. Later single-load failures of metal 
were observed in which failure took place along the 
crystal boundaries, though this was an unusual failure, 
and the question was raised whether for such metals 
slip bands would occur before fatigue failure. Still 


later several laboratories both in England and in the 


United States observed distinct evidences of slip in 


certain ductile metals below the endurance limit as 
determined by long-time tests. 
that while slip and fatigue failure usually begin at about 


It seems to-day 


the same stress for wrought ferrous metals, they are 
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two distinct phenomena, and that possibly either may 
occur in a metal without the other. 

The Rise-of-Temperature Test for Endurance Limit.— 
Mr. C. E. Stromeyer* first used this rapid test for 
endurance limit, and it has been further developed by 
Putnam and Harsch,f and others. It consists’ in 
measuring with a delicate thermometer or a thermo- 
couple the rise of temperature which takes place in a 
specimen after a few hundred cycles of repeated stress. 
The lowest stress for which a temperature-stress diagram 
shows a well-defined change of slope is reported as the 
endurance limit. It seems probable that this test 
really determines not the beginning of fatigue fracture 
but the beginning of appreciable slip in the crystals of 
the metal. This slip causes a cumulative absorption of 
energy, with a resulting evolution of heat. However, 
for wrought ferrous metals this slip seems to take place 
under repeated stresses slightly below those at the 
endurance limit, and this test seems to give reliable 
results for sound wrought ferrous metal (up to a Brinell 
hardness of about 375). 

The Running-Deflection Test for Endurance Limit.— 
Mr. Gough} of the National Physical Laboratory first 
used the running deflection test of a rotating cantilever 
beam for determining the endurance limit. This test 
consists in obtaining a load-deflection diagram for a 
rotating loaded cantilever beam, using successive 
increments of load and locating the endurance limit at 
the point of departure of the load-deflection diagram 
from a straight line. It seems to the authors that this 
test, like the rise-of-temperature test, determines the 
beginning of appreciable slip rather than the beginning 
of fatigue fracture. However, this test also seems to 
give reliable results for wrought ferrous metals. 

For non-ferrous metals, for cast metals, and for 
metals with many minute flaws the reliability of the 
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* Memorandum of the Chief Engineer of the Man- 
chester Steam Users’ Association. 1913, 2 

+ Bulletin 124, University of Illinois, Engineering Ex- 
periment Station, 

{ “Improved Methods The 
Engineer, August 12, 1921. 
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running-deflection test, and of the rise-of-temperature 
test has yet to be proven. 

Short-Time, High-Stress Tests for Fatigue Strength.— 
Under the urge of commercial necessity, the fatigue- 
resisting qualities of metals have sometimes been 
judged from the results of high-stress tests, using the 
same stress for different metals, and using the “‘ life ”’ 
of specimens as an index of fatigue strength. Such 
tests have proven quite unreliable even as comparative 
indices of the ability of the metal to withstand millions 
of cycles of working stress. As an illustration may be 
mentioned the comparative results for ordinary cold- _ 
drawn steel and normalised high-carbon steel. Under 
cycles of high stress the cold-drawn steel gives the 
longer life. Under long-time tests the normalised 
high-carbon steel gives the higher endurance limit. 
Under this head would be grouped various repeated 
impact tests which have been proposed. These tests 
may have value as acceptance tests for steel which has 
to withstand occasional abuse, but they certainly do 
not give any index of the endurance limit of a metal. 

The Charpy and the Izod notched-bar tests for metal 
have come into rather wide use in recent years, and 
are sometimes said to give an index of the fatigue 
strength of metal. A comparison of the results of 
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these tests with test results of long-time fatigue tests 
shows that whatever qualities in metal are indicated by 
notched-bar tests fatigue resistance is not indicated. 

Recent Investigations of Fatigue of Metals Using 
Long-time Tests.—The use of high speed machinery, 
and especially the development of the internal-com- 
bustion engine and the steam turbine, greatly increased 
the length of service required of machine parts, and it 
gradually became evident that further data of long- 
time tests of metals under repeated stress (especially 
of modern steels and non-ferrous metals) were needed. 
In 1918 the Engineering Foundation (United States) 
decided to finance an extensive series of repeated 
stress tests, and in co-operation with the National 
Research Council and the Engineering Experiment 
Station of the Univeristy of Illinois, began the investi- 
gation of the Fatigue of Metals, with which the authors 
are connected, and which has been in active operation 
since 1919, 

The original problem decided on by the Advisory 
Committee for the investigation by the National 
Research Council was the obtaining and studying 
of test data of a series of tests of typical steels 
with typical heat-treatments, and several specimens 
of each heat treatment of each steel tested were 
to be run to at least one hundred million cycles of 
stress. This original problem has been carried out, 
together with several other lines of investigation. 
During the progress of the investigation the following 
firms have co-operated in furnishing funds for the 
investigation :—General Electric Company, Western 
Electric Company, Copper and Brass Research Asso- 
ciation, Allis-Chalmers Manufacturing Company. To 
date, the total amount contributed to this investigation 
is about 100,000 dols. 

About the same time as the starting of this investi- 
gation of fatigue of metals, there was started at the 
United States Naval Engineering Experiment Station 
an extensive series of long-time tests of steel under the 
direction of Dr. D. J. McAdam, Jr.* In these tests also 
values of numbers of repetitions as high as one hundred 
million were frequently used. 

Still more recently the United States Air Service has 
carried out extensive long-time tests of non-ferrous 
metals, paying especial attention to aluminium and 
magnesium alloys. These tests have been made at 


* « Endurance of Steel under Repeated Stress.’* Chem, 
and Met. Eng., December 14, 1921, “ Endurance Proper- 
ties of Steel.” Proc, A. S. T.M., vol. xxiii, Part I, page 56. 
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the laboratories of the Air Service at McCook Field, 
Dayton, Ohio, under the immediate direction of Mr. 
R. R. Moore.* 

In the laboratory investigations carried on at the 
University of Illinois, long-time tests on the copper- 
tin-zinc alloys are now in progress, as well as tests 
on certain copper-nickel alloys. 

It is not intended to give the impression that the 
three investigations named above are the only ones 
being carried on in the United States. Certainly the 
work of Gillett at Cornhill University in connection 
with the United States Bureau of Mines, and the work 
carried on at the United States Bureau of Standards 
should be mentioned. However, the three investiga- 
tions named above have to offer as their special con- 
tribution a very considerable amount of data involving 
long-time fatigue tests of metals—fundamental data 
which it is necessary to have before it can be reasonably 
certain that there is an endurance limit for a given metal. 

A Brief Summary of Machines and Test Methods 
Used in the Investigation at the University of Illinois— 
To a testing engineer desirous of performing a large 
number of long-time fatigue tests of metals, it is 
obvious that a battery of inexpensive machines, 
simple to handle, and reasonably accurate, are necessary. 
Fig. 3 shows the diagram of the rotating-beam machine 
used for the basic tests of the investigation at Illinois. + 
Fifteen of these machines are in use. The specimen 
is shown in Fig. 4. The variation of extreme fibre 
stress over the middle 0-1 in. is only 1 per cent. The 
beam is rotated at the rate of 1,500 r.p.m. Dead- 
weights are placed in a hanger suitably located and 
supported by a spring. These 15 machines have 
completed about 70 machine-years of work. 

It has also become obvious that a correlation should 
be established between results obtained by the use 
of the above machines giving reversed bending stresses 
and results from other machines giving reversed 
shear, reversed direct stress, and cycles of stress 
repeated but not reversed. 

The following additional types of machines are in use : 

(a) A rotating-spring machine giving cycles of 
bending stress not completely reversed. 

(6) Two different types of direct-stress (tension- 
compression) machines giving, respectively, completely 
reversed stress and stress not completely reversed. 

(c) A reversed torsion machine giving torsional stress 
completely reversed. 

(d) An Olsen-Foster torsion machine giving torsional 
stress completely or partially reversed. 

A full description of these machines can be found in 
the bulletins on the fatigue of metals issued by this 
investigation. { 

In all the work performed by the investigation at 
Illinois the machines have performed a total of some- 
thing over 100 machine years of work during the 
five years in which work has been going on. More 
than 100 specimens have been run to 100,000,000 
cycles of stress or more. 

In addition to the fatigue tests there have been 
carried out the static and dynamic tests usually 
performed on metals—tension, torsion and compression 
tests, together with hardness, impact-tension and 
impact-bending tests. In addition a number of 
micro-photographic and magnetic tests have been 
performed for the purpose of studying the structure 
and the homogeneity of the materials used. 


(To be continued.) 


FRENCH AND IrariaAN DrstroyerRs.—The French 
destroyer Orage was recently launched by the Chantiers 
de Blainville. There are twelve other destroyers of 
the same class at present under construction. Her 
characteristics are: displacement, 1,434 tons; i.h.p., 
30,000; speed, 33 knots; radius of action at 15 knots, 
3,000 miles; oil capacity, 350 tons; length, 346 ft. ; 
beam, 32 ft.; draught, 10 ft.; armament, four 5-1-in. 
and one 2-9-in., (anti-aircraft) guns; six 21-7-in. torpedo 
tubes in two groups of triple mountings.—In Italy, the 
destroyer leader Tigere was recently launched at Sestri 
Ponente. Two other vessels of the same class are at 
present being built. Her characteristics are: displace- 
ment, 2,165 tons; i.h.p. 50,000; speed, 35 knots; oil 
capacity, 350 tons; length, 360 ft.; beam, 34 ft.; 
draught, 11 ft. 6in.; armament, 8-4-7-in. guns mounted 
in pairs along the centre line; two 3-in. anti-aircraft 
guns; and four 21-in. torpedo tubes in twin mountings. 
She is fitted as a minelayer and carries 60 mines. 
The French naval papers have compared the Tigere 
class with their own Jaguars of 2,360 tons; and armed 
with six 5-l-in. guns. They claim that their destroyer 
leaders are the more powerful; and, as usual, lay great 
emphasis upon the qualities of their latest 5-1l-in. guns, 
in which French experts seem to have great confidence. 


* « Resistance of Manganese Bronze, Duralumin and 
Electron Metal to Alternating Stress.’ Proc. A.S.T.M., 
vol. xxiii, Part II, page 105 (1923). 

+This machine is of a type used by Woéhler. The 
machine with two symmetrical loads and a uniform 
bending moment was used by Sondericker in 1892. This 
particular form is closely modelled on a machine used 
by F. M. Farmer in 1918. 

t Bulletins 124, 136 and 142 of the Engineering Mxperi- 
ment Station, University of Illinois. 


LETTERS TO THE EDITOR. 


«TECHNICAL COSTS AND ESTIMATES.” 
To tae Eprror oF ENGINEERING. 

Sir,—With reference to the review of the above 
which you kind!y published in your issue of Sept- 
ember 19 (page 433), I shall be grateful if you will 
allow me to say that similar opinions to these expressed 
in your review are contained in the book regarding 
oncost allocation. 

Oncost allocation is considered in the book generally 
and in detai! for different classes of labour and different 
manufactures, and guidance is given for segregation 
of these expenses either departmentally or for hand 
and machine sections (page 62). This agrees with the 
statement in your review that it would be sometimes 
misleading to combine hand and machine labour for 
oncost apportionment. 
cost method for oncost allocation, which, of course, 
includes money values, is shown by comparing a 
ship’s propeller of cast-iron with a bronze one for the 
same job, as the relative values may be taken as one 
to five (page 67). Although oncost actually incurred 
is practically the same in both cases, the oncost 
allocated by the prime cost method will be in the 
case of bronze almost five times that allocated for 
cast-iron. Apparently this example in the book has 
been overlooked by your reviewer. 

The principal oncost items—rent, taxes, insurance, 
depreciation, repairs, power, light and heat, and 
indirect Jabour—accumulate according to the time 
oceupied in actual manufacturing, as shown at page 66, 
and this agrees with the conclusion expressed at the 
end of your review. The labour cost method of 


oncost allocation is, however, trequently adopted for 


certain industries with satisfactory results where the 
classes of labour and wage rates do not vary greatly. 
The machine oncost rate (page 68) gives the greatest 
accuracy in oncost allocation for machine work, and 
this method answers most of the criticism contained 
in your review. Unfortunately the inclusion of the 
machine oncost rate in the book seems to have been 
entirely forgotten in the preparation of your review. 

T shall much appreciate your kindness in publishing 
these remarks. 

Yours faithfully, 
ANDREW MILLER. 
283, Crow Road, Broomhill, Partick, Glasgow. 
October 23, 1924. 


[While Mr. Miller is correct in his references, thus 
indicating that in his book he appreciates the dangers 
of a money basis for the apportionment of oncosts, 
we would point out that our reviewer was dealing 
with another and commonly applied method of appor- 
tionment—the direct labour basis—under which head 
Mr. Miller states that ‘“oncost in this method is 
applied in one rate regardless of the classes of labour 
involved, whether machine or hand labour, skilled or 
unskilled, journeymen or apprentices. It is found that 
in addition to the simplicity of this method of distri- 
buting oncost the results are generally very satis- 
factory.” Our reviewer's point was that this method 
is unsatisfactory and often prevents the obtaining 
of accurate technical costs—the subject of the book— 
for reasons stated in the review. As written, if would 
appear that Mr. Miller recognises the influence on 
oncosts when the value of material varies, but overlooks 
that same influence when differences in the cost of 
labour are involved.—Ep. E.] 


WateR LEAKAGE FROM THE UPPER Danuse.—About 
a dozen miles below Donaueschingen, where the name 
Donau (Danube) is first given to the river formed by 
the junction of several rivulets, the bed of the river 
is in some ways so cleft or permeable that most of the 
water disappears and the bed is practically dry in certain 
seasons. This is the so-called “* Donauversinkung”’ 
between Immendingen and Méhringen. ‘The water which 
vanishes in that reach seems to come up again near 
Aach, situated eight miles to the south-east of Immen- 
dingen and at a level 172 m. (564 ft.) below the river- 
bed. The ‘“ Aach Topf” is a natural vertical well in 
which the water rushes up at such a speed that it has 
so far not been possible to make reliable depth deter- 
minations ; the well is certainly more than 12 m. 40 ft.) 
deep. Since 1855 attempts have been made at different 
periods, the latest in the years 1922 to 1924, to prove 
the identity of the Danube and Aach waters. That a 
good deal of the Aach water comes from the Danube 
has undoubtedly been established by means of adding 
fluorescein and other salts to the Danube water, but 
the fluctuating quantitative relations are not settled. 
Geologically the district is covered by the limestones of 
the Suabian Jura, which are much fissured in parts ; 
water disappears at other spots as well, Politically 
both Baden and Wiirttemberg are interested in this 
problem, which has exercised geologists a good deal. 
Recently engineers have tak up the question, and 
various hydraulic projects are now under discussion. 
It is proposed to tap the Danube near Immendingen 
by a conduit, tunnel and open canal, which is to bring 
the Danube water with a head of some 560 ft. down to 
the Aach, where a hydro-electric station is to be erected. 


The weakness of the prime. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 
Tron and Steel—Judging from inquiries made this 
week at representative steel and engineering concerns, 
there appears to be no prospect of any general improve- 
ment in trading conditions until the feeling of unsettle- 
ment created by the Election Campaign is removed. | 
The outlook, however, is regarded with rather more hope 
than has been shown for the past two or three months. 
This attitude of qualified optimism is supported by 
industrial leaders like Mr. A. O. Peech, chairman of the 
United Steel Companies, Limited, the biggest combine — 
operating in this district, who told the shareholders 
on Monday that, though the steel trade has suffered and 
was still passing through the worst period ever experienced 
in its history, there had been a gradual and substantial 
improyement over the last four years, and he thought 
there was justification in looking with some confidence 
to the future. ‘‘ At any rate,” he added, ‘‘ there is no 
necessity to be unduly pessimistic.’’ One of the subsi- 
diary companies of this combine, the United Strip and 
Bar Mills, Limited, two years ago began operating a 
plant of the most modern type for the production of 
steel strip and steel bars on the American principle of 
continuous running and mass production. To a large 
extent this plant was laid down with a view to supplying 
foreign markets, but owing to European competition it 
has not been possible during the past year to operate 
either of the two mills concerned at more than one- 
third of their capacity. Makers of heavy machinery are 
suffering from excessive charges, in which heavy rates 
and taxes figure prominently, in competition for new 
business. A large amount of engineering plant is only 
partially employed, though substantial orders have 
recently been booked for railway buffers. Machinery 
and implements for British colliery enterprises are in 
active demand, and makers of special steels and fittings 
are getting a fair share of the orders placed by British 
automobile engineers. The lighter sections continue to 
be moderately employed, though business in excavating 
implements and in tools for road repair and construction 
is less robust than was the case three months ago. 


South Yorkshire Coal Trade.—The position has under- 
gone very little alteration during the past week. The 
drop in the export of best steams continues to be an 
outstanding feature, though foreign purchases are still 
absorbing the bulk of the output. The home demand 
is quiet, with a slightly upward tendency. Surplus 
stocks of cobbles, nuts, and inferior slacks are reported 
to be on offer below listed quotations. Business in 
housecoal shows a gradual expansion due to the growth 
in the seasonal demand. Quotations :—Best branch 
hand picked, 32s. to 35s. ; Barnsley best Silkstone, 26s. 
to 28s.; Derbyshire best brights, 26s. to 28s. ; Derby-_ 
shire best house, 23s. to 25s.; Derbyshire best large 
nuts, 21s, to 25s.; Derbyshire best small nuts, 15s. to 
17s. 6d. ; Yorkshire hards, 21s. 6d. to 22s. 6d. ; Derbyshire 
hards, 21s. to 22s.; Rough slacks, 12s. 6d. to 15s. 6d. 
Nutty slacks, 12s. to 14s. ; Smalls, 6s. to 8s. 6d. 


Ketty’s Direcrory or ENGINEERS.—We have re- 
ceived from the publishers, Kelly’s Directories, Limited, 
186, Strand, London, a copy of the 16th edition of 
‘“‘ Kelly’s Directory of the Engineers, Iron, Metal and 
Motor Trades,”? which was recently published. Although 
the previous edition, issued in 1922, was an exceedingly 
valuable reference book, the new one far exceeds it in 
usefulness. While it is considered that a representative 
page of the old directory, which contained 158 entries, 
had 32 of them deleted, because of the changed cireum- 
stances which have developed in the two years since 
its publication, and 58 new entries were made, it will be 
appreciated that every care has been taken to ensure 
accuracy and completeness. Classification of the entries 
into counties, subdivided into towns and villages, makes 
easily possible the finding of the address of any concern, 
while the classification under trade headings is exceed- 
ingly useful in the quest of firms doing particular classes 
of work. <A list of 10,000 proprietary names is given, 
as well as a key to the different grades of iron and steel, 
and a specification of the standard sections made by the 
various manufacturers. The volume must not be re- 
garded merely as a new edition, for the directory has 
been so much extended and so many changes have been 
made in it that it must be regarded as an entirely new 
production. The price of the volume is 45s., post free. 


WIRELESS Buacon Sration av Nasu Poryt.—We 
understand from the Marconi International Marine 
Communication Company, Limited, that the first experi- 
mental wireless beacon station to be installed in this 
country is now in operation at Nash Point, between 
Swansea and Cardiff, having been subjected to severe 
practical tests over a period of six months with satis- 
factory results. The installation consists of a Mareom- 
i} kw., quenched-spark transmitter which automatically 
and continuously transmits its own call sign, G K D, on a 
wavelength of 1,000 metres, the power used being suffi- 
cient to enable bearings to be taken by ships fitted with — 
the Marconi Marine direction finder at a distance of 
50 miles. It is pointed out in connection with this 
installation that, in many places, the existing land stations 
are not sufficiently numerous to meet the needs of ships 
desirous of obtaining wireless bearings. Furthermore, | 
the land stations having been erected primarily for | 
telegraphic purposes are not necessarily suitably located | 
for direction-finding work, and also, as they are 
constant communication with ships, much interference 
exists which may cause confusion when attempts are- 
made to take bearings. Hence the necessity for special | 
beacor stations operating on a particular wavelength 
and located in the most suitable positions for navigational | 
requirements. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 


The Cleveland Iron Trade.—Transactions in Cleveland 
pig iron continue on a very limited scale, but the restricted 
make is no more than meets current needs, and, as stocks 

_are understood to be fully sold, the statistical situation is 


in 


strong. Producers realising that little increase 
demand is required to create shortage of supply are 


inclined to take a firm stand, and express the belief 
that their efforts to stabilise prices is likely to meet with 
The outlook as regards export trade is not 
encouraging, but hope is entertained that home demand 
No. 1 is 85s., No. 3 g.m.b., 80s., Nos. 4 


success. 


will improve. 
foundry, 79s., and No. 4 forge, 78s. 


Hematite.—Unsatisfactory accounts continue to be 
given of the East coast hematite branch. Notwith- 
standing the considerably reduced make, the output is 
still more than sufficient for the market, and producers 
are handicapped by heavy unsold stocks. Under such 
circumstances it is not surprising to find prices still 
dropping, and there are rumours that more furnaces may 
shortly be put out of operation. Mixed Nos. are now on 
sale at 87s., and No. 1 is offered at 87s. 6d. 


Foreign Ore.—Imported ore is difficult to dispose of. 
Sellers base market rates on best rubio at 21s. 3d. ¢.i.f. 
— and would favourably entertain offers at rather 
ess. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
only very moderate demand. Good medium qualities 
are round about 25s. delivered here. 


Manufactured Iron and Steel.—The various descriptions 
of manufactured iron and steel continue in poor demand, 
and foreign competition keeps keen both at home and 
abroad. Continental iron bars, and semi-finished steel 
materials are still being sold for use here at prices much 
below rates at which local manufacturers can quote. 
Export prices are on lower levels than the following rates, 
which are named for home trade: common iron bars, 
12/.; iron rivets, 141. 5s.; packing (parallel), 91. ; 
packing (tapered), 12/.; steel billets (soft), 8/. 10s. ; 
steel billets (medium), 9/.; steel billets (hard), 97. 10s. ; 
steel rivets, 14/. 15s.; steel boiler plates, 13/.; steel 
ship, bridge and tank plates, 9/. 15s. ; steel angles, 91. 10s.; 
steel joists, 9/. 10s.; heavy steel rails, 91.; fish plates, 
13/.; black sheets, 132.; and galvanised corrugated 
sheets, 18/., to 187. 5s. , 


NOTES FROM THE NORTH. 
4 Guascow, Wednesday. 
Scottish Steel Trade.—The reduction in the price of 
Scottish manufactured steel intimated here last week 
ip has not resulted in a flow of new business, and indeed 
it cannot be said that conditions show any change 
whatever. The fact is very plain that consumers are 
in many instances not placing orders locally, and those 
who are offering the cheap Continental or English 
material are managing to pick up a goodly share of any 
business passing. Despite the reduction of 10s. per 
ton, the difference in quotations between the local 
makes and those brought into the district is so much 
that the inducement to neglect the local producer is 
very great. The latter will get his share again, but is 
getting weary of waiting. The black sheet makers are 
not only well booked ahead, but are still being offered 
quite a lot of fresh business in the lighter gauges. Heavier 
gauges are easier and an improved demand would be 
welcomed. Shipments are steady and large lots of the 
galvanised qualities are going overseas with regularity. 
The market quotations are as follows: Boiler plates, 
131. per ton; ship plates, $ in. and up, 9/. 15s. per ton ; 
and sections, 97. 10s. per ton, all delivered Glasgow 
_ stations. : 


Reduction in Price of Black Sheets—At a meeting of 
the Scottish Black Sheet Makers’ Association it was 
decided to follow the reduction in the price of steel by 
teducing heavy gauge sheets by a similar amount— 
10s. per ton. In the lighter gauges the reduction ranges 
from 10s. to 20s. per ton. 


_ Malleable Iron Trade.—The West of Scotland malleable 
iron trade remains very quiet, with only a moderate 
amount of dealing going through. Buyers are very 
difficult to find either on home or foreign account and 
7 the outlook continues clouded. The various makers 
- have decided to reduce prices by 10s. per ton and the 
current quotation for “ Crown ” bars is now 121. per ton 
delivered Glasgow stations. 


2 


Scottish Pig-iron Shipments.—The shipments of Scot- 
tish pig-iron from Glasgow Harbour for the week ending 
last Saturday, October 18, were 760 tons. Of that total 
594 tons went to foreign destinations and 166 tons 

coastwise. For the corresponding week of last year 
1,695 tons went overseas and 100 tons coastwise, making 
a total shipment of 1,795 tons. 


___Shipbuilding.—The Lloyd Triestino of Trieste have 
ete orders with The Clyde Shipbuilding and 
‘Engineering Company, Port-Glasgow, for two steamers, 
each of about 8,000 tons deadweight. Their speed will 
oe tt knots and the cost is said to be about 87,5000. 


_, Scottish Pig-iron Trade.—The pig-iron trade of Scot- 
land is practically without change and not only is the 
home demand very small, but that for overseas is likewise 
exceedingly poor. There are no signs of any improve- 

ae in the trade, and although some fair inquiries are 

_ oming along occasionally the resultant business is often 
_ below expectations. The upheaval in political 


affairs at present is not tending to make conditions any 
easier. Prices are dropping and the following are to-day’s 
quotations :—Hematite, 4/. 15s. per ton, delivered at 
the steel works ; foundry iron, No. 1, 4/. 15s. per ton ; 


NOTICES OF MEETINGS. 


Tur Puystcat Soctrery or Lonpon.—To-night, at 


yards. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade.—According to returns of H.M. 


less working days than was the case last month. 
than in August, amounting to 2,522,5021. 
2,409,5947. The average price per ton of the coal 


shipped at 24s. 1ld. was 2d. higher than in August, 


coals. The volume and value of the shipments made 
in August and September are shown below :— 


—_ August. September. 

From— Tons. | £ Tons. £ 
Cardiff 1,170,252 | 1,423,203 | 1,256,217 | 1,530,997 
Newport .-| 367,391 | 442,415 336,982 403,391 
Port Taibot ..| 158,740 183,379 144,617 164,726 
Swansea 248,268 360,597 286,567 428,388 
Totals 1,944,651 | 2,409,594 | 2,024,383 | 2,522,502 


Steam small coal shipped from Cardiff in September 


realised an average price of 17s. 2d. per ton, compared 


with 16s. 6d. in August, those shipped from Newport 
19s. ld. against 18s. 9d., at Swansea 17s. 7d. against 
17s. 8d., and at Port Talbot 16s. 1ld. against 17s, 5d. 
Steam throughs exported from Cardiff averaged 22s. 5d. 
against 23s., at Newport 20s. 5d. against 24s. 2d., at 
Swansea 19s. 9d., the same as in August; at Port 
Talbot 20s. 6d. against 21s. Steam large shipped from 
Cardiff averaged 27s. ld. against 27s., from Newport 
26s. 2d. against 26s., Swansea 25s. lld. against 
27s. 3d., and Port Talbot 26s. against 26s. 4d. Large 


anthracite shipped from Swansea, however, averaged 


42s. Td. against 41s. 2d., and small 23s. 5d. against 22s. 1d. 
Some big orders have been placed during the past week 
for Welsh coal for delivery over the whole of 1925. 
The Central Argentine Railways have contracted for 
400,000 tons of best Admiralty large on the basis of 
26s. f.0.b., which business has been followed by an order 
from the Midi Railways of France for 250,000 tons of 
coal and fuel over 1925. A special significance attaches 
to the French business, inasmuch as the original inquiry 
was for 155,000 tons, the order subsequently being 
increased by 95,000 tons, which suggests that the prices 
indicated were either lower than was expected, or that 
the French railway authorities are of the opinion that 
contract prices are likely to harden. The Midi Railway 
contracted for 30,000 tons of Monmouthshire large at 
22s. 9d. to 23s. 6d. f.0.b., 140,000 tons of through com- 
pared with an original inquiry for 80,000 tons at 17s. 6d. 
to 18s. 6d., and 80,000 tons of patent fuel at 24s. 2d. f.o.b. 
against an original invitation for 45,000 tons. Mean- 
while the general position of the market, though showing 
no appreciable alteration, has developed a better under- 
tone. Supplies of most grades are still in excess of the 
demand, but even so sellers are not so ready to modify 
their quotations as has been the case during the past 
couple of months. Best steam smalls are certainly 
firmer and less freely offered, with the best grades 
realising up to 15s. 6d., but if taken in conjunction 
with large obtainable at 6d. less. Best Admiralty large 
rules from 27s. to 27s. 6d. with Monmouthshires from 
23s. to 24s. 6d. and smalls from 11s. to 15s. 6d. 


BLACKBARROW HyDRO-ELECTRIC POWER SCHEME.— 
The 30-ft. fall at Blackbarrow on the River Leven, 
3 miles down from Windermere, already utilised for 
the supply of power, is: to be the scene of a new hydro- 
electric scheme proposed by the Barrow Corporation. 
There are already two dams, built in connection with 
existing works, and the new scheme will take advantage 
of the first. The head race from this dam is to be 
extended beyond the second dam, by which means a 
fall of 33 ft. will be secured, at a low expenditure. Three 
water turbines each capable of generating 500 kw. will 
be installed. In the event of shortage of water supply 
for the turbines, the Barrow power station, which can 
develop 7,000 kw., will augment the energy available 
It is hoped to provide current at a potential of 11,000 
volts for distribution to surrounding districts. 


Srupy or Brirish “ PerMirreD”’ ExpLosivEs.— 
While British coal mines have made more progress in 
the application of rock dust to prevent explosions than 
has been accomplished by American mines, they have 
not been so uniformly successsful in developing safe 
types of explosives. Tho Department of the Interior, 
through the Bureau of Mines, is to conduct tests for the 
English explosives testing station on British “ permitted ” 
explosives, to determine wherein they differ from the 
** permissible ’’ explosives approved by the Bureau of 
Mines for use in gaseous and dusty coal mines. This 
work is being done in pursuance of an arrangement for 
the exchange of information between the British and 
American mining Bureaus, and follows the recent visit 
of the Director of the Bureau of Mines to England, where 
he studied methods employed in that country for reduc- 
ing the risk of accidents in coal minos. 


and No. 2, 4/. 10s. per ton—both on trucks at makers’ 


Customs 2,024,594 tons of coal were shipped as cargo 
from the South Wales ports in September, compared 
with 1,944,651 tons in August, when there were three 


The value of the September shipments was greater 
against 


due chiefly to the increased values realised for anthracite 


5 p.m., at the Imperial College of Science, South Ken- 
sington, §.W.1. “‘ Underblown Pipes,” by D. Gunnaiya, 
M.A., and G. Subrahmaniam, M.A., with Demonstration 
by D. J. Blaikley. ‘On the Temperature Gradient in 
Gases at Various Pressures.’”’ By W-. Mandell, B.Se., and 
J. West, B.Sc. ‘‘ Vectorial Dimensions,” by J. F. 8. 
Ross, M.C., B.Sc. 


Tue InsviruTion oF MECHANICAL ENGINEERS.— 
To-night, at 6 p.m., at Storey’s Gate, S.W.1. “The 
Missing Pressure in Gas Engines,” and “‘ Heat Loss in 
Gas Engines,’ by Professor W. T. David, M.A., D.Sc. 


Tue Junior InstiruTion or ENGINEERS.—To-night, 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette : 
‘Powdered Fuel,” by Mr. F. F. Evans. Friday, Octo- 
ber 31, at 7.30 p.m. Lecturette: “* Audio-frequency 
Transformers,” by Mr. H. J. N. Riddle. 


Tue Instirurion or LHxecrricAL ENa@INEERS.— 
Monday, October 27, at 7 p.m., at Victoria Embank- 
ment, W.C.2. Informal meeting. Discussion on ‘‘ The 
Interconnection of Power Stations,” to be opened by 
the President, Mr. W. B. Woodhouse. 


Ture Institution oF CIviL ENGInEERS.—Tuesday, 
October 28, at 6 p.m., at Great George-street, 8.W.1. 
Extra meeting: Address by Mr. Edgar Crammond, 
“The Economic Position of Great Britain.” 


Tur Institute or Puysics.—Wednesday, October 
29, at 5.30 p.m., at the Institution of Electrical Engineers, 
Victoria-embankment, W.C.2. Lectures on “ Physics in 
Industry,” No. 7. “Electrical Precipitation,” by 
Sir Oliver Lodge. 

Tur Royan Awronavutican Socrry.—Thursday, 
October 30, at 5.30 p.m., at 7, Albemarle-street, W.1. 
“The R.Ae.C. Light Aeroplane Competitions,’ by 
Major J. S. Buchanan. 


Tur InstrtuTIoN or Locomotive ENGINEERS (LON- 
pon).—Thursday, October 30, at 7 p.m., at the Engineers’ 
Club, Coventry-street, W.1. Presidential Address by 
Mr. J. E. Anderson, followed by Lecture, ‘“‘ Solid Crank 
Axles for Locomotives,’ by Sir Henry Fowler, K.B.E. 


SPECIFICATION FOR Cast-IRoN Piston Rine Pors.— 
The Interim British Standard Specification for cast-iron 
piston ring pots (sand cast and chill cast) for Automobiles 
No. 5004, 1924, has now been published by the British 
Engineering Standards Association, and it contains besides 
specifications for permissible impurities in the metal, 
formule and instructions relating to testing. Copies 
may be had price 1s. 2d., post free, from the offices of the 
British Engineering Standards Association, 28, Victoria 
Street, London, 8.W. 1. 


InstrituTION OF Marine EncinreErs.—A visit of the 
members of the Junior Section of the Institution of 
Marine Engineers to the British Empire Exhibition 
has been arranged for to-morrow, Saturday, to give 
them the opportunity of seeing some of the interesting 
exhibits, including the model of the sliding cylinder, 
double-acting two-cycle Diesel engine on which Mr. J. C. M. 
Maclagan will read a paper on December 6, which will 
be after the Exhibition has closed. Meinbers are asked to 
assemble beside the big naval gun on the stand of Messrs. 
Vickers Limited, in the Palace of Engineering, at 3.0 p.m. 


Conrracts.—The civil engineering contracting depart- 
ment of Messrs. Sir W. G. Armstrong, Whitworth and Co., 
Limited, have secured a contract, the value of which 
exceeds £126,000, for the first section of the Shing Mun 
Valley Water Works Scheme for the Public Works 
Department of Hong Kong. The complete scheme, 
which is expected to cost about £2,000,000, will be 
undertaken in sections, and the first involves the con- 
struction of a small intake dam on the Shing Mun river, 
the building of conduits, and the boring of two tunnels 
having lengths of 2,000 ft. and 4,000 ft. Pipe lines 
will be laid to provide a supply of nearly 3,000,000 
gallons of water per day.—The Ransome Machinery 
Company (1920), Limited, are supplying the concrete 
mixers to be used in connection with the Sydney Harbour 
Bridge contract, undertaken by Messrs. Dorman, Long 
and Co., Limited. The. firm have also secured an 
order for 27 steam-driven concrete mixers, completo 
with engines, for the Central Indian Coalfields, through 
the India Office.—Messrs. J. Blakeborough and Sons, 
Limited, of Brighouse, Yorks, have secured an order 
for the supply of two Larner-Johnson valves, and a set 
of head gates in connection with the extensions to the 
Lake Coleridge (New Zealand) hydro-electric power 
scheme.—Messrs. Barber, Walker have ordered a com- 
plete duplicate set of winding engine parts for their 
Harworth Main colliery from Messrs. Vickers, Limited, 
of Barrow-in-Furness, and their associated company, 
the Metropolitan-Vickers Electrical Company, Limited, 
of Trafford Park, Manchester.—Messrs. Thos. W. Ward, 
Limited, of Sheffield, have secured the contract for the 
supply of five miles of 6 in. steel lap-welded screwed 
and socketed piping for export to the Attock Oil Com- 
pany, Limited, Rawalpindi, India.—The Foundation 
Company, Limited, acting on behalf of Messrs. Lafarge, 
have placed an order witn Vickers Limited, Barrow-in- 
Furness, for the first clinker-grinding plant, comprising 
tube mills, installed in this country in connection with 
the manufacture of Ciment Fondu.—We are informed 
that on the recommendation of Messrs. Merz & McLellan 
the Government of South Africa have placed an order 
for three 10,000-kw. steam turbines with Messrs. James 
Howden and Co., Limited, of Glasgow. 
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THE INDUSTRIAL MACHINE. 


THERE has grown up amongst a certain class of 
thinkers, and particularly amongst those who have 
some drastic remedy of their own for the betterment 
of the world, a tendency to liken the industrial 
system of to-day to some huge soulless machine. 
Wage-earners are considered as individually insignifi- 
cant details driven, like the teeth of gearing, to 
play their monotonous part in keeping the whole 
machine in motion. Their “daily round” is 
imposed on them by inexorable forces directed by 
a few men for the purpose of making wealth, 
which in turn is used to add further to the vastness 
and complexity of the machine. Such a conception 
of an industrial civilisation is as untrue as would 
be the description of a man in terms of the mechanics 
of his skeleton. No one will deny that there are 
certain cases of cause and effect to which the name 
of “economic laws” may be reasonably applied, 
but to suppose that such laws describe the whole 
of the forces which shape human civilisation is as 
foolish as to believe that the hopes, aspirations 
and emotions which go to make up the life of a 
man can be interpreted in accordance with the 
principles of thermodynamics or the laws of motion. 

The idea of the industrial machine owes its origin 
largely to the writings of the earlier economists 
like Adam Smith, who were at pains to show that 
certain principles underlay the production of 
corporate wealth, and that these principles could 
not be violated without danger to the community. 
The mechanistic conception of the industrial 
structure was also fostered by the advances in 
physical science during the last century, which 
developed a materialistic outlook on life, in accord- 
ance with which all phenomena were to be ex- 
plained in terms of matter and motion. Because 
we can tell by the laws of mechanics how a machine 
will move wheri any wheel is turned, and because 
chemical laws enable us to know what will happen 
when two substances are mixed together, it was 
assumed that a knowledge of the economic laws 
would be a sufficient guide as to the actions of 
men, in their relationships with each other. The 


facts of life, however, cannot be made to fit any 
such materialistic theory. The most important 
forces at work in the world cannot be measured 
in pounds, and breaking strains are mental rather 
than mechanical. 

As Dr. J. 8. Haldane pointed out in his recent 
presidential address before the Institution of Mining 
Engineers—an address which should be read and 
taken to heart by all those who hold administrative 
office—the mechanical conceptions of science break 
down irretrievably when we endeavour to apply 
them to life and conscious behaviour. Men, 
whether individually or in bulk, did not act as if 
solely impelled by their material interests. The 
British miners, of whom he was_ particularly 
speaking, would give loyal and efficient service, 
would face any danger, would forgive real or 
imagined mistakes, and would take the rough 
with the smooth, the bad times with the good, 
but what they would not tolerate was being treated 
as if they were mere tools. Neither high wages, 
nor welfare schemes, were sufficient of themselves 
to satisfy them, but only human and sympathetic 
treatment, as that of comrades in a common 
enterprise. It was one thing to make use of 
physical and economic knowledge, but quite 
another to regard this knowledge by itself as an 
adequate basis for management. The capital of 
a mining enterprise was its credit, and this depended 
on the mutually loyal service of all engaged in the 
enterprise. A working coal mine was not a mere 
outcome of what were called economic and physical 
conditions ; it was the result of human co-operation 
and comradeship using, in its own way, and at its 
own free will, the tools provided by scientific and 
economic knowledge. Unless the relationship of 
all concerned with the undertaking was one of 
mutual confidence and thoughtfulness for the 
interests of all, the enterprise would be unstable 
and its credit or capital would disappear. 

While we are in entire agreement with Dr. 
Haldane that the idea of the industrial machine 
may convey a totally false and dangerous impression 
of the mutual relationship of those who are engaged 
in industry there is a sense in which the metaphor 
may be justified. A machine may be regarded as 
something which uses energy for the production of 
useful output, and its perfection is judged partly 
by the quantity produced for a given consumption 
of energy and partly by its freedom from partial 
or total breakdowns. From this point of view any 
industrial undertaking may be fairly likened to a 
machine, the driving power being the human energy 
of the whole of those engaged in it, and the output 
being the wealth which is produced by this energy. 
That the energy should be, as it all too frequently 
is, largely dissipated by internal friction, and mis- 
understandings, or that the machine should stop 
altogether for want of mutual accommodation of 
its parts is deplorable in every way. The waste of 
energy due to internal friction can never be esti- 
mated in figures, for it is as silent as it is insidious, 
and the full effects of the losses caused by actual 
stoppage of any industry can never be accurately 
known. 

How some of this industrial waste might be pre- 
vented was the main theme of another recent 
presidential address, namely, that of Mr. Tom 
Westgarth before the North East Coast Institution 
of Engineers and Shipbuilders. That two presi- 
dential addresses, both dealing with the mechanism 
of industry should be delivered almost simultan- 
eously is significant of the place which the question 
holds in the minds of men in responsible positions. 
Whereas Dr. Haldane dealt broadly with the sym- 
pathetic spirit which must underlie the actions of 
all engaged in industry if happiness and prosperity 
were to be obtained, Mr. Westgarth devoted him- 
self more particularly to the practical means of 
ensuring that the wheels of industry should run 
more smoothly. Both, however, showed an 
enlightened understanding of the aspirations of the 
workmen, and an appreciation of the factors that 
mould their outlook, which are the first essentials 
to the successful direction of industry. Mr. West- 
garth held, as all do who are conversant with 
industry, that most of the industrial waste caused 
by strikes and lock-outs could be avoided by pati- 
ence and goodwill and by a greater effort on both 
sides to see things from the standpoint of the other. 
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Workmen were not always to blame, and many | Industries was raised in 1928 to 80 firms, which have 
employers failed to realise the effect on the work- | a total capital of 25 million pounds. ‘This association 
man’s mind of a constant fear of being out of work,| includes not only purely Egyptian firms but also 
or worse still, that his health, which is his capital,| those which are Egyptian from the legal point of 
should fail and leave him unable to provide for| view. In 1923 many concessions were obtained as 
himself and his family. ; the result of the propaganda work of the association. 
Among the causes of waste or inefficiency in the | Instructions have been sent by the Ministry of 
industrial machine mentioned by Mr. Westgarth| Finance to the various purchasing departments 
was the strict adherence of trade unions to the | advising them to give preference, where price and 
demarcations of work between individual trades. | quality are equal, to local products when contracts 
It would, as he said, be wiser and certainly more|are being considered. A decree was issued on 
economical in the long run, if a certain amount of | July 18, 1923, authorising the exemption from 
‘give and take ” could be exercised, but it must | import duty and quay dues of certain unspecified 
be remembered that the primary cause of demar-| goods when exported, provided they are manu- 
cation of work is not in any way malicious, but|factured in Egypt. A drawback of seven-eighths 
arises from a fear of unemployment or of having a|of the import duty was also granted on the re- 
hardly-won standard of living jeopardised by com- | exportation of raw materials, which had undergone 
petition from less skilled workers. Similarly, the |some process ‘of local manufacture. 
restriction of output, when adopted as a deliberate| As far as Joint Stock and Limited Liability Com- 
policy by a workman is much more frequently due | panies are concerned two of the Government 
to an honest desire to conserve employment for | regulations may prove a source of embarrassment 
himself or his fellows than to any wish to increase | to foreign concerns. These specify the inclusion 
the cost of production. That restriction of output | of an Egyptian on the Board of Directors and the 
is wasteful in the extreme and consequently in- | obligation to publish balance sheets in the news- 
jurious to the prosperity of an industry and all those | papers. We learn from a “ Report on the Economic 
who live by it, cannot be too strongly emphasised, | and Financial Situation of Egypt,” prepared for 
and as Mr. Westgarth said, an employer was just|the Department of Overseas Trade, by Mr. E. 
as much in honour bound to work hatd and do his} Homan Mulock, the Commercial Secretary at the 
best as anyone else. The man, whether employer | Residency, Cairo, what the effect of the Govern- 
or workmen, who did not do a fair day’s work for a| ment regulations has been. An attempt has been 
fair day’s pay, was no gentleman but a waster,| made by the three departments of the Government 
who endeavoured to live at the expense of others. | which are concerned with regulations regarding 
Mr. Westgarth looked to an extension of the] petroleum to introduce storage conditions of so 
system of payment by results to diminish industrial {drastic a nature that their application in their 
waste, and considered that the system could be| original form would have greatly curtailed all 
made to work most fairly and satisfactorily if the | activities and might, indeed, have terminated the 
workmen were represented by one of themselves | enterprise of the private firms concerned. Costly 
on the board of the company. There is a great | and non-productive adventures in search of Egyptian 
deal to be said for workmen-directors and a.great | oil, made by a previous government, have demon- 
deal to be said against. *As a rule, the workmen | strated that prospecting and exploitation work are 
themselves are not enthusiastic about having one | better left in the hands of private concerns and, 
of their fellows on the board, and are even suspicious | therefore, it is hoped that no legislation will be 
of the plan, while the position of the workman-|put into force that will hamper the legitimate 
director is by no means to be envied. The managing | activities of the Kuropean companies. Attempts at 
director of a firm should, if he does his duty, be|the control of the cotton industry have twice been 
quite closely enough in touch with the employees} made and have proved entirely abortive. The 
through the proper charinels to present their case application of the imposed regulations so upset the 
adequately to his fellows on the board, and he | system of the sale of cotton and hampered the work 
should be directly accessible to any workman or | of the ginneries, that the marketing of cotton was 
his representative when occasion demands. The | made almost impossible, and incalculable harm was 
ultimate solution of the industrial question will not, |done to the growers, whose interests the Govern- 
however, depend upon the minor details of the | ment hoped to protect and benefit. 
mechanism by which industry is carried on. It is British trade has been well maintained during the 
likely to lie in the direction of providing that the | period covered by the Report. In some types of 
wages of ¥the workers shall be proportional to goods an increased share of the business has been 
the prosperity of the industry in which they are|obtained by British manufacturers, especially in 
employed, capital and labour being partners in the metal goods and other items of engineering interest. 
net earnings according to an agreed scale instead | Imports of British iron and steel goods showed 
of either party striving to benefit itself at the | an upward tendency in 1923, but the same condition 
expense of the other. This principle has been| prevailed in the market for Belgium and German 
accepted by one of our largest industries and should | products. In other kinds of metal goods a slight 
be capable of extension. But to make this or any increase was shown in the British figures, while 
other system work satisfactorily requires the spirit | cast-iron pipes from France and industrial tools 
of honesty, human comradeship and goodwill which | and implements from Germany decreased. Satis- 
was so strongly pleaded for in both the addresses faction may be obtained from the figures for the 
to which we have referred, and on which the | importation of British internal combustion engines, 
future of the whole nation depends. which were double in 1923 what they were in 1922. 
In the same period the chief competitor, Switzerland, 
showed a decrease. The increase in the importation 
of motor vehicles, from 1,248 in 1922 to 1,543 in 1923, 
was principally due to the increased participation of 
the United States of America, who hold pride of place 
in both quantity and value. The French motor- 
cars imported were more than doubled during 1923, 
while British deliveries increased by 60 per cent. 
in number, but this was accompanied by a decline 
in value. British light cars have now made an 
appearance in the market, and it is hoped that they 
will command a ready sale in competition with 
the cheap-looking German models which are already 
available. Foreign competition in the coal-carrying 
trade is unfortunately on the increase. In view of 
the increased volume in 1922 and 1923 of arrivals of 
coal from the United Kingdom it is to be regretted. 
that more of this important trade. is not catered for 
by British shipowners. The long deferred extension 
of the port of Suez seems at last to be on the point 
of realisation. Tenders submitted from four firms, 
two of which are German, one Italian and one local. 
are at present under consideration, 


THE CO-ORDINATION OF RESEARCH. 

Witu the increase of independent agencies de- 
voted to scientific and industrial research, a corres- 
ponding need has arisen for co-ordinating their work, 
This need is considerable already, but both in this 
country and the Empire it is likely to grow larger. 
The State is now spending substantial sums on 
research, but they are only a small percentage of 
what, in the United States, is being spent regularly 
every year, and has been spent for many years past. 
The American expenditure has not been incurred 
from reasons of sentiment. It was initiated and is 
being continued because in the judgment of that 
sagacious and successful manufacturing country, it 
is the best possible means of ensuring the progress 
of industry, and the constant accretion of fresh 
knowledge by means of which such progress can be 
made. The course of American industries has 
shown nothing to discredit this belief, or to dis- 
courage the best informed opinion in American 


to it. 

The United States has far greater natural re- 
sources than this country, and could much better 
afford the extravagance of using them inefficiently, 
to check which is a main purpose of research, than 
can our own much poorer and more densely-popu- 


United States is among our keenest competitors ; 
the ultimate industrial revival of Germany will 
undoubtedly reinforce her settled policy of scientific 
research ; and other manufacturing countries, such 
as Japan, are increasingly adopting the same line 
of action. No Washington Conference is likely to 
be called to discuss a world-wide reduction in indus- 
trial armaments ; and this country will be bound 
to accept the alternative either of increasing the 
assurance of progress that lies in adequate research, 
or of accepting the inferior position and standard of 
life that must result from neglecting it in the pres- 
ence of better equipped competitors. 


more rapidly, and an aspect of the annual report 


Research to which special attention should be given 
is that relating to its efforts in this direction. This 
is the more desirable because such efforts, if rightly 
conceived, do not lead to results that are necessarily 
striking or even obvious. The theory of State 
action that the Research Department adopted at 
the outset and has constantly maintained is that the 
State should do the least it can on work other 
agencies could do equally well, and the most it can to 


By its constitution, the Department’s entire pro- 
ceedings are taken under the advice of a Council 
which is formed, recruited and renewed from outside 
the Civil Service. 

On every important subject with which it has 
to deal this Council sets up a Committee, re- 
presenting the highest scientific and industrial 


instigated the formation of Research’ Associat:ons 
with the express provision that its financial aid 
and its share in their control must be regarded as 
only temporary, to cease at the end of a short term 
of years, and to be given only when a sufficient 
prospect is shown that at the end of the term the 
industry itself will be able and willing to under- 
take and continue the work without the help of the 
Department. Many other Government °Depart- 
ments have need of scientific research ; and the 
Research Department has now instituted and got 
into successful working a system of Co-ordinating 
Boards, by which the work of each other Depart- 
ment is made available as far as possible for all 
Departments. It. has instituted a Records Bureau 
in which, the details of its own work are placed at 
the disposal of all bodies and persons concerned, 
together with such communications as it receives 
from Dominion and foreign Governments and other 
bodies. Yet, it may be doubted whether these 
several and far-reaching arrangements are recog- 
nised generally at their full value in the organisation 
of research. 

Tt is to be hoped, nevertheless, that this apparatus 
of co-ordination, the results of which appear to have 
been eminently successful as far as they have gone, 


EGYPTIAN GOVERNMENT HELP TO 
THE COUNTRY’S INDUSTRY. 


Tue tendency of governments in many countries 
to attempt to extend home production and reduce 
their dependency on supplies from outside their 
territory, has now become one of the characteristics 
of Egyptian development. Public assurance has 
already been given by the first Egyptian Cabinet 
responsible to a Parliament, of its support of the 
efforts of an industrial association formed for the 
advancement of home trade and including in 
its membership representatives of some of the 
largest local manufacturers. In many other ways 
they have indicated by their actions the desire to 
extend home activity, whether promoted by Euro- 
pean enterprise or not. Existing monopolies and 
concessions have been the cause of limited action 
so far, but it is unlikely that others will be easily 
established under the new conditions, 

The membership of the Association of Egyptian 


lated country. In export markets, moreover, the 


industrial circles from continuing to give effect — 


With the increase of the extent of the work the 
importance of co-ordinating it will -increase still 


of the Department of Scientific and Industrial 


stimulate such agencies into appropriate action. — 


opinion that can be obtained in the country. It has— 
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will not stop where they are. An extension, for 
instance, that seems obvious is that the function of 
the Records Bureau as a passive receptacle for 
acquired knowledge should be supplemented by an 
active function of directing the attention of the 
industries concerned to such results as would 
interest them if they were brought to their 
knowledge. 

No doubt in the long run most of such results 
would filter into industry, in the same way as in 
the long run results obtained in foreign industries 
reach those of our own country. As a matter 
of practical business, however, the lag that neces- 
sarily attends this slow and irregular filtration of 
knowledge is a grave handicap to industry. No one 
who is familiar with the course of business, parti- 
cularly in recent years, can doubt the advantage of 
an early start in any fresh development, and this 
advantage may easily, and even probably, be lost 
if an industry has to find out for itself what 
accessions of practically useful knowledge have been 
received. Such accessions do not come by them- 
selves, unmixed with information of less or no 
immediate value. They are more in the nature of 
ores or gems, in seeking which most of the material 
that miners have to get may be valueless except as a 
vehicle for what is precious, and considerable labour 
is required for sorting it out before the valuable 
products can be obtained. 

It would, no doubt, be costly to add this active 
function to the present passive organisation of the 
Records Bureau, and it is quite intelligible that, with 
the several successive reductions that the Depart- 
ment has had to make in its budget during the past 
few years, the present replacement of a small part 
of the funds it had surrendered may still leave it 
without the means of incurring any expense it can 
avoid. It is, however, to be hoped that, when its 
circumstances permit, it will consider the possibility 
of communicating to industries those results that 
seem likely to be of immediate consequence to them, 
instead of letting them wait till they have dug them 
out for themselves from the large volume of results 
having no immediate industrial importance with 
which they are necessarily intermixed. From 
another aspect it seems desirable that the dis- 
semination of material such as is collected in the 
_ Records Bureau should involve live communication 

between the parties whom it concerns. Those who 
have attended congresses have often had occasion to 
note that their most useful work was done in the 
smoking rooms of the hotels after the day’s official 
work was over. In these informal meetings those 
who had heard the papers of the days were able to 
get much nearer the heart of the subject and of 
each other’s difficulties than they could in a more 
general and formal discussion. Where any parti- 
cular bodies having different interests are repre- 
sented, a more intimate exchange of opinion and, 
in the thermal sense, a more efficient regeneration 
of experience is to be obtained by such live inter- 
course than by merely consulting an inanimate 
clearing house. 

A particular instance of the need for such living 
intercommunication presents itself in the case of 
the Dominions and Colonies. The settled policy of 

the Research Department has been to avoid, 
wherever possible, undertaking work for Oversea 
Governments, while offering its sympathetic co- 
operation in whatever research work such Govern- 
ments might undertake for themselves. If the 
results of such researches as may be made in 
pursuance of this policy are to be felt over here, if 
those who are charged with them are to have the 
full benefit of such relevant knowledge as has been 
accumulated in this country, some better means 
will be required than the mere exchange of official 
letters and reports. Dominions are represented in 
London by High Commissioners, and the functions 
of these officers extend not only to political but to 
industrial subjects. It is no disparagement of the 
distinguished persons who may fill these offices to 
Say that individually they are not likely to have 
technical knowledge, and the usefulness of a High 
Commissioner might well be increased if he had on 
his staff some one in the nature of a technical 
attaché, familiar with the conditions and difficulties 
of his own land, and able to take and give expert 
account of the results obtained in each country. 


THE SAFETY OF LIFE AT SEA. 


OnLy by having the average density of its hull, 
machinery and load less than that of water, can a 
ship be made perfectly unsinkable. When wood 
was the material of hull construction a close approxi- 
mation to absolute security was obtainable, but as 
long as steel must be used for the hull, the degree 
of safety is determined by the resultant effect 
obtained from a series of conflicting conditions 
and thus may vary within wide limits. The risks 
cannot be completely removed ; they can only be 
minimised. Watertight sub-division has made it 
possible to confine the flooding of a damaged ship 
to the region of the injury, and thus save the ship 
or give enough time, when the vessel is certain to 
founder, to call by wireless the help of ships in the 
vicinity and to enable the passengers to take to the 
boats. As a last resort lifeboats and buoyant 
apparatus must be provided, so that the passengers 
and crew may have security until help arrives. 
Of recent years the demand has been made for boats 
for all. When the possibility of a fire on board 
ship is contemplated, the necessity for boats for all 
becomes strikingly apparent. Provision of boats is 
not the only problem, however, which the ship- 
owner and shipbuilders have to contend with, as 
the boats must be stowed in such a way as to limit 
the obstruction on the deck and yet be instantly 
available in times of necessity. 

A new series of Statutory Rules and Orders 
relating to life-saving appliances was placed on 
the tables of both Houses of Parliament on August 6 
and as the prescribed period of 40 days has now 
elapsed, these Rules will take effect. The new 
regulations come fully into force on July 1, 1925, 
and prior to that date shipowners will require to 
make the necessary additional provisions, which 
the Rules enforce. Ships are classed under the 
two headings of “ Foreign-going” and “ Home 
trade” for the purpose of the Rules. For each class 
a minimum number of davits, a minimum number 
of open boats and the smallest aggregate capacity 
of lifeboats in cubic feet are specified on a basis 
of the length of the vessel. For ‘‘ Foreign-going ” 
ships the Board of Trade have reserved the right to 
require in place of davits, or in addition to them, 
other forms of launching appliances in cases when 
it appears to them necessary, having regard to the 
height at which the boats are carried above the 
centre of the load line disc and to other circum- 
stances. In cases where the lifeboats on davits 
do not furnish sufficient accommodation for the 
total number of passengers, arrangements must be 
made to the satisfaction of the Board of Trade for the 
carrying of additional lifeboats in such a way as not 
to impede the prompt handling of the boats, buoyant 
apparatus, or the marshalling of the people on board 
at the launching stations. It is provided that, as 
far as practicable, one additional lifeboat may 
be carried under each set of davits and others may 
be stowed on the deck, bridge or poop so as to be 
available for use on either side of the ship and to be 
so secured that they have the best chance of floating 
free of the ship if there is no time to launch them. 

In addition to the lifeboats specified as necessary 
for the number of passengers carried, ‘ Foreign- 
going ”’ passenger ships are required to carry buoyant 
apparatus of approved design, sufficient to support 
25 per cent. of the total number of passengers which 
the ship is certified to carry, Not only is this an 
important provision, which demands the immediate 
attention of the shipowners, as by next July the 
complete equipment must be available, but the con- 
ditions of the use of buoyant apparatus have been 
recognised and it must be capable of being thrown 
from the deck,.of the vessel on which it is stowed. 
This is a requirement that necessitates much greater 
strength than was formerly the case with buoyant 
apparatus. Under the old regulations, which only 
affected the ‘‘ Home trade” a drop of 20 ft. was re- 
garded as sufficient. Now the buoyant apparatus 
must be capable of being thrown into the sea from 
a much greater height, something of the order of 
three times that value, in fact. The constructors 
have tackled the problems of new designs to meet 
the additional requirements, and recent tests have 
shown that success has been attained. 

The changes made in the regulations for the first 
class of ‘‘ Foreign-going ”’ vessels are those to which 


we have already referred, but it must also be 
recognised that. new conditions are imposed for 
every class of vessel down to motor boats, which 
have passenger certificates. As there are four 
classes of ‘‘ Foreign-going’’ ships referred to in 
the new rules, as well as twelve classes of ships for 
“ Home trade,” it will be apparent that all the re- 
quirements cannot be dealt with in a short article. 
The most exacting case has been referred to in a 
general way. For the complete details of the 
requirements for this class and the other classifica- 
tions, reference must be made to ‘** Statutory Rules 
and Orders, 1924, Merchant Shipping. Preven- 
tion of Accidents :-—Life Saving Appliances,” which 
can now be obained from H.M. Stationery Office. 


NOTES. 
FRrANcr’s LarGE SUBMARINES FOR Convoy Duty. 


SupMaRtines bigger than the British L class 
and smaller than the K class but more powerful 
than either in torpedo armament, have recently 
been launched in France. It would seem as though 
this class of submarine were intended for coastal 
defence and commerce protection. A great many 
naval officers now believe that overseas convoys 
of merchant ships can be protected, and brought 
into port, in the teeth of opposition from surface 
cruisers, if they are defended by an escort of sub- 
marines with a powerful torpedo armament. The 
problem is at present in its infancy ; and it would 
seem as though this French type were designed as 
the first step towards its solution. If any submarine 
with the same tonnage as the Souffleur were in- 
tended for commerce destruction, she would un- 
doubtedly be given a far more powerful gun arma- 
ment. The submarine Souffleur, launched at 
Cherbourg, is of the Requin type, which comprises 
six boats in all. Her characteristics are: Displace- 
ment, 1,082 tons on surface, 1,388 tons submerged ; 
ih.p., 2,900 on the surface, 1,800 submerged ; 
speed, 16 knots on the surface, 10 knots submerged ; 
endurance, 7,000 miles at 9 knots ; length, 257 ft. ; 
beam, 22 ft.; draught, 15 ft.; armament, one 
3-in., nine anti-aircraft guns, with ten 21°7-in. 
torpedo tubes. 


Tue Moror InpustRy. 


At the annual dinner of the Society of Motor 
Manufacturers and Traders, which was held on 
October 16 to coincide as usual with the opening 
of the Motor Car Exhibition at Olympia, the 
President, Col. J. Sealy Clarke, gave some interest- 
ing figures indicating the magnitude which the 
industry has attained. The Society now comprises 
95 British manufacturers of private motor cars, 90 
British manufacturers of commercial and public 
service vehicles, 700 manufacturers of components 
and accessories, 100 concessionaires for the sale 
of foreign cars and some 1,400 firms engaged directly 
in the retail motor business. The total number of 
motor vehicles, excluding motor cycles, registered 
in this country is now 712,900, compared with 
247,800 in 1919. Even so, we have only about one 
motor vehicle, including cycles, to every 40 of our 
population, as compared with one to .every seven 
in Ameri¢a, ‘The increase in the number of motor 
lorries, as compared with the 1914 figures, is about 
50 per cent. Intimately connected with the ques- 
tion of the extended use of motor vehicles is the 
condition of the roads. Sir Henry Maybury, deal- 
ing with this point, expressed the hope that the 
heavier vehicles would soon be generally shod with 
pneumatic tyres, as this would have a very beneficial 
effect on the expense of road maintenance. The 
encouragement given to the more extended use of 
such tyres by the War Office conditions for grant- 
ing subsidies to approved vehicles, would no 
doubt help to save the roads. The main and 
subsidiary roads of Great Britain aggregated 
175,000 miles, in length and in spite of all the 
efforts which the Ministry of Transport were 
making, the modernisation of such a length of 
roads would take many years to accomplish. New 
roads also were wanted, and the first job of the 
new Traffic Committee would be to do something 
to improve road transportation in the London 
Dock area. Sir Henry further mentioned the 
necessity of taking steps to construct a tunnel under 
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the Thames east of London. This would be a 
costly undertaking and it would need many years 
to carry out, but it was our duty to take a long- 
sighted view and to commence the work before 
conditions became even more difficult. 


Tur TREND oF BortEeR Dzsten. 


The paper read by Sir James Kemnal before the 
Institute of Marine Engineers on October 21 on 
“Present Tendencies of Steam Generation” left 
no doubt as to the attitude of the author towards 
the use of higher steam pressures than are usually 
employed. In view of Sir James’s unrivalled 
experience in the construction of boilers, it is 
reassuring to find him whole-heartedly in favour 
of the present tendency to increase the pressures at 
which steam is generated. The higher thermal 
efficiency, which was thereby obtained, involved, in 
his opinion, no reduction in safety, provided that 
the construction of the boilers and their accessories 
was carried out by makers with a full knowledge of 
the art, and that proper care was taken to ensure 
the best material and workmanship. He pointed 
out that the ultimate tensile strength of steel 
rose until a temperature of 300 deg. C. was reached ; 
this corresponded to saturated steam at a pressure 
of over 1,200 lb. per square inch. Furthermore, 
factors of safety of four or five, as normally employed, 
actually gave a greater margin of safety when 
applied to super-pressures. When working at 
200 lb., for example, a factor of safety of five gave 
an ultimate permissible pressure of 1,000 lb., and 
to reach this was within the bounds of possibility. 
With a working pressure of 1,000 lb., however, 
the same factor of safety gave an ultimate safe 
pressure of 5,000 lb., which was almost certainly 
higher than could possibly be obtained with steam. 
Most of the extra-high-pressure boilers built or 
under construction had been of the Babcock and 
Wilcox type, which was specially suitable for such 
pressures. Amongst the boilers illustrated by 
Sir James Kemnal were those being installed at 
Langerbrugge to work at 800 lb. pressure with 
steam superheated to 750 deg. F., the 1,200-lb. 
boilers being installed at Boston, Mass., the 500-lb. 
boilers at the North Tees station, and others. He 
mentioned that the latter had now been working 
for three years without trouble. The most striking 
plant, perhaps, which he illustrated was a boiler 
which his company were about to construct for a 
power station on the Continent. This boiler will 
have 27,000 sq. ft. of heating surface, and will 
generate normally 220,000 lb. of steam per hour at 
650 lb. per square inch. Sir James expressed the 
opinion that modern boiler and turbine practice 
enabled steam installations to compete in operating 
costs with oil engines for marine purposes, while 
the steam plant would give greater reliability and 
ease of handling. 


THE FoRMATION oF IGNEOUS RooKs. 


If the geologists, who are able to tell the engineer 
and miner where to look for water, salt, ores and 
oil, could also explain the conditions under which ore 
deposits and metalliferous veins were formed, the 
metallurgist might conversely learn how to con- 
centrate and to melt or electrolyse his ores. The 
joint discussion on the Physical Chemistry of 
Igneous Rock Formation, held on Wednesday 
last by the Faraday Society and the Geological 
Society, unfortunately did not help the metallurgist 
much. Several of the ten very interesting papers 
discussed referred to ores, notably that by Professor 
J. W. Gregory on ‘“‘ Magmatic ores.” But these 
problems, like many petro-genetic problems, remain 
controversial, though their study goes back to the 
end of the eighteenth century. Under ordinary 
conditions a solution and a melt are easily dis- 
tinguished. When we have to deal with the 
high pressures and temperatures of the interior 
of the earth, the distinction becomes vague. The 
definition of a magma as a molten rock material will 
generally be accepted. But what magmatic ores 
are, is not so clear. Professor Gregory would limit 
the term to metalliferous ores formed during the 
direct consolidation of igneous magmas. Reviewing 
some notable ore deposits, the gold quartz veins of 
Victoria, the chromites of Rhodesia, the iron ores 
of Sweden, the nickel-copper ores of Sudbury, 
Canada, and the intensive pyritic massives of the 


Rio Tinto from this point of view he came to the 
conclusion that most of these deposits were formed 
from solutions, though the waters which deposited 
the primary ores were probably magmatic. As 
regards the Sudbury sulphidic ores in particular, 
which were'supposed to be due to gravitational differ- 
entiation in the still plastic magma, precipitation 
is now generally conceded to have had a part in their 
genesis. Much was said at the meeting in praise 
of the excellent work done in the Geophysical 
Laboratory of the Carnegie Institute at Washington. 
No geophysical research is at present conducted 
over here, though James Hall, of Edinburgh, 
Dr. Flett stated in the introduction to the dis- 
cussion, may be said to have laid the foundation 
of this science. Something might be done at 
moderate expense, even at relatively low tem- 
peratures and pressures in ceramic and metallurgical 
works, where the information gained would otherwise 
be useful. At the extreme temperatures and pres- 
sures to be considered, volatile products, water in 
the first instance, would be very important factors, 
though the final rock need not contain these elements. 
We know also very little about the contraction of 
solidifying metals and melts, and their other 
properties. Mr. Cosmo Johns and _ Professor 
Desch drew attention to these features. The 
latter pointed out that fused metals and ‘silicates 
differ strongly as to association, viscosity and other 
features, and he doubted that silicates could 
diffuse through rocks, as distinct from percolating 
through fissures in them. 


THE PARKER LOW-TEMPERATURE 
CARBONISATION PLANT. 


THE Fuel Research Board has lost no time in 
using the powers recently entrusted to it by the 
Government ,to make tests at the public expense 
of, plants for the low-temperature carbonisation of 
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bituminous coal. The extent, however, to which 
public funds are concerned in such tests is limited 
to the actual work of the Board’s staff in super- 
vising the trials and in making determinations of 
samples in the Board’s laboratory. The whole of 
the works expenses in running the plant, taking 
measurements under the supervision of the Board’s 
officers, and the like is borne by the owners of 
the plant, generally on the lines usual with the 
much less costly specification tests in ordinary 
contracts. It seems, therefore, that though the 
multiplication of tests of this sort must involve 
an increase in the Board’s supervisory and analytical 
staff, a substantial part of the total cost is borne 
by the owners of the plant. There can hardly 
be two opinions as to the value on the one hand 
of giving those who are developing work of such 
national importance the benefit of the Board’s 
unique experience, and, on the other hand, of 
generalising the use of large-scale measurements 
having the accuracy that the Board has attained 
in its own station and will require in such test work 
as it may do on other plants. 

Very appropriately the first such test has been 


Temperature Carbonisation, Limited, and as it 
differs from that which we described in our issue 
of October 28, 1921, we give in Figs. 1 and 2 
diagrammatic drawings of the arrangement actually 
tested. The plant consists of two settings, each 
of 32 retorts with offtakes leading through gas 
valves to an hydraulic main running along the 
setting, and a secondary main below it to take 
care of gas from the coke-cooling chambers below 
the retorts. Each retort consists essentially of a 
single iron casting with 12 tubular branches each 
9 ft. long and tapering from 44 in. at the top to 
54 in. at the bottom, where the tubes are closed 
by an iron swing door operated by a wheel on the 
charging platform. Below each pair of retorts is 
a brick cooling chamber into which the coke is 
discharged from the retorts through an opening 
in its top, which normally is closed gas-tight. The 
retorts are charged through feed hoppers, which 
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made on an installation on the system designed 
by the late Thomas Parker, who was the pioneer 
of the modern attempts to carbonise coal commer- 
cially at low temperatures. This plant has been 
erected at the Barugh works of Messrs. Low- 
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are fed from a storage hopper by scraper conveyors. — 
An end bunker receives such coal as the conveyor 
carries over the top of the feed hopper, which was 
returned to the feed hopper towards the end of the 
test. The storage hopper is supplied by an elevator. 
The gas passes through, successively, a governor, an 
air-cooled condenser, an exhauster, a tar extractor, 
an oil-washing plant and a rotary gas meter into a 
25,000 cub. ft. holder, where it is mixed with 
producer gas to make the fuel gas for the settings. 
The tar and liquor from the hydraulic mains flow 
through main seals into one collecting tank, and 
that from the condenser and the seals below the 
exhauster and the tar extractor into another. 
The carbonising time is about four hours, during 
which the retorts are charged and discharged 
successively in pairs. The coke from each pair of 
retorts is left in its cooling chamber for the four 
hours between charges, when it is discharged and 
shortly afterwards removed in skips, the breeze 
being left on the ground to accumulate for removal 
at longer intervals. The only controls on the 
operations seek to maintain a negative pressure 
of js to >’> of an inch in the hydraulic mains, 
and carbonising temperatures of from 620 deg. to 
660 deg. C. in the retorts. In addition to a small 
stream of cooling water the hydraulic mains are 
flushed out once per shift to remove heavy tar 
and any coal dust, and in these trials no chokage 
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was experienced in the collecting system. The 
settings are designed for a throughput of 50 tons 
each per 24 hours. Only one was used in these 
trials, the other being shown in dotted lines. The 
breakage of a retort door made it necessary to 
shut off one pair of retorts, and the trial was 
therefore run on 30 retorts. 

Before the test was started the plant was run 
until it was safe to assume—as the observations 
made during the trial confirmed—that it was 
working steadily, so that it was in the same state 
at the end of the trial as at the beginning, and the 
quantities observed during the trial could therefore 
be taken to represent the actual reactions that had 
taken place. Staff arrangements were so made 
that each part of the work was kept under continuous 
observation—24 hours a day—on much the same 
lines as in a steam trial. The routine observations, 
made periodically at predefined short intervals, 
measured or weighed the make and fuel gas, tar, 
water, coke, breeze, and calorific values and specific 
gravities of the scrubbed and unscrubbed gas, 
sampled the benzol oil wash, gas, coke and breeze, 
and noted the times of charging and discharging 
the retorts. The calorific value of the scrubbed 
gas was also recorded independently on a recording 
calorimeter. These observations were continued 
throughout the entire test, and in addition special 
observations were made from time to time of the 
weights of coal used and of coal carried over by the 
elevator, and the temperatures of the setting. At 
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tar, 18°62 gallons ; liquor, 26 gallons; crude spirit, 
1:78 gallons; ammonium sulphate, 13°55 lb. It 
was found, moreover, that the products obtained 
were satisfactory both in quantity and quality, the 
yields other than coke averaging rather more than 
what had been obtained from similar coal in the 
Research Station’s setting.* In particular the size 
and strength of the coke was excellent. It came out 
of the retort in pieces not more than 3 in. long, and 
two l-cwt. bags sent on an eight-days’ journey by 
goods train as a practical test of friability gave less 
than 5 per cent. of pieces that would pass through 
a l-in. sieve. The coke lit readily and burned 
with a hot and smokeless fire, though with less 
flame than was shown by the Research Station 
coke, carbonised at a lower temperature and retain- 
ing rather more volatiles. The yield of gas was 
greater than in the Research Station trials, but as 
noted below was irregular, and the calorific value 
was considerably lower. Certain defects appeared 
in the plant in the course of the trial, which it is con- 
sidered can be overcome without difficulty in future 
designs. 
both low temperature fuel and the bye-products 
of its production can be obtained in plant of the 
design tested to the amounts and with the qualities 
claimed for it. For what period they can be 
obtained without interruption can only be decided 
by prolonged working, and what may be the com- 
mercial value of the process must depend both on 
this and on local and other market circumstances. 
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-intervals the unserubbed gas was also washed with 
benzol in the works’ laboratory, and samples of it 
and of the producer gas were taken. Observations 
were made at suitable opportunities on the labour 

employed and the working conditions of the plant. 
The report describes in detail the manner in which 
the several measurements were made. These were 
arranged by Engineer-Captain Shaw, Chief Engineer 
of the Research Station, and Mr. King, Chief 

Chemist. Analyses of gases were made in the 
works’ laboratory and of other samples at the 
Research Station. 

The coal used was Dalton Main 
washed smalls up to $-in. pieces, This was one 
of the coals used in the Research Station experi- 
ments (see ENGINEERING, August 10, 1923, page 168), 
though in those experiments it had been thoroughly 
disintegrated and was therefore much finer. Analyses 
and assays in the Gray-King apparatus showed 
that the supply was very uniform throughout 
the test. In a weight balance between coal and 
water charged and products collected the loss was 
only 0-48 per cent., while the loss of heat on 
balancing the heat in the coal charged against 
that in the products was 5-2 per cent. ; both 
figures being within those obtained in the Re- 
‘search Station experiments, and justifying the 
assumption mentioned above that the process had 
been proceeding steadily. These balances did not, 
of course, take account of any possible changes in 
composition in the tar and liquor in the seals, but 

_ their total volume was not large enough for any 
small changes to have had a significant effect on 

_the result. For some eight days before the test 
the setting had been operated continuously on the 
same coal, for the last 48 hours under the observa- 
tion of the research station staff. The test proper 
lasted 47 hours, during which time approximately 
92 tons were put through, corresponding closely 
with the rated throughput of 50 tons per day for a 
setting of 32 retorts. 

The effect of the test was accordingly to confirm 

_ the output claimed for the design. The yield of 

_ products per ton of coal carbonised were as follows : 

coke, 13°92 cwt. ; gas, 5,620 cub. ft. or 39°6 therms ; 
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The observations made during the test showed 
clearly that it had been conducted under un- 
necessary disadvantages of design and construction. 
The plant was intended, for example, to work at a 
temperature of 650 deg. C., and to give an approxi- 
mately steady yield of gas, corresponding to the 
very gradual method of charging and discharging. 
Fig. 3, however, shows that the average temperature 
rose as high as 800 deg., and fell below 550 deg., 
the average of the whole being well above 650 
deg., while the output varied from 9,500 to 15,000 
cub. ft. per hour. These variations, which were 
checked by measurements of the temperatures of 
individual retorts and combustion chambers, were 
attributed in part to imperfect design of the com- 
bustion chambers, in part to bad heat insulation, 
and in part to a layering separation of the rich 
gas from the lean producer gas with which it was 
mixed. With the first two defects remedied, it is 
thought that no addition of producer gas would 
be required, and the thermal expense would be 
greatly reduced. 
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Marine Structures, their Deterioration and Preservation. 
Report of the Committee on Marine Piling Investiga- 
tions of the Division of Engineering and Industrial 
Research of the National Research Council. By 
Wiiui1am G. Atwoop and A. A, Jonnson. Published 
by the National Research Council, Washington D.C., 
U.S.A. 

‘YHE destructive influences at work on structures 

under sea-level have long been remarked and de- 

plored, yet definite and trustworthy evidence con- 
cerning the rate and manner of deterioration has 
not been collected and analysed. Similarly, the 
degree of protection afforded by counteracting 
agencies over a length of time is not known, while 
on both subjects an amount of conflicting evidence 
exists. Accurate records have been wanting, and so 
keenly was the need for information felt, that the 


*1It must be remembered, however, that the station 
worked at notably lower temperatures than those of the 
Barugh test. 


The result thus establishes the fact that 


Institution of Civil Engineers, on their own initiative 
undertook vigorous and far-reaching investigations 
into the rate and extent of deteriorations of struc- 
tures exposed to the action of sea water and the 
insidious attacks of marine organisms. The full 
results of that investigation will not be accessible 
for some years, and it is therefore satisfactory to 
find that other authorities are prosecuting similar 
enquiries. The United States National Research 
Council, having organised a scheme for determining 
the amount of injuries effected by Marine borers 
on wooden piles, now publishes a very full report, 
embracing enquiries into the efficiency of measures 
of protection, and the possible substitution of other 
materials than wood, where such piling is necessary. 
The scheme, which owes its origin to attention being 
directed to the damage occasioned by marine 
organisms on wood piles in San Francisco Bay, has 
been extended to embrace the harbours on the East 
and West of the Continent, and on some of the 
West Indian and Pacific Islands. The Committee of 
Enquiry is influential, embracing engineers, biolo- 
gists, chemists, and specialists in wood and concrete 
preservation. Ready assistance has been furnished 
by many well-known authorities in physical science 
and natural history. 

It was early found that while much general infor- 
mation existed regarding marine borers in timber and 
in rock, very little was known of the species, occur- 
rence, habits, capacity of destruction, ecology, &c., 
with the accuracy required as a basis for searching 
enquiry. Consequently, a preliminary biological 
survey was directed to determining with precision 
the necessary information, and much interesting 
material was collected concerning ‘the habits and 
method of working of the Molluscan and wood- 
boring Crustacea, that will be of use in related 
investigations, though the practical results more 
immediately effecting commercial activities will 
attract greater attention. 

It is often claimed that certain woods, generally 
of tropical origin, are immune from attacks by 
marine borers. Such claims deserve and have re- 
ceived great attention, for importation of such 
foreign timber might solve the difficulties. The 
examination has been thorough, and specimens have 
been included which, though reported as attack- 
resisting, could hardly be regarded as structural 
timber. The conclusion is that no timber can be 
regarded as immune from attack under all condi- 
tions. Some turpentine wood, Angelique and Man- 
barklak from Dutch Guiana, show great resistance, 
but these have not been under observation a suffi- 
cient length of time to justify the claim in its en- 
tirety. Cottonwood has enough promise to warrant 
further examination, though its lack of strength 
unfits it for structural work. Neither has the cause 
been discovered which confers on certain timbers 
partial immunity. In the particular case of the 
Guiana timbers, it is thought that a minute silica 
content affords protection, in other examples re- 
sistance may be due to the presence of an alkaloid. 
In the case of greenheart, which has rendered such 
good service at the Liverpool Docks, the alkaloid 
berberine is regarded as the protective influence, but 
in tropical waters greenheart has not maintained its 
reputation. Whether the protective element is 
chemical or mechanical, its protective quality is 
likely to vary according to the conditions of growth, 
and this might explain the great difference of decay 
sometimes observed in contiguous structures under 
practically the same conditions. 


In the absence of any timber absolutely self- 
resisting to marine attack it becomes important to 
enquire what measures can be taken to afford 
protection or, alternatively, to seek for adequate 
substitutes for timber. Such problems will re- 
solve themselves practically into a compromise 
between the original cost of the timber and that 
of its protective treatment, the permanency of the 
structure, and the cost of replacing the injured 
piles in heavy structures. Where harbours are not 
heavily infested, turpentine wood, if the cost is 
not prohibitive, is recommended as promising a 
comparatively long-lived and economical structure. 
If comparative permanence is unimportant, un- 
barked piles may be used, but extreme care is 
necessary in handling and banding before the pile 
is driven, and knots and blazes should be covered 
with metal, Success can be secured only by 
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preventing all access to the timber under the bark. 
Built-up piles of layers of boards, with tar or felt 
intervening, are of little service, and the long- 
practised method of charring and tarring is found 
to have no appreciable value as a protection against 
borers. Far better is the sheathing of piles with 
creosoted boards, securely nailed, or the use of 
brush treatment with creosotes or carbolineums 
whose efficiency has been repeatedly tested. 

More complete protection, with necessarily 
greater expenditure, is afforded by “ pile armours,” 
whose principle depends on the adoption of a 
mechanical method to prevent the borers coming 
in contact with the timber. A sheathing of iron, 
zine, copper or Muntz metal is usually employed, 
but the sheathing is subject to abrasion, or easily 
torn by drift. In the “ Perfection’ process an 
attempt has been made to substitute for metal, 
coverings of burlap, soaked in crude asphalt, slaked 
lime, and some other ingredients likely to confer 
stability or longevity, the burlap being attached 
to the pile by spiral wrappings of 12 or 14 gauge 
galvanised wire about 3 in. apart. The difficulty 
of placing such timber without damage to the 
armour is considerable. The Moran process is a 
combination of impregnation and sheathing, the 
impregnating material containing iodide of arsenic 
as a toxic ingredient. Good reports are not want- 
ing, but longer service is necessary for testing. 
Concrete casings may be expected to give a fair 
protection if the concrete be dense. The use of 
the cement gun is recommended to secure this end. 

Impregnation with various materials has long 
been practised, and in cool waters creosote gives 
good results. Toxic salts have been tried, but 
however destructive these may prove to animal 
life, their protection to a pile can prove effective 
only so long as the dissolving and chemical effect 
of sea water does not reduce their concentration 
below the lethal toxicity required. Wherein the 
peculiar value “of creosote exists, and whether a 
high naphthalene content is beneficial, is undeter- 
mined. Analysis of creosote from old piles gives 
little information, because so little is known of 
the creosote originally used. But the conclusion 
of the committee after very exhaustive examina- 
tion is, that if the creosote be of the best quality 
and the impregnation be thorough and the timber 
undamaged by handling, this form of impregnation 
is the most efficient method in use at present. 

Among substitutes for timber, concrete may be 
considered as the most economical and satisfactory, 
though the ordinary Portland cement deteriorates 
on submersion, owing to the chemical action of the 
sulphates in the water on the constituents: of the 
concrete, and also on account of the mechanical 
action of water and drift. The most active disin- 
tegrating element in sea water is magnesium sulphate 
which combines with the free lime in the concrete, 
leaving a deposit of calcium sulphate crystals. 
These, occupying a greater space than the hme, 
produce disintegration. A cement now on the 
market, in which a finely ground siliceous material 
as pozzuolana is added, reduces the effect, and in 
other kinds of concrete on trial the cementing 
compounds are calcium aluminates instead of 
calcium silicates, but further experiments are 
needed to determine the best mixtures and proper 
methods of handling. With reinforced concrete, 
in addition to the deterioration of the concrete 
from chemical causes, the effects of corrosion of the 
reinforcing itself are to be feared. The products of 
corrosion expand and cause splitting, bringing other 
troubles in its train, easily perceived about high 
water level. Steel structures have as good a 
record as concrete, but are usually more expensive. 
If the corrosion of steel can be prevented by the use 
of alloys, it would prove a most desirable constructive 
material. Cast and wrought iron are eminently 
suitable for marine structures, and where conditions 
are favourable for the use of such materials, it is 
probable that cast-iron structures will have longer 
life than those built of any other material now used 
for the purpose. 

An important enquiry has been set on foot in 
connection with the chemical Warfare Service, with 
the view of discovering chemical compounds that 
are definitely toxic to marine borers. This enquiry 
is still proceeding, but the Committee suggest the 
use of eleven compounds, all of which have a 


marked effect on Limnoria and other organisms. 
The, best all-round specific toxic found was chlor- 
vinyl arsenious oxide, a modification of the war 
gas “ Lewisite.” It is suggested pending further 
enquiries, that the addition of diphenylchlor 
arsenious oxide and some other toxics to the creosote 
used for impregnation purposes would afford lasting 
protection for piling. It is hoped to perfect a 
method of using toxic dyes in water solution, which 
will obtain the desired depth of impregnation, be 
fast in sea water, and give good results. On the 
other hand, a process for the destruction of marine 
borers on piling, depending on the generation of 
chlorine around the piling by the electrolysis of 
sea water, is found to have only a slight toxic 
effect on mature teredo. 

A very valuable addition to the Report is the 
information collected from many sources, giving 
the history of attacks by borers on various structures. 
The materials on which their reports are founded 
represent not only the work of the Committee, but 
embrace the views of engineers and experts best 
qualified to express an opinion. They contain a 
wealth of information, and taken in connection with 
the extensive bibliography provide a survey of 
the whole range of the destructive work of marine 
organisms and the problem of the durability of 
maritime structure. 


Principles of Electroplating and Electroforming (LHlectro- 
typing). By W. Buumand G. B. Hocsasoom. London: 
McGraw-Hill Publishing Company, Limited. [Price 
20s. net.] 

ELECTRO-PLATING and typing are industries 
which owe much of their development to practical 
men who, while often possessing scant scientific 
knowledge, utilised their powers of observation and 
deduction to the full. The value of scientific 
research in the sphere of electro-deposition is, 
however, becoming increasingly apparent and, 
of late years, the exchange of ideas and the free 
discussion of papers at meetings of technical socities 
have done much to increase the knowledge and 
broaden the outlook of all concerned. “ Principles 
of Electro-Plating and Electro-Forming” is a work 
written by scientific men for scientific men. Even 
such subjects as the cleaning of greasy metal and 
the general preparation of surfaces prior to plating 
are viewed from a scientific standpoint—and rightly 
so. Generally speaking, all problems dealt with 
are subjected to the closest scrutiny and the theo- 
retical reasoning of the authors is always sound. 
“‘ Blectro-forming *” is evidently a newly coined 
word, and is defined as “the production or repro- 
duction of articles by electrodeposition.” Factors 
governing the character of deposits, for example, 
current density, concentration, temperature, and 
throwing power of solutions, are discussed in very 
able fashion, as are those factors which determine 
the usefulness and durability of electro-deposited 
metal, 7.e., thickness, distribution, adhesion and the 
like. 

Having fully dealt with the whole subject in a 
general way, the authors turn to the consideration 
of each metal separately. The sections devoted 
to the deposition of copper, nickel and silver are 
very thorough, and much detailed information is 
supplied. Other sections deal with the plating of 
cobalt and iron, zinc and cadmium, and lead and 
tin, respectively, while the subject of alloy plating 
is discussed in a short chapter. In each case the 
compositions of plating solutions, typical of the 
kind used in current works practice, are given and, 
in addition, suggested compositions are put forward 
for use as bases for devising electrolytes to meet 
particular needs. Here, again, the scientific aspect 
of the subject is kept well in view, and the function 
of each constituent present in the depositing bath 
is thoroughly discussed. The authors advise 
frequent analyses of electrolytes for purposes of 
control, and the methods given for the rapid estima- 
tion of important constituents are a sound feature. 
Throughout the work the more scientific “c.g.s.” 
units are quoted, and their use strongly advocated, 
but, in order to facilitate matters for practical 
men, the corresponding ‘“‘ English’? values are, in 
all cases, given side by side. 

The opening chapters are devoted to a very 
rapid outline of the theory of chemistry, physics 
and electro-chemistry. The principles of chemistry 


and elementary physics, for instance, are crammed 
into one short chapter of 22 pages. The authors 
define “ matter,” and pass on so quickly that within 
four pages they are discussing chemical notation 
and calculations. Valency, oxidation and reduc- 
tion, electrolytic dissociation, acids, bases and 
salts, and other equally intricate subjects are also 
set out in this section. The elementary principles 
of analysis, of electricity and of electrochemistry 
are discussed with the same rapidity, and one cannot 
help feeling that the authors have endeavoured 
to condense too much in the short space of eighty 
pages. The definitions are, however, couched in 
very apt language and certainly bring out the 


salient points of the various branches of science 


involved in the electro-plating industry. 

The book is, in some respects, typically Ameri- 
can; practically the whole of the information 
given is gleaned from American sources. Never- 
theless, the subject is well handled, and the work 


deserves to be as well received by English platers 


as it will no doubt be by their American confréres. 
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LABOUR NOTES. 


One of the “objects ”’ of the National Minority 
Moyvement—in other words, the Red International 
Labour Union—is, it will be recalled, the formation of 
Factory Committees. Shop Stewards’ Committees 
already function, of course, in the engineering industry 
under agreement with the federated employers. But 
the R.I.L.U. has apparently no use for organisations 
of that character. A writer in The Worker describes 
them, as a matter of fact, as “empty. organisational 
forms—mere shadows of what they should be.” What 
the R.I.L.U. means when it talks about Factory 
Committees is, according to this writer, “that in 
every mine there should be a Pit Committee, in 
every workshop, a Workshop Committee; in every 
garage a Garage Committee, in every ship a Ship’s 
Committee and so on.” Every worker, no matter 
what the age, sex, colour, creed or race is, “‘is to be 
organised and brought within the protecting power of 
the Factory Committee of the concern for which he 
or she is working ”’ and “‘ the living soul of the Factory 
Committee” is to be “the class struggle.” “The 
duty of all militant workers is,” the writer of the 
article from which we are quoting goes on to declare, 
“to infuse into these committees the life-giving 
spirit of the class struggle—to make them truly 
function as aggressive working class instruments. 
The fear of the sack, we know, causes many workers 
to shrink from participation in the work of the Com- 
mittees. . . We must create the conditions 
which will make it certain and definite that not a single 
worker is hired or fired without the sanction of the 
Factory Committee.” 


The suggestion that no worker should be engaged 
without the sanction of the Factory Committee is not 
so novel as it, at first sight, appears to be. As we 
noticed last week, membership of a trade union 
affiliated to the Trades Union Congress is a condition 
of employment with the Co-operative Wholesale Society. 
In the mining industry open campaigns against non- 
unionists are common, and elsewhere—in engineering, 
for example—much the same kind of thing is going on, 
though for an obvious reason, less is publicly said 
about it. Men in arrears with their contributions to 
their union as well as men who are by choice, non- 
unionists, are having their lives made very difficult. 
Whether a worker belongs to a union or not is a matter 
which quite properly ought not to concern employers, 
from whose point of view the only applicable tests 
are character and capacity. Trade unionists, of course, 
do not think so, and refuse to regard their dissent as 
a sign of weakness. Yet a sign of weakness it 
unquestionably is, for if Trade Unionism, as it is 
organised to-day, were the attractive thing it is 
claimed to be, there would be no need for campaigns 
against non-unionists or strikes against the employ- 

ment of non-unionists involving employers in serious 
losses. The cure for the trouble lies in the organised 
worker’s own hands and is to make Trade Unionism 
irresistibly attractive—if he can. It is no business of 
an employer’s whether a man is a trade unionist or not, 
and the sooner there is clear realisation of that in Labour 
_ circles the better will it be for everybody. 


A rise of 4 points in the cost of living is officially 
recorded for the month of September. At October 1 
the average level of retail prices of the commodities 
taken into account in the statistics compiled by the 
Ministry of Labour (including food, rent, clothing, fuel 
_and light and miscellaneous items) was approximately 
76 per cent. above that of July, 1914, as compared with 
72 per cent. on September 1, and 75 per cent. a year 
ago. ‘The rise in the percentage during last month was 
_ due to increases, largely seasonal, in the prices of food. 
For food alone the average increase over the pre-war 
_ level was 72 per cent. at October 1, as compared with 
66 per cent. a month earlier, giving an increase of 
6 points. 


According to the Ministry of Labour Gazette, among 
the 11,500,000 insured workpeople in Great Britain 
and Northern Ireland the percentage unemployed at 

September 22 was 10-8, compared with 10-6 at 
- August 25 and with 11-7 in September, 1923. Among 
the members of those trade unions from which returns 
"were received the percentage unemployed was 8:6 
at the end of September, compared with 7:9 at the 
end of August. ‘The total number of applicants for 


employment registered at employment exchanges at] y 


September 29 was approximately 1,205,000, of whom 
915,000 were men and 220,000 were women, the 
remainder being boys and girls. At August 25 the 
total was 1,152,000, of whom 876,000 were men and 
203,000 were women, and at October 1, 1923, it was 
1,285,000, of whom 955,000 were men and 244,000 
women. The principal industries showing a decline 
in employment in September were coal and iron mining, 
pig-iron manufacture, iron and steel manufacture, and 


. 


the clothing trades. In the cotton, wool, textile, build- 
ing, brass, and pottery trades some improvement was 
reported. Employment was good in the tinplate, steel 
sheet, brick, carpet and jute trades, with mill-sawyers 
and with most of the skilled operatives in the building 
trades ; and fair in the tailoring, silk, leather, furnish- 
ing, printing and pottery industries, and in certain 
branches of the metal trades. At iron and steel works 
and in the engineering and shipbuilding industries it 
continued bad. 


The trouble between the Amalgamated Engineering 
Union and the Bristol Channel ship-repairing employers 
was settled on October 20, the men agreeing to accept 
the advance of 5s. per week in two instalments accepted 
by the other trades in August. The A.E.U. men have 
been idle in resistance of the proposal since August 18. 
In the light of this news some comments on the stoppage 
by Mr. James, the Union’s organising delegate 
in South Wales, are interesting. “Strange it is,’ he 
writes in the A.H#.U. Monthly Journal for. October 
“that when cessation of work operates through dispute, 
there always arises the desire for peace; the abnor- 
mality soon loses its fascinating triumph between the 
parties in dispute, and others not in dispute become 
affected, and a superlative effort is sought to end it. 
Why the same tolerant forbearance and exercise of 
mind capacity, the same human feeling, isnot exercised 
to prevent the contingency happening always perplexes 
me. Surely it is better to be wise beforehand than 
await after events, with all their stress, hardship, and 
suffering—to wait until the dominant spirit which 
brought them about subsides into sweet reasonable- 
ness.” The little homily is intended, of .course, for 
employers. But, in this instance, all that the employers 
did was to intimate that after a certain date their 
establishments would be open to the fitters on certain 
terms and conditions negotiated by the men’s leaders 
and accepted by all the other trades. The precipitate 
action was, in fact, taken by the A.H.U. men. 


Another of the Amalgamated Engineering Union’s 
organising delegates—Mr. Dewar, whose headquarters 
are at Edinburgh—is perturbed at the way in which 
some of the members under his care have let him down 
in negotiations with an employer. What was alleged 
to be a “‘ wages error” came under local discussion at 
Kirkcaldy, and the management offered to submit the 
issue to a committee of 12 of their employees who 
were members of the Amalgamated Hngineering Union. 
Mr. Dewar accepted the offer. “ Owing to our inability,” 
he now writes, ‘‘ to secure the services of 12 fellow- 
workers to act in the required capacity, the matter 
still remains unsettled. It is regrettable,” he goes 
on to say, “‘ from every point of view that our members 
should fail us in this way, and is all the more regrettable 
when one remembers that the proposed committee 
was the suggestion of their own employer.” 


The Special Tribunal set up under the National Joint 
Industrial Council for the Electricity Supply Industry 
to consider the application of the workers for an all- 
round advance of wages has now reported, and its 
report is to be considered at a meeting of the Joint 
Industrial Council in London on November 14. The 
principal finding of the Tribunal is that no case has 
been made out for the granting of the demanded 
advance of 10s. per week, but that the district councils 
should be asked to reconsider their existing rates of 
pay in certain conditions. The increased level of 
wages above that of 1914 is declared to be in excess of 
the increased cost of living, and the level of wages 
in the electricity supply industry, as compared with 
the wages paid in the principal industries ‘using elec- 
trical power, higher than the average, though not so 
high as in some cases referred to at the hearing. 
Generally, moreover, the conditions of employment 
are more secure. 

In its report, the Tribunal points out that in the 
case of Metropolitan local authority undertakings the 
gross surplus represents a sum equivalent to only 
4-09 per cent. on the invested capital, and in the 
Provinces the gross surplus represents 3-06 per cent. 
Gross surplus is stated to be the percentage before 
anything has been put to reserve or applied to the 
relief of rates or the reduction of cost to the consumer. 
Of the 14 Metropolitan companies the average net 
ield for the year 1922 or 1923 was 5:13 per cent., 
and that for the Provincial companies 4-14. The 
information relating to the 14 power companics 
showed that ‘the return on the capital invested in 
these companies has never at any time been extrava- 
gant. Most of them, if not all, have statutory restric- 
tions placed upon them in respect of their maximum 
dividends. Further development is only possible 
by the expenditure of further capital, and this can only 
be attracted if the investment gives a fair and adequate 


yield.” The average return of ten power companies 
from the beginning of operations to December 31, 
1923, was 3-43 per cent., and their average return 
during the five years preceding that date 4-3 per 
cent. Omitting two of the companies which had been 
badly hit, the average return of eight power com- 
panies for the same period of five years was 5-29 per 
cent. 


The Tribunal admits that some undertakings might 
not find it difficult to pay the wages increase asked for, 
but the claim was a national one, and it did not appear 
that the industry could pay an additional £754,000 
per annum in wages “if the undertakings are to 
remain financially sound and capable of meeting the 
deterioration and obsolescence of plant and other needs 
of a recurring nature. The extra wages could only be 
met by imposing extra -charges on the consumer. 
The Tribunal points out, further, that ability to pay 
is not the only factor, and that the other factors include 
the necessity of avoiding the infliction on other trades, 
and, especially in these days, on productive and export 
trades of extra cost which will be likely to reduce their 
ability to compete in the home or world markets. The 
addition of anything to the price of electrical power 
would have a serious effect upon these industries and 
also militate against the progress of the electricity 
supply industry itself, for it was quite erroneous to 
say that this industry had an open field. 

An argument submitted by the trade union repre- 
sentatives was that the increase in wages asked for 
would amount to only one-twentieth of a penny per 
unit of power. The Tribunal points out that that is 
equal to an addition of 5 per cent. to the cost of 
generation and distribution, and that by the clauses 
in contracts at least one halt of it wouid be automatically 
imposed on the consumer, and so would in the aggregate 
represent a substantial burden upon industries suffering 
from depression. In regard to the district reductions, 
the Tribunal says that, assuming the complaint to be 
well founded, it would not justify a uniform national 
increase for all workers in all areas. 


In accordance with the decision of the National 
Committee at York, in May last, the Executive Council 
of the Amalgamated Engineering Union have com- 
pleted negotiations with the National Council of 
Labour Colleges for the provision of educational 
facilities for the members of the union. Classes are 
held by the National Council of Labour Colleges in all 
the principal industrial areas, and where it is not 
possible to send tutors, outline lectures for the use 
of study circles are provided. According to Mr. 
Smethurst, the General Secretary of the Amalgamated 
Engineering Union, the classes deal only with sub- 
jects of especial interest to trade unionists. *‘* They 
aim,” he writes, ‘to make Trade Unionism a matter of 
intelligent conviction. [f you. want to understand 
the system of society in which you live; if you want 
to comprehend the forces that bring about unemploy- 
ment, enforced emigration, poverty and wars; if you 
want to count in the struggle for working-class emanci- 
pation, then join the classes in your district.” In 
plainer language than Mr. Smethurst uses, the object 
of the education for which the members of the A.E.U. 
are now about to pay, is to prepare the workers for 
the ‘class war.” Up till now, the A.E.U. has been a 
supporter of Ruskin College, Oxford. 


The Ministry of Labour reports that the number of 
unemployed persons on the registers of Employment 
Exchanges in Great Britain, on October 13, 1924, was 
1,210,200—915,300 men, 36,900 boys, 225,300 women, 
and 32,700 girls. On October 6, 1924, the total number 
of unemployed persons was 1,215,575—917,847 men, 
37,176 boys, 227,621 women, and 32,931 girls—and on 
December 31, 1923, 1,285,623—946,521 men, 36,659 
boys, 267,373 women, and 35,070 girls. 


On October 21, the Short-time Organisation Com- 
mittee of the Master Cotton Spinners’ Federation 
decided to extend the mill working hours in the 
American section from 26} to 32 as from November 3. 
Mr. John Pogson, the Secretary of the Federation, in 
communicating the result of the meeting stated that 
the position would be brought under review from week 
to week. Before the meeting at which the extended 
working hours were decided on there had been an 
interview between the Short-time Committee and 
representatives of the Cotton Spinners’ and Manu- 
facturers’ Association at the request of the latter, 
when strong representations were made to the Master 
Spinners’ Federation as to the difticulties which many 
manufacturers are experiencing at the present time 
in securing certain counts of yarn to meet urgent 
present requirements. The federation committee 
promised early consideration of the complaint. The 
tentative extension of American cotton spinning pro- 
duction is a result, 
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SOCIETY OF GLASS TECHNOLOGY. 


TuE first meeting of the Society of Glass Technology 
for the session 1924-25 was held in Sheffield on October 
15, the President, Col. S. C. Halse, being in the chair. 
An address entitled The Present Position of the Glass 
Industry in North America, was given by Professor 
W. E.S. Turner, D.Sc., who observed that in America 
the period of trade depression had not been continuous, 

. as was the case in the United Kingdom. In the autumn 
of 1922, American trade began to improve, and 1923 
was a good year. In February, 1924, trade in general 
began to fall off, and a very dull period still persisted. 
The cut-glass industry had almost entirely died out in 
America, but coloured glass was finding a place more 
and more. There was a distinct improvement in 
American taste in glassware. At the Steuben Works 
of the Corning Glass Company some very fine artistic 
work was being manufactured. Professor Turner next 
referred to the gradual disappearance of pot furnaces 
in favour of tank furnaces. The latter were now being 
used even for the manufacture of green and blue signal 
lights, and for selenium ruby glass. Electric light 
bulbs, except in the case of very small or very large 
bulbs, were now practically all made by machines fed 
from tank furnaces, the glass being of the soda-lime- 
magnesia type. The tubing required for the completion 
of the lamp was still of the glass variety. 

Several noteworthy advances in the glass industry 
were then noted. During the past few years there 
had been a very distinct development in the use of 
blowing machines, or press and blow machines. In 
this connection reference was made to (1) the West- 
lake machine for thin walled tumblers ; (2) the Hart- 
ford-Empire machine for electric light bulbs; and 
(3) the great development in the manufacture of 
light walled tumblers. Dealing next with sheet glass, 
Professor Turner remarked that the Fourcault process 
had not as yet achieved any considerable success in 
America, The cylinder process was still in active 
operation. An epoch-making process was that developed 
at the glass works of the Ford Motor Company. This 
process marked an absolute departure from the use of 
pot furnace, as the glass was melted in tanks, and 
there was continuous rolling between a pair of rollers, 
the sheet passing down a lehr about 440 ft. long and 
subsequently, in sheets, traversed long tables in a 
continuous belt, where the grinding and polishing 
were done. With regard to bottle machines there 
was a tendency to replace the Owens machine in favour 
of the feeder type. There were no striking advances 
in feeding devices, the Hartford Empire feeder being 
the most in favour, followed by the W. J. Miller. 
One novelty in operation was the use of a rotating 
plunger, especially when large ware was being made. 
Professor Turner then dealt with the problems of 
furnaces and furnace efficiency. This was one of the 
foremost problems discussed by glass manufacturers. 
The average life of a tank furnace operated by machines 
was 11 to 13 months. A table was presented showing 
for a number of factories the value of the weight of 
fuel consumed to glass melted. Several factories could 
show a ratio as low as 0-6. In conclusion reference 
was made to the innovation of the use of heatless 
iehrs. A description was given of such lehrs, 


AUTOMOBILE SHOCK-ABSORBER CONTEST.—A _ pro- 
gramme has been received containing details of the regula- 
tion tests by which motor coach shock absorbers will be 
adjudged in the forthcoming competition to be held under 
the auspices of the Ville de Paris, at the Département de 
la Seine for this purpose in March, 1925. Competitors 
may be of any nationality represented in the League of 
Nations, and those interested should procure a copy 
of the programme and conditions of the tests from 
lannexe Ledru-Rollin Quai de la Rapée 98, Direction 
des Travaux (Secretariat-Bureau No. 121) Paris. 


Institution or Navan Arcuitects.—The following 
scholarships in Naval Architecture and Marine Engineer- 
ing have been awarded by the Council of the Institution 
of Naval Architects :—Naval Architecture: Beardmore 
Scholarship (150/. per annum for three years) to Mr. W. M. 
MeKitterick of Harland and Wolff, Belfast. Fairfield 
Scholarship (1501. per annum for three years) to 
Mr. R. G. 8. Kennedy, of Scotts Shipbuilding and 
Engineering Company, Greenock. Marine Engineering : 
Weir Scholarship (150/. per annum for three years) 
to Mr. G. G. McDonald, of G. and J. Weir, Glasgow. 


THE FERRANTIANS.—In November, 1912, there was 
held in London a reunion of Old Ferrantians, that is, 
those engineers who were associated with the pioneer 
work of Dr. 8. Z. de Ferranti. It was hoped at that 
time that such a meeting could be arranged every year 
but the war intervened and nothing has since been done. 
It is now felt that there should be another reunion and 
it is hoped to hold this early in December, 1924, at the 
Hotel Cecil in the form of a dinner at which it is expected 
Mr. C. H. Wordingham will preside. All old Ferranti 
men who were connected with Dr. Ferranti previous to 
1905 are requested to communicate with the Hon. 
Secretary, Mr, W. E. Warrilow, 40, Mildred-avenue, 
Watford, 


TRANSPORTATION OF LARGE CUPOLAS. 


THE TRANSPORTATION 
CUPOLAS. 


OF LARGE 


Tue illustration above represents a pair of large 
cupolas recently built by the Constructional Engineering 
Company, Limited, of Charles Henry-street, Birming- 
ham, loaded for transport to Bonnybridge in Scotland. 
Each cupola when complete will be 50 ft. 6 in. high, 
with a shell diameter of 7 ft. 6 in., and will weigh 
approximately 13} tons. The cupolas are fitted with 
special air-belts 9 ft. 6 in. diameter by 8 ft. high, and 
are designed for mechanical charging, the charging 
hole being 8 ft. 8 in. high by 4 ft. 2 in. wide. These 
air-belts are to be seen on the truck in the foreground 
of the photograph. The tuyers, eight in number, are 
fitted at the bottom of the air-belt, the blast inlet 
being at the top of the belt. The cupolas are built 
of 7-in. and 2-in. mild steel plate, the bases are of 
similar plate l-in. thick, and the drop doors of equal 
thickness. Loaded in sections, of course, the trans- 
portation presents no special difficulty, the two air- 
belts being easily accommodated on a flat car designed 
for a distributed load of 15 tons. 


ROYAL METEOROLOGICAL SOCIETY. 


THE opening meeting of this society for the present 
session was held at 49, Cromwell-road, South Ken- 
sington, on Wednesday, the 15th inst., with Mr. 
C. J. P. Cave, M.A., president, in the chair. 

Mr. Lewis F. Richardson, B.A., F.Inst.P., read two 
papers. The first was on “ The Brown Corona and the 
Diameters of Particles.” He stated that as a result 
of experiment the following variety of Airy’s formula 
had been found to be in rough agreement with measure- 
ments on various holes and spheres :— 

(diameter of _ 5-3. 10-* em: 
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In view of Ray’s work, this would not be applicable to 
the smallest cloud-droplets of 2 microns diameter ; 
but was more likely to apply to drops of ordinary size 
of, say, 5 to 20 microns diameter. The fundamental 
difficulty was that the natural corone, which it was 
proposed to interpret, included so many that showed 
only the vague brown ring. 

The second paper was on “‘ Photometric Observations 
on Clouds and Clear Skies.’ The purposes of the 
communication were as follows:—To describe the 
improved instrument which was made at Benson; 
to give an account of experiments which proved that 
the difference of brightness at the moon’s limb, as 
measured by the instrument, was independent of the 
glow of the sunlit sky; to bring to notice some new 
facts showing that the transparency of blue sky altered 
during twilight ; to set in a list with dates the photo- 
metric giperetions of clouds under separate headings 
corresponding to two theories applicable to clouds which 
did and did not hide the sun; to compute the rainfall 
equivalent to the cloud on those occasions when a 


corona revealed the size of the droplets; to compare 
the two theories in the special instance of clouds to 
which they could both just be applied; to correct 
the theory for uniform opaque clouds to make it agree 
with the other; and, finally, to note that a certain 
very dark thunder-cloud was like a rain-factory holding 
in stock only one hour’s output. 

Mr. L. J. Sutton, M.A., A.Inst.P., submitted “ Notes 
on Haboobs.” This note was a discussion of such 
information as had been recorded by meteorological 
observers in the Sudan or obtained from other authentic 
sources. Haboobs were severe sandstorms of a type 
apparently confined almost entirely to the Sudan, 
where they were most frequent in the central region. 
Nearly all of them occurred during the rainy season, 
i.e., May to October, and at Khartoum, for example, 
they were experienced more than once a week during 
this period and lasted about three hours, on the average. 
Haboobs probably owed their origin to the heating up 
of a large region for four or five days, but, owing to 
the wide distances between meteorological stations 
in the Sudan and the meagre information available, 
the author had been unable to discover where any 
particular haboob originated or to follow its track. 


“How To Drive A Car.”—The eighth edition of the 
motoring handbook, ‘‘ How to Drive a Car ”’ written by 
the editor of The Motor, has now been published by The 
Temple Press Limited, 7-15, Rosebery Street, London, 
E.C., at a price of 2s. 6d. net. The volume does not 
deal in detail with the mechanical features of motor-car 
construction, but is intended, as its title implies, to 
provide instruction and advice on the art of handling a 
car. The treatment of the subject is interesting and 
extremely simple throughout, and the novice undergoing 
instruction in driving should find the book useful. 


THe Cost or CoaL-HANDLING IN PowER PLANTS.— 
By the courtesy of the Underfeed Stoker Company, 
Limited, of Aldwych House, Aldwych, London, W.C.2, 
we have received figures relating to the cost of handling 
coal at the Lakeside Station at Milwaukee, where pul- 
verised coal is employed for boiler firing. In view of 
the difference between labour costs in Great Britain 
and America, comparison are best made on the basis 
of the man-hours of operating labour spent per ton of 
coal consumed. The Milwaukee figures are given 
separately for the 27 months from February, 1922, to 
April, 1924, inclusive. The smallest monthly coal 
consumption was 13,047 tons in June, 1922, and this 
was handled from the car-dumper hopper to the boiler 
ash-hopper at the cost of 11,188 man-hours, or 0-85 
man-hours per ton. The greatest consumption Tre- 
corded, namely, 25,620 tons in March, 1924, was handled 
for a cost of 0°54 man-hours per ton. During the whole 
of the year 1923, 236,873 tons of coal were burnt, and — 
the operating labour in the pulverising house and the — 
boiler-house amounted to 138,678 man-hours, or a 
average of 0-585 man-hours per ton. These figures — 
presumably do not include any time spent on repair | 
or maintenance of the pulverisers, elevators, conveyors, | 
driers, feeders or other apparatus, and of course t0— 
arrive at the true economy of the system the interest | 
on the capital cost must be taken into account. It- 
should be mentioned that the convenient short ton of | 
2,000 lbs, as used in America is employed above, 
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THE SYNCHRO-BALANCE INTERNAL-COMBUSTION ENGINE: EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS. BLACKSTONE AND CO., LIMITED, ENGINEERS, STAMFORD, LINCOLNSHIRE. 


Fig. 1. 
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|THE BLACKSTONE SYNCHRO-BALANCE 
INTERNAL-COMBUSTION ENGINE., 


ty an article in our issue of July 4 last, on page 22, 
describing the engineering exhibits at the Royal Agri- 
cultural Society’s show at Leicester, we mentioned a 
novel-type of petrol engine, known as the ‘ Synchro- 
Balance” engine, shown by Messrs. Blackstone and Co., 
Limited, of Stamford, Lincolnshire. This engine, which 
was the invention of Mr. R. E. Watts, A.M.I.Mech.E., 
of Messrs. Blackstone’s technical staff, had four cylinders 
of 3-in. bore, with a piston stroke of 4 in., and was rated 
at 14-4 h.p., but the chief interest in its design centred 
round the means employed for transforming the recipro- 
eating motion of the pistons into rotary motion of the 
crankshaft. The mechanism, which is a little difficult 
to explain in words, or to follow from an ordinary 
drawing, can best be understood with the aid of a 
working model, and as such a model forms part of 
Messrs, Blackstone’s exhibit at the British Empire 
Exhibition, many engineers have doubtless availed 
themselves of the opportunity provided for examining 
it there. As, however, the principle employed appears 
to have some important possibilities, the following 
description of the system may be of interest to others. 
_ A photograph of the working model referred to above 
18 reproduced in Fig. 1 on this page, but before describ- 
ing the mechanism we should explain that its object 
1s to secure perfect balance of the moving parts in 
conjunction with a more even turning moment and 
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a more compact engine than is obtainable with the 
conventional design. Itis claimed that the new arrange- 
ment, which is applicable to steam engines, air compres- 
sors, pumps, &c., as well ‘as to internal-combustion 
engines, has several other incidental advantages which 
will be mentioned later. Referring now to Fig. 2, which 
is an isometric projection of the mechanism of the 
model with the cylinders removed, it will be seen 
that the four pistons are arranged in two pairs 
along one side of the crankshaft, and not imme- 
diately over it, the pistons of each pair being 
coupled by short connecting-rods to the opposite 
ends of a rocking lever. The two rocking levers are 
supported on stationary pins, and projecting laterally 
from the centre of each of them is a yoke engaging with 
trunnions formed on a split bush, one of which is 
fitted on each of the two crankpins. The crankshaft 
is ilustrated separately in Fig. 3, from which it will be 
seen that the crankpins are inclined in opposite direc- 
tions at an angle of 374 deg. with the axis of the 
crankshaft ; only two crankpins, it will be noticed, are 
required for a four-cylinder engine. Figs. 4 and 5 
illustrate the actual arrangement of the 14:4-h.p, 
engine exhibited at Leicester, Fig. 4 being a longi- 
tudinal section through a pair of cylinders and Fig. 5 
a transverse section through one cylinder. 

Referring again to Fig. 2, and assuming that the 
cylinder on the extreme left has fired and that the 
piston is descending on its working stroke, it will be 
understood that the force will be transmitted through 


the rocking lever and yoke to the trunnions, so that 
a downward pressure will be exerted by the bush on the 
outer end of the crankpin and an upward pressure on 
the inner end. Since the ends of the crankpin are on 
opposite sides of the crankshaft axis, as shown in Fig. 3, 
a couple will be produced about the latter which will 
cause the crankshaft to rotate in a clockwise direction, 
as viewed from the end remote from the flywheel. 
The action of the other cylinders, firing in turn, will, 
of course, be similar so that they need not be con- 
sidered individually. 

From the above explanation of the arrangement of 
the working parts it will be understood that as the 
angularity of the connecting rods is reduced to a 
minimum, side thrust from the pistons on the cylinder 
walls is, practically eliminated, and, moreover, since 
the reciprocating parts are travelling with the same 
velocity, but in opposite directions, at all parts of 
the stroke, the inertia forces are balanced out; this 
applies also to the rocking levers and yokes. ‘The 
makers claim that, m consequence of this feature, 
the running is particularly smooth and free from 
vibration at high speeds, so that it should be possible 
to construct a “‘ Synchro-Balance ” engine which would 
be smaller, lighter and cheaper for a given power, 
than an engine of the usual design. It will be obvious 
that any multiple of four cylinders can be arranged 
in groups on one side, or on both sides, of the crank- 
shaft, the latter arrangement particularly giving the 
shortness and compactness which are desirable in 
engines for marine propulsion; the comparatively 
small headroom required for the “ Synchro-Balance ” 
engine will be apparent from the photograph of 
the model reproduced in Fig. 1. Other points in 
favour of the system arise from the fact that the crank- 
shaft is not immediately below the cylinders, so that the 
former is more accessible, and it is a comparatively 
easy matter to prevent the used lubricating oil and 
carbonaceous matter from the cylinders from contami- 
nating the crankshaft lubricating ol; the latter may 
also be of a lighter grade than is used for cylinder 
lubrication. On the whole it will be admitted that 
this interesting departure from conventional design 
offers sufficient advantages to warrant its being 
thoroughly tried out under practical working con- 
ditions, this being the only reliable method of 
appraising the merits of any engineering innovation, 


AMBULANCE SEAPLANE FOR British GuIANA.—We 
understand that a new Fairey seaplane has recently 
been launched for tests at Hamble, near Southampton, 
the machine having been constructed for service in 
British Guiana. It has been specially designed for a 
private company in that country, who intend to employ 
it mainly to convey patients who contract fever on the 
plantations to the nearest township for treatment. 
This, at present, involves a journey of about 200 miles 
by river, and as the latter includes numerous rapids 
in its course; the patients have to be carried by porters 
over a considerable part of the distance. The journey 
thus occupies about 17 days, and it is therefore by no 
means surprising that many of the patients have suc- 
cumbed en route. The seaplane, however, will enable 
the journey to be completed in just over two hours, so 
that by enabling skilled medical treatment to be applied 
promptly, it should be the means of saving many lives. 
A wireless installation on the seaplane, supplied by 
Marconi’s Wireless Telegraph Company, Limited, will 
enable telegraphic and telephonic communication to be 
maintained with both ends of the route while the 
machine is in flight, and a special ground \station has 
been erected on the estates for use in connection with 
the seaplane service. 
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REFRIGERATING MACHINES 


AT THE BRITISH 


EMPIRE EXHIBITION. 


CONSTRUCTED BY MESSRS. L. STERNE AND CO., LIMITED, ENGINEERS, GLASGOW. 


REFRIGERATING MACHINES AT THE 
BRITISH EMPIRE EXHIBITION. 
(Concluded from page 562.) 

Messrs. L. Sterne anp Co., Limirep, of the Crown 
Tron Works, Glasgow, show a selection of their refri- 
gerating machines. Of these we have chosen for 
illustration (see Fig. 18) the three-cylinder, motor- 
driven high-speed ammonia compressor used with the 
firm’s 20-ton marine refrigerating plants. 

In essentials this compressor is identical in construc- 
tion with that illustrated and described in our issue 
of January 11, 1924, page 42. The compressor pistons 
are long trunks fitted with packing rings top and 
bottom. Large ports are formed in the intermediate 
length of the trunk, and through these communication 
is established between the interior of the trunk and the 
suction ports in the cylinder walls. The suction valves 
are mounted in the piston head, and in the details of 
these valves the machine shown at Wembley differs 
from that described in our previous issue (loc. cit. 
supra). The new arrangement will be readily under- 
stood on reference to Figs. 19 to 26. The object 
aimed at has been to facilitate the use of hardened steel 
for all the wearing parts, and to make the valves 
readily removable and replaceable, whilst ensuring 
their absolute security against coming loose, under 
the vibrations inseparable from high-speed work. As 
now.made, a valve about 24 in. in diameter at the 
discharge edge is used for all sizes of compressor. The 
number fitted being increased in accordance with the 
size of the machine. 

In Fig. 19 one of these valves is shown in place. 
The valve seat is bedded by grinding, but is otherwise 
a loose fit in its hole. It is prevented from turning 
in the latter by a set-screw, the head of which fits 
into a slot, as indicated in Fig. 19. It is held down in 
its place by a screwed extension of the valve guard, 
as shown, and this screw is prevented from slacking 
by a spring-actuated pawl which engages with internal- 
ratchet teeth cut in the metal of the valve seat. The 


details will be most easily gathered from Figs. 20 to 26. | 


In these the valve guard is shown separately in Figs. 
20, 21 and 22. The horizontal hole shown in Fig. 20 
takes the cylindrical pawl, which is represented in 
Figs. 23 and 24. The 3-in. hole at the back of this 
pawl accommodates the spring which holds the pawl 
up to its work. The projection shown on the upper 
surface of the pawl fits into the long slot = in. wide, 
which can be seen in Fig. 21. This slot is turned 
through a right angle at its inner end, and when the 
projecting stud of the pawl is turned back into this 
recess, the pawl is held back out of engagement. 

Views of the valve seat are reproduced in Figs. 25 
and 26, and show clearly the internal ratchet teeth 
with which the pawl carried by the guard engages. 
Hence, once the guard is screwed down, the valve seat 
is firmly fixed without the possibility of getting loose. 
To remove it, when required, however, it is only 
necessary to slide back the pawl until the projecting 
stud on it can be turned into the rectangular recess 
at the bottom of the groove on the guard plate. 

The nut shown below the valve seat in Fig. 19 
merely serves to keep the components together, and 
is now made knurled instead of hexagonal, as it was 
found impracticable with the latter form to prevent 
the fitter getting a spanner on to it and screwing it 


| section shown in Fig. 19. 
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up so tight as to give rise to difficulties in taking the 
components apart. 

The actual valve is a light steel ring, having the 
The valve seat and guard are 
all hardened, and will thus work for a very long time 
without appreciable wear. The lift is small, but as 
both the inner and outer edges of the ring are avail- 
able for flow, the effective opening is nearly twice as 
great as it would be with an ordinary mushroom valve 
having the same lift. 

The machine is provided with forced lubrication 
throughout. 

The firm have also on view a CO, machine, and other 
exhibits include condensers, valves and pipe fittings, 
many being sectioned so as to show clearly important 
details of construction. 


NOTES ON NEW BOOKS. 


Mr. Wilhelm Thiemann’s ‘‘ Uebersee-Maschinen- 
handel’’ [Berlin Julius Springer; price 2-65 dols.] is 
an economic study of the oversea trade in engines and 
machinery, and of the inter-relations between the trade 
and the technics of engineering. As chief of the engine 
export department of Messrs. Simon, Evers and Com- 
pany, of Hamburg, Mr. Thiemann has come to the 
conclusion that exporters'and importers generally, do 
not understand one another, and that the old secrecy 
policy, which has gone overboard in many technical 
works, should profitably be abandoned, also in the 
counting houses. From this point of view, he discusses 
demand and supply, production, card systems, direct 


| and indirect distribution, propaganda, prices, trusts, 
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trade organisation by banks, government inter- 
ference, the relations between producers and their 
agents, and the agents or brokers and customers 
abroad. He has little belief in statistics because 
custom houses of different countries have very different 
ideas as to what constitutes a machine, and for other 
reasons. The subject is not of interest to everybody, 
but seems worth the 248 pages devoted to it. 


Among the most annoying, as they are among the 
most common effects encountered in engineering prac- 
tice, are the phenomena arising from vibration of 
machinery. In many cases these are regarded as the 
inevitable consequences of unbalanced parts, and their 
causes are seldom analysed and their remedy seldom 
sought. In a little book entitled “‘ Vibration in En- 
gineering,’ published in the Reconstructive Technical 
Series (published by Messrs. MacDonald and Hyans, 
London, price 7s. 6d. net), Messrs. Julius Frith and, 
Frederick Buckingham have attempted to investigate 
the laws of vibration and the character of the motion 
which results from the various arrangement of mass and 
the action of restoring forces. ‘They have been induced 
to undertake this research owing to the scarcity of 
literature on the subject and its scattered distribution.) 
which make consultation and reference. difficult. 
Perhaps, too, the increased use of heavy rotating 
parts and the greater accuracy of construction, 
tending to magnify the effects of resonance by reducing 
friction, have forced the annoyance into more pro) 
minent notice. The authors’ treatise is an admirabl 
introduction to the study of the conditions that produce 
vibration, it is not exhaustive, but it reproduces the 


theory that guides investigation and indicates thi 
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method of application in some particular instances. 
The book is divided into two parts, in the former 
the mechanism of the phenomena is explained and 
illustrated, the authors claiming that their method of 
treatment removes many difficulties and simplifies 
the general problem of forced transverse vibrations of a 
system with a natural frequency, under the disturbing 
effect of a force having a variable frequency. The 
Subject of resonance, seeing how widespread are its 
effects, might have been more fully described and 
the practical methods of damping vibrations deserve 
more attention: on the other hand, the examination 
of the effect of cyclic speed variation on alternators is 
both novel and informing. Mention is made of an 
instrument akin to a form of seismograph for measuring 
the amplitude and quality of vibration ; it seems to bea 


very useful tool, but directions might have been given | 


for deriving the phase and amplitude of the harmonics 
contained in the general curve. The mathematical 
treatment of the second part is of a fundamental charac- 
ter, directed mainly to the solution of particular pro- 
blems. The application of the formule to the prac- 
tical case of a turbine shaft carrying concentrated 
loads, variously supported, forms a suggestive exercise. 


GARDNER HEAVY-OIL ENGINES. 


Two examples of oil engines of the hot-bulb type, 
made by Messrs. Norris, Henty and Gardners, Limited, 
of Barton Hall Engine Works, Patricroft, Manchester, 
are illustrated on this page. These engines form part 
of the exhibit of the firm in the Palace of Engineering 
of the British Empire Exhibition. In order that the 
features of the larger engine may be better appre- 
ciated, further illustrations are provided of the details 
of its construction in Figs. 3 to 10 on page 596 and 
Figs. 11 to 37 on page 597. 

The first example, Fig. 1, is a stationary single- 
cylinder engine, which runs at 400 revolutions per 

‘Ininute and is designed to give 18 brake horse-power. 
The bore of the cylinder is 8} in., while the stroke is 
9} in. This engine works on the two-stroke cycle, in 
which a charge of air is drawn into the crank-case and 
is later forced under pressure into the cylinder. After 
compression the air occupies the top part of the cylinder ; 
and a small dome, which is not jacketed but is main- 
tained at a black-hot temperature. Just prior to the 
completion of the compression the oil is injected into 
the combustion chamber in the form of a spray, and 
is ignited by contact with the hot dome, At the end 
of the expansion stroke the piston uncovers ports in 
the cylinder walls to permit the exhaust of the gases. 

_ The engine bed carries the main bearings, and in it is 


18-B.H.P. Two-CycLe STATIONARY OIL ENGINE. 


formed the lower part of the crank-case. Over this 
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the upper part of the crank-case is bolted. In this there 
are two inspection doors, in which are the air valves 
and inlet-air silencers. As the crank-case is used for 
the initial compression of the air, effective arrangements 
must be made to prevent air leaks near the bearings. 
The arrangement consists of spring-loaded, sealing 
washers which are positively driven from the crank 
webs. Inspection of the bearings, without disturbing the 
structure of the engine, is made possible by the use of 
easily removed caps and shells. The crankshaft is 
made from a solid-steel forging and is provided with 
balance weights. Little need be said at present about 
the construction of the cylinder breech, dome and 
sprayer, for they are similar in general construction to 
those of the larger engine, which will be referred to 
later in association with their accompanying illustra- 
tions. For the circulation of the cooling water through 
the cylinder jackets a single-acting ram pump is used, 
which is driven by an eccentric on the crankshaft. 
Lubrication of the main bearings is effected by ring 
oilers, but the crank-pin, cylinder, and gudgeon-pin 
receive their supplies of oil from a mechanical lubri- 
cator. A centrifugal oiler is used to force the oil to 
the crank-pin, and from there it passes through the 
interior of the hollow connecting rod to the gudgeon- 
pin. The fuel pump accurately supplies the require- 
ments of the engine to meet its momentary load, and 
forces the fuel oil under high pressure to the fuel- 
injection sprayer. ‘The change in the volume supplied 
is effected by the governor, which interposes, to a 
greater or less extent, a hard-steel wedge between the 
pump ram and the rocking lever from which the ram 
receives its motion. The pump valves are simple 
steel balls carried in housings which are detachable. 
Stationary engines of this type with \single cylinders 
are produced in five standard sizes of from 11} to 
35 b.h.p., and with two cylinders in three sizes of from 
24 to 48 b.h.p. 

The second engine is of the marine type and generates 
96 brake horse-power by the use of four cylinders of 
94 in. bore and 10? in. stroke. It runs at 370 revolu- 
tions per minute. This engine, being intended for use 
at sea, is provided with reversing gear, air compressor, 
bilge and circulating pumps, and thus constitutes a 
complete marine propulsion unit. In Fig. 2 a general 
view is given, from which the compact arrangement 
and the concentration of operating gear for ease of 
control will be appreciated. The engine bed (see 
Fig. 3, page 596) carries the main bearings, of which 
there are five. 
casting is formed to give the lower half of a crank-case. 
It will be noted that by this construction each crank 
has a separate crank-case. From these crank-cases the 
surplus oil is drained off above the floor level. The 


Between each pair of bearings the bed ! 
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upper halves of the crank-cases are bolted on to the 
engine bed, and each has two inspection doors, in which 
the air valves and the inlet air silencers are accommo- 
dated. The spring-loaded sealing washers, which are 
used to ensure freedom from leaks in the crank 
chambers, may be seen in place in Fig. 3, for the cylinder 
which is shown in section. The main bearings are 
lined with upper and lower shells of anti-friction 
bronze. It may be seen from Fig. 3 that the bearing 
caps are located between the crank-cases for adjacent 
cylinders, and can, therefore, be easily removed for the 
inspection of the bearings without disturbing any other 
part of the engine. The crankshaft is formed from a 
solid steel forging and is provided with balance weights. 

Both the cylinder and its jacket are parts of the 
same casting. A detachable cylinder breech or head, 
which is provided with a water jacket, is surmounted by 
a light, dome-shaped casting, which forms the upper 
part of the combustion chamber. For starting pur- 
poses this dome is heated externally by an oil burner, 
but once the desired temperature is reached, it is main- 
tained by the combustion process. It will be observed 
that the dome (Fig. 5) has a small, pointed projection, 
or ignition grid, within it, which is situated above the 
jet of incoming oil vapour. This projection becomes the 
hottest point in the dome and is useful in ensuring 
ignition when weak mixtures are in use. Later it will 
be shown how the jet of the sprayer is set at an angle 
to the centre line, and how this is used to project the 
vaporised oil against a part of the dome of which the 
temperature suits the average load conditions. When 
loads are very low it is usually difficult to make the 
ignition absolutely certain, but the provision of a very 
hot ignition grid, such as that shown on the Gardner 
engine, removes the difficulty. Heat conduction from 
the grid is restricted by the reduction of the area 
of the metal uniting it to the main body of the 
dome. The exhaust is passed out of the cylinders as 
the piston uncovers ports in the walls and is conducted 
to a water-jacketed manifold pipe (Figs. 6 and 7), built 
up of sections which are provided with joints which 
allow liberty for expansion. The designs of the 
strainers used for water and fuel are shown in Figs. § 
and 9 respectively. 

Starting is effected by the use of compressed air 
obtained from an air compresssor fitted at the end of the 
engine and operated by the use of a small crank on the 
end of the main crankshaft, see Fig. 3. The air 
pipe system is also shown in this general view, while 
the air inlet valve arrangements are illustrated in Fig. 
4 and the master valve for the admission of air to the 
inlet valves is shown in Fig. 10. The governor of the 
engine is completely enclosed in a casing at the end of 
the engine near the flywheel, Fig. 3, beside which all 
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is situated at the driving end of the lubricator and 
shows the quantity of oil available. 

In addition to the air compressor at the end of the 
crankshaft there is also a bilge pump and a water- 
circulating pump worked from the same crank, the 
arrangements of which are shown in Figs. 23 and 24. 
The two pumps are of the plunger type and receive 
lubrication from the “flow and return” system. 
Air chambers are fitted on both the suction and 
delivery sides to ensure steady working free from water- 
hammer actions. 

Each cylinder of the engine is supplied with fuel 
from a separate pump, which accurately measures the 
charge to suit the requirements of the load on the 
engine and forces it under high pressure to the fuel 
injection sprayer. The amount of charge which is 
delivered depends upon the position of a hard-steel 
wedge interposed between the pump ram and the 
rocking lever which gives it motion (see Figs. 25 and 
26). These wedges are connected by a flexible system 
to the drop links of the governor in such a way that 
they are always free for action in spite of the fact that 
each wedge in succession is momentarily immovable 
while operating the pump. The valves of the pumps 
are steel balls carried in detachable housings and the 
delivery valves are in duplicate. 

For use in raising the temperature of the domes 
for starting the engine on oil fuel, small burners are 
permanently attached to the engine. These burners 
give a small spray of petroleum across which is blown 
a current of air taken from the compressed-air system. 
The construction of the pressure cylinder for the oil 
burners is shown in Fig. 29, while the burners and their 
associated fittings are shown in Figs. 31 to 33 and 
alternative pressure gauge connections are shown in 
Figs. 30 and 37. Once the burners are lighted, in the 
same way as an ordinary gas burner, the heating of the 
domes is started and in less than three minutes a 
suitable temperature is attained to permit the con- 
tinued running of the engine. Then the compressed- 
air starting lever is thrown over into the position shown 
in Figs. 34 and 35, and air under pressure is passed into 
the cylinders in sufficient quantity and at the proper 
periods to cause rotation. Then the starting lever is 
turned down against the other stop and the oil will 
then be admitted at the proper time. The complete 
operation of reversal is effected in four turns of the 
handwheel (see Fig. 11), during which the series of 
operations which are necessary are performed quite 
automatically. The external gear for.the purpose is 
shown in Figs. 15 and 16. The first action is to 
change the angular position of the camshaft from 
ahead to astern. The first turn of the handwheel 
puts the fuel injection pumps out of action and the 
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Towards the end of the third turn of the handwheel 
the fuel pumps are brought into action again simul- 
taneously with the compressed-air starting valves, 
which latter give sufficient air to re-start the engine 
in the reverse direction. At the end of the fourth 
turn of the wheel the air valves are put out of action 
and the engine runs under the desired conditions on fuel. 
It may be said that the complete reversal may be 
effected in three or four seconds. 

The construction of the oil sprayer is shown in 
Fig. 36. The oil passes through the central hole 
which has a spring held ball valve at its end. From 
here the oil passes through an inclined hole in a 
ferrule to the nozzle which has its axis set with an 
inclination in the opposite direction. It will be 
observed that as the oil does not leave the sprayer by 
a hole concentric with that of the general inlet system, 
the turning of the sprayer makes alteration possible 
in the direction of inlet of the fuel, and thus the jet 
may be made to impinge on any part of the inner face 
of the dome. Provision is made to effect this turning 
and thus, when the engine is to run on continuous full 
load, under average conditions or run light, it is 
possible to obtain the suitable conditions by the simple 
expedient of turning the sprayer. Continuous adjust- 
ment is of course not necessary, and it is usually only 
necessary to set the spray in positions corresponding to 
the three main cases referred to. 

Engines of this type are made with two, three or 
four cylinders, and in a variety of sizes. The two- 
cylinder sets range from 24 to 70 b.h.p., while those 
with three cylinders may be obtained for powers of 
36 to 150 b.h.p., and the four-cylinder standard sizes 
give from 48 to 200 b.h.p. 


. 


LEA COAL AND WATER-MEASURING 
APPARATUS AT WEMBLEY. 


Tr is now generally recognised that boiler plant can- 
not be maintained at the highest degree of efficiency 
unless means are provided for ascertaining at the end 
of every day or shift the performance of the plant 
during that time. The efficiency of a boiler plant 
depends, generally speaking, less on its type and 
construction than on the care with which it is operated, 
and there is no more effective way of ensuring proper 
operation than by bringing home to the man in charge 
the daily results of his work. To do this it is essential 
to have apparatus for keeping a continuous check both 
on the quantity of fuel burnt and on the quantity of 
water evaporated, for when these figures are available 
there is a well-known method of determining the 
standard efficiency of the plant at all loads, so that 


engine begins to slow down and ultimately stops. 


any departure from the standard is at once made 
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evident. The Lea Recorder Company, Ltd., of 28, 
Deansgate, Manchester, who have long been specialists 
in apparatus for coal and water measurement, are 
exhibiting several types at the British Empire Exhibi- 
tion, the Babcock and Wilcox boilers in the power 
station being fitted with Lea coal meters measuring the 
coal consumed on each of the chain-grate stokers. The 
Lea “ Cubimeter ”’ for measuring coal continuously in 
very large quantities, which works on the same principle 
as the meter for chain grate stokers, is shown on Messrs. 
Lea’s stand. 

A different kind of coal meter has, of course, to be 
used with stokers of the Proctor, Hodgkinson, Bennis 
or similar types, such as are used in conjunction with 
Lancashire boilers, and to meet the requirements of 
such boilers the Lea Recorder Company, Ltd., have 
developed the apparatus illustrated on a Bennis stoker 
in Fig. 1, annexed. It is exhibited on their stand 
attached to a Proctor stoker. On the ram of the stoker 
for each furnace is fixed a toothed rack, gearing with 
a pinion driving the counting gear. A non-return 
arrangement ensures that the gear shall be operated 
on the forward stroke only of the rams. A differential 
gear is provided, the function of which is to add up the 
forward motions of both stoker-rams, so that the com- 
bined motions operate the counter dials. The whole 
of the counting, differential, and non-return mechanism 
is contained in the small rectangular casing seen cen- 
trally between the two furnaces in Fig. 1, and the counter 
dials are visible through the window in front. The 
accuracy of meters of this kind is said to be quite com- 
parable with any ordinary weighing process, and it 
can, moreover, be easly checked when desired. 

The use of ‘‘ Lea recorders’ for measuring water is 
now so general in power stations that it is sufficient to 
say that the quantity of water flowing at any time is 
determined by the height at which the inlet water wil) 
stand on the upstream side of a V-shaped weir. When 
apparatus of this kind was used for measuring the con. 
densate from a prime mover or any other water used 
for boiler feed purpose there was always a fear that 
the water might become aerated by its passage ovel 
the weir, and thus produce a tendency to corrosion in 
the boiler. To obviate any danger from this source, 
the Lea Recorder Company are now completely closing: 
in the weir-tank, as shown in Fig. 2, so that air has ne 
access at all to the water. A very slight, but continu 
ous, flow of steam through the tank keeps the interioi 
at all times free from air. The illustration makes the 
arrangement perfectly clear. Recorders of this kind are 
extremely accurate, and will indicate the quantity 
flowing at any instant, or will draw a curve of the rat 
of flow on a chart, or will register the number of gallon: 
or pounds passed in a given time, or will perform al 
these functions simultaneously. 


PunvERIsED Coat In AustTRALIA.—The Electricit 
Authorities of the City of Melbourne are adopting th 
unit system of-pulverised coal firing for extensions 1 
their power plant, and have placed an order with Messr 
Alfred Herbert and Company, Limited, of Coventr)| 
for two of their Atritor self-contained pulverisers. Hac 
machine incorporates the functions of a metal separato 
coal dryer, pulveriser and blower, and there are no sept 
rate dryers, nor is there any storage of the powdere 
coal. The Atritor units, which are driven direct b 
electric motors, are placed immediately in front of th 
boilers and require no attention beyond that of tl 
ordinary fireman. We illustrated the Atritor in our isst 
of July 14; 1922, and may mention that one of ther 
machines has been in use for pulverised coal firing f 
many months at Messrs. Alfred Herbert’s works, } 
connection with a steam boiler, and valuable data 1 
| connection with its operation have been obtained. 


Oct. 24, 1924. ] 
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THE HARDNESS OF ELECTRO-DEPOSITED 
TRON, NICKEL, COBALT AND COPPER.* 


By D. J. MacNaveuran, A.Inst.P. (Communication 
from the Research Department, Woolwich). 


Tue work described in this paper is part of a general 
research in progress on the electro-deposition of metals, 
in which the factors controlling adhesion, soundness, 
strength and ductility of thick deposits are being 
investigated. 

Experimental Conditions.—The following conditions 
applied except where otherwise stated. The experi- 
ments were carried out in rectangular glass tanks 
12 in. by 8 in. by 15 in. deep, containing about 15 litres 
of solution. Two anodes 9 in. by 6 in. by $ in., and 
in certain cases four anodes, were placed so as to be 
about 34 in. from the cathode. The cathodes were 
eylindrical steel rods 1 in. in diameter, having about 
6 in. of their length immersed during deposition. 
Conditions were arranged to allow of continuous 
deposition over lengthy periods of time. The deposits 
obtained were generally 0-08 in. to 0:1 in. thick. 
For most of the tests the following restricted conditions 
were imposed: (a) non-agitation of the electrolyte— 
only occasional stirring to prevent concentration 
changes; (b) no temperature higher than 40 deg. C., 
since this is the limit of temperature for the stopping-off 
waxes used under commercial conditions. 

The cathodes, after deposition, were cut transversely 
so as to provide suitable specimens for hardness tests 
and for micro-examination. The Brinell hardness of 
the edge and face of the deposit was determined, 
a ball of 1 millimetre diameter and a load of 30 kilo- 
grammes being used. The acidity and metal content 
of the solutions were estimated by the usual methods. 
The hydrogen ion concentration, which proved to 
be of great importance in connection with the deposition 
of iron, nickel and cobalt, was obtained by the use of 
a series of coloured indicators, in a manner similar to 
that of Thompson. 

Copper Deposits.—Steel cathodes were given a 
preliminary thin coating of copper in a hot cyanide 
bath. Thick deposits were then formed under the 
conditions shown in Table I., which also shows their 
Brinell hardness. 


Taste I.—Copper Deposits. 


Blectrolyte, 175 grammes copper sulphate, CuSO45H20 \ per 
25 as sulphuric acid JS litre 


Temperature, 22° C. Average thickness of deposit, 0°05 in. 


Current Density | Brinell Hard- 


No. Amperes ness Remarks. 
per sq. ft. Number. 

A 5 | 58 Tough 

B 10 60 ” 

CG 15 63 

D 20 66 - 


It is evident that with increase in current density 
there is an increase in Brinell hardness. In accord with 
Bancroft’s axioms, with increase of current density 
there is a decrease in crystal size. With the highest 
current density employed there is pronounced twinning. 
Similar examples of twinning have been obtained by 
other workers. 

The hardness of the deposits is not considerable, 
being only intermediate between that of annealed 
copper and of hard-rolled copper. The Brinell hard- 
ness number range (58-66) shows that such deposits 
are unsuitable for the coating of surfacers which are 
to be exposed to severe wear. This was found to be 
the case by users of copper electrotypes as long ago 
as 1840. In 1841 Boettger suggested coating such 
electrotypes with a layer of electro-deposited iron, and 
it was found that, as a result of the superior hardness 
of the iron deposit, a great increase in life was obtained. 

Deposition of Iron, Nickel and Cobalt.—To secure 
‘Satisfactory deposits of these metals it is necessary 
to maintain the hydrogen concentration as low as 


possible, without, however, being so low as to involve | - 


the risk of precipitation of basic salts in the deposit. 

Thus, in general, the solutions used are maintained just 

slightly acid. In spite of the low acidity, however, a 

certain amount of hydrogen is usually co-deposited with 

the metal—a complication which does not occur at all 

in the case of copper deposited from the highly acid 
- solution used. 

Iron Deposits—Anodes consisting of plates of 
Armco iron were used with an electrolyte containing 
75 grammes ferrous ammonium sulphate per litre, 
except where otherwise stated: (a) Effect of Hydrogen 
Jon Concentration.—When freshly made up, without 
any acid additions, the solution was found to have a 
hydrogen ion concentration of pH 4-5. Upon exposure 
to the air the solution readily oxidised, the ferric 


* Abstract of a paper read at the meeting on Friday, 
May 9, of the Iron and Steel Institute, 


salts formed subsequently hydrolysed, basic salts were 
precipitated and the hydrogen ion concentration in- 
creased. Thus, in one case after 168 hours exposure, 
the hydrogen ion concentration increased to pH 2:5. 
In determining the effect of such changes of hydrogen 
ion concentration upon the quality of the deposits, the 
metal content of the bath, however, being kept con- 
stant, solutions were used having different degrees of 
acidity. The acidity was kept as constant as possible 
throughout the period of deposition, in certain cases by 
frequent additions of acid. The hydrogen ion con- 
centration was determined at frequent intervals 
using as indicators brom-pheny! blue, brom-cresol 
purple, and methyl red. The results of these experi- 
ments are shown in Table IT. 


TaBLe II.—Iron Deposits—Effect of Hydrogen Ion 
Concentration. 


Electrolyte, 75 grammes ferrous ammonium sulphate fer litre: 
the acility was coutrolled by the adiition of sulphuric acid. 
Current density, 4°7 amperes per sq. ft. 
Potential differerce, 0°54 to 0°68 volt. 
Recporntare, 18 deg. to 22 deg. C. Average thickness of deposit, 
88 in, 


Hydrogen 
Tron Brinell 
No. Concentra- Hardness Remarks, 
tion, Number. 
pH Range. 

. 2 5 
34A 4:5 to 4:2 £67) Tough, with matt surface ; 
384 oH) 7 195 pitted ; 
T7A oe 2 174 J G 
45A 3-6 to 3°8 2295 
46A 2s ” 232 { 
48A ho 4 225. Brittle, with smooth sur- 
57A ve ma 239 ( face ; not pitted. 
56A ce ip 244 
55A 36 a 244 | 

i ! Bi: All except 40A were fairly 
nae 3°3 to 3:5 ee. tough; 40A was very 
62A 2. fi 256 : brittle. Surface smocth 
634 ag 2) 263 J generally, but some- 

= 7 We 3 what eroded. 


It is evident that variations in acidity, such as might 
occur as a result of oxidation of the solution, have a 
marked effect on the Brinell hardness of the deposits. 
The general effect of an increase in acidity (within the 
limits studied) is to cause an increase in hardness over 
a range of 160-280 Brinell number. It has been found 
in practice that the most constant conditions of deposi- 
tions are obtained in the above electrolyte if a certain 
amount of ferrous carbonate is added. An experi- 
mental study of the effect of this addition showed that 
it secured a low hydrogen ion concentration of about 
5-5 to 5-7 pH, which remained constant over lengthy 
periods, if the ferrous carbonate was kept in suspension 
by occasional stirring. The Brincll hardness number 
of a deposit obtained from such a solution was about 
140. This deposit was fairly tough. (b) Hffect of 
Current Density, Temperature, &-c.—The current density 
used throughout the above experiments (4-7 amperes 
per square foot) is low and involves a slow rate of 
deposition. Increasing the rate of 7-5 amperes per 
square foot, without agitation, resulted in powdery 
deposits. Higher current densities can, however, be 
secured with the use of a more highly-concentrated 
solution of ferrous ammonium sulphate. Thus, with 
a solution containing 350 grammes of this salt per litre 
it is possible to use a current density of 20 amperes per 
square foot. The effect of current density upon the 
hardness of deposits obtained from this solution is given 
in Table ITT. 


TasLE II1.—Iron Deposits—Effect of Current Density. 
Electrolyte, 325 grammes ferrous ammonium sulphate per litre 


(pH 4°4). - 
Temperature, 19 deg. C. Thickness of deposit, 0°08 in. 


Current : . 
; Potential Brinell 
No. tae Difference.| Hardness Remarks. 
per sq. it. Volts. Number 
| 
B25 5 0-52 182 Tough. Crystalline 
| surface. 
B26 10 ON Zee 229 Somewhat tough ; 
matt surface. 
B24 15 0-96 283 Brittle. Smooth sur- 
face. 
B22 20 1-26 354 Very brittle. Smooth 
| surface. 


An increase in current density from 5 to 20 amperes 
per square foot caused an increase in Brinell hardness 
number from 180 to 350. At more elevated tempera- 
tures higher rates of deposition can be secured. Thus 
with the above concentrated ferrous ammonium 
sulphate solution at 41 deg. C., a current density of 
50 amperes per square foot gave a very satisfactory 
deposit, which had a hardness of about 240 Brinell 
hardness number. The increased temperature had 
produced a softening effect which more than counter- 


balanced the tendency of the greater rate of deposition 
to increase the hardness. The effect of increased 
temperature was more particularly studied in ferrous 
chloride solutions. Thus, using the well-known Lang- 
bein-Fischer bath, which is a highly concentrated 
solution of ferrous chloride and calcium chloride, it 
was found possible to obtain at 95 deg. C., at the high 
current density of 100 amperes per square foot, satis- 
factory deposits having a Brinell hardness number as 
low as 180. Increasing the acidity of a hot ferrous 
chloride solution was found to increase the hardness 
of the deposit greatly. Thus, in the case of a fairly 
concentrated solution of ferrous chloride at 36 deg. C. 
a deposit of 199 Brinell hardness number was obtained 
at a current density of 50 amperes per square foot. 
Upon increasing the acidity of this solution the hard- 
ness of the deposit under otherwise similar conditions 
rose to 344 Brinell hardness number. 

Table IV shows the results obtained in ferrous 
chloride solution, 


TasBLe IV.—Iron Deposits—Hffect of Temperature and 
Acidity of Solution. 
Electrolyte, 460 grammes ferrous chloride [er litre. Temperature, 
36 deg. to 40 deg. C. 
Average thickness of derosit, 0°09 in. 
ence, 1°11 volt. 
Current dersity, 50 amperes per sq. ft. 


Average potential differ- 


Brinell 

No. Acidity. Hardness Remarks. 
Number. 

51A No acid added 199 Fairly tough. Matt 

surface, 
. eG NE Na " or 

a 0-002-0-003 N HCl pach Smooth surface (with 

= BD mee a few growths). 

67B ” 298 Brittle 

52A “p 344 ) ¢ 


(c) Microstructure.—A series of deposits were made 
ranging from 140 to 354 Brinell hardness number. 
The softer deposits show well-defined crystals, which 
become smaller in size as the hardness of the deposits 
increases, and ultimately in the hardest deposits form 
an exceedingly fine structure which cannot satis- 
factorily be resolved under the microscope. (d) Sum- 
mary of Results. Iron Deposits.—The results obtained 
suggest that hydrogen ion concentration and increase 
in current density tend to harden the deposits, whereas 
increase in temperature of deposition tends to soften 
the deposits. Thus by the judicious adjustment of 
these factors iron deposits may be obtained of various 
degrees of hardness ranging from 140 to 360 Brinell 
hardness number. It further appears that the hardness 
is associated with fineness of crystalline structure. 

Nickel Deposits.—When a solution of nickel ammo- 
nium sulphate is used as an electrolyte the maximum 
possible concentration is about 100 grammes per litre, 
involving a low metal content. It has, therefore, been 
considered that only a comparatively low current, 
density, without agitation of the solution is allowable. 
During recent years solutions containing nickel sulphate 
which has a much greater solubility, have become 


Taste V.—Nickel Deposits. 


Electrolyte, 240 grammes nickel sulphat> (crystal) 
15 nS sodium chloride per litre. 
boric acid 


30 2 
Temperature, 18 deg. to 22 deg. C. Average thickness of deposit 


0°08 in. 
Potential difference, 1°01 to 2°2 volts. 


Current 
Hydrogen Ton Density | Brinell 
No. Concentration, Amperes} Hard- Remarks. 
pH Range. per ness 
sq.ft. | Number 
N3l 6-0 to 5-8 5 181 
N32 Ohi a V1 186 
N33 ef a5 15 217 Very tough, 
Nl i 33 20 211 smooth sur- 
N3 7 AY 20 214 face. 
N6 9 ” 20 210 
N7 Solution increased 20 243 Toye a 
Nil in acidity, the | 20 271 ee ein 
N10 pH changing 20 284 5 pegs 
N16A)| from5-8to5-3.| 20 304 hae, ee 


popular, and there is a tendency to discontinue the 
use of the double salt. In the course of this investiga- 
tion it has appeared, however, that nickel ammonium 
sulphate solutions are very suitable for obtaining 
extremely hard deposits, and that with suitable 
preliminary cleaning of steel surfaces deposits of 
considerable thickness can readily be obtained upon 
steel at reasonably high current densities. It is usual 
in solutions containing nickel sulphate to employ boric 
acid as the chief source of hydrogen ions. It has 
been found in this investigation that the hardness 
of the deposits obtained from such solutions may 
vary between wide limits. The results given above 
were obtained with a solution of high nickel content 
containing boric acid (Table V), and solutions with 
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low nickel content (a) without boric acid (Table V1), 
and (6) with boric acid (Table VII). 

It is evident that the hardness of the deposits obtained 
from the nickel sulphate + boric acid solution (Table 
V) is distinctly affected by the hydrogen ion concentra- 
tion. Thus with the same current density between the 
limits of pH 5-8 to 6-0 the Brinell hardness number 
range of the deposits is 210 to 214, whereas hetween the 
limits of 5-3 to 5-8 pH the Brinell hardness number 
range is 243 to 304. The Brinell hardness range of the 
deposits obtained from the solution of nickel] ammo- 
nium sulphate without boric acid (Table VI) is very 
high, and appears to be but little affected by alteration 
in current density between the limits of 5 and 20 amperes 
per square foot. The deposits obtained with current 
densities from 5 to 15 amperes per square foot are 
satisfactory in appearance and can be readily obtained 
of considerable thickness. At higher current densities 
the deposits become increasingly rough and brittle. 

Taste VI.—Nickel Deposits. 
Electrolyte, 62°5 grammes nickel ammonium sulphate 


(crystal) 
230s; nickel sulphate (crystal) 
80 “3 potassium chloride 
Temperature, 17 deg. to 21 deg. C. Thickness of deposits, 0°03 
®* to 0°06 in, 


Potential difference, 1-4 to 1°95 volt. 
Hydrogen on concentration pH range, 5°6 to 5°8. 


per 
litre. 


Current Density} _Brinell 
No. Amperes Hardness Remarks. 
per sq. ft. Number 
| 
Y¥4 5 ’ 385 ) 
W5 10 352 | Smooth deposits; some- 
Me 10 358 + what brittle. 
Y8 10 339 | 
Y10 10 420 J 
Y6 15 876 Fairly smooth; somewhat 
brittle. 
Y1 20 387 Rough surface; distinctly 
Y3 20 382 brittle. 
Taste VII.—WNickel Deposits. 
Electrolyte, 75 grammes nickel ammonium sulphate 
(eryseal) l er litre 
50, nickel sulphate (crystal) j Pp : 
25 boric acid 


25 3 
Temperature, 17 deg. to 19 deg. C. Potential difference, 2:0 
to 3°3 volts. 
Hydrogen ion concentration, pH about 5°8. 


Thickness of deposit, 0°05 to 0°06 in. 


Current Density} Brinell 
No. Amperes Hardness Remarks. 
per sq. ft. Number 
j 
X7 5 347 Smooth deposits; somewhat 
X12 10 355 brittle. 
X13 15 847 Rough deposits; distinctly 
X14 10 374 brittle. 


The Brinell hardness number range of the deposits 
obtained from the nickel ammonium sulphate solution 
containing boric acid (Table VII) is high in spite of 
the presence of boric acid. Microstructure.—Deposits 
were made showing a range of Brinell hardness number 
from 200 to 420. They present the same characteristics 
as iron deposits. Summary of Results. Nickel Depo- 
sits.—The chief factors which determine the hardness 
of deposits obtained from nickel depositing solutions at 
ordinary temperature appear to be hydrogen ion con- 
centration and metal ion concentration. Increase 
of the former, within certain limits, tends to harden, 
increase of the latter tends to soften the deposits. 

Cobalt Deposits.—It is possible with cobalt sulphate 
to obtain solutions suitable for deposition which have 
such a high metal content and conductivity as to 
allow the use of very high current densities at ordinary 
temperatures. For this reason Kalmus, in spite of the 
greater cast of cobalt metal, has advocated, on com- 
mercial grounds, the substitution of cobalt-plating 
for nickel-plating. In the absence of quantitative 
measurements, contradictory views have been held 
concerning the relative hardness of cobalt and nickel 
deposits. Probably the most general view is that 
cobalt deposits are harder than nickel deposits. Al- 
though deposits of the former metal have not been 
considerably studied by the author, it would appear 
that the range of Brinell hardness is similar to that of 
deposited nickel. Thus with Kalmus’ solution, con- 
sisting of 565 grammes cobalt sulphate (crystal), 20 
grammes sodium chloride, 30 grammes boric acid per 
litre, the range of hardness obtained was 270 to 311 
Brinell hardness number. This range is not dissimilar 
from that obtained in the case of nickel deposits from 
the concentrated nickel sulphate-boric acid bath. 
The microstructure of a cobalt deposit, having a 
Brinell hardness of 311, is somewhat similar in 
appearance to the nickel deposit, which has a nearly 
equal Brine]l hardness number. 

Internal Stress in Deposits.—The evidence of internal 
stress was very marked in the harder deposits of iron, 


nickel and cobalt. It was indicated by steel strips 
being bent when plated upon one side by hard deposits 
of these metals (as des¢ribed by Stoney in the case of 
nickel deposits). The deposit was invariably upon 
the inside of the bend, indicating a condition of tensile 
stress. Similar tests made with copper deposited 
under the conditions shown in Table I gave no such 
definite evidence of internal stress. 

The Cause of High Hardness in Electro-deposited 
Metals.—The analysis and hardness of two typical 
deposits is shown in Table VIII. 


Taste VIII. 


Iron Deposit (No. 59A) | Nickel Deposit (No. N164). 
Brinell Brinell 
Analysis. Hardness Analysis, Hardness 
Numbet. Number. 
Carbon 0023 Iron... (0°07 ] 
Silicon 0-009 Copper ..<0°01 
Manganese 0°005 i 350 Cobalt ..<0-01 304 
Sulphur .. 0:003 Manganese 0°06 
Phosphorus 0-004 | J Carbon .. trace | J 


The hardness of these deposits is much greater than 
could be obtained with iron and nickel, of the com- 
position indicated, by heat treatment or cold-work. 
At least one impurity, however, is not included in this 
analysis. Hydrogen was present in both samples, and 
its effect on hardness must be considered. The absence 
of hydrogen in soft copper deposits may be significant 
in this connection. 

The view that the high hardness of certain iron 
deposits is due to hydrogen dissolved as such, or as 
a hydride, appears to have been adopted by numerous 
researchers. Lee determined the hydrogen content 
of a number of iron deposits obtained over a wide 
range of conditions (including those which this investi- 
gation has shown would-produce deposits having a 
Brinell hardness of 350), and his results range from 
0-003 per cent. to 0-12 percent. Ina few preliminary 
determinations made in the course of the present 
research, the hydrogen content foynd was much lower 
than the higher figures given by Lee. 

An alternative explanation of the hardness is sug- 
gested by the fineness of the crystalline structure of 
hard deposits. The structures present features the 
meaning of which is not yet fully understood, but it 
would appear that the crystals of which they are 
composed are extremely minute. 

Bassett and Davis have determined quantitatively 
the relation between crystal size and Brinell hardness 
in a brass, cold-worked and recrystallised by annealing 
at different temperatures, and from these and other 
results Jeffries has inferred that the hardness of metals 
would be raised much above that attainable by cold- 
work if the crystals could be made sufficiently small. 
Further evidence of this suggestion is required, but it 
may be that the metal crystals formed under the con- 
ditions of electro-deposition which produce hard 
deposits are so small as to account for the high degree 
of hardness. 

It has been suggested that hydrogen plays a part 
in the formation of very finely crystalline deposits. 
Of the hydrogen atoms which are co-deposited with 
the metal it is probable that a number enter into the 
space lattice of the deposit forming a solid solution, 
a number remain at the boundries of the crystals, 
and a number unite to form molecular hydrogen 
which subsequently passes off as gas. The deposited 
hydrogen which does not enter into solid solution may 
prevent the growth of crystals and result in the con- 
tinual formation of fresh centres of crystallisation. 
It would be expected that deposited hydrogen acting 
in this way would in part be trapped at the crystal 
boundaries, giving rise to intercrystalline brittleness, 
the remainder escaping as gas after continuing to form 
molecular hydrogen. 

Unequal distribution of dissolved hydrogen has been 
proposed by Lee as a possible cause of internal stress 
in iron deposits. In the case of nickel deposits, the 
small amounts of hydrogen found to be present suggest 
that such an explanation is inadequate. 

In order to account for the internal stress in nickel 
deposits, Kohlschutter and Vuilleumier have suggested 
that the metal is first deposited in a dispersed colloidal 
condition upon the cathode surface, and that it sub- 
sequently changes after a finite interval into the 
crystalline condition. Assuming that the colloidal 
condition is largely amorphous, such a change would 
involve a contraction in volume, which being opposed 
by cohesive forces at the cathode surface would pro- 
duce a condition of tensile stress. This view might 
explain the hardness of deposits if the conversion of 
the amorphous into the crystalline phase were in- 
complete. One of the chief difficulties in this theory 
appears to be that it involves the transformation of 
amorphous into crystalline metal at atmospheric 


temperatures. Jn cold-worked iron, nickel, or cobalt 
this transformation requires much higher temperatures. 

Another suggestion is that the condition of internal 
stress in deposits may be an effect produced by electrical 
forces during electrolysis (Faust). 

Thus it might be considered possible for displace- 
ment of atoms from their normal positions in a space 
lattice to result from electrical forces acting on them 
while they are being deposited, causing local defor- 
mation or strain of the lattice. The conditions thus 
produced would resemble those of cold-worked metals, 
except for the more minute scale on which the defor- 
mation would take place. If the deformation is 
partly elastic and partly permanent, it would explain 
the state of stress existing in hard deposits as well as 
their hardness. An objection to this view seems to be 
that whereas the electrical field exerts an influence 
upon charged metal ions and thereby causes them to 
be brought up against the cathode surface, as soon as 
these ions are neutralised (by electrons from the 
cathode surface) and become metal atoms there appear 
to be no established reasons why the influence of the 
electrical field upon them should be maintained. 
If this be the case, the only forces influencing the newly 
formed metal atoms would be the forces of crystalli- 
sation and cohesion at the cathode surface. 

Summary.—l. The Brinell hardness numbers of the 
deposits obtained under the conditions described 
range between the following limits: Copper 58-66 ; 
iron 140-360 ; nickel 180-420; cobalt 270-311. 

2. The conditions of deposition which within certain 
limits have been found to cause increase in hardness 
are: (a) Decrease in temperature (iron deposits) ; (6) 
increase in current density (copper deposits and iron 
deposits); (c) Decrease in metal ion concentration 
(nickel deposits) ; (d) Increase in hydrogen ion con- 
centration (iron deposits; nickel deposits). 

3. Of these conditions the first three coincide with 
the factors which, according to Bancroft, cause decrease 
in the crystal size of deposits; and the fourth (d) 
has been noted by various investigators, such as 
Hughes (iron deposits) and Thompson (nickel deposits), 
to favour small crystal size. 

4. By the judicious adjustment of the various factors 
referred to above, the hardness of deposits of iron, 
nickel and cobalt can be controlled within fairly close 
limits. 

5. Several possible alternative explanations of the 
high hardness of certain deposits have been discussed. 
These respectively ascribed the hardness to (a) Hydro- 
gen deposited simultaneously with the metal forming 
a hard solid solution with it. The amount of hydro- 
gen retained in solid solution seems insufficient to 
account for the high hardness attainable. (b) Depo- 
sition of the metal largely in the amorphous condition. 
This is thought to be improbable. (c) Displacement of 
atoms from their normal positions on a crystal lattice 
by electrical forces acting on them while they are 
being deposited, resulting in distortion of the crystal 
lattice growing, with consequent deformation, partly 
permanent and partly elastic, thereby producing an 
effect similar to that of cold-work. It does not, 
however, appear likely that the forces of crystallisation 
can be affected by the electrical forces involved during 
deposition. (d) The minute size of the crystals of 
the deposited metal. The deposition of hydrogen with 
the metal may be one of the factors interfering with 
crystal growth, and thus reducing the size of the crystals. 


Pipes FROM Buast-FuRNacE Sxtac.—The Dresler 
process of making bricks from blast furnace slag has 
found application on a considerable number of Rhenish 
iron works. Recently pipes have also been made from 
the same material and essentially by the same simple, 
relatively inexpensive process, and the pipes have stood 
mechanical tests, upon which Dr. F, Riedel has reported 
to a blast-furnace slag committee of the German iron- 
masters (Stahl und Eisen, September 24). Like the 
bricks the pipes are made from ground slag (‘‘ meal ’’) 
and slag sand. As inthe production of cement pipes, use 
is made of two concentric former tubes of sheet iron, 
The meal and the sand are run in alternating layers 
into the annular space between the two tubes, and the 
layers are rammed down separately. The mixture — 
acquires sufficient hardness to allow of withdrawing the 
tubes ; this is done while the pipe lies on a truck, on 
which it is taken into the kiln, which is a chamber 
charged with combustion gas drawn from a blast furnace. 
This gas contains the carbon dioxide wanted to combine 
with the lime in the slag and thus to harden the pipes 
(or bricks). The treatment lasts 48 hours, after which 
the pipes are sufticiently hard for use. In crushing 
tests Riedel put a saddle of wood on 300 mm. (12 in.) 
pipes and loaded the saddle with pig-iron, The pipe 
bore 2,500 kg. without being crushed, which is a high 
load considering that no binder is used, The greatest 
risk in the preparation of the pipes is their breaking 
in the first stage. To reduce this risk the pipes are har- 
dened immediately after removal of the former tubes 
by passing the gas through the pipe. The pipes are 
waterproofed by providing them with an inner cement 
lining; cement pipes themselves require four weeks for 
their finishing instead of the two days of slag pipes. 
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PLATE LXIV. ENGINEERING, Ocroper 31, 1924. 


MACHINERY OF THE TWIN-SCREW ORIENT LINER ;ORAMA.” 


CONSTRUCTED BY MESSRS. VICKERS LIMITED, ENGINEERS AND SHIPBUILDERS, BARROW-IN-FURNESS. 


(For Description, see Page 601.) 


Fic. 21. View or TURBINE Ser From GEAR Box Enp, SHowine O1L SERVICES. 


Fic. 22. General VIEW OF TURBINE SET FROM ForwARD END. 


(To face page 601.) 
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ROLL BEARINGS FOR COLD ROLLING 
MILLS. 


By C. E. Davis, A.M.I.Mech.E. 
(Continued from page 571.) 


Materials.—Practically all roll bearings for cold 
rolling mills are made of a bronze alloy, but the 
quality varies with individual cases. In the 
cheaper classes of rolling mill, naturally the high 
cost of expensive alloys is prohibitive, and a gun- 
metal containing an appreciable quantity of lead, 
such as 86 per cent. copper, 9 per cent. tin, 3 per 
cent. zinc, 2 per cent. lead, is frequently adopted, 
and gives reasonably good service. Where the 
buyer gives due consideration to wearing qualities 
and efficiency a high grade gun-metal or phosphor 
bronze is specified. Admiralty mixture gun-metal 
with proportions of 88:10:2, is very generally 
put in by makers of high-class rolling plant, but 
recently many have found phosphor bronze to give 
the best service and the leading makers of rolling 
mills in this country and on the Continent have 
standardised the practice in this direction. A 
good bronze of this class should consist of 89-5 per 
cent. copper, 10 per cent. tin, and 0-5 per cent. 
phosphorus. While a true bronze should contain no 
zine or lead, many metallurgists would see no 
objection to 2 per cent. lead in either gun-metal or 
phosphor bronze, and for bearings 5 per cent. or 
even 10 per cent. has been recommended. A 
phosphor bronze adopted by the Pennsylvania 
Railway Company, is reported to contain 80 per 
cent. copper, 10 per cent. tin, 9-5 per cent. lead, 
0:5 per cent. phosphorus; and another mixture, 
recommended for heavy marine engine bearings, 
gives 82-5 per cent. copper, 13 per cent. tin, 4 per cent. 
lead, and 0-5 per cent. phosphorus. A phosphor 
bronze containing 83 per cent. copper, 9 per cent. 
tin, 7:5 per cent. lead, and 0-5 per cent. phosphorus 
is regularly used. The necessary qualities which a 
good bearing metal requires for rolls are by no means 
easy to determine; generally it is considered that a 
hard metal is desirable, and for this a hard grade of 
gun-metal or phosphor bronze is favoured. 

There is a very considerable divergence of opinion 
on this, and while some users demand a hard 
bearing metal, others claim that a softer metal 
causes less friction and wears better than the harder. 
Actually, it is necessary to consider both the material 
of the rolls and the hardness of the necks, and also 
the method of lubrication, before specifying the 
nature of the bearing metal. With the ordinary 
class of mill, fitted with chilled C.J. rolls having 
grease lubrication and external water cooling of bear- 
ings, it is better to use a softer gun-metal than would 
be recommended for an up-to-date mill with steel 
rolls and automatic oil lubrication, Any engineer 
who has examined the necks of rolls which have been 
worked for any long period in a mill of the older 
type, will appreciate this point, for in the majority 
of cases the necks will be found to be deeply scored, 
showing that the heavy pressure combined with 
inadequate Iubrication has caused the metal of the 
bearing to cut into the roll necks. Needless to say, 
such conditions cause excessive frictional losses, 
and render a copious water supply necessary, if the 
temperature of the bearings is to be kept within 
reasonable limits. 

Although the conditions requisite for good roll 
bearings are better understood now than they were 
a few years ago, there are still many mill users who 
fail to appreciate the necessity for keeping the 
surface of the roll neck itself in good condition. A 
scored bearing is certain proof that metal-to-metal 
contact between neck and bearing has occurred, if 
not also the presence of abrasive dust. It is cer- 
tainly difficult to prevent the emery powder used 
in scouring rolls, from entering bearings, but from 
an engineer’s point of view it seems folly to expect 
a bearing to run cool, if such abrasive substances 
are allowed to reach the bearing surfaces. Further 
reference will be made to this point is connection 
with the question of lubrication, but it may now 
be noted that in all cases the neck of the roll should 
be appreciably harder than the metal of the bearing 
in which it is supported, and should be finished 
truly circular by grinding and with a good surface. 
Any signs of scoring which may take place should 
be removed by regrinding when necessary. 


The experiments of Lasche and others on bearing 
friction have shown that the frictional losses are 
much the same whatever metal is used for either the 
journal or the bearing, but this conclusion only 
holds good when reasonably efficient lubrication is 
obtained. This is almost self-evident, as, given a 
film of oil separating the bearing surfaces, the nature 
of the metals employed cannot have much effect 
on the friction. In the average mill an unbroken 
film of lubricant cannot be taken for granted, and 
the metals in contact must be selected with a view 
to minimise the tendency to seize. In most cases 
with chilled cast iron or hardened steel rolls, with 
unhardened necks, a moderately hard gun-metal or 
phosphor bronze gives perhaps the best results. 
Softer gun-metals give trouble and wear rapidly 
owing to the “burring” over at the ends of the 
bearings, thereby reducing the effective bearing 
surface. Ifit were not for this, softer metals such 
as the many excellent white metal alloys would 
be preferable, as friction losses would probably be 
reduced, any inaccuracies in alignment would 
correct themselves, and certainly the risk of damage 
to the surface of the roll neck would be reduced. 
As far as the writer is aware, no trial of entire white 
metal roll bearings in a cold mill has been attempted 
in this country, and moreover, an alloy: rich 
enough in tin to give sufficient hardness, would be 
costly; but the application of white metal, inserted 
as strips in a shell of harder metal is now very 
generally adopted for the best class of cold rolling 
mills, A bearing of this type is shown in Fig. 19. 


\ 


The body is of hard gun-metal or phosphor bronze 
with strips of high grade anti-friction metal disposed 
spirally inthe bore. In this way sufficient support is 
provided to prevent the squeezing out of the softer 
metal, and at the same time the advantages of a 
white metal bearing are partially secured. Such 
bearings have been proved to give excellent results 
under the heaviest loads and are perhaps the best 
type of bearing in use at the present time. Messrs. 
W. H. A. Robertson and Co., Limited, of Bedford, 
who have carried out numerous experiments on roll- 
bearing friction, have adopted this bearing as a 
standard for their high-grade mills, especially those 
operating at high speeds. Another advantage 
obtained by the use of inserted white metal strips, 
which is not quite obvious, is that the softer white 
metal tends to wear down very slightly below the 
surface of the containing bearing, and provides a 
minute clearance which is filled with lubricant, 
thereby ensuring an oil film over a very large portion 
of the bearing surface. This quality has been proved 
for heavy machinery bearings of other classes, but 
has not been appreciated as it deserves in connection 
with roll bearings. The spiral form of the white 
metal strips prevents to a very great extent the 
scoring of the roll neck. Bearings of this class are 
relatively costly , the total weight of metal is some- 
what greater than that for a plain bearing, and the 
cost per pound is high. In addition, there is extra 
labour cost incurred in casting and in running in the 
anti-friction metal. 

In the course of the experiments referred to 
above it was found that the use of expensive metal 
as a containing shell in such bearings was un- 
necessary. This led to the trial of a set of 
“‘brasses ”? which were made of a specially good 
quality cast iron, in which spiral strips of white 
metal were inserted. These bearings were tested 
under the heaviest loads with excellent results, and 
have been since subjected to an endurance test, 
carrying rolls employed intermittently for both hot 
and cold rolling work, over a period of many months. 
The results obtained have surpassed expectations, 
and so far no disadvantage due to the use of this 
cheaper bearing metal has come to light. The 
surface of the cast-iron portion of the bearing 
surface is excellent, no sign of scoring on the 
chilled roll necks can be detected, and the bearings 
keep as cool as, if not cooler, than the ordinary 


bronze bearings previously fitted to the mill. The 
saving in cost ina set of hearings of this construction 
in a medium sized mill, is very considerable, and 
if, in addition, the running qualities are superior, 
there would seem to be little necessity to use bronze 
bearings in future. Cast-iron bearings lined with 
white metal are, of course, by no means new, 
having been employed for engine and other bearings 
for many years, and the property possessed by cast- 
iron bearings, of taking a high surface polish and 
becoming intensely hard under the rubbing action 
of the journal is well known. 


(To be continued.) 


THE TWIN-SCREW GEARED-TURBINE 
ORIENT LINER “ORAMA.” 
(Concluded from page 544.) 

THE general arrangement of the machinery is 
perhaps best shown in Fig. 10, Plate LVII, page 543, 
ante. From this it will be seen that there are two 
boiler-rooms in each of which there are three double- 
ended and two single-ended boilers. The bunkers 
for the oil fuel line each side of the boiler-rooms, 
and are extended forward along the sides of the 
refrigerating machinery rooms. 

As already mentioned the Orama will require 
about 19,500 shaft horse-power to propel her at the 
designed speed of 20 knots. The ship has accord- 
ingly been fitted with single reduction geared 
turbines, which are supplied with superheated steam 
by oil-fired boilers having a working pressure of 
215 lb. per square inch (gauge). The turbines are 
of the Parsons type. It was considered desirable 
that the machinery for each of the twin shafts 
should be an entirely independent mechanism com- 
plete in itself, and hence, the port and starboard 
sets each comprise a high pressure, an inter- 
mediate and a low pressure turbine arranged round 
the main gear wheel, as is indicated in Fig. 18, 
Plate LXIII, or perhaps still better in the key plan 
of the arrangement of turbines and gearing, Fig. 
23, page 602. An excellent idea of the general 
arrangement can also be obtained from Figs. 13 
and 14, Plate LXII, and from Figs. 21 and 22, 
Plate LXIV. Each of the three turbines comprising 
the set is connected by a fléxible coupling to 
the nickel steel double-helical pinion gearing with 
the main wheel. The latter has a cast-iron 
centre on which two rings of mild steel, in which 
the teeth are cut, are shrunk and keyed. This 
wheel has a pitch diameter of 156 in., whilst that of 
each of the nickel steel pinions is a little over 103 in. 
Sections through the gear-box are reproduced in 
Figs. 24 and 25, page 602, and from these it will be 
seen that the pinions are supported on three’ bear- 


ings. The double-helical teeth are of the ordinary 
involute type. They have an effective axial length 
of 4 ft. 2 in. A section through the claw type 


flexible coupling, by which the pinion is connected 
to the turbine shaft, is shown in Fig, 24, from which 
it will be seen that provision is made for slight axial 
motion of the pinion. At full speed the turbines 
run at 1,370 r.p.m. and the propeller at 95 r.p.m., 
the ratio of reduction is therefore 14:4 to 1. 

A longitudinal section through the turbine room 
is reproduced in Fig. 15, and a plan in Fig. 16 (Plate 
LXIIT). A noticeable feature about the latter is 
the comparative freedom of the floor space, which is 
mainly due to the compactness of the turbine drive, 
since the auxiliary machinery is unusually ample 
and complete. : 

A section through the high-pressure turbine is 
represented in Fig. 26, page 602. It consists, it will 
be seen, of a two-row velocity compounded wheel, 
5-ft. 4-in. mean diameter, followed by four groups of 
reaction blading, mounted on a drum 2 ft. 9 in, in 
diameter. The blading ranges in height from 13 in. 
at the high-pressure end of the turbine to 23 in. in 
height at the last group. The end thrust on the 
reaction blading is balanced by a dummy of the 
usual type, any residual load being taken by a 
Michell thrust block at the forward end of the 
casing. Bye-passes are provided into the velocity 
wheel compartment, and also between the first and 
second groups of the reaction blading, so that, should 
the need arise, a very large overload may be taken. 
The live steam branches are all 8 in. in diameter. 
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The shaft glands, both forward and aft, are fitted 
with labyrinths, having a leak off to later stages 
of the turbine, and these labyrinths are supple- 
mented by carbon packing rings. The main bear- 
ings are both 8 in. in diameter, and the white metal 
of the brass extends over a length of 8} in. The 
Michell thrust block is provided with spherical seats, 
which are kept in alignment by being bored to fit 
the shaft, the holes being lined with white metal. 

Steam is admitted to this turbine at a superheat of 
150 deg. F., the boiler pressure being 215 lb. (gauge). 
It is discharged from the turbine at a pressure 
of about 40 lb. (gauge) per square inch, and is 
passed into the after end of the intermediate pressure 
turbine, a longitudinal section of which is reproduced 
in Fig. 27, page 603. As will be seen, a high-pressure 
astern turbine, consisting of a three-row velocity 
compounded wheel, is provided in the forward end 
of this intermediate turbine casing, an arrangement 
which simplifies the steam connections. The ahead 
turbine has reaction blading throughout, which is 
divided up into five groups, ranging in height from 
2} in. up to 63 in. The drum diameter is 3 ft. 
and the glands, bearings and thrust blocks are 
similar both in type and dimensions to those fitted 
to the high-pressure turbine. 

The steam leaves this turbine at a pressure of 
about 12 lb. abs. per square inch, and is led to the 
forward end of the low-pressure turbine, as shown, in 
Fig. 28. This turbine has nine groups of reaction 
blading mounted on wheels, as indicated. These 
wheels, it will be seen, all abut on each other at the 
rim, thus eliminating any danger of disc vibration. 
The maximum diameter over blade tips is 6 ft. 
10% in., and the maximum blade height is 11 in. 
At the designed speed of 1,370 r.p.m., the tip velocity 
of these blades will be about 494 ft. per second. 
The bearings are 9} in. in diameter, and the white- 
metal linings 1 ft. 0} in. long. This turbine, like the 
intermediate turbine, has no dummies, so that the 
whole of the end thrust is taken up by the Michell 
thrust blocks. 

The low pressure astern turbine is arranged at 
the after end of the same casing. It consists, it 
will be seen, of a two-row velocity compounded 
wheel followed by five groups of reaction blading. 
The aggregate full power of the astern turbines 
provided, is about 70 per cent. of the full power 
available in the ahead turbines. Electrically- 


‘from the low pressure casing. 


BASE LINE 


operated turning gear is provided for the turbines 
and shafting. 

Emergency governors of the usual unbalanced 
bolt type are fitted at the forward end of each 
turbine shaft, and will automatically cut off steam 
in the event of a run away. The emergency gear 
can also be tripped by hand should the occasion 
arise. Steam is also automatically cut off should 
the oil pressure fall below the designed limit. As cus- 
tomary, forced lubrication is provided throughout, 
and the lubricating oil is passed through a Vickcen 
oil separator before being returned to the supply 
piping. The oil heater used in conjunction with the 
separator is shown in the turbine room plan, Fig. 16, 
Plate LXIII. In it the temperature of the oil is 
raised to some 150 deg. F. to 180 deg. F., which 
facilitates the process of purification. 

As shown in Fig. 15, Plate LXIII, and in 
Fig. 14, Plate LXII, the condenser is suspended 
This position 
of the condenser ensures adequate drainage of the 
turbine, for which it was necessary to make special 
provision in the older forms of direct coupled 
marine steam turbines, with which it was commonly 
necessary to fix the condenser at a higher level than 
the turbine casing. Each main condenser has 
11,000 sq. ft. of cooling surface, and the water speed 
through the tubing is about 7 ft. a second. A 
vacuum of 27} in. can be maintained in tropical 
waters, with a sea temperature of 86 deg. F. 

The propellers are of the built-up type with 
manganese bronze blades, secured to a cast steel 
boss, with mild steel studs and gun-metal cap 
nuts. A cast-iron cone is fitted over the propeller 
nut. The propellers have a diameter of 20 ft. 6 in., 
and a pitch of 23 ft. The thrust is taken on a 
Michell block, located just abaft the gear case. 

The steam generating plant consists of six double- 
ended and four single-ended return tube marine 
boilers, all being 16 ft. 6 in. in mean diameter. The 
double-ended boilers are 22 ft. long and have each 
eight Morison suspension furnaces (four in each 
front), and eight combustion chambers. The single- 
ended boilers are 11 ft. 3 in. long, and have each 
four furnaces and combustion chambers. The boilers 
are arranged in two compartments, as best seen in 
Fig. 10, Plate LVII, page 543 ante. A longitudinal 
section through the after boiler-room is repro- 
duced in Fig. 19, Plate LXIII, and a plan in Fig. 20, 


whilst Fig. 29, above, shows the fronts of three of 
the double-ended boilers. The’ boilers will be 
operated entirely with oil fuel, the Wallsend- 
Howden system being installed, with two complete 
sets of pumping and heating plant. They will 
moreover, be operated with Howden’s system of 
forced draught. As already mentioned, the de- 
signed working pressure is 215 lb. per sq. in. The 
total heating surface provided is 47,222 sq. ft., im 
addition to super-heating surface of 18,816 sq. ft. 

Much of the auxiliary machinery is driven 
electrically, current being supplied by three turbo- 
dynamos rated at 400 kw. each and generating 
current at 220 volts. The machines are installed 
in a large dynamo room arranged above part of 
the main machinery space, as is best seen in Figs. 
15 and 18, Plate LXIII. These generating units 
were supplied by Messrs. W. H. Allen, Sons and 
Co., Limited, of Bedford, as was also an emergency 
electric generator. This machine, which is of 50 
kw. capacity is driven by a semi-Diesel oil engine, 
and is located on the boat deck. 

Amongst the electrically-driven generators are 
the main air pumps and the hot well pumps. The 
latter are single-stage high-lift centrifugals, also 
supplied by Messrs. Allen. The same type. of 
machine has also been adopted for the two sanitary 
pumps, which have each a rated capacity of 200 
tons per hour, and the 60-ton bath pump is also an 
electrically-driven unit. The same motive power 
has been adopted for the two 60-ton bilge pumps 
and for the 160-ton emergency bilge pumps. 

The main circulating pumps are of the centrifugal 
type. They were supplied by Messrs. Allen, and 
are driven by enclosed reciprocating steam engines. 

The reciprocating air pumps and forced lubrication 
pumps were supplied by Messrs. G. and J. Weir. 
Other reciprocating pumps are the 250-ton ballast 
and general service pumps, and the two boiler room 
bilge pumps, which have each a rated capacity of 
160 tons per hour. 

Turbine-driven auxiliaries include the main feed 
pumps, of which there are two, each of which is 
capable of maintaining the feed supply to the 
boilers under full power conditions. These are 
supplemented by a reciprocating feed pump with 
two-thirds of the full power capacity, and by an 
auxiliary feed pump which is provided for use in 
harbour. 
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THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Tue first ordinary general meeting of the winter 
session of the Institution of Mechanical Engineers 
was held at Storey’s Gate, Westminster, on Friday 
last, at 6 p.m., the chair being taken, in the absence 
of the President, by Sir Henry Fowler, K.B.E. 

It was announced that the Council had elected, 
on July 11 last, Mr. Frederick R. Low, President 
of the American Society of Mechanical Engineers, 
as an honorary life member of the Institution. 


Missive PRessuRE AND Huat Loss rn Gas ENGINES. 


Two papers, both by Professor W. T. David, 
of Leeds University, were down for consideration. 
The first was entitled ‘‘The Missing Pressure in 
Gas Engines ” and the second “ Heat Loss in Gas 
Engines.’ We reprint both papers in abridged 
form in another part of this issue. 

Sir Dugald Clerk, F.R.S., opened the discussion. 
Speaking on the first subject, he said that the matter 
was one which had long been in doubt. When he 
first began to experiment with gaseous explosions 
he came to the conclusion that several of the things, 
which Professor David had since proved, were pro- 
pable. When he had read a paper before the 
Institution of Civil Engineers in 1886,* his con- 
clusions were, mainly, that combustion was very 
similar to other chemical reactions, the first part of 
the reaction occurring rapidly, but proceeding 
with increasing difficulty as the combustion ap- 
proached completion. Moreover, he had stated 
that the explosion space was entirely filled with 
flame before combustion was complete ; the spread 
of the fame and the combustion of the gas were dis- 
tinct phenomena. The limiting causes acted after 
the flame had spread completely. The limiting 
cause in the case of weak mixtures, of the diminution 
in the rate of burning as the reaction approached 
completion, was the rate of cooling. His apparatus 
was not so delicate as that. of Professor David. 
His curves with different mixtures, like those of 
Professor David, showed, first, a relatively slow 
rise of pressure as the flame spread. This increased 
until the rate was very fast. As the curve ap- 
proached maximum pressure there was sometimes a 
little break and a bend over, followed by the cooling 
eurve. At the break he used to say that the flame 
had spread throughout the whole mixture, but, of 
course, that was only inference. He had had no 
doubt that the pressure continued to rise after the 
flame had completely spread through the vessel, 
but few people would accept that opinion from him 
38 years ago. 

In the case of the internal-combustion engine, 
a similar thing happened. At the beginning of 
the stroke one had a slowly moving piston. 
Afterwards the piston would move more rapidly, 
and the rate of combustion was being reduced 
although the temperature was actually increasing. 
Then for a short distance the diagram showed 
almost an isothermal curve, the line gradually 
altering as one went slowly down the curve. From 
the foregoing, he had inferred what Professor 
David had now proved. He had been unable to 
accept the idea of the change in specific heat until 
some years later than 1886. One inference he had 
made by comparing actual brake experiments 
with indicator diagrams and load consumptions. 
This was that, by taking the air standard cycle 
for a certain mixture, without any attempt to 
allow for varying specific heat, &c., and by multi- 
plying the efficiency given by the air standard 
cycle by 0-7, he obtained a number which at once 
gave the actual efficiency. Many people found 
fault with the standard air cycle, because, they 
said, it did not deal with the real working fluid. 
He could understand that, but it seemed to him a 
feasible method to fix a standard of some kind 
which was invariable for all conditions, and then 
multiply this by a coefficient which would give 
something closely approaching reality. Professor 
Dayid’s work showed that the theory of the 
internal-combustion engine could not be based only 
on the variation of specific heat. It might be said 
that the puzzle of the heat losses and the shortage 
of pressure had at last been finally solved. 


a Si 
* Proc. Inst. C. E., vol. Ixxxv, page 1. 


The radiation experiments, Sir D. Clerk continued, 
were very surprising. The British Association 
Committee on Gaseous Explosions had dealt with 
radiation and, in that connection, some of Professor 
David’s experiments were used in one or two of 
the reports. The Committee never, however, 
arrived at the law of the fourth power, although he 
believed that at one time Professor Callendar had 
suggested the third power. The late Professor 
Hopkinson had made experiments which showed 
clearly that by the use of a very highly polished 
vessel, it was possible to obtain, with the same 
mixture, a rise in pressure of 4 per cent. to 5 per 
cent. above that reached in the case of an un- 
polished vessel. 

Mr. D. R. Pye said his criticisms upon the two 
papers were not directed against the experimental 
skill with which the observations were made but 
rather against the superstructure built upon them— 
greater in his opinion than the observations were 
capable of bearing. All the experiments referred to 
had been carried out before 1910. The main object 
of the author’s first paper was to establish the 
importance of his theory of after-burning as one 
of the causes of lost pressure in a gas engine, side 
by side with heat loss and rise of specific heat. 
That after-burning was not to be confused with 
dissociation which the author definitely repudiated 
in his paper. The difference between the two was, 
of course, that in what was spoken of as after- 
burning the author considered there was not chemical 
equilibrium until combustion was complete (the 
phenomena was a pure time effect)—-whereas if dis- 
sociation occurred it meant that while combustion 
was incomplete round about the maximum pressure 
point there was chemical equilibrium, but all the 
heat of combustion could not be generated because 
the temperature was too high for all the CO and O, 
to combine; they had to wait until the tempera- 
ture had dropped a bit before the last of the heat 
could be developed. In some conditions no doubt 
the continued burning after maximum pressure 
would be considerable ; with weak mixtures, at 
low initial pressures and under stagnant condi- 
tions (as in closed vessel experiments) combustion 
took quite a long time to occur, but it was a mistake 
to speak of after-burning as a cause of lost pressure 
side by side with heat loss and rise of specific heat, 
and all calculations about after-burning were of 
doubtful value, because its amount in any engine 
depended on the particular conditions of running 
and within limits it was readily controllable. 
It was dependent in the first place on mixture 
strength, and in the second upon two factors which 
were scarcely mentioned in the paper but which 
were of paramount importance, namely, ignition 
advance and turbulence in the cylinder. 

All the author’s figures for the proportion of 
unburnt charge at the instant of maximum pressure 
were dependent on curves which were derived, he 
understood, from measurements of the rise of 
temperature of a polished silver grid on the inner 
surface of the vessel, with allowance for the heat 
which passed through to the backing behind. The 
author’s silver grid was at most 2-5 per cent. of 
the internal surface of the calorimeter, and from 
measurements of the heat received by this small 
surface, placed in an arbitrary position inside an 
unsymmetrical vessel, the whole heat received by 
the remaining 97-5 per cent. of surface was calcu- 
lated, although the author admitted that the heat 
lost by conduction was not uniformly distributed. 
over the interior surface of the vessel. The rate of 
transfer depended very much on the exact nature 
and condition of the metal surface and the speed of 
the gas past it. It was difficult to believe that the 
silver-plated cast-iron surface would be identical 
with the polished silver grid; while convection 
currents would certainly vary over different parts 
of a cylindrical vessel. The figures for total heat 
loss must, therefore, be accepted with the greatest 
reserve. 

Even if it were possible to make a reliable esti- 
mate of the amount of unburnt gas at the moment 
of maximum pressure in any one set of conditions, 
such figures were relatively unimportant because 
they would not depend on any fundamental property 
of the gases involved, but on special conditions 
which were readily controllable. After-burning, 
which was a time effect, differed completely from 


dissociation, which did depend only on the tempera- 
ture and pressure of the burning gases. They had 
direct experimental evidence from which they could 
calculate the amount of dissociation which occurred 
in any given conditions of temperature and pressure. 
At temperatures below 2,000 deg. the amount was 
small, and it rapidly increased above that point ; 
for example, at 2,500 deg. C. and 400 lb. per square 
inch about 10 per cent. of the CO, would be in the 
form of CO + O, while at 2,700 deg. C. and 600 Ib. 
per square inch about 30 per cent. would be. It was 
quite impossible to affect those figures by special 
conditions of ignition, &c., and therefore they were 
dependent only on fundamental chemical properties 
of the gases. 

He believed that in all but high-speed engines 
the amount of after-burning, as distinct from dis- 
sociation, was, or could be made, negligibly. small. 
Hopkinson’s experiments themselves provided very 
strong evidence that there was nothing like the 
arhount of unburnt fuel the author suggested at the 
peak of the diagram, or, if there were, that in so 
far as it reduced the maximum pressure it was a 
true dissociation effect. Hopkinson took further 
diagrams under identical conditions to those re- 
ferred to by the author, except that the ignition 
was advanced at 15 deg. before dead centre, 7.e., 
an advance three times as great; and, to quote his 
words, “ the diagram is hardly distinguishable from 
the normal diagram with the same gas charge, the 
difference of area being less than 2 per cent.” If 
there were really only 70 per cent. of the fuel burnt 
at the peak in the normal diagram, it was difficult 
to believe that a more complete combustion would 
not have been obtained at the diagram peak when 
three times as long was allowed before the dead 
centre, unless a condition of chemical equilibrium 
had been reached in both cases owing to the high 
temperature. Still more conclusive evidence that 
there was very little unburnt gas at the peak in 
Hopkinson’s experiments had resulted from some 
work recently done at Cambridge on a high-speed 
engine. Very possibly combustion was not complete 
at the peak of these later diagrams, one of which 
he showed on the screen, but he doubted if it were 
very far off; and since in Hopkinson’s experiment 
the compression pressure was higher and the pres- 
sure at ignition much higher, and also the time was 
three times as long, he considered the evidence was 
strongly in favour of the charge having had time in 
Hopkinson’s experiment to burn completely. 

The last point, which he had no time to enlarge 
upon, was the effect of turbulence, a word which was 
not once mentioned, he thought, in either of the 
papers, although all who had worked with high- 
speed engines would agree that it had an all im- 
portant effect on the time of inflammation and 
complete combustion, as well as upon heat loss. 

Mr. H. M. Martin spoke next. He said that 
Professor David had described a very ingenious 
series of experiments, and had clearly established 
that delayed combustion might be a very material 
factor in reducing the pressure attained in gaseous 
explosions. On the other hand, from purely 
physical considerations, the speaker doubted whether 
dissociation was as unimportant as the author held 
it to be. Mr. Martin saw very considerable diffi- 
culties in distinguishing experimentally between 
“delayed combustion” and dissociation, and he 
thought that both phenomena were involved in, and. 
interconnected with® each other. Mr. Pye had 
remarked that, knowing the temperature, the 
amount of dissociation could be deduced from known 
data, but this held good only if the radiation 
traversing the gas was “black body” radiation. 
As far back as the “eighties of last century Sir J. J. 
Thomson arrived at the conclusion that gaseous 
dissociation was not due to molecular collisions, but 
to radiation, and some four or five years ago 
Professor Perrin arrived independently at the same 
opinion. When combustion occurred the radiation 
quanta emitted were just of the type to promote 
dissociation of the products formed, and the speaker 
therefore thought that in every flame there must be 
both active combination and active dissociation, 
so that the net rate of combination was a differen- 
tial effect. 

He gathered that the temperatures used in 
plotting Hig. 5 were deduced from the pres- 
sure measurements. Whilst this procedure was 
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thoroughly sound once chemical combination was 
complete, it was by no means clear that it was 
equally legitimate whilst combustion was in 
progress. The average temperature of a gas was 
measured by the average kinetic energy of its 
molecules, but the pressure depended also on the 
number of molecules present. It seemed probable 
that the process of combustion must involve 
temporary associations of the combining molecules, 
enduring for periods which were not small in com- 
parison with the interval between molecular colli- 
sions. This interval was very small, since at 
normal pressure and temperature each molecule of 
air made over 1,000 million collisions per second, 
and the number was correspondingly increased at 
gas-engine temperatures. Each such temporary asso- 
ciation, whilst it lasted, counted but as a single 
molecule, so that during the period of combustion 
there might be fewer molecules effective for pro- 
ducing pressure than after chemical equilibrium 
had been established. It would therefore be well 
to confirm in some way the temperatures Professor 
David had assigned to his maximum pressures. 
In the second paper Professor David had stated 
that from Planck’s equation he would have expected 
the radiation loss to have been more or less propor- 
tional to the square of the absolute temperature, 
whereas his experiments indicated that it was 
proportional to the fourth power. Presumably 
the equation referred to was Planck’s formula for 
the intensity of particular wave lengths in black- 
body radiation. In the author’s experiments, 
however, the radiation was highly selective, and 
the speaker thought that there was a difficulty in 
assigning to this selective radiation an appropriate 
absolute temperature. 

Mr. W. A. Tookey, who followed, said that 
what he felt was of primary importance was 
to see how the author’s paper corresponded 
with practice. Referring to Fig. 5 of the author’s 
paper on ‘“ Missing Pressure,” it was seen that, 
roughly, the number of centigrade heat units 
contained in a standard cubic foot of his 15 per 
cent. mixture was about 50; of his medium 
mixture, about 40; and of the weakest mix- 
ture about 32. As a matter of fact, the mixtures 
used in gas engines were rarely more than about 
20 C. heat units per standard cubic ft. The diagram 
showed that as the mixture strength fell sc the 
distance between the maximum points and the 
corresponding value of a stronger mixture at the 
same temperature, diminished. With a 20 C.Th.U. 
mixture the difference thus became probably 
almost negligible. For those unaccustomed to 
thinking in C.Th.U. per standard cubic foot, he 
might say that the figure would be something in the 
order of 30-40 B.Th.U. It was possible to plot 
on a horizontal basis the strength of the mixture 
expressed in so many B.Th.U. per cubic foot against 
mean explosion pressures on a vertical scale, when 
the fundamental thermal efficiency—not the ther- 
mal efficiency obtained from the engine—could 
be obtained. If tests made by the professors were 
plotted in that way, it would be found, as Professor 
David had said, that with the weakening of the mix- 
ture there was less efficiency. But over the range of 
from 20 to 50 B.Th.U. per cubic foot, the factors on 
the basis indicated would be very nearly constant, 
and showed on the diagram only a slightly curved line. 

Professor’ David, in his closed cylinder experi- 
ments, had been dealing with a cylindrical capa- 
city full of air. In a gas engine there was the 
volume swept by the piston of the engine plus 
the compression space beyond. This compression 
space was more or less filled with a mixture of air 
and residuals of combustion, not at room tempera- 
ture, but at a temperature depending on many 
things—the speed of the engine, the timing of the 
spark, &c. The spark itself would vary in inten- 
sity with the speed of the engine. He felt that the 
foregoing combination of conditions—temperature 
conditions, speed variation conditions, and the 
conditions in the normal combustion spaces— 
explained probably why the results obtained by 
Professor David were very similar to those found in 
practice with mixtures of quite a different strength. 

Mr. W. J. Still remarked that he had considered 
the problem from a different point of view from the 
author, having himself attacked it from the stand- 


point of the actually recorded rate of heat flow 
in tests of different engines. There was no doubt 
a great difference between tests in a fixed chamber 
such as was used by Professor David and the 
conditions under which an engine operated with a 
moving piston. He certainly agreed that turbulence 
accounted for some of the difference shown between 
such experiments and those found under actual 
working conditions. Working from trial records of 
running engines, he had calculated what the heat 
flow would be for different sizes of cylinders when 
running at one speed and at one mean pressure. 
This involved the use of some means of translating 
the actual results obtained on trials from a lower 
mean pressure or a higher mean pressure to the 
mean pressure used as a basis for the particular 
comparison, The same thing had to be done with 
respect to the speed of the engine. The smaller 
engines usually ran at a higher speed and a higher 
mean pressure than the larger, and it was neces- 
sary to equate one up or the other down. 

Mr. Still then proceeded to indicate, by the aid 
of diagrams, the kind of results at which he had 
arrived. His first diagram gave a number of re- 
sults obtained from different trials for the heat loss 
of different gas engines with cylinders varying from 
8 in. to 50 in. Drawing a fair Jine through the 
points would give something in the nature of a 
straight line, showing a very much more rapid 
increase in rate of heat flow per square foot than 
that suggested by the author. The first diagram 
was drawn for 70 lb. pressure and 120 r.pm. A 
second diagram was drawn for 90 lb. pressure and 
200 r.p.m. The curve was similar in character 
and seemed to justify the equations used in bring- 
ing the engines to a common r.p.m. basis. Other 
curves were shown for tests of four and two stroke 
oil engines. In this case the line departed from 
the straight, showing a distinct curve. On the 
whole the results fell in generally more or less with 
straight line diagrams. 

Professor E. G. Coker, F.R.S., said that some 
years ago the members of the Gaseous Explosions 
Committee were of opinion that the missing pressure 
was due to the three causes which were set out in the 
author’s paper, but he thought they had never 
reached the degree of completeness with which the 
author had been able to say how that loss was 
divided. Apparently from the author’s results 
one might. perhaps say that for the first half of 
the expansion curve the loss due to variable specific 
heat was roughly equal to the losses due to incom- 
plete combustion and to the cylinder walls, while 
in the second half the latter loss was much greater. 
Prokably that increase was mainly due to the 
decreasing value of the specific heat of the burnt 
gases with the lowering of the temperature. He 
would like to know the average value of a number of 
the experiments of the same type. Presumably his 
examples were typical of a large number of experi- 
ments. It would therefore be of interest to know 
what was the deviation from the mean values given 
in the paper on which his results were based. 
Putting that in another way, what was the experi- 
mental deviation from the mean values as_per- 
centages for, say, the internal thermal energy, the 
available chemical energy, and the loss due to 
incomplete combustion at.the various temperatures 
or other points described in the paper ? 

In the second paper, Fig. 6, represented data 
on rates of heat loss, which appeared to be con- 
sistent or very nearly so, in that the rates were 
always greater for the weaker mixtures, except 
perhaps at the Jow-teniperature end; but the 
author gave little explanation of their meaning, and 
possibly many would be glad to learn what he 
considered to be their precise significance. The 
radiation experiments described with reference to 
Figs. 7 and 8 were very ingenious, and in that 
connection he would like to ask a question. If the 
diagram, Fig. 8, was to scale, how was the ratio 
M> M 
MP 

An important conclusion was that a virtual 
increase of the lateral dimensions caused by the 
polished sides made the gaseous mixture more 
transparent for radiation. It was difficult, however, 
to picture the molecular mechanism which produced 
that effect. He hoped the author would give them 
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a brief explanation of the physical causes which 
produced the result, and, further, of how it was that 
the vibratory energy of the molecules depended 
so much on the volume. 

Professor A. Smithells, who declined the invita- 
tion to speak at any length, remarked that the 
chemical side of the question was both extra- | 
ordinarily interesting and extraordinarily difficult. 
He did not consider that, for the engineering che- 
mist, there was any more important question than 
that of elucidating the central features of the phe- 
nomenon of combustion. 

Professor W. A. Bone, said that he did not 
regard the evidence put forward with regard to 
delayed combustion as conclusive. To the chemist 
it was not probable that evidence on the matter of 
combustion could be satisfactorily obtained from 
explosions of such a mixture as coal-gas and air. 
He believed he had proof from experiments that 
combustion was, in a great number of instances, 
complete at the point of attainment of maximum 
pressure. The subject was, however, too large to 
discuss at such a meeting. There was an alter- 
native explanation which would account for the 
results, and one which was more likely to be correct 
than that put forward ; it was that at the moment 
of maximum pressure the gas might not be in true 
thermal equilibrium, as a result of an abnormal 
distribution of its energy between vibrational, rota- 
tional and translatory energies. Chemists knew 
that the question could only be properly studied 
in the case of single gases and when pains. were 
taken to purify those gases when using them. 

Professor W. T. David confined his oral reply 
to a point raised by Mr. Pye, who, he said, was 
interested in the dissociation theory. He (Pro- 
fessor David) thought that the argument could he 
disposed of by pointing out that Mr. Pye had 
accepted the experiments of the German physicists, 
which showed—as Mr. Pye had specifically pointed 
out—that there was very little dissociation at tem- 
peratures below 2,000 deg. In spite of this, Mr. 
Pye had asked him to explain the figure of 30 per 
cent. which he had given for Hopkinson’s diagram, 
in terms of dissociation, although the maximum 
temperature in the Hopkinson experiment was. 
exactly 1,980 deg. 

The Chairman then announced that an informal 
meeting would be held at the Institution to-night at 
7 p.m., when there would be a discussion on ‘“ Engi- 
neering Novelties at the British Empire Exhibition.” 
The Thomas Hawksley lecture would be delivered on 
November 7 at 6 p.m. by Vice-Admiral Sir George 
G. Goodwin, K.C.B., the subject being “ The Trend 
of Development of Marine Propelling Machinery.” 


THE MOTOR EXHIBITION AT OLYMPIA. 
(Concluded from page 579.) 


In this, our concluding article on the Motor 
Exhibition, which terminated last Saturday, we 
deal with a further selection from the mass of cars 
which were on view. It is impossible for us or 
anyone else to deal fully from a technical stand- 
point with all the exhibits, and these articles have 
covered only a rigidly eclectic selection. We have 
given a considerable amount of space to the show, 
but there still remain a number of interesting 
vehicles which we wish to describe and illustrate. 
Some of these we hope to deal with in self-contained 
articles in the course of the next few weeks, 

The Lanchester Motor Company, Limited, were 
one of the pioneer firms in the industry, and no 
other firm has contributed to a greater extent to 
the development of modern design. Their products 
have always been distinguished by originality, and 
at the present time they are the only firm who 
utilise epicyclic transmission on a high-powered 
vehicle. They are exhibiting examples of both their 
40 h.p. and their 20 h.p. models. The latter is of 
recent introduction, and was shown at the exhibitiom 
for the first time last year. It is generally very 
similar to the larger model, the chief difference — 
being that it is equipped with a conventional gear- 
box in place of one of the epicyclic type. That this 
is not due to any defect in the epicyclic gear is shown 
by the fact that the latter is still used on the 
40 h.p. car, the reason for the 20 h.p. model being 
fitted with the conventional box heing that four 
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speeds were decided on for this car, and in such an 


event the epicyclic gear becomes exceedingly 
complicated. 

The 40 h.p. model has been standardised for some 
considerable time, and the only change of any 
importance that has been made recently is the 
provision of front-wheel brakes. These have been 
fitted on the smaller model since its introduction, 
put are a new feature on the 40 h.p. car. Disc wheels 
are to be standardised with the four-wheel brakes. 
We illustrated this car in our review of the 1919 
Exhibition, and the engine and rear axle have not 
been substantially altered since that date, and may 


block. The engine was fully described in the earlier 
article published in November, 1919, to which refer- 
ence may be made for further details. The gear- 
box we illustrate in Figs. 48 to 52, page 609. It 
contains three forward speeds and a reverse, the top 
gear being direct and the other three epicyclic. On 
reference to Fig. 48, it will be observed that a 
single-plate clutch is enclosed within the flywheel. 
This plate slides on the splined head of the trans- 
mission shaft, and is enclosed between two fibre- 
faced discs coupled to the flywheel. Engagement is 


effected by means of a forked lever acting on a ball 
thrust bearing, which in turn acts on plungers 


Fic. 40. Front Waren Brake or 40-H.P. LancuestER Car. 


be seen in section in Plate XXXIV of our issue of 
November 14, 1919. In Figs. 39 and 40 above, 
and 44 to 52 on pages 608 and 609, we illustrate 
the 40 h.p. chassis, with details of the front- and rear- 
wheel brakes, and of the epicyclic gear. The engine 
is a six-cylinder model, 4-in. bore by 5-in. stroke, 
giving a Treasury rating of 38-4 h.p. The valves 
which are slightly inclined, are operated by an 
_ overhead camshaft, the latter being driven by worm 
and worm wheel through a vertical shaft situated at 
the forward end of the engine. The crankshaft is 
of the seven-bearing type, lubrication being by 
pressure feed throughout. The valves are operated 
through the medium of rocker arms, and the valves 
may be removed without disturbing the cylinder 


passing through the flywheel cover disc. Of the 
three drums shown in the drawing, that nearest to 
the flywheel is the reverse gear, the middle drum 
operates the first gear, and the drum remote from 
the flywheel is the second gear. The gears are 
brought into operation in the usual way by locking 
one or other of the drums, the mechanism for 
effecting this being shown in Figs. 49, 50 and 52. 
One of the clutches is shown in the latter. Hach 
clutch is operated by a lever engaging with one of 
the selector bars which are housed on the upper side 
of the gear casing. Wear on the clutch blocks 
which hold the drums stationary can be taken up 
by screwing up the castle nuts situated on the off 
side of the gear-box. These nuts can be plainly 


seen in Figs. 50 and 52. It is difficult to explain 


the operation of the gears in any detail without 
the aid of diagrams, and for full information on 
this point we would refer our readers to a paper read 
upon the subject before the Institution of Mechanical 
Engineers, by Dr. F. W. Lanchester and Mr. G. H. 
Lanchester, in April, 1923. 

The gear-box forms a unit construction with the 
engine, this practice, which is now generally 
favoured, being introduced by Messrs. Lanchester 
in 1904. The transmission brake is of the internal- 
expanding type, the method of mounting being 
clearly seen in the general section of the gear-box 


assembly, Fig. 48. This drawing also shows the 
torque tube ball joint, within which is situated a 
universal joint of the four-pin ball-bearing type. 
The rear brakes have been somewhat modified, 
the difference being seen by comparing the section 
of the rear axle given in our issue of November 14, 
1919, with the corresponding section shown in 
Fig. 44. It will be seen that the brake drums have 
been considerably increased in diameter, and that 
they are now provided with cooling ribs, with a view 


.| to assist in the dissipation of the heat generated by 


the braking action. The details of the front-wheel 
brakes shown in Figs. 41 to 43 are of those of the 
20 h.p. car, a drawing of the brakes for the 40 h.p. 
car not being available ; a general view is, however, 
given in Fig. 40. The general arrangement of the 
brakes is identical for the two cars. It will be seen 
from the figures that the brakes are operated by a 
lever on a short horizontal shaft which runs under 
the front of the axle. This shaft terminates at its 
outer end in an eye, through which passes a hardened 
steel bolt carrying two hardened steel plates with 
rounded edges. These plates are thus free to rotate. 
Opposite edges of the plates bear against the hardened 
shoe faces, and during the action of steering the 
square plates turn with the bolt, the rotation of the 
shaft carrying the eye causing the brake shoes to 
separate in any position. Instead of the usual 
practice of allowing the two ends of the brake shoes 
remote from the cam to abut on a common pin, 
in the Lanchester 40 h.p. design one foot terminates 
below the other and they therefore pivot on 
separate pins. These two pins are fixed in a 
circular housing, and it will be evident that as the 
latter is rotated the two pins will be thrown out 
of the vertical. This has the effect of separat- 
ing the shoes at one end in much the same way 
as the cam does at the other. The pin housing 
may be locked in any desired position, and the 
arrangement thus provides a very simple provision 
for taking up wear of the shoes. The lever which 
operates the housing is clearly seen in the photo- 
graph of the brake assembly, Fig. 40. The whole 
arrangement is extremely simple, and for this 
reason is likely to be more satisfactory than many 
of the very complicated front-wheel braking arrange- 
ments to be seen at the exhibition. 

Our illustrations, Figs. 53 and 54, page 610, refer 
to a car which we dealt with in our notice of 
last year’s show. This is the 12 h.p. Austin, 
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made by the Austin Motor Co., Limited, of Bir- 
mingham. This car, in common with all the firm’s 
models, is now fitted with front-wheel brakes, and 
the details of this new feature are shown in these 
figures. It will be seen from these drawings that the 
design is neat and simple. The first essential of a 
front-wheel brake is that it must be capable of 
operation equally well in any position of the wheels, 
and that it in no way affects the steering. In the 
Austin cars this is dealt with by arranging that when 
the brake pedal is applied, the pull is transmitted 
through the compensator beam and connections to 
a lever carried in a bearing at the head of the swivel 
pin. This lever is clearly shown in Fig. 53. 
Directly attached to this lever shaft is a second 
smaller lever, which presses down a rod passing 
through the centre of the swivel pin. At the bottom 
of the rod is a wedge which forces apart the brake 


shoes, expanding them on to the drum, the shoes 
being normally held off by a spring. To adjust the 
brakes for taking up wear, it is only necessary to 
turn the finger nut on the pedal rod. If for any 
reason it is necessary to set the brakes separately, 
the intermediate pull rods may be screwed in or out 
of their respective jaws, a lock nut being provided 
to hold them when adjusted. 

Of our remaining illustrations, Fig. 55, on 
page 614, refers to the exhibit of the Sunbeam 
Motor Car Company, Limited. This firm first 
entered the industry twenty-five years ago, and they 
early acquired an exceedingly high reputation for 
refined cars of moderate engine dimensions, but 
having an exceptional reserve of power when 
required. They are now marketing three models 
having engines of 12/30, 14/40 and 20/60 h.p., the 
first two having a four-cylinder and the latter a 
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six-cylinder engine. The 12/30, which was not 
on exhibition at the Show, is similar in general 
design to the 14/40, but is not fitted with front- 
wheel brakes. 

We illustrate the 14/40 h.p. chassis in Fig. 55, from 
which it will be seen that the frame is exceptionally 
low, this feature resulting from the arrangement 
of underslung rear-axle mounted on full cantilever 
springs, which has been adopted for this year’s 
models. A considerable up-sweep of the frame has 
become necessary on this account at the point 
where it bridges the rear axle. This construction 
has resulted in bringing the car some 2 in. nearer 
the ground without restricting the ground clearance 
in any way. Semi-elliptical springs have been 
retained for the front axle mounting. Concurrently 
with the lowering of the rear of the frame, the 
radiator has been increased in height, and as a 
result of these two changes, the top of the radiator 
is now practically level with the line of the body 
coping, a moderate up-sweep being given to the dash- 
panel towards its centre. The resulting body lines 
are very pleasing. The track has been increased 
from 4 ft. 6 in. to 4 ft. 7 in., giving more width 
to the seats. 

The engine is an overhead valve model of 75 mm. 
bore by 120 mm. stroke, the Treasury rating thus 
being 13-9 h.p. The water circulation is by 
centrifugal pump mounted above the level of the 
engine bearers and the pump shaft is carried through 
towards the rear and serves to drive both the 
dynamos and magneto, the three units being in 
line on the near side of the engine. Lubrication is 
by pressure feed to all bearings. A Claudel-Hobson 
carburettor is mounted at the base of a vertical 
branch of the induction manifold, which is on the 
off side of the engine. The exhaust manifold is 
mounted above, and parallel to, the induction 
manifold. The appearance of the engine as a 
whole is particularly neat. A single plate clutch 
transmits the power to a three-speed gear box, 
the whole forming one unit in the usual way. The 
gear ratios are 4-75, 7-92, and 13-9 to 1, the 
reverse gears being of the same ratio as the first. 
Internal-expanding brakes operated by the foot 
pedal are fitted on all four wheels, an additional 
pair of brakes of the same type being provided on 
the rear wheels for hand operation. 

The only other point calling for special comment 
is the steering, which is of somewhat unusual 
construction for a modern car. The steering shaft 
carries a screw which engages with a bronze nut 
lined with white metal, the movement of this 
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nut operating the steering lever by means of a 
hardened ‘steel trunnion. This form of steering 
was common in the earlier days of the industry, 
but was abandoned in favour of the worm and 
sector by the great majority of manufacturers. 
The Sunbeam Motor Company claim that when 
properly carried out, it is possible to adopt unusually 
large bearing surfaces, the resulting wear being 
less than with the worm and sector type of steering. 

Messrs. Lea and Francis, Limited, of Coventry, 
have adopted the policy of concentrating on one 
model only, and since its introduction their 10 h.p. 
car has met with general approval as an excep- 
tionally sound engineering job. A number of im- 
provements have been embodied in the latest model, 
which we illustrate in Figs. 56 and 57, on page 614. 
In conformity with the latest practice for this type 


of car, the engine is an overhead valve model, | time. 


magneto is driven by spiral gears and is mounted on 
the front of the engine, its axis being at right angles 
to the engine line. This arrangement brings the 
contact breaker into a very accessible position on 
the off side of the engine. The engine develops 
19 h.p. at 2,000 r.p.m., which is quite a good per- 
formance. 

Unit construction is adopted for the engine and 
gear-box, an inverted leather-to-metal cone clutch 
being fitted. The cone is of aluminium alloy. The 
gear-box is of somewhat unusual construction in 
that the gear shafts, gears, and striking forks are 
all mounted on the rear cover of the gear-box. 
The whole of the gear mechanism can thus be 
assembled as a complete unit before being inserted 
in the box. A positive locking device renders it 
impossible for two gears to be in mesh at the same 
The gears are arranged for four forward 


having a bore of 63 mm. and a stroke of 100 mm., | 


giving a capacity of 1,247 c.c. and a Treasury rating 
of 9-8 h.p. The head is detachable, and the valves 
are operated by tappet rods, the camshaft being 
housed in the crank-case. The overhead valve 
mechanism is completely enclosed in an aluminium 
cover, and as the tappet rods are also enclosed, the 
appearance of the engine is much neater than that 
usually obtained with this type of valve operation. 
The valves are of nickel steel, and the valve guides 
are removable. The makers adhere to cast iron 
as the material for the pistons, a practice which is 
rapidly becoming the exception for small engines. 
Lubrication is effected by a plunger pump situated 
in the sump and operated by an eccentric drive on 
the camshaft. Additional lubrication to the over- 
head valve rockers is afforded by an oil wick. The 
dynamo is positively driven and is situated just 
below the tappet inspection cover on the near side 
of the engine, the starter being on the same side 
and housed in an extension of the flywheel casing. 
A Zenith carburettor is mounted on the off side of 
the engine, and the exhaust manifold, of the usual 
ribbed_ pattern, is on the near side, The B.L.I.C. 
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speeds, the ratios being 4-7, 7-36, 11-2 and 18-8 
to 1. The reverse gear is exceptionally low, being 
24-6 to 1. Both the gear wheels and the shafts are 
manufactured from nickel-chrome steel. The gear- 
change lever is arranged for right-hand control, 
the gate and lever being carried by a tubular casting 
bolted to the gear-box proper. 

.The rear axle is of especial interest in that it is 
made up of two aluminium alloy castings, which are 
bolted together circumferentially at the centre to 
form the complete casing. The differential is of 
the spur gear type, and the final transmission is by 
spiral bevel. The bevel pinion is mounted on two 
ball races carried ‘by a separate aluminium alloy 
housing, which is bolted to the main axle assembly 
after the latter has been assembled. The axle 
shafts can be removed from the casing without 
disturbing the assembly. The axle mounting is 
somewhat unusual, a comparatively short torque 
arm being provided. This arm is arranged to take 
up the rear axle torque only, the propeller shaft 
torque being taken by the springs. The torque 
arm has a vertical hinge at its rear end, the front 
end being mounted on a cross frame member intro- 


duced for the purpose. A spring-loaded shock 
absorber is introduced at this point. The propeller 
shaft is a hollow tube, and is fitted with a flexible 
dise universal joint at each end. Semi-elliptical 
springs are fitted on the front axle and quarter- 
elliptical springs on the rear. As the torque arm 
pivot is practically opposite the spring anchorage, 
there will not be much movement of the loose end 
of the springs on the axle, but any movement which 
occurs is taken up by the spring brackets on the 
axle being free to rotate on the axle casing. - > 

The foot brake follows normal practice, there 
being a brake of the internal expanding type 
operated by the foot pedal on each wheel. The 
hand brake is also of the internal expanding type 
and is in a very unusual position, being mounted as 
a transmission brake operating on a drum attached 
to the bevel pinion shaft. It is operated by a cable, 
and the arrangement of the mechanism at this 
point hardly impresses us favourably. The pinion 
shaft bearings have normally a heavy duty to 
perform, and we do not think that it is advisable to 
call upon them to take up the additional load which 
may be imposed when wear takes place in the 
brake, a side thrust action when the brake is applied 
being very possible under such circumstances. 

The front axle is of the usual I-section and is of 
nickel steel. The pivot pins work in phosphor- — 
bronze bearings and ‘are supported by a large 
hardened steel ball, with an adjustable hardened 
steel cup. The stub axles are of the forked type, 
and are designed to give a positive castoring action. 

In conclusion a correction should. be made in 
connection with our previous article. On page 579 
the crank-connecting rod ratio of the Bentley car 
was given as 295: 149. It should have been 3.96: 1. 


HYDRAULIC TURBINES AT THE BRITISH 
EMPIRE EXHIBITION. 


Tw view of the bid now being made by British manu- 
facturers to secure a good share of the considerable 
amount of business being done in connection with 
hydraulic plants, this branch of engineering can hardly 
be said to have been adequately represented at the 
British, Empire Exhibition. The public, who are, of 
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course, naturally attracted by the spectacular orders 
for large installations recorded from time to time im 
the press, are, however, rather apt to forget that this 
form of development is not restricted to large schemes, ~ 
and that smaller installations are often being made, 
especially in countries such as this, in which heads and 
volumes are not large, though supplies are fairly regular 
or easily regulatable on a moderate scale. 

One of the firms making a particular business of the 
more moderate schemes is Messrs. Joseph J. Armfield 
and Co., Limited, of Ringwood, Hants. This firm has 
been connected with the building and installation of | 
hydraulic power plants for over forty years, and have 
experience with a variety of types of turbines, some of — 
which are shown at their stand in the Palace of — 
Engineering. 

The most interesting part of their exhibit is possibly — 
their new oil-pressure turbine governor, which we — 
illustrate in Figs. 1 to 4 on this page and opposite. — 
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the piston movement is unchecked and continues thus 
until the speed falls to normal. The device is sensi- 
tive to the smallest variations, correcting these without 
any hunting, while with the same adjustment it will 
operate at full speed in the event of a larger change of 
load. The governor is sensitive to a speed change 
of about + per cent. and is usually arranged for a full 
range closing time of about 13 seconds. At full 
stroke the speed variations is limited to about 24 per 
cent. 

The pilot valve is very light and the pendulum is 
given very little work to perform, inertia being reduced 
toa minimum. At the end of the stroke the admission 
ports being closed, only ‘‘ flow-through” pressure is 
maintained on the piston so that there is no further 
rise of pressure for the pump to work against. In 
fact, a fall of pressure follows full stroke action instead 
of the common rise, and the load on the turbine is thus 
reduced. 

The compression spring above the pendulum head 
enables a range of speed of 10 per cent. to be secured, 
either while running or stationary. This is particu- 
larly useful for synchronising. The adjustment can 
be arranged for operation from the switchboard if 
desired. For ordinary working conditions the normal 
speed at no-load is maintained 2} per cent. higher 
than at full-load. In the rare instances when this 
permanent speed variation must be eliminated a 
synchronising device can be added, operating on 
the compression spring, and automatically readjusting 
the speed at all gate positions to a fixed normal. 
There are no dash-pots in the governor, so that risk 
of irregularity, due to accumulations of air, is eliminated. 
The hand gear operates, as shown in Fig. 4, on the 
main piston rod; a clutch enables this gear to be 
engaged at any position of the piston. The moving 
parts inside the casing are lubricated by oil spray. 
The various parts such as the pump, pendulum head 
and valve mechanism are of unit construction, and 
can be removed complete should attention be necessary. 

Messrs. Joseph J. Armfield manufacture various 
types of turbines to meet different conditions. One 
of these is illustrated in Fig. 5, which shows one of 
their “ River ” turbines coupled to a generator. These 
turbines have a mixed flow modified form of Francis 
runner and the firm claim a much higher specific 
speed for them than is common, making it possible 
In some cases to instal over 30 per cent. more horse- 
power than is possible with the regular Francis runner. 
The turbines are designed for open flumes or for volute 
pressure casing (as in the example illustrated) or 
in a variety of other arrangements. One of these 
includes the horizontal shaft double rotor pattern 
with single draught tube. The guide vanes of these 
turbines are operated by adjustable links, making it 
possible to take up wear separately. For high-speed 
installations ball bearings are fitted to the journals, 
and to take up the thrust. Metallic packing is used 
for the glands. 

_ Another example of the firm’s turbines is illustrated 
in Figs. 6 and 7. The range of turbines represented 
by these figures is one of the mixed flow class. It is 
known by the name of the “ British Empire” type. 
It is usually made of cast iron throughout, the water 
passages being clean and open. The water is guided 
to the wheel by a volute pressure casing to which is 
fitted a regulating gate box, in which the gate valve is 
operated by rack and pinion worked from the outside 
by handwheel and worm gear. These turbines are 
built in either single or double rotor patterns up to 
70 in. in diameter. Another type of turbine manu- 
factured by Messrs. Armfield is designed for higher 
heads than the two foregoing, while the firm also manu- 
facture Pelton wheels, waterwheels of various types, &c. 


NOTES ON NEW BOOKS. 


Modern scholarship demands that civil and military 
history shail be based on a micro-analytic method of 
research into original documents and state papers. 
The intelligent reading public, on the other hand, is 
quite prepared to study historical works which, like 
Mr. Geoffrey Callender’s book on “ The Naval Side of 
British History” (Christophers, London. Price 4s. 6d. 
net), are based only on wide reading. The author has 
adapted the scope and arrangement of his work to their 
taste and has written it in a readable style. More than 
this, he is one of the first naval historians whose review 
of British marine history is more than a mere record 
of campaigns and battles. This, in itself, is a great 
achievement. The book must, however, be read with 
a certain amount of caution. In the first place Mr. 
Callender’s review of British naval strategy is mis- 
leading ; he gives no inkling of the controversy between 
the continental and amphibious strategists, which 
opened in 1689, and went on, unbrokenly, until 1916; 
and in the second place the author is sometimes 
weak as to facts. He states (page 123) that Sir 
William Temple’s triple alliance made Louis XIV 
evacuate the delta of the Scheldt. The truth is that 


Louis had not occupied it ; but had seized Lille, Condé, 
Ath, Douai and several other low country towns and 
refused to surrender them. Again the author speaks 
of Admiral Sir Hovenden Walker’s .attack on the 
St. Lawrence during the war of the Spanish succession, 
as the first which had been made. It was the second : 
for it was attacked fruitlessly during the war of the 
league of Augsburg. When he surveys the war at sea 
during 1914 and 1918, Mr. Callender several times uses 
rhetorical phrases which positively lead him into 
inaccuracy. In his anxiety to remind his readers that 
Admiral Beatty made a Nelsonian signal at the Dogger 
bank, he forgets to show that the commander of the 
battle cruisers broke off the action by ordering all his 
ships to turn away from an imaginary submarine. 
By likening the late Admiral Sir Robert Arbuthnot to 
a messenger in a Greek tragedy, he much exaggerates 
the part which that admittedly gallant officer played 
in giving Admiral Jellicoe information of the enemy’s 
movements. Elsewhere, he makes it seem as though 
the British battle cruisers did more damage to the 
enemy’s than was the case. Finally, he asserts that 
the system of rationing neutrals was the British answer 
to the submarine campaign. This is hardly so: the 
order in council of March, 1915, was the reply to the 
new German campaign ; and the rationing system was 
enforced far more by our economic strength than our 
naval power. This criticism must not be taken to 
imply that Mr. Callender’s book is anything but a 
valuable contribution to naval literature: quite the 
contrary ; his presentation of Elizabethan and Caroling- 
ian naval history is truly admirable. His fault seems 
to be, that, after planning his book in a scientific spirit, 
he got carried away by an uncritical desire to write 
a pon of praise to the serving naval officer. Genero- 
sity is a virtue: history is a science ; and they must be 
kept apart. 


The steam tables of Professor H. L. Callendar have 
become the recognised standard of reference in this 
country. As originally issued, however, they did not 
extend beyond pressures of 500 lb. per square inch, 
which at that time seemed to provide an ample margin 
for future developments, since steam pressures of 
even as much as 200 lb. per square inch were then 
relatively rare. In the search for high thermal 
efficiencies, however, engineers have of late been 
exploring the possibilities of extremely high pressures, 
and there has thus arisen a demand for more extended 
tables of the properties of steam. Unfortunately the 
experimental data available to this end are neither 
as numerous nor as reliable as could be wished, but 
sufficient is known to justify the extension to these 
higher pressures of the simple rational formulas which, 
as Professor Callendar proved, adequately represented 
the properties of steam at ordinary pressures and 
temperatures. In The Enlarged Callendar Steam Tables 
just issued by Messrs. Edward Arnold and Co., at 
7s. 6d., the pressures have been extended to 2,000 Ib. 
per square inch, and the temperatures to 1,000 deg. F. 
The Fahrenheit system of units is used throughout, 
an unfortunate but probably unavoidable concession 
to the ingrained habits of British engineers. The 
arrangement of the tables has also been modified, to 
facilitate drawing office use. Thus, in one table the 
“argument” is expressed in inches of mercury, the 
range being from a vacuum of 29} in. up to a positive 
pressure of 30 in. of mercury. The main table in 
the book is devoted to the properties of superheated 
steam, and the range covered is from 1 lb. absolute 
up to 2,000 lb. absolute. Both superheats and actual 
temperatures are tabulated, the former being a con- 
cession to the practice of consulting engineers, who 
commonly specify superheats instead of steam tem- 
peratures. A new table which should be very useful 


is a series of values Pie for use with Callendar’s 
formula for the adiabatic expansion of superheated 


steam according to which T /Pis = constant. Messrs. 
Arnold are also publishing at the price of 1s. a corre- 
sponding Mollier steam chart. 


When Dr, E. Heyn, then the chief collaborator of 
Martens in the Materialpriifungsamt, brought out 
the second volume of his Manual of Materials for 
Machine Construction, before the war, he had intended 
to supplement this work by a further publication on 
the technically important properties of metals and 
alloys. After the war he became director of the 
Kaiser Wilhelm Institut fiir Metallforschung, though 
in indifferent health, and he had to devote his atten- 
tion largely to industrial and economical problems. 
He died in March, 1922. Among his papers were two 
complete manuscripts, one on iron and carbon, and the 
other on the effect of cold work followed by heat treat- 
ment. Professor E. Wetzel, an engineer of Charlot- 
tenburg, has edited the two manuscripts under the 
title “ Die Theorie der Hisen-Kohlenstoff-Legierungen.” 
The volume, which is very well illustrated by dia- 
grams and photographic reproductions [Berlin : Julius 


Springer; price 2-90 dols.], deals chiefly with low- 

carbon steels and may be described as a study of the 

solidification and transformation phenomena in the 

iron-carbon system. It is full of interest to the 

research metallurgist, who will?find the data and 

curves of notable workers critically reviewed and 

discussed with particular reference to the “ double- 

diagram ” of Charpgy-Heyn,'in which'Heyn combines — 
the stable iron-graphite equilibrium diagram and the 
metastable iron-carbide system. Heyn found that all 

practical and experimental cases fitted this combina- 

tion diagram, though he admits that future researches — 
may call for modifications of his views. But the 
deductions are hardly presented in a form which would 
much assist the practical metallurgist. The general 
conclusion drawn is that strains in low carbon steels 
could be removed by heat treatment near 500 deg. C. ; 
cold-worked higher carbon steels could ‘by heating 
to 700 deg. be made of low tensile strength and high 
ductility, but subsequent heating of the finished article 
to higher temperatures would increase the strength. 


Mr. James Smith, B.Sc., A.M.I.Mech.E., is rather 
ambitious in trying to deal with ‘“‘ Pressure Gauges, 
Indicators, Thermometers and Pyrometers” in one 
small volume of 144 pages [London: Constable 
and Company, Limited; price 3s. 6d.] The book is 
ot the primer class and acceptable because the author 
is evidently well acquainted with the use and the 
testing of the instruments he illustrates and describes. 
But the language is occasionally loose. The statement 
in the introduction that it will be convenient “ to 
divide pressure gauges into those which measure the 
pressure of gases, such as air, steam, ammonia, and 
those which measure the pressure of liquids, such as 
water, oil, &c.,” does not prejudice the reader in favour 
of the volume. The last four chapters on pyrometers — 
deal with fusion and expansion pyrometers (the name 
Seger is misspelt Segor in Segar cones), platinum 
resistance, radiation and optical pyrometers, all in 
32 pages. 


Many have no doubt dropped the Einstein theory 
of relativity as being quite above their range of — 
conception. Others who by their training in mathe- 
matics and physics are able to grasp the subject are 
most probably still meditating on it in the quiet of their 
studies. These, and we believe their number is a large 
one, will be interested to know-that a bibliography, 
Bibliographie de la Relativité, is now available, edited — 
by Mr. Maurice Lecat, and published at the price of 
90 francs, by Mr. M. Lamertin, 58-62, Rue Coudenberg, 
Brussels. The work measures 10 by 6$in., and contains 
about 4,000 references to books, articles in journals, 
magazines and proceedings of technical societies 
throughout the world, classified under the authors’ 
names and under the names of the publications, all 
on Relativity. It contains other lists and statistics — 
on the same subject. This is a heavy piece of work, 
giving evidence of the care with which it has been 
carried out by an industrious scientist, and will be 
found welcome for reference purposes. : 


It would probably be correct to say that no satis- 
factory theory of the strength of flat plates has yet — 
been developed. In part this may be due to the 
fact that in the theory of elasticity it is implicitly 
assumed that changes of form under the imposed 
load are of negligible importance. This is far from 
being the case with thin flat plates, which are generally 
perfectly safe under deflections which involve stresses — 
far in excess of the elastic limit of the material. A 
complete theory of the stresses produced in rectangular — 
plates under small loads has been worked out, but — 
the results are too complicated for use in practice, — 
though Mr. K. Sezawa, in a paper published in our 
issue of August 10, 1923, gives curves and diagrams 
which can be used as a substitute for direct calculation. — 
So far the pure mathematician has confined himself 
to the problem presented by plates of the simplest 
form. The engineering draughtsman has, however, 
less liberty of action, and is frequently compelled to — 
adopt ribbed plates or other complicated forms. The 
general problem of the design of flat plates of various 
types was discussed in a paper read in 1919 before 
the Association of Engineering and Shipbuilding 
Draughtsmen, by Mr. C. C. Pounder. A new reprint — 
of this paper has just been issued by the Association 
from their offices at 96, St. George’s-square, West- 
minster, at the price of 2s. per copy. : 


SUBMARINES FOR THE AUSTRALIAN Navy.—According 
to an announcement by Mr, E. K. Bowden, Federal 
Minister of Defence, tenders have been invited for the 
construction in this country of two submarines for 
the Royal Australian Navy. The vessels, it is under- 
aie, are required to have a cruising radius of 3,000 
miles. 
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NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade.—Nothing of any importance falls 
to be recorded in connection with the steel trade of 
Scotland this week. Buying is just about as slow as 
ever, and there has hardly been any perceptible change 
for the better with the lower prices now quoted. These 
have failed to cause any stir amongst consumers, who 
are being offered plenty of material from the Continent 
and the South at even lower prices than those of the local 
makers. It is difficult to see how these very low quota- 
tions can leave any margin whatever. The output all 
round is much restricted, and a considerable amount of 
plant is totally idle owing to the absence of demand. 
The black sheet makers continue busy on light sheets, 
but there is a lull in forward placings. Galvanised 
qualities are moving freely, but heavy gauge sheets are 
still very slow of sale. Prices for home requirements are 
as quoted last week: Boiler plates, 137. per ton; ship 
plates, 9/. 15s. per ton ; and sections, 9/. 10s. per ton ; 
and sheets, + in. to } in., 12/. per ton, all delivered 
Glasgow stations. 


Malleatle Iron Trade—No improvement has taken 
place in the West of Scotland malleable iron trade over 
the week. The recent reduction in price has not brought 
out much in the way of fresh business, and from all 
appearances there seems little prospect of any decided 
improvement in the trade in the immediate future, 
The current quotation for “‘ crown ”’ bars is 12/. per ton, 
delivered Glasgow stations. The re-rolled steel branches 
are exceedingly quiet and little new dealing is recorded. 


Scottish Pig-Iron Trade.—There is still little change 
to report in the state of the Scottish pig-iron trade as 
buyers are still far from numerous. The home con- 
sumption is very poor, both of hematite and foundry 
grades, while export sales are just about as low as they 
have been for many a long day. Prices are nominally 
unchanged, but are inclined to sag. The following are 
the current quotations: Hematite, 4/. 15s. per ton 
delivered at the steelworks; foundry iron, No. l, 
4]. 15s. per ton, and No. 3, 4/. 10s. per ton, both on trucks 
at makers’ yards. 


Scottish Pig-Iron Shipments —The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, October 25, amounted to 1,243 tons. 
Of the total, 1,096 tons went to foreign destinations and 
147 tons coastwise. For the corresponding week of 
last year, 958 tons went overseas and 379 tons went 
coastwise, making a total shipment of 1,337 tons. 


Shipbuilding.—Messrs. Barr, Crombie and Co. (Limited), 
Glasgow, have placed an order for a cargo vessel of 
8,200 tons deadweight, with the Greenock Dockyard 
Company (Limited), Greenock. Triple-expansion recip- 
rocating engines will be supplied by Messrs. John G. 
Kineaid and Co., Limited, Greenock. It is exceedingly 
interesting to note that Messrs. Barr, Crombie and Co. 
received a more favourable offer from the Continent, but 
preferred to give their order to a local firm so as to 
provide employment for Clyde workers. It is to be 
hoped that the workmen will appreciate this patriotic 
spirit and act accordingly. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Tron and Steel.—Until the disturbance caused by the 
General Election has passed and more normal conditions 
have been restored, local industry will have great diffi- 
culty in making any appreciable headway in order to 
recover from the present long-standing depression. The 
heavy steel trade continues to experience anxious times, 
but, as compared with a month ago, a slight improvement 
is noticeable. In railway departments, however, there is 
still a lack of orders, and if bookings are not quickly 
forthcoming many firms may find themselves hard put 
to it to keep plant operating at its present capacity. 
Makers of axles, wheels, and tyres are mainly confined 
to colliery repair work. ‘The call for shipbuilding steel, 
marine castings, and turbine parts has slumped some- 
what, but the decline, it is believed, will only be of a 
temporary character. The Midlands continue to be the 
chief consumers of automobile steel manufactured in 
this district, though the demand in comparison to that 
before the McKenna Duties were abolished shows a 
distinct falling off. In the implement and machinery 
sections, the position remains practically the same. The 
Colonies are big buyers of agricultural implements ; 
contemplated schemes of irrigation, road construction, 
and engineering developments are expected shortly to 
eall for large supplies of local products. Colliery develop- 
ment in South Yorkshire continues apace, involving an 
imereased demand for mining implements, pit-head and 
winding gear. The lighter trades are making steady 
progress. Output in some cases exceeds that of pre-war 
periods. Australia and New Zealand are taking increased 
Supplies of garden tools, hammers, pincers, files, picks, 
Shovels, spades, forks, and general engineers’ tools. 
Russia is also doing business in saws on a strictly cash- 
with-order basis. 


South Yorkshire Coal Trade.—The output at pits 
continues to be in excess of the demand, and at some 
collieries short-time working ‘is probable. Best steams 
are active for home consumption, while in contrast the 
amount going away for export is still below normal. 
Cobbles and nuts are’'weak, and merchants have difficulty 
n disposing of them at reduced prices. Slacks are In a 
similar position, though the better qualities are selling 
better. Recent advances in house coal are maintained 
despite weakness in inferior grades. Foundry and furnace 


coke are only moderate both on home and export account. 


Gas-coke is firm. Quotations :—Best branch, hand- 


picked, 32s. to 35s.; Barnsley best Silkstone, 26s. to 28s. ; 
Derbyshire best brights, 27s. to 32s.; Derbyshire best 
house, 24s. to 26s.; Derbyshire best large nuts, 22s, 6d. 
to 25s.; Derbyshire best smal! nuts, 14s. to 16s. 6d. ; 
Yorkshire hards, 21s. 6d. to 23s. 6d. ; Derbyshire hards, 
21s. to 23s. ; rough slacks, 11s. to 13s. 6d. ; nutty slacks, 
10s. to 12s. ; smalls, 6s. to 8s. 6d. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEesprouaH, Wednesday. 
The Cleveland Iron Trade.—The volume of trade passing 
shows some little expansion, and the supply of Cleveland 
pig iron is no more than sufficient for current needs. 
Stocks are small and are stated to be oversold. Makers 
are thus in quite a strong position, and could not deal 
with any material increase in demand except by re- 
kindling idle plant, a step they cannot be expected to 
take with prices on their present unremunerative level. 
Producers are using a large proportion of the output 
at their own consuming works. No. 1 quality continues 
scarce, and is selling at 85s. The f.o.b. quotation for 
No. 3 g.m.b. is 80s., but the ruling quality is obtainable 
f.o.t. makers works at 79s. 6d. No. 4 foundry is 79s. 
and No. 4 forge 78s. 


Hematite—What little change is noticeable in the 
East Coast hematite branch is for the better. Though 
recent curtailment of output has been insufficient to 
bring make below needs, and producers are still burdened 
with heavy unsold stocks, iron is less persistently pressed 
on the market. Make is now little in excess of require- 
ments, and manufacturers are taking a rather firmer 
stand. Nos. 1, 2 and 3 are 87s. 6d., and No. 4 is 88s. 


Foreign Ore.—Business in foreign ore is difficult to 
arrange, and prices are weak. Whilst sellers still base 
market rates on best rubio at 21s. 3d. c.if. Tees, it is 
understood that orders can be placed on lower terms. 


Blastfurnace Coke.—Durham blastfurnace coke is in 
only moderate request, but good average qualities keep 
quietly steady at round about 25s. delivered to users 
in this district. 


Manufactured Iron and Steel.—Conditions in manu- 
factured iron and steel are little changed. A little more 
inquiry is circulating in one or two branches, but Con- 
tinental competition is still keen in both home and foreign 
markets, and contracts are difficult to secure. Home 
quotations stand: common iron bars, 12J. ; iron rivets, 
141. 5s. ; packing (parallel), 9/. ; packing (tapered), 12I. ; 
steel billets (soft), 82. 10s.; steel billets (medium), 9. ; 
steel billets (hard), 9/. 10s.; steel boiler plates, 131. ; 
steel ship, bridge and tank plates, 9/. 15s. ; steel angles 
91. 10s. ; steel joists, 92. 10s.; heavy steel rails, 91. ? 
fish plates, 13. ; and galvanised corrugated sheets, 18/. * 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal Trade.—New business has been rather more 
active on the coal market during the past week and the 
outlook is more satisfactory than has been the case for 
some weeks past. A considerable volume is still re- 
quired to keep the collieries working regularly and to 
bring into operation the many pits that have been 
closed down. The outlook, however, is considered 
brighter, and business is being transacted for delivery 
over next year on an increasing scale. In addition to 
the 250,000-ton order placed by the French Midi Railway 
and the 400,000-ton contract placed by the Central 
Argentine Railway, the Entre Rios Railway has also 
ordered 50,000 tons. The Egyptian State Railways 
are inviting offers for 200,000 tons of large over the first 
five months of next year, while the San Paulo Railway 
of Brazil also want tenders for 85,000 tons of large over 
the last nine months of 1925. The British Admiralty 
are also inviting offers for supplies over next year. No 
definite quantities are stated, but it is the practice of 
the collieries to quote for definite quantities. In pre- 
War days the Admiralty took about 1,500,000 tons per 
annum, but the increasing use of oil fuel has reduced 
their requirements to about 400,000 tons. Foreign 
depot proprietors are also “sounding” colliery pro- 
prietors, but so far there is a difference of about 2s. 
per ton in the idea of prices. In the meantime chartering 
operations have been much more active of late, and as 
shipping has arrived more freely colliery positions 
generally have been rendered more comfortable, though 
free supplies of large are still excessive. Best small 
coals are decidedly firmer, and business has been done 
at 16s. 6d., though the general value is from 15s. 6d. 
to 16s., but buyers able to take large as well can secure 
concessions. 


Tron and Steel.—Exports of iron and steel goods in 
the past week from South Wales amounted to only 
11,802 tons, or 8,000 tons less than in the previous 
week. Shipments of tinplates and terneplates amounted 
to 8,065 tons, compared with 8,800 tons; blackplates 
and sheets to 1,139 tons, against 4,629 tons ; galvanised 
sheets to 1,664 tons, against 4,420 tons; and other 
iron and steel goods to 934 tons, against 1,966 tons. 
Tinplates are a steady market on the basis of 23s. 6d. 
to 23s. 74d., though the actual business pete is only 

a 


moderate. 


Persona. — Messrs. Electromotors, Limited, of 
Openshaw, Manchester, announce that on and after 
November 11 their London address will be Australia 
House, Room 420, Strand, W.C.2.—Mr. J. C. Elvy, 
consulting engineer, has removed to 3-7, Southampton- 
street, Strand, London, W.C.2. 


NOTICES OF MEETINGS. 


Tue InstiruTion or MecaanicaL ENearneers.—To- 
night, at 7 p.m., at Storey’s Gate, S.W.1. Informal 
meeting. Discussion on ‘“ Engineering Novelties at the 
British Empire Exhibition.” 


THe Junior Institution or Enerverers.—To-night 
at 7.30 p.m, at 39, Victoria-street, S.W.1. Lecturette : 
** Audio-frequency Transformers,’’ by Mr. H. J. N. Riddle. 
Friday, November 7, at 7.30 p.m. Lecturette: ‘‘ History 
and Construction of the Fire Engine,” by Mr. H. C. Jones. 


Tue Institute or British FOUNDRYMEN: BIRMING- 
HAM BrancH.—Saturday, November 1, at 4 p.m., at 
the Chamber of Commerce, New-street, Birmingham. 
Lecture on “ The Iron Age,” by Mr. Thos. Vickers. 


THE Institute or British FouNDRYMEN: LANCA- 
SHIRE BrRANcH.—Saturday, November 1, at 4 p.m., at 
the College of Technology, Sackville-street, Manchester. 
Lecture on ‘‘ Modern Pattern-making Experience,” 
by Mr. J. A. Stephenson. 


Tue Royvat InstiruTion oF GREAT BrRITAIN.— 
Monday, November 3, at 5 p.m., at Albemarle-street, 
Piccadilly, W.1. General Meeting. 


Tue InstrrurEe or TRANSPORT.—Monday, November 3, 
at 5.30 p.m., at the Institution of Electrical Engineers, 
Victoria Embankment, W.C.2, Annual General Meeting, 
followed by paper, ‘‘ Transport on the Highway,” by 
Mr. A. E. Bassom. 


THE Society or ENGINEERS (INCORPORATED ).—Mon- 
day, November 3, at 5.30 p.m., at the Geological Society, 
Burlington House, W.1. ‘‘ Underground London,” by 
Capt. W. J. Liberty. 


Tue Norreampron ENGINEERING COLLEGE ENGI- 
NEERING Socipry.—Monday, November 3, at 5.30 p.m., 
at John-street, E.C.1, ‘‘ Ideal Plant for a Transformer 
Test Room,” by Mr. W. Tyson. 


Tur BRADFORD ENGINEERING Socipty.— Monday, 
November 3, at 7.30 p.m., at the Bradford Technical 
College. Lecture, “‘The Gas Turbine,” by Mr, Hugh 
Campbell, M.I.Mech.E. 


Tue Junior Instrirurion or’ ENGINEERS: NORTH 
WESTERN Section.—Monday, November 3, at 7.30 p.m., 
at the Manchester Geographical Society, 16, St. Mary’s 
Parsonage, Manchester. Lecture : “Are Welding,” 
by Mr. R. Woodthorpe Strawson. 


Tue InstirurTion oF RuBBER InpDuUsTRY.—Monday, 
November 3, at 8 p.m., at the Engineers’ Club, Coventry- 
street, W.1. ‘‘ Gutta Percha: Preparation and General 
Properties,” by Mr. C. W. H. Howson, B.Sc. 


Tue INSTITUTION OF PETROLEUM TECHNOLOGISTS.— 
Tuesday, November 4, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. “The Oilfields 
of Argentina,” by Mr. Campbell M. Hunter, M.A., F.G.S, 


Tae InstituTIon oF Civin ENGINEERS.—Tuesday, 
November 4, at 6 p.m., at Great George-street, S.W.1, 
Opening Meeting: Address by Mr. Basil Mott. 


Tae MancuesteR MetatturcicaL Socrmry.—Tues- 
day, November 4, at 7 p.m., at the College of Technology, 
“‘ Properties of Metals at High Working Temperatures,” 
by Prof. F. C. Thompson, D.Met., B.Sc. 


Tue Lystirure or Merats: BrrMincHam LocaL 
Secrron.—Tuesday, November 4, at 7 p.m., at the 
Chamber of Commerce, New-street, Birmingham. 
“ Brazing,” by Mr. A. R. Page. 


Tae Institute or Metats: Norra Hast Coast 
Locatn Srctrron.—Tuesday, November 4, at 7.30 p.m., 
in the Electrical Engineering Lecture Theatre, Armstrong 
College, Newcastle-on-Tyne. ‘‘ The Structure of Metals 
in its Relation to Elastic Failure—Part II,” by Mr. 
W. E. W. Millington, M.Inst.C.E. 


Tue West YORKSHIRE METALLURGICAL SOCIETY.— 
Tuesday, November 4, at 7.30 p.m., at the George 
Hotel, Huddersfield. Presidential Address. After- 
wards discussion on “‘The Influence of Casting Tem- 
perature on the Physical Properties of Non-Ferrous 
Alloys.”” 


Tur Instrrution oF ELEcTRICAL ENGINEERS : WIRE- 
Less SEction.—Wednesday, November 5, at 6 p.m., 
at Victoria Embankment, W.C.2. Address by Mr. E. H. 
Shaughnessy. 


TuHE Instirution or CHEmMicaL ENGInnERS.—Wednes- 
day, November 5, at 8 p.m., in University College, 
Gower-street, W.C.1. ‘‘The Water Gas Process,” by 
Dr. M. W. Travers, F.R.S. 


Tur NortH or Eneuanp Institute or MINING AND 
MecuanrcaL ENGINEERS.—Thbursday, November 6, at 
2.30 p.m. in the Lecture Theatre of the Institute, 
Neweastle-on-Tyne: ‘“ Standardisation of Colliery Re- 
quisites,” by Mr, C. LeMaistre. 


Tae Instirurion or Etectrican ENGINSERS.— 
Thursday, November 6, at 6 p.m., in the Lecture Theatre 
of the Institution, Savoy Place, Victoria Embankment, 
W.C.2. ‘‘An Electric Harmonic Analyser,” by Messrs. 
J. D. Cockeroft, R. T. Coe, J. A. Tyacke and Prof. Miles 
Walker, D.Sc. 


PowpeRED. Furt.—In the paper on ‘* Powdered Fuel ” 
which Mr. F, F. Evans delivered to the Junior Institution 
of Engineers on October 24, he dealt mainly with the 
practical design and construction of the equipment. A 
very good discussion followed which showed marked 
differences of opinion on the reliability of the pulverisers 
and on the advantages and disadvantages of the unit 
system as compared with the central pulverising system. 
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THE MOTOR EXHIBITION AT OLYMPIA. 


(For Description, see Pages 609 and 610.) 
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REFLECTIONS ON THE BRITISH 
EMPIRE EXHIBITION. 


THE three purposes for which the British Empire | 


Exhibition was intended, were to display in the 
Motherland the resources of the Empire, to indicate 
to its Dominions and Colonies the present state of 
the Motherland’s productions, and above all to 
improve the acquaintance of each part of the 
Empire with the others. The effects of an exhibition 
can seldom be judged by its immediate results, but 
the intercourse between exhibitors and visitors will 
usually give an indication of whether the ultimate 
outcome will be what was desired. So far as such 
indications may be accepted as trustworthy, the 
present Exhibition appears to have fulfilled each of 
its purposes. A certain amount of business in each 
direction has materialised, as a rule exceeding 
what had been anticipated, and prospects have 
been opened of still greater amounts in future. 
The inhabitants of this country and their fellow 
citizens from all parts of the Empire have cultivated 
a mutual acquaintance on a scale for which hitherto 
there has been no precedent. They seem not only 
to have got to know each other, but to have fallen 
into step with each other. They have been able to 
learn more than they ever knew, not only of such 
differences as exist between the habits of thought, 
feeling, and action of their respective homes, but also 
of the vastly greater respects in which these habits 
are common to all British communities. Far away 
from their homes, they have in a word found them- 
selves at home. 

The numerous Conferences that have been organ- 
ised have added largely to the volume of information 
collected within the Exhibition, and have been the 
oceasion of forming and cementing acquaintance- 
ships and friendships, of which the best results lie 
doubtless in the future. The weather, indeed, has 
been the one arrangement that the Exhibition 
authorities have been unable to control. It -is 
very difficult to estimate the extent to which this 
summer’s deplorable weather has injured the 
attendance at the Exhibition and the -volume of 
enjoyment it should have provided. If its effects 
be taken in context with those of the present 


unfortunate condition of trade and the political 
distractions that have occurred while the Exhibition 
was running, it could hardly be an extravagant 
estimate to say that the attendance at the Exhibition 
has been probably not much more than half what 
might have been expected in ordinary times, and 
during a summer that was no worse than the average 
in this country. 

So far as concerns the exhibits, the Palaces and 
Pavilions of all countries have displayed the resources 
of the Empire as they have never been displayed 
before. The admirable and typical exhibits in the ~ 
Palaces of Engineering and Industry have illu- 
strated the comprehensive scale and variety of the 
manufactures that this country can supply, and the 
excellence of their quality. The exhibits of the 
Overseas Pavilions have illustrated not less effec- 
tively the variety of the products of the countries 
they represent, the fortunate circumstances of their 
climates, and the vast openings to be found within 
them for all the population and capital this country 
can spare. They have shown markets for our 
products that for any immediate prospect are 
unlimited, outlets for the energy of those among 
our fellow countrymen who seek wider scope and 
ampler opportunities than they can find at home, 
and illimitable resources in the Overseas Empire, 
which could be combined with our own facilities, 
organisation, and genius for manufacture. We have 
known much of this before ; but now we have seen it 
and can realise far better how such a combination 
holds within it the possibilities of a self-contained 
and self-supporting Empire, within which the 
products and the labour that each country is best 
fitted to give could be mutually exchanged. Our 
visitors from overseas have learned more than they 
knew before of what can be made for them in this 
country, and trade as well as individual consumers 
in this country have begun to realise how many 
more products the Empire can supply, and how much 
more of them than had been imagined previously. 
A great step has, in fact, been made towards 
exhibiting the directions in which judicious arrange- 
ments could extend mutual trade within the Empire, 
at once fertilismg great territories in it by co- 
operation from home, and widening the circle of 
customers for our own manufactures with greater 
Britain itself. As Sir Sefton Brancker pointed out 
at a dinner organised and attended by the ex- 
hibitors in the Palace of Engineering, which was 
held at the Hotel Cecil on Tuesday evening, our 
manufactures may have done much good by getting 
in touch with a greatly extended circle of buyers, 
even if they made no direct sales as an immediate 
result of the Exhibition. 

The close of the Exhibition extinguishes, for the 
time being, a focus of social life. Visitors have 
frequented it from all parts of the Kingdom, the 
Empire, and indeed of the civilised world; but 
however assiduous their attendance has been, it is 
unlikely that any of them have exhausted the vast 
stores of interest and information that the Exhibi- 
tion has provided, and many will regret that they 
had not a longer time for cultivating its acquaint- 
ance. We have ourselves endeavoured to give an 
adequate account of its contents, and a considerable 
staff of contributors have been engaged in studying 
it. Their published reports, if they had been 
printed together, would have filled sixteen full 
numbers of this journal, and the illustrations alone 
have exceeded one thousand. Yet even this 
share of our space has been insufficient to allow us 
to describe in the fullness we should have wished 
all the contents of the Exhibition that deserved 
attention. Had it lasted for twice as long, it 
would have continued to yield matter of interest to 
our readers ;_and the situation of visitors who have 
not had the advantage of studying it by teams must 
have been correspondingly worse. 

The Exhibition, though it has not realised the 
financial success that had been hoped, has done 
much more in that respect than might have been 
expected. Probably no Exhibition of comparable 
scope in ahy country, at least since 1851, has ever 
gone so far towards covering its expenses, nor has 
worked under so heavy a burden of disadvantages. 
The yield that was asked of it, though the event 
seems to show that it would actually have been 
realised in more favourable conditions, is, after 
all, ridiculously high to expect of any business 
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enterprise. 
in six months’ trading it should repay not only the 
expenses of working, but the entire capital sunk in 
it, although a large part was expressly laid out for 
permanent uses. ‘Though it may be regretted that 
it has failed to accomplish what would have been 
almost an unprecedented performance, the result 
even from a financial standpoint must be regarded 
as highly encouraging. It shows that if the working 
of the present half-year were supplemented by that 
of another half-year, even a much smaller attendance 
than that of this year would be enough both to 
cover the whole running expenses and to replace 
the capital. 

Whether the Exhibition will be resumed next 
year is as yet undecided, but in any event the results 
that it has given suggest that the Empire would be 
the poorer if the Exhibition disappeared per- 
manently. There seems to be little doubt that the 
buildings could be filled next year with exhibits ; but 
whether as representative of all parts of the Empire, 
as they have been this year, could probably not be 
stated without further enquiry. The general 
feeling among those who have taken part in it may 
possibly turn out on the whole to be in favour of 
continuing the Exhibition during next year ; but a 
more general and perhaps a more important question 
is what use is to be made of it in a more extended 
future. Whatever may be held to be the exceptional 
circumstances that, in the opinion of many competent 
judges, recommend its renewal next year, the 
Exhibition cannot hope to be permanently successful 
as an annual exhibition. What, however, does not 
seem to be impossible is that like the Imperial 
Conference, it should become a periodical event. 
When the results of the last six months are con- 
sidered and the prospects of the years that are ahead, 
it may well be thought that such an exhibition, 
once in each four or each five years, might be within 
the resources of the constituent states. Such an 
institution would help to maintain the personal 
touch between British citizens on the scale that the 
Exhibition now closing has initiated. No improve- 
ment in wireless communications could do as 
much to promote a healthy circulation of know- 
ledge, feelings and purposes throughout the Empire. 
It would be the complement among its populations 
of the Imperial Conference of its statesmen. 


MOTOR FUELS. 


THE popularity of automobiles has encouraged 
and helped the engineer to attack and to solve so 
many problems that the chief difficulties he has now 
to face are connected with thermodynamical 
problems of fundamental character. He knows 
that the constants upon which he has to base his 
calculations are not applicable to the temperatures 
and pressures with which he is dealing, and that the 
determinations of the instantaneous temperatures 
are indirect and uncertain. The maximum power 
that a type of fuel will give in an internal combustion 
engine depends upon the heat of combustion per 
unit volume of combustible gas, upon the change 
in the number of molecules on combustion and upon 
the specific heats of the resulting gases, chiefly 
nitrogen carbon dioxide and water vapour. For 
some time engineers were satisfied, and had to be 
satisfied, with specific heat values up to 1,500 deg. C. 
But the maximum temperatures of exploding gas 
mixtures certainly ie much higher, and the specific 
heats increase rapidly at higher temperatures. The 
researches, notably of Pier and Bjerrum in Nernst’s 
laboratory, supplied those data for temperatures 
up to 3,000 deg. C., and pressures of 100 atmospheres, 
and their specific heats were true specific heats, 
making allowance for dissociation. But the 
efficiency calculations involved the assumption that 
all diatomic gases have the same specific heat as 
nitrogen, and that nitrogen merely acts as a diluent 
in explosions—a point to which we shall revert— 
and further researches are desirable. 

Dissociation must be taken into consideration 
because it increases the number of molecules. Dis- 
sociation may account for the peculiar fact that, in 
experiments with different mixture-strengths of the 
same fuel, the maximum power is attained when 
this strength is slightly higher than that corres- 
ponding to complete combustion, and that, with an 


It amounted in fact to demanding that 


excess of fuel, the power may not be diminished 
until the excess reaches 30 per cent. or even more. 
Heat of combustion per unit volume must not be 
confounded with heat of combustion per unit 
weight (or calorific value). If we class the common 
motor fuels as paraffins (hexane C, H,, and higher 
homologues of the methane hydrocarbon series), 
aromatic hydrocarbons (benzene C, H, &c.) 
naphthenes (cyclohexane C, H,,) and ethyl alcohol 
(C, H, OH), we find that the calorific value is about 
10 per cent. lower for the aromatics than for the 
paraffins, and for alcohol only two-thirds of the 
benzene value; yet the heat of combustion is 
within a few per cent. constant for all the hydro- 
carbons, and only slightly lower for alcohol. After 
combustion the working fluid is in all the cases 
practically the same, a mixture of CO, and H,0O, 
though in different proportion, together with inert 
nitrogen. The maximum power obtainable should, 
therefore, be proportional to the product of two 
factors, the heat per unit volume and the volume- 
ratio before and after combustion, and these 
products again are of almost constant value, differing 
by not more than 3 per cent. We have further to 
consider volumetric efficiency, or charge weight in 
the cylinder which depends upon the latent heat 
of evaporation of fuel. When this is done, the 
first three fuel classes mentioned again give almost 
identical maximum power figures, but the alcohol 
figure is higher, owing to its high latent heat. 

The small differences between the various fuels 
and the complexity of the phenomena become much 
enhanced in the internal-combustion engine, because 
the motor fuel is not—and cannot be for various 
reasons—a pure chemical compound, but is a 
mixture of compounds whose composition changes 
during the working of the motor. In view of this 
complexity, the Empire Motor Fuels Committee of 
the Institution of Automobile Engineers has ex- 
panded its recent Report into what may almost be 
called a thermodynamical treatise. The report 
proper is restricted to tests on alcohols; but the 
volume embodies an account of the joint theoretical 
work by Mr. H. T. Tizard and Mr. D. R. Pye on “‘ The 
Character of Various Fuels for Internal-Combustion 
Engines,” which formed the basis for the investiga- 
tion subsequently carried out by Mr. H. R. Ricardo 


‘|(on behalf of the Asiatic Petroleum Company) on 


“The Influence of Various Fuels on the Perfor- 
mance of Internal-Combustion Engines,” and there 
are further contributions. 

Messrs. Tizard and Pye conclude that, starting 
from available data as to true specific heats and 
temperature equilibria, it is possible to calculate 
the temperature at each poit of the cycle, and 
that the maximum powers to be expected from a 
paraffin and from an aromatic fuel are not appre- 
ciably different when compared at a compression 
ratio which allows full ignition advance without 
detonation. But higher compression ratios can 
more safely be used with aromatics than with 
paraffins, and thermodynamically very high com- 
pression ratios are advantageous. These and other 
conclusions are confirmed by the systematic series 
of tests which Mr. Ricardo conducted with his 
variable compression engine (illustrated in our 
issues of September 3 and 10, 1920) and with various 
types of engines and motor-cars. The freedom of a 
fuel from detonation is found to be the outstanding 
factor determining its value. When an explosive 
mixture is highly compressed at a temperature 
approaching that of its spontaneous ignition-point 
and is then ignited, the flame at first spreads by 
normal combustion and compresses the unburnt 
portion of the charge before it. When the rise of 
temperature in that portion exceeds the rate of 
heat dissipation, spontaneous ignition takes place 
and an explosion wave is set up which, striking the 
cylinder wall, causes the metallic ring known as 
pinking or detonation. Persistent detonation may 
raise the plug temperature sufficiently to cause 
pre-ignition. 

Mr. Ricardo now takes the point at which 
detonation becomes audible with both ignition and 
mixture strength adjusted to give the highest 
efficiency, as representing the highest useful com- 
pression-ratio for any fuel—not the highest ratio 
that can be employed, but the highest that it is 
worth while to employ. Disregard of that condition 


he considers would largely explain why certain fuels 
appear to give greater efficiency than others in 
the same engine. Most engines being run at too 
high a compression for the ordinary brands of 
petrol, he submits, have to operate with too far 
retarded an ignition and too rich a mixture. By 
changing over then to another fuel of a higher 
detonation point the ignition timing may be 
advanced and the mixture strength be corrected 
with gain in power and economy. But if the same 
brands had been tried in an engine with a lower 
compression ratio, no efficiency difference would 
have been observed, and Mr. Ricardo shows further 
that, using compression ratios for the most efficient 
mixture strength and ignition timing, all fuels have 
substantially the same efficiency and, complete 
evaporation of the liquid fuel before its entry to 
the cylinder presupposed, all fuels give substantially 
the same power output. 

Broadly speaking, the temperature of spon- 
taneous ignition is a measure of the tendency to deto- _ 
nate; but there is norule. Carbon disulphide, while 
readily pre-igniting, will not detonate, and with 
similar fuels the pre-ignition point is very difficult to 
determine, as the point depends upon the tempera- 
ture of the exhaust valves, the sparking plugs and 
other parts. In general, the tendency to detonation 
appears to be the smaller, the lower the rate of 
burning, and a low rate of burning to be advant- 
ageous. Mr. Ricardo did not find any fuel of a 
too low a rate of burning to permit of maximum 
efficiency being obtained in the highest-speed 
engines yet tested. The highest useful compression 
ratio would depend upon the relative proportions 
of aromatics, naphthenes and paraffins ; the pro- 
portion of paraffins should be small, from every 
point of view. Olefines have not yet been investi- 
gated. 

Alcohol was the subject of special tests by the 
committee, and was investigated in strengths of 
95 per cent., 90 and 99 per cent., and also in mixtures 
with ether. The efficiency obtained with alcohol — 
at a compression ratio of 3-8: 1 was. substantially 
greater than that with petrol, and the heat delivered 
to the jacket water was lower in the former case. 
There was no indication whatever that alcohol 
required a high compression or was unsuitable for 
high speeds at low compression; at a ratio of 7:1 
and speeds exceeding 1,700 r.p.m., pre-ignition 
occurred occasionally, but there was no sign of 
detonation. Even at this highest compression the 
engine ran more smoothly on alcohol (of 95 per 
cent.) than on petrol; there was no detonation, 
but any pre-ignition observed after prolonged run 
at 1,675 r.p.m. was of extremely violent nature. 
As regards the concentration (99 and 90 per cent.) 
a high water content seemed to be of little or no 
disadvantage, and the prevalent idea that alcohol 
required a great deal of preheating is rejected ; pre- — 
heating was needed only to correct errors in dis- 
tribution. The report justifies the addition to 
the alcohol of ether (10 to 15 per cent.) on the 
grounds of better performance at reduced loads ; 
furthermore, the addition would lower the tempera- 
ture at which starting is possible. 


The phenomena of detonation and its prevention 
have been much investigated during the past two 
years, chiefly by Mr. T. Midgley, of the General 
Motor Research Corporation, of Dayton, Ohio, to 
whom the American Chemical Society last year 
awarded the Nichols medal for this work. While 
bromine and oxygen (also in certain compounds) pro- 
mote detonation, benzene and still more toluene 
and absolute alcohol counteract it. As only the 
strongest alcohol is miscible with petrol, alcohol 
cannot serve as an “anti-knock” substance. But 
iodine, aniline and particularly the ethyl compounds 
of selenium, tellurium, tin and lead are extraordi- 
narily efficient as such. Lead tetraethyl will sup- 
press detonation when present in a concentration of 
1 in 215,000. The nature of the effect is for the 
present obscure. It has been suggested that the 
substances become activated by absorbing radia- 
tions; but the concentration of the tetraethyl 
seems too minute for such an effect. It is interesting 
that the sudden demand for this compound quickly 
lowered its price from 1001. to 10s. per pound. Mr. 
Ricardo, who has made detonation one of his special 
studies—the subject is discussed in the report by 
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Dr. A. E. Dunstan and Mr. S. Card—considers that | taken from the 1921 Census were quoted by 
in London 


none of the “‘dopes”’ promise a real increase of 
power. The use of “ethyl gas” requires special 
ethylisers ; the gas is poisonous, it deposits some 
grey-brown matter on the cylinder walls, and is apt 
to destroy the sparking plugs and to attack the 
lubricant. According to the advocates of tetra- 
ethyl, the harm done is small and curable by the 
addition of ethylene bromide. 

In our introductory remarks we referred to the 
questionable inertness of nitrogen. The fixation of 
nitrogen is based upon its oxidation at high tem- 
peratures. Those temperatures occur in internal- 
combustion engines, and Hausser has attempted to 
utilise that oxidation of nitrogen in the internal- 
combustion engine. Some day the attempts may 
become successful. Meanwhile, Professor Bone 
has observed that nitrogen becomes activated 
and more readily oxidisable in explosions, espe- 
cially at high pressures, but only in the presence 
of carbon monoxide. Nitrogen and carbon mon- 
oxide have both the same molecular weight 28, 
and Professor Bone suggests that some vibrations of 
the burning monoxide set up resonance vibrations 
in the nitrogen. Technically the observation has 
so far no interest ; but it may prove to be one of the 
fruitful peculiarities upon which theory can base 
further research. 


ELECTRICAL DEVELOPMENT. 
It is presumably because of its youth that the 
electric supply industry has had to suffer to such 
a deplorable extent from legislative interference. 


_ Most other public services have in comparison 


been left fairly well alone. They were perhaps 
too well entrenched before the modern itch for 
meddling developed, and it was easier to attack 
the newcomer. The tradition, dating from the 
eighties, that electricity supply was fair game 
for the politician, has been consistently applied 
throughout the intervening years, and even in the 
last few weeks it has been threatened with fresh 
legislation. The latest idea appears to be that 
by further disturbing the electrical business one 
will in some mysterious way solve all our economic 
and social problems. As Mr. W. B. Woodhouse 
said in the presidential address which he delivered 
to the Institution of Electrical Engineers on 
Thursday of last week—“ Electricity supply is a 
beneficial and useful service to the community, 
but it is unwise and misleading to suggest that its 
artificial stimulus will prove a solution for all our 
industrial ills.” 

The main portion of Mr. Woodhouse’s address 
was devoted to a sketch of the development of 
the electrical supply industry in this country. 
What he had to say may be read with interest and 
profit by all electrical men, but if we may venture 
a criticism it is that he struck a somewhat too 
apologetic note throughout. His address appeared 
to us rather too much an explanation of why in 
electricity supply this country is so much behind 
some others. The reasons given were the legislative 
interference to which we have already referred, 
the effect of cheap coal, the high cost of distribution 
and so on. Weight must be given to all these 
factors and the analysis of the position given by 
Mr. Woodhouse is of much value, but we would 
have wished a President of the Institution of 
Electrical Engineers to enlarge on the means which 
were, and could be, taken to surmount handicaps, 
rather than to lay stress on such handicaps as 
an explanation of our moderate progress. 

Having made our protest it is but fair to examine 
Mr. Woodhouse’s explanations and apologies, all of 
which appear to us to be, within their limits, 
very sound. Of these, one of the more important 
is the cost of services, particularly for domestic 


‘supply. Mr. Woodhouse stated that while no 


general statistics are available, it was probable 
that less than 20 per cent. of the houses in this 
country were wired and connected to the public 
supply. This figure appears reasonable, and we 
should think is certainly not overstated. A further 
point is that, in general, the houses which can be 
most cheaply supplied have been dealt with first, 
80 that on the average the remaining 80 per cent. 
of houses will cost more to wire and connect. 
In this connection some very interesting figures 


Mr. Woodhouse. It appears that 
45 per cent. of dwelling-houses contain less than 
six rooms, and that the corresponding figure for 
Manchester is 77 per cent., and for the West Riding 
of Yorkshire 82 per cent. It is a fair assumption 
that the majority of existing consumers of electricity 
dwell in houses containing more than six rooms, 
so that the connecting of the remaining 80 per cent. 
of houses is likely to be, on the average, a more 
difficult problem economically than has been the 
present 20 per cent. which is taking a supply. 
The smaller house is potentially a smaller user 
of electricity, while the cost of distribution to it 
is practically as great as to the larger house. 

There is a further point bearing on this matter 
to which, however, Mr. Woodhouse did not refer 
in any detail. This is the competition with gas 
for the domestic load. This competition is of 
particular importance from the point of view of 
the cost of house wiring. There are enormous 
sums invested in gas pipes laid in houses, and in 
gas fittings which if not technically part of the 
capital of the gas supplies, are in effect part of 
such capital, and when any house changes over 
from gas to electric light part of this capital has 
to be written off. It is, however, not written off 
by the electric supply authority, but by the house 
owner, so that it forms a handicap against which 
the electric light concern has to contend. Matters 
of this kind all have had effect in keeping the 
kilowatt consumption per head in this country 
considerably below that in some others. We are, 
of course, concerning ourselves here only with 
domestic consumption, but this is an important 
item in the total, and has much to do with some 
of the very high figures achieved in some American 
towns. 

It, however, hardly seems satisfactory from an 
electric supply point of view to point out these 
various handicaps and difficulties and leave the 
matter at that. Jf, as Mr. Woodhouse states, the 
cost of the distribution of electricity for lighting 
adds 300 per cent. to the cost of production, it 
would appear that it would be worth some con- 
siderable effort to cut down the cost of distribution. 
One method of doing this would appear to be in 
a much more extended use of overhead networks, 
not only for main but for secondary distribution. 
There is no need to go to the Continent to see quite 
satisfactory overhead networks supplying small 
towns. There are plenty of cases in Great Britain. 
There does not, however, appear to be any very 
serious effort on the part of supply authorities 
to extend the system to any considerable extent, 
but it might be used quite largely. We would 
hardly recommend it in Bond-street, but see no 
objection to it in many of the new residential 
areas being developed in the neighbourhood of our 
large towns. It is sometimes said to be unsightly, 
but we are unable to see that it is as unsightly as 
some of the overhead erections of the Post Office, 
which are taken as a matter of course. 

Apart from this question of overhead distribu- 
tion, one cannot always think that our average 
electric supply authority is quite as enterprising 
as it might be in connection with the domestic load. 
Once a main is laid down a street it would appear 
reasonable to take considerable trouble and even 
to spend some money to get as many houses con- 
nected to it as possible, but one in general does not 
find supply authorities dealing with matters of this 
kind with an energy corresponding to that of the 
gas companies. Further, although electric light 
supplies are not likely to make much profit from 
doing business at a loss, one sometimes wonders if 
they do not play too safe, and if more attractive 
terms might not very quickly lead to considerably 
extended business and greater total profits. Before 
the war, there was an admirably energetic associa- 
tion calling itself the “point fives” the purpose 
of which was to press for domestic supplies at 3d. 
a unit. One trusts that the point of view of this 
association has not been lost. 

We have dealt at some length with the domestic 
load because it appears the most likely sphere for 
considerable extensions in the reasonably im- 
mediate future. The power load is more dependent 
on the general trade of the country, while it is 


probable that isolated steam plants are being super- 
seded by power taken from distributing mains as 
quickly as can be expected. As Mr. Woodhouse 
pointed out, there is not the same incentive towards 
central power generation in a country where coal 
is cheap and easily obtained as in one where it is 
scarce and dear. It must he remembered, however, 
that some of the heaviest electric supplies per head 
of population in other countries are being taken 
from coal stations, and that we cannot merely 
explain away our backward position by talking 
about water power. The matter is partly one of 
some conservatism on the part of possible customers, 
and is partly due to large numbers of old established 
factories in this country as compared with some 
of the more recently developed modern areas which 
show such a heavy consumption. An example of 
this kind of effect is afforded by the textile mills 
of. Lancashire. Were the majority of these 
electrically driven one might see the load factors of 
some of the Lancashire supply systems approaching 
the 49 per cent. of Shanghai, which has a large 
textile load supplied, one imagines, to mills, many 
of which have never had the independent steam 
plant which is characteristic of the Lancashire 
mill. 

The effect of unwise legislation in hampering 
the development of electric supply, we have already 
referred to. We need not enlarge on the matter 
further now, but in quoting and endorsing Mr. 
Woodhouse’s statement, that the whole industry has 
great admiration for the work done by the Electricity 
Commissioners in most difficult circumstances, we 
would add our prayer that they may be left alone 
by our legislators, and that a harassed industry 
should be given a long close season free from any 
governmental interference. 


OVERSEAS TRADE AND 
UNEMPLOYMENT. 


AFTER such an upheaval as was occasioned by 
the European War it was natural that there should 
remain for solution many problems concerning 
national financial stability, the provision of employ- 
ment for the millions of workers and the gradual 
winning back of the position of national supremacy 
in trade. These are not problems in which the 
financial people are solely interested, for the effects 
are experienced by men in every class of the com- 
munity, and they desire to know something of what 
has caused the complete dislocation of industries 
with which they are concerned. Engineering insti- 
tutions generally have done little to interest their 
members in matters of this type, although the well- 
being of all must be determined by their effective 
solution. It is, therefore, a matter for congratula- 
tion that the Institution of Civil Engineers decided 
to arrange for the address on ‘‘ The Economic 
Position of Great Britain,” which was delivered by 
Mr. Edgar Crammond on Tuesday last. 

In presenting his address, Mr. Crammond referred 
to the intensive economic development which took 
place between 1870 and 1914, during which period 
the world became merged into one great economic 
unit with London as its centre. With the great 
growth of international trade and the enormous 
increase of wealth in all parts of the world, Britain 
was enabled to accumulate immense reserves of 
economic strength. Then came the war and the 
strength of the financial policy of Great Britain 
was manifested to the world. To-day, although 
the financial position of the. country shows the 
characteristics of unchanged confidence, there are 
problems which still await solution, such as the 
great evil of unemployment. Under the prevailing 
conditions, when British trade is only maintained 
with great difficulty against the competition of those 
countries where the wages and labour conditions 
are such that they can produce much more cheaply, 
it is to be expected that some people see reasons 
for a belief in the industrial decline of Great Britain. 
That pessimistic view, however, is not warranted by 
the conditions. At the present time we are passing 
through the greatest crisis in industry we have ever 
experienced, This is due to the economic collapse 
of Central Europe and Russia, the depreciated 
currencies of many countries with which formerly 
we had intimate trading relations and the obstacles 
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to the freedom of trade, which had resulted from th 
creation of a number of small states under the 
Treaty of Versailles, each of which meant more 
frontiers, tariffs and customs troubles. The block- 
ade during the war had the effect of stimulating 
a desire of all countries to become more self-sup- 
porting and thus more independent of imported 
produce and manufactures. 

What steps are necessary then to remove the 
curse of unemployment which these changes have 
occasioned ? The essential requirement is the 
increase of the national income. That can only 
be obtained through a great increase of material 
production. Unfortunately, this must be obtained 
when our industrialists are carrying a crushing 
burden of taxation, and at the same time are called 
upon to meet demands for scales of wages and 
reductions of working hours which make it impossible 
for them to compete successfully with some of the 
other great industrial countries. Until the volume 
of international trade is restored to the level of 
pre-war days. it is necessary that everything pos- 
sible should be done to increase the national income 
so that the manufacturers may carry the burden 
put upon them by labour and by taxation. Mr. 
Crammond suggested that the most effective step 
which could be taken and which was immediately 
practicable, was to increase our investments abroad. 
By this expedient before the war, we were enabled 
to increase our exports and maintain an equili- 
brium between our manufacturing production, our 
income from shipping and our services in inter- 
national trade and finance. In 1913, we invested 
abroad about 200,000,000/, allowing for rises in 
prices, this sum represents 320,000,000/. to-day, 
but in 1923 investments abroad only amounted to 
130,000,0007. Were it possible to bring up our 
overseas investments to the 1913 level, the national 
income would be increased, Mr. Crammond thought, 
by something between 200,000,000/. and 300,000,000/. 
per annum, and employment could be found for 
many of the men who are idle at present. At the 
same time, this would create conditions which 
would enable an additional 50,000 persons to 
emigrate each year, with the certainty that they 
would find remunerative employment overseas. 

The real fund out of which capital was provided for 
investment abroad was, he said, the excess of produc- 
tion of foodstuffs, raw materials and manufactured 
goods over consumption. Improvement was pos- 
sible, as we were working at 75 to 80 per cent. of 
our capacity and had over 1,200,000 unemployed, in 
addition to which there was a large number of 
partially employed persons. The great bulk of the 
proposed additional investment would be provided 
by the utilisation of British labour, raw materials 
and manufacturing equipment. For the purpose 
of this scheme, we should probably have to increase 
our imports of raw materials and manufactures to 
the extent of between 60,000,000/. and 80,000,000/. a 
year. There was a belief that there were not solvent 
purchasers of our manufactures to the extent sug- 
gested. This difficulty was not insuperable. There 
was a surplus population in Great Britain, available 
for emigration at the rate of 250,000 per annum, 
andif this outflow of British people and capital were 
directed to those portions of the Empire that could 
produce the foodstuffs and raw materials we needed, 
it was certain that it would bring about such an 
increase of wealth and productivity in the Empire 
that the products of British labour at home could 
be safely absorbed to the extent indicated. It 
was not extravagant, Mr. Crammond thought, to 
estimate that the adoption of this policy would add 
about five million to the white population of the 
overseas Kmpire, beyond the normal increase, 
within the next twenty years. The addition to the 
wealth of the Empire during the same period, 
beyond the ordinary growth, would be not less than 
5,000,000,0007. 

It is obvious that, as the funds available for 
meeting depreciations of capital and for new 
investments are obtained from the savings left after 
all living expenses are met, the way to obtain funds 
for investment abroad is by individual and national 
economy. What signs there are of the reduction of 
expenses may be judged from the figures for 


national expenditure in, say, 1907, and 1923 for 
In 1907, the expense 


which figures are available. 


of the national services was met by the use of 8-5 
per cent. of our total income, to-day that figure 
has increased to 19:4 per cent. The manner in 
which this phenomenal increase in taxation is 
hindering the return of unemployed men to work 
may be judged from the fact that, apart from com- 
paratively small increases in the percentages of total 
income expended on food, dress and house-rent, 
the whole of this increase in taxation is drawn from 
funds that would otherwise be available to main- 
tain capital and for new investments in industries 
providing more employment and creating further 
wealth. 


NOTES. 
Tue RENSSELAER POLYTECHNIC INSTITUTE. 


Tue 100th anniversary of the founding of the 
Rensselaer Polytechnic Institute, Troy, New York, 
U.S.A., was celebrated on October 3 and 4 last, 
the proceedings being attended by a number of 
eminent engineers and leading educationalists. 
Amongst the distinguished non-Americans present 
were the President of the Institution of Civil 
Engineers, the President of the French Society of 
Electrical Engineers, the President of the Italian 
Society of Civil Engineers, and the President of the 
Engineering Institute of Canada. The Rensselaer 
Polytechnic Institute was founded in 1824 by 
Stephen Van Rensselaer, so that it is nearly the 
oldest technological college in English-speaking 
countries, being probably ante-dated only by the 
Royal Technical College, Glasgow, which dates 
from 1796. At the time of its foundation American 
colleges for higher education still held fast to the 
classical tradition, little or no provision being made 
for a broader culture. Dissatisfaction with this 
condition of affairs had given rise to protest, and 
a number of schools of different grades were estab- 
lished in the first quarter of the last century with 
the object of filling the need. Of these the sole 
survivor has been the Rensselaer Polytechnic 
Institute. In the century of its existence between 
6,000 and 7,000 students have taken the courses 
there provided. The first class in civil engineering 
was established in 1835, and rapidly grew in influence 


and importance, and courses for mining and mecha- 
nical engineering were provided for in the ‘sixties 


but were abolished in 1871. It was not, in fact, 


till 1907 that the courses in mechanical] and electrical 
engineering were placed on a permanent footing. 


A course in chemical engineering was added in 1913. 


A ProposeD CHANGE IN THE Bow CONSTRUCTION 


oF SHIPS. 


There are many different types of accidents which 
a ship may encounter at sea, and progress in naval 
architecture may be measured by the degree of 


success of any new device and method of construc- 


tion in preventing their occurrence or making their 


effects less dangerous to the ship, its passengers and 
its cargo. 
in studying methods of reducing the risks when 


For long, designers have been engaged 


vessels run into each other, into rock faces or ice- 
bergs. Damage to the hull under such conditions 
may be regarded as an absolute certainty, and the 
subdivision of the vessel must be looked to for the 
saving of the ship, if it is at all possible. With the 
intention of limiting the damage done to a rammed 
ship and also to the one inflicting the injury, Mr. 
E. J. Spanner has designed a type of bow which is 
less rigid than the normal construction. The inten- 
tion of this method of building is to confine the 
damage of the ramming vessel to the portion of 
the bow forward of the collision bulkhead’'and keep 
the rest of the ship in a watertight condition. This 
form of design has been submitted to the con- 
sideration of the members of the Institution of 
Engineers and Shipbuilders in Scotland, in a paper 
entitled ‘‘ A Proposed Form of Bow Construction,” 
which was read on October 28 by Mr. Spanner. 
The suggestion is to make the plating at the bow 
on vertical, instead of longitudinal, strakes and 
replace the normal stem bow by a dished plate, 
which would generally be of 6-in. radius. It is 
claimed for this construction that it prevents the 
possibility of causing an intense local stress any- 
where in the shell of the rammed ship. Another 


claim is that the construction, although it will 


solutions of common salt. 


mixing concrete. 
Adams observes, would, if strictly enforced, exclude 
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withstand minor blows without much damage to 
the bow, when the action is severe no great forces 
will operate on the collision bulkhead, as the material 
is arranged so that its distortion and rupture will 
be capable of absorbing the greater part of the 
energy expended in the collision, 


WATERS FOR CONCRETE MIXING. 


An elaborate investigation carried out by 
Professor D. A. Abrams in the Structural Materials 
Research Laboratory, of the Lewis Institute, 
Chicago, has led to the welcome conclusion that 


almost any water will serve for mixing concrete. 


Full particulars of the tests are given in a Bulletin 
published by the laboratory, where, presumably, 


copies can be obtained by those interested. The 


principal criterion used to gauge the suitability 
of a water was, that in a 28-day test, the sample 


mixed with the impure water should not have less 
than 85 per cent. of the strength of comparison 


specimens mixed with fresh water. Sixty-eight 
different samples of water were used in the research. 
Amongst them were sea and alkaline waters, bog 
waters, mine and mineral waters, waters contami- 
nated with sewage and industrial wastes, and also 
All the specimens were 
mortar or concrete mixtures, neat cement tests 
being excluded. The waters found to yield con- 
crete with less than 85 per cent. of the normal 
strength, were acid waters, lime soap from furriers, 


refuse from a paint factory, mineral water from 


Colorado, and waters containing more than 5 per 
cent. of common salt. This latter result is important, 


and Professor Abrams draws the inference that 
the use of salt for lowering the freezing point of 
water used for mixing concrete in cold weather 
should not be permitted. Five per cent. of salt 
in water lowers the freezing point by about 6 deg. F., 
but concrete mixed with such a solution has a 
strength 30 per cent. below normal. 
made on the setting time showed that in general 
this was much the same with pure and impure 
waters, but there were some notable exceptions. 


Observations 


In most cases, specimens giving low strength ratios 


were slow setting, but the experiments indicated 
that the time of setting was not a satisfactory 


criterion for judging the suitability of a water for 
Most specifications, Professor 


all waters but rain-water or distilled water, but 


the tests have shown conclusively that almost any 
impurity may be present without necessarily pro- 
ducing ill effects. 
whether impurities are present, but whether they 


The important point is not 


occur in injurious quantities. Previous experiments, 
it may be added, have shown that the addition of 


sugar and similar bodies to the mixing water is 
most injurious, so that it was thought unnecessary 
to include sugar solutions in this investigation. 
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Reinforced Concrete Design. By G. P. Mannine, B.Eng. 


(Hons.) Assoc.M.Inst.C.E., Mappin Medalist in Hn- 

gineering of the University of Sheffield (1913). 

London: Longmans, Green and Co. [Price 21s. net.] 
Wirt the rapid development of reinforced concrete 
since its introduction, as a recognised form of con- 
struction, into this country in the late ‘nineties of 


last century, and the special attention given to its 


design by engineering students, it is only natural 
that a literature should arise devoted entirely to 
this branch of engineering. Amongst the many 
books published during recent years on the subject 
of reinforced concrete design, Mr. Manning’s volume 
takes a high place, owing to its general excellence _ 
and comprehensive character. Some of the author’s 

opinions and conclusions are doubtless open to ) 
argument, but a book such as he has produced is _ 
none the less valuable in that it contains contentious _ 
matter, giving food for thought in many directions. _ 
The practising engineer will be able to form his own 
conclusions on debatable points, while the student 
will be guided by those in authority, and his studies — 
of the subject will not be confined to Mr. Manning’s | 
treatise. Nevertheless, it is to be regretted that 
the author should so frequently advocate the use of 
different factors for “standard” and ‘ competi- 
tive? design. In a book such as that produced — 
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by Mr. Manning, one does not expect to find the 
designer advised to use higher values for safe 
resistances and thinner concrete coverings than those 
generally recognised, when the structure will be the 
subject of competitive prices. 

The “standard ” allowances are either right or 
wrong. If, in the author’s opinion, they are wrong 
he would be justified in demonstrating the nature 
and extent of their falsity, and in advocating the 
reconsideration of their values, but the reeommenda- 
tion of higher values for resistances, and lesser thick- 
nesses of concrete coverings in the case of competi- 
tion designs, without giving any logical reasons for 
such recommendations, is a disappointing feature 
in a book of the kind under review. 

Mr. Manning has adopted the excellent practice 
of giving worked-out examples, showing the appli- 
cation of the various formule, diagrams and tables. 
These will prove of the greatest assistance to those 
using the book, either in the class-room or office. 
Tt is unfortunate, however, that the essential for- 
mule are in very few instances numbered, whilst 
the value of cross-referencing does not appear to have 
occurred to the author. 

In the earlier chapters, dealing with the design 
of rectangular and T-beams under flexure, and 
members under direct compression and _ tension, 
the treatment is necessarily similar to that given 
by other authorities. The author, while giving the 
general equations for members subjected to flexure, 
confines his use of these to the case where the com- 
pressive and tensile resistances have both their 
permitted safe values. 

_ The chapters on members under direct stress 

and flexure combined deal with rectangular, circular 
and annular sections, and useful diagrams are given 
to assist in the solution of problems arising in con- 
nection with structures subjected to these conditions 
when reinforced with bars of equal sectional area 
symmetrically arranged with a definite spacing. A 
chapter is also devoted to the subject of shear, 
analytical treatment for vertical and inclined bars 
being given, followed by a discussion upon the 
various methods of reinforcement and the spacing 
of the bars. 

The author applies analytical treatment again to 
ideal continuous beams with an infinite number of 
Spans, resulting in the derivation of tables and 
diagrams giving influence lines for moments at 
various supports and envelopes of maximum pos- 
sible bending moments throughout inner and outer 
Spans under various conditions of loading. The 
shears at the supports of continuous beams are 
derived in the usual way from the restraining 
moments. 

Having dealt with the theoretical treatment, the 
author considers the practical utility of his analysis, 
and arrives at the conclusion that certain fixed 
values should be adopted for the bending moments 

at the various supports. Subsequent matter 
covers the preparation of quantities ; the design of 
footing slabs and beams, methods of reinforcement 
and lay-out ; design of bracings, ties, columns and 
struts, and the bending moments and shears on 
rectangular slabs. These are all given adequate 
consideration. A chapter is devoted to the analysis 
of long columns, and a diagram is given for the safe 
loading per square inch on square columns for 
various values of length, side and various per- 
centages of total reinforcement. 

In his treatment of arched members, the author 
assumes that the value of ds + E1 dz is constant 
for any particular arch; ds being a small length 
of the arc, and da the equivalent horizontal 
length, and he deduces general equations giving the 
values of the horizontal thrust, the vertical shear, 
and the bending moment at the centre of the arch 
for point loading, from which he obtains values of 
the bending moments at other points by assuming 
the load at various positions and the use of simple 
Statics. He gives detailed analysis for parabolic, 
elliptic and circular fixed arches and for parabolic 
and circular arches hinged at the springings together 
with the deduction of the effects of temperature 
Stresses. He also deals with square frames and box 
culverts treated as arches. Useful diagrams are 
provided, giving jbending moment and horizontal 
thrust envelopes for parabolic fixed arches under 
uniformly distributed super-load, together with 


tables and diagrams for influence lines for bending 
moments and horizontal thrusts for fixed parabolic 
and elliptic arches under point loading and tables of 
bending moments and thrusts on these forms of 
arch, due to changes of temperature. 

Chapters are devoted to Circular Tanks ; Piling ; 
Hopper Bottoms; Bunkers and Silos; Hollow Tile 
Flooring ; Flat Slabs supported direct on Columns ; 
Domes, Spires and Spherical Tank Bottoms; Stair- 
cases; Water Towers and Reservoirs and Retaining 
Walls. It is not possible here to discuss all these. 
In the treatment of circular tanks, consideration 
is given to the effect of the restraint induced by 
the rigid attachment of the bottom to the sides. 
The lay-outs for slab and beam floors are discussed, 
also various types of bridges- A special chapter 
is devoted to the treatment of continuous footings 
on yielding soils, and the author concludes with a 
dissertation upon the principles of design, setting out 
the general opinions he has formed upon various 
matters. 

Mr. Manning has undoubtedly dealt very 
thoroughly with his subject, and his book can be 
confidently recommended to the attention of those 
interested in reinforced concerete design and con- 
struction, 


Industrial Management. By RicHarp H. LansBurcu. 
New York: John Wiley and Sons, Inc. London: Chap- 
man and Hall, Limited. [Price 22s. 6d. net.] 


OnE of the most significant changes which has 
taken place in the world of manufacture during 
recent years 1s the result of the recognition that, 
if management is to be efficient, something more 
than technical knowledge is required. It has been 
demonstrated, in some instances in the bankruptcy 
court, that technical efficiency, essential as this 
undoubtedly is, does not ensure the successful 
running of a works, and consequently the need 
for administration has made itself felt. _Adminis- 
tration is a broad term, which finds expression in 
organisation, and organisation is reflected mainly 
in the arrangements made in the preparation for, 
and the control of, production, and in ascertaining 
and comparing its cost. 

This recognition of the importance of adminis- 
tration has been made articulate in the large number 
of books which have been written upon the subject, 
although the views expressed therein vary greatly. 
The great improvements in output and cost which 
have followed the introduction of efficient organisa- 
tion have been so pronounced that there is a ten- 
dency for the true perspective to be lost, and some 
people appear to think that organisation itself is 
anaim. Broadly speaking, organisation is developed 
on one or both of two main lines (1) to control 
production, (2) to ascertain the cost of production ; 
but it is not uncommon to find that attention is 
given to the latter while the former is neglected. 

In his book “ Industrial Management,” Pro- 
fessor Lansburgh treats the question on broad if, 
in some instances, on somewhat hackneyed lines. 
He both opens and closes on the right note. In 
his opening paragraph he says, “ Machinery and 
materials may be put to work, workers may 
labour; but without adequate management to 
guide their operations into profitable channels, 
to distribute the results of their work effectively, 
and to govern their operations during per- 
formance, this performance may become so un- 
economic as to cease entirely.” In the closing 
chapter entitled “ Management Control Through 
Costs,” the author says, further, “Though cost 
accounting forms the soundest groundwork for 
information on which magagement decisions may 
be based, and profits insured, like other business 
methods it is not an aim in itself. It is only of 
value in so far as it aids in operations and in the 
making of intelligent executive decisions which 
will promote the healthy advancement of the 
business.” 

In these two quotations is contained the keynote 
to successful works management; the effective 
control of methods and a check of the degree of 
efficiency secured as shown by the costs. Between 
these the author, after tracing briefly the history 
of industrial management, takes his readers through 
the various phases of the same, dealing with plant, 
buildings and lighting, standardisation, product 
and methods, time study, wage payment, employ- 


i v 
ment of Jabour-selection, training and treatment, 


planning, &c. These are quite usefully discussed, 
many practical references being made to, and 
illustrations given of, works engaged in various 
industries in the United States. 

As will be obvious, some of these subjects have 
been written upon so much that really new treat- 
ment is not easy to give; at the same time that 
given in “Industrial Management” is generally 
good, while there are certain portions of the book 
which deserve special attention. One of these is 
Chapter VIII, in which the effects of organisation 
on the “ morale of the staff’ are dealt with. One 
of the most deplorable results of the “ organisation,” 
in some works is the destruction of initiative amongst 
the staff, the line taken being that organisation can 
take the place of brains, obedience rather than 
initiative being required ; in other words, the old 
autocracy of the one “superior” brain is being 
re-introduced. This brain suffocation lies at the 
bottom of the ineffectiveness of more than one 
scheme of reorganisation and, in some works, is 
a serious menace to success. Another useful 
section is Chapter XI, dealing with industrial 
lighting. Both natural and artificial lighting are 
dealt with, illustrations and useful data being 
given. Budgeting is also usefully discussed, a subject 
that justifies more attention than is now commonly 
given to it. If “bankers are going to demand 
the submission of a budget with sub- 
stantiating figures, at the time that applications 
for loans is made,”’ there will be some firms to 
whom, for this reason alone, the obtainment of a 
loan will present real difficulties. 

In so far as such a large subject as industrial 
management can be treated satisfactorily within 
the covers of one book, the author has covered 
the subject fairly thoroughly. It is becoming open 
to question, however, whether, as with some other 
large subjects, general treatment will not have to 
give way to the more exhaustive and detailed 
treatment of the separate phases of administration. 
The superficialities of the subject are known in a 
more or less satisfactory manner to the vast number 
of people in industry, and the need is being felt 
for a closer and more detailed treatment than is 
possible in the more comprehensive works. The 
author takes the usual liberties of his country in 
the Americanisation of the spelling of our English 
words, and we note in passing a more than usually 
large number of split infinitives. The book is 
printed in easily-read type, on good paper, and, 
to a man requiring a book on this subject, will 
amply justify its purchase. 


Ore Dressing: Principles and Practice. By THEODORE 
Simons, Professor of Mining Engineering, School of 
Mines, University of Montana. London: McGraw-Hill 
Publishing Company, Limited, 1924, [Price, 17s. 6d.] 

Too frequently it might be urged that the writers 

on technology are anxious to combine minute 

details of the latest practice with the description 
of the simple elementary principles that have 
guided pioneers and manufacturers in the produc- 
tion of elaborate apparatus, whose ingenuity and 
efficiency appeal to their matured experience. In 
the effort to produce a comprehensive work, there 
is little attempt to discriminate between the classes 
of readers to whom the book is presented. In this 
case, however, the author has a very clear view of 
the particular class he wishes to reach, and being 
gifted with the power of lucid explanation, he has 
produced a treatise whose purpose and treatment 
are well defined and praiseworthy. For the trained 
engineer, a knowledge of the principles that underlie 
the work of ore dressing, and actual familiarity 
with the practice and machinery in use, are both 
necessary, but it is only a knowledge of the general 
fundamental principles that can be acquired from 
text-books. No amount of information given in 
books will be sufficient to make a competent prac- 
tical operator, and on the other hand, he who has 
acquired capacity and insight from mining practice 
will not need to consult a text-book. Therefore, 
the amount of purely practical information has been 
reduced to a reasonable minimum: no attempt is 
made to cover the endless details of operation that 
are always changing, and may be applicable only 
to the mill for which they were originally designed. 
But since the basic principles do not change with 
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time or locality, these have a lasting value, and the 
author concentrates his attention on them. This 
clear perception of the value, or limitation, of book 
knowledge does not make the treatise less practical. 
At a very early stage, Professor Simons indicates 
that the aim of the art of ore dressing is “‘ to convert 
the given raw material into the greatest number of 
saleable products, and to do this at the least possible 
cost.” Having set out this obvious principle, he 
never loses sight of it. 

In pursuance of this plan, it will be understood 
that the author has given greater attention to the 
theory of mechanical construction than is usual in 
these works. On similar grounds, the machinery 
described is not necessarily the latest or that which 
is recommended as the most economical, but that 
which best exhibits the method of obtaining a 
desired result. The diagrams selected to illustrate 
the arrangement of the mechanism are clear and 
simple, and the details can be easily followed since 
they are unencumbered with those later elabora- 
tions that experience has suggested. We are not 
so convinced of the success attending the attempt 
to give a mathematical dress to the reasoning. 
The form may prove misleading by giving the appear- 
ance of a greater degree of accuracy or trustworthi- 
ness than is warranted. To give an example: the 
gravity process of concentration as explained here 
is put forcibly, and Rittinger’s basic equation is 
derived in a very simple manner. The practical 
application is, however, not without difficulty and 
possibly without meaning, for as the solid particles 
decrease in size there must come a stage when the 
finest particles absolutely refuse to obey the law of 
gravity and remain floating, or suspended, in the 
water or other medium. 

The processes of breaking, crushing, grinding 
and pulverising the ore with the object of separating 
the valuable from the gangue materials involve 
operations of a very ordinary character, that 
acquire interest by reason of the ingenuity shown 
in ensuring continuity of the process, and the pre- 
cautions taken to secure economic treatment. 
But when the attempt is made to present a theory 
of crushing, a theory based on known physical 
laws, and tested by actual experiments designed to 
meet the needs or improve the efficiency of working 
conditions, the deficiencies of theory again become 
manifest. The author sets out the conclusions of 
two rival theorists, those of Rittinger and of Kick. 
Starting with certain assumptions, the conclusions 
arrived at seem clear, logical and consistent, yet 
they contradict each other. Rittinger asserts that 
to break a one-inch cube requires four times the 
energy necessary to break a half-inch cube, while 
Kick’s rule or law demands twice as much energy 
to do the same work. There is much value in a com- 
promise, and Herman would reconcile the two state- 
ments, by suggesting that Rittinger’s argument gives 
the minimum power required for reducing material, 
and that of Kick, the maximum. 

Passing over many practical details connected 
with sizing and classifying the broken ore, concentra- 
tion and separation, and the forms of machinery 
necessary for the conduct of these operations, the 
author introduces the subject of flotation rather 
distrustfully, regarding it as an opponent to the 
continued development of the older methods of 
gravity concentration. This newer and much 
vaunted method does not prevent, or correct, 
metalliferous troubles, but it is a valuable process in 
supplementing and completing the work of gravity. 
As is well known, the process depends for success 
mainly on the buoyant effect of air bubbles to 
bring the metallic minerals to the surface and hold 
them there long enough to permit separation or 
removal. The process involves the addition of 
relatively minute quantities of oil and acid to the 
finely crushed ore (slightly roasted) when mixed 
with water, and agitating the mixture violently 
till a froth is formed, that preferentially collects the 
metallic sulphide minerals and carries them to the 
surface, where they can be skimmed off. Skilful 
manipulation on the part of the operator rather than 
the guidance of theory has made the process success- 
ful. The author attempts no explanation of the 
cause of the phenomenon,. and does not quote any 
of the many solutions offered. We are still un- 
certain whether the explanation is to be sought in 
physical or chemical causes. Not the least per- 


plexing part of the puzzle is offered by the selective 
affinity of oil and air for the sulphide minerals, 
and the total or partial lack of such affinity for the 
gangue materials. 

The section on gold milling and plate amalgama- 
tion is less full and satisfactory than those on the 
dressing of baser metals. But, of course, much of 
the preparatory work in crushing and classifying 
resembles that already described. The account is 
interesting and might well be read by shareholders 
in South African mines. This remark might imply 
that the description is of rather a popular character, 
but the theory of cams, of the camshaft and of the 
weight of stamps is fully explained and instructive. 


Measurement, Compression and Transmission of Natural 
Gas. By LEstER CiypE Licuty. New York: John 
Wiley and Sons, Ine., London: Chapman and Hall, 
Limited. [Price 37s. 6d. net. ] 

Narurat gas attracted attention and found a 

certain application, possibly by fire-worshippers in 

the first instance, long before the oil, with which 
the gas is generally associated, was utilised. The 
modern utilisation of natural gas goes back further 
than the present generation may assume. The 
village of Fredonia, in New York State, was 
illuminated and .heated by natural gas in 1821; 
some gas wells have been flowing for a hundred 
years. By 1887 it was estimated that the gas 
utilised in the United States per year was equivalent 
to 10,000,000 tons of coal, and that very much more 
gas was lost. A few years previous gas flames had 
been roaring, day and night, from stand pipes all 
over the oi! districts. The gas losses are still 


serious and the oil driller has reascn to dread the |, 


> 


“ousher”” outbursts of oil and gas. It has been 
suggested that the words gas and gush (or gish) were 
derived from the same root. The word gas was 
coined by the Flemish alchymist van Helmont (who 
died 1644) in order to distinguish certain airs or 
vapours from ordinary air; whether or not he was 
euided in the selection of the name by the tendency 
of airs to gush out through any opening, is a contro- 
versial matter. The word quickly became as 
international as the air is—or was, until our days of 
flying. 

Mr. Lichty, Associate Professor of Mechanical 
Engineering at the University of Oklahoma, does 
not give statistics on natural gas production, nor 
does he discuss its utilisation or the way the gas is 
caught at the oil well. There is a section on gasoline 
separation from natural gas, but the occurrence of 
helium in natural gas does not appear to be men- 
tioned. Professor Lichty confines himself to his 
subject, “Measurement, Compression and Trans- 
mission of Natural Gas.”” His object was to compile 
a text-book on a comparatively new subject, which 
has only recently been added to the course of studies 
at engineering schools. The subjects call for a 
theoretical and a practical treatment. The student 
will require more of the former than of the latter ; 
the engineer will chiefly look for technical detail. 
Both will find the volume of 523 pages useful. 

The first two parts of the volume deal with the 
fundamental gas laws and the various methods and 
apparatus in use for measuring natural gas; the 
third part, on the compression of natural gas and the 
requisite machinery, and the fourth part on the 
transmission of the gas, pipe lines and their testing, 
are more strictly practical. But the technical 
character is well accentuated throughout. That Mr. 
Lichty quotes largely from papers on the subject 
and from the reports of the United States Bureau of 
Mines does not detract from the value of his com- 
pilation ; the apparatus and machines and general 
information offered might be, however, less ex- 
clusively American. Pipe line crossings of rivers 
are illustrated, but submarine lines are not noticed. 
Some of the formule and the numerous tables, 
diagrams and graphs on yas density, expansion 
pressure, compressibility and gas flow would be 
applicable to gases generally ; but the particulars 
given refer to natural gas. 

The section on the decline of gas wells looks 
rather out of place in the first theoretical part on 
units and properties. The arrangement is justifiable 
on the grounds that special methods of measure- 
ments are adopted for anticipating, as far as possible, 
the depletion of a gas well before much has been 
spent on equipment, lines. meters, booster and 
compression stations, which might soon have to be 


removed or abandoned. The storage of natural gas 
in exhausted oil sands and the high-pressure 
regulation in transmission and distribution lines are 
peculiar to the gas. The rock pressures may be 
600 Ib. per square inch, while corporations mostly 
refuse to tolerate pipe lines carrying gas at more than - 
40 lb. per square inch through populated districts ; 
high-pressure regulators are, therefore, placed near 
the well and near the city limits, and further regu- 
lators are provided in the houses. The high pressure 
in mains has also made the welding of pipe lines 
somewhat unpopular; the risks of fractures and 
repairs are great. Mr. Lichty does not say anything 
about accidents due to gas escapes. Considering the 
manifold risks and difficulties of the natural gas 
recovery and distribution, and the uncertainty of 
the supply, the development of the natural gas 
industry is highly creditable to American enterprise. 
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COMMUTATOR MICA UNDERCUTTER. 


COMMUTATOR MICA UNDERCUTTER. 


A useful tool for the undercutting of the mica 
insulation of the commutators of direct-current 
machines, given the trade name “ Paben,” is shown 
in the accompanying illustration. This device is a 
simple hand tool and has been placed upon the market 
by Messrs. Pape and Bennison, of 23, Stanley-road, 
Barrow-in-Furness. The tool has a brass shank, to 
which are attached two wheels to act as guides and two 
hardened steel cutting blades. At one end of these 
blades, a groove is made so that two cutting edges are 
obtained, while there is a long pointed cutting edge 
at the other end. The blades are held on brass spindles 
and may be tightened up in suitable positions by 
means of cheese-headed screws, adjustment being 
possible for depth. Both the guide wheels and the 
blades, may be separated or brought together, to suit 
the pitch of the commutator segments. The tool may 
be used without the removal of the brushes or, indeed, 
of any part of the brush gear. In the illustration a 
heavy type is shown, such as is used for deep cutting 
on large machines, but a light tool, with either single 
or double blades, is also made and is provided with 
a single guide wheel or a movable guide blade. It 
may be noted that the cutting blades are easily 
renewed and resharpened and are inexpensive. 


LABOUR NOTES. 


Ty the National Minority Movement’s statement of 
aims and objects, reproduced further on in these notes, 
there is, it will be observed, a declaration ‘‘ against 
the present tendency towards social peace and class- 
collaboration and the delusion of a peaceful transition 
from Capitalism to Socialism.’ ‘The idea of the 
average adherent to the National Minority Movement’s 
policy is, of course, to overthrow Capitalism, and 
that being so, he has, in his own words “no use” for 
collaboration with employers. Happily, however, all 
workers are not believers in the policy of the National 
Minority Movement. A member of the Amalgamated 
Engineering Union, writing in the official organ of the 
Society, expresses sorrow that the Monthly Journal 
“has been utilised so much for propagating the class- 
war gospel. If we are going to suppress Capitalism,” 
he declares, “‘ we must have something better to put 
in its place. Meantime, we must make the best of 
it and try to fashion and direct it to give us the best 
tesults.” In this engineer’s opinion ‘‘ the best and 
only way ” in which to improve the lot of the workers 
is to strengthen the A.E.U. in membership and funds 
in order to enable it to meet its full obligation to its 
members. ‘‘ That will be,” he goes on to say, ‘“ the 
best lever we can put in the hands of the E.C. when 
trade revives to bargain with the employers for higher 
Wages, and I am quite sure the employers will recognise 
the justice of our claims, the sooner we realise the folly 
of class-war propaganda and settle down in a spirit 
of co-operation to pull together for the common good, 
Belgium has set us an example industrially and was 
never busier to the mutual benefit of everybody. In 
the same way our industrial betterment lies, and not 
in any militant policy, which leaves the position of the 
worker worse every time.” 


According to Mr. Harry Pollitt, the Communist, 
the Federation of British Industries created in 1919 

a special secret organisation to link up and co- 
ordinate the policy of all employers in wages, hours 
and conditions. This secret organisation is called 
‘The National Confederation of Employers’ Organisa- 
tions.” The National Confederation of Employers’ 
Organisations is not a secret organisation. Its meet- 


ings are not, of course, open to the general public or 
the press, but neither are those of the General Council 
of the Trades Union Congress which represents organised 
workers pretty much as the Confederation represents 
organised employers. 


A writer in Man and Metal, the journal of the 
Iron and Steel Trades Confederation, suggests that 
what the iron and steel industry needs is an increase 
of trade which will bring more of the existing plant 
into operation—not merely greater production with 
improved plant. It is a well-known fact, he goes on 
to say, that the larger furnaces and more efficient 
mills now in use have increased very considerably 
the output per man employed; but, in addition, we 
are constantly being told of cases where old plant is 
now giving better results than before the war. There 
is the widely circulated report of the two blast furnaces 
of the Seaton Carew Iron Company producing in one 
week 50 per cent. more than pre-war, and the less 
advertised fact that three steel melting shops under 
one control are producing under the eight-hour shift 
over 60 per cent. more than they were doing under 
the 12-hour shift system. In this case, the reasons 
for the increase appear to be, it is added, the shorter 
hours, more steel scrap, better gas, and generally 
more efficient organisation. 


A study of industrial conditions in Russia issued 
by the International Labour Office at Geneva, contains 
some interesting information. It states that the average 
wage paid in State industry during the second half 
of 1923 was not more than 55 per cent. of the pre-war 
average, which itself was very low; yet these wages 
are still too heavy a burden on State industry, and 
the Government has taken steps to prevent further 
increases. This general tendency towards a fall in 
wages is attributed by the managers of nationalised 
industry to the many expenses which have to be 
borne in addition to wages properly so called. Real 
wages are far below the pre-war level. In spite of 
considerable increases in rates fixed by collective 
agreement and labour agreements, real wages are in 
practice always subject to reductions, and there is 
no improvement in the general situation of the working 
classes owing to the continual depreciation of the 
rouble and financial crises. After an examination of 
the position of the trade unions, the report says that 
the directing trade union bodies still regard themselves 
as Government bodies responsible for the actions of 
the Government, and in consequence defend and carry 
into effect the measures adopted by the economic 
authority. The vast non-political masses are thus 
losing confidence in the trade unions. 


Russian Information and Review, which is published 
by the Information Bureau of the Trade Delegation in 
London of the U.S.S.R., contains an article on “‘ Wages 
and the Productivity of Labour.”” In Russia, it states, 
the productivity of labour is still considerably below 
pre-war, but the efforts that have been made, and are 
being made, to improve it are yielding promising results. 
The tendency of the revolutionary period was for 
wages to increase at a greater rate than the productivity 
of labour. The 1917-1921 period was marked by an 
acute decline, both in productivity and in wages, but 
the decline in the first case was greater than in the 
second. In 1920, the monthly earnings of a worker 
were 40 per cent. of pre-war time, whereas productivity 
reached only 29 per cent. of the pre-war level. In 
recent years, the restoration of wages and productivity 
both show an uninterrupted advance. In the economic 
year 1921-22, the output of a worker, as compared with 
the previous year, increased by 78 per cent., while 


wages increased only by 35 per cent. From October, 
1922, to March, 1924, the actual daily wage increased 
by 54-4 per cent., but the total productivity per worker 
per day rose only by 24-8 percent. The corresponding 
increases for the period of April-May, 1924, were 
56:6 per cent. and 29-1 per cent. In a period of 
20 months, that is, the rise in the productivity of 
labour was only half that of the rise in wages. On the 
other hand, during recent months wages have remained 
practically stationary, whereas productivity has 
steadily increased. 


The principal cause of the comparatively low produc- 
tivity of labour is stated to have been the ruin wrought 
by the long years of Imperial and civil wars and 
intervention, followed by the famine and economic 
blockade. During these years it was not only impos- 
sible, it is pointed out, to replace worn-out machinery 
and other factory equipment, but, owing to the absence 
of spare parts and of skilled workers, who had gone to 
the various fronts, much of the machinery could not 
receive the necessary timely repairs, and thus became 
ruined, It is added that many factories are not yet 
working to their full capacity, owing partly to lack of 
capital and partly to the fact that in the short period 
that has so far elapsed since the Soviet Government has 
at last been free of civil war and foreign intervention, 
the centralisation and reorganisation of industry on a 
more economical basis has not yet been completed. 
On the other hand, the writer continues, the first care 
of the workers’ and peasants’ Republic has necessarily 
been to safeguard the interests of the workers to the 
utmost limit of the resources of the country. The 
working day has been cut down to eight hours. In 
some cases the worker is allowed time off for necessary 
meetings, &c., and in general he is treated as a thinking 
being and not as a mere “ hand.’ As is usual in the 
U.S.S.R., all the defects in the organisation of industry 
are discussed frankly in Government departments, 
at workers’ meetings, and in the press. The workers 
themselves are also taking the matter in hand, and a 
determined effort is being made to raise the productivity 
of labour in the near future. 

The Ministry of Labour states that the number of 
unemployed persons recorded on the registers of 
Employment Exchanges in Great Britain on October 
20, 1924, was 1,204,000—909,600 men, 35,500 boys, 
226,800 women and 32,100 girls. On October 13, 
the number of unemployed persons was 1,210,201— 
915,274 men, 36,942 boys, 225,300 women and 32,685 
girls, and on December 31, 1923, 1,285,623—-946,521 
men, 36,659 boys, 267,373 women and 35,070 girls. 


On October 27, the Tramways Committee of Hull 
Corporation decided to accept the tender of Messrs. 
Bolckow, Vaughan.and Company, Middlesbrough, for 
1,500 tons of tram rails and 500 tons of sole plates, &c. 
The price was 12,2911. Originally, the City Council 
accepted a German tender which was 2,5001. lower, 
the Labour members voting with the majority. A 
lively controversy ensued, however, and in the end 
the Council cancelled its resolution, the Labour members 
acquiescing. 

With the National Minority Movement’s “ programme 
of action” readers must now be fairly familiar, as the 
Red International Labour Union, which is directing 
the activities of the organisation, loses no opportunity 
of making it known. The “ aims and objects ”’ of the 
Movement are now publicly stated to be :— 

1. To organise the working classes of Great Britain 
for the overthrow of Capitalism, the emancipation 
of the workers from oppressors and exploiters, and 
the establishment of the Socialist Commonwealth. 

2. To carry on a wide agitation and propaganda for 
the principles of the revolutionary class struggle, and 
to work within the existing organisations of the workers 
for the purpose of fighting for the adoption of the 
programme of the National Minority Movement and 
against the present tendency towards social peace and 
class-collaboration and the delusion of a peaceful 
transition from Capitalism to Socialism. 

3. To unite the workers in their everyday struggles 
against Capitalism and at all times advance the watch- 
word of the united front of the workers against the 
exploiters. 

4. To maintain the closest relations with the R.I.L.U. 
and to work for the unity of the International Trade 
Union Movement. 


In the course of his address to the recent convention 
at Detroit of the International Association of Machin- 
ists, Mr. W. H. Johnson, the President, said that in 
an effort to work out a more satisfactory method of 
wage determination for members in Government 
service, District No. 44 had employed the Labour 
Bureau, Inc., to make a survey of wage theories and 
submit a report on the relation between wages and 
production, A Bill based upon their report had been 
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MESSRS. M. B. WILD AND CO., LIMITED, ENGINEERS, BIRMINGHAM. 


prepared and introduced in Congress. It provided for 
the creation of a board upon which heads of depart- 
ments and employees would have equal representation 
and laid it down that in its determination of wage 
rates the following factors should be taken into 
account :— 

(a) The maintenance of a standard of living for the 
worker and his family which will insure health and 
decency. 

(b) The relation between wages and the cost of 
living. 

(c) The average change in per capita productivity of 
manufacturing industries in the United States over a 
period covering the preceding ten years. 

(d) The progress made in per capita production in 
manufactories in the United States since 1900 which 
has not already been reflected in increased wages. 

(e) The training and skill required. 

(f) The degree of responsibility ; and 

(q) Inequalities of increases in wages or of treat- 
ment. 

The Bill had been under discussion, Mr. Johnson 
said, but it had now been deemed advisable to wait 
for a more favourab!e opportunity to press the measure. 
At present, it stood as Labour’s contribution towards 
the solution of the question and would, it was hoped, 
later receive the serious consideration of Congress. 


The conventions of the International Association of 
Machinists are held every four years. The strike 
assessment or levy authorised at the 1920 meeting 
yielded, according to the General Secretary-Treasurer, 
Mr. E. C. Davison, 1,298,327 dols., but of that no 
less than 1,138,047 dols. went towards the payment 
of strike benefits drawn by members in 1919. Very 
little was, therefore, available for the period which 
it was designed to cover. Between September, 1920, 
and July, 1924, the total strike cost was 3,363,208 dols., 
although regular strike benefits were discontinued in 
July, 1922, and have not yet been resumed. ‘The 
provision of strike benefits is, it may be added, giving 
the leaders of this organisation some concern. In 
his address at Detroit, Mr. Johnson said that the 
question ought to be faced fairly and squarely, and 
the rules amended so that the benefits payable were 
in accordance with the Association’s ability to pay. 
The authorised benefits could not be paid, he claimed, 
to any large number of men unless the income 
was largely increased. The rules should also be 
strengthened, Mr. Johnson added, so as to provide 
that no financial assistance be given to any strike 


where the rules had not been complied with, and where 
sanction had not been secured prior to the men going 
on strike. 


MAIN AND TAIL HAULAGE GEAR. 


Ln our issue of August 22, we published on page 251, 
a description of a 25-h.p. main and tail electric haul- 
age gear fitted with the Spence-Wild worm and spur 
reduction gearbox, mounted on a composite bed con- 
structed of rolled joist and channel sections bolted 
together. The illustrations of the Spence-Wild worm 
and spur reduction gear shown in Figs. 115 and 116 
are of the usual Spence-Wild type. We find, however, 
that the illustration reproduced in Fig. 117, on page 
250, is that of an endless rope haulage gear, having 
the same type of reduction gear. In the illustration 
given on this page, we now reproduce the main and tail 
haulage gear actually installed in the mine at Wembley. 

As we stated in our former issue, the drums have 
mild steel sides and cast-iron rolls, 2-ft. 6-in. diameter, 
and are 1 ft. 6 in. between the flanges, which are 9 in. 
deep. A brake ring is bolted to each side of the drum 
to receive the brake straps. The drum bosses are of 
cast iron of the through type, fitted with roller bearings 
to suit the drum shaft, which is 5 in. in diameter. 
The brake straps are of the all-round band reversible 
type, consisting of mild-steel straps lined with 
““Ferodo,” operated by hand levers, conveniently 
arranged for the attendant. The clutches are of the 
external friction band reversible type, consisting of 
a mild steel strap, also lined with ‘‘ Ferodo,” carried 
on and driven by a semi-steel driver keyed to the drum 
shaft. The clutches are operated by means of hand 
wheels and screws through shafts and levers. The 
drum shaft is of mild steel, keywayed for the spur 
wheel, and arranged for the drums to run free on the 
roller bearings when not engaged with the clutches. 


DeatH or Dr. WatteR Bovert.—We regret to 
announce the death, on October 28, of Dr. Walter 
Boveri, one of the original founders of the firm of Messrs. 
Brown, Boveri and Co., of Baden, Switzerland. 


TENDER.—The municipal authorities at Antwerp are 
calling for tenders to be presented by November 21, 
for the construction of metal hangars. United Kingdom 
firms in a position to supply British materials can obtain 
further particulars regarding this call for tenders on 
application to the Department of Overseas Trade, 35, 
Old Queen-street, London, 8.W. 1, quoting A.X. 1408. 


THE LATE ENGINEER-COMMANDER 
CLARKE. 


Tur death is announced of Engineer-Commander 
William Howard Clarke, D.S.0., who recently had 
charge of the Mechanical Repair Establishment of the 
Royal Navy at Devonport. He was the son of 
Mr. G. P. Clarke, of Devonport. After the usual course 
of naval training and promotion, he served during 
the European War in charge of the machinery of 
destroyers in the North Sea. He received the D.S8.0. 
for a conspicuous act of coolness and gallantry, when 
chief engineer on the Melpomene, in an action which 
followed the start of a successful attempt to close the 
passage between the Thornton Ridge Shoal and the 
Belgian coast. Enemy destroyers attacked the British 
destroyers on the work, but they were driven off 
and, in their eagerness to get at the German vessels, 
the British destroyers went so far in towards Zeebrugge 
that they were all struck by: shells from the shore 
batteries. The Melpomene was pierced in the engine 
room below the water line, and’ was taken in tow. 
On a further attack one of the two towing destroyers 
left the Melpomene and with the Murray engaged the 
enemy again, and drove them off. The Melpomene 
was safely brought in much to the credit of its engineer, 
who showed great resource in dealing with a difficult 
situation. In 1918 he was promoted LEngineer- 
Commander and appointed Engineer Assistant to the 
Director of Warship Production at the Admiralty. 


Tue InstrturiIon or Gas Enceryenrs.—The Council 
of the Institution of Gas Engineers have decided to 
hold the annual meeting of the Institution next year m 


London, and it will take place in the Great Hall of the _ 


Institution of Civil Engineers, which has been lent for 
the purpose by the council of that body. 


Fuuxres anp Sztacs.—On April 28 last, the Faraday | 


Society and the Institute of Metals, in co-operation with 
the British Non-Ferrous Metals Research Association and 
the Institute of British Foundrymen, held a general 
discussion on “ Fluxes and Slags in Metal-Melting and 
Working.” 


pages 582 and 583 of our issue of that week, May 2. 


The full report of the discussion has now been issued — 


in pamphlet form, and can be obtained from the Faraday 
Society, 90, Great Russell-street, W.C. (price 7s. 6d. 
net). The papers read were interesting, and the dis- 
cussions would have been even more so if some of the 
members had spoken out more freely, 


The meeting, which took place in the | 
Institution of Mechanical Engineers, was noticed on — 


/ 


Oct. 31, 1924. ] 
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THE MISSING PRESSURE IN GAS 
ENGINES.* 


By Prorrssor W. T. Davin, M.A., D.Sc. 


Iv was noticed by the earliest experimenters inter- 
ested in the internal-combustion engine that the 
pressures developed on explosion of the charge were 
less than half those which were calculated from the 
known calorific value of the fuel on the assumption 
that the working fluid (which contains normally more 
than 80 per cent. of nitrogen) behaves like ideal air. 
A study of the experimental work on the subject 
seemed to indicate that the solution of the problem 
of the missing pressure was practically impossible 
by means of experiments of a more or less direct 
nature, and the author adopted an indirect. method 
of experimenting which he believes has yielded reliable 
information. His method was that of determining 
the internal energy of a weak mixture of coal gas and 
air exploded in a closed vessel in the neighhourhood 
of its maximum temperature, and comparing it with 
that of a strong mixture when it had cooled to the same 
temperature as the weak mixture had at this time. 
For this purpose it was necessary to determine the 
heat loss during the explosion and subsequent cooling 
of the gaseous mixtures, and to record the pressures 
developed simultaneously in order that the temperature 
of the mixtures might be inferred therefrom. Three 
sets of records are given in Tables I, II and III, which 
show the mean gas temperature and the heat loss to 
the walls of the vessel} during the explosion and subse- 
quent cooling of a strong mixture (15 per cent. coal gas 
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and air), amedium mixture (12-4 per cent. coal gas and 
air) and a weak mixture (9-7 per cent. coal gas and air). 
The experimental methods adopted need not here be 
described. It suffices to say that the gas-pressure 
curves and the heat-loss curves were recorded simul- 
taneously by optical means on the same photographic 
film, The heat of combustion of the gas present in 
the vessel before explosion, less the heat loss over the 
entire surface of the vessel during the time taken by 
the gaseous mixture to explode and afterwards cool 
down to any given temperature, is a measure of the 
energy remaining in the mixture at that temperature 
over and above that which it possesses at atmospheric 
temperature. 

As an example, the energy remaining in the 15 per 
cent. mixture after it has cooled down to a temperature 
of 2,000 deg. abs. may be given. The heat of com- 
bustion of the gas in the vessel before explosion was 
36 C.Th.U. During explosion and subsequent cooling 
down to 2,000 deg. C. abs., the heat loss amounted 
to 12-9 C.Th.U. The energy remaining in the gaseous 
mixture after cooling to this temperature was, there- 

‘fore, 36 —12-9= 23-1 ©.Th.U. The figures in 
column 5 of Tables I, II and III have been calculated 
in this way. In column 6 of the tables the energy 
values are given per standard cubic foot of the exploded 
mixture, and are measured from the datum level 
of 0 deg. C., while in the last column the energy values 
(still reckoned from the datum level of 0 deg. C.) 
are given in foot-pounds per standard cubic foot. 

_ Conclusions drawn from Closed Vessel Experiments 
m regard to the causes responsible for the Missing 
Pressure.—The data in these tables (columns 3 and 7) 
have been plotted in Fig. 5. The curves show the 
energy (reckoned from 0 deg. C.) remaining in the 
gaseous mixture per standard cubic foot at various 
temperatures ranging from the maximum developed 


* Paper, abridged, read before the Institution of 

_ Mechanical Engineers on Friday, October 24, 1924. 

| The Author’s numbering of the figures has been retained. 

“ "The explosion vessel consisted of a cast iron 

) ¢eylinder on to which were bolted two end covers. Its 
_ diameter was 12 in, and its length also 12 in. 


down to 1,000 deg. C. The most noticeable feature 
of the curves is that the energy remaining in the 
weaker mixtures in the neighbourhood of their maximum 
temperatures, and in the initial stages of cooling, is 
greater than that remaining in the stronger mixtures 
when they have been cooled to the same temperatures 


TasBue I. 


Internal energy of 15 per cent. mixture of coal-gas and air 
after explosion, that is, a mixture of 48 O.Th.U. per standard 


cubic foot. Heat of combustion of coal-gas in vessel 36-0 
C.Th.U, 
Composition of mixture after com- { N2 2nd O2 71-5 per cent. 
bustion GOs Cage 
H20 20:0) 7° 
Internal 
Internal 
Internal | energy Bar ey, 
energy of 
Total of Gaseous Haaeeous 
: Heat | Gaseous | Mixture ure 
Time | Mean Mean | loss over| Mixture per _|gt, ae d 
atter Gas Gas whole | Reckon- |Standard Cubie 
Igni- | Tem- Tem- | Surface | ed from | Cubic PF vice 
tion. |perature.|perature. of Atmos- | Foot of Barat 
Vessel. | pheric | Burnt Maite 
Tem- | Mixture | po cKon- 
perature.| Reckon- Fal iniaven 
ed from ‘ire! 
0° C. : 
Secs. | ° C, abs. °C. C.Th.U. | C.Th.U. | C.Th.U.| Ft.-Ib. 
(0) —_ 15 0 (36 -00)| (50-25) | (70,300) 
0-05) 2,440 2,170 3-18 32°82 45-75 | 64,000 
(Max. 
temp.) 
0-06} 2,400 2,130 5-02 80°98 43-25 | 60,500 
0-1 2,200 1,930 9-43 26-57 37:3 52,200 
0-15] 2,000 1,730 | 12-90 23:10 32-3 45,200 
0-22} 1,800 1,530 | 16-02 19-98 28°05 | 39,200 
0:3 1,600 1,330 | 18-90 17-10 23°95 | 33,500 
0:42] 1,400 1,130 | 21-92 14-08 19-9 27,900 
TABLE II. 


Internal energy of 12-4 per cent. mixture of coal-gas and air 
after explosion, that is, a mixture of 39:6 C.Th.U. per standard 
cubic foot, Heat of combustion of coal-gas in vessel 29-75 


: 


Composition of mixture after com- eeug 02 Ue S per cent. 
bustion 2 ” 


of maximum temperature and indeed is only completed 
after cooling has been proceeding for some time. 

Assuming then that the energy in the gaseous mix- 
tures at the moment of their maximum temperatures, 
and in the initial stages of cooling, consists partly 
(and mainly) of thermal energy and partly of available 
chemical energy, an estimate of the amount of chemical 
energy in the gaseous mixtures may be made from the 
curves in Fig. 5. Such an estimate is obtained by sub- 
tracting from the energy values of the weaker mixtures 
at any given temperature, the energy values of the 
stronger mixtures when they have cooled to the same 
temperature (by which time the chemical energy 
has all been converted into thermal-energy), after 
making a small allowance for the difference in composi- 
tion of the mixtures. In order to make this clear, the 
amount of the energy in chemical form at the moment 
of maximum pressure and temperature in the 9-7 per 
cent. mixture will be found. From the curve for this 
mixture in Fig. 5, the energy in it at the moment of 
maximum temperature (1,390 deg. C.) is 26-6 C.Th.U. 
per standard cubic foot. The energy in the strony 
(15 per cent.) mixture after cooling to this temperature 
is 25 C.Th.U., and by this time the energy is entirely 
thermal. Had the composition of the strong mixture 
after combustion been the same as that of the 9-7 
per cent. mixture after combustion, it is estimated 
that its internal (thermal) energy at this temperature 
would have been 1:4 C.Th.U. less, that is, it would 
have been 23-6 C.Th.U. The energy in, chemical 
form in the 9-7 per cent. mixture at its maximum 
temperature is thus 26:6 — 23-6 = 3:0 C.Th.U. per 
standard cubic foot. 

Estimates obtained in this way of the available 
chemical energy at the moment of maximum pressure 
in the 12-4 per cent. and the 9-7 per cent. mixtures 
are shown in Table IV. 

It will be seen that of the energy in the gaseous 
mixtures at the moment of their maximum tempera- 
tures, about 88 per cent., on the average, is in the thermal 
form and about 12 per cent. is unconverted chemical 
energy. 

In Table V heat balances are given for these mixtures 


H20 cls showing the distribution of the heat of combustion 
j of the coal-gas per standard cubic foot of the burnt 
Internal | Internal | mixture at the moment of maximum temperature. 
Energy | Energy 
Internal of of TaBLe LV. 
cet eneey, aes on Proportion of the energy (reckoned from 0 deg. C.) remaining 
Time | Mean ‘Mean Toss. | Gaseous en op in the gaseous mixture at the moment of maximum temperature 
acron NGan Gas fate Wiese ane Stondard ered d in the form of internal energy and available chemical energy. 
igni- | Tem- Tem- whole | Reckon-| Cubic Cubic 
tion, |perature.|perature.| Surface | ed from | Foot of | Foot of Energy Remain- 
of Atmos- | Burnt | Burnt ing in Gaseous | Internal thermal | Available Chemi- 
Vessel, | pheric | Mixture | Mixture Mixture per Energy per cal Energy per 
Tem- |Reckon- | Reckon-} Mixture.) Standard Cubic | Standard Cubic | Standard Cubic 
perature.| ed from | ed from Foot of Burnt Foot. Foot. 
0° Cc. 02 Ce Mixture. 
Sees. | °C. abs. °Cr C.Th.U. | C.Th.U.| C.Th.U. | Ft.-lb. | Percent. C.Th.U. C.Th.U C.Th.U. 
0 —_ 1 0 (29°75) | (41-25) | (57,700) 12+4. 37-5 32-7 4:8 
0-08 2,050 1,780 2-99 26°76 37°5 52,500 100-0 87-0 per cent. 13-0 per cent, 
(Max. 9-7 26°6 23-6 3:0 
temp.) 100-0 89-0 per cent, 11:0 per cent. 
0-11 2,000 1,730 4°63 25:12 34-95 | 48,900 
0-2 1,800 1,530 8-98 20-77 29-0 40,600 
0:3 1,600 1,330 | 12-52 17-23 24-1 33,700 TABLE V. 
0-45) 1,400 1,130 | 15-73 14-02 19-9 27,900 Distribution of the heat of combustion of the coal-gas per 
standard cubic foot at the moment of maximum temperature. 
Taste IIT. 
* Heat Loss to 
Internal energy of 9-7 per cent. mixture of coal-gas and air| ___ Heat of Internal Available Walls of 
after explosion, that is, a mixture of 31 ©.Th.U. per standard | Mixture.| Combus- Thermal Chemical | $xplosion 
cubicfoot. Heat of combustion of coal-gas in vessel 23-36 C.Th.U. tion. Energy. Energy. Vessel, 
Composition of mixture after com- { Con ee Oe eis pee cene: 
age H20 12:9» Per cent.| ©.Th.U. C.Th.U C.Th.U. C.Th.U. 
\ 12-4 41-25 32°7 4:8 ore 3°75 i 
100-0 79-0 per cent.)/11-5 per cent.| 9-5 per cent. 
Feotey (Hara eT 32-15 23: 3-0 5-55 
Internal of. of 100-0 73:0 per cent.) 9-5 per cent. '17-5 per cent. 
Total | Energy | Gaseous | Gaseous 
Till hcp teen pee eae opted ree Tt will be seen from the table that about 10 or 11 
after | Gas Gas over | Mixture |Standard|Standard | per cent. of the coal-gas originally in the vessel is un- 
Igni- sere ent eos eres nee aul burnt in each mixture at the moment of maximum 
thon. | Perafure.| peravare.) our ce | Or emose | of borat | of Bernt | Pressure, and it seems probable that there is approxi- 
Vessel, | pheric | Mixture | Mixture | mately the same proportion of unburnt gas in the 15 
Fe ei om, |Reckon- | per cent. mixture at this moment. The maximum 
Mee bo | 9° C. | pressure is therefore reached under the ideal conditions 
obtainable in closed-vessel jexperiments, when about 
90 per cent. of the coal-gas has been completely burnt. 
Sees. | °C abs. | °C; | OC on.U.) Corn U| Ganu.) Et-lb. |The heat loss to the walls of the vessel up to this 
0-18] 1,660 | 1,390 | 4:15 Ge a) ey 37,100 | Moment ranges from 9 per cent. in the 12-4 per cent. 
(Max. mixture to nearly 18 per cent. in the 9-7 per cent. 
temp.) i Ha! i i the heat of combustion 
0-24] 1,600 | 1,330 | 5-90 | 17-46 | 24-25 | 33,900 aes ve Pee dia o ait 2 OSES: 
0-31] 1,500 | 1,230 | 7-93 | 15-43 | 21-45 | 30,000 | 3m the form of thermal energy at the moment of mas 
0-4 1,400 | 1,180 9-4) 13-88 | 19-35 | 27,100 | mum pressure varies from 79 per cent. in the eae 
a 


as the weaker mixtures possess in this epoch—eyen 
though the stronger mixtures contain a larger pro- 
portion of CO, and steam than the weaker mixtures. 
These results must be taken as indicating that the 
energy in the gaseous mixtures at the moment of 
maximum pressure and in the initial stages of cooling 
is partly thermal and partly chemical. In other 
words, that combustion is not complete at the moment 


mixture to 73 per cent. in the weaker mixture. H 
the gaseous mixture after combustion a constant specific 
heat equal to that of air at atmospheric temperature 
and the pressures developed in the mixtures remained 
the same as those actually observed, the proportion 
of the heat of combustion which would have been 


* The greater relative heat loss in the 9°7 per cent. 
mixture is due to the fact that it has a much longer 
explosion period. 
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accounted for as thermal energy would only have been 
57 per cent. in the case of each mixture. The differ- 
ences between this figure and those shown in the 
second column of the table is a measure of the average 
increase of the specific heat over the temperature 
ranges corresponding to the two mixtures. 

It will be clear from these results that the missing 
pressure, or so-called suppression of heat, in gaseous 
explosions is due to the three causes of incomplete 
combustion, increasing specific heat, and heat loss to 
the walls of the vessel during the explosion period. 
The extent to which incomplete combustion contributes 
to the limiting of the pressures is not very different 
in the mixtures experimented upon, but the extent 
to which the other two causes contribute to this varies 
considerably from mixture to mixture. 

Estimated Ideal Pressures in the Closed Vessel.—The 
significance of these results will perhaps be the more 
readily appreciated if the pressures which would have 
been developed, had it been possible to prevent heat 
loss to the walls of the vessel and also were it possible 
to speed up combustion to such an extent that the coal- 
gas was completely burnt during the explosion period, 
are determined. These may be calculated for the 
12-4 per cent. and the 9-7 per cent. mixtures from the 
data furnished by the experiments just described and 
are given in Table VI. The pressure rises, calculated 
on the assumption that the gaseous mixtures possess 
the properties of ideal air, are also given in this table. 


Tasie VI. 
Calculated 
Rise of Pres- 
sure if Gas- 
Calculated | eous mixture 
Calculated | Rise of Pres- | had constant 
Rise of Pres- | sureif Heat | Specific Heat 
Mix- Actual sure if Heat | Loss were | Equal to that 
ture Maximum | Loss during | Checked and | of Air at 
Strength.| Rise of the Explos- | Combustion | Ordinary 
Pressure. | sion Period | Completed Tempera- 
were During the | tures. (Heat 
Checked. Explosion | Loss Checked 
Period. and Combus- 
tion Com- 
pleted.) 
Percent.| Lb. per Lb. per Lb. per Lb. per 
sq. in, sq. in, sq. in, sq. in, 
12-4 87 98 108 155 
Ue 73 88 96 125 


Tt will be seen from the table that if the heat loss 
during the explosion period could be prevented, the 
rise of pressure would have been increased by about 
12 per cent. in the 12-4 per cent. mixture and by about 
19 per cent. in the 9-7 per cent. mixture. Had it 
been possible to prevent heat loss and to speed up the 
combustion so that it is completed during the explosion 
period, the increases in the rise of pressure would have 
been about 24 per cent. and 31 per cent., respectively, 
greater than the pressure rises calculated on the basis 
of no heat loss and complete combustion within the 
explosion period. 

Actual and calculated pressure curves to a time- 
base for the 12-4 per cent. and the 9-7 per cent. 
mixtures are shown in Figs. 6 and 7. The A curves 
show the pressures actually developed in the explosion 
vessel ; the B curves the pressures which would have 
been developed had it been possible to prevent heat 
loss, and the C curves the pressures which would have 
been developed had it been possible to prevent heat 
loss and to complete the combustion during the explo- 
sion period. The D curves (dotted) show the theo- 
retical air pressures under conditions of complete 
combustion within the explosion period and no heat 
loss. It will be noted that the B curves approach the 
© curves as combustion becomes complete, as, of 
course, would be expected. These curves indicate that 
combustion is practically complete about a quarter 
of a second after the moment of maximum pressure, 
but the rate of burning during this interval is not 
constant; it becomes less and less as cooling proceeds. 
About half of the 10 per cent. of the coal-gas remaining 
unburnt at the moment of maximum pressure appears 
to be burnt within one-twentieth of a second. 


APPLICATION OF ReEsuLTS ofr CLOSED-VESSEL 
EXPERIMENTS TO THE GAS ENGINE. 


The “ Combustion Factor.’—The author has found 
it convenient to call the proportion of the heat of 
combustion of the fuel which has been converted into 
thermal enerzy by the time the maximum pressure is 
reached, the “combustion factor’ It is not possible 
to say, in the present state of knowledge, to what extent 
this factor varies with volume, density and tempera- 
ture before firing, but various considerations lead to 
the conclusion that within the limits of density, volume, 
and temperature usual in gas-engine practice, any 
such variation will not be very large. Assuming this 
to be so, it is considered that the combustion factor of 
90 per cent. obtained in the closed-vessel experiments 
is probably the maximum attainable in gas engines 
fitted with ordinary ignition systems. 


Assuming the internal energy values deduced from 
Fig. 5 after chemical and thermal equilibrium has 
been established, the author, from an examination 
of typical indicator diagrams taken by Sir Dugald 
Clerk and the late Professor Bertram Hopkinson, has 
found that in none of the cases examined does the 
thermal energy added to the gaseous mixture by the 
time the peak of the indicator diagram is reached, 
account for more than 70 per cent. of the heat of 
combustion of the fuel charge, even after making an 
allowance of 5 per cent. for heat loss to the cylinder 
walls during explosion.* In other words, the combus- 
tion factor (referred to the peak of the indicator 
diagrams) is only of the order of 70 per cent. 


Fig. 6. 


PRESSURE CURVES FOR 12-4 PER CENT 
5180, MIXTURE OF COAL-GAS & AIR. 
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Pressure Curves for 12:4 per cent. Mixture of Coal-gas 
and Air. 

Curve A.—Actual Pressure Record. 

Curve B.—Pressure assuming all Heat Loss prevented. 

Curve C—Pressure assuming all Heat Loss prevented and Com- 
bustion completed by Moment of Maximum Pres- 
sure, 

Curve D—Pressure supposing the gaseous mixture to have a 
Constant Specific Heat equal to that of Air; 

Heat Loss prevented and Combustion complete by 
Moment of Maximum Pressure. 
Point M—Point at which Flame completely fills Explosion Vessel. 


Fig.7. PRESSURE CURVES FOR 9-7 PER CENT 
MIXTURE OF COAL-GAS AND AIR. 
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Pressure Curves for 9-7 per cent. Mixture of Coal-gas and Air. 


Curve A—Actual Pressure Record. 

Curve B—Pressure assuming all Heat Loss prevented. 

Curve C—Pressure assuming all Heat Loss prevented and Com- 
bustion completed by Moment of Maximum Pres- 
sure. 

Curve D—Pressure supposing the gaseous mixture to have a 
Constant Specific Heat equal to that of Air; 

Heat Loss prevented and Combustion complete by 
Moment of Maximum Pressure. 

Point M—Point at which Flame completely fills Explosion 

Vessel. 


With advanced ignition, higher combustion factors 
may doubtless be reached, but in view of the foregoing 
results it seems improbable that combustion factors 
greater than about 70 per cent. are realised in gas 
engines with normal ignition. There seems little 
doubt, therefore, that incomplete combustion ranks 
equally with increasing specific heat as a primary cause 
limiting the maximum pressures developed in gas 
engines. 

Reason for the Low Combustion Factors realised in 
Gas Engines und the effect of After-Burning wpon 
Efficiency.—In order to understand the reason for 
the low combustion factors obtained in gas engines 
as compared with those realised in closed vessels, it is 
necessary to consider what happens during the explo- 
sion of a gaseous mixture, and in particular to distin- 
guish between inflammation and complete combustion. 

Consider first the process of explosion in a closed 
vessel. From the pressure records (Figs. 6 and 7) 
it will be seen that the pressure rises slowly at first 


* See ENGINEERING, March 10, 1922, page 281. 


and then with increasing speed, until a maximum rate 
of increase is attained which remains constant until 
the point marked M is reached. Afterwards the rate 
of increase becomes less and less until the maximum pres- 
sure is developed, and then the pressure begins to fall. 

It is now known that at, or near, the point M, inflam- 
mation has spread completely through the gaseous 
mixture. At this moment about three-quarters of the 
gas appears to be burnt; the burning of the remaining 
quarter, which may be referred to as “ after-burning,”’* 
takes rather more than a quarter of a second. At first 
it is sufficiently rapid to more than balance the cooling, 
and the pressure continues to rise, but later it becomes 
smaller and smaller and the cooling causes the pressures 
to decrease. 

Various considerations lead the author to believe 
that in gas engines with normal ignition the maximum 
pressure (as indicated by the peak of the indicator 
diagram) occurs generally more or less in the neigh- 
bourhood of the moment of complete inflammation, 
which, as has been stated, marks the end of the period 
of the maximum rate of rise of pressure in the closed 
vessel. After-burning then continues during the 
expansion stroke. Generally the bulk of the after- 
burning in strong mixtures developing vertical explo- 
sion lines on the indicator diagram, is probably effected 
in the early stages of the stroke, owing to the fact that 
the volume changes comparatively slowly in this 
epoch. Consequently, the effect of after-burning upon 
thermal efficiency is not great, and obviously it is 
desirable, from a mechanical point of view, in that it 
tends to reduce the ratio of the maximum pressure 
to the mean effective pressure. The matter is different, 
however, in the case of weak mixtures giving sloping 
explosion lines. As the piston has travelled some 
distance forward by the time the maximum pressure 
is reached, the volume changes rather rapidly imme- 
diately afterwards, and consequently after-burning 
continues for some distance down the expansion line. 
A considerable part of the defect of the actual efficiency 
in the case of an engine working on weak mixtures is 
thus to be attributed to after-burning. 


The efficiency ratio, that is, the ratio of the actual 


to the ideal variable specific heat efficiency, may 
approach 90 per cent. in the case of an engine working 
upon strong mixtures, but it may be less than 80 per 
cent. in the case of weak mixtures. The defect of the 
actual efficiency from the ideal efficiency would appear, 
in view of the foregoing observations, to be due mainly 
to rapid heat flow into the cylinder walls in the case 
of strong mixtures and mainly to slow inflammation 
and after-burning in the case of weak mixtures. ~ 


APPENDIX. 


Composition of the Coal-Gas Used.” 
is By 02 
Volume, | Required. Bteam. | C02. 
Per cent. 
be Oe Ae 32 47 +2, 23-6 47-2 _— 
CHatie din fe, 35°2 70-4 70-4 35-2 
Heavy Hydrocarbons 4°83 22-6 16-0 14-49 
CO. a0 eae 7-15 3°6 _— 7-15 
Nev os is 5:4 — — — 
Other gases .. 0:25 — — = 
— 100-0 120-2 133-6 56°75 


THE DISMANTLING OF THE CYFARTHFA ITRONWORKS.— 
Following on their recent purchase of Bessemer’s Bolton 
works, Messrs. Thos. W. Ward, Limited, of Briton Ferry 
and Sheffield, inform us that they have now acquired the 
blast furnaces, blowing engines and stoves at the Cyfarthfa 
Tronworks, Merthyr Tydfil. In this connection it may 
be of interestto mention that the Cyfarthfa Works were 
founded in 1765, and at the end of the eighteenth century 
they were probably the largest ironworks in the worl 
employing over 1,000 men at that time, and exporting 
their products to all parts of the globe. In the first half 
of the nineteenth century, the works found employment 
for about 5,000 men and were largely engaged in the 
manufacture of the iron rails required for the develop- 
ment of railways in this country and abroad. They were 
converted for the production of Bessemer steel when this 
process was introduced, and continued for many years 


to play an important part in the British steel industry, — 


remaining in private ownership until 1890. In that year, 


the concern was formed into a limited liability company 


which was acquired about twelve years later by Messrs. — 


Guest, Keen and Nettlefolds, Limited. Activities were 
continued during the last decade with varying degrees of 
success, the works being busily’engaged on the production 
of munitions during the late war. Soon after hostilities 


however, they were closed down, and the end of another — 


interesting and important chapter in the British iron and 


steel industry will be reached when the plant above” 


referred to is finally dismantled by Messrs. Ward. 


* It should be noted that the expression “ after- 
burning” is here used to refer to the burning which 


takes place after the moment of complete inflammation. — 


Hitherto it has been employed in referring to the 
burning which takes place after the maximum pressure 
has been reached. 
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TURBINE-DRIVEN CENTRIFUGAL BOILER FEED PUMP; EMPIRE EXHIBITION. 


CONSTRUCTED BY THE BRITISH ELECTRIC PLANT COMPANY, LIMITED, ENGINEERS, ALLOA, SCOTLAND. 
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the remaining stages and is forced into the boiler at 


high pressure. The economisers are thus only under 
low pressure, and are not subject to full boiler pressure. 

Among the firm’s exhibit at Wembley is the boiler 
feed pumping set illustrated in Figs. 3 and 4 on this page. 
This set is designed to feed a boiler at 200 lb. per square 
inch pressure at the rate of 200 gallons per minute, 
when running at 3,000 r.p.m. These sets are either 
steam or electrically driven. The example shown is 
geared to a 50-h.p. steam turbine running at 30,000 
r.p.m., with 10 to 1 single reduction. To ensure 
permanent alignment, unit construction is adopted for 
the turbine and gears. The main turbine and gear 
casings form part of a single casting, the covers being 
separate, so that either part can be inspected. The 
rotor can be removed without breaking steam joints. 
The governor case is of one piece and bolted to the 
side of the main casing. The main casing forms a 
rigid frame for the impulse wheel, reduction gears and 
main bearing. All machine faces are finished by hand- 
scraping to a face plate, and no soft jointing materials 
are used under the covers. The bearing recesses are 
cut by special tools, provision being made on each 
side of the impulse wheel for oil scrapers and carbon 
bushes. The impulse wheel, pinion and shaft are 
forged from a solid ingot of heat treated nickel-chrome 
steel. Machine-cut double-helical teeth are used for 
the gears, the oil throwers and thrust collars being 
solid with the shaft. The gear wheel is of heat-treated 
nickel chrome steel, pressed on to its shaft and fitted 
with two feathers. The slow-speed shaft is of high ten- 
sile steel. Gun-metal bushes lined with white metal are 
used onthe turbine. The rotor shaft has three bearings, 
end thrust being taken by those adjacent to the pinions. 
The slow-speed shaft has two bearings of similar con- 
struction. All are connected to the oil pressure system. 
Oil under a pressure of 15 Ib. per square inch is sprayed 
on to the engaging teeth. 

The turbine blades are of stainless high tensile steel 
with highly finished surfaces. A strainer in the steam 
connection protects the rotor from foreign bodies. 
The governor gear is completely enclosed in an oil 
tight case bolted to the main casing. The admission of 
steam to the turbine is regulated by a balanced throttle 
valve actuated by a seryo-motor controlled by the 
governor, the speed of the turbine controlling the 
position of a distributing valve, connected with the 
oil pressure system by which the servo-motor is worked. 
The governor system has few parts and is designed so 
that in the event of failure of the driving shafts, steam 


to the turbine is at once cut off. The oil system is kept 
under pressure by an oil pump positively driven off the 
slow-speed shaft. A cooler is fitted to keep the oil at a 
low temperature. A strainer which can be cleaned 
while the turbine is running is included in the oil 
pressure system, pressure being kept constant by an 
automatic relief valve which returns surplus oil to the 
cooler. The oil pump is of the gear type and is located 
outside the main casing. The cooler will be seen in 
Fig. 3, in the base of the turbine unit, this forming a 


Fic. 4. 


sump to which return oil ducts are led. Cooling water 
is circulated through the tubes to the amount required 
to suit particular conditions. The steam consumption 
is 18 Ib. per b.h.p. hour, when operating on a pressure 
of 200 Ib. per square inch and running at 27,500 r.p.m., 
condensing. .. 

The details of construction of the pump are sim 
lar to those of the larger set described above, anc 
need not therefore, be repeated. The connection be 
tween the pump shaft and the slow-speed shaft of th 
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SINGLE-STAGE CENTRIFUGAL PUMPS AT THE BRITISH EMPIRE EXHIBITION. 


CONSTRUCTED BY THE BRITISH ELECTRIC PLANT COMPANY, LIMITED, ENGINEERS, ALLOA, 
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FLANGES. 


reduction gear is made by means of a pin-type flexible 
bees 

_ The British Electric Plant Company does not confine 
itself to turbine pumps, but also manufactures single- 
‘stage pumps; examples which are to be seen at 
Wembley, are illustrated in Figs. 5 to 10, herewith. 
‘These pumps have either double entry, as in Figs. 5 
and 6, or single entry, as in Figs. 7 to 10. In the former 
case, the volute is developed to one side of the centre 
lime of the impeller. With these pumps, of the 6-in. 
size and upwards, suction and delivery branches are 
cast on the body, which also carries the feet. On 
removing the side cover the internal parts can be got 
at without disturbing any pipe joints, thus giving the 
minimum amount of trouble when reassembling. As 
will be seen, the removal of the cover opens the whole 
‘of the water passage for inspection. The impellers 
being of the double-entry type, there is no end thrust, 
‘provided the central position is maintained. A 
eentring device, embodying a small ball bearing, is 
‘provided at one end of the shaft, as shown in Fig. 5, a 
gauge showing the central position. The outside 
bearings are ring lubricated. ‘The guide ports are easily 
renewed if wear should occur. 

In the single-entry pumps, as shown in Fig. 8, the 
thrust is towards the suction and is taken on a ring 
inserted between the impeller eye and the casing. 
Between the impeller and this renewable ring a film of 
water is maintained. A water seal is provided for the 
‘stuffing box, with connection to the high-pressure side 
is, the pump, while the inner side of the stuffing box 
es ring will be seen to be open to the suction side. 
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CATALOGUES. 


Oils.—A priced list of oils for various specified purposes 
and a folder relating to their ‘“‘ Argon” engine oil are 
to hand from the, Henry Wells Oil Company, 11, Hay- 
market, London, S.W. 


Roller Bearings.—Line drawings illustrating the use 
of their roller bearings in motor-car construction have 
been issued in the form of leaf catalogues by Messrs. 
Hyatt, Limited, 56, Victoria-street, London, 8.W.1. 


Marine Oil Engines.—A handsomely illustrated cata- 
logue of their two-cycle marine oil engines has come to 
hand from Messrs. Sulzer Brothers, 31, Bedford-square, 
London, W.C., giving a very full description of the 
construction and operation of these engines. 


Electric Wiring.—British Insulated and Helsby Cables, 
Limited, Prescot, Lancashire, have sent us a copy of a 
pamphlet containing a number of illustrations of houses, 
cottages, churches, and public buildings, in which their 
twin wiring system has been installed and has given satis- 
factory results. 


Machine Tools.—B.S.A. Tools, Limited, Sparkbrook, 
Birmingham, have issued a catalogue containing illustra- 
tions and particulars of several machines designed and 
constructed for special purposes, including multiple- 
drilling machines, a centreless grinding machine, and a 
number of single and multiple jigs. 


Pneumatic Tools—The Consolidated Pneumatic Tool 
Company, Limited, 170, Piccadilly, London, W.1, have 
sent us a catalogue of an improved design of Boyer 
pneumatic riveting hammer made in two sizes, one in 
which the piston has a 4-in. stroke and delivers 1,500 
blows per minute, and the other having a 5-in. piston 
stroke and delivering 1,400 blows per minute. A catalogue 
of the firm’s ‘“‘ Red Giant ”’ pneumatic drill for drilling 
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holes up to 1} in. diameter, or reaming up to 1 in. 
diameter, has also been received. 

Drying Plant—A catalogue of drying plant for 
laundries, received from Messrs. James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
London, E.C., shows a series of single and double drying 
rooms, draw-out horses, continuously-moving apparatus 
and other means of drying clothes and lengths of cloth ; 
plant for lighting and ventilating the workrooms is also 
dealt with. The drying plant is supplied complete for 
using hot air or high-pressure gas and some examples of 
gas-heated hand-irons are also shown. 


Switchgear.—The British Thomson-Houston Company, 
Limited, Rugby, have sent us four of their well arranged 
catalogues and lists. One of these is a catalogue of 
100 pages dealing with three-phase, switchboards for 
standard voltage ratings of 110 to 660, 2,200, 3,300, 6,600 
and 11,000. Another relates to compound-filled, truck- 
type switchgear, while a third gives a list of prices of 
mining controllers and resistances. The remaining cata- 
logue contains information relating to direct current auto- 
matic control equipment for electrically-driven cranes. 


Chain Screen for Furnaces.—The E. J. Codd Company, 
Baltimore, U.S.A., have sent us a catalogue relating to 
a fire screen especially suitable for use in glass works, 
but also with other furnaces, its object being to protect 
the workers from the glare and radiant heat. The 
screen is composed of steel chain hanging in single 
strands close together like Indian and Japanese domestic 
screens. The contents of a furnace, it is claimed, can 
be seen clearly through this chain screen, while tools 
can be used, and coal, ore or other material can easily 
be shovelled or thrown through it. The screen always 
falls into position after it has been moved and may be 
rolled up like a blind when not required. It is manu- 
factured under patents granted to Mr. H. H. Wiegand. 
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AUTOMATIC TEMPERATURE-CONTROL APPARATUS ; 


CONSTRUCTED BY THE CAMBRIDGE INSTRUMENT COMPANY, LIMITED, 


= (778) 
Fig. 3. 


AUTOMATIC TEMPERATURE-CONTROL 
APPARATUS. 


INCREASED realisation on the part of manufacturers 
of the necessity for accurate temperature control in 
industrial operations, especially in connection with the 
heat treatment of steel, has led to a considerable demand 
for apparatus designed to maintain a uniform tempera- 
ture in furnaces, &c., without constant attention on the 
part of the operator. The Cambridge Instrument Com- 
pany, Limited, 45, Grosvenor-place, 8.W. 1, have made 
a special study of automatic temperature control and 
have designed and constructed apparatus to meet all 
the usual industrial requirements in this respect. Some 
examples of the class of apparatus referred to are 
exhibited at the firm’s stand in the Palace of Engineering 
at the British Empire Exhibition, and others can be 
seen in actual operation in connection with various 
exhibits both in the Palace of Engineering and the 
Palace of Industry. 

We illustrate in Figs. 1, 2 and 3, on this page, the 
apparatus supplied by the company for automatically 
controlling the temperature of a gas-fired annealing or 
hardening furnace. This apparatus may be regarded 
as typical of their current practice. Similar apparatus, 
with suitable modifications in detail, can be employed 
for controlling gas-heated or electrically-heated furnaces 
and ovens worked at any temperature, and also in 
connection with steam-heating processes. In the case 
of the gas-fired furnace illustrated in Fig. 1, the sensi- 
tive element is a pyrometer of the thermo-couple type, 
which is fitted into the furnace as shown, and con- 
nected to a millivoltmeter mounted on the wall and 
graduated to indicate the temperature directly. The 
pointer of the indicator carries a light thermo-couple, 
which is electrically connected to a relay of the 
moving-coil type, contained in the instrument case. 
A small heating coil, supplied with current from a 
2-volt circuit, is also provided, which can be moved 
into any position along the scale according to the 
temperature it is desired to maintain in the furnace. 
The arrangement of the parts referred to is such that 
when the required temperature is reached, the thermo- 
couple on the pointer is brought close to the heat- 
ing coil, and the electromotive force set up in the 
thermo-couple operates the relay. The movement of 
the relay completes a 4-volt external circuit, including 


Fig. 4. 


an electro-magnet, the armature of which is connected 
to a balanced valve controlling the supply of gas to 
the furnace, as shown diagrammatically in Fig. 3; the 
valve itself and the necessary pipe connections are 
illustrated on a larger scale in Fig. 2, 

It will be readily understood from Fig. 3, that when 
the electro-magnet is energised and the armature is 
pulled up, the valve will close and cut off part of the 
gas supplied to the furnace, although some gas is still 
by-passed to the furnace through the stop cock shown. 
The latter can be adjusted to give the requisite control, 
but is, of course, always opened sufficiently to prevent 
the flame from being extinguished when the automatic 
valve is closed. When the temperature of the furnace 
falls the thermo-couple on the pointer moves away from 
the heater, the electro-magnet is de-energised, and the 
balanced valve is reopened by means of a spring. The 
accuracy of temperature control possible with this 
arrangement, of course, depends upon the sensitivity of 
the pyrometer or thermometer, as well as on the character 
of the scale of the indicating instrument, but, when these 
are suitably chosen, variations not exceeding 0-5 per 
cent, from the normal can be guaranteed for temperatures 
up to 800 deg. C. ’ 

The type of valve illustrated in Fig. 2 is used for 
2-in. pipes; for pipes up to 1 in. in diameter a simple 
ball valve is inserted directly in the pipe line. The 
valve shown can be employed to control the flow of 
low-pressure steam or liquids, as well as for gas, being 
suitable for pressures up to about 10 Ib. per square inch. 


Another type of balanced valve operated by an iron’ 


core moving inside a solenoid, is used for pressures up 
to about 40 lb. per square inch, but for still higher 
pressures, where screw-down valves are necessary, the 
mechanism illustrated in Fig. 4 is employed. The 
valve itself is not visible in this illustration, but its 
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spindle is connected to the shaft seen near the top"of 
the figure. A rocking lever mounted on the shaft and 
free to turn on it is connected at each end to the 
plungers of a pair of solenoids, and fixed to the shaft is 
a disc around which are wrapped two flexible phosphor- 
bronze brake bands. One end of each band is con- 
nected to the end of the rocking lever, and the other 
end to the solenoid core on the same side of th 
apparatus. ; 

The solenoids are energised through relays operated 
by a temperature indicator in a similar manner to 
that described above, and when one pair of cores is 
pulled down, the brake band is tightened up on the 
disc and the shaft rotated slightly to open or close the 
valve, as the case may be; one pair of solenoids is 
used to open the valve and the other to close it. At 
the end of the stroke the circuit through the solenoids 
is broken by means of a mercury contact mounted on 
the rocking lever, visible on the left of Fig. 4, and the 
cores are then pulled up again to their mid-position 
by means of springs. This operation is repeated until 
the valve has been opened or closed sufficiently to 
bring the temperature which is being controlled back 
to the normal. Safety contacts are provided to prevent 
the valve from being jammed in the fully open oF 
completely closed positions. 

As a final example of this class of apparatus, we 
illustrate, in Fig. 5, a device for use when very rapli 
control of temperature is required. In certain steam- 
heating operations in connection with rubber manutac- 
ture, for instance, it is necessary to turn on cold water 
when the steam supply is cut off, and this can be 
effected by the three-contact relay shown in the illus- 
tration. In this relay, platinum wires are fused into 
three pockets formed on the lower side of a closed 
glass tube containing mercury. The tube, which can 
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be seen near the bottom of Fig. 5, is mounted on a lever 
controlled by a solenoid, its normal position being such 
that the mercury makes a connection between the 
central and right-hand pockets. In this position, the 
water valve is closed and the steam valve open, but 
when the temperature of the heated vessel rises to the 
required degree, the solenoid is energised in the manner 
described above, and the tube is thus tilted so as to 
make contact between the central and _ left-hand 
pockets. By means of relays in the external circuits, 
the steam valve is then closed and the water. valve 
opened. As soon as the temperature falls, the mercury 
tube returns to its original position and the normal 
state, with the steam valve open and the water valve 
closed, is restored. 


HEAT LOSS IN GAS ENGINES.* 
By Professor W. T. Davin, M.A., D.Sc. 
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conduction by the polished grid per unit area of its 
surface, after making an allowance for the loss to the 
linoleum backing. At the same time and on the same 
film a curve was traced by a Hopkinson optical indi- 
cator showing the rise of pressure of the gaseous mix- 
ture during explosion and subsequent cooling. From 
the pressure curve it is possible to deduce the mean 
temperature of the gaseous mixture, after making an 
allowance for the small contraction of volume which 
occurs during combustion. 

The loss of heat to the walls of the explosion vessel 
by radiation was measured by means of a bolometer 
consisting of a blackened platinum grid protected from 
the flame by means of a fluorite window which trans- 
mits approximately 95 per cent. of the total radiation 
falling upon it. The fluorite window and bolometer 
are shown in Fig. 2,. The recording arrangements were 
similar to those employed for the conduction measure- 
ments. Curves of loss of heat by radiation and of 
pressure were recorded on the same photographic 


Tue effect of heat loss from the working fluid of | {lm 


internal-combustion engines to the cylinder walls and 
piston upon the thermal efficiency has frequently been 
over-rated in the past. It nevertheless exercises an 
appreciable influence upon efficiency, and it is esti- 
mated that, were it possible to eliminate it altogether, 
an engine working on strong mixtures with an actual 


Fig.2. 
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efficiency of, say, 35 per cent., would yield an efficiency 
of about 40 per cent. It is, however, impossible to over- 
rate its importance in connection with engine design. 
To it are due the costly cooling arrangements which add 
so greatly to the weight of the engine; and, indeed, 
it is the main factor limiting the development of large 
power units with single cylinders. 

In order to gain further information in regard to heat 
loss, the author undertook a series of measurements of 
the radiation Joss and of the conduction loss during the 
explosion and subsequent cooling of inflammable mix- 
tures of coal-gas and air contained in a closed vessel. 
Two important results, from the point of view of gas- 
engine design, emerge from them. The first of these 
emphasizes the very marked influence of temperature 
upon the heat loss from the working fluid both by 
conduction and by radiation, and the other indicates 
that the radiation loss per unit area of wall surface 
increases greatly with cylinder dimensions. 


CLOSED-VESSEL EXPERIMENTS. 


Description of Experimental Method.—The explosion 
vessel consisted of a cast-iron cylinder 30 cm. in dia- 
meter and 30 cm. in length, on to which were bolted two 
flat end-covers. The inflammable mixtures contained 
in the vessel were ignited by means of an electric spark 
placed in the centre of the vessel. The vessel is shown 
in Figs. land 2. In Fig. 1 the bolometer for measuring 
the conduction loss is shown. It consists of a grid of 
highly polished silver mounted upon a backing of lino- 
leum and placed upon one of the end covers as shown 
in Fig. 1. The silver grid was connected. with a re- 
flecting galvanometer by means of which a curve was 
traced upon a revolving photographic film showing the 
rise of resistance of the grid as it was warmed up by 
contact with the hot gaseous mixtures. From this 
eurve it is possible to calculate the heat received by 


* Paper, abridged, read before the Institution of 
Mechanical Engineers on Friday, October 24, 1924. The 


Experimental Results—The results of one set of 
experiments are shown in Fig. 3. These relate to a 
15 per cent. mixture of coal-gas* and air exploded at 
atmospheric temperature and density. The T curve 
gives the mean gas temperature at various times after 


Author’s numbering of the figures has been retained. 


ignition ; it has been deduced from the pressure record 
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by means of the characteristic equation pv = RT, after 
allowing for a contraction of volume of nearly 4 per 
cent., which takes place during combustion. The 
R curve gives the mean loss of heat by radiation per 
square centimetre of wall surface, and the C curve 
gives the mean loss by conduction per square centi- 
metre. The H curve is the sum of the R and C curves, 
and gives the total heat loss per square centimetre of 
wall surface. 

The total heat loss over a given interval of time (say 
half-a-second after ignition) appears to be very approxi- 
mately proportional to the square of the maximum 
absolute temperature attained during the explosion. 
This may be seen from the last column in Table I, 
in which the total heat lost over the interval half-a- 


Tasre I. 
Total Heat 

Max. Abs, | Total Heat | Loss Over | Total Heat 

Mixture, Temp. Loss per Entire Loss 

Tmax. Sq. Cm. Surface of T2nax, 
Vessel. : 
Per cent,| ° C. Abs Calories, Calories. 

15:0 2,440 2-37 10,380 1-75 x10-5 
12:4 2,050 1-71 7,500 1-78 x 10-5 
9-7 1,660 1-13 4,950 1:79 x 10-5 


second from ignition has been divided by the square of 
the maximum absolute temperature attained from the 
various mixtures. 

The dotted curves R’, C’, and H’ in Fig. 3, are the 
differentials of the heat loss curves R, C and H. They 
give the rate of heat loss by radiation (R’), by conduc- 
tion (C’), and total (H’) per square centimetre of wall 
surface per second. 

The rate of heat loss per square centimetre by radia- 
tion, by conduction, and the total in terms of the mean 
gas temperature is shown for the various mixtures in 
Fig. 6. An examination of the curves in this figure 
shows that the rate at which heat loss goes on varies 
very approximately as the fourth power of the absolute 


* For composition of coal-gas, see Appendix to pre- 
vious paper (page 624). 
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temperature of the hot gaseous mixture, both in the 
case of radiation and conduction. 

Further Study of the Radiation Loss.—The conduction 
loss is, on the average, about 50 per cent. greater than 
the radiation loss in the various mixtures. « This applies, 
however, only in the case of explosion vessels of the 
size used in these experiments. For any given tem- 
perature difference between the gas and the walls, the 
rate of loss by conduction per unit area of wall surface 
is practically independent of the dimensions of the 
vessel, but further experiments have shown that the 
rate of radiation loss per unit area is very much depen- 
dent upon the dimensions of the vessel as well as upon 
the temperature of the hot gaseous mixtures. These 
experiments will now be described. They were made 
with the same explosion vessel as was used for the 
previous experiments, but its interior surface was 
silver-plated and could therefore be made either 
absorbent as regards radiation by coating with a thin 
layer of dull black paint, or reflecting by polishing. 
The bolometric arrangements were as shown in Fig. 
7. The bolometer was remoyed to some distance 
behind the fluorite window so that it ‘‘ saw’ only the 
cone of gas indicated in the figure. The radiation 
values measured in this way have been divided by tho 
solid angle of the cone of gas so as to give the radiation 
from a cone of unit solid angle. The radiation received 
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by unit area of bolometer surface per second from a 
cone of gas of unit solid angle has been termed by 
Professor Callendar the intrinsic radiance. 

The experiments consisted essentially in investigating 
the effect upon the intrinsic radiance of varying both 
the thickness of the radiating layer of gas (that is, the 
length of the cone) and the lateral dimensions of the 
volume of gaseous mixtures of which the cone forms a 
part. They were made with 15 per cent. mixtures of 
coal-gas and air at atmospheric density. The results 
of the experiments are summarized in the curves in 
Fig. 9. The approximate conditions under which each 
set of experiments, represented by the curves in this 
figure, were made, may be seen on reference to Fig. 8. 
The full line square M N O P represents a longitudinal 
section of the explosion vessel (which was 30 cm. in 
diameter and 3() cm. in length), and when the walls of 
the vessel were painted black, the cone of gas “‘ seen”’ 
by the bolometer was as shown by the thin lines. 
Under such conditions the intrinsic radiance curve D, 
Fig. 9, was taken. It shows the intrinsic radiance 
from a cone of gas of thickness 30cm. at various 
temperatures from the maximum developed down to 
1,300 deg. C. abs., when it constitutes a portion of a 
cylindrical volume of gaseous mixture of the dimensions 
of the experimental vessel. 

In the next set of experiments, the end-cover N O, 
Fig. 8, was highly polished, and therefore made re- 
flecting as regards the radiation falling upon it from 
the hot gaseous mixture ; the remainder of the cylinder 
was blackened. By this means, the length of the 


| cylinder was virtually nearly doubled,* as shown by the 


rectangle MN, O, P, Fig. 8, and therefore the virtual 
length of the cone of gas was nearly doubled. The 
results of the experiments made under the conditions 
are shown by curve CO, Fig. 9. This curve therefore 
shows the intrinsic radiance from a cone of the gaseous 
mixture approximately 59 cm. in length when it forms 
part of a cylindrical volume of gaseous mixture 30 cm. 
in diameter and 59 cm. in length. 

On comparing curves C and D, it will be noticed that 


* Highly polished silver reflects about 98 per cent. of 
the radiation falling uponit. The virtual length of the 
cylinder was therefore about 59 cm. 
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the intrinsic radiance from a layer of gaseous mixture 
59 cm. thick is, at the high temperatures, more than 
20 per cent. greater than that from 30 cm. of the gaseous 
mixture when measured under similar conditions of 
temperature and lateral dimensions. This clearly 
shows that the gaseous mixture is highly transparent 
to radiation of the same kind as it emits, and that the 
heat loss by radiation to the walls of an engine cylinder 
is therefore very much dependent upon the thickness 
of the layer of radiating gas. 

_ In the next series of experiments, the cylindrical 
surface was polished, the two end covers remaining 
black. By this means the cone of the gas from which 
the radiation was measured was a portion of a virtual 
volume of gaseous mixture of a very great lateral 
dimensions, though it was only 30 cm. in length, as 
shown by the rectangle M, Ny O, P,, Fig. 8. The 
intrinsic radiance measurements under these conditions 
are given by curve B, Fig. 9. These are remarkable 
results. In view of the fact that the radiation 
measured by the bolometer came only from the small 
cone of gas of length 30 cm., it would have been 
expected that the radiation measured at any given 
temperature would have been the same as in the first 
series of experiments (curve D). These results, as 


further experiments have shown, are due to two causes : 
in the first place, an increase in the lateral dimensions 
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causes the gaseous mixture to be more transparent, 
and, in the second place, the vibratory energy of the 
molecules which give rise to radiation is, at any given 
temperature, very much dependent upon the volume, 
or virtual volume, of the gaseous mixture of which they 
form a part. 

The last series of experiments were made with the 
cylindrical surface of the vessel, and the end cover 
opposite the bolometer, highly polished.* The results 
of these experiments are shown by curve A, Fig. 9 
In this case, the cone of gas formed part of a virtual 
volume of gas of lateral dimensions equal to those in the 
third series of experiments, but its virtual length was 
59 em. (that is, nearly double that in the third series). 
The virtual volume in this series is indicated by the 
rectangle M, N, 0, P, (Fig. 8). It will be noticed that 
the intrinsic radiance is much greater in this series of 
experiments, a result which was to be expected from a 
study of the first, second and third series. 

The data provided by these experiments enable one 
to formulate the relationship between the intrinsic 
radiance and the cylinder dimensions, and in Fig. 10 
it is shown how the intrinsic radiance at the maximum 
temperature developed in these experiments varies, in a 
cylinder / cm. in diameter and J cm. in length, with J. 
An examination of the curve shows that the intrinsic 
radiance varies very approximately as Vl. Thus, 
while the conduction loss from the hot gaseous mixture 
at any given temperature over the entire surface of the 
vessel varies as 7? (since the conduction loss per unit 
area of. wall surface is independent of the cylinder 
dimensions), the loss of heat by radiation from the hot 
mixture at any given temperature over the entire 


surface of the vessel varies as 2? x ./1= 2. 


* A portion of the end-cover holding the bolometer 
was also polished, but this was not sufficient to affect 
the results materially. 


In internal-combustion engines, the densities and 
pressures of the working fluid are, of course, much 
greater than in these experiments. It was not possible 
to undertake a series of experiments at such high 
densities on account of the fact that the fluorite window 
would not have stood the pressures which would have 
been developed. Similar experiments were, however, 
undertaken in which the density was varied from half 
an atmosphere to one and a-quarter atmospheres 
and the general character of the results was precisely 
similar, excepting, of course, that the intrinsic radiance 
under any given conditions of temperature and 
dimensions increased with the density; in fact, it 
varied very approximately as the square root of the 
density. 


APPLICATION OF EXPERIMENTAL RESULTS TO THE 
Gas ENGINE. 


The Influence of Temperature wpon Heat Loss.—The 
bearing of these experiments upon the loss of heat 
from the working fluid in internal-combustion engines 
will be obvious. In the first place, they show that, in 
any given engine, the rate of loss at high temperatures 
varies approximately in proportion to the fourth power 
of the absolute temperature, both in respect of the 
conduction loss and in respect of the radiation loss. 
In passing, it may be pointed out that in neither 
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case could these results have been predicted from 
known physical laws. It is generally assumed that 
the conduction loss varies as the temperature difference 
between the hot gaseous mixture and the cylinder 
walls, whereas the radiation loss would have been 
expected to vary more or less according to Planck’s 
equation for the energy in a single wave-length, in 
view of the fact that the radiation from the hot gaseous 
mixture does not constitute a continuous spectrum 
but is concentrated mainly in two bands whose maxima 
are of wave-length 2:8 u and 4:4 «4 approximately. 
While the experiments bring home the very great 
influence of temperature both upon the conduction 
loss and upon the radiation loss and thus lend special 
emphasis to the importance of working with as low 
temperatures as is consistent with obtaining a reason- 
able output per unit weight of engine, their direct 
application to the determining of the heat loss from, 
say, an indicator diagram at each stage during the 
cycle would bea laborious process. But a further 
examination of the closed-vessel experiments suggests 
the possibility of building up a simple expression which 


may be easily applied to the diagram. It will be 
remembered that the total heat loss during a period 
of, say, half-a-second from the moment of ignition 
was found to be very approximately proportional to 
the square of the absolute maximum temperature 
developed (T?max.), and it would seem, therefore, 


that a formula of the type K'T"max. should give 
reasonably reliable information in regard to the total 
heat loss during the explosion-expansion stroke, K 
being a constant for any given engine working at a 
constant speed and Tmax. the ‘maximum absolute 
temperature developed, which varies, of course, 
with the strength of the charge. From data furnished 
by the experiments of Clerk, Coker and Scoble, Burstall 
and Walker, n is found to vary between 2 and about 
2-2, and for purposes of approximate calculation 
sufficiently accurate results are obtained by taking 

=U 

The expression K T’max. appears to apply equally 
for any given engine, both to the heat loss during the 


explosion-expansion stroke and to the heat loss as 


measured by the cooling water; though the value of 
K would, of course, be different in the two cases on — 
account of the fact that the heat loss as measured by 
the cooling water includes not only the heat loss during 
the explosion-expansion stroke but also the heat loss 
during the exhaust which takes place as the hot gases 
rush past the exhaust-valve. 

Effect of Cylinder Dimensions upon Heat Loss,— 
The fact that the radiation loss per unit area in the 
closed-vessel experiments increases with the size of the 
vessel, shows that the heat loss per unit area of wall 
surface increases with cylinder dimensions in the case 
of gas-engines working under similar conditions of 
mixture strength and speed. The heat loss per unit 
area in similar engines working under similar con- 
ditions may be calculated approximately from the 
equation 


H=C+RB /d, 


where C is the conduction loss per unit area and R Ar) 
is the radiation loss per unit area in a cylinder of dia- 
meter d. Some idea of the way in which H may vary 
with d in actual engines may be obtained from the closed- 
vessel experiments if it is assumed that the ratio be- 
tween the conduction and the radiation loss in any 
given vessel does not vary very much with the density. 


C ae 
The ratio ;—— in the experimental vessel (d = 30cm.) 


BYd 
is about 1:5, and in a vessel for which d = 120 em. 
this ratio would be about 0-75. From these figures 
it is easily calculated that the total heat loss per unit 
area is about 40 per cent. greater in a cylinder of 120 
cm. diameter than in one of 30 cm. diameter. Assum- 
ing the same law, it may be shown in a similar,manner 
that the total heat loss per unit area is about 50 per 
cent. greater in a cylinder of 150 cm. diameter than in 
one of 30 cm. diameter. 

The cooling arrangements in gas engines are designed 
chiefly with the idea of reducing the temperature varia- 
tion in the metal so as to avoid the setting up of undue 
stresses and of securing that local temperatures do not 
rise to a point sufficient to cause pre-ignition. Owing 
to the great thickness of metal and the difficulty of 
keeping the jacket water flowing effectively in every 
corner, the design of the cooling arrangements would be 
sufficiently difficult in large gas-engines even though 
the heat loss per unit area were not greater than in 
small engines; but added to this is the fact brought 
out by these experiments that the heat loss per unit 
area increases with cylinder dimensions. The difficulty 
in the way of designing the very large cylindered engine 
is thus a very serious one unless steps are taken to 
secure lower gas temperatures in the working cylinder. 


Tue Acoustics or THE League oF Nations New 
AssrMBLY Hatn.—At a recent meeting of the League of 
Nations Assembly, Sir Hubert Llewellyn Smith, on behalf 
of Great Britain, offered. that the Department of 
Scientific and Industrial Research would, if the Assembly 
so desired, have an experimental investigation conducted 
at this country’s expense at the National Physical 
Laboratory on the acoustical properties of the League's 
proposed hall. This offer was accepted, i 


SrrEL WrrE.—In a paper read before the Institution 
of Welding Engineers on October 23, 1924, Mr. E. A. 
Atkins: described the manufacture of steel wire’ and 
various of its uses. He said that the method of drawing 
was apparently invented at Augsberg or Nurnberg 
about the middle of the fourteenth century and was 
apparently introduced into England about the middle 
of the fifteenth century. In the early days, best iron was 
used for wire, but steel is almost invariably used to-day 
though a little Swedish charcoal iron is still drawn. The — 
material was prepared for drawing by rolling into rods 
about } in. in diameter. These were then pickled in 
hydrochloric acid to remove scale, which was fatal t0 
good wire drawing. After pickling, the rods were washed 
and allowed to stand until they ‘“‘ browned”; that 
was to say until they became coated with a thin film 
of ferric-hydrate. This coating was most important. 
After this, the rods were dipped in hot lime water and 
then dried in an oven. A thin coating of lime was thus 
produced on top of the hydrate layer which protected 
the latter and prevented corrosion of the rod. 
methods of drawing were in vogue, the “ dry ” method 
and the “wet” method. In dry drawing, the rod is 
passed through a drawplate having a tapered hole, the 
lubricant used being well-dried soap. In wet drawing, — 
the rod was first coated with copper by immersion in & 
solution of copper sulphate. It was next passed through 
a soap solution and then to the hole in the drawplate. 
This method of wire drawing a hard metal within a shell — 
or skin of softer metal gave very good results. The 
speed of drawing might be as much as 1,000 ft. per 
minute in the case of soft steel. In the process, the 
tensile strength of the metal was enormously increased, @ 
rod having a tensile strength of, say, 33 tons per square — 
inch, yielding wire of No. 16} gauge with a tensile © 
strength of 62 tons per square inch. By annealing this | 
and further drawing it down to No. 33 gauge the tensile — 
strength was raised to 85 tons per square inch. Similarly, — 
a 0-75 carbon-steel rod, with a tensile strength of 57 | 
tons per square inch, yielded 33 gauge wire with @ — 
tensile strength of 200 tons per square inch. | 
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The Natural History of Crystals. By A. E. H. Turron, 
D.Sce., M.A., F.R.S. Illustrated. Kegan Paul, Trench, 
Trubner and Co., Limited, London and New York. 
1924. [Price 15s. net.] 


Tue author of this work reminds us that in 1911, he 


published a volume with a similar title and of simi- 
lar purpose, presenting an account of some of the 
more important properties of crystals, geometrical, 
optical, and technical. The present volume has 
grown out of its predecessor, but since those 
days the outlook has broadened. The science 
of the atom has been born and has developed 
a vigorous growth, that dwarfs all recent claimants 
for public favour. The power of this newcomer to 
combine and to harmonise a host of intricate and 
baffling details seems illimitable and makes it one 
of the most beautiful conceptions of modern times. 
The atom invites us to pursue a new line of study, 
by substituting the individual for the aggregate. 
The chemist is familiar with the atom in the mass, 
but simply as a convenient unit, not dreaming of the 
energy within its tiny compass or the mechanism 
hidden in its minute girth. He has weighed it and 
tested it in various combinations and by various 
methods. He knows the proportions in which atoms 
combine with other atoms, and the conditions in 
which they refuse, but of the manner in which the 
individual atom worked he was ignorant. Till the 
science, or the romance, of radio-activity opened 
new avenues for investigation, this key to so many 
enigmas, was unsuspected. Now the services of this 
atom that has never been seen and never will be 
seen in the ordinary sense of the word, are requisi- 
tioned in every direction with feverish anxiety and 
perhaps in no branch of science more eagerly than 
in crystallography. 

The science of crystallography has much to 
attract students, for it teaches how matter is 
formed and enables us to penetrate the details of its 
underlying structure, yet its many fascinations have 
been treated slightingly. Will this new interest of 
the atom offering a wider outlook have the power 
to attract greater attention and bring a larger 
number of workers on the field? Hitherto progress 
has been per saltwm rather than uniform. Able 
teachers have exercised a personal influence and 
won short-lived success, but continuity has not been 
a marked feature in the history of the science. 
Dr. Tutton recognises that where development has 
been most manifest, success has been due to the 
energy of a small number of investigators, who 
have carried on researches in the true spirit of 
amateurs. He now hopes that the brilliant successes 
that have been achieved and the possession of more 
powerful means of experimental attack will attract 
new recruits to this science, which stands in such 
close relation to physics and chemistry, giving 
valuable assistance to both. It is with the view of 
increasing the number of students that he has 
prepared this work, which in many ways may be 
regarded as an introduction to his larger treatise 
“Crystals and practical Crystal Measurement,” 
which we reviewed two years ago (vol. cxiv, page 21). 
We hope he may not be disappointed, but it is safe 
to say that crystallography has suffered from the 


want of elementary text-books, designed to make the 


_ path easy to the beginner. 


This is another way of 


saying that there is no class to be catered for and 
' that there is no demand for such books, for if any 
_ large body of chemists or physicists were disposed 


to take up the subject, the necessary writers would 
be forthcoming. The author attributes some of the 
‘indifference to the controversies that marked the 
teaching of such rival schools as those of Haiiy and 
Mitscherlich, for controversies always imply distrust 
and uncertainty ; lack of confidence has doubtless 
‘acted as a restraint. 

- Unquestionably there is much to discourage the 
student who attempts to master the theory, and 
we cannot say that the author has exerted himself 
to smooth the way of the neophyte. The vocabu- 
lary is unfamiliar and forbidding, and this, the 
introduction of an excellent glossary endeavours to 
remedy. Professor Miller’s method of labelling and 
distinguishing the various faces by a symbol 


| involving the three axial ratios has much to recom- 


mend it to the expert, and is a triumph of ingenuity, 


but to the beginner it is perplexing and involves 
considerable strain. The fourteen space lattices of 
Bravais representing the possible arrangements of the 
grosser structural units in the crystal are a monument 
to his genius, but one would hardly grow enthusiastic 
over the geometry involved. Similarly the labours 
of Bohnecke, that led to the discrimination and 
description of 65 regular point systems, or the 
homogeneous assemblage of points symmetrically 
and identically arranged about axes of symmetry, are 
not readily apprehended, though they may appeal to 
the initiated as establishing a satisfactory geometric 
theory of the homogeneous partitioning of space. 

A difficulty of another kind faces the student 
when he begins to handle and study crystals. The 
great diversity of habit exhibited by crystals of the 
same substance seems at utter variance with the 
views he has acquired from the work of Haiiy, who 
maintained the great law of the constancy of the 
angles of the erystals derived from the same source. 
Confronted with the rhombs of Iceland spar, with 
the scalenohedral dog-tooth spar, and with the 
long prismatic form of calcspar, terminated by 
rhombohedra, how is he to credit the statement that 
the angles between corresponding faces are always 
exactly the same. The author meets the difficulty 
fairly, as an experienced teacher would, but it is not 
easy to inspire confidence in the tyro till very con- 
siderable advance has been made in the science, and 
he has become familiar with the vagaries that 
growing crystals can assume owing to accidental 
conditions, occasioning unequal development of the 
various types of face. Crystals produced under 
known and controlled conditions do not exhibit such 
wild freaks, and in passing it should be said, that no 
one has done more than the author to place in the 
hands of students, both the instrumental means 
capable of giving accurate measurements, or to 
perfect the devices for procuring measurable crystals. 

Much that was conjectured or accepted with 
hesitation has disappeared with the greater accuracy 
introduced. Further confirmation of accepted 
theories was perhaps not really needed, but it is 
nevertheless welcome. Dr. Tutton seems relieved 
that new methods of investigation have given to 
working hypotheses a more solid foundation, and 
that the laboriously constructed edifice, reared on 
the investigation of the external forms of crystals 
and their optical properties, has stood the most 
rigorous test without exhibiting weakness in any 
essential particular. Some of the ornamental 
excresences attached to the main building have failed 
to withstand the strain, but the solid workmanship 
of many architects remains uninjured. 

Prof. Laue of Munich started the research into the 
infinitely minute that has proved so fructiferous. 
To him we owe the suggestion that the extremely 
short X-rays might be capable of reflection by 
the planes of atoms within the crystal. Dr. Tutton 
has devoted no small portion of this work to ex- 
plaining how the theory and known properties of the 
atom bear on the chemistry and physics of the 
crystal. It is a fascinating study presented in a 
very informing manner, and what a marvellous tale 
he unfolds. The main fact that just as a prism or 
diffraction grating makes known the constitution of 
white light, so every crystal enables us to see the 
most primitive grouping of atoms, and on the other 
hand, affords a direct revelation of its symmetry, 
has become generally known; but here are brought 
before us the groupings of the atoms in the diamond, 
the character of the displacement that converts the 
diamond into graphite, or the symmetrical groupings 
of the atoms in the structure of ice. ‘The mechanism 
is everywhere seen in operation. 

The scheme of enantiomorphism is put very clearly 
and the illustration of the principle exhibited 
most interestingly in certain types. The weird be- 
haviour of tartaric acid, whose early history puzzled 
Biot and carries us back to the work of Pasteur, has 
perhaps still some secrets to reveal, for besides the 
curious structure of dextro- and lovo-crystals of the 
acid, we learn that the spores of Pencilliwm glaucum 
have a marked preference for the dextro variety, 
leaving the levo variety unattacked till the dextro 
has disappeared. Dr. Tutton records the fact but 
offers no explanation. The puzzle is “ why a living 
organism thus eats up by preference one variety 
only, possessing a particular right-or left -handed 
screw structure, of a compound containing the same 


elementary constituents chemically united in the 
same manner; this remains a most interesting 
biological mystery.” 

Another intriguing chapter is that on “liquid 
crystals,” a term that is still written in inverted 
commas. Several of the properties of crystals are 
present, but hardness, the comparative hardness of 
ice or gypsum, is wanting. Prof. Lehmann who first 
described the phenomenon regards the formation as 
truly crystalline, and his later work has done much 
to remove the prejudices or distrust with which his 
original announcement was received, but the author, 
while dealing sympathetically with the claim, doubts 
whether they are true crystals. But he regards as 
incontrovertible the fact, that these flowing crystals 
are an indubitable experimental fact, though formed 
by a relatively few substances and these of a very 
complex molecular constitution. 

Dr. Tutton has made us his debtor for a book as 
valuable as it is interesting. The illustrations are 
excellent and the style lucid. It offers a bridge 
whereby the educated may enter into the realm of 
the specialist, and it should be welcomed wherever 
learning is maintained and knowledge advanced. 


The Principles of Irrigation Enginering with Special 
Reference to South Africa. By Francis Epaar 
Kantuack, C.M.G., M.Inst.C.E. London: Long- 
mans, Green and Co. [Price 30s. net. ] 


THE art of irrigation is as old as Homer, who wrote 
of the peasant bringing rills of water from the 
bubbling springs to his garden. Mr. Kanthack 
writes on the “‘ Principles of Irrigation Engineering,” 
bringing it into the domain of science. 

As rightly pointed out by Mr. Kanthack, the 
work of an irrigation engineer does not consist 
merely in constructing works, to divert the waters 
of a river on to the land, or for storing the waters 
and using it for the same purpose ; but, apart from 
the necessary qualifications which enable him to 
do so, his study has to be directed to the water itself, 
as a floating vapour, its precipitation, its evaporation, 
its percolation into the soil, its flow in rivers and 
streams, and its discharge in floods. Again his 
study has to extend to the agricultural conditions of 
the tract of land to be irrigated, nature of soil, fitness 
for irrigation, and the seasons during which water is 
required ; and, what is of the most importance, to 
investigate the financial possibilities of an irrigation 
scheme. Even here his work does not end, for in 
the distribution of the water the laws of the country 
regarding water rights have to be observed; so 
that an irrigation engineer has to combine the highly- 
specialised knowledge of hydraulic engineering with 
that of an administrator. It is not necessary that 
an irrigation engineer should have the knowledge 
of a geologist, or an agricultural chemist, or that of 
a practical farmer ; but his wide field of education 
and experience should enable him to utilise the 
advice of practical experts in working out his 
schemes ; and the best of this advice can only be 
obtained by cultivating the social amenities of life. 
As Mr. Kanthack states, no branch of civil engineer- 
ing offers more scope for the study of difficult 
problems, many of which are yet unsolved, and to 
a large extent imperfectly understood, or offers 
more scope for research on a big scale, than that 
of irrigation. 

The chapters on ‘“ Rainfall and Flow Off the 
Ground Due to the Rain Falling on It” deal entirely 
with climatic conditions obtaining in South Africa. 
Sir Alexander Binnie’s rule is discussed, and the 
fact that to obtain a satisfactory mean rainfall of 
a locality, a record of at least thirty-five years is 
necessary, and that there are no means of framing 
a seasonal forecast applicable to the country, has 
been exemplified in the case of South Africa— 
particularly in the great plateau area of the Union, 
which obtains practically the whole of its rainfall 
from scattered thunderstorms. The great difficulty 
in estimating the yield or run-off from the rain 
falling on this karoo area is that the run off depends 
entirely on the intensity, or manner, in which the 
rain falls, and the condition of the area during the 
period of the rainfall. Typical annual run-off 
curves for various catchments in South Africa 
are given. It is gratifying that a Hydrographic 
Branch of the Irrigation Department of South 
Africa has been established. 

The chapter on high floods and disposal of surplus 
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water from reservoirs, calls for no remarks. The 
question of the storage capacity of a reservoir 
between the full reservoir level and the maximum 
water level permitted, producing a considerable 
equalising effect on the “flood discharge” to be 
provided for, has been considered by irrigation 
engineers for a long time. 

The chapter on reservoir and canal losses does 
not give records of losses in South African canals ; 
the author quotes figures from records made in the 
canals of the Punjab; but these figures cannot be 
applied to the whole of India. In the irvigation 
canals of the Godavery and the Kistna deltas, which 
are composed of black alluvial clay soil, after the 
cracks formed during the hot dry weather have 
closed up, the loss by percolation is very small 
indeed. Compared with the soils of the Godavery 
and the Kistna deltas the Punjab soils would be 
regarded as a filtering medium. More experience 
seems necessary before a pronouncement can be 
made regarding the advantage of lining canals. 
The main consideration is its cost, and this has 
to be weighed against the actual advantages 
gained. Irrigation schemes in South Africa are 
handicapped by the high cost of skilled labour, 
and the difficulties and cost of transport ; and this 
applies more particularly when the question of 
storage has to be considered. 

In the chapter dealing with silt, Mr. Kanthack 
does not distinguish between the fine particles of 
clay carried in suspension, which render the water 
turbid and which are only deposited in still water, 
and the sands of various grades which are carried 
along in the lower depths of a canal or rolled along 
its bed, and are deposited when the velocity in 
the canal is not able to carry them forward. It is 
the latter class of silt that causes the trouble in the 
canals. The deposit of the particles of clay, which 
are carried in suspension, on to the land is bene- 
ficial, as it renews the soil; while the deposit of 
the sand which is carried down the canals on to the 
land is harmful. The author has not mentioned 
Dr. Deacon’s, Mr. Thrupp’s or Mr. Seddon’s experi- 
ments on the movement of sand, and the transport- 
ing power of water. Also in view of the Report of 
the Indus River Commission, and of Mr. Buckley’s 
experiments in Egypt, the statement made by Mr. 
Kanthack that with the same cross section and 
depth of flow, the velocity, and consequent discharge 
will be greater when the water is clear than in the 
case when the water is charged with silt, cannot be 
accepted as correct. 

More observations are necessary before any pro- 
nouncement can be made as to the sitting up of 
reservoirs—the rate will vary with the nature of 
the basin drained and the transporting power of 
the stream or river feeding the reservoir. The 
same remarks apply to the scouring of reservoirs 
by sluices in the reservoir dam. The clayey sub- 
stance may be easily eroded, but if the river or 
stream were to bring down large quantities of sand, 
particularly if the sand be derived from a granite 
formation, the scouring action of these sluices may 
be only local. 


In the chapter on the Duty of Water, Mr. Kant- 
hack is right in stating that for economy and for a 
stable canal regime the supply down the main canal, 
and its main branches should be constant during 
the period of irrigation ; the rotation for the crops 
can be made in the distributaries. Another point 
for consideration which has been neglected by him 
is that the land, to be classed as irrigable by the 
irrigation project or scheme, should be at such a 
level that it is easily commanded by the water 
flowing in the minor distributaries. Where water 
has to be raised by temporary dams across a canal 
or distributary so as to enable it to flow on to the 
land to be irrigated, economy of distribution, and 
the maintenance of a stable regime of a canal are 
severely handicapped. It is advisable to read this 
chapter on the Duty ot Water in conjunction with 
the paragraph on Methods of Distribution in the 
next chapter (see p. 261). The labour and plant 
available for agricultural operations largely influ- 
ence the time required to cover any extent of land 
with water. 

The chapter on “ Brak” or the injurious effect 
of certain salts on the land when they become con- 


centrated requires careful perusal; pointing to 


in the Mediterranean, 


the necessity of preventing stagnation of water and 
of efficient drainage. 
is that in the drier parts of South Africa prolonged 
storage is detrimental, due to the excessive eva- 
poration producing a concentration of salts in the 
water remaining in the reservoir, thus rendering 
it unfit for irrigation. 


An important consideration 


The chapter on Irrigation Law applies only to 


conditions obtaining in South Africa, but it points 
to the dangers and difficulties that may arise when 
the laws of one country are applied to another 
where conditions are totally different. 


Mr. Kanthack has not dealt with the effect 


irrigation on public health. 

The book treats entirely of conditions obtaining 
in South Africa, and its usefulness in that respect 
would be increased if more details of irrigation works 
actually carried out in South Africa were given. 
The author gives reference to many technical papers 
of the Government of India which are not available 
to civil engineers who are not members of the 
Indian Public Works Department. 


THE TIRSO DAM, SARDINIA. 


SarpiIntA, which is the second largest island 
has considerable natural 


resources, but these have not been developed to 
any great extent. 
between Italy and Spain in one direction, and 
between France and her African possessions in 
the other, occupies a most advantageous position 
from the geographical point of view. It is not, 
however, well furnished with harbours, practically 
the only one of importance being Cagliari, situated 
in the extreme south and in proximity to the 
district of Iglesiente, a tract of country abound- 
ing in mineral wealth. Even this harbour is ill 
equipped. It has neither dry dock nor coal storage 
of any extent, and is not as yet even served by 
mechanically-6perated cranes. The mines of the 
country, including those of the Iglesiente district, 
form a valuable asset. The mining industry is 
almost wholly in the hands of foreigners. The 
minerals are mostly exported in the raw state 
and the industry, therefore, only benefits local 
labour to the extent of the wages paid to the 
15,000 hands employed in it. 

The mountainous districts of the island were 
formerly covered by extensive forests, which, 
however, have long since almost completely dis- 
appeared. This destruction has had a considerable 
effect on the hydrology of the island, which in 
course of time has been quite changed. There are 
now practically no rivers with any regular flow; but 
torrents of great violence occur in the rainy season, 
dwindling to such an extent in the summer months 
that flow ceases in the channels. The larger rivers 
are shown in Fig. 1 opposite, the first.in importance 
being the Tirso, which drains an area of about 
800 sq. miles. The higher parts of this area being 
semi-arid, the flow fluctuates enormously, varying 
from a maximum of 1,000 cub. metres per second 
(35,320 cub. ft. per second) after heavy rainstorms 
in winter, to practically nothing. The average 
available discharge is about 706 cub. ft. per second. 

Some years ago the Italian Government decided 
upon the development of irrigation in the island by 
regulating the flow of the rivers in the more pro- 
mising instances and passed the necessary measures 
for carrying out such work. The schemes included 
the construction of artificial impounding reservoirs 
at various points. The scheme formulated in 
connection with the Tirso involved the construction 
of a dam, impounding water to form the lake shown 
in Fig. 2. The Tirso scheme is notable for many 
reasons. The whole project involves the regulation 
of the river and conservation of water for irrigation 
purposes, the production of hydro-electric power, 
and, further, the drainage of a large area to be 
served by irrigation. It is moreover of special 
interest to engineers as it includes what is to date 
the highest and most important example of a 
multiple arch dam to be built, an advance with a 
type which, in the opinion of many, is considered 
as likely to have far-reaching effects on future 
dam design. This dam was recently completeds 


and on April 27 last was formally inaugurated by 


H.M. the King of Italy. This imposing structure 


The island, being situated 


is illustrated in Figs. 3 to 16, on pages 633 to 635, 
and on Plates LXV to LXVIII, which accompany 
this week’s issue of ENGINEERING. 

The reservoir formed has a surface area of about 
8-5 square miles, and a maximum storage capacity of 
416 million cubic metres (14,700 million cub. ft.) 
The generation of power will amount normally to 
10,000 h.p., with a peak capacity up to 30,000 h.p. 
This power will be utilised chiefly in the zine and 
lead mining districts to which transmission lines 
will be carried. Sardinia will thus be in a position 
to export metals and manufactured products 
instead of only crude ores. The area which will 
be capable of irrigation under the scheme surrounds 
Oristano, and is shown in Fig. 2. It amounts to 
some 70,000 acres, of which 12,000 are of a swampy 
character and require to be drained before they 
can be completely brought under crop. 

The scheme of building a multiple arch dam on ~ 
the Tirso river was first put forward in 1912 by 
Engineer Angelo Omodeo and superseded an earlier 
scheme on a smaller scale. The work on the dam, 
officially known as the Santa Chiara di Ula dam, 
was commenced under the supervision of Engineer 
Luigi Kambo in 1917. The project is being carried 
out by an important financial group, the conces- 
sionaires being the Imprese Idrauliche ed Elet- 
triche del Tirso (Banca Commerciale, Meridionala 
Vickers, Limited). The complete programme of the 
Imprese Idrauliche ed Elettriche del Tirso includes 
a second development on the Tirso which will yield 
12 million kw.-hour per annum; the development 
of the fall of the River Coghinas in the north of the 
island, capable of 90 million kw.-hour per annum, 
and the utilisation of the fall of the River Flumen- 
dosa in the southern part of the island, with a possible 
yield of 120 million kw.-hour per annum. The 
present Tirso scheme being capable of giving 
50,000,000 kw.-hour per annum, the whole pro- 
gramme will result in the production of about 270 
million kw.-hour per annum. 

The first part of the programme, now so well 
advanced, comprises the transmission of electrical 
energy over the routes marked in heavy black 
lines in Fig. 1. The bulk of the power will be 
sent to Cagliari, where it will be distributed by the 
Societé Elettrica Sarda, which has contracted for 
the whole output of 50,000,000 kw.-hour. 

The dam impounding the water of the river, 
with the power station, is situated near the village 
of Busachi. At Villanova Truscheddu an auto- 
matic regulating weir is placed across the bed of the 
Tirso for regulating the water for the irrigation 
distribution channels. The Metropolitan-Vickers 
Electrical Company and its affiliated Italian com- 
pany are supplying the electrical plant for the pro- 
ject. 

The multiple arch design was, it is understood, 
adopted partly on account of economy—the saving 
in cost over a gravity section dam being placed at 
20,000,000 lire—and partly because this type was 
considered safer from the point of view of tempera- 
ture cracks, in such a region as that in question 
in this instance, with lowest temperatures occurring 
during the period of high water. ; 

The dam consists of a series of seventeen arches, 
as shown in Figs. 3 and 4, with 15 metres (about 
50 ft.) between the centres of the piers. The total 
length of the structure from centre to centre of the 
end piers is 255 m. (509 ft.) ; two of the bays are 
fitted with regulating sluice gates. One of the most 
notable points about the dam is its great height, 
namely, 69-5 m. (228 ft.) from the lowest foundation 
level to roadway level along the top. The piers or 
buttresses are of massive masonry, a class of com- 
struction in which, of course, the Italians are 
experts, practically without equals. The arches are 
of reinforced concrete. The buttresses have face 
slopes of 70° 40’ on the downstream side, and 57 deg. 
for the upstream slope (see Fig. 5). The latter 18 _ 
a departure from the more usual 45 deg. or 50 deg. 
The length of the buttresses, transversely to the 
axis of the dam, varies according to the position. 
At the 110 metre level (361 ft. elevation) they have 
a length of 5 m. (16 ft. 5 in.), while the greatest - 
length at the base of the dam at the 49 m. level, 
(160 ft.) that is, the elevation of thei nvert of the 
discharge culvert, is 66 m. (216 ft. 6 in.). The 
actual length of the buttresses at the upper level is 
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THE TIRSO HYDRO-ELECTRIC SCHEME IN SARDINIA. 
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| increased as we shall point out later, for the accom- 
modation ef a high level roadway 6 m. wide between 
parapets. In width the buttresses increase from 
| 2-50 m. (8-2 ft.) at the highest level to 7 m. (23 ft.) 
8% the 52 m. (170 ft.) level: at this point the piers 
_ are increased to a thickness of 10 m. (32 ft. 10 in.), 
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foundations—in the case of the five largest piers, 
at 42-5 m. elevation. 

The buttresses are built of rough pointed masonry 
of red trachyte, faced with ashlar. The courses are 
for the most part horizontal, except in the pressure 
zone in the down stream part, where they are laid 


Which is then maintained to the lowest point of the| normal to the line of pressure, as will be seen in 


| 


po es 


Li 


Figs. 8 and 14, Plates LXV and LXVIII, and 
also Fig. 5. = 

The buttresses are tied together at four levels, 
viz., by the line of arches carrying the high level 
roadway, and at two other levels (73 m. and 90 m. 
elevation) by light flying arches, while at the foot 
they are interstayed by arches carrying a low level 
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roadway, at 61 m. (200 ft.) elevation, and by the 
floor of the power house structure, which is arranged 

between the buttresses at the deepest part of the POWER STATION OF THE. TIRSO SCHEME, SARDINIA. ‘ 
dam. A cross-section and plan of the dam at the 


power house are shown in Figs. 5 and 6. Com- 
mencing first with the roadway along the crest of Fig. 5 | SECTION B.B(Fig.3.) 
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the dam, this is carried on semi-circular arches of 
6-25 m. (20 ft. 6 in.) radius springing from the pet a PHM 
buttress on the down-stream side with curves in bE ee =A 
two planes, so that the face of the arches on this 
side gradually changes from the batter of the q.. § 10 
buttress to the vertical. The up-stream face is 
vertical, and the arches spring from within the 
buttresses, as shown in Fig. 5. At the 112-m. 
level the width is 7-30 m. (24 ft.). The road- 
way is flanked on either side by a parapet, that 
on the up-stream side being continuous, while 
the down-stream parapet is pierced to allow rain 
water and spray from waves on the reservoir 
to run off. ky 

At the 90 m. (295 ft.) level are three rows of light a ths fae OO \ 
concrete arches 2:50 m. (8 ft. 2 in.) in width. re, 
Communication is possible between. these by — CE 
openings cut through the buttresses along the line x 
of the middle row of arches. Light lattice bridges 
in each bay connect the centre pathway with the LS \ P 4 
arches on either side, so that the whole interior ASS Se AS eee ES a SS 
of the dam can be inspected. At the 70 m. —— ==) == 
(229 ft.) level a similar set of arches, 3 m. (9 ft. 
10 in.) wide, extend between all the deeper piers, 
while in the case of five bays, at the same level 
vaulting composing part of the power station roof i ~ 
also extends between the piers. At the base the RO WISS ul 6, Fi “9 SHEL AUN, error NG 
highest piers are tied together by the power-station les \ d I i y VAS ee 
flooring, at 58-10 m. elevation, while on the down- : 
stream side a 6 m. roadway at 61 m. (200 ft.) level 
is carried on arches between extensions of the 
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buttress structures, as shown in Fig. 5 and in the 
views reproduced in Figs. 8 and 14. The power 
station occupies five bays, as shown in Fig. 6. 
The axes of the generating units are at 59 m. (193 ft.) 
level. The normal water level in the tail race is 
52-60 m. (170 ft.) elevation, the suction head of the 
draft-tubes being, therefore, 6-40 m. (about 23 ft.). 
Maximum flood level on the down-stream side is 
at 59-75 m. level (196 ft.), which is lower than 
the roadway, but higher than the floor of the power 
station. Provision has had to be made, therefore, 
for pumping out any water which may accumulate 
inside due to washing down, leakage, &c., during 
floods. 

The sides of the power station sections, between 
the buttresses, are carried up vertically to the 


68-40 m. (224 ft.) level; owing to the side batten new Sg \ \ ‘ tte e\Ce 


of the piers, at this level there are benches of a width 
sufficient to accommodate the overhead travelling- 
crane tracks. The down stream walls of the power 
station are vertical reinforced concrete frames, 
with ample glazing to ensure a light interior, addi- 
tional lights being arranged in the roof, 

Leaving for the moment further details of the 
power station, we will deal next with the main 
inclined arched decking spanning between the 
buttresses. These arches are constructed of rein- 
forced concrete. They are sloped to 57 deg. on 
the outside and slightly steeper on the inside to 
suit a decrease in thickness from bottom to top, 
ranging from 1-67 m. (5 ft. 6 in.) at the crown close 
to the foundations, to 0-50 m.-(1 ft. 7# in.) at the 
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top (107 m. level). The width of the buttresses 
varying, the span of the arches varies from top 
to base. The radius is at all places arranged so 
that the rise is one-third of the span. - The reinforce- 
ment is anchored into the buttresses, the up-stream 
faces of which are stepped so as to give good support 
to the arched decking. For the highest 10 m. the 
arches are reinforced both on the intrados and 
extrados; for the remainder only the extrados is 
reinforced, with longitudinal and transverse bars 
and expanded metal. The arches in most cases 
finish horizontally at the 110 m. level, a heavy 
coping being added for stiffness and with the object 
of throwing back the waves, thus protecting the fee Rh) Sneek Oe: 
open upper ends. At the five bays forming the a | 


' 
a a 


ddd 


YY 
W 


| 
power station these upper ends are decked in as pee Fe my Ly A | 
shown in Fig. 5. At the bottom the inclined arches Poot ae gy ie eps | 
finish in a curtain wall, carried about 2 m. into ' : § | 6.0055 5g = | 
impervious rock. This is carried across the valley. Le givee} ~~ 7 ey ana Mia eee Reel Ri ‘, | 


On the up-stream face reinforced concrete slab-work 
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extends between the arches, anchored into the 
buttresses. 

The arched decking is supported below the 
73 m. (239 ft.) level by a heavy mass of masonry 
forming part of the power station structure. This 
has been introduced to compensate for the piercing 
of the arches by the turbine supply conduits, and 
partly to reduce the risk of vibration from the 
machinery affecting the structure. Intercepting 
drains are arranged in this mass, while an oval 
collecting drain will also be seen in Fig. 5, with 
communication to the tailrace. The up-stream 
face of the decking is overlaid with asphalt for 
the lower part and with gunite and water-proof- 
ing for the part which may be alternately wet 
and dry, above the 73 m. level. Figs. 5 and 6 
show that the turbine supply conduits are carried 
through the mass of masonry just referred to, 
off-set so as to avoid sharp bends at the turbines. 
The generating sets are, perforce, arranged with 
their shafts at right angles to the axis of the dam 
and the supply pipes for one set are led from the 


Fig15.SECTION D.D. 
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arch work. The draft tubes are carried through the 
masonry foundation of the power house and com- 
bine, just as they reach the tailrace, to discharge 
in a direction parallel with the buttresses, so that 
no current is directed towards any part of the 
structure which assists in maintaining the stability 
of the dam. The tailrace passages between the 
buttresses have a width of 5 m. The drainage 
system opens into these, as do also two 0:95 m, 
(3 ft.) diameter scour pipes carried through the dam 
at 52 m. level, as shown in Fig. 5. Valves con- 
trolling these are placed in wells in the power station 
flooring. - 

Two of the bays of the dam are arranged to act 
as a spillway, being fitted with hinged sector gates. 
These bays will be seen at the right-hand end of 
Figs. 3 and 4. A section at this adjustable spill- 
way is given in Fig. 15. The gates can be hand- 
controlled, but are normally automatic and set to 
work at a certain level. They will pass 800 cub. 
metres per second. In addition, there are two gate- 
controlled tunnels with inverts at 73 metres eleva- 
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neighbouring arch through the intervening buttress, 
as will be clear from Fig. 6. These pipes are 
strongly reinforced and their thickness has been 
calculated without any reference to the supporting 
mass around them. In order to ensure perfect 
water-tightness they are lined with welded plate, the 
space between the pipe and lining being grouted under 
pressure. The eight pipes are arranged in four 
pairs. At the upper ends they terminate in pockets 
built out on the up-stream face of the dam, and 
having sills at the 73-5 m. level. These intakes 
are well seen in the drawing Fig. 5, and also in the 
views, Figs. 9 and 10, Plate LXVI. The pockets 
are furnished with inclined grids. A stop can also 
be inserted at this level to cut off the supply should 
the necessity arise. The supply can further be 
controlled by a horizontal valve placed as shown 
in Figs. 5 and 6, and by stop valves at the 
turbines. 

As each of the twin turbines is supplied by an 
independent pipe, any one can be cut out. An addi- 
tional advantage also arises from the use of two 
pipes instead of one larger one of equivalent 
capacity. The weakening effect of the arrangement 
adopted on the arches and buttresses is much less 
than would have been the case with single supply 
pipes. In the neighbourhood of the pipes additional 
reinforcement has been introduced in the inclined 


transformers are arranged in a separate bay pro- 
vided with seven floors with communication by 
lift between them. The various sections of the 
power-house communicate with each other by 
means of circular openings in the buttresses 2-50 
metres in diameter. 

As regards construction, cement mortar has been 
used throughout. Headers and stretchers were 
carefully proportioned in the buttresses, and, in 
addition, cross bars of iron to the rate of one for 
every 3 sq. m. have been inserted. The design 
provided for a maximum stress in the buttresses 
of 13-5 kg. per sq. cm. (192 lb. per sq. in.). Tests 
of the mortar gave results of 190 and 280 kg. per 
sq. cm. (2,700 lb. to 3,980 lb. per sq. in.) after 180 
days. The stone, trachyte, obtained locally, had 
a crushing strength of 800 kg. per sq. cm. (11,380 
lb. per sq. in.), and the rock foundation gave results 
about the same. The site was excellent from the 
point of view of foundations except at one point. 
For the greater part solid trachyte was found 
under porous tufaceous rock. Unreliable surface 
strata had to be removed at one point to a depth 
of 12 m. at the down stream toe of the dam. Towards 
one of the wings unreliable material was found 
inside a pocket indicated in Fig. 3. Here a con- 
crete cut-off wall was carried down to 72-0 m. 
elevation. Construction was commenced during 
the war, but proceeded at a slow rate only till the 
termination of hostilities. : 

Fig. 16 indicates the construction organisation. 
The construction plant included an aerial cable 
way, of 7 tons capacity, spanning the site. Rock 
was quarried nearby on one bank and dressed or 
supplied to a crushing plant. Several. inclined 
rope railways were installed, as well as all the neces- 
sary pumping, boring and compressing, concrete mix- 
ing and other plant. A cement gun and pressure 
grouting apparatus were also employed. The four 
views, Figs. 7 to 10, Plates LXV and LXVI, give a 
good idea of the work during construction. The 
two latter show a number of the points to which 
we have referred above. Both show the intake 
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tion. These will discharge another 800 cub. metres 
per second. The view given in Fig. 12 shows, 
on the far bank, the two levels at which these 
discharges are allowed to escape past the dam to 


the down stream channel. The total discharge 
with the turbines operating can be maintained at 
2,000 cub. metres per second (70,630 cub. ft. per 
second), equivalent to about 1 cub. metre per second 
per square kilometre of drainage area, The lower 
discharge tunnels enable the reservoir level to be 
kept at any desired elevation, while they also 
made it possible for the power station to be put into 
operation at an early stage of construction, as, 
when the dam was completed to 73 metres eleva- 
tion these tunnels acted as overflows and further 
construction proceeded while power was being 
generated. 

The power station will ultimately be equipped 
with two twin-runner inward-flow horizontal tur- 
bines, each of 6,000 brake horse-power, coupled 
direct to three-phase alternating current generators 
(with direct-coupled exciter), producing current at 
5,000 volts. Two further 9,000 h.p. sets of similar 
design will also be installed to complete the scheme, 
while a 60 h.p. auxiliary turbine set supplies current 
required at the station. The average head utilised 
will be about 46 metres. Current will be trans- 
formed up to 75,000 volts for transmission. The 


pockets, and the structure of the buttresses, while 
the stepped up-stream faces may be noticed in both 
views. Fig. 7, Plate LXV, shows the waterproof 
coating being placed on the arch deck surface, 
while in Fig. 8 may be seen the inclined and hori- 
zontal coursing of the buttress masonry, as well as 
the arch ties and the power station outside wall 
and roadway at the 63 m. level. The latter are 
again seen in Fig. 14, Plate LX VIII, showing the 
finished dam and giving a good idea of the graceful 
finish given by the arches at the top. Figs. 12 and 
13, Plates LX VII and LXVITII, also show the dam 
nearing completion, while in Fig. 11, Plate LXVII, 
the down stream side of the structure practically 
as it now stands completed, is shown. 

As will be seen from these views, the architectural 
effect of the structure is excellent, and this has been 
achieved without the introduction of any elaborate 
treatment by mouldings, &c. The bold lines of the 
design are graceful and have required no embellish- 
ment, with the result that the desired effect has been 
obtained without any increase of cost over that of 
masonry labour. On the down stream side the 
pleasing effect is accentuated by the colour relief 
afforded by constructing the top arches of Busachi 
granite of a clear grey blue, which is quite distinct 
from the red coloured trachyte of which the but- 
tresses are built. 
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latter washing away the lubricant. Provision is 
made to prevent the waste of oil as far as possible, 
and the recesses are provided with oil drain pipes 
to lead the waste oil to a reservoir in the mill bed 
from which it may be recovered. A certain ad- 
mixture of water with the oil is, of course, unavoid- 
able, but the two can be separated very easily. 

An alternative to any system of external water 
cooling, as described above, is obtained by the 
internal cooling of the roll itself. For this the 
bearing is fitted with a cover to prevent access of 
dirt and grit, and automatic oil lubrication provided. 
The general design is shown in Fig. 22. Water 
is circulated through the interior of the rolls, and 
is not allowed to come into contact with the bearing 
surfaces. Oil is fed on to the top roll bearing and 
is held by means of a pad of felt fitted into the dust 
cover, from which the surplus flows through a con- 
necting pipe to a similar pad in the lower bearing 
cover. The waste oil drains into a reservoir in. 
the bedplate, to which it is led by the slope of the 
top of the bed, and is prevented from running over 
on to the foundations by the hollow form of the 
bedplate casting. This system is generally adopted 
in France, Belgium, Germany, and to some extent 
in America, and is certainly to be recommended for 
mills engaged on precision work, producing highly 
finished material. Greater accuracy can be obtained 
owing to the fact that the internal water circulation 
keeps the rolls themselves at a more uniform working 
temperature. Further, in all cases where mills of 
ample dimensions for their duty can be employed, 
this method is quite satisfactory, and up to certain 
limits of bearing pressure the frictional losses are 
less and the efficiency greater than is possible with 
the alternative externally cooled bearing. For mills 
employed for such work as tin-foil rolling, where 
the metal is rolled down to an extremely fine 
dimension, internal water cooling of the rolls is prac- 
tically necessary and is adopted in all modern 
designs for this class of work. 

Although this system of water circulation through 
the interior of the rolls has much in its favour, 
especially with regard to the greater cleanliness 
and improved means for lubrication, as compared 
with the older method of external water cooling, 
it is not greatly favoured in this country except 
for special finishing mills. Experience has shown 
that for the heavy pressures required in the average 
finishing mill for both non-ferrous and steel-strip 
rolling, internal water circulation is not able to 
dissipate the heat generated in roll bearings with 
sufficient rapidity to maintain a low bearing tem- 
perature. This conclusion might, perhaps, be 
expected from the fact that the cooling agent is 
applied to the interior of the roll, and consequently 
at some distance from the surface at which the heat 
is generated. Also there is a tendency for the 
heat to radiate outwards, and the cooling water has 
little or no effect until the temperature of the whole 
of the roll has risen sufficiently to create a con- 
siderable temperature difference between the metal 
and the water. Consequently, internally cooled rolls 
will tend to rise in temperature up to a certain 
point, after which a uniform temperature will be 
maintained without further increase. 

In order to maintain really cool bearings under 
the heaviest loads the external application of water 
is certainly the most effective, mainly due to the 
evaporation of the water from the warm surfaces ; 
but in spite of the efficiency of this method of 
cooling, the disadvantages already enumerated will, 
no doubt, lead to the substitution of a better system 
in time. An improvement in this direction is 
obtained by providing pockets in the bearing 
brasses themselves through which water is circu- 
lated, as shown by Fig. 23. Water-cooled bearings 
of this type in conjunction with the internal water- 
cooling of the rolls themselves are the most efficient 
type of bearing for high-grade mills, and this 
system of water circulation will keep down the 
bearing temperature within reasonable limits, even 
with heavy bearing pressures. Automatic oil lubri- 
cation, as shown in Fig. 22 and described above, is 
quite satisfactory with such bearings. Fig. 23 
shows a plain bronze bearing, but water circulation 
can, of course, be provided in bearings having strips 
of anti-friction metal let into a “‘ brass”’ of phosphor 
bronze. Bearings of this type have given very 
successful service in mills for accurate finishing 


in bearing friction. Fortunately, the journal speeds 
are comparatively low. Taking the average neck 
diameter as 75 per cent. of the roll diameter, 
and usual British rolling speeds from 50 f.p.m. to 
80 f.p.m., the corresponding journal speed will be 
from 37 f.p.m. to 60 f.p.m. In American practice, 
with the much higher rolling speeds of 150 f.p.m. to 
200 f.p.m., the journal speeds are 110 f.p.m. to 150 
f.p.m. For these higher speeds, which are quite 
common in the United States, larger rolls for any 
given duty than would be employed in this country 
are necessary in order to reduce the intensity of 
bearing pressures, and also to increase the radiating 
surfaces. The problem may be divided into two 
parts, first, the reduction of frictional losses by im- 
proving bearing design and providing efficient lubri- 
cation, and, secondly, the provision of means of 
carrying away the heat generated. It is, of course, 
better to attain success by the first method, as this 
would tend to prevent the evil of hot bearings, 
whereas the second is merely a partial cure, and while 
efficient lubrication reduces frictional losses, cooling 
devices to a great extent only prevent these losses 
increasing beyond the limits of practical working. 
The mill designer has, therefore, to decide under 
which heading the problem should be attacked, 
and unfortunately the conditions of efficient lubri- 
cation and efficient cooling are to some extent 
antagonistic. 

Generally, British cold rolling mills are very 
heavily loaded, and the maximum reductions which 
the mill will stand are obtained, consequently bear- 
ing pressures are heavy, proper lubrication in the 
sense usually understood by engineers is impossible, 
and the provision of artificial means of carrying 
away heat generated is essential. Under these 
conditions, the direct application of water by means 
of a spray or jet on to the roll neck is the only way 
of keeping down the temperature of the bearings. 
This system necessitates the use of open bearings, 
as shown by Fig. 20, opposite, and prevents the 
application of any really efficient lubrication. Oil is, 
of course, useless, as the water would immediately 
wash it away, and the only lubricant possible is 
some form of grease, applied in a solid form, 
capable of being melted by the heat of the bearing. 
Suet is much favoured, and is as good as any manu- 
factured substitute, as it deposits a greasy film on 
the roll neck, which is not easily washed away by 
the cooling water. For this a bearing with side 
recesses to collect the semi-fluid lubricant is to be 
recommended. Another form of lubricant favoured, 
by some users, for bearings provided with external 
water cooling, is a thick fluid of a tarry nature 
which is sufficiently adhesive to stick to the surface 
of the neck, and certainly forms a film, which is 
undisturbed by the flow of cooling water, thereby 
preventing the excessive friction which would result 
if the metal to metal contact existed. At the same 
time the frictional losses must still be considerable 
owing to the sticky nature of this lubricant. 

As with all bearings which are cooled by the 
external application of water, the half or more of 
the circumference is exposed to the atmosphere, and 
unavoidably free access of dirt and gritty matter 
is allowed to the bearing surfaces; consequently 
scored necks are almost inevitable and very high 
friction losses generally exist. This design of bearing 
and system of lubrication and cooling are more 
general in this country than any other, and although 
the mechanical efficiency is very poor, as mentioned 
above, a better type of bearing is scarcely possible 
if bearing pressures are allowed to reach the high 
values which are usual in average practice. These 
bearings are scarcely ever seen on the Continent, 
where enclosed bearings with oil lubrication and 
internal water cooling are the general practice. 

If a satisfactory design for an enclosed bearing 
were possible for automatic oil lubrication, at the 
same time allowing direct application of water 
for cooling, many of the objections to the system 
would be removed. The writer designed a bearing 
of this type some time ago, shown by Fig. 21, in 
which the bearing is entirely enclosed, having a 
hollow cover on the unloaded side, in which a 
water space is provided, to which are led a water 
supply pipe and a drain. The bearing itself has 
two recesses ““B” for oil, and to these the oil 
supply and oil drain pipes are led; so that the oil 
and water are separated, thereby preventing the 


ROLL BEARINGS FOR COLD ROLLING 
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Lubrication and Cooling.—The problem of effi- 
cient lubrication and of carrying away the heat 
generated by friction in cold roll bearings is still 
awaiting complete solution. It is perhaps the most 
important section of the subject of this article, and 
in itself involves reconsideration of the previous 
sections dealing with design and material. From 
purely mechanical considerations the difficulty of 
hot bearings and excessive frictional losses can be 
eliminated, as in the case of other machinery, by 
simply increasing the bearing surface until the pres- 
sure per unit area is kept within the limits required 
for efficient lubrication. Pressures common in 
cold mill practice (frequently 2,000 lbs. or even 
3,000 lbs. per sq. in.) would not be tolerated in engine 
or general machinery practice. Unfortunately it 
is not commercially possible to provide sufficient 
bearing area to reduce the intensity of pressure 
to, say, one-fifth of the above-mentioned figures, as 
would be necessary if the heating of bearings were 
to be prevented entirely. To increase the length 
and diameter of the roll neck means also increasing 
the diameter of barrel, and a very much larger mill 
would be required than is usually employed for any 
given duty. Bearing in mind that the proportion 
of the total power applied to a cold rolling mill, 
especially those finishing thin metal strips, which is 
lost by friction in the bearings, is frequently 50 
per cent., the difficulty in dissipating the heat 
generated is obviously great. Ina mill with rolls of 
medium size, such as 10-in. diameter, cold rolling 
steel or non-ferrous metal strip, the total power 
absorbed on heavy reductions would be somewhere 
in the region of 40 h.p., with a roll speed of about 
30 r.p.m., say, 75 f.p.m. rolling speed. Fifty per 
cent. of this total gives 20 h.p., which is lost -by 
friction in the four bearings, that is, about 5 h.p. per 
bearing. If this is converted into heat units, a total 
of 210 B.Th.U. per minute is shown to be gene- 
rated in each bearing and must be dissipated by 
radiation or artificial cooling, if the bearing tempera- 
ture is to be kept within possible working limits. 
Such a load as this, in the case of rolling long strips 
of metal from coils, may be maintained continu- 
ously for periods of 5 minutes to 15 minutes, and, 
with short intervals between passes, for an 8-hour 
shift. 

The horse-power which can be dissipated per 
square inch of bearing surface has been calculated 
to range from 0-085 h.p. to 0-065 h.p., according 
to various circumstances, chief among which is the 
amount of oil or other lubricant which is passed 
through the bearing and thus assists in carrying away 
the heat. Taking 0-07 h.p. as the average rate of 
dissipation, the amount of power in the form of 
heat, which can be dissipated without artificial 
cooling in the 10-in. mill cited above would be: 
- 45-5 x 007 =3-2h.p. (45-5sq. in. being the bear- 
ing surface of one roll neck in a 10-in. mill of average 
design.) As the heat is generated at a rate equiva- 
lent to 5 h.p. per bearing, 1-8 h.p. remain to be dissi- 
pated by artificial means, such as water cooling. 
In this connection, it must be remembered that, in 
addition to bearing friction, a certain amount of 
heat is generated by molecular friction in displacing 
the metal between the rolls. 

Another example of heavy friction losses is the 
case of rolling tin foil in continuous length. This 
material is rolled in long coils down to 0-001 in. 
thick, and even finer, in widths of about 15in. The 
power taken on such work by rolls 9 in. in diameter 
may be as much as 18 b.h.p., and as the actual work 
of reducing the metal is very small indeed, the pro- 
portion of the power lost in friction will be as much 
as 90 per cent. of the total, or from 3 h.p. to 4 h.p. 
per bearing. From the above examples, it will be 
clear that cold roll bearings have to carry heavier 
loads than is required of bearings in any other 
class of machinery, and the trouble is that, owing 
to the great intensity of bearing pressure, proper 
lubrication, sufficient to maintain a film of oil between 
the rubbing surfaces, is extremely difficult, with the 
result that the coefficient of friction reaches a high 
value, and an excessive amount of ‘power is absorbed 
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work. The design is necessarily expensive, but 
very little wear occurs even under heavy loads and, 
if properly fitted, the frictional losses are reduced 
to a minimum. For high-speed cold-rolling mills, 
operating at speeds of 150 to 200 f.p.m., this 
design has been adopted, together with a system of 
foreed lubrication, the oil being pumped on to each 
bearing by means of a mechanically operated force 
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pump. This method ensures an ample supply of 
_ lubricant to each bearing, and has many advan- 
tages over the lubricating system previously 
described. The ordinary automatic drop-feed lubri- 
cation can be improved by providing a separate 
supply to both top and bottom bearings, instead of 
' leaving the lower bearings to obtain oil which has 
first passed through the upper roll bearings. 

__ Apart from the externally cooled bearing without 
bearing covers and lubricated by- grease, which 
may still be preferred for simple mills, on rough 
and heavy work, especially where low first cost is 
essential, the characteristics of efficient up-to-date 
roll bearings may be specified as follows :— 

_(1) The bearings should be of the type with water 
circulation. (2) The body of the “brass” to be of 
phosphor bronze with strips of good anti-friction 
_ white metal let in, as in Fig. 19, page 601 ante. 
{3) The bearing should be carefully bedded to the roll 
neck so as to give a uniform and even bearing contact 
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over an are of about 90 deg., the remainder of the 
half circumference at the sides being eased away 
to give ample clearance, recesses being also provided 
to collect oil, to which suitable oil grooves should 
be led. (4) Covers should be provided, to exclude 
dirt and grit. (5) Lubrication should be either of the 
automatic drip-feed type or, if for high-speed mills, 
secured by means of forced feed. (6) With this 
type of bearing the rolls should be provided with 
internal water circulation, in addition to the water- 
supply to the interior of the bearings themselves. 
(7) For efficiency it is essential that the roll necks 
themselves should be accurately finished by grinding, 
so as to give a smooth bearing surface truly concen- 
tric with the roll barrel. 

Great care should be taken to maintain the jour- 
nal surface in good condition, and any signs of scor- 
ing should be removed by regrinding and polishing. 
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The recommendations given above apply only to 
bearings in the lighter and medium-sized mills for 
finishing work, where the load is applied continuously 
for considerable periods of time. In the cases of 
heavy breaking-down and some sheet mills, where 
the load is intermittent, the heating of roll bearings 
does not occur so frequently, nor to such an extent, 
as with rolls operating on long lengths of thin metal ; 
for such mills solid bronze brasses, preferably lined 
with white-metal strips and provided with grease 
or heavy oil lubrication, give sufficiently good 
results. The external application of water, or some 
equivalent means of cooling, may be necessary to 
prevent accidental heating, which might be caused 
by the presence of grit between the bearing surfaces. 
With breaking-down mills, where the actual work 
done in reducing the metal is considerable, the 
proportion of the power lost in bearing friction is 
relatively small and efficiency is not of the same 
importance as it is with mills rolling thin metal. 


The possibility of employing roller bearings for 
rolls might naturally be suggested, and such bearings 
have been used to some extent in America and also 
in this country, but the type of bearing fitted was 
not entirely satisfactory, and very little progress 
has so far been made in this direction for cold- 
rolling mills. The Skefko Ball Bearing Company, 
of Luton, have fitted an improved type of roller 
bearing to wire-rod rolls with marked success, 
Although the roll speeds are higher with mills of 
this class, operating on hot metal, the bearing 
pressures are much lower than in the case of the 
cold mill, and the conditions are more favourable 
to the introduction of roller bearings. It is, how- 
ever, most probable that progress in the design of 
roller bearings will make possible the provision of a 
frictionless bearing of this type which will be capable 
of withstanding the heavy bearing loads which 
exist in the cold-rolling mill. This would eliminate 
entirely the bearing trouble to which reference has 
been made in this article, and would increase greatly 
the mechanical efficiency of the mill. 


ELECTRIC IRON SMELTING AND THE 
RESISTANCE OF COKE AND CHARCOAL. 


TuoucH not rich in either ores or coal Switzerland 
has, thanks to the ingenuity and enterprise of its 
citizens acquired a leading position in several industrial 
fields. When the dearth of raw materials, especially 
of iron and coal, became serious during the war, the 
Federal Government appointed a committee of Swiss 
experts to inquire into the country’s resources of iron 
and manganese and to report upon their utilisation. 
Two of the reports by the “ Studiengesellschaft fiir die 
Nutzbarmachung der schweizerischen Erzlagerstatten ” 
have been published by Messrs. Kiimmerley and Frey, 
of Bern. A third report by R. Durrer, on “ Unter- 
suchungen zur Klarung der Frage der elektrischen 
Verhiittungschweizerischer Eisenerze,” dealing with 
the electric conductivity of coke and charcoal, has 
been published by the Verlag Stahleisen, Diisseldorf, 
the research having been conducted by R. Durrer 
and his collaborators in the metallurgical institute of 
the Technical High School at Aachen. 

Sweden which, together with Italy, may claim to 
have developed electric iron smelting, commands vast 
stores both of very pure ores and of charcoal. The 
iron ores of Switzerland are neither plentiful nor pure, 
and coke has to be used in the place of charcoal. The 
question was how the different electric conductivities 
of the two kinds of carbon would influence the reactions. 
Charging a rectangular hearth furnace, provided with 
two electrodes at the ends, with coke ranging from 
nut size up to lumps of 10 in. Durrer found that the 
fine coke heated up more slowly than the coarse coke, 
but finally had a smaller resistance. Durrer points out 
that the electric current would be conducted both by 
the solid coke and the arcs between the solid particles ; 
one might further speak of a contact resistance, which, 
like the arcing, should diminish with increasing con- 
solidation of the heaped-up charge. Finally, the whole 
charge would cake and the are effect vanish. It was 
actually observed that the egg coke showed the maxi- 
mum resistance, greater than that of nut coke and of 
the biggest lumps. In the charcoal experiments the 
charcoal was first overtopped by a bridge of coke to 
start the current; the resistance of egg coke was about 
0-6 of that of charcoal. The coke resistance decreased, 
rapidly at first, then slower, as the coke was heated to 
1,000 deg. C. The charcoal only began to conduct 
at about 500 deg.; once heated to 1,000 deg., it 
behaved more like coke. 

In the smelting experiments conducted partly in 
iron works, two Swiss ores, an oolithic brown iron ore 
which when cold did not conduct at all, and a hematite, 
were mixed with coke or charcoal in furnaces, provided 
either with low lateral electrodes or with one and two 
bottom electrodes, always on single-phase circuits. 
Of the three materials, ore, carbon, slag, the slag was 
found to have so much the higher resistance that 
the thickness and condition of the layer of slag became 
a factor of importance ; consequently the depth to which 
the electrodes penetrated into the charge had to be well 
regulated. The phosphorus of the ores passed into the 
iron, as did also most of the silicon. But the sulphur 
was almost completely eliminated with the gas, 
probably as a volatile silicon sulphide; the slag took 
up very little sulphur. It would further appear 
possible, according to the report, to smelt iron ores 
rich in sulphur and in silica in electric shaft furnaces 
by means of poor coal. 


Tue Royat Instirure or Screntiric INDUSTRIAL 
RESEARCH OF SwWEDEN.—This Institute has awarded a 
gold medal to Dr. Ruths, for his invention of the steam 
accumulator which equalises intermittent load on boilers. 
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300-B.H.P. COLD-STARTING HEAVY OIL ENGINE. 


CONSTRUCTED BY MESSRS. BLACKSTONE AND CO., LIMITED, ENGINEERS, STAMFORD. 


300 B.H.P. HEAVY OIL ENGINE. 


A part of the electrical power required for the 
British Empire Exhibition was generated by plant 
running on the stands of exhibitors in order that the 
manufacturers might be able to demonstrate the 
behaviour of their machines under load. Among the 
makers who took advantage of this arrangement 
were Messrs. Blackstone and Co., Limited, of Stam- 
ford, who showed the 300 brake horse-power hori- 
zontal oil engine, illustrated in Figs, 1 to 7 on this and 
the opposite pages, as a working exhibit. The general 
appearance of the engine, which was direct coupled to 
a 180 kw. direct current dynamo by the English Electric 
Company, is shown in Fig. 1. It is a twin engine, each 
cylinder developing 150 b.h.p., and designed to start 
and work on crude or residual fuel oils without the use 
of compressed air for injection of the fuel. Hitherto 
in such engines very high compressions and _ initial 
pressures have been the rule, the idea being to vapourise 
and ignite the fuel instantly on its admission to the 
combustion chamber. In the Blackstone engine the 
compression pressure is only 350 lbs. per square inch, 
and the initial pressure, when the engine is working 
at full load is not more than 550 lbs. per square inch, 
the mean effective pressure being 100 lbs. per square 
inch referred to the indicated horse-power. The 
system of fuel injection gives a flat-topped indicator 
ecard, and the economy is such that the makers 
are able to guarantee a consumption of 0-4 lbs. of 
standard fuel oil per brake horse-power developed. 
Typical indicator cards are reproduced in Figs. 8 
and 9. 

The particular interest of the engine lies in the fuel 
injection system. Details of this are given in Figs. 
3, 4 and 5, while the mechanism for operating it, as 
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well as that controlling the action of the valves, will 
be understood from Figs. 6 and 7, and from the photo- 
graphs, Figs. 1 and 2. In the latter it will be seen 
that the camshaft of the engine terminates in a small 
disc-crank, which causes the reciprocation of a curved 
rocking lever at the back end of the cylinder. Refer- 
ence to Figs. 3 and 4 will show that this disc-crank is 
provided with angular adjustment for timing. The 
rocking lever, marked ‘“‘ A ”’ in Fig. 5, carries a hardened 
steel roller which works in contact with a hardened 
steel cap B, the inward motion of which compresses 
a stiff spiral spring and so tends to force the plunger 
C forward. The motion of the plunger is resisted by 
oil in front of it which is trapped between the non- 
return ball inlet valve and the spraying valve D (Fig. 4), 
so that the plunger cannot move until the spraying 
valve is opened. On the rocking lever A is an abut- 
ment E, which, at the forward end of the travel of the 
lever, comes in contact with a pin, F. This pin is 


_forced inwards against the pressure of the spiral spring 


surrounding it, which otherwise holds the spraying 
valve closed by the system of levers shown. A very 
slight movement of the pin F is sufficient to open the 


spraying valve when the fuel is suddenly injected by 
the action of the spring on the plunger C. On light 
loads the governor does not permit the fuel pump to 
force so great a quantity of oil in front of the plunger 
C, so that the plunger has a shorter travel and the 
injection does not last so long. The moment of injec- 
tion is, however, unchanged, as this is determined by 
the contact of the abutment on the lever A with the 
pin F, It should also be noticed that the force with 
which the oil is injected, being dependent only on the 
action of the plunger spring, will not vary with the 
speed of the engine, and a proper spray will therefore 
be obtained from the moment of starting the engine, 
This is a great advantage at starting, as it enables the 
engine to be started up from cold with the fuel on which 
it is to be run, no petroleum ever being needed. 
Furthermore, the fuel has not to be pre-heated before 
injection, except it is of such a nature that it cannot 
be pumped when cold. 

The smaller sizes of engine which can be pulled round 
by hand, can be started on half-compression by means of 
a removable plug to which is attached a smouldering 
rag or other device. Half-compression is produced 
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by keeping the air valves open longer than usual, 
instead of by the more common method of giving the 
exhaust valve a second motion. Large engines of 
course are started by compressed air from containers 
which are charged automatically from the cylinders 
when the engines are at work. In the case of engines 
if over 100 brake horse-power, it is considered advis- 
able to fit a small auxiliary engine and compressor in 
case the pressure in the container should at any time 
be lost, as otherwise a lot of hand-pumping is re- 
uired. 

The 300 brake horse-power engine at Wembley had a 
camshaft on either side, and might be regarded as a 
right-hand and a left-hand engine placed side by side 
and working on the same shaft, The single governor 
on the right-hand engine operated on both fuel pumps 
and ensured that each cylinder should carry the same 
load. When more than two cylinders are used, the 
camshaft is carried along the top of the cylinders, 
instead of across the back as in some designs, and thus 
allows of each combustion chamber, valve, and fuel 
injector being removed without disturbing any other 
cylinder details. The Blackstone spring-injection 
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engines are made of the single cylinder type in sizes 


from 8 brake horse-power to 150 brake horse-power, 
and with two or more cylinders up to 900 brake horse- 
power. 


THE INSTITUTION OF CIVIL. ENGINEERS. 
Presidential Address*, by Bast Morr, C.B. 


| nore I shall not be considered prejudiced if I say 
that, to me at any rate, our profession of engineering 
is the most useful of all professions, and the finest 
occupation to which any man can devote his life’s work. 

During the past 40 years of my life a considerable 
proportion of the work upon which I have been 
engaged has been carried out in the neighbourhood 
of London, and I should like to draw attention, so far 
as I am able in the time allowed me, to what this great 
city of ours owes to the engineer. 

It is not really so very long ago since the only means 
of travelling from one part of London to another, for the 
vast majority of the population, was by walking. Car- 
riages were only for the very few. There was a certain 
number of “‘ hackney coaches” before the introduc- 
tion of the “‘ cab” in 1820, but no serious attempt to 
provide public conveyances at a moderate price in a 
systematic manner was made till the London General 
Omnibus Company started to run omnibuses in 1856. 
From that date to the present time this company has 
served the travelling public well; how well is readily 
shown by the number of passengers carried, which has 
risen from 42 millions in 1870 to the astounding figure 
of 1,040 million passengers during last year. 

The introduction of railway facilities in the inter- 
urban district of London was much delayed, and it was 
not till 1863 that the first section of the Metropolitan 
Railway, from Bishop’s-road_ to Farringdon-street, was 
opened for public traffic. This was an epoch in the 
history of London transport, that, I regret to say, is 
well within my memory. The opening of the Metro- 
politan Railway was the beginning of a period of 
great activity in the promotion of underground rail- 
way schemes of a similar character. In the area at 
present surrounded by the Inner Circle alone there were 
in a few years forty schemes for underground railways ; 
many proposed to cross the parks from North to 
South, but the majority of the lines were to run more 
or less from East to West. Unfortunately, or perhaps 
fortunately, these schemes were not carried out, and 
except for the many extensions of the Metropolitan 
Railway Company, and of the Metropolitan District 
Railway Company, which was founded in 1864 and 
opened its first section from High-street to Gloucester- 
road and Westminster, no other railway facilities of 
moment were given to the people of London till the 
year 1890. 

The next wave of activity in the promotion of railways 
in the Metropolis began in 1885, when the first Act was 
obtained for the first of the so-called deep level tube 
railways. 

I do not propose to deal in much detail with the 
method of tube railway construction. I should, how- 
ever, like to take this opportunity of saying a word 
or two about the engineer who was the pioneer in the 
construction of tube railways, namely, James Henry 
Greathead, who 40 years ago was my chief and, later 
on, my very dear friend, to whom I owe much for teach- 
ing and example which has been of great use to me 
in my professional career. I think there are few 
engineers to whom the travelling public of London 
owes a greater debt of gratitude than to Greathead. 
The opposition in Parliament to the ‘‘ City and South- 
wark Subway Bill” (which was the first tube railway) 
was very great. Every local authority, the gas and 
water companies, the omnibus company, and the 
railway companies, infact, every one who could establish 
a locus standi, opposed his scheme in 1884. Greathead 
was an excellent Parliamentary witness, and he fought 
the case successfully with great courage and with that 
constant courtesy to his opponents for which he was 
so well known. 

It is great tribute to Greathead’s foresight and 
ability as an engineer that although about 80 miles 
of tube railway tunnels have been constructed by other 
engineers since his death 28 years ago, the methods of 
construction he originally adopted ‘and the shield used 
are still in accordance with this original design, except 
for some modification in detail, and the introduction of 
mechanical excavation. 

New ideas and inventions such as Greathead’s 
stimulated activity, and between 1885 and 1890 no 
fewer than seventeen new schemes for tube railways 
were proposed, but none of them received Parlia- 
mentary sanction. Immediately, however, the City 
and South London Railway was opened in December, 
1890, the possibilities of this type of railway were proved. 
There was then another period of activity similar to 
that which followed the opening of the first section of 
the Metropolitan Railway in 1863. Parliamentary 
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Committees began to look with more favour on new 


schemes brought before them, and between 1890 and 
1900 thirty-two new tube railways were proposed and 
seventeen were authorized. Then, however, from 1900 
to 1902 came a period of disappointment. Powerful 
financial groups competed strenuously with one another 
to secure for themselves what were considered the most 
advantageous routes, and out of thirty schemes 
deposited, nine were for lines from Hammersmith to 
Charing Cross and the City via the Strand and Fleet 
Street upon practically the same line. The total 
length of these thirty schemes amounted to about 100 
miles, and the proposed capital expenditure to nearly 
50,000,000/. A great Parliamentary fight took place, 
the biggest in the history of tube railways. 

Endeavours were made during the progress of the 
Bills to amalgamate certain groups, parts of railways 
were dropped and new junctions and new connections 
were put forward, till the original lines and estimates 
as deposited were unrecognizable. It was chaos, the 
final result being that practically all the schemes were 
rejected, and out of the 100 miles proposed only 4 
miles of new railways were authorized. Really 
excellent schemes were thrown out, and I think it is 
improbable now that there will ever be a tube from 
Piccadilly under the Strand and Fleet Street into and 
passing through the City, which would be of value to 
inter-urban communication. 

With the exception of extensions of lines existing 
or authorised in 1903, no further tube railways have 
been constructed; and considering the heavy cost 
of works at the present time, it is unlikely that there 
will be many further developments in the immediate 
future. It is unfortunate that the existing tube rail- 
ways have been constructed in a piecemeal fashion, 
in accordance with the ideas of individual promoters 
and their advisers, without regard to the interests of 
London as a whole. The existing railways, good as 
they are, do not, and now never can, give that public 
convenience they might have done had they been 
carried out as parts of a well-thought-out compre- 
hensive scheme. 

Although lack of foresight has prevented our having 
the very best, we have, as the result of private enter- 
prise, a network of deep-level railways which, in spite 
of original defects, have of late years and at great 
expense been made as nearly perfect as possible ; 
and by co-ordinating practically the whole system 
of London railways, tramways, and omnibuses under 
a most wonderful organisation and management, we 
have a rapid transit system that is certainly second 
to none in the world and is probably unequalled. 

Before leaving the subject of tube railways, there 
are one or two special points in connection with them 
that may be of some little interest and may not be 
universally known, as, for example, the question of 
size. Why are the main-line tunnels 11 ft. 8} in. 
internal diameter? The original City and South 
London lines were 10 ft. 2 in. and 10 ft. 6 in. in diameter, 
but this size was a great handicap to the company, 
as it did not give really sufficient space for the accom- 
modation of a satisfactory type of rolling-stock, and in 
later tubes the internal diameter was made 11 ft. 8} in. 
It is somewhat surprising what a very superior coach 
this comparatively small increase in diameter gives. 
There is no scientific reason why the diameter should 
be the curious figure of 11 ft. 8} in. It arose in this 
way: in a later tube contract the drawings showed 
the internal diameter as 11 ft. 6 in., but the engineers 
concerned were anxious as to the capacity of such a 
tunnel to take the rolling-stock desired by the traffic 
department, after allowing for the error of line and 
level which inevitably occurs during construction. As 
the contract had been let, it was undesirable to increase 
the external diameter, and so increase the excavation, 
&c., and consequently the contract price. After careful 
consideration it was decided to reduce the depth of 
the flanges of the cast-iron tunnel lining to a minimum. 
This reduction of the flanges increased the internal 
diameter to 11 ft. 84 in., the outside diameter remaining 
the same. Al] other tubes have been constructed to 
this dimension as a standard gauge. 

The station, crossover and junction tunnels, &c., 
are of varying sizes up to 30 ft. internal diameter, 
and for short lengths the diameter has reached 35 ft. 
These figures show how readily the London clay, in 
which the great bull: of tube railways have been made, 
lends itself to the construction of tunnels of all sizes, 
and the existence of tube railways is largely owing to 
the presence and properties of the London clay. This 
is usually hard and very tough, and I think if it could 
be immediately protected in tube railways from the 
action of the air, great lengths of tunnel would require 
no lining at all. Under some parts of London, particu- 
larly the City, the clay has a peculiar characteristic 
which is not so apparent further south or west. If 
you drive a bar into the clay in this area and withdraw 
it, leaving a circular hole, you will find that in the 


course of about an hour the hole will be completely 
closed, - 


This plasticity was particularly noticeable during 
the construction of a tube through the City, where a 
very slight hair crack in the surface of the street was 
observed about 50 ft. in advance of the tunnel face, 
and it extended hour by hour as the work progressed 
60 ft. below, owing to the plasticity of the ground. 
No actual structural damage was observable, as the 
movement was slight and uniform, but the street is, 
as a matter of fact, about $ in. narrower than it was 
before the tunnels were constructed. 

Another peculiarity of the London clay is a constant 
source of anxiety to those engaged in tube construction, 
namely, the extreme irregularity of the surface, which 
bore-holes—those most misleading of things—cannot 
in any way be relied upon to detect. 

There is another point in the general design of tube 
railways, apart from details (which I have endeavoured 
to avoid), which I regret has not been developed as it 
might have been. That is the adoption of gradients 
for acceleration and deceleration on leaving and 
approaching stations. By the courtesy of the London 
Electric Railways Company, I am able to say that the 
saving in power on the Central London Railway through — 
the adoption of the gradients referred to amounts to 
about 15 per cent. as compared with the power required 
for propulsion of trains of similar weight on tube rail- 
ways which have not been constructed on this prin- 
ciple. 

Through the introduction of rotary mechanical 
excavators the speed of construction of tube railways 
has considerably increased, and the maximum reached 
so far as I am aware, is 170 ft. per working week of 
134 hours, or 1-27 ft. of completed tunnel per hour. 
T have not been able to ascertain whether this rate of 
progress for completed work has been exceeded in any 
other country, but I believe not. It applies, of course, 
only to the comparatively small main-line tunnels, and 
I am of opinion that it is a higher speed than should 
be allowed, except under specia] conditions. Also there 
is no object to be gained by greater speeds, as rapidity 
of construction of the main-line tunnels is not the key 
to the situation. It is the large station tunnels with 
the necessary surface connections which determine the 
period required for the final completion of a tube rail- 
way, with stations about half a mile apart, whatever 
be its length. j 

I should say a few words on the enlargement of the 
old 10-ft. 2-in. and 10-ft. 6-in. tunnels on the City and 
South London Railway to the standard diameter of 
11 ft. 8} in., as this work was carried out practically 
to completion without stopping the traffic. It was a 
somewhat novel undertaking, the amount of enlarge- 
ment being so small, and was successful up to a point, 
10,280 yards having: been enlarged with the traffic 
running, out of a total of 13,000 yards. 

Special shields through which the trains could run 
during the day were constructed so as to encircle the 
old tunnels, the lining of which was removed as the 
shields were driven forward. These shields cut away 
the excavation necessary for the enlargement, and the 
new tunnel segments were erected under cover of the 
shields which supported the ground between the small 
and enlarged tunnels when traffic was running. Unfor- 
tunately, shields could not be used in all places owing 
to the necessity of adjusting the original errors of con- 
struction, and in these places the enlargement had to 
be carried out by hand with ordinary poling boards. 
On November 27, 1923, an aceident, which might haye 
been extremely serious, happened through subsidence 
of the ground at one of the hand-driven faces. For- 
tunately, the trains were stopped in time, and no one 
was injured, but it was decided to close the railway and 
complete the work without traffic running. It was a 
regrettable though very wise decision, and one dis- 
appointing to all concerned, as the work was so nearly 
completed. 

In the early days, when efforts were made to obtain 
Parliamentary sanction for underground railways, one 
of the chief arguments used in their favour was that such 
railways would remove traffic from the streets and so 
decrease the congestion, which even 30 years ago was 
causing anxiety, and the chief argument put forward 
by the omnibus and tramway companies and others 
against the schemes was that they would be robbed of 
traffic which, in their opinion, was only just sufficient 
to keep them alive, and that they would consequently 
die. What are the facts? Going back for the moment 
to the traffic carried in 1870 by the means (other than 
cabs and private carriages) then available for transport, 
which consisted of the London General Omnibus 
Company, the Metropolitan Railway, and a few miles 
of the Metropolitan District Railway, the total number 
of passengers amounted to 90 millions. Tramways were 
started in 1870, and traffic began to increase rapidly 
with the creation of new omnibus companies and 
railway extension, and in 1880, after a period of 10 
years, the number of passengers carried had risen 
to 220 millions. In 1890 the total was 460 millions. 
In 1900 it reached a total of over 800 millions, and in 


1923 the total passengers carried by all methods of 
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public transport reached the astonishing figure of 
about 2,600 millions in the metropolitan area, and 
this is exclusive of the suburban passengers brought 
into London by the main-line railways, except in so 
far as they may travel afterwards by the metropolitan 
services. This enormous and increasing movement of 
people emphasizes the fact that in large cities the 
greater the facilities for rapid transport at reasonably 
cheap rates, the greater the volume of traffic. Some 
radical steps will have to be taken in the next few 
years if locomotion in our main thoroughfares is not to 
become a farce, and the most rapid way of travelling 
above ground to be by walking, as in the very early 
days when there were no facilities at all. Indeed, in the 
City itself that time, for all practical purposes, has 
already arrived. No doubt much could be done by 
traffic diversion and regulation. Something, however, 
of much greater scope than traffic regulation will 
undoubtedly have to be undertaken in the near future. 
If new streets are the only solution, I sincerely trust 
they will not be overhead to disfigure for ever our great 
City, If there must be new streets let:them be under- 
ground, and such a proposition is, I think, by no means 
impossible. If the Traffic Authority were granted the 
same powers as are already possessed by the London 
County Council and other authorities, and if compulsory 
powers were given for passing under property at a 
reasonable depth for a reasonable wayleave, then such 
streets would be practicable and of real value. The 
cost would, of course, amount to many millions, but 
would probably be less than that of any other scheme 
for relief on a large scale. I think that the suggestion 
recently brought forward with some prominence by 
Sir Alfred Yarrow to obviate the blocking of traffic 
at the intersection of main streets, by the construction 
of inclined crossings, is worthy of very serious con- 
sideration. [do not think that Sir Alfred claims that 
the idea is altogether new, but it certainly has this 
wonderful novelty about it, that he has, with his 
usual generosity, offered to find the money for a trial 
of the proposal in so far as the actual works are con- 
cerned. Iam not sure that an offer of this kind, purely 
in the public interest, has ever been made before. 

The traffic regulation is most difficult, not where 
roads meet at right angles, but where they meet at 
more or less acute angles, and [ have made, as a matter 
of interest, an approximate estimate of the cost of 
inclined crossings at Hyde Park Corner. Here you 
have traffic from Hyde Park to Constitution Hill 
and Victoria crossing in various directions the main 
stream of traffic from Piccadilly to Knightsbridge, and 
also to Victoria and vice versa, This could be avoided 
by adopting Sir Alfred Yarrow’s suggestion. The cost 
would be approximately 150,000/., and if made below 
ground there would be no superstructure to injure the 
esthetic beauty of this magnificent site, where conges- 
tion is severe. Further east, at the junction of Waterloo 
Bridge with the Strand, at Ludgate Circus, and at the 
junction of Blackfriars Bridge with Queen Victoria- 
street and the Embankment, inclined crossings could 
be constructed, and there are many other points which 
could be treated in the same manner. Unfortunately, 
at Oxford Circus and Piccadilly Circus and in the 
City, the conditions are such that their construction 
either above or below the surface would present very 
great difficulties. 

Turning to cross-river communications between 
Middlesex and Surrey in the London area, the develop- 
ment has hardly kept pace during the last 50 years 
with the growing needs of the population. 

From Vauxhall Bridge to the Tower Bridge, both 
inclusive, we have only added 85 ft. of width of roadway 
by bridges across the river during 50 years. It is 
perhaps even more surprising that, taking the central 
area of London—that is, from Westminster Bridge 
to the Tower Bridge, a distance of nearly 2} miles— 
only 55 ft. of width of roadway has been added to 
our cross-river communications since 1831, or in 
nearly 100 years. The only additions have heen the 
widening of Blackfriars Bridge by 48 ft. in two 
stages, and the reconstruction of Southwark Bridge, 
7 ft. wider than the old bridge designed by Rennie and 
completed in 1819. Even this is somewhat misleading 
because, of the 30ft. second widening of Blackfriars 
Bridge, 17 ft. at the side of the roadway is monopolised 
by tramways. Anyone observing the tramways on 
Blackfriars and Westminster Bridyes, where the same 
conditions exist, will notice that the area occupied 
by tramways is for all practical purposes useless for 
ordinary vehicular traffic. So it really amounts to 
this, that the width of roadway communication across 
the river between Westminster and the Tower Bridge 
for vehicles other than tramways has been increased 
by only 38 ft. in the last 100 years, which hardly 
seems adequate to meet modern requirements. In 
matters of public interest we appear to have greater 
difficulty now in making up our minds what to do, 
and in doing it, than our predecessors had. In the 
early part of the nineteenth century they do not 
appear to have had these difficulties, because four 
bridges were decided upon and were built, namely, 


Waterloo, Southwark and London Bridge designed by 
Rennie, and the old Vauxhall Bridge designed by 
Walker. In the bridges designed by Rennie, as was 
customary at the time, the piers and abutments were 
founded on timber piles driven into the bed of the 
river. Two layers of heavy cross timbers were laid 
on the tops of the piles and planked over with another 
timber platform about 6 in. thick, upon which the 
actual masonry was built. A somewhat interesting 
point in connection with the timber foundations of 
these bridges over the Thames is the length of time 
they last, which is apparently about 100 years. In 
the case of the Southwark Bridge, which was commenced 
in 1814, some settlement of the piers showed itself 
in 1890, and increased gradually till the reconstruction 
of the bridge in 1913. In reconstruction the number of 
arches was altered from three to five, and it was 
necessary fer navigation purposes to remove the old 
piers and their timber foundations entirely. They 
were removed inside cofferdams, so that the actual 
condition of the timber was shown beyond doubt. 
The piles themselves were generally well preserved, 
but the horizontal timber platforms had deteriorated 
so seriously that the heads of the piles pierced into 
them. The masonry had, of course, followed the 
sinking platform, causing settlement after a period 
of 100 years. 

Waterloo Bridge, which was constructed in the 
same manner as Southwark Bridge so far as the founda- 
tions are concerned, was opened in 1817, and has for 
many years shown signs of gradual settlement. As is 
now well known, this movement increased rapidly 
about June, 1923, particularly in one of the piers of 
the centre arch, and the bridge was closed for traffic 
by the London County Council in May, 1924, during 
temporary repairs. From close inspection there is 
no doubt that this settlement is due to the deteriora- 
tion of the timber platform, as at Southwark, and the 
period is also a little over 100 years. London Bridge 
was completed in 1831, and if it follows the example 
of Waterloo and Southwark we may expect trouble 
with the foundations in the next ten or twenty years. 

Old Westminster Bridge, designed and constructed 
on a pile foundation by Charles Labelye, was opened 
for traffic in 1749, and about 100 years later, in 1856, 
the centre arch subsided, as in the case of Waterloo 
Bridge. It was then removed and replaced by the 
present structure. 

J think it is generally agreed that Waterloo Bridge 
is one of the most beautiful of Rennie’s bridges, but 
from an engineering point of view the old cast-iron 
Southwark Bridge was the most interesting, not only 
because the centre arch, with a span of 240 ft., was 
the largest cast-iron arch ever built, but also for its 
unique design. 

T should like to refer again for a moment to the 
question of elasticity of the London clay whilst touching 
on the work of the engineer in regard to cross-river 
communication, because the movement can be more 
readily perceived on the piers of bridges than else- 
where. This has lately been rather strikingly illus- 
trated during observations taken at Waterloo Bridge 
on the piers of the central arch. It was found that 
these piers rise and fall with the tide—that is to say 
they sink as the tide rises and rise as the tide falls, 
owing to the weight of water compressing the elastic 
foundation. The movement is about } in. to 4 in. 

I think that this movement really extends for some 
distance north and south of the river itself, probably 
for several hundred yards to a degree which is quite 
perceptible with precision instruments. Observations 
which are being made at St. Paul’s Cathedral show 
certain vertical movements of the structure as a 
whole, but these observations have not yet been carried 
over a sufficiently long period to enable me to give the 
amplitude of the movement which certainly occurs 
and is probably tidal. 

One of the great assets and delights of our profession 
is that our life work, however hard it may be, and 
however full of disappointments and trials and failures, 
is work of exceptional interest; and it is open to 
every member of the profession to leave behind him 
something, however small, which is useful to his 
fellow-men and to his country when his efforts are 
over, 


LETTERS TO THE EDITOR. 


«“ MISSING PRESSURE AND HEAT LOSSES 
IN GAS ENGINES.” 
To tHe Eprror or ENGINEERING. _ 

Srr,—In my oral reply at the Institution of Mech- 
anical Engineers on October 24, which is reported in 
the current issue of your journal, I stated that the 
temperature at the peak of the Hopkinson indicator 
diagram was 1,980 deg. This temperature I ought to 
have stated was measured on the absolute scale. On 
the centigrade scale it is 1,700 deg. The substitution 
of 1,700 deg. for 1,980 deg. does not, of course, affect 
my thesis, but lends it even greater support, The 


dissociation tables calculated from the experiments 
of Pier and Bjerrum (upon which Messrs. Tizard and 
Pye have based their work in connection with the 
petrol engine) show that at this temperature the 
amount of dissociation is only a fraction of 1 per cent. 
Gas engine temperatures are usually less than 1,700 
deg. C., and I see no reason for correcting my state- 
ment that dissociation in gas engines is very small. 


Mr. H. M. Martin, while agreeing that I had estab- 


lished a case for delayed combustion, suggested that 
a dissociation due to radiation in accordance with 
views put forward by Professor Perrin, might be more 
important than I thought. 
that Professor Perrin has put forward an entirely 
rational theory, and during the past two years I 
have been conducting experiments having a direct 


I agree with Mr. Martin 


bearing on it. These experiments are not yet com- 


pleted but they have gone sufficiently far to enable 


me to say that such radiation density as normally 
occurs within gas engine cylinders is not sufficient 


to cause dissociation of the rather securely linked 


CO, and steam molecules. My experiments do not, of 
course, disprove Perrin’s theory ; indeed, I am inclined 
to think that with radiation densities much greater 


than those occurring in gas engine cylinders a substan- 


tial dissociation of CO, and steam may be effected. 

Professor Bone put forward the theory that the 
gaseous mixture at the moment of maximum pressure 
might not be in the condition of equilibrium as a result 
of abnormal distribution of its energy between vibra- 
tional, rotational and translational energies. This is 
a view I held many years ago, but for reasons I put for- 
ward in your journal, August 22, 1919, I came to the 
conclusion that it cannot account for the “ missing 
pressure” to any very appreciable extent. 

Professor Bone also criticised my use of a complex 
mixture of gases like coal gas, and suggested that 1 
should have used pure single gases. I may say that, 
for certain of my experiments, I used hydrogen, and 
Professor Bone is aware of these experiments, for he 
has done me the honour to refer to them in one or two 
of his Royal Society papers. But I think in this case 
T was right in usmg a complex gas because what | 
wished to find was not whether there is incomplete 
combustion in the case of pure gases but whether there 
is incomplete combustion in a gas engine using complex 
cases, Yours faithfully, 

W. T. Davin. 
Engineering Department, The University, Leeds, 
November 3, 1924. 


«THE CALCULATION OF QUENCHING 
STRESSES.” 
To tHe Eprror oF ENGINEERING. 

Sm,—I wish to admit a mistake which has crept 
into Tables I and II of the report on ‘‘ Quenching 
Stresses’? read before the British Association meeting 
at Toronto and printed in ENGINEERING, page 343, in 
the issue of September 5, 1924, While it will not affect 
the general results, I wish to point it out before any- 
one may use these tables. I shall be most happy to 
answer any question that may arise on this paper. 
The corrected tables are as follows :— 

Taste I.—Effect of Drawing (Tempering) on the Maxv- 
mum Initial Stress for a 0:50 per cent. Carbon Steel 
heated to 1,500 deg. F., Quenched and Drawn with 
no Applications of Repeated Stress. 


Stress Maximum 
Strain Relief in Per cent. Value of 
Draw Relief. Centre Reduction Initial 
Deg. F.| in. per in. Fiber. Ib. | of Diameter.| Stress. 1b. 
per sq. in. per sq. in. 
| 
0 0-001157 34,300 68°5 38,400 
300 0-001107 33,100 69-1 36,700 
600 0-000760 21,900 68:5 24,400 
900 0-000227 6,800 68-5 7,600 
1,200 0-000100 3,050 68:5 3,410 


Tasuy II.—The effect of Reversal of Stress on the Maximum 
Initial Stress for a 0°50 Carbon Steel heated to 
1,500 deg. F’. and drawn. 


Stress Maximum 
Strain Relief in Per cent., Value of 

Draw Relief. Centre Reduction Initial 
Deg. F.| in. per in. Fiber. 1b. | of Diameter.| Stress. Ib. 
: per sq. in. per sq. in. 
0 | —0-000064 —1,930 391 —3,061 
400 | —0-000099 —2,970 40-6 —4,610 
600 | —0-000055 —1,650 39:3 —2,620 
300 | -+-0-000086 +2,570 41-0 +-3,960 
1,000 | +-0-000045 +1,350 38-5 +2,180 
1,200 | --0-000013 -+- 385 39°3 + 610 
1,425 | -+-0-000008 + 240 38-8 + 380 


Yours very truly, 
T. McLEAn JASPER. 
Sngineer of Tests, Fatigue of Metals Investigation, 
University of Illinois, Urbana, 
October 21, 1924, 
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EXTENSIONS TO ST. PANCRAS POWER - 
STATION. 


To the old Vestry of St. Pancras belongs the credit 
of being the first public authority in London to under- 
take the supply of electricity. It obtained Parlia- 
mentary powers for this purpose in 1883, though it was 
not until 1890 that a start was made by the erection 
of a small power station at Regent’s Park, and in 
November, 1891, a public electricity supply was avail- 
able at 220 and 110 volts. In 1894 it became necessary 
to erect a further generating station which formed the 
nucleus of the present King’s-road plant. This started 
with an aggregate generating capacity of 390 kilowatts, 
and the original intention was to supply current on the 
five-wire system introduced by Dr. Hopkinson in 
Manchester. Mr. Sidney Baynes, who was then, as 
now, the chief electrical engineer of the undertaking, 
decided, however, to keep to the three-wire system 
and to raise the pressure to 440 volts across the outers, 
St. Pancras being the first supply undertaking in the 
country to adopt this pressure. The saving in copper 
was, of course, enormous, and this, together with the 
practical advantages of being able to supply power and 
lighting current from the same distributing mains 
resulted in the example of St. Pancras being followed 
generally for low-pressure distribution systems through- 
out the country. An equally far-sighted policy was 
adopted with regard to the development of a factory 
load, and so long ago as 1898 electrical energy for power 
purposes was sold in St. Pancras for what was then the 
very low rate of 2d. per kw.-h. 

By the year 1903, when the annual output of elec- 
tricity had risen to over 5,000,000 kw.-h., it became 
evident that the limits of direct-current generation had 
been reached, and it was decided to put down alternat- 
ing current machinery transmitting three-phase current 
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at 50 cycles and 5,000 volts pressure to substations for 
conversion. St. Pancras again led the way among 
Local Authorities in introducing this system. The 
first two alternators were driven by Browett-Lindley 
high-speed engines, but turbines were adopted in 1905, 
two Parsons machines, each of 1,000 kw. rated capacity, 
being put down in 1905 and 1906 respectively. The 
continued growth of the load necessitated further plant 
in the course of a few years, and in 1912 the St. Pancras 
authorities ordered from the Brush Electrical Engineer- 
ing Company, Limited, the first Ljungstrém turbine to 
be built in this country. This machine, which was 
rated at 1,500 kw., was only about the second or third 
in existence at the time, but its performance completely 
justified Mr. Baynes’ recommendations, and the same 
type has been adopted in subsequent extensions. 

The Brush-Ljungstroém plant now installed in the 


King’s-road station now consists of the 1,500-kw. set 
just mentioned, a 3,000-kw. set installed in 1918, 
a 7,000-kw. set installed in 1923, a 7,000-kw. set 
officially started up on Friday last, and another set 
of the same size in the course of erection, an aggregate 
of 25,500 kw. of this type of plant. A general view of 
the engine-room, showing the four larger units, is 
given in Fig. 1. The turbines all work with steam at 
a pressure of 190 lb. per square inch at the stop valve, 
and a temperature of 584 deg. Fahr., and exhaust into 
a vacuum of 28:5 in. The 7,000-kw. machine which 
has just been put into service, has a condenser of 
12,000 sq. ft. of cooling surface and will maintain a 
vacuum of 28-5 in., when supplied with 8,600 gallons 
of water per hour at a temperature not exceeding 
70 deg. Fahr. The air is extracted from the condenser 
by a Hick Brequet steam ejector, and the condensate 
by a water-extraction pump. The ejector will deal 
with 41 lb. of air per hour. The condensate pump is 
driven by a 8-5-h.p. Brush direct-current motor, and 
delivers the condensate against a total external head 
of 36 ft. into a close-feed system. The steam from 
the second nozzle of the air ejector is led to a feed-water 
heater, so that most of the heat of the steam is returned 
to the system. The cooling air for the two alternators, 
which make up the unit, is drawn through a Sirocco air 
washer capable of dealing with 20,000 cub. ft. of air 
per minute. 

The present boiler house contains four boilers, each 
having a normal rated capacity of 40,000 lb. of steam 
per hour, and working at a pressure of 200 lb. per 
square inch. Two of these are of the Niclausse type 
with Riley stokers, and two of the Babcock and Wilcox 
type with travelling grates. Each boiler has its own 
Avery automatic coal scale weighing the coal as it 
descends to the stoker hoppers. The quantity of coal 
burnt during every shift is thus known at the end of 
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the shift, and is checked against the electrical output 
during the same period. There is thus a continual 
test of the efficiency of the whole plant, which is 
essential to the maintenance of a consistently high 
standard of operation. The inauguration of this test, 
and the greater attention paid to the boiler-house 
operation generally, has had much to do with the 
remarkable reduction in coal consumption which has 
been brought about during the last few years. In 
the year 1922 the average coal consumption was 
brought down to about 3-5 |b. per kilowatt-hour 
generated; last year the average figure was about 
3 Ib., and this year it will be no more than about 
2-5 1b. The rate at which improvement is proceeding 
is illustrated by Fig. 2, which shows the Parsons 
lines for January and October of this year. It will 
be seen from the equations given on the diagram 
that to generate 35,000 kw.-h. per shift, which repre- 
sents a typical day-shift output at the present time, 
now requires a standard coal consumption of 
82,750 Ib., or 2-33 lb. per kilowatt-hour. Even so 
recently as January last the standard coal consumption 
for a shift with the same output was 89,000 lb., or 
2-54 Ib. per kilowatt-hour. The constant or “ no- 
load” coal consumption of 4,000 lb. per shift, is 
unusually low for a station with the output of St. 
Pancras, and that such a figure can be reached is 
creditable both to the management and to the equip- 
ment. 

It may be mentioned that an extension of the boiler- 
house plant now on order will include four more boilers, 
each of a normal evaporation of 40,000 lb. per hour, 
working at a pressure of 230 lb. per square inch. Two 
of these are being manufactured by Messrs. Babcock 
and Wilcox, Limited, and two by the Vickers-Spearing 
Boiler Company, Limited. All four boilers will be 
fired with pulverised coal on the Lopulco system, 
the contract for the pulverised fuel equipment having 
been awarded to the Underfeed Stoker Company, 


Limited, for the first pair of boilers, and Messrs. 


Vickers and International Combustion Engineering, 


Limited, acting as sub-contractors for the second two 


boilers, which will be installed. 


BY MESSRS. VICKERS-PETTERS, LIMITED, IPSWICH. 


TWO-SPEED OIL ENGINE FOR GRAIN 
ELEVATOR. 


An oil engine recently constructed by Messrs. 
Vickers-Petters, Limited, of Ipswich, for the opera- 
tion of a grain elevator at the Port of Bristol, is of 
special interest in view of the conditions, somewhat 
arduous for an internal combustion engine, which it 
had to fulfil. The duty of the engine is to drive a 
two-cylinder reciprocating grain exhauster, and it has 
to have a speed control by the governor when running 
40 per cent. below its normal speed. It has also to 
maintain at this lower speed the same torque as is 
exerted at normal speed. The normal speed is 195 
r.p.m., and the engine has to develop 250 brake horse- 
power at this speed, and 150 brake horse-power at the 
lower speed of 117 r.p.m. To fulfil these conditions a 
standard four-cylinder engine, rated to develop 320 
to 340 brake horse-power at'250 r.p.m., was taken and 
modified principally in connection with the method 
of fuel injection. In place of the standard shaft 
governor with its eccentrically operated pumps, a 
special fuel pump-box containing four cam-operated 
fuel pumps has been fitted to an extension of the bed. 
The cams give the pump plungers a constant stroke 
of 0-25 in. each by means of an arrangement of rollers 
and levers. 

Governing is effected by means of a centrifugal 
governor driven by gearing from the fuel pump cam- 
shaft, as shown in the figure above. This governor 
operates two disc-type helical cams, each disc carrying 
two cams. These cams vary the amount of the fuel 
delivered by passing a greater or less proportion of it. 
The governor itself is arranged with a hand speeder 
gear by means of which the speed of the engine can 
be varied from about 220 r.p.m. to about 110 r.p.m. 
Adjustment over so long a range of speed is said to 
be entirely successful. The other alteration from the 
standard engine was in connection with the fuel in- 
jectors, the usual pattern of injectors being replaced 
by a type which would ensure an injection pressure 
of 1,000 lbs. per square inch irrespective of the speed 
of the engine. 


A second engine was supplied for the same plant 
by Messrs. Vickers-Petters, Limited, this being a 
standard engine developing 71 to 76 brake horse- 
power at 260 r.p.m. and direct coupled to a dynamo 
for lighting purposes and for operating auxiliary 
motors on the elevator pontoon. Tests on the smaller 
engine showed the fuel consumption to be 0-488 pints 
per brake horse-power-hour. The main engine con- 
sumed 0-466 pints of fuel per brake horse-power 
hour at 250 brake horse-power, and 0-52 pints per 
brake horse-power hour when developing 135 brake 
horse-power at 122 r.p.m. These figures are con- 
sidered exceedingly satisfactory in view of the fact — 
that the larger engine is really a 320 brake horse- 
power engine. It may be added that during the shop 
trials the main engine was run for some hours on boiler 
oil, on which fuel the consumption worked out at 
0-473 pints per brake horse-power hour, or very little 
higher than with Shell-Mex fuel on which the official 
trials were made. 


TRIALS OF THE ORIENT LINER “ ORAMA.” 


Tur twin-screw Orient liner Orama, an illustrated 
description of which appeared in our last two issues, 
was delivered at Tilbury on Saturday, October 25, by 
the builders, Messrs. Vickers Limited, after an exhaus- 
tive series of trials extending over ten days, which 
were carried out in the Irish Sea and on the Clyde. 

With the exception of the main feed and circulating 
pumps the whole of the auxiliaries of the ship are elec- 
trically driven, and some remarkable results in fuel 
economy constituting, it is believed, a world’s record, 
have been obtained. The principal trials carried 
out were :—(1) Progressive trials on the measured 
mile at Skelmorlie at various speeds from 14 to 20 
knots. (2) A full power trial consisting of four runs 
between the Cloch and Cumbrae Lights, and a further 
six hours at the same power at sea. (3) A 24 hours’ 
fuel consumption trial at a speed of 14 knots. (4) A 
24 hours’ fuel consumption trial at a speed of 18-8 
knots. 

The contract provided for the fuel consumptions at 
various powers being guaranteed by the builders, 
and the consumptions during the two trials of 24 
hours’ duration were of special importance. The 
results obtained were very gratifying, the consump- 
tion during the low power trial being at the rate of 
0-924 Ib. per shaft horse-power per hour, and during 
the high power trial 0-785 lb. per shaft horse-power 
per hour. ‘These figures, including as they do fuel 
consumption for all purposes, are remarkably low, 
and are undoubtedly due to some extent to the 
extensive adoption of electrical auxiliaries and to 
superheat in the main turbines and the turbo-driven 
electric generators. 


TRIALS OF THE MOTOR-SHIP “SILURIAN.” 


On Thursday of last week, October 30, the motor-ship 
Silurian, an 11,000-ton vessel, built by The Blythswood 
Shipbuilding Co., Limited, of Scotstoun, Glasgow, to 
the order of Messrs. Owen and Watkin Williams, ran 
her official trials on the Clyde. The Silurian is 430 
ft. long by 57 ft. beam and 33 ft. 2 in. moulded depth, 
with a designed speed of 10-5 knots. The vessel is 
fitted with two six-cylinder Beardmore Tosi oil engines, 
having cylinders 620 mm. (24} in.) bore by 975 mm. 
(38% in.) stroke. The trials lasted for six hours, and 
the vessel maintained an average speed of 11-3 knots, 
the pair of engines developing an average of 3,300 
indicated horse-power at 126 revolutions per minute. 
The fuel oil consumed during the trials was 6,250 lb., or 
0-315 lb. per indicated horse-power for all purposes. 
This corresponds to 11-15 tons of fuel per 24 hour day. 
The average pressures recorded were as follows :— 
blast pressure, 950 1b. per sq.in.; lubricating oil, 11 Ib. 
per sq. in.; cooling water to jackets, 18 lb. per sq. aig 
cooling water to pistons, 15 lb. per sq. in. The dis- 
charge temperature of the piston cooling water was 
125 deg. F., and that of the cylinder head cooling 
water was 120 deg. F. During the trial all lighting, 
heaters, and engine-room auxiliary machinery was in 
operation, the average electrical load being 48-4 kw. 
On the measured mile, with the engines developing 
3,800 indicated horse-power at 130 revolutions per 
minute, a mean speed of 11:75 knots was obtained. 


LABOUR NOTES. 


Juperna from the latest issue of the official organ 
of the British Bureau of the Red International Labour 
Union ‘“Ca’canny ” has no attractions for the rulers 
of Soviet Russia. In Russian state-owned under- 
takings, we are told by a writer in The Worker, the 
shop committees organise production sub-committees 
for the purpose of directing the work of, what are 
called, industrial conferences—meetings, that is, 
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between the administration and the rank and file for 
the exchange of “‘ experiences.” ‘These sub-committees 
play the part of bureaus of the industrial conferences ; 
they draw up the agenda, prepare proposals and 
materials for the meetings and give effect to their 
decisions. The industrial conferences do not interfere 
with the work of the administration. Their decisions 
are taken up by the production sub-committees which 
submit proposals to the administration on the basis 
of the decisions. If the administration disagree the 
proposals are then submitted to the higher union and 
administration bodies. The main idea of the organi- 
sation is declared to be to interest the workers in 
industry, and thereby “perfect and develop pro- 
duction.” 


The Russian trade union press clearly defines the 
duties of the trade unions in regard to industrial output. 
The main object of the movement is to lower the price 
of industrial products—to make goods cheaper. It is 
clear, therefore, the unions in effect, say, that ‘‘ what 
we need is to lower the cost of labour spent in the 
production of every goods unit. This task must be 
accomplished, not, of course, through lowering wages, 
but through obtaining the highest effect in the pro- 
ductivity of labour during a time unit. It is necessary 
to set aside in a most resolute manner all obstacles 
preventing the worker from giving a maximum output 
and this means that all restrictions upon the amount 
of the workers’ earnings must be removed in the first 
place. Also, as a rule, the basis of the pay for labour 
should be the grade of work and not the gradation of 
the wages scale to which the worker has been assigned. 
It is necessary to enforce piece work in preference to 
other rates. A similar system of stimulating labour 
should be applied also in the case of auxiliary labour 
and of the technical personnel. The unions must also, 
it is added, ‘“‘launch a most determined struggle 
against absenteeism, and for the complete utilisation 
of the eight hours’ day for productive purposes.” 


In the light of the foregoing, the extremists in 
British Trade Unionism will have to revise some of their 
rules, written as well as unwritten. It cannot be 
pleasing to them to hear that in Soviet Russia one of 
organised labour’s aims is to reduce production costs 
by “ obtaining the highest effect in the productivity of 
labour during a time unit.’” The enforcement of piece- 
work and ‘“‘the most determined struggle against 
absenteeism *’ are, no doubt, other unexpected and 
unpleasant features from their point of view. The 
meaning is a little obscure of the words “‘ the basis 
of the pay for labour should be the grade of work and 
not the gradation of the wage scale to which the worker 
had been assigned.” But it certainly seems as if 
Soviet Russia has hit upon a solution of the machine 
question which is not at all popular in engineering 
labour circles here. 


The executive committee of the National Minority 
movement have adopted a new plan which will, it is 
hoped, appreciably increase the number of the organ- 
isation’s adherents. They officially announce that 
they have had under consideration the best way of 
effecting a close personal contact with their sym- 
pathisers in the various working class organisations 
of the country. There are thousands of cases, they 
say, where sympathisers with the movement are not 
yet strong enough to get their trade union branches to 
affiliate to the minority movement. In order to get 
over that difficulty, it has been decided to issue an 
associate member’s card to all who apply and pay a 
fee of a shilling a year. ‘‘ By means of this card,” 
the executive committee add, ‘* we shall know where 
our supporters are, and what unions they belong to. 
It will then be possible to bring them together into 
definite groups in certain districts and localities. Every 
worker is eligible to take out this card, providing, of 
course, he accepts the aims and objects of the minority 
movement.’ As the aims and objects of the minority 
movement are far in advance of the aims and objects 
of most of the craft unions, it will be interesting to see 
how the latter take this further encroachment. 


A Russian official account of the recent provincial 
conference of the Moscow textile workers states that 
the fact that many of the members of the union who 
are unemployed are unskilled makes the fight against 
unemployment very difficult. The conference pro- 
posed that the union should attempt fo train those 
members. It is added that in this industry wages 
have increased more quickly than the productivity of 
labour. The conference, therefore, laid it down as its 
fundamental duty to increase the productivity of 
labour and bring it into proper relation to the wage- 
level. 

Increases of wages have been granted to storehouse- 
men, laboratory men, and storehouse assistants em- 
ployed in the naval store and other supply depart- 
ments, and in the civil engineering department, at 


H.M. Dockyards and other Admiralty establishments 
at home. The storehousemen and laboratory men 
get an advance of 4s, per week and the storehouse 
assistants an advance of 2s. per week. The rate of 
bonus payable in addition to these increases is at pre- 
sent 14s. per week. The special addition to the out- 
port rates allowed to men employed in the London 
area is to continue to be payable in addition to the 
rates as revised. 

The returns compiled by the Chief Registrar of 
Friendly Societies and the Ministry of Labour show 
that at the end of 1923 the total number of trade 
unions was 1,135, as compared with 1,176 in December, 
1922, the reduction being due partly to dissolutions and 
partly to amalgamations. The number of unions dis- 
solved was 39, with an aggregate membership of over 
6,300 at the end of 1922; and 24 were affected by 
amalgamations in which their number was reduced to 8. 
On the other hand, 14 new unions, with a total member- 
ship of 7,100, were reported as formed during the year. 
The total membership at the end of 1923 was approxi- 
mately 5,405,000, as compared with 5,610,000 at the 
end of 1922, showing a decrease of 205,000, or 3-7 per 
cent. The number of male members was about 4,590,000 
giving a decrease during the twelve months of 152,000, 
or 3:2 per cent., and the number of female members was 
815,000, representing a fall of 53,000, or 6-1 per cent. 
The total of 5,405,000 includes about 29,000 members 
in Irish Free State branches, and 65,000 members in 
other overseas branches of certain unions, in addition 
to a number of persons (principally teachers) who are 
members of more than one society, and are therefore 
counted more than once in the figures. When allow- 
ance is made for these cases the net number of members 
in Great Britain and Northern Ireland appears to have 
been nearly 5,300,000 at the end of 1923, as compared 
with about 5,500.000 at the end of 1922. 


Nearly all the main groups of unions sustained re- 
ductions in membership last year, the principal excep- 
tions being the mining and quarrying group, in which 
there was an increase of 70,000 (over 8 per cent.), and 
the railway group, which showed an increase of 35,000 
(nearly 8 per cent.). The greatest reductions were in 
the metal, engineering, and shipbuilding group, in 
which the membership fell by 133,000, or about 16 per 
cent. Other groups showing heavy reductions were 
builders’ labourers (10,000 or over 17 per cent.), agri- 
culture (13,000), and pottery and glass (6,000), both 
over 14 per cent., general labour (51,000), and linen and 
jute (4,000), both over 10 per cent. In some groups 
the reductions were comparatively small, the bleaching, 
finishing, &c., hosiery, woodworking, and furnishing, 
banking and insurance, and public administration 
groups all showing decreases of less than 3 per cent., 
while in the paper, printing, &c,, groups the decrease 
was only 0-1 per cent. The road transport and dock 
labour, &c., group and the boot and shoe group showed 
small increases. The total female membership of all 
groups showed a larger proportional decrease in 1923 
than the total male membership, mainly due to a heavy 
reduction (over 26,000, or 10-4 per cent.) in female 
membership in the cotton industry, in which there is 
a preponderance of female workers. The reduction in 
female membership in this industry accounted for one- 
half of the total reduction in the female membership 
of all trade unions in 1923. 


The Ministry of Labour reports that the number 
of unemployed persons on the registers of Employ- 
ment Exchanges in Great Britain on October 27, 1924, 
was 1,203,100—910,500 men, 35,600 boys, 225,100 
women and 31,900 girls. On October 20, 1924, the 
number of unemployed persons was 1,204,078— 
909,671 men, 35,464 boys, 226,793 women and 32,150 
girls—and on December 31, 1923, 1,285,623—946,521 
men, 36,659 boys, 267,373 women, and 35,070 girls. 


The deputation appointed by the General Council 
of the British Trades Union Congress, to visit Russia 
is to leave London this week-end. The main idea is 
to return the fraternal visit of M. Tomsky and others 
to the Hull Congress, but it is proposed, in addition, to 
inquire into the social and economic conditions of 
Soviet Russia and the position of the Russian trade 
unions. 


It is understood that the French draft decree on 
the subject of an eight hours’ day for seamen contem- 
plates a reversion in the case of liners to the provisions 
of the decree of August, 1922. There will be three 
complete eight hour shifts, that is, but more than eight 
hours may be worked when the duty does not mean 
effective work. On board cargo vessels permission 
may be obtained to do more than eight hours’ duty, 
but every hour worked over the eight is to be paid 
for at overtime rates. 


The tribunal recently set up for the purpose of 
considering various questions—including an applica- 


tion by the men for an increase of wages—affecting 
the tramways industry issued its report on November 4. 
The tribunal is made up of representatives of the 
employers and the employees, with Sir William Mac- 
kenzie as chairman. The decision and report are 
signed by all the members of the tribunal, and the 
report reviews at length the present position, the 
circumstances of the application, and the cases pre- 
sented by the respective sides. The groupings and 
gradings for the purpose of fixing day work rates of 
wages, which the tribunal submits in its scheme for 
the several classes enumerated, are governed by the 
following factors :—(1) That no employee shall suffer 
a reduction of wages; (2) That no employee shall, as 
a result of any adjustment pursuant to the decision, 
receive a weekly increase of wages in excess of 1s. 6d. ; 
(3) That present rates be calculated to the nearest 6d. 
The decision affects 142 undertakings in England, 
Wales, Scotland, and Northern Ireland, 90 of which 
are owned by municipalities and 52 by companies. 


Semi-skilled and non-skilled men employed in the 
depots and running sheds stand, the tribunal states,- 
on a different footing from the other employees. It 
is, therefore, recommended that they be classified 
under three grades. The following are the weekly 
wages payable to adult male employees under each 
grade in each group (except non-classified authorities), 
subject to the limiting factors. The working week for 
day work is the normal working week in each under- 
taking :— 


Grou Grade 1 (Weekly | Grade 2 (Weekly | Grade 3 (Weekly 
P- |Rate, Day Work).|Rate, Day Work).|Rate, Day Work). 

Sot eds 8, ad. 

i 63 6 59 6 56 0 

v4 63 6 59 6 56 0 

B} 61 6 57 3 54 0 

4 58 6 566 540 

6 56 6 54 6 52 0 

6 56 6 54 6 520 


For night work the normal week is 48 hours, and the 
rate is the day work weekly rate as augmented by 
paragraph 53. Paragraph 53 is as follows :—‘‘ The 
tribunal recommend that 4s. per normal week, as an 
added or extra rate, be paid for night work over the 
corresponding weekly wage, paid for the same class of 
work done by day in undertakings outside the Metro- 
politan area, and 6s. per normal week in undertakings 
inside the Metropolitan area.” 


NOTES FROM SOUTH YORKSHIRE. 


Suerrinyp, Wednesday. 
Iron and Steel.—The outcome of the General Election 
has resulted in the revival of an optimistic feeling in the 
staple industries of South Yorkshire. The heavy steel 
trades have undergone little actual change, but though 
business is still at a low ebb, the position generally is 
sounder as compared with six months ago. The output 
of steel from this district though substantially below 
normal, is showing signs of recovery. Railway depart- 
ments are not working at full capacity, but if contem- 
plated schemes in connection with railway development 
in this and other countries are put into operation, there — 
is no reason why this branch of local industry should 
not reap considerable benefit. Makers of axles, wheels 
and tyres continue to be dependent mainly on colliery 
repair work, but an improvement is looked for in the 
near future, Other branches such as shipbuilding and 
automobile steel manufacture are still suffering from a — 
restrained demand, An increased demand for imple- 
ments and machinery is reported from the Colonies, 
but business is mostly confined to essential agricultural 
requirements. Electrical engineers report a_ slight 
improvement and look ahead with increased optimism, 
especially owing to the expectation that big power 
development and railway electrification schemes are 
likely to be put into operation. The lighter trades are 
experiencing better times, and the position at some 
works resembles that of pre-war periods. The call for 
most classes of tools is healthier, both on home and 
foreign account. Competition from Germany is not so 
pronounced, and some of the local manufacturers are 
able to turn out products at prices below those of 
Solingen manufacture. 


South Yorkshire Coal Trade.—Though an early im- 
provement is looked for, the position generally shows 
no change. Best steams continue to be in strong 
demand for home consumption, but the amount goimg 
away for shipment is far below the average. Cobbles 
and nuts are selling better, but big surpluses at sidings 
have yet to be disposed of. Slacks display a fresh 
weakness, though better quality slacks are in request. 
Business in house coal section shows a tendency of 
falling off. A revival is anticipated when the year is 
more advanced. Foundry and furnace coke are only 
moderate, and gas coke remains unchanged. Quota- 
tions: Best branch hand-picked, 32s. to 35s. ; Barnsley- 
best Silkstone, 26s. to 28s.; Derbyshire best brights, 
27s. to 32s.; Derbyshire best house, 24s. to 26s. ; 
Derbyshire best large nuts, 22s. 6d. to 25s.; Derbyshire 
best small nuts, 14s. to 16s.; Yorkshire hards, 21s. 6d 
to 23s. 6d.; Derbyshire hards, 21s. to 23s, ; rough 
slacks, 9s. 6d. to 12s.; nutty slacks, 9s, to 1ls.; smalls, 
6s, to 8s. 6d. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
Mipptessrovan, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron is 
becoming scarce after the recent substantial sales, and 
there is indication that demand will necessitate early 
increase of output. Values are steadily advancing, 
but fear is entertained that continued rise may check 
business. There is a feeling that, at round about current 
rates, gradual expansion of trade may be reasonably 
looked for. That the outlook is regarded as decidedly 
brighter is emphasised by the fact that sellers ask more 
for forward delivery than the following rates, which rule 
for early supply: No. 1 quality, 86s.; No. 3 g.m.b., 
8ls.; No. 4 foundry, 80s.; and No. 4 forge, 79s. 


Hematite.—Though supply of East Coast hematite 
continues more than ample, prices are moving upward, 
and further heavy sales are anticipated. Nos. 1, 2, 
and 3 are now quoted 88s. to 88s. 6d., and No. 1 is put 
at 6d. above mixed numbers. ‘ 


Foreign Ore.—Imported ore is still difficult to dispose 
of, but quotations are advancing. Sellers are taking 
quite a firm stand, and base market rates on best rubio 
at 22s. 6d. c.if. Tees. 


Blast-furnace Coke.—Durham blast-furnace coke, of 
good medium quality, remains at 25s. delivered to 
users in this district, and it is in only moderate request. 


Manufactured Iron and Steel.—In finished iron and 
steel Continental competition has still to be contended 
with, but there are indications that it is becoming 
somewhat less keen. Principal market quotations 
stand :—Common iron bars, 12/.; iron rivets, 141. ; 
packing (parallel), 9/.; packing (tapered), 12/.; steel 
billets (soft), 87. 10s.; steel billets (medium), 9/.; steel 
billets (hard), 97. 10s.; steel boiler plates, 13/.; steel 
ship, bridge and tank plates, 9/. 15s.; steel angles, 


91. 10s.; steel joists, 97. 10s.; heavy steel rails, 91. ; 
fish plates, 137.; and galvanised corrugated sheets, 
171. 10s. 


Tron and Steel Imports.—Returns issued this week give 
the imports of iron and steel to the Tees from Holland, 
Belgium, France, Norway, Sweden, Germany, India, 
and coastwise, for the year ending October 31, as com- 
pared with quantities for the same time twelve months 
ago, and for the corresponding pre-war period of 1913-14. 
During the past year, 24,683 tons of pig-iron were 
imported, as against 14,817 tons a year ago and 1,427 
tons in the pre-war period. Crude sheets, bars, billets, 
blooms, and slabs unloaded to the end of last month 
reached 95,077 tons, as against 77,931 tons a year ago 
and 33,655 tons in the pre-war period. Plates, bars, 
angles, rails, and joists unshipped during the past 
twelve months amounted to 20,974 tons, as against 
11,371 tons a year ago and 19,482 tons in the pre-war 
period. 


Shipments of Iron and Steel—Shipments of iron and 
steel from the Tees last month totalled 105,499 tons, 
as compared with 75,122 tons in September, and during 
the previous five months they had not reached 100,000 
tons. October loadings were composed of 44,877 tons of 
pig-iron, of which 16,543 tons went coastwise and 
28,334 tons went overseas; of 8,144 tons of manufac- 
tured iron, of which 5,609 tons went coastwise and 
2.535 tons went abroad; and of 52,478 tons of steel, 
of which 13,746 tons went coastwise and 38,732 tons 
went to foreign ports. Of the pig-iron despatched, 
Scotland received 13,628 tons, Italy 8,150 tons, the 
United States 4,835 tons, Germany 2,726 tons, Sweden 
2,664 tons, Wales 2,050 tons, and France 1,947 tons. 
Natal was the best customer for manufactured iron, 
taking 1,294 tons. Principal importers of steel were : 
India, 6,666 tons; West Australia, 5,689 tons; the 
Argentine, 3,224 tons; New South Wales, 2,705 tons ; 
China, 2,090 tons; and South Australia, 1,922 tons. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 

Scottish Steel Trade—There is a better undertone in 
the Scottish steel trade this week, but so far business has 
not improved. Inquiries show a tendency to increase, 
but the keen competitive offers from outside makers 
prevent local producers securing many contracts, and 
until costs in this district can be reduced there seems 
little chance of much improvement. The demand for 
plates and sections, while slightly better since prices 
were reduced, is, nevertheless, very poor. Black sheet 
makers are still well employed on the lighter gauges, but 
there is little call for the heavier gauges, while the 
galvanised sorts are the turn easier, although prices are 
down. The general export side of the steel industry 1s 


decidedly poor. The following are the market quotations 
forho me delivery :—Boiler plates, 13/. per ton; ae 
an. 


plates, 9/. 15s. per ton ; sections, 91. 10s. per ton ; 
sheets, ; to } in., 122. per ton, all delivered Glasgow 
stations. 


Malleable Iron Trade.—Quietness is still very prevalent 
in the malleable-iron trade of the West of Scotland, and 
movement is very limited. Fresh business is extremely 
difficult to pick up, and the outlook is not encouraging 
despite prices being easier, The state of the re-rolled 
steel bar branch of the industry is also much quieter. 
The current quotation for “‘ crown” bars is 12/. per ton, 
delivered Glasgow stations, 


Scottish Pig-iron Trade.—No change of any kind can 
be reported in the Scottish pig-iron trade, but an improve- 
ment in inquiry has been more noticeable of late. The 
output is still more than equal to the demand, but there is 
a quiet confident feeling that a change for the better 


may come along in the near future. Prices are steady and 
the following are to-day’s market quotations :—Hematite, 
4l. 15s. per ton, delivered at the steel works; foundry 
iron, No, 1, 4/. 15s. per ton, and No. 3, 4l. 10s. per ton, 
both on trucks at makers’ yards. 


Scottish Shipbuilding.—The shipbuilding returns for the 
various Scottish districts for the months of October are 
very satisfactory, and show that active conditions have 
been very general. The total output for the month was 
24 vessels of 92,391 tons, made up as follows :— 


Vessels. Tons. 

The Clyde ... 18 84,104 
The Forth ... er 2 3,207 
The Tay a. oe fo ] 3,000 
The Dee and Moray Firth 3 2,080 
Total ae Age 24 92,391 


Although the tonnage launched has been good for the 
past three months, it is the future which gives concern to 
the shipbuilders. New contracts are still very scarce, 
and only some nine vessels were reported as haying been 
fixed up during the past month, and all of these for 
Clyde yards.. An improvement in this direction is an 
absolute necessity if employment in the yards is to be 
maintained, but owing to the present high cost of 
construction the price of new tonnage is too high for 
shipowners to enter the market, except where actual 
necessity exists. ‘The Clyde output for the past month is 
easily the highest for the year, and indeed it is the largest 
October tonnage for the past twenty years. It brings 
the figures for the ten months up to 183 vessels of 
459,761 tons, which compares with 167,241 tons for the 
same period of last year and with the total of 559,834 
tons for the ten months of the record year 1913. It is 
thus short by 100,000 tons of the figures for the latter 
year, and has only been bettered on six occasions since 
the year 1904. 


Scottish Pig-Iron Shipments. —The shipment of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, November 1, amounted to 1,187 
tons. Of that total 912 tons went foreign and 275 tons 
went coastwise. For the corresponding week of last 
year the figures were 1,837 tons foreign and 345 tons 
coastwise, making a total shipment of 2,182 tons. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The joint accountants of the coal 
owners and miners in the South Wales coal trade, in 
their report for September, show a heavy loss per ton 
on the total quantity raised, which was also the case 
in the previous four months, Since the new wages 
agreement came into operation in May last the working 
of the industry has shown a loss in each month. Previous 
to that the periodical audits showed a profit, but the 
greater cost created by the new agreement coupled 
with the trade depression has turned a profit into a loss. 
The loss per ton in September amounted to 10:07d., 
compared with a loss of 1s, 3-63d. in August, 0-O1d. 
in July and 1s. 4:90d, in June, On the 15,134,115 tons 
of coal raised in the four months ended September, 
the average loss has been approximately 10d. per ton, 
representing an aggregate loss to the industry of 


629,8431. The proceeds during the period amounted 
to 14,325,875/., and the costs to 14,955,718/., made up 
as follows :— ; 
Proceeds... 14,325,875. 
Costs— 
Wages... ... L0,077,5052. 
Other costs 4,878,213. 
———— 14,955,718. 
Loss 629,8432. 


The deficit is at the rate of over 1,800,000/. per annum, 
and is unprecedented in the history of the industry. 
The general wage rate certified for November is 17-6 
per cent. compared with 16-08 per cent. in August, 
so that the miners’ wages will remain at the minimum 
of 42-22 per cent. on the 1915 standard. The difference 
between the wages certified and to be paid is 24-62 per 
cent., and to provide this the owners are compelled to 
sacrifice the whole of their share of the surplus and their 
standard profits. This sacrifice will not be sufficient 
to meet the minimum, and the difference must be met 
by using the financial reserves of the companies or by 
loans from bankers. In September the pithead price 
was improved by nearly ld. per ton, and as a result 
of a larger output there was a reduction in the labour 
cost of 2d. per ton, and in other costs of 23d. per ton. 
The September output was, however, nearly 500,000 tons 
below the average output in a month when work is not 
interrupted by holidays. In the four months ended 
September last, the output at 15,130,000 tons was 
2,870,000 tons less than in the corresponding period of 
1913 when the wages bill at 6,900,000/. was 3,390,0002. 
less than the wages bill for the smaller quantity of coal 
produced this year. Meanwhile the coal market has 
shown an improved position. The fact that collieries 
have been working short time, and that a number of 
pits are idle, has, however, prevented prices from rising. 
The tone is certainly steady, and salesmen are not now 
so ready to modify their quotations as they were a week 
or so ago. Best steam smalls are decidedly firmer, with 
supplies scarce and difficult to secure, For the best 
bunkers up to 17s. is asked, with supplies obtainable 
at 16s. 6d. Buyers prepared to take Jarge as well, 
however, could secure a small concession. Large coals 
were irregular, with values dependent on indiyidual 
cireumstances in each particular case. 


NOTICES OF MEETINGS. 


Tue InstTiruTiIon OF MercHANICAL ENGINEERS.— 
To-night at 6 p.m., at Storey’s-gate, S.W.1. Thomas 
Hawksley Lecture :—‘‘ The Trend of Development of 
Marine Propelling Machinery,’ by Eng. Vice-Admiral 
Sir George G. Goodwin, K.C.B., LL.D. Friday, 
November 14, at 7 p.m. Informal meeting. “ Driving 
Belts and Ropes.”? Introduced by Mr, D. N. Hunt. 


Tue Junior INstiruTION oF ENGINnEnRS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette : 
‘History and Construction of the Fire Engine,” by 
Mr, H.C. Jones. Friday, November 14, at 7 p.m. Annual 
general meeting, 


Tur KercHiry AssocrATion or ENGINrERS.—Satur- 
day, November 8, at 6.30 p.m., at 'the Cycling Club, 
Cavendish-street, Keighley. “How the Cast-Iron Re- 
search Association can Help the Engineer,” by J. G, 
Pearce, B.Se. 


Tur Institution oF ELEcTRICAL ENGINERRS.— 
Monday, November 10, at 7 p.m., at Victoria-embank- 
ment, W.C.2. Informal Meeting. Discussion on “ Re- 
search in the Cable Industry,’ opened by Mr. P. Dun- 
sheath. 

Tue Instrrure or Merats : ScorrrsH LOCAL SECTION. 
—Monday, November 10, at 7.30 p.m., at the Institution 
of Engineers and Shipbuilders in Scotland, 39, Elmbank- 
crescent, Glasgow. ‘An Outline of the Process of 
Casting in Bronze by the ‘Cire Perdue’ Method.” By 
Mr. C. E. Henshaw. 


Tue InstiruTion oF ExectricAL ENGINEERS: Scor- 
TIsH CeNTRE—Tuesday, November 11, at 7.30 p.m., 
at 207, Bath-street, Glasgow. Inaugural Address by 
Mr. Alex. Lindsay. 

Tur Newcomen Soctmry.—Wednesday, November 12, 
at Caxton Hall, Westminster, S.W.1. Annual General 
Meeting, followed by paper, ‘Some Original Models of 
Smeaton’s Eddystone Lighthouse,” by Mr, Thomas 
Rowatt, M.I.Mech.E. 


THe Women’s ENGINEERING Soctpry.—Wednesday, 
November 12, at 4.30 p.m., at 1, Upper Brook-street, 
W.1. To discuss the formation of a Women’s Electrical 
Association. 

Tur Royat Socmry or Arrs. — Wednesday, 
November 12, at 8 p.m., at John-street, Adelphi, W.C.2. 
“The Motor Car : Its Birth, its Present, and its Future,” 
by Colonel R. E. Crompton, C.B., R.E., M.Inst.C.E. 


Tue InstTiruTION OF ENGINEERING INSPECTION.— 
Thursday, November 13, at 5.30 p.m., at the Royal 
Society of Arts, John-street, Adelphi, W.C.2. “ The 
Development of Long and Short Wave Wireless 
Signalling,” by Mr. A, P. Welch. 


Tue Instrirution oF Crvit ENGINEERS : BIRMINGHAM 
AND Districr AssociaTiIon.—Thursday, November 13, 
at 6 p.m., at the Birmingham Chamber of Commerce. 
‘‘ Pipes and Pipe Lines,” by Mr. T. Stafford Griffin. 


Tur INstrirute of Mrerats: Lonpon Locat SECTION. 
—Thursday, November 13, at 7.30 p.m., at the Royal 
School of Mines, South Kensington, 8.W.7. ‘The 
Oxidation of Metals, with Special Reference to Thin 
Films,’ by Professor T. Turner, M.Se., A.R.S.M. 


THe Oprican Soctrry.—Thursday, November 13, at 
7.30 p.m., at the Imperial College of Science and Tech- 
nology, South Kensington, 8.W.7. “The Back Vertex 
Power of a Combination of Lenses,” by Mr. T, Smith, 
M.A., F.Inst.P. ‘‘ The Theory of Neutralisation,” by 
Mr. T. Smith, M.A., F.Inst.P. ‘‘A New Type of Nephelo- 
meter,” by Mr, R. Kingslake, A.R.C.S., B.Se. 

THE Diesen Encrve Users’ Assocrarion.—Friday, 
November 14, at the Engineers’ Club, Coventry street, 
W.1. Discussion of Report of the Committee on 
Heavy-Oil Engine Working Costs. 


Tue MANCHESTER ASSOCIATION OF HENGINEERS.— 
Friday, November 14, at the Engineers’ Club, Albert 
square, Manchester. ‘‘ The Practical Significance of the 
Inner Structure of Metals,” by Messrs. W. E. W. Milling- 
ton, M.Inst.C.E., and F. C. Thomspon, B.Sc., D.Met. 


Tue INstTITUTE OF Merats : SwANSEA LocAL SECTION. 
—Friday, November 14, at 7.15 p.m., at the University 
College, Singleton-park, Swansea. “The Inner Struc- 
ture of Alloys,’’ by Dr. W. Rosenhain, F.R.S. 


Tar Norta East Coast Insrrrurion or ENGINEERS 
AND SHIPBUILDERS.—Friday, November 14, at 7.30 
p-m, at Bolbee Hall, Neweastle-on-Tyne. ‘* Girders in 
Ships,” by Mr. J. Foster King. : 

Tue Huxt Association oF ENGINEERS.—Saturday, 
November 15, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture :—‘‘ Case Harden- 
ing,” by Mr. P. B. Henshaw, 


DanisH NavaL DisARMAMENT.—It was reported some 
time ago in the daily papers that the Danish Govern- 
ment had decided on a measure which was practically 
equivalent to naval disarmament. Details of the scheme 
are now available. Henceforth the Danish fleet is to 
consist of ten small vessels, of between 800 and 1,500 
tons, which are to guard the fisheries, patrol territorial 
waters, and undertake hydrographic surveying. These 
ships are to be supplemented by 12 seaplanes. The 
corps of officers is to number about 84, including non- 
executives. The Ministry of Marine will be abolished 
and a maritime police service, attached to the Ministry 
of State, will take its place. It is estimated that the 
annual cost of the new service will be about 6,000,000 
kroner, which is equivalent to about 2,300,000. 
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FRIDAY, NOVEMBER 7, 1924. 


PROBLEMS IN METROPOLITAN 
ENGINEERING. 


“ T TELL you that, which you yourselves do know,” 
said Mark Antony in his famous oration, but great 
as was the success attending his speech, the proce- 
dure is not one to be followed by the general, 
since, as developed by them, it is apt to result in 
platitudinous paraphrases of the commonplace. In 
striking contrast to the course pursued by Shakes- 
peare’s hero, stands the method followed by Mr. 
Basil Mott, C.B., in the presidential address he 
delivered to the Institution of Civil Engineers on 
Tuesday evening last. The special merit of this 
lies in the circumstance that the speaker drew on 
his long and varied experience for facts and observa- 
tions, which must have been entirely novel to the 
vast majority of his auditors. It is, of course, 
impracticable for us to comment here upon all the 
interesting topics covered in the address, .but our 
readers will find'a very full abstract of it on page 
640, and we can assure them that the trouble of a 
perusal will be very fully repaid. They will find 
there some highly informative notes on the history 
of the Underground Railways and the Tubes, and 
also remarkable instances of the strikingly erroneous 
estimates in vogue fifty years ago as to the possible 
development of the travel habit. Mr. Mott also 
made some valuable contributions to our existing 
stock of engineering data. Some of the observations 
recorded stand in somewhat sharp conflict with 
statements frequently made in our pocket books 
and textbooks, and this disagreement undoubtedly 
adds to their significance. It has, for example, fre- 
quently been asserted that the endurance of timber 
is unlimited, provided it be kept constantly wet 
with fresh water. Some notable cases of very long 


life under such conditions are undoubtedly well 
established. Indeed, when the piles driven by the 
Romans in bridging the Tyne were drawn, about the 
middle of last century, they were found to be still 
sound after an immersion of nearly 1,800 years. 
Mr. Mott, however, from observations on our 
London bridges, does not credit the wooden plat- 
forms, on which they have to a large extent been 
founded, with an endurance of more than a century. 
At the same time, he states that the piles supporting 
these platforms were found in good condition, and 
it would seem, therefore, that this question of the 
endurance of submerged timber is affected by the 
direction in which it is stressed. If it be compressed 
across the grain, its life may, it would seem, be 
comparatively short, whilst under an end load it 
may be indefinitely prolonged. The facts’ brought 
forward by the president are obviously of great 
practical importance, since, in America in parti- 
cular, many important bridges have been founded on 
timber caissons, in which the timber is stressed 
transversely to the grain. Judging from the facts 
which Mr. Mott has now recorded, the endurance of 
these foundations may quite possibly be very much 
less than was anticipated by their designers. 

In another part of his address, Mr. Mott called 
attention to the very slow rate at which facilities for 
crossing the Thames have been improved during 
the past fifty years. This is especially the case with 
regard to road bridges. From Vauxhall to the 
Tower Bridges the collective width of the roadway 
has only been increased by 85 ft. during the period 
in question, and of this increase a large fraction 
has been monopolised by the tramways, which are 
notoriously not merely obstructions in themselves, 
but the cause of obstruction in others. The net 
result of the monopolisation of road space by the 
tramways is that, between Westminster and the 
Tower Bridges, the effective width of roadway 
available for ordinary traffic has been increased by 
only 20 ft. in the past hundred years. 

Another highly interesting observation recorded 
by Mr. Mott is the fact that the rise and fall of the 
tide produces a variation of from % in. to ¥#, in. 
in the level of the bridges, and that the deformation 
can be traced as far from the river as St. Pauls. We 
believe that Milne was able to ascertain, with his 
seismometers, deformations in the adjacent shores 
produced by the tides of the channel ; but no similar 
movement has so far as we know been hitherto 
detected in a tidal river. The magnitude of the 
displacement is, perhaps, somewhat more than 
would have been anticipated, and it would certainly 
be interesting to have the observations extended for 
some distance inshore of each bank. The new theory 
of earth pressures described by Mr. 8. D. Carotters 
in our issue of July 4 last, page 1, would seem to 
provide the means for at least an approximate 
mathematical analysis of such observations should 
they ever be carried out. 

The president had also much of interest to say 
regarding the peculiarities of the London clay, the 
prevalence of which has alone made commercially 
practicable, the construction of the tube railways. 
Apparently like the little girl of the familiar rhyme : 
‘*when this clay is good it is very good, but when 
it is bad it is horrid.” It varies enormously in 
quality. In parts it is so stable that the metal 
lining might have been dispensed with, whilst else- 
where it is so plastic that a hole made in it by a 
rod will close up in the course of an hour. More- 
over depressions filled with water bearing gravel, 
mud or other unsound materials occur so capriciously 
that little reliance can be placed on the indications 
furnished by bore holes. 

It is curious to learn how the standard inside 
dimension of these tubes originated. It appears 
that this particular dimension of 11 ft. 8} in., arose 
as accidentally as the standard gauge for railroad 
track of 4 ft. 84 in. It was originally intended to 
construct one of the pioneer tubes with an inside 
diameter of 11 ft. 6in., but after the contract was 
let, the traffic department wanted a little more 
clearance for the vehicles to be used. All that 
could then be conveniently done, was to pare down 
the width of the internal flanges of the cast-iron 
lining, with the result that the odd dimension thus 
derived became standard for all subsequent con- 
struction. 

The president had much of interest to say on 
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the increasing street congestion of the Metropolis, 
pointing out that as matters stand in the City to-day 
Shanks’s mare once again provides the most rapid 
means of short-distance transit. Fortunately, 
this holds good over limited areas only, and is no 
doubt largely attributable to the narrowness of 
the streets in the central districts, although at 
certain times of the day matters are nearly as bad 
along Piccadilly. Unless remedial measures are 
taken, however, it seems certain that the hmits of 
the super-congested areas will extend, and in this 
connection it is interesting to note that Mr. Mott 
takes a more favourable view of Sir Alfred Yarrow’s 
ingenious scheme that has been expressed by 
certain other authorities. Sir Alfred Yarrow, it 
will be remembered, proposed, at the worst cross- 
ings, to carry one line of traffic over the other on 


life and work, but to the social system. 
it seems, is the kingdom of heaven to be within us, 
but in the system under which we work. 


work happily under these cireumstances—com- 


‘plaining, no doubt, as one complains about the 
-weather, but still finding life well worth living. 
‘It is all a matter of character and resolution, and 


men worthy of the name can rise superior even to the 
depredations of the tax-gatherer. A man who works 
and is deprived of two-thirds of his earnings is better 


off than one who rusts away under restricted 
working hours. 


It is difficult to persuade some people to see 
matters in this light. They have been hypnotised 
by catch-phrases into the belief that their un- 
happiness is due, not to their own attitude towards 
No longer, 


Scepticism 


in the face of such a claim is at least justifiable. 
“Tisn’t life that matters! “Tis the courage you 
bring to it”? says a character in a recent novel ; 
and one may add that it is not any particular social 
system, but what we choose to make of it that 
counts. And the making is never an accomplished 
fact ; it goes on for ever, an endless becoming as 
the result of endless striving. Such truths are 
frequently overlooked, just as in the world of 
sport it is too often forgotten that the object of a 
game is to play it, not to win it. No amount of 
tinkering with the social system can produce a 


an elevated roadway. Mr. Mott suggests that it 
might be preferable, in some cases, to provide an 
underground rather than an overhead crossing, 
and thinks that Hyde Park-corner would be the 
best site for a first test of the value of the scheme. 
He estimates the cost at 150,000/. This, no doubt, 
is a large sum, but it seems certain that any effec- 
tive relief of the traffic congestion must necessarily 
involve considerable capital expenditure. 


THE WORKING DAY. 

Many people think that the shorter their working 
day the healthier, happier and better off they will 
be. They will, it is said, have more time for 
recreation and self-development. Yet such as- 
sumptions are contrary to all human experience. It 
is notorious that hard-working men and women are 
commonly the healthiest and happiest. The man 
who works, and works hard, has hope; and he who 
has hope has the greatest boon of existence. Even 
where it is “hope deferred’ he is still better off 
than those who experience the discontent and even 
despair of idleness. 

Moreover, your busy man can nearly always 
find time both for extra work, and recreation ; 
whereas the man with most leisure is commonly 
the greatest idler, puffy in mind and body through 
lack of thought and exercise. It may be said 
that previous generations had unhappy experiences 
of longer working hours. But no one now advocates 
a working day which imposes undue hardship. 
Moreover, unhappiness was the result not so much 
of the long hours as the conditions of employment, 
conditions which, it may be stated, were improved 
without nationalisation and long before politicians 
interfered so much with industry. If spokesmen 
for the workers would only concentrate on reason- 
able proposals for still further improving conditions 
of work, instead of advocating shorter working 
hours, they would not only find their efforts backed 
by a great fund of good-will among employers but 
would be doing the classes they claim to represent a 
service instead of an injury. 

Another common fallacy is that happiness is 
only to be found in attainment. It is assumed that 
if men had this, that or the other thing, then indeed 
all would be well with their world. Given wealth, 
socialism or anything else which is at present beyond 
their reach, how blessed would be their lot! Such 
an attitude betrays the grossest inability to make 
sound deductions from experience. Happiness is 
found not in the goal but in the getting there. 
ever rung of the ladder men reach, they restlessly 
desire to step on to the next. It is too often for- 


gotten that to gain an object is to lose the hope’ 


which has hitherto spurred us on; and that our 
greatest happiness thereafter—next to finding some 
new focus for our endeavours—lies in fighting over 
again the battles we encountered on the way. 
Achievement in the material sense may 
money to invest, but no stockbroker can find us a 
better investment than striving, which yields a 


our own industry. 
It may be said that men seldom receive the 


full reward to which they are entitled, and that] electron was at a high potential ; assuming the 
It is probably true that 
none of us get what we are worth—or what we think’ 


Even what we get is taken away, 


this destroys incentive. 


we are worth. 
from us to an increasing degree by taxation and 
such like means. 


| the surface. 


What | 


mean | 


better world so long as men fail to “ play the game ” 


in their working hours, putting forth their utmost 
effort for sheer joy in the striving. Only so, and 
not in “ ca’ canny ” and in a miserably inadequate 
working day can we expect to secure peace of mind 
and abiding happiness. 


ELECTRICAL PRECIPITATION. 


THE problems of “ Electrical Precipitation,” on 


which Sir Oliver Lodge discoursed in the seventh 
lecture on 
Institute of Physics on October 29, were first 
investigated in connection with smoke abatement 
and meteorological phenomena. 
led to very practical ends, and dust and fumes are 
being precipitated in installations all over the world 
to stop nuisances as well as to recover valuable 
products hitherto wasted. 
encouraged Sir Oliver to revert to the possibility of 
a control of atmospheric precipitation which was 
given up as hopeless in the early days of his re- 


“Physics in Industry,’ before the 


That work has 


The success realised has 


searches. Sooner or later those questions will be 
attacked. To understand the nature of the problems 
we had best follow Sir Oliver’s exposition. 

Every water globule, being eighty times as heavy 
as air, falls with a velocity depending upon its 
bulk and upon the air resistance which varies with 
Large drops do not fall as rapidly as 
Stokes’ law requires, because they flatten out 
until broken up. The fine globules do not reach 
the earth because their convex curvature favours 
evaporation, while concave curvature promotes 
condensation ; hence moisture condenses in the 
interstices of woollen fabrics, and our clothes become 
damp before the dew point is reached on a flat 
surface. The coalescence is assisted by electricity ; 
but how, is not quite understood yet, In Arm- 
strong’s hydroelectric machine, drops of water or 
mist must rub over a solid surface to become 
electrified. Dry steam and dry gases will not do ; 
steam must be condensed into a visible cloud. Any 
two surfaces rubbed together become electrified by 
friction. The theory of electrons, Sir Oliver 
remarked, has illuminated the process to a certain 
extent, but does not fully explain it. 

When two surfaces were brought into contact 
electrons were transferred across the junction, and 
when the surfaces were separated again and the 
capacity was diminished, high potentials were set 
up. Between two metals in contact, a few electrons 


| could easily cross ; across junctions of two insulators 
percentage in hope and pleasure limited only by | 


enormous numbers of electrons could be forced, but 


| the exchange might require violent rubbing. The 


high potentials were not surprising. Any isolated 


ordinary electric law to hold, an isolated electron 


|would carry a potential of 5,000 electrostatic 


units or 1,500,000 volts. The outlying electrons 


|linking the atoms together might easily be trans- 
Yet still we find men who ¢an | 


ferred, being common property for the instant. 


To which atom or body they would adhere after 
separating. was questionable; any minor factor, 
difference in surface roughness or in colour, might 
cause preponderance of transfer in one direction, 
and the electron might not adhere to either body, 
but be carried away by a puff of air. When two 
similar substances were rubbed together and then 
separated, a blast of air between them might become 
electrified, Sir Oliver thought, if contact had been 
close enough to cause adhesion. 

The converse of that separation or decoherence 
was cohesion under electric stimulation. When 
two drops of water or mercury, came into so- 
called contact, there was usually a separating film 


‘of grease or oxide or air that had to be squeezed 


out. For a very feeble electromotive force, the 
surfaces remained insulated from one another; 
we had a “bad joint,” the apparent capriciousness 


of which gave a great deal of trouble to radiotele- 


graphic experimenters. A bad joint was an insulator 
for anything below a minimum potential difference, 
and a conductor for anything above it, until its 
cohesion was broken up again by some tremor or 
electric fluctuation. A bad joint did not obey 
Ohm’s law; it was a veritable discontinuity with 
laws of its own. 

When a pool of mercury was cut in half by a 
slightly greasy knife, the two halves remained 
separated ; but they re-united on being joined to a 
Grove cell. Similarly, two jets of clean water 
impinging at an angle would not unite, and the 
jet of water issuing from a nozzle dissolved into 
drops which remained separate. But the applica- 
tion of a potential of a volt or two made the drops 
coalesce and fall in blobs like the rain of a thunder- 
storm. Sir Oliver had shown this at the Montreal 
British Association meeting of 1884. To electrify 
the jet he brought a rubbed stick of sealing wax 
within a yard of it; if the stick were brought too 
near to the jet, electric repulsion between the drops 
would disperse the jet. He also found then that 
the infinitesimal globules of a mist would condense 
into rain drops when electrified. Robert Helmholtz 
(the son of Hermann Helmholtz) observed that the 
cloud of a steam jet from a kettle, looking white 
in the lantern beam, would darken if electricity 
were discharged into it. 

All that was evidently electric precipitation, 
analogous to “‘ natural atmospheric precipitation ; ” 
but what was the cause of the millions of volts in a 
thunderstorm ? Solar radiations responsible for 
aurore could not account for local thunderstorms. 
Electrification by friction between water drops and 
air had often been suggested. Lenard had observed 
that the spray at the bottom of a waterfall was 
electrified. The effect was weak, however, and 
friction between water and air did not appear to 
be sufficient. In 1907 Dr. G. Simpson (now direc- 
tor of the Meteorological Office) demonstrated that 
the mere breaking up of water drops by ascending 
air currents, which were extraordinarily strong 
during thunderstorms, resulted in electric charges, 
the water becoming positive, the air negative. Sir 
Oliver was ready to accept the suggestion ; it was 
hardly to be expected theoretically, but there were 
no contradictory experiments, To understand it we 
had to look at the phenomena from the point of 
view of the electric influence of cohesion. 

Passing to “artificial precipitation,” Sir Oliver 
said that he and the late Mr. J. W. Clark had 
started their experiments in Liverpool in 1882 
from the observation that the air rising from 
a warm water pipe appeared to be surrounded by 
a dark space, when illuminated by a strong beam, 
It had been known that the air stream rising 
from a hot poker or a burning spirit lamp looked 
black in strong light, and Tyndall had suggested 
that the solid dust particles, without which the 
beam would be invisible, were burnt out by the 
flame. But Rayleigh found that slight differences 
in temperature would set up dark currents. The 
dust carried by the warm currents settled on 
colder spots of walls and ceilings. The particles 
concerned, Sir Oliver ascertained, were very small, 
and they were kept away from the warm body by 
molecular bombardments. When the warm body 
was an electrified rod, the dark space expanded. 
They then electrified the smoke of oxide particles 
from a burning magnesium wire, confined in a 
bell jar, by the brush discharge from a needle 
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joined to one terminal of a Wimshurst machine. 
The smoke was rapidly cleared; the particles 
adhered to one another in long threads radiating 
from the needle point or settled on the wall. 
When the jar was filled with steam, the globules 
coalesced and came down as a fine rain. Later 
on Sir Oliver learnt that similar experiments on 
the electric brush discharge had been made by 
Hohlfeld in Leipzig in 1824. 

At Liverpool they next tried to dispel fog by these 
means, and Mr. Alfred Walker attempted to settle 
the dust from lead works in North Wales. But 
the technical difficulties of high-tension alternating 
eurrent generation, rectification and insulation, in 
those days frustrated the experiments. They were 
Jater resumed by Sir Oliver, his son, Mr. Lionel 
Lodge, and his assistant Mr. Robinson. Mean- 
while Dr. F. G. Cottrell had been working on 
similar lines, and had been able to apply his process 
in smelting works on a large scale, while the 
Lodge Fume Deposit Company was started in this 
country. There was further friendly competition 
by Dr. Moeller’s process of the Metallbank und 
Metallurgische Gesellschaft, of Frankfurt. About 
200 plants were now in operation all over the 
world for precipitating metal and acid fumes, 
blast-furnace dust, and dust generally. The 
pressures of 100,000 volts naturally required 
yery special insulation and safety appliances. 
Particulars of such installations were given in our 
issues of October 1, 1920, dealing with blast- 
furnace gas purification at the works of Messrs. 
Hutchinson and Bury at Skinningrove; while in 
that of January 28, 1921, the precipitation of 
sulphuric acid fumes at the R.N. Cordite Factory 
at Holton Heath was dealt with. At the tin- 
smelting works of Messrs. Williams, Harvey and 
Co., near Bootle, tin oxides fumes, smoke and 
other solids which were deposited had paid for the 
electrification over and over again. Precipitating 
efficiencies of 95 per cent. and more were attained, 
gases of 600 deg. C. could be treated, and 3 kw. 
hours would deposit 18 tons of matter, but every 
material required a special treatment. 

Returning to natural and artificial precipitation, 
Sir Oliver said it was not the fashion now to leave 
Nature alone, but attempted to encourage and 
supplement her. We still supplicated the Higher 
Powers for the production or limitation of rain 
instead of setting to work and seeing what we could 
do ourselves. This problem was large and difficult, 
but it would be tackled now or by posterity. Ex- 
periments might fail, but they might give a clue, 
The greater part of the world suffered from 
drought, though that might sound strange this 
year. Clouds appeared even in deserts, but dis- 
persed again without precipitation. Why not elec- 
trify them or parts of them to different potentials ? 
Success awaited those, possibly of a future genera- 
tion, who could put up with ridicule. Obstacles 
were rarely as insuperable as they appeared. 


THE BREWERS’ EXHIBITION. 


THERE can be no doubt that participation in 
trade exhibitions is now recognised as an essential 
part of the selling organisation of any business. 
When these shows are held annually they not only 
provide the means of enabling the people in the 
trade to renew acquaintance with the standard 
products of any specific organisation but also make 
possible an estimate of yearly progress. The 
presentation within the same building of machines 
for the same purpose, designed and constructed 
by different firms, is of great value to all in the 
trade, and shows the necessity to individual designers 
for greater efforts, if they are to keep abreast 
of the rival organisations. Trade exhibitions, 
though limited in scope, attract the attention, 

_ practically entirely, of the people in the industry 
and mere sightseers do not go in such numbers as 
to make it difficult for the producers and purchasers 
to become known personally to each other. One 
of the oldest of these annual trade shows is the 
Brewers’ Exhibition, the forty-first of which was 
opened at the Royal Agricultural Hall at Islington 

_ on Monday and remains open until to-night. 

_ The business of brewing is largely of a chemical 

and bacteriological nature but the plant used is 


of interest from an engineering standpoint, as ex- 
emplifying the 
of production 

trivances. Machinery for washing, filling, stoppering 
and labelling bottles takes many forms, each suited 
to specific types of work, and examples are shown in 


means of reducing the costs 
by the use of mechanical con- 


the exhibition which bear testimony to the skill 
of the designers in dealing with what are not always 
simple problems. Again, casks must be washed 
and handled with the expenditure of little manual 
labour if economy must be effected in working. 
Among the exhibits of such plant the “ Super- 
Goliath ” cask washer made by Messrs. G. Hopkins 
and Sons (Clerkenwell), Limited, of Holloway-road, 
London, is the most outstanding. This machine, 
which we described with many illustrations in a 
recent issue of ENGINEERING (see vol. cxvii, page 
367), is used for the washing and sterilising of all 
types of casks, both inside and out. The internal 
cleansing is performed with boiling water forced 
into the barrels by the use of nozzles which deliver 
only when the control valve is operated by the load 
of the cask on the valve lever system. For the 
series of operations, the barrels are lifted by a 
reciprocating frame from one nozzle to the 
next, and are kept in such positions as ensure the 
accurate registering of the hole in the side of cask 
with the nozzles. Four centrifugal pumps are 
coupled in series to put the water under suitable 
pressures for the work, and the arrangements are 
such that boiling water may be delivered to the 
casks without the troubles caused by airlocks in the 
system. 

Bottle-washing plant in great variety and of 
various capacities is another type of labour-saving 
machine which is exhibited. A fully automatic 
machine made by Messrs. L, Lumley and Co., 
Limited, of Letchworth, Herts, affords a good 
example of modern design. In this machine the 
processes which are performed are three in number, 
soaking and sterilising, brushing and _ rinsing. 
This machine was described early this year in 
ENGINEERING (see vol. cxvii, page 105). It is 
capable of dealing with 120 dozen bottles in an hour, 
and a conveyer is attached to it by means of which 
the bottles are conveyed to the filling plant. 

The Brewers’ Equipment Company, of Bishop- 
street, Birmingham, show a wheel type of bottle 
soaker. The wheel is fitted with an outside brush 
so that the inside part of the tank is cleared of 
labels and dirt, which would otherwise accumulate 
at the foot of the soaker, As it holds 65 dozen 
bottles at a time under water, each bottle has an im- 
mersion of over half-an-hour, when working at a rate 
of 120 dozen bottles per hour. 
drainer is arranged between the soaker and brusher. 
This returns the water to the soaker, sprays the 
bottles both inside and out and delivers them to the 
brusher part of the equipment quite empty. The 
brusher is fitted with many water injectors which 
supply fresh water to the bottles while they are 
being cleaned all over by carefully arranged 
brushes. The bottles are then placed upon the 
second or after rinser, which has long internal jets 
and the bottles, being held at the necks, are allowed 
free drainage. 

Among the other exhibitors who show bottle- 
washing machines, Messrs. Dawson Bros., Limited, 
of Ventnor Iron Works, Gomersal, near Leeds, may 
be mentioned. They show an automatic washing 
and sterilising plant which can deal with 200 dozen 
bottles per hour. In this plant the bottles are 
soaked in a strong cleansing solution and are auto- 
matically discharged into a clean water tank. A 
steam coil is provided in the soaking tank to 
maintain a suitable temperature for the work. At 
the delivery side of the machine there are two 
calvanised steel brushing tanks fitted with an 
improved brushing head. Another part of the 
equipment consists of a power-driven automatic 
rinser, which has 24 gun-metal bottle holders or 
rinsing cups. 

A complete refrigeration plant and sectioned 
cold storage cabinet for use where the requirements 
do not necessitate extensive plant, is shown by 
Messrs. Robert Boby, Limited, of St. Andrew’s 
Tronworks, Bury St. Edmunds. At one side of the 
cabinet, a cupboard completely houses the whole 
of the plant. The compressor is driven by an 
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electric motor which is situated beneath it. To 
allow easy starting of the electric motor the table 
on which it is mounted can be raised or lowered by 
a cam which is turned by hand lever. In this simple 
way the motor can be raised out of contact with the 
belt of the compressor and started free. Once it is 
running, the table can be lowered into position 
and the pulley of the motor brought into contact 
with the belt to ensure the drive to the compressor. 
Brine is cooled by being conveyed through pipes in 
the evaporator. This is conducted in the pipe system 
of the storage cabinet to keep the temperatures 
at the required values. Provision is also made for 
producing ice in a long, narrow and shallow trough, 
around which the cold brine is circulated. 

Messrs. Sulzer Bros., of 31, Bedford-square, 
London, show an electrically-driven rotary refri- 
gerating machine for use in association with a cool- 
ing chamber of 150 cub. ft. capacity or for ice- 
making. This is a self-lubricated plant which ‘is 
entirely automatic in action. Units of greater 
capacity than that exhibited are also manufactured. 
The motor is installed on a platform at the top of 
the plant and drives the rotary compressor directly. 
Underneath, the evaporator is located, and the 
cooling coils are connected to a header at the foot. 
These cooling pipes are vertical and mounted in a 
circular row forming a cage, and they are all con- 
nected at their ends to a ring header. 

An interesting example of machinery for the three 
purposes of introducing syrup into bottles, filling 
and crowning, is shown by Messrs. Bratby and 
Hinchcliffe, Limited, of Sandford-street, Ancoats, 
Manchester. The three separate machines are built 
up on one set of girders, and are fed with bottles 
quite automatically from a straight length of con- 
veyor. The syrup plant works with a gravity feed 
and has twelve filling heads, while the filling machine 
is of the rotary counter pressure type and has 24 
heads. As a complete unit the machine is capable 
of dealing with a bottle every second. 


THE LATE SIR PERCY TEMPEST. 


WE regret to record the death of Sir Percy 
Crosland Tempest, K.B.E., who was for so many 
years associated with the engineering work of the 
South Eastern and Chatham Railway. Sir Percy 
Tempest was born in Leeds on February 24, 1860, 
and was therefore in his 65th year at the time of 
his death, which took place at his residence on 
Monday last, after a very brief illness. He received 
his early education at the Leeds Grammar School, 
and at the age of 17 was articled for a term of 


Engineer of Leeds. On the completion of his 
indentures he entered the service of the London and 
North Western Railway Company, and acted for 
about 18 months as an assistant engineer in con- 
nection with the construction of a loop line from 
Leeds to Wortley. In 1881 he came south and 
joined the engineering staff of the South Eastern 
Railway under Mr. Francis Brady, acting as resident 
engineer from 1891 to 1895 on the construction of 
the Bexley Heath line, a double track from Black- 
heath to Dartford. Jn May, 1895, he was appointed 
resident engineer to the South Eastern Railway. 
On the amalgamation which resulted in the forma- 
tion of the South Eastern and Chatham Railway 
Company in 1899, Mr. Tempest, as he then was, 
was given the post of Chief Engineer, and in April, 
1920, he was appointed General Manager and Chief 
Engineer in succession to Sir Francis Dent. When 
the recent great railway amalgamations came into 
effect and the South Eastern and Chatham Company 
was merged in the Southern Railway Company, 
Sir Perey Tempest: acted as joint General Manager 
with Sir Herbert Walker until his retirement last 
year. His great experience of continental traffic 
naturally interested him in the Channel Tunnel 
Scheme, and for the past eight years he has acted 
as chief engineer to the Channel Tunnel Company. 
The consistent rejection of the project by the 
Naval and Military advisers of the Government, on 
grounds of national defence, and the lack of en- 
thusiasm amongst the general public for any closer 
connection with continental nations did not shake 
his belief in the ultimate construction of a tunnel 
under the Channel, and last year he issued a memor- 
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andum in which he estimated that the total cost 
of construction would be 29,000,000/. and that the 
work could be carried out in three years. During 
the war Sir Percy Tempest acted as agent for the 
Northern Railway of France and for the Belgian 
State Railways, purchasing large quantities of rails, 
bridge material and other equipment on their 
behalf, and he also carried out extensive railway 
and civil engineering works in connection with the 
military base at Boulogne. For his war services 
he was awarded the C.B.E. in 1918 and was 
promoted to K.B.E. in 1923. He also received the 
Cross of the Order of Leopold of Belgium. Other 
foreign distinctions conferred upon him were the 
orders of a Chevalier of the Legion d’Honneur and 
of a Knight of the Order of the Dannebrog. 

It was during Sir Percy Tempest’s tenure of 
office as Chief Engineer to the South Eastern 
Railway that the serious accident occurred at Char- 
ing Cross Terminus, when several bays of the old 
arched roof which used to span the station collapsed 
and fell. He, himself, remained on the station all 
night and superintended the difficult and dangerous 
work of staying the remainder of the roof, to prevent 
further disaster, and it was due to his courtesy that 
we were able to give an accurate account of the 
accident in our issues of December 8 and December 
29, 1905, and subsequently illustrate the details 
of the new roof with which the old one was replaced. 

Sir Perey Tempest was elected an Associate 
Member of the Institution of Civil Engineers in 1886 
and was transferred to full membership in 1897. 


THE LATE MR. D. W. HOOD. 


Ir is with great regret that we announce the 
sudden death, at the early age of 50, of Mr. David 
Wilson Hood, Engineer-in-Chief to the Corporation 
of Trinity House. Mr. Hood, whose physique would 
have led one to imagine that he was destined to 
enjoy a very considerable lease of life, died quite 
unexpectedly of heart failure on the 29th ult., at 
his residence at Hampstead. 

Born on March 18, 1874, David Wilson Hood was 
the son of the late Mr. J. Hood, J.P., of Lilliesleaf, 
Roxburghshire. His early education was carried 
out at Daniel Stewart’s College, Edinburgh, after 
which he attended the Heriot Watt College in that 
city and was pupilled to the well-known lighthouse 
engineering firm of Messrs. D. and C. Stevenson, 
a name as familiar to the reading public through 
the several Lives of Robert Louis Stevenson, as 
its reputation is in professional circles, through 
its long engineering connection with the Com- 
missioners of Northern Lighthouses. 

Mr. Hood remained with Messrs. D. and C. 
Stevenson until, in 1895, he was 21 years of age, 
when he entered the service of Trinity House. Sir 
Thomas Matthews, M.Inst.C.E., was then chief 
engineer, from which post, after a long record, he 
retired in 1915, being still, we are glad to say, in 
the enjoyment of the leisure he so well earned. 
Under Sir Thomas, Mr. Hood was first of all engaged 
as civil construction assistant on the preparation of 
plans, specifications and quantities for new light- 
houses. For a long while subsequently his duties 
involved visiting lighthouse works in progress under 
contract, such as Pendeen (Cornwall), Dungeness, 
Portland Bill, Strumble Head, and others, as well as 
fog signal stations, &c. In addition to his duties in 
connection with the Corporation of Trinity House, 
he did a great deal of work connected with the 
Colonial and India Offices, the Admiralty and the 
Board of Trade, for whom a considerable number of 
lighthouse improvements were carried out by 
the engineers department of Trinity House. 
Mr. Hood not only designed but supervised 
construction and carried out the final inspection 
for lighthouse apparatus constructed both in 
English and French works. 

In 1904 on the recommendation of the Elder 
Brethren, Mr. Hood was deputed by the Board of 
Trade to advise on the conditions at the Falkland 
Islands, and following on his report the Cape 
Pembroke lighthouse was constructed. Again in 
1909 he was recommended to the Government of 
India and was appointed a member of a commission 
charged with the preparation of a scheme for the 
establishment of lighthouses and the construction 
of other works in the Persian Gulf. 


On Sir Thomas Matthews’ retirement in 1915 
Mr. D. W. Hood was appointed to the position of 
engineer-in-chief, and rendered the Corporation 
very valuable service in a period full of interesting 
developments. The war greatly complicated the 
lighting and beaconing arrangements on the English 
coast, and Mr. Hood took up his enlarged duties 
just as this difficult period was commencing. ‘That 
he carried through the work satisfactorily is evi- 
denced by the fact that he was subsequently awarded 
a C.B.E. The later years of the war, and the 
period which has elapsed since have seen probably 
more rapid development in lighthouse and fog 
signalling practice than any previous period of 
similar length. During Mr. Hood’s connection 
with Trinity House wick lamps have dropped out of 
use, their place being taken first by an incandescent 
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burner developed by Sir Thomas Matthews, and 
later by an auto-form mantle burner designed by 
Mr. Hood. This burner was devised to reduce main- 
tenance troubles and costs which had so increased 
during the later stages of the war as to make a 
satisfactory service a matter of much difficulty. The 
Hood burner and the earlier developments which led 
up to it were fully described in ENGINEERING in 
1922 (see vol. cxili, page 541), and we understand 
that further experience with it has been found 
to confirm all that we then said of it. The 
burner is a very substantial piece of work, while its 
intrinsic brightness is double that of the previous 
standard collodian mantle type. 

To the optical side of his work, Mr. Hood had a 
devoted interest, introducing a number of improve- 
ments in which he took advantage of the latest 
developments. He was responsible for the adoption 
on a considerable scale of dissolved acetylene on 
light vessels and buoys, one of the most important 
applications being made originally for an un- 
watched light at the Lune Deep in Morecambe Bay. 
This was described by Mr. Hood in a contribution 
presented to the 1923 International Congress of 
Navigation. It is now to be placed on the Cork 
Light vessel. At the present time about 40 lighted 
buoys are supplied with dissolved acetylene, the 
standard arrangement being for a capacity sufficient 
for 12 months’ lighting without recharging. In cases 
in which the consumption is high, and periodical 
attention possible, questions of cost recommend 


the generation of acetylene on the spot, and under 
Mr. Hood’s direction this system has been adopted 
for certain lighthouses. Where continuous watch 
is kept, it is still found the best practice to adopt 
paraffin oil as the illuminant, the Hood burner 
being now the standard for use with this. Electricity 
owing to the cost of the attendance necessary, has 
hitherto not proved practicable for isolated lights, 
though recently the South Foreland lighthouse has 
been converted to use this source of light, the current, 
however, being supplied by the Dover Corporation. 
The light uses an 114-in. bulb 4-kw. gas-filled lamp 
of 8,000 standard candle power. 

Mr. Hood was much interested in the question 
of the development of lights for facilitating aerial 
navigation and devised several arrangements com- 
bining maritime and aerial lights in the required 
graduation of power. 

Developments in fog-signalling have also con- 
tributed to the changes made in recent years. 
A number of improvments in connection with 
bells have taken place under Mr. Hood’s direction. 
The most interesting relate to the striking of such 
bells by means of stored CO, under pressure. 
A battery of cylinders sufficient for 12 months’ 
working is fitted on some of the gas boats, the 
gas acting on the underside of a diaphragm which 
operates the hammer. Submarine bells are also 
now worked by CO, or air at a pressure of about 
15 1b. In another type of submarine bell electricity 
is used, generated on shore in conjunction with 
fog-signalling compressor plant. 

For the latter oil engines are used, the most 
recent installation—namely, that at Pendeen 
Lighthouse, Cornwall—comprising 48-h.p. semi- 
Diesel engines by Messrs. Morris, Henty and 
Gardner, direct-coupled to Reavell compressors of 
350 cub. ft. of free air per minute capacity. As 
regards sound signals the latest development under 
Mr. Hood was the installation of diaphones at the 
Caskets Lighthouse off Alderney. Observations 
have shown these to give a signal superior to the 
syren, owing partly to the sharpness with which it 
commences and ceases, but this superiority is not 
apparently maintained under all conditions. 

In connection with electrical improvements 
during recent years Mr. Hood’s department has 
been responsible for experiments in synchronous 
signalling, and for the introduction of wireless 
telephonic communication between light vessels 
and the shore, as well as interested in direction 
finding and giving. From comparative simplicity 
lighthouses and light vessels have in recent years 
acquired quite complicated forms, with a consider- 
able amount of mechanical plant. It is true that 
in many instances attendance has been reduced 
or abolished, but this has involved a rather more 
complex form of organisation and service, so that 
though the service itself is more efficient and more 
nearly perfect and relatively less costly, the im- 
provement has been brought about by having 
recourse more to mechanical and scientific aids. 
In this work Mr. Hood was in his element, and 
his interest in the perfection of installations of 
innumerable types was very keen. He was ever 
ready to consider and try out thoroughly advances 
which gave promising indications. 

In the course of the past year Mr. Hood visited 
the West Indies to report on improvements in 
lights in those waters. He was elected an associate 
member of the Institution of Civil Engineers im 
1900, becoming a full member in 1910. 

The funeral took place at Mill Hill on Saturday 
last, when a memorial service was also held at 
St. Olave’s, Hart-street, E.C. 


Spanisa Nava Construction.—The destroyer Aleedo, 
of the 1915 building programme, has been completed 
and handed over to the navy. Her characteristics are : 
Displacement, 1,145 tons; length, 283 ft. ; horse-power, 
33,000 ; speed, 34 knots ; armament, three 4-in, and two 
12-pounder anti-aircraft guns ; four 21-in. torpedo tubes. 


Faciuities ror Stupy or Empire Resources.—The 
decision of the six great steamship lines engaged in the 
passenger service to Australia and New Zealand, to grant 
eight free first-class return tickets yearly to university 
graduates, desirous of studying problems connecte' 
with the utilisation of the resources of these countries, or 
of holding temporary teaching posts in them, is to be 
highly commended, The selection of the recipients will 
rest with a committee of the University Bureau of the 
British Empire. 
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NOTES. 
An Exectric Harmonic ANALYSER. 


In a paper read before the Institution of Electrical 
Engineers last evening, Messrs. J. D. Cockcroft, 
R. T. Coe, J. A. Tyacke and Professor Miles Walker 
described a purely electrical method of determining 
the various harmonics which build up the wave- 
form of alternating currents and voltages. The 
method is based upon suggestions made many 
years ago by the late Professor John Perry, who 
pointed out that the reading of a watt meter of 
the dynamometer type depended upon the average 
yalue of the product obtained in multiplying the 
strength of the current in the one coil by that 
inthe other. Hence, if one of the coils was traversed 
by a pure sine wave current, and the other coil 
by a complex wave current, the reading of the 
instrument would be proportional to the Fourier 
coefficient of the corresponding harmonic of the 
complex wave. By prolonged experiment the 
authors of the paper have succeeded in practicalising 
this suggestion, and in producing a portable instru- 
ment which will give all the Fourier coefficients 
up to the 23rd of any alternating current or voltage 
with a maximum error of well under | per cent. 


THe Soviet Navat BuinpiIng PROGRAMME. 


It has been known for some time past that the 
Soviet Government has been making efforts to re- 
organise its naval forces. During the last two 
years manceuyres have been carried out in the 
Baltic which, though they have proved that the 
ships and personnel are in a poor and inefficient 
condition, have none the less, done something 
towards reinstating the old Russian Navy. The 
Russian Government has now published what pro- 
fesses to be an approved building programme, which 
is to be completed in the next seven years. Two 
cruisers of 3,000 tons, four destroyers of about 
1,000 tons, and eight coastal motor boats are to be 
built at the Putilov works for service in the Baltic ; 
four cruisers, eight destroyers, and eight submarines, 
of the same type are to be built for the Black Sea; 
two armed gunboats of 1,000 tons are to be put into 
service in the White Sea; and four in the Pacific. 
The cruisers are to be armed with six 6-in. and four 
2-9-in. guns, and the destroyers with four 4-in. 
guns. It is most doubtful whether the programme 
will be completed in the time stated; but the 
decision to undertake it is interesting, and the 
steps taken for giving effect to it will be well worth 
watching. 


5,000,000 Cusic-Foor PassENGER AIRSHIP FOR 
THE BRITISH GOVERNMENT. 


On Wednesday last, during a visit of Mr. J. H. 
Thomas, Colonial Secretary in the late Government, 
to the River Don Works of Messrs. Vickers Limited, 
Sir Trevor Dawson announced the fact that the 
firm had recently signed a contract for the con- 
struction of a rigid airship of 5,000,000 cub. ft. 
capacity, to the order of the British Government. 
The length of the hull will be 695 ft., and the maxi- 
mum diameter 130 ft., the gas being contained 
in 1] separate bags. With the capacity mentioned, 
the airship will have a gross lift of 152 tons, while 
the disposable lift will be 75 tons. She will be 
propelled by seven 550-h.p. engines of a new type, 
using kerosene as fuel, her contract speed being 
70 miles per hour. At that speed the airship will 
have a range of 2,500 miles, allowing for a fuel 
consumption 50 per cent. in excess of still-air 
requirements. She has been ordered by the Govern- 
ment to be finished as a passenger ship, and. will 
have accommodation for 120 passengers and 12 tons 
_ of freight. When completed, in September, 1927, 
she will be used for experimental flights from this 
country to India, with one intermediate stop in 
Egypt. If successful, the vessel will, no doubt, 
be the forerunner of a high-speed regular airship 
service to India, with probable extensions later to 
Australia. Perth, it is interesting to note, would 
then be within eight days of London, assuming an 
average speed of 50 miles per hour. It may also 
be added that, if used for military purposes, the 
vessel could carry a load of 20 tons of bombs a 
_ distance of 4,200 miles at 70 miles per hour, or 
6,500 miles at 50 miles per hour, and if used for 
Scouting purposes without a load, she could cover 


9,000 miles at the lower speed. The airship will 
be built at Howden, Yorkshire, where the company 
have secured two large sheds originally forming 
part of the Admiralty airship station there. 


THe OILFIELDS of ARGENTINA. 


After desultory prospecting in Argentina since 
1885, the first important strike of oil occurred at 
Comodoro Rivadia, in 1907. Later, innumerable 
indications of oil, asphalt, rafaelite (a pitchy material 
like the manjac of Barbados) were found in localities 
from Punta Arenas, on the Straits of Magellan, 
right up to the extreme north of the country, over 
a distance of 1,500 miles; in the south near the 
Atlantic, and further north near the Andes. At 
Comodoro, in Patagonia, oil was struck at 535 m. 
depth, when orders for discontinuing drilling were 
already on the way. The Government first made 
the field a reserve but when part of the field was 
freed, over-speculation again necessitated restric- 
tion. The Fauck system was first used. Mr. 
Campbell Hunter, who read a very instructive 
paper on “ The Oilfields of Argentina,’ before the 
Institution of Petroleum Technologists, last Tues- 
day, introduced a modified rotary system, which 
had given excellent results, reducing the time 
of drilling a well from twelve months to two months. 
The conditions which he described are peculiar. In 
the shales and clays the oil sands occur in lenses, 
6 ft. thick and less, together with water and gas, 
the gas being quite dry. Cable drilling tools 
proving unsuitable, Mr. Hunter combined the Fauck 
beam with hollow rods through which he forced 
a thick mud, reversing the flush to obtain a 
succession of good cores; he thus avoided. in- 
advertent drilling through oil sands into water- 
bearing strata. The Comodoro oilfields, which are 
quite close to the Atlantic shore, yielded in 1923, 
527,629 tons of oils, and have altogether given 
2,478,413 tons, 2,100,000 tons of which came 
from the Government reserve. The oil is low in 
light spirit, but a very good fuel oil. That is very 
important for Argentina, which has little coal, and 
the oil search was therefore pushed on during the 
war. Another important field was then found in 
the province of Neuquen, south of Mendoza. The 
oil there is quite different, giving 25 per cent. of 
petrol and 39 per cent. of kerosene. There are also 
rich veins of rafaelite. The occurrence of this oil 
field is geologically interesting, because it is in the 
Jurassic, which is generally little productive. The 
Cacheuta oilfield, further north, near Mendoza, the 
oldest exploited in Argentina, also gives an excellent 
oil, and there are thick layers of finely-laminated 
black shales in the district. Other important finds 
have been made in the Salta-Jujuy district, near the 
Bolivian frontier, where again a superior fuel oil, 
resembling the Comodoro oil, is mined. How far 
the oil beds extend east of the Andes is not known 
yet. Mr. Hunter considered the prospects of 
developing the oilfields of Argentina, especially at 
Neuquen, as very promising. At Comodoro, it was 
mentioned during the discussion, the average life 
of a well is four years, and 48 per cent. of the oil 
is brought up during the first year, only 8 per cent. 
of the total mined being produced after the first 
four years. 


Lonpon TRAFFIC. 


The subject of London traffic has been much to 
the fore lately, having been dealt with during the 
past week both by Mr. Basil Mott, in his presidential 
address before the Institution of Civil Engineers, and 
by Mr. A. E. Bassom, in a paper read before the 
Institute of Transport. The same topic, it may be 
remembered, formed the subject of Sir Lynden 
Macassey’s presidential address delivered before the 
latter body about three weeks ago. As might have 
been expected, Mr. Bassom’s paper dealt largely 
with statistics relating to the growth of traffic and 
the delays caused by congestion. The author 
opened with a review of the law bearing on the 
subject and advanced a strong plea in favour of the 
unification of regulations, so that in these days, when 
street traffic has ceased to be of a local character, 
drivers shall naturally be familiar with and able to 
observe local regulations without special instruction, 
save when exceptional circumstances arise. In any 
step taken in this direction Mr. Bassom also suggested 
that existing powers might be revised and a number 


of anomalies removed. For instance, he pointed out 
that in some cases, although the unloading of coal 
is restricted, coke may be unloaded at any time ; 
similarly casks of wine and beer are subject to regu- 
lation, but equally awkward and heavy crates and 
cases can be unloaded without restriction. Again, the 
police have certain powers of which they are able to 
make use within the 6-mile limit, but equal powers 
are not available to deal with congestion at many 
notorious points only slightly fartherout. Mr. 
Bassom showed how traffic on all roads has increased, 
with a cumulative effect on that flowing to and 
through the towns. His statistics are too numerous 
to quote, and we can only recommend those interested 
to refer to the Institution’s Journal, where they will 
be able to study them in detail. Figures are given 
to show the density of traffic at a number of points, 
with comparative statistics for other towns and for 
cities abroad. All these seem to point to London 
being the worst example of traffic congestion in 
existence, though many of the causes are felt in 
other places. The author gave abstracts of reports 
from typical towns, and it is interesting to note that, 
in these, tramways are more frequently cited as 
contributing to congestion than other causes. The 
indiscriminate stopping of private motor-cars in 
shopping districts is another. Some interesting 
figures are presented showing the working time 
lost by traffic delays at typical points in London, 
and put in this way it will easily be realised that 
a very heavy standing charge exists inimical to 
business, which would warrant the expenditure of 
considerable sums for the purpose of reducing 
this loss. Mr. Bassom referred to the American 
system of controlling traffic by holding up the 
flow at all crossings in one direction simultane- 
ously over a distance of several miles. While 
this may be possible with equally-spaced blocks, it 
is difficult to see how it would work out with an 
irregular arrangement of streets, and would hardly 
appear to be applicable to our conditions. As 
regards remedies, it is suggested that one-way traffic 
would help, but that more alternative routes should 
be opened up; parking places off the busy streets 
should be provided for light and heavy vehicles ; 
unloading and loading of packages should be 
expedited; certain classes of traffic should be 
segregated, &c. The London Traffic Act of 1924 
makes it possible for the first time to regulate, to 
some extent, the motor omnibus traffic, and the 
owners of such vehicles will in future have to run 
their vehicles to specified schedules and in a 
definitely organised service. This may be expected 
to limit, to some extent, the running of irregular 
services intended only to take the cream of the 
traffic at particular times. These new regulations 
are now in force. 


THe Royat Instirution.—The Christmas lectures 
this year will be delivered by Frank Balfour Browne, 
Lecturer in Zoology (Entomology) in the University 
of Cambridge, the title being ‘‘ Concerning the Habits 
of Insects.”’ 


SPECIFICATION FOR ELECTRIC RESISTANCE MATERIALS. 
—The British Engineering Standard Specification for 
Metallic Resistance Materials for Electrical Purposes 
No. 115, 1924, has now been issued after recent revision. 
Important changes have been made in the regulations 
relating to wire sizes. Copies of the publication may be 
obtained from the British Engineering Standards Asso- 


ciation, 28, Victoria-street, London, S.W.1, price 
ls. 2d., post free. 
THe Commerctan Motor Users’ ASSOCIATION.— 


As-a direct result of the reading of a paper on “‘ Heavy 
Motor Traffic,’ by Mr. E. 8. Shrapnell-Smith, before 
the Royal Automobile Club, on November 5, 1903, an 
institution, then known as the Motor Van and Wagon 
Users’ Association, but later as the Commercial Motor 
Users’ Association, was founded. During the first 
twenty-one years of its existence, the Association has 
well served the interests of all concerned with the 
development of what is. now one of the most important 
means of transport. The attainment of the majority 
of the Association was made the occasion of a banquet, 
which was held at the Savoy Hotel, on Wednesday 
evening. It was fitting that the man who inspired the 
formation of the Association should be its president 
on this interesting occasion, when he was accompanied 
in receiving the guests by Colonel R. E. B. Crompton, 
the original president. Sir William Joynson-Hicks, 
Bart., Sir Henry Maybury, Colonel J. Sealy Clarke, and 
Sir Lynden Macassey, all spoke of the valuable work 
done in the interests of motor transport by the Associa- 
tion, while Sir Arthur Stanley presented the Association 
with a silver cup from the Royal Automobile Club. 
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THE CYCLE AND MOTOR CYCLE SHOW 
AT OLYMPIA. 


An annual exhibition of the products of manu- 
facturers permits the accurate determination of the 
general outlook on design, but when the show is of 
an international character it also permits the 
comparison of British-made articles with those of 
foreign origin. Such an exhibition as that which 
was organised by the British Cycle and Motor Cycle 
Manufacturers’ and Traders’ Union, Limited, and 
which was opened at Olympia on Monday last, is 
a very good type of the annual exhibitions, which 
permit the gauging of the progress of industry. To 
Great Britain the trades concerned are of great 


importance, for cycles and motor cycles are articles |, 


which are exported in considerable quantities. The 
home trade is very largely supplied by British 
manufacturers, and it is very pleasing to note how 
the home producers are keeping ahead of all others. 
British cycles have an established reputation 
throughout the Empire and in foreign countries, 
and as their design and method of manufacture 
have for long been standardised, it may be antici- 
pated that the position of the trade in export markets 
will be maintained. The motor cycle position is 
even more interesting. In 1922 the United States 
of America exported more motor cycles than the 
British manufacturers; to-day the position is 
reversed. The comparison of the figures affords 
great satisfaction. Whereas in 1922 the U.S.A. 
exported 16,000 machines, Britain only supplied 
7,000 to overseas markets. The present-day position 
may be gauged from what was done in the first 
six months of this year. In that period no less 
than 20,000 British motor cycles were exported, 


while the American figure was less than half. that | 


number. Not only may satisfaction be obtained 
from the contemplation of the progress in exporta- 
tion of British motor cycles, but the increased 
business done enables a cheapening of production 
to be effected, which ensures that either prices 
may be reduced or the products may be improved 
in important details of construction, both of which 
actions have the effect of increasing the demand. 
An interesting feature of the Exhibition, and one 
bringing home to the visitor the great development 
in the design of motor cycles which has taken place 
in the comparatively few years since their intro- 
duction, is the display of historical machines. 


It may be wondered whether these machines will 
go back to obscurity, as far as the public is con- 
cerned, as soon as the Show closes. It is to be 
foreseen that some of them may eventually become 
the possessions of those who take but little interest 


in the history of engineering, and they may be) 


broken up. Were such a thing to happen, it would 
be very regrettable. In commemoration of the 
twenty-first anniversary of the foundation of the 
Auto Cycle Union, negotiations might be instituted 
with the owners to see if they would consent to 
the permanent exhibition of these machines in 
the Science and Art Museum at South Kensington 
or in Birmingham, where they would be available 
for public inspection at any time. 

In contrast with the historical use of light petrol 
engines, examples of light aeroplanes are also 
exhibited. This was made possibly by association 
with the Royal Aero Club and the Society of British 
Aeroplane Constructors. These organisations are 
to be commended for their foresight, for the future 
use of aeroplanes depends to a large extent on the 
manner in which flying with light machines is taken 
up by the type of young men to which the Motor 
Cycle Show makes such a great appeal. A machine 
made by Messrs. J. A. Prestwich and Co., of Totten- 
ham, in 1910 is shown, with which successful flights 


For | 
gathering together this fascinating collection thanks: 
are due to the Auto Cycle Union, who obtained the | 
loan of the exhibits from builders and private owners. 


competitions at Lympne last month, while the 
Bristol aeroplane won the Duke of Sutherland’s 
prize for landing and taking off, was second in the 
competition for the Air Ministry prize and also 
received the third prize in the competition for the 
Grosvenor Challenge Cup. Both machines are 
propelled by Bristol Cherub engines, made by the 
Bristol Aeroplane Company, Limited, of Filton 
House, Bristol. 

In general, it may be stated that the design of 
motor cycles is fast becoming standard. Details 
may be changed, with beneficial effects in comfort to 
the rider and in the maintenance of economical use 
of petrol and lubricant, but fundamental construc- 
tion tends to remain unaltered. Variations are to 
be noted between machines of different powers and 
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design of some high-class machines, and automatic 
systems of lubrication have been introduced in some 
cases, while the forced-feed system is also now in 
use. For light machines belt drives are still 
common, but the advantages of chains are almost 
universally recognised for the larger models. It is, 
however, somewhat strange, when chains have been 
raised to such a high standard of perfection, that 
more is not done generally to protect them by 
complete enclosure. A simple guard above affords 


little or no protection against the intrusion of grit 
into the links of a chain, and its replacement by a 
complete casing would not entail much expense, 
but would be very useful in the extension of the life 
of the chain and in obtaining continued and satis- 
| factory running. 


350-cc. Motor CycLE witH OVERHEAD VALVES; THE ROvER Company, LimttED, COVENTRY. 


Fic. 2. 


for different purposes, such as touring or high-speed 
travel, but, on the whole, the outlook of the manu- 
facturers is to make their designs for the specific 
purposes standard as soon as possible, in order that 
a reputation may be established. In some directions 
the trend of design is in the direction of protecting 
the component parts from effects causing heavy wear 
and tear and the production of excessive noise. 
As a vehicle of travel the motor cycle has not always 
received the attention of the designer which it 
deserves. In motor-car design every care has for 
long been taken to ensure that important parts are 
housed in such a way that mud, grit and water 
cannot reach them and so cause trouble, which may 
end in breakdown. Examples may be found, how- 
ever, of unprotected motor-cycle parts, such as 


in competitions were made by Mr. H. J. Harding|valve tappets exposed in such a way that easy 


that year at Blackpool. Of new machines there 
are two examples: the one a Beardmore Wee Bee, 


and continued action without frequent removal for 
thorough cleaning is well nigh impossible. The 


constructed by Messrs. William Beardmore and|overhead valve gears of many engines also show a 


Co., Limited, Dalmuir, which we described in 
ENGINEERING recently (see page 525 current volume), 
and the other a Bristol Brownie all-metal aeroplane. 
The Beardmore machine, it will be remembered, was 
awarded the first prize of 2,000/. in the Air Ministry 


lack of appreciation of the necessity for enclosure. 


For long, lubrication has been regarded as met by 


simple splash methods, and it must be owned that,. 
in many cases, the method has proved quite effective. 
To-day a change of outlook is manifested in the | 


28-H.P. Moror CycL& witH MecHAnicaL Lusxication ; Messrs. HumBer, Limrrep, CovENTRY. 


As an example of the 350-c.c. engined motor 
cycle with overhead valves, a type much in 
favour for high-speed running, Fig. 1 shows a 
machine made by the Rover Company, Limited, of 
Coventry. The engine of this model has a bore of 
74 mm. and stroke of 80 mm, The overhead valves 
are situated in a detachable head, and the rocker 
gear to operate them is totally enclosed and has its 
bearings lubricated by felt pads. There is a single- 
cam wheel, and the valves are worked through 
long tappet rods extending from the crank-case. 
For lubrication, a submerged gear pump, such as” 
is commonly used on car engines, is located in the 
bottom of the sump and draws oil through a filter. 
The delivery is carried under pressure through @ 
regulator and tell-tale to the big-end bearing and 
the cylinder. Whatever surplus is delivered passes. 
back into the sump. The provision of continual 
circulation of cool oil in this way ensures good lubri- | 
cation, with the resulting advantage of improved 
efficiency. The transmission is effected by the use 
of Hans Renold roller chains, and there is a shock-— 
absorber fitted in the rear hub. Internal-expanding | 
brakes are provided for both wheels. 

A representative cycle with an engine having: 
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side-by-side valves is shown in Fig. 2. This is a 
2}-h.p. machine and is a product of Messrs. Humber, 
Limited, of Coventry. In this engine the cylinder is 
east in one complete unit, the valves being intro- 
duced through openings in the head, left by the 
unscrewing of covers. The drive from the crank- 
shaft to the two cams is obtained by means of gears, 
which are conspicuously marked, so that after 
dismantling, at any time, re-erection without the 
introduction of faulty timing is easily effected. 
In the model illustrated mechanical lubrication is 
used. For the pump, a drive is obtained from the 
camshaft, and the oil is delivered through a sight 
feed mounted on top of the tank, where it can be 
easily seen. On the sight feed there is a needle 
valve, by means of which the oil flow can be regu- 
lated to suit the requirements. The oil is delivered 
to a circular recess in the engine-case, from where 
it is supplied through grooves in the casting to the 
main bearings. Whatever oil goes down into the 
crank-case joins the lubricant there, and with it is 


is effected by chain and belt or entirely by chains, 
made by Messrs. Hans Renold, Limited, Didsbury, 
Manchester, 

There is a strongly increasing tendency among 
motor cycle manufacturers to make use of standard 
engines, as well as other proprietory components, 
in the construction of their machines. From a 
production point of view this is a procedure to be 
commended because by specialisation efficient econo- 
mical and reliable machines may be obtained at 
low cost, which makes possible an extension of 
trade at home and abroad. Of the standard engines, 
among the most commonly applied are the Villiers 
(see ENGINEERING, page 683, vol. exiv), the Black- 
burne, made by Messrs. Burney and Blackburne, 
Limited, of Atlas Works, Bookham, and the J.A.P. 
engines of Messrs. J. A. Priestwich and Co., Limited, 
of Tottenham (see ENGINEERING, page 506, vol. 
exvi). Many makers are now installing in some 
of their models the Bradshaw oil-cooled engines 
made by Messrs. James Walmsley and Co. (Preston), 


Fie. 3. Motor Cycrzn Frame; Francis AND BARNETT, LIMITED, COVENTRY. 


partly splashed into the recess already spoken of, 
as well as to parts of the moving system. A large 
shock-absorber is fitted to the chain wheel on the 
rear hub to ensure an even drive at all speeds. 
In this four powerful springs take up the drive and 
absorb all engine shocks, preventing their trans- 
mission to the driver, while rubber pads are fitted 
to take up the recoil. 

There is a growing tendency towards complete 
triangulation of the frames of motor-cycles, and a 
good example of this is afforded by the design of 
the Francis-Barnett machines. Not only, in this 
eycle, is the frame construction such as to ensure the 
combination of lightness with strength, but the 
manner in which the lugs are associated with the 
tubes is such that the weakness sometimes found 
in motor-cycles at these places is overcome. The 
lugs constitute the ends of sleeves which fit the 
tubes, internally or externally, and are heated with 
the tubes and pressed into association. By this 
means the lugs may be made of such dimensions 
that they resist the stresses, to which they are sub- 
jected, equally as well as the tubes. The design of 
the frame of the Francis-Barnett motor cycle, which 
is manufactured by Messrs. Francis and Barnett, 
Limited, Lower Ford-street, Coventry, is shown in 


Fig. 3, from which the formation of the rigid but | 


light structure from a series of triangular panels 
will be appreciated. The cycles made by the firm, in 
which this frame is used, are small-powered machines 
of 1} h.p., 14 h.p. and 12 h.p., and are propelled by 
the well-known two-stroke engines made by the 
Villiers Engineering Company, Limited, of Marston- 
road, Wolverhampton. They have two or three- 
speed gears of the Albion type, and the transmission 


Limited, a description of a two-cylinder model of 
which was given recently in ENGINEERING (see 
page 706, vol. exiv), while the Barr and Stroud 
single sleeve valve engine shows an increasing 
popularity (see page 44, vol. exiii). ) 
The application of a motor cycle to the delivery 
of goods by the use of a suitable side car is making 
good progress, and an innovation may be noted in 
the fitting of a small chemical fire extinguisher on 
a side-car chassis. This is exhibited by Messrs. 
Dunford and Elliott (Sheffield), Limited, of Bath- 
street, Birmingham. The equipment provided con- 
sists of a 25-gallon tank for chemical fire-extinguish- 
ing fluid, two 3-gallon “‘ Sprafoam ” extinguishers 
at the front to deal with fires caused by petrol, oil 
or other dangerous substances, and a rear tank 
with further accommodation for 3 gallons of ex- 
tinguishing fluid for ordinary fires. A light col- 
lapsible ladder is also part of the equipment. The 
cycle is a standard machine, which has been used 
extensively by the makers for application to the 
carrying of goods. 
The three-wheeler still shows some favour though 
the reduction of price of light cars must have meant 
a smaller demand. The well-known Morgan 
machine, which is fitted’ with a J.A.P., Blackburne 
or Anzani engine, is shown, as well as a French 
three-wheeler known as the D’Yrsan. In this 
latter machine the frame, which is very rigid, is 
built up of solid drawn weldless steel tubes and the 
suspension system consists of two semi-cantilever 
springs at the rear and two transverse cantilever 
springs, attached to the chassis at their centres, 
at the front. The engine, which is of the Ruby 
monobloc type, has four cylinders and is water- 


cooled on the thermo-syphon system. A small 
plate clutch is provided which runs entirely in oil. 
Three speeds and reverse are obtained through the 
gears which have their shafts running in ball bear- 
ings and are put into action by the movement of a 
ball-type lever. The transmission is effected by the 
use of a Cardan shaft and a Renold chain. Ferodo- 
lined brakes are fitted to all the wheels, those for 
the two front wheels being operated by a pedal 
and lever system, while the rear one is controlled 
by a hand lever. 


THE LATE LIEUT.-COLONEL WALTER 
BROWN. 


' THE people of Renfrew and the many who are 
concerned with shipbuilding on the Clyde have lost 
a true friend by the death, in his 64th year, of 
Lieut.-Colonel Walter Brown, V.D., D.L., which 
occurred in a Glasgow nursing home on Friday, 
October 31. During the whole of his business career, 
Colonel Brown was associated with Messrs. Wm. Simons 
and Co., Limited, the well-known dredger builders of 
Renfrew. At the age of 24 years he was promoted 
to the position of naval architect to the firm. He was 


.| a partner in the business prior to its reorganisation as 


a limited lability company in 1900, when he con- 
tinued his work as managing director. Under his 
control in association with his brother, Mr. William 
Brown, the firm had made rapid progress and estab- 
lished a world-wide reputation for their many types 
and designs of dredgers. 

From the days of his youth, Colonel Brown showed 
great enthusiasm for the volunteer movement, and 
he was an officer for many years of the 2nd Volunteer 
Battalion of the Argyll and Sutherland Highlanders. 
He commanded the Renfrew Company until he was 
gazetted Major, and he later retired with the rank 
of Lieut.-Colonel and received the Volunteer Deco- 
ration. Colonel Brown rendered great assistance 
in the raising of the Territorials, from the incep- 
tion of the scheme in 1908 up to the termination 
of hostilities in the European War, as a mem- 
ber, and later vice-chairman, of the Renfrewshire 
Territorial Force Association. He was a Deputy- 
Lieutenant of the County of Renfrew. He took a 
great interest in educational affairs and rendered, not 
only as a member of the local education authority 
but in many other ways, great assistance in the 
development of educational work in the district. 
With his brother. Colonel Brown was a generous 
benefactor of Renfrew, and they both received the 
freedom of the burgh last year. He was elected a 
member of the Institution of Naval Architects in 
1888, and was also a member of the Institution of 
Engineers and Shipbuilders in Scotland. 


THE LATE MR. FULTON ROBERTSON. 


Tue death at Musselburgh, on November 2, of 
Mr. Fulton Robertson removes an engineer well known 
for many years for his work in connection with 
the London tube systems. He was born in 1860. After 
spending two years as assistant engineer on the 
Whitby and Loftus and the Scarborough and Whitby 
Railways, he completed his course at Edinburgh 
University, graduating B.Sc. in 1886. This was 
followed by eighteen months’ work as assistant to 
Mr. J. Sharp, M.Inst.C.E., of Hull. At this period 
in his career he entered the services of the San Cebrian 
Railway and Collieries Company, Limited, with whom 
he was associated until his death. During these years 
he was employed by the company to superintend the 
construction of their railway in Spain. As resident 
engineer he prepared plans and supervised the con- 
struction of 10 miles of metre-gauge lines, a mile of 
self-acting inclines, and the driving of adits for opening 
mines. Surveys and estimates were worked out by him 
for a short branch line in the Province of Seville. For 
the late Mr. Jacob Forrest he prepared a descriptive 
statement, complete with statistics, on the Avila and 
Salamanea Railway, data on which was required by 
the Railway Division in Madrid in 1894. Returning to 
England, Mr. Robertson became chief engineer to 
Messrs. Price, Wills and Reeves, contractors for the 
Frazerborough Harbour Works. Thése works included 
the deepening of the Balaclava Harbour, the construc- 
tion of new jetties. and a breakwater involving a total 
sum of 60,0007. These works were carried out in the 
years 1895-96 and after their completion he became 
assistant engineer on the Central London Railway 
works in progress, under Mr. John Price, contractor 
for the portion of the line between Shepherds Bush 
and Marble Arch. This work, for which Sir Benjamin 
Baker and Mr. Basil Mott were the engineers, occupied 
his time in 1895-97. Mr. Robertson became chief 
engineer to Messrs, Price and Wills, contractors on 
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the construction of the Rhymney branch of the Barry 
Railway. It may be recollected by many that this 
extensive contract included the laying of some seven 
miles of double-rail track, the making of a viaduct 
1,300 ft. long over the valley of the River Taff, and 
the boring of a tunnel 1,500 ft. in length. The 
work for which Sir John Wolfe Barry was engineer, 
extended from 1897-1902. 

Mr. Robertson then became chief engineer to Messrs. 
Walker Price and Reeves. While with them, he 
rendered valuable service in connection with the Great 
Northern Piccadilly and Brompton Railway, the out- 
lay on this work reaching 1,250,000/. With Messrs. 
Price, Wills, and Reeves, he was chief engineer during 
their construction of the Alexandra Wet Dock and the 
Hughes Dry Dock at Bombay. It will be apparent that 


Mr. Robertson combined an extensive experience of 
many departments of a profession which will be the’ 


poorer for his loss. 


THE LATE SIR WILLIAM C. GRAY, 


Sm WrtuiAM CRESSWELL GRAY, Bart., the well- 
known West Hartlepool shipbuilder, died at his 
residence, Thorp Perrow, Bedale, Yorkshire, on 
Saturday last. Sir William who was in his 57th 
year, had been in poor health for some months, but 
maintained a keen interest in the progress made in 
the construction of the firm’s new shipyard and graving 
dock on the Tees. 

He was the last surviving son of Sir William Gray, 
under whom he received his training. He became a 
director of William Gray and Co. in 1889, when it was 
converted into a limited liability company. On the 
death of his father in 1898 he succeeded to the chair- 
manship, and under his control the activity of the 
firm was greatly extended. In 1899, Sir William 
became the owner of the West Hartlepool Steel and 
Tron Works as well as the Moor Iron and Steel Works 
and the Stockton Malleable Works. Acting with the late 
Lord Furness, he merged these into one concern as the 
South Durham Steel and Iron Co. In addition to the 
activities represented by his interest in these companies, 
Sir William was a director of the North Eastern Rail- 
way Company and of the Pyman Steamship Company. 

The new works of William Gray and Co., Limited,, 
represent the last endeavours he made for progress 
and will remain as a memorial to his enterprise. In 
other ways there are many institutions in the Hartle- 
pools which will keep him in affectionate remembrance, 
for he gifted sports grounds to his workpeople, created 
the Gray Swimming Baths at Hartlepool, and erected 
the Gray Convalescent Home at Seaton Carew for the 
benefit of the employees of his firm. He contributed 
generously to educational, charitable and religious 
institutions in the district, and presented the Gray 
Art Gallery and Museum to West Hartlepool. Sir 
William did not neglect public duties, for he served 
many years on the West Hartlepool Town Council, 
following the example of his father, who was the first 
Mayor. He was a Deputy Lieutenant of the County 
of Durham, and served for some time as High Sheriff. 
Sir William was one of the Hartlepools Port and Harbour 
Commissioners, and. he was also a member of Com- 
mittee of Lloyds Register. 


ContTracts.—The Underfeed Stoker Company, Limited, 
of Aldwych. House, Aldwych, London, W.C.2, have 
recently received a repeat order from a large paper mill 
in Holland for six mechanical stokers.—Messrs. Fullerton 
Hodgart and Barclay, Limited, of Paisley, have received 
an order from a large firm of soap manufacturers in 
Germany for a patent double-effect evaporator plant 
for the production of glycerine from spent lyes. Prior 
to 1914 a similar plant was delivered and erected for 
the same firm in Dusseldorf; the present order is thus 
a repeat, but for a larger installation. The present 
order will make the sixth to be supplied to Germany.— 
Messrs. Tyer and Co., Limited, have received an order 
from the Buenos Aires and Pacific Railway Company for 
the supply of 128 key-token instruments for absolute and 
permissive working, and for the necessary magnetos. 


WricHt BrornEers’ Mepau.—We have received from 
the Air Ministry an announcement of the fact that the 
Dayton Section of the Society of Automotive Engineers 
has decided to award each year,a medal to commemorate 
the pioneer work in aviation of the Wright Brothers. 
The award will be made for the most meritorious contri- 
bution to aeronautical science reported to the society 
during the year, and designed with the object of fostering 
the use of aircraft of the heavier-than-air type for 
non-military purposes. With the exception of certain 
officers of the Society of Automotive Engineers, competi- 
tion for the award is open to citizens of any country, 
and the decision will be made more in accordance with 
the intrinsic merit of the achievement than on the 
quality of the paper describing it. Papers received up 
to December 31 next will be eligible for the 1924 award, 
and such papers, with the author’s name affixed, should 
be sent to the Wright Brothers’ Medal Committee, 
Dayton Section, Society of Automotive Engineers, 
care of Engineers’ Club of Dayton, Dayton, Ohio. 
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Norr.—In the diagrams the figures plotted for tin and copper are the official closing cash quota- 


tions of the London Metal Exchange for fine “ foreign’ and “ standard ” metal respectively. 


The prices 


shown for lead are for English metal, whilst those for spelter are for American metal. Middlesbrough 


prices are plotted for steel plates and rails, and also for hematite and Cleveland pig-iron. The prices | 


given, in the case of steel plates are for ship, bridge and tank qualities, and those for steel rails are for 


heavy sections. 
quality and for home consumption. 
vary from 70 lbs. to 80 lbs. 


tin-plates, where they represent 1s. each. 


The pig-iron prices are for East Coast hematite and Cleveland iron, both of No.1 


Each vertical line in the diagram represents & 


THe Late Mr. C. O. Bastran.—A pioneer in the 
development of electric heating, Mr. Charles Orme 
Bastian, died in his 55th year, on October 29. He was 
the eldest son of Dr. Charlton Bastian, F.R.S., and 
was educated at University College.. His practical 
training was obtained in the works of Messrs. Crompton 


and Co., Limited. Many improvements in electrical ) 
plant, especially in appliances connected with the use 
of radiant heat, owe their origin to his inventive 
abilities. 
heater and thermal storage geyser both of which bear 
his name, 


Mr. Bastian was the inventor of the water | 
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The price of quicksilver is per bottle, the contents of which — 
The price of tin-plates is per box of I.C. cokes f.o.b. at Welsh | 
ports, but in other cases the prices are per ton. 
market-day, and the horizontal lines represent 11. each, except in the case of the diagram relating to | 
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THE PAGEFIELD SYSTEM OF REFUSE 
COLLECTION. 


Tue Pagefield system of refuse collection, the vehicles 
for which are illustrated in Figs. 1 to 8, on page 646 and 
above, has as its essential feature the combined use of 
horse and motor transport. It has long been realised 
that when an expensive motor vehicle is used for slow 
detail delivery or collection it is not. being employed 
to the best advantage, and the Pagefield system has 
been evolved to permit the motor vehicle to do the 
long trips from point to point, and to provide a means 
by which horses can be employed for the slow house 

_ to house delivery or collection. Although this system 
is finding other applications it was primarily designed 
for refuse collection, and the description which follows 

is confined to this work, although from the method of 
working it will be readily seen how it can be used for 
other purposes. 

For the actual collection of refuse, low-sided con- 
‘tainers mounted on small wheels are provided. One 
of the great features aimed at has been to keep the 

_ containers as low as possible for ease of loading. The 
maximum height of the sides is 4 ft. 6 in., although the 
greater part of the load can be put in at a height of 
3 ft. 7 in. by lowering the top portion of the sides which 
are formed as hinged doors. The size of the road 
wheels was a matter for serious consideration, as it 
was necessary to keep the containers as low as possible, 
and at the same time not to make the wheels so small 
as to put undue load upon the horse. The 21 in. 

wheels with special bushes fitted as standard have 
proved to be a very satisfactory compromise, and the 
ordinary draught-horse has no difficulty in moving 
the container from house to house even when loaded 
with its full 3 tons of refuse. The containers are fitted 


with strong canvas covers on the top 
(as will be seen in Fig. 2) and the 
whole of the rear end is formed by two 
doors hinged at the sides to permit of 
a free passage of the refuse when it is 
being tipped at the place of disposal. 

The motor vehicle used in connec- 
tion with the system, which is illus- 
trated in Figs. 1, 2 and 3, has as 
its main units, i.e., engine, gear-box and rear axle, 
the parts used in the standard 4 ton to 5 ton Pagefield 
lorries, but the frame, springs and other parts have 
been designed specially in view of the peculiar stresses 
imposed by the method of loading and by the tipping 
of the load. The chassis is provided with a tipping 
frame hinged at the rear end and arranged so that the 
front end can be lifted by means of the “‘ Pagefield ”” 
patent mechanically operated tipping gear. The 
main members of this lifting frame are box-section 
girders of pressed steel, and these serve as receptacles 
for two ramps, which, when withdrawn form a pathway 
from the ground, along which the container can be 
drawn onto the motor lorry. These ramps are held 
both in the in and out positions by automatic catches. 
At the front end of the lifting frame is fitted a winch 
drum having two steel wire ropes for hauling up the 
containers or lowering them to the ground. Both 
tipping gear and winch are driven by gearing from the 
engine of the lorry. The gear-box of the lorry has 
fitted to it a special lid containing wheels which can 
be put into gear with the constantly running gears of 
the gear-box. From this special lid a shaft projects 
forward to drive the tipping gear, backward to drive 
the winch. 

The mechanism of the tipping gear will be understood 
from Figs. 4 to 8, annexed. On the end of the 
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shaft projecting forward from the gearbox a bevel 
pinion is fitted which meshes with two bevel wheels 
running loose on a shaft extending across the chassis 
framé. This cross shaft carries at its outer ends bevel 
wheels driving vertical telescopic screws of large 
diameter. On the cross shaft situated between the 
two loose bevel wheels is a dog clutch which can be 
thrown into engagement by a hand lever with one or 
other bevel wheel for raising or lowering the lifting 
frame. The cross shaft is also threaded and carries 
a nut of phosphor bronze. This travelling nut is so 
arranged that it comes into contact with stops on the 
gear striking rod at top and bottom of the lift and the 
mechanism is automatically thrown into neutral so 
that the gear cannot over-run at the top, nor can the 
lifting frame be pulled down on to the chassis in such a 
manner as to do damage. This tipping gear is thus 
automatically controlled and is entirely foolproof. 
There are two definite angles of tip to which the 
lifting frame must be raised. The first angle is about. 
25 deg., and is so arranged that when the ramps are 
extended the rear ends are on the ground. The second 
angle of tip is 50 deg. and is used for emptying the load. 
The automatic safety gear of the tipping mechanism 
comes first into operation at the lower angle of tip so 
that the driver or attendant cannot negligently run up 
to the full angle of the tip with the ramps extended. 
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In order to lift to the full angle of tip the first stop 
must be held out of engagement by the driver until 
the 25 deg. angle of tip is passed, when the mechanism 
is thrown out at the full angle of 50 deg. 

The container is hauled into position by a winch 
gear, the mechanism of which is as follows: The 
shaft extending rearwards from the gear-box drives 
through universal joints and an extension shaft, a 
pair of spiral gears mounted on the same centre as 
that upon which the lifting frame tips, and a further 
pair of spiral gears mounted on the same centre drives 
a shaft extending forward again to drive a worm- 
reduction pair attached to the winch barrel. In this 
line of transmission and close to the worm is a gear- 
change mechanism having hoisting, lowering and 
neutral positions. These positions are controlled by 
a hand lever attached to a cross-shaft arranged in 
a convenient position for the driver to operate. The 
cross-shaft carrying the control handle has also on it 
an adjustable stop against which a projection on the 
container presses when the container is drawn up to 
its position on the lifting frame. This stop prevents 
the winch overwinding. Two hooks or claws are 
fitted and adjusted to engage with the front axle of 
the container when this is hauled into position. These 
serve to take the weight of the container. 

In towns where the system is in operation 
containers are sent out with collectors to fill them, 
and as they are being loaded, are drawn from 
house to house by horses. At stated intervals the 
motor vehicle goes into a collecting district, taking 
with it an empty container. When it arrives at the 
container that has been filled the ramps are with- 
drawn, the lifting frame is tipped to an angle of 25 deg., 
and the empty container is lowered to the ground. 
The horse is withdrawn from the full container by a 
quick detaching device, which permits the horse being 
transferred with its harness and shafts to the empty 
container. The motor wagon then manceuvres into 
position in front of the full container. The haulage 
ropes are attached and the full container raised on to 
the lifting frame. The lifting frame is returned to the 
horizontal, the ramps are pushed home, and the motor 
lorry is then ready with its load to proceed to the tip. 
The whole operation of lowering the empty container 
and raising the full container, from the time the 
motor lorry arrives at the collecting district to the 
time it is ready to start on its trip to the tip, is less 
than five minutes. At the tip or destructor, where the 
refuse is deposited, the rear doors of the container 
are opened, the lifting frame is raised to the full 
50 deg., and the whole of the refuse is shot out 
without the container being removed from the 
wagon. The time required for tipping is about one 
minute. 

From the method of working it wil] be seen that one 
motor vehicle is sufficient to provide the transport for 
three or four collecting districts. Asan actual example 
in one town the filling of the container from the 
household bins takes two hours. The time occupied 
by the motor wagon in making the complete trip, 
picking up a full container in one district, emptying 
it at the destructor, and taking it into another district 
is half an hour, so that in this case by having five 
containers four collecting districts are served. 

Where single mechanical units are used for refuse 
collection their mileage cost when used for slow 
house-to-house work is extremely high. There is also 
another very great consideration acting in favour 
of the Pagefield system. When the unit motor 
vehicles are on their journey to and from the tip, 
the bin men or collectors have no receptacle into which 
they can empty the refuse and consequently lose this 
time, and are, for all practical purposes, unemployed. 
In the Pagefield system, however, the empty container 
is deposited with the men before the full container is 
taken away, consequently the whole time of the 
collectors can be efficiently employed. The low-sided 
containers have proved a very great advance in many 
respects over the old type high-sided horse-drawn 
wagons, Not only can they be filled more quickly 
on account of their decreased height, but the filling is 
also more hygienic, as there is not the same tendency 
for dust to be blown about. A further great advantage 
is that the low containers do not impose upon the 
men the very serious strains they experience in using 
the high-sided horse-drawn vehicles. 

The Pagefield system was first installed at South- 
pert, where a set comprising one motor vehicle and 
five containers went into operation some three years 
ago. After this had been at work some time and had 
shown a saving of 20 per cent. over the original method 
of collection, two further sets were ordered. One of 
the motor vehicles is not occupied the whole of its 
time as a refuse collection vehicle, and carries in 
addition to the tipping frame and winch, an ordinary 
type lorry body so that it can be used for the con- 
veyance of road materials, or applied to general 
haulage. In the borough of Wandsworth seven motor 
wagons and about 30 containers collect the refuse 
from a population of over 350,000. In Derby one 


set has been at work nearly twelve months, and a 
further set has been ordered, and in Worthing this 
system has also been at work for some twelve months. 

The vehicles are manufactured by Messrs. Walker 
Brothers (Wigan), Limited, Pagefield Iron Works, 
Wigan, Lancashire. 


LLOYD’S REGISTER OF SHIPPING. 


As will be readily understood, the operations of 
Lloyd’s Register during the year ended June 30 
last, described in the report for that period, just 
issued, continued to be adversely affected by the 
persistent depression in the shipbuilding industry 
which has been a prominent feature of the Society’s 
reports for the last three years. The tonnage of new 
vessels classed by the Society during the year con- 
stitutes the lowest record over 15 years (with the 
exception of the second year of the war), and represents 
only 55 per cent. of the total for 1922-23 ; only 35 per 
cent. of that for 1921-22 ; and only 27 per cent. of that 
for 1920-21. Whether the bottom of the curve has 
now been reached is not yet clear, but it may be pointed 
out in connection with the matter, that during the year 
ended June last, 454 vessels, of 600,595 tons gross, were 
lost, and some 500 vessels, of about 1,250,000 tons, 
were dismantled or broken up, the last figure being 
exactly twice that for the vessels dismantled or broken 
up during the year ended June, 1923. 

It is true that, notwithstanding this removal of 
more than 13 million tons of shipping, the mercantile 
fleet of the world is even now greater by about 
15,000,000 tons than it was in 1914, but, on the other 
hand, it is well recognised that there is a large propor- 
tion of the laid-up tonnage which is unlikely ever to 
be able successfully to seek for employment. It has 
also to be borne in mind that any serious revival in 
overseas traffic will probably lead to the further elim- 
ination of uneconomical tonnage, some of which is still 
in service. Shipowners are fully alive to the necessity 
of providing themselves with up-to-date fleets, and 
they are aware that shipbuilders, in the circumstances 
now existing, are prepared to make extraordinary efforts 
to meet them, so that some of the vacant berths in the 
shipbuilding yards may be occupied. Moreover, there 
were, at the end of June last, 461 vessels, of 1,641,246 
tons gross, actually being built throughout the world 
under the Special Survey of Lloyd’s Register, with a 
view to classification in the Society’s Register Book. 
This tonnage shows a considerable increase on the 
similar figure for June, 1923, but it would be unwise 
to attach too much importance to the fact, as it appears 
that, while several orders for passenger liners and 
vessels for special trades have been placed, few 
inquiries are being made for cargo vessels of ordinary 
types. 

The figures of new vessels to which the Committee 
of Lloyd’s Register have assigned classes during the 
twelve months ended June 30, 1924, show a total of 
371 vessels of 885,660 tons gross. During the year, 
plans for 489 vessels, of 1,308,845 tons, were passed by 
the Society. These figures are appreciably in excess 
of those for 1922-23, but they are again far below the 
average for several years previous to the war, and it 
does not necessarily follow that all the proposed ships 
will actually be built. 

Of the vessels built during the year which have 
received the Society's Classification, eight are of 
10,000 gross tons and upwards, the three largest 
being the Duilio, of 23,228 gross tons for the Navi- 
gazione Generale Italiana, the Mooltan, of 20,847 tons 
for the Peninsular and Oriental Steam Navigation 
Company, and the Maloja, of 20,837 tons, for the same 
owners. Steam turbines were fitted in 1] new vessels, 
making 99,464 gross tons together, four of which ex- 
ceeded 10,000 tons each. Except in the case of the 
Duilio, the turbines were used in conjunction with 
reduction gearing, generally of the single-reduction 
type. During the year, 45 vessels, making 242,162 
tons in the aggregate (or 27-3 per cent. of the total 
tonnage of new vessels classed) were fitted for burning 
oil fuel for steam raising. 

Vessels fitted with oil engines to which classes have 
been assigned by the Society during the year, numbered 
62, and had an aggregate gross tonnage of 163,795. 
Twelve of the number exceeded 5,000 gross tons each. 
The period covered by the report is noteworthy for the 
introduction into actual service of double-acting Diesel 
engines, and the great increase in the number of such 
engines under construction. With these developments 
the Society has been very closely concerned, and, as 
evidence of the progress being made in this direction, 
reference may be made to some examples of various 
types of these engines which are being built under 
the superintendence of their surveyors. Of these, 
the construction of the two six-cylinder, four-stroke 
cycle, double-acting Diesel engines being made by 
Messrs. Burmeister and Wain, of Copenhagen, for a 
twin-screw passenger vessel, by Messrs. Sir W. G. 
Armstrong, Whitworth and Co., Limited, for the 
Swedish-American Line, has been further advanced. 


The three-cylinder, two-stroke cycle, double-acting 
Diesel engine, built by the North- British Diesel Engine 
Works (1922), Limited, has been installed in the single- 
screw vessel Swanley, owned by Messrs. Harris and 
Dixon, Limited. This is the first two-stroke cycle, 
double-acting engine of British manufacture to be 
fitted on board ship. The Scott-Still combined oil 
and steam engines, built by Messrs. Scott’s Shipbuilding 
and Engineering Co., Limited, have been installed in 
the twin-screw vessel Dolius, owned by Messrs. Alfred 
Holt and Company, and in addition to the above- 
mentioned double-acting Diesel engines, the North 
Eastern Marine Engineering Co., Limited, are con- 
structing a set of six-cylinder, four-stroke cycle, double- 
acting, North Eastern-Werkspoor Diesel engines, the 
cylinders of which are 32} in. in diameter, while the 
piston stroke is 59 in. Some particulars of this 
type of engine will be found in our issues of 
May 30 and June 13 last, on pages 707 and 771 
respectively. 

Interesting developments have also been made with 
the Diesel-electric drive, which is now fitted on board 
the single-screw vessels La Playa and La Marea, built — 
by Messrs. Cammell Laird and Co., Limited, for the 
United Fruit Company. A third set is being installed in 
the sister-ship La Perla. In these, four Camellaird-Fulla- 
gar oil engines drive electric generators, which supply the 
power to operate electric motors situated at the after 
end of the ship, thus obviating the need for shaft tunnels. 
The electrical equipment has been made by the British 
Thomson-Houston Company, Limited. It may also be 
mentioned that the largest installation of two-stroke 
cycle, single-acting engines to date is that at present 
under construction for the quadruple-screw motor ship 
Aorangi, of 18,500 tons gross, being built by the Fairfield 
Shipbuilding and Engineering Company, Limited, for the 
Union Steamship Company of New Zealand, Limited. 
This installation comprises four sets of six-cylinder, 
two-stroke cycle, single-acting Diesel engines, of the 
Fairfield-Sulzer type. 

During the past year, the plans of practically all new 
vessels proposed to be built to the Society’s classification 
have been submitted on the basis of the Revised Rules. 
The committee have decided, however, that it is not 
desirable to make the application of these rules compul- 
sory until the requirements of the Board of Trade, — 
consequent on the Report of the Load Line Committee, 
have been made clear. They have, nevertheless, deter- 
mined that the special consent of the owners to the 
adoption of the revised rules, in the case of any new 
vessel, is no longer necessary. The requirements for the 
construction of oil-carrying vessels, which have been 
under revision for some time, are at present under 
consideration by a specially constituted sub-committee, 
on which all interests concerned with ships of this type 
are represented. It is hoped that these rules will shortly 
be ready for publication. The Society’s Rules for the 
shafts of steam turbines and steam reciprocating engines 
have been amended. The new rules are in accord 
with the recommendations submitted for approval to 
the Board of Trade and the classification societies in 
conformity with the agreement reached by a conference 
of representatives of those Institutions. The rules for 
internal-combustion engines have also been amended 
as regards the sizes of shafting and the scantlings of 
dished ends of air receivers. The requirements con- 
cerning the periodical surveys of all types of internal 
combustion engines have been revised. The principal 
alteration is that, instead of requiring an annual survey 
of engines of these types, a complete survey is to be 
made upon the occasion of a vessel undergoing the 
special periodical surveys, and at each intervening period 
of two years a modified survey of the machinery is to 
be held. : 

The report also deals with the Society’s work in 
connection with both marine and land refrigerating 
plant, mentioning that proprietors of refrigerated stores 
have continued to avail themselves of the Society's 
experience, both in the design and construction of new 
stores and for extensions to existing buildings. In 
connection with the increasing use of wireless direction- 
finding apparatus for navigation purposes, the report 
states that vessels so equipped will in future be dis- 
tinguished in the Register Book by the notation of © 
“Wireless D.F.” printed against their names. The 
society’s activities in connection with the testing of 
materials are referred to in the report, as also are the 
Lloyd’s Register scholarships and the various changes 
that have occurred in the staff during the year. We 
notice that 23 scholarships in naval architecture and 
marine engineering, each tenable for three years, are 
now maintained by the committee; 20 of these are 
specially assigned to the Universities of Glasgow, Durham, 
Liverpool, Tokio and Michigan, and to the Massa- 
chusetts School of Technology, while the remaining 
three are awarded through the Institute of Marine 
Engineers and may be held at any approved university 
or other centre of advanced technical education. Full 
particulars of these scholarships may be obtained from 
the Registrars or secretaries of the Universities or 
Institution mentioned. 
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NOTES ON NEW BOOKS. 


TrexT-BOOKS are produced by three classes of writers : 
those who possess nothing more than the technical 
training that is afforded by a school; those who have 
combined with that some superficial acquaintance with 
shop practice; and others who are first and always 
craftsmen, aided by an intelligent study of the technical 
basis of their craft, gathered in a school or by laborious 
self-tuition. ‘These are the men who write the books 
which are most useful to the apprentice and student, 
since they alone are able to discriminate the great 
essentials from matters that have little or no bearing 
on workshop practice. A volume of this character is 
“ Pattern-making,” by Mr. John McC. Wilson (Constable 
and Co., Limited, price 3s. 6d.). The author disclaims 
any attempt to treat of advanced subjects, but confines 
himself to those which a pattern-maker should require 

- during the first five years of his training. And, with 
the aid of 100 well-selected illustrations, he has pro- 
duced a valuable little treatise. In consequence of the 
immense variety that characterises the trade, and the 
fact that it is inseparably linked with the craft of the 
moulder, it is one that is not easily taught satisfactorily. 
Seldom, indeed, will two men, working in different 
shops, scheme and construct patterns, save those of a 
very simple character, in the same fashion. Often 
there are alternatives to be considered, some of which 
may be of equal utility, but more often one is preferable 
to others. The call for the exercise of intelligent 
judgment is always insistent. 'To those who take their 
work seriously, and aim at a high standard of excellence, 
this trade offers more attractions than some others in 
which the practice is more uniform, and the methods 
more cut-and-dried, degenerating into rule-of-thumb. 
In this manual the writer gives a brief account of 
timber and its behaviour, of the tools and their uses, 
of the elementary constructions that concern all classes 
of patterns and core boxes. Following this are selected 
examples of patterns of typical kinds—gear wheels, 
chilled work, ornamental columns, cylindrical work 
generally, skeleton patterns, swept-up work, and much 
beside, all very concise, but embracing a variety of 
subjects within the space of 140 pages. 


We briefly notice two new books on hydraulics. 
The “‘ Lehrbuch der Hydraulik,” by Dr. Ing. Theodor 
Péschl, of Prague, is written for engineers and 
physicists and is adapted chiefly to the needs of stu- 
dents. Some practical hints are given, e.g., on lubrica- 
tion, and a few problems are worked out, e.g., on the 
load which a balloon can carry in different seasons. 
But the treatment is essentially mathematical, and the 
problems dealt with are mainly those of unidimensional 
hydraulics, The theory of waves, the circulation of the 
subsoil water, and the problems of hydraulic construc- 
tion are not discussed. The science of hydraulics is 
in a transition stage. The practice of flying has 
supplied us with data on aerodynamics as yet too 
complex to fit into a concise general theory, and the 
student of twenty years hence may find the subject 
less difficult; the way in which the apparent con- 
fusion of the early views on radioactive phenomena 
and on many kinds of radiations has been cleared up 
justifies some hope. The other book, by Dr. Tech. 
Ludwig Miihlhofer on ‘‘ Zeichnrische Bestimmung der 
Spiegelbewegungen in Wasserschléssern von Wasser- 
kraftanlagen mit unter Druck durchflossenem Zulauf- 
gerinne”’ is a monograph on the graphic predetermina- 
tion of the level fluctuations in the forebays of 
hydraulic plants fed by conduits under pressure. 
The author, who is engineer to the firm of Innerebner 
und Mayer, vorm J. Riehl, of Innsbruck-Wien, has 
found that these complex problems can more simply 
be solved, in general, by graphic methods than by 
analysis, and he exemplifies his method by reference 
to several installations. Both the volumes are 
published by the firm of Julius Springer, Berlin, the 
price of the first book being 2 dollars, and that of the 
second book 0-95 dollar. 


When the cost of books is often so high as to make 
those in search of knowledge hesitate before indulging 
in additions to their library, it is refreshing to find 
a volume of 400 pages of good material to be had for 
5s. net. “Locomotive Management from Cleaning to 
Driving,” by Messrs. J. T. Hodgson and J. Williams 
(The Railway Engineer, London), in its fifth edition, will, 
we feel sure, continue to serve the excellent purpose for 
which it was introduced, and as pointed'out, its price is 
so reasonable as to be within the means of any of those 
practically connected with the subject of which it treats. 
‘It is an excellent book for drivers, firemen and cleaners, 
inspectors and others, full of practical information 
on subjects on which such men must have considerable 
knowledge nowadays if their duties are to be intelli- 
gently performed. The drawings as a rule are excellent, 
but the half-tone engravings are not quite up to the 
same level. We are not altogether in sympathy with 
the dotting of pictures of locomotives about the 
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volume in a rather promiscuous way, but this does 
not greatly affect the value of the work. The descrip- 
tive part of the work is supplemented by chapters 
giving examination questions on various parts of the 
subject. The book has been brought up to date 
and will, we hope, enjoy a continuance of its hitherto 
successful career. 


The young man who contemplates striking out for 
himself and going abroad is often at a loss to know 
how best to proceed in the acquisition of some know- 
ledge of the country to which he feels attracted. In 
these days of organised emigration to our Dominions 
and Colonies, the matter is not quite so difficult as 
it used to be in their particular connection, but there 
still remain large areas in the Tropics which we as a 
people are accustomed to man with traders, engineers, 
officials and others, and about which information is 
not easily acquired. However lightly ‘“ book learn- 
ing ” may be valued by the old stager who has acquired 
his information in the school of long experience, to any 
novice with sufficient common sense to use a little 
discrimination, some preliminary advice, even when 
acquired through books, may prove extremely valu- 
able, As a term of service in the Tropics is frequently 
one of several years, mistakes as regards equipment, 
&c., are not always easy to remedy, while some ac- 
quaintance with the customs of a country will, if 
properly used, help in avoiding difficulties which 
might result in unpleasant developments. A little 
book before us at the moment is of the type likely 
to be of help under these circumstances. ‘‘ Coast and 
Bush Life in West Africa,” by ‘‘ Coaster” (Gay and 
Hancock, Limited, London; price 2s. 6d. net) is a 
chatty little work containing advice mingled with 
anecdote in a manner which deprives it of all tedium. 
The short time occupied in its perusal will amply 
be repaid to the potential ‘“‘ coaster’s ’’ to whom it is 
addressed, and by many other young fellows, who may 
have been attracted by the enticing displays made at 
Wembley, to assist in the development of our overseas 
possessions in the Tropics. Though anecdotes are 
sometimes a little long drawn out, the morals they 
point are sound and the book is full of useful tips 
regarding life, kit, relations with labour, &c. All 
primarily relate to the ‘‘ West Coast’ trader, but 
much in the book is sound advice applicable to a 
much larger sphere. 


In our issue for June 11, 1920, we gave a detailed 
review of the work by Professor Ewing, on “ T'hermo- 
dynamics for Engineers.” This work has greatly 
appealed to French scientists and professors, and a 
translation in French, by Mr. M. R. Duchéne, has now 
been issued under the title ‘‘ Thermodynamique.” 
According to the translator, the courses in thermo- 
dynamics given in the French technical colleges allow 
of solving a certain number of highly-theoretical prob- 
lems, the procedure being generally comparable to 
exercises in mathematical analysis. Somewhat serious 
difficulties are experienced when, with the aid of these 
same courses, it is desired to deal with questions of a 
practical nature, and in such circumstances it is 
necessary, as a rule, to have recourse to guide-books 
or to treatises on industrial physics which give ready- 
made formulae coupled with numerical values. The 
finding of a formula starting from first principles, has 
often been aspired after, were it only to ascertain that 
it is applicable in the instance under consideration. 
The work by Professor Ewing is found to meet the case, 
and the method he has followed is acknowledged to be 
a particularly appropriate one. The French book is 
a complete translation of the work in question, and is 
published at the price of 50 francs by Messrs. Gauthier- 
Villars and Co., Paris. The same publishers have also 
now issued the fourth edition of “ Thermodynamique 
a Vusage des Ingénieurs, by the well-known French 
scientist, M. Aimé Witz, a work which is intended by 
the author to serve as an introduction to the study 
of heat-engines. It opens with an exposition of the 
general principles of thermodynamics, followed by 
considerations on the Carnot cycle, the study of gases, 
solids, liquids and steam, the flow of gases, and steam, 
études on the cycles and their efficiency. Compared 
with the former editions, the present one will be 
found to enter in greater detail into the study of entropy 
and other diagrams. The price of this fourth edition 
of the work by Mr. Witz is 20 frances. 


It is manifestly to the advantage of an industrial 
community that fluctuations in the volume of employ- 
ment should be reduced to the minimum. Booms 
and slumps in trade are both causes of economic loss, 
and although the causes of the main waves of activity 
and depression are still too obscure for regulation, 
the seasonal fluctuations of particular industries are 
possibly more amenable to remedial efforts. All the 
trades connected with building have their active and 
dull periods every year, and an investigation has 
been conducted in the United States with a view to 


determining to what extent the unemployment conse- 
quent upon seasonal conditions could be mitigated. 
The question is discussed in ‘‘ Seasonal Operation in the 
Construction Industries—the Facts and Remedies,” 
which embodies the report and recommendations of 
a committee of the President’s Conference on Unem- 
ployment, and is published in London by the McGraw- 
Hill Book Company, Inc., at 10s. 6d. net. The 
remedies suggested, as might be expected, are mostly 
concerned with the exercise of foresight in planning 
work, and the use of all apparatus and appliances 
to make work possible under adverse weather con- 
ditions. The circumstances in America are so vastly 
different from those obtaining here that English 
readers will find little which is applicable in detail 
to our own building industry, but if the book stimulates 
efforts in this country to keep building operations 
going more continuously throughout the year its 
effect will be entirely beneficial. 
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CLINK DETECTOR FOR 


THE CAMBRIDGE INSTRUMENT COMPANY, 


(8733.A.) 


Fig. 4. 


THE CAMBRIDGE CLINK DETECTOR. 


It is well known that during the heating and cooling 
processes in the production of steel ingots or forgings 
severe stresses may be set up, which may attain such 
value as to cause a fracture in the material. Such 
fractures are usually accompanied by a severe shock 
and a Tinging noise which can be best described by the 
word ‘clink.’ This sound has hitherto been the only 
available evidence of such an occurrence rendering the 
forging defective, and if the fracture should happen 
during the night, or at any moment when no observer 
is present or sufficiently alert to report it, the forging 
may unwittingly be delivered in a very dangerous 
condition. With the object of minimising this danger, 
Messrs. C. A. Parsons and Co., Limited, in conjunction 
with the Cambridge Instrument Company, Limited, 
have developed an instrument called the “ clink 
detector,’ which, when attached to a forging during 
heating and cooling processes, gives an autographic 
record of any shocks or disturbances which may have 
taken place. The instrument is sufficiently sensitive 
to record an ordinary hammer blow, the records being 
made absolutely trustworthy by arranging for an 
attendant to give the forging hammer-blows at stated 
intervals during the period of recording, thus obtaining 
evidence that the instrument is in working order 
throughout the period. If the record then shows 
any shock not accounted for, the forging is rejected as 
unsound. 

The complete outfit comprises two instruments— 
the detecting instrument, which is attached to the 
forging under treatment, and the clock-driven recorder, 
to which the detector is electrically connected. In 
addition to giving a record of the’times of all shocks 
in the forging, the recorder can be arranged, if neces- 
sary, to give synchronous records of the temperatures 
of the forging. 

Fig. 1 shows a diagram of the electrical connections, 
while Figs. 2 and 8 are sectional drawings of the 
detector. The instrument comprises a moving system 
consisting of a brass weight supported horizontally 
at the extremity of a flat steel spring, carried upon a 
fixed steel bar, which is either secured rigidly to the 
forging or attached to a heavy iron block placed upon 
a suitable portion of the forging. Upon the fixed bar 
is carried a platinum contact-point, which is adjusted 
to be normally just in contact with a contact plate 
carried on the weight. Owing to the inertia of the 
weight, the occurrence of a clink causes the contacts 
to open, breaking the electrical circuit, and thus 
causing a mark to be made on the moving chart in the 
recorder. The moving system has a long natural 
period of vibration. From Fig. 3 it will be seen that 
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the upper contact is not directly attached to the end 
of the adjusting micrometer screw, but is connected 
by a link. This arrangement enables an accurate 
adjustment of the contacts to be readily obtained, as 
the contact does not rotate. Figs. 4 and 5 show the 
clink detector placed in position on a forging. The 
instrument is provided with a dust-proof metal cover, 
as shown in Fig. 4. In Fig. 5 this cover has been 
removed to show the details of the instrument. 

The chart reproduced in Fig. 6 is an actual record of 
a clink which occurred on an ingot measuring 8 ft. by 
3 ft. 6 in. by 2 ft. 34 in. and weighing 124 tons. The 
width of the fracture in the centre was found to be 
about -; in. when measured after cutting open for 
examination after cooling. It will be seen that the 
clink is very satisfactorily indicated. The duration of 
the break in the electrical circuit depends upon the 
magnitude of the impulse, and the marking of the 
chart, in turn, depends upon the duration of the break. 
In fact, to some extent, the magnitude of the impulse 
may be measured by this means. The smaller dis- 
turbances shown on the chart are test markings 
produced by a hammer-blow on the forging at regular 
intervals. In one or two cases these smaller markings 
are due to the forging processes, or to heavy weights 
being dropped in the neighbourhood. These, however, 
are easily recognisable, and cannot be mistaken for an 
actual clink. 

The clink detector would seem to be an accessory of 
considerable value to forge masters in increasing the 
certainty regarding the soundness of forgings. Its use 
greatly reduces the danger of clinks remaining unde- 
tected, and since the instrument can also be adapted 
for simultaneously recording the temperature of the 
forging during the manufacturing processes, a valuable 
written record can be obtained, a copy of which can 
be handed to the engineer using the forging. This new 
development in the application of scientific instruments 
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to engineering problems is therefore to be welcomed 
as giving a much needed confidence in the use of 
forgings, which in recent years have been increased 
in size and subjected to increasingly severe conditions 
of service. 


EVIDENCE FOR FATIGUE LIMITS. 
The Evidence for the Existence of an Endurance, | or 
“< Fatigue’? Limit in Metals and its Determination .* 
H. F. Moorret anp T.-M. JAspEr.f 
(Concluded from page 582.) 


The Plotting of the Test Data.—In the investigations 
carried on in the United States, it has been customary 
to plot the S-N diagrams either to logarithmic ¢o- 
ordinates or to semi-logarithmic co-ordinates. The 
reason for this is two-fold: (1) a logarithmic cycle for 
the abscisse makes it possible to plot on the same 
diagram small values and large values of N with the 
same percentage degree of accuracy; and (2) in a 
Cartesian diagram there is some danger that the 
general tendency towards curvature of the diagram 
will lead the investigator to assume that an endurance 
limit has been reached at a comparatively small 
value of N when such is not the case. Fig. 5, which 
shows the data of tests on Monel metal plotted into 
Cartesian co-ordinates (upper), semi - logarithmic 
co-ordinates (middle), and logarithmic co-ordinates 
(lower), illustrates this point. The Cartesian diagram 
would lead the experimenter to report an endurance 
limit at about 32,000 lb. per square inch. The loga- 
rithmic diagram would indicate that the endurance 
limit had not yet been developed. It is felt that, as 
long as any common system of plotting shows @ 
straight line relation betweenS and N, an endurance 
limit should not be reported. 

Endurance Limits of Wrought Ferrous Metals.—¥or 
wrought ferrous metals, the results of long-time — 
investigations in the United States offer three items of 
evidence for the existence of an endurance limit. 

(1) The SN diagrams, even when plotted to logarith- 
mic co-ordinates, become horizontal, or as nearly so as 
can be determined by ordinary plotting. Usually the 
horizontal part of the diagram is developed for values of 
N not greater than two millions. For all wrought 


* Read before the Engineering Section of the British 
Association at Toronto, on August 11, 1924. 

+ Research Professor of Engineering Materials, 
University of Illinois, In charge of Investigation of the 
Fatigue of Metals. 

{ Research Assistant Professor of Engineering Materials, 
University of Illinois, Engineer of Tests, Investigation | 
of the Fatigue of Metals. 


Nov. 7, 1924. | 
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ferrous metals tested, the horizontal part of the diagram 
was developed for values of N less than ten millions. 
=, Moreover, at the junction of the horizontal part of the 
S-N diagram and the inclined part there is a fairly 
well-marked ‘“‘ knee”? to the curve. This seems to 
indicate some change in the law governing the relation 
of S and N.* 

(2) Specimens of metal tested to one hundred 
million cycles of stress at or near the endurance limit, 
when retested under cycles of higher stress, have 
uniformly shown some gain in strength. The evidence 
is that below the endurance limit as determined from 
long-time tests, repeated stress actually improves the 
metal rather than injures it. 

(3) For wrought ferrous metals at stresses near the 


200 300 400 
Millions of Cycles of Stress forFracture 


to° joe 107 10° 
(8533-E) Cycles of Stress for Fracture 
Fig.6. 
60 000, <7] 
| > = Nas. 111& H2, Mone! Metal a 
50000 i 
& ie i SS 3 eee Ee ee 
C4 ie 
> Sry 
° 
RS Ratio of (Tininum Siress lo Maximim Stress, -/.O a 
‘ing erat soe /o" 108 109 
S Cycles tor Ruprure, (M 
g 40000 
é 
30000 
> 
S 
20 
0 oF jo" Za 107 Va 
Cycles for Fuprure, (N) ; 
50000 
0-Wa, 103, Brass 
-& 40000 ®-Na /04, Bronze [isa 
OWVa 10Z, Cogper 
Ss 
4 
§ 20000 
x 
8 20.000 
& 
& 
& 
S 
“af Om oF /o* 107 109 1 
(8532.F, Cycles for Fuprure, (M) 


endurance limit there is noted a distinct rise of tem- 
perature. This, as has been previously pointed out, 
iis probably not a direct indication of fatigue failure, 
but is an indication of slip, which usually precedes 
‘the formation of a fatigue crack. In a stress-tempera- 
‘ture diagram near the endurance limit is a fairly well 
amarked ‘‘knee.” Below this knee the rise of tem- 
perature is very slight indeed. Since for wrought 
‘ferrous metals slip seems to precede fatigue fracture, the 
absence of evidence of slip below the endurance limit 
as determined by test seems an indirect piece of evidence 
in favour of the existence of an endurance limit. 

It cannot, of course, be dogmatically asserted that 
for any metal there has been determined a limiting 
stress below which it is certain that the metal can 
withstand an infinite number of cycles of stress, but it 
‘is felt that the data of long-time tests does show that, 
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for wrought ferrous metals, the assumption of an en- 
durance limit seems reasonably safe, and that such an 
endurance limit in all probability exists. The existence 
of an endurance limit for non-ferrous metals is discussed 
in the succeeding paragraph. 

6. Endurance Limits of Non-Ferrous Metals.—The 
data available on fatigue tests for non-ferrous metals 
are relatively few, when compared with those available 
for wrought ferrous metals. Mr. R. R. Moore* has 
made one of the most extensive series of tests in the 
laboratories of the U.S. Air Service at McCook Field, 
Dayton, Ohio. The results of these tests indicate that 
the endurance limit for these non-ferrous metals is 
not so well defined as is the endurance limit for wrought 
ferrous metals, and that it is necessary for these metals 
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to. carry endurance tests much farther than for wrought 
ferrous metals. 

In the work of the investigation at Illinois, Monel 
metal, brass, copper, bronze, and a copper-nickel alloy 


| have been studied. Typical S-N diagrams are shown 


in Fig. 6. The authors of this paper give as a tentative 


‘conclusion that for annealed copper and annealed 


brass an endurance limit is indicated, but that it is 
not developed until tests have been run to at least one 
hundred million cycles. For annealed bronze and for 
Monel metal, no certain endurance limit has been 
developed, though for the latter tests have been run to 
about five hundred million cyeles. For annealed copper 
and annealed brass the rise-of-temperature tests indicate 
endurance limits at about the same stress as given by the 
S-N diagrams. For Monel metal the rise of temperature 
test does not indicate any endurance limit below 
42,000 lb. per sq. in., which is evidently above any 
endurance limit which can be given by its S—N diagram. 

It should be noted that the S—N diagrams for annealed 
bronze and for the copper-nickel alloy show considerable 
“scatter”? of points. It seems possible that non- 
ferrous metals may fall into two divisions, one showing 
an endurance limit, and one not showing an endurance 
limit. For the second group it may be necessary to 
project the line of the logarithmic S-N diagram beyond 


* See Proceedings of A.S.T.M., vol. xxii, Part I, 
page 293 (1922), discussion by L. B, Tuckerman, on the 
“discontinuity ” of the S-N diagram. 


*R. R. Moore, ‘‘ Resistance of Manganese Bronze, 
Duralumin and Electron Metal to Alternating Stress,” 
Proc. A.S.T.M., vol. xxiii, Part II, 1923, 


the available test data and to estimate the unit stress 
corresponding to any desired life. In this connection it 
is interesting to note that, based on the limited data 
then available for steel, Professor Basquin of North- 
western University proposed a similar method for 
ferrous metals in 1910. 

In the non-ferrous metals tested, indications of an 
endurance limit are obtained for those which can be 
successfully cold-drawn. This is interesting, but it 
will be necessary to have many more tests before 
definite conclusions can be drawn. 

Correlation between Endurance Limit and other Test 
Resulis.—Long-time fatigue tests of metals are very 
time-consuming and expensive. It is of very great 
practical importance to practising engineers to deter- 
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mine, even for special classes of metals, any correla- 
tion which may exist between results of long-time 
fatigue tests and results of the simple physical tests 
commonly performed. This is especially important in 
the case of wrought ferrous metals which form by far 
the most important class of stress-carrying metals. 
It is believed that for this important class of metals 
correlations have been reasonably well established 
between endurance limit on the one hand and Brinell 
hardness and tensile strength on the other, 

One of the objects of the investigation with which 
the authors are connected was the study of such 
correlation. Figs. 7 to 12 inclusive, give correlation 
‘diagrams for results obtained in the investigation at 
the University of Illinois for wrought ferrous metals. 
These figures show respectively the correlation of endur- 
ance limit with elastic limit, tensile strength, Brinell 
hardness, endurance limit as determined by rise of 
temperature, Charpy impact tests and repeated impact 
tests upon a special machine. 

It is evident that there is no obvious correlation 
between endurance limit and Charpy tests or repeated- 
impact tests. In the other diagrams the shaded areas 
inclosing the observed points give some notion of the 
degree of correlation—the smaller the shaded area, the 
better the correlation. It is evident that for wrought 
ferrous metals the elastic limit is not a very good 
index of fatigue strength, and that the ultimate tensile 
strength, the Brinell hardness, and the endurance limit 
by rise of temperature are fairly reliable indicators of 
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fatigue strength. It must be remembered that this 
applies only to metals free from flaws and inclusions. 
For the wrought ferrous metals studied it would seem 
that the endurance limit in reversed flexure may be 
placed roughly at 50 per cent. of the ultimate tensile 
strength, or at 250 times the Brinell hardness number. 
So far it has not been possible to get any satisfactory 
correlation between endurance limits and the above- 
named physical qualities for non-ferrous metals. In 
general, the endurance limits determined for non- 
ferrous metals have been less than 50 per cent. of the 
ultimate tensile strength, in some cases being as low 
as 25 per cent. 

It may be added that from auxiliary tests at the 
University of Illinois, the values of endurance limit for 
other than in reversed flexure, are tentatively placed 
as follows: For cycles of axial stress (tension-com- 
pression), two-thirds of the values for cycles of flexural 
stress; for cycles of shearing stress, one-half of the 
values for cycles of flexural stress (test results show 
53 per cent.). In this connection it may be further 
noted that, for one series of tests at elevated tempera- 
tures, the endurance limit of normalised carbon steel 
actually increases slightly from atmospheric tempera- 
ture to a temperature of 850 deg. F. This checks test 
results by Professor Lea, of Birmingham. For tem- 
pered spring steel, the endurance limit fell off for the 
same range of temperature. : 

A vital problem in fatigue of metals, and one which 
has scarcely been touched, is the development of tests 
to detect incipient fatigue in materials in use. It 
would be of immense value to users of metals, especially 
in such machine parts as aeroplane engine shafts, steam 
turbine discs, and railway axles, where fractures are 
especially dangerous, if there could be developed a 
non-destructive test which would show whether a 
fatigue failure had started. This particular problem 
will undoubtedly take a long time for solution, but 
it is well worthy of a large expenditure of time and 
money. : 


THE “OZALID” DRY PHOTO-PRINTING 
PROCESS. 


Our attention has recently been drawn to a new and 
interesting photo-printing process for producing true- 
to-scale copies from tracings of engineering and archi- 
tectural drawings, by Messrs. Cooke, Troughton and 
Simms, Limited, 3 and 5, Broadway, Westminster, 
S.W., who supply the necessary materials. The pro- 
cess is known as the “ Ozalid”’ process, and the paper 
is made in thin, medium or thick substances and 
also mounted on cotton. It is exposed in exactly 
the same way as ferro-prussiate paper and for about 
the same time, but requires no subsequent washing 
process or other treatment with liquid chemicals. 
Development is effected by placing the exposed print, 
loosely rolled up, in a wooden box fitted with a tray, 
or trays, consisting of thin wooden laths, a dish of 
liquid ammonia being placed in the bottom of the box 
below the tray. The door of the box is closed to 
confine the ammonia fumes, which develop the image 
in from 10 to 15 minutes and the result, without any 
further treatment, is a print with practically black 
lines on a whitish background. The prints, we under- 
stand, are quite permanent and since the process is 
a dry one, no stretching or shrinking of the paper 
occurs, so that the copies are true-to-scale. The paper, 
which does not deteriorate in storage, is considerably 
cheaper than ferro-gallic paper, although slightly more 
expensive than ferro-prussiate paper, but the makers 
claim that, owing to the saving of time and labour in 
connection with the washing and drying operations, 
it is possible to produce the ‘‘ Ozalid”’ true-to-scale 
prints at about the same cost as ordinary blue prints. 
For making corrections on the finished prints, lines 
can be removed by a solution of hypochlorite of soda 
or a 5 per cent. solution of permanganate of potassium. 


Repvcrion mn Larp-up Mercuant Tonnace.—Accord- 
ing to returns issued by the Chamber of Shipping a very 
material reduction in the British and foreign merchant 
tonnage laid up in the principal ports of Great Britain 
and Ireland has taken place during the quarter ended 
October 1 Jast. Considering only vessels of 1,000 tons 
and upwards, the net tonnage idle on October 1 was 
333,810 as compared with 470,073 tons on July 1 of 
this year, and with 755,101 tons on October 1, 1923. 
The reduction of 136,263 tons which has been effected 
during the last quarter, thus amounts to 29 per cent., 
and the idle tonnage is now only about 44 per cent. of 
the figure for the same time last year. The decrease 
has been general at most of the ports of the country, 
although the coal-exporting ports of Cardiff and Swansea 
are exceptions to this rule. At Cardiff the idle tonnage 
increased during the last quarter from 5,248 net tons 
to 14,075 net tons, and the increase at Swansea has been 
from 2,833 net tons to 13,914 net tons. In general, 
however, the figures are evidence of a distinct improve- 
ment in the freight markets, and may be taken as an 
indication that the shipping industry is now emerging 
from the depression through which it has been passing. 


CATALOGUES. 


Hlectrical Supplies.—The British Insulated and Helsby 
Cables, Limited, Prescot, Lancs., have sent us a small 
bound pocket edition of their general catalogue, which 
will be useful for preliminary reference as it contains 
many illustrations, dimension tables, &c., as well as other 
information. 


Oxy-Acetylene Welding Plant.—An acetylene generator 
mounted on a portable stand, a welding set including a 
generator and stands for gas cylinders on a three-wheeled 
truck, and welding and cutting blow pipes are illustrated 
in a leaf catalogue received from Messrs. Matthews and 
Yates, Limited, Swinton, Manchester. 


Ooal-Cutting Machines.—In the 11th edition of their 
catalogue of coal-cutting machines, Messrs. Mavor and 
Coulson, Limited, 47, Broad-street, Mile End, Glasgow, 
describe three types of machine with the latest improve- 
ments in each. The machines were fully dealt with in 
our 115th volume, on pages 615 and 648, 


Steel—Messrs. Thomas Firth and Sons, Limited, 
Sheffield, have issued a small pamphlet of exceptional 
interest, giving a brief history of the firm with a series 
of views of their works, and of the various operations 
involved in making special steels, cutting files, machining, 
grinding, &c. Numerous industrial applications of stain- 
less steel are referred to. 


Aerial Ropeways.—A catalogue of the Ceretti system 
of aerial ropeways and transporters, issued by Messrs. E. 
L. Price, Limited, 6, Upper Bedford-place, London, 
W.C.1, contains illustrations and brief particulars of a 
considerable number of plants working under various 
conditions in flat and hilly country, in order to show 
the wide adaptability of the system. 


Reduction Gears.—A catalogue of worm reduction gear 
units, to hand from Messrs. Crofts (Engineers), Limited, 
Thornbury, Bradford, illustrates a comprehensive range 
of standard sizes in closed and open housings, with 
examples of units made for special purposes. The firm 
also cut all forms of toothed gearing and manufacture 
clutches for power-transmission purposes. 


Reinforced-Concrete Bridges.—Messrs. Trollope and 
Colls, Limited, 5, Coleman-street, London, E.C., have 
issued a catalogue illustrating several viaducts and 
bridges and giving rules for roughly estimating the costs 
per foot run in reinforced concrete under average con- 
ditions. This publication is one of a series of brief 
collections of reference data for engineers. 


Machine Tools.—Sectional catalogues dealing with 
crank-type shaping machines, tool-room shapers, slotting 
machines up to 26 in. in stroke, and single and duplex 
puncher slotters are to hand from the Butler Machine 
Tool Company, Limited, Halifax. Some of these 
machines have been described in our columns in the 
recent series of articles on the Machine Tool Exhibition. 


Electric-Light Fittings.—A list of reflectors, lamps, 
wall and other brackets, received from Messrs. Veritys, 
Limited, Aston, Birmingham, includes a very compre- 
hensive range of these articles with dimensions and prices. 
Intensive and dispersive reflectors and angle reflectors 
for indoor lighting, fittings for street lighting and a 
number of weather-proof lanterns are amongst the leading 
items. 


Waste-Heat Boilers.—A pamphlet of importance to 
owners of industrial concerns in which hot gases are dis- 
charged to waste has been issued by Messrs. Cochran 
and Co., Limited, Annan, Scotland, who make vertical 
boilers specially suitable for utilising such waste gases. 
Several illustrations are given of boilers supplied for 
raising steam from the waste heat from forges, steel 
works, &ce. 


Textile Machinery.—A warp-damping mechanism for 
attachment to looms is described in a special catalogue 
received from the makers, Messrs. Mather and Platt, 
Limited, Manchester. The damper is swung against the 
warp at every revolution of the bottom shaft, and the 
pressure and length of time of contact is adjustable. When 
the loom is stopped, the damper is always left in the 
“* off ”? position. 


Motor Starters.—Two catalogues dealing, respectively, 
with hand-operated, three-phase, auto-transformer 
starters for squirrel-cage induction motors and alter- 
nating-current contactor-control equipments for reversing 
polyphase slip-ring motors are to hand from the British 
Thomson-Houston Company, Limited, Rugby. Both 
present very complete technical and commercial par- 
ticulars, with priced lists. 


Screwing Machines.—A catalogue to hand from Messrs. 
Joshua Heap and Co., Limited, Ashton-under-Lyne, 
contains illustrations and descriptions of five standard 
screwing machines, working to maximum diameters up 
to 4in. The die head is self-opening and the dies are 
serrated blades tangentially disposed within the head. 
The die-head revolves and the work is held in a vice 
fixed to a sliding saddle. 


Metals.—We have received eight little pamphlets, 
each containing a considerable amount of information 
on the subject of nickel and cobalt and various alloys, 
from Messrs. Henry Wiggin & Company, Limited, 55, 
George-street, Birmingham. The characteristics and 
uses of these materials are explained in clear general terms, 
with technical data which will be of value to the managers 
of various industrial concerns. 


Fire Bricks.—Signor G. Verzocchi, Milan, Italy, has 
issued a catalogue of firebricks, in which he conveys 
the necessary practical and technical information by 
means of illustrations, with a few words in Italian in 
each case. The book should certainly fulfil Signor 


Verzocchi’s aim, which, he states, is “‘to give to fire- 
brick consumers something which will not be thrown 
into the waste-paper basket.” 


Oil Engines.—Messrs. Ruston and Hornsby, Limited, 
Lincoln, have sent us a new catalogue of vertical oil 
engines of the four-cycle, airless injection, cold-starting 
type for using low-grade fuel. The list of standard sizes 
includes 18 engines having from one to six cylinders, and 
developing from 17 b.h.p. to 825 b.h.p. A number of 
illustrations of engines installed for generating electric 
current, and some useful technical data are also given. 


Diesel-Engine Locomotives.—A catalogue of Diesel- 
engine locomotives, received from the Graz Railway 
Carriage, Wagon and Engine Works, Vienna, contains 
a description of locomotives of this type made by the 
firm, with an account of tests of an engine designed for 
shunting and yard service on the London and North 
Eastern Railway. The agents are Messrs. W. Dederich, 
Limited, 18 Imperial-buildings, Ludgate-circus, London, 
E.C.4. 


Power Plant.—The issues of the Bulletin Oerlikon from 
May to August, which have reached us, contain articles 
on the tests of a 3,000 kw. steam turbine, the power 
stations of the Weggi Valley, the motor coaches of the 
Sihl Valley Railways, the El Charquito generating 
station, Colombia, South America, and several descrip- 
tions of electrical gear and pumps. The bulletins are 
issued by the Ateliers de Construction Oerlikon, of 
Oerlikon. 


Miners’ Lamps.—Messrs. Oldham and Son, Limited, 
Denton, Manchester, have three catalogue publications 
in circulation relating to their electric miners’ lamps. 
One gives a general description of the lamps, another 
(in the form of a house magazine) containing information 
on the construction of the lamp and the methods of re- 
charging it, and the third being a general catalogue of the 
lamp, lamp-room equipment, cell-cleaning machine, 
charging frame, rack, machines for removing and re- 
placing glasses, cleaning, &c. All the requirements for 
maintaining and issuing the lamps are provided for. 


Lifting Machinery.—Messrs. Ransomes and Rapier, 
Limited, 32, Victoria-street, London, S.W., have sent 
us three catalogues dealing with specialised lifting 
machinery. One of the catalogues relates to a four- 
column erection on which a locomotive can be lifted, 
so that unwheeling or repairs can be effected from the 
workshop floor. The second deals with a series of dock- 
side cranes fitted with the Bowtell level-luffing gear, 
mounted on wide gauge rails, and capable of lifting 
such loads as 3 tons at 60 ft. radius or 10 tons at 50 ft. 
radius. The third catalogue illustrates a transporter 
crane for dealing with town refuse and employing two 
tubs which are carried on an electric lorry for collecting 
the refuse. These catalogues are worthy of attention 
by those interested in specialised machinery for pro- 
moting efficient and rapid transport. 


Printing Machine.—We have received an illustration 
and brief specification of a newspaper-printing machine 
made by Messrs. Joseph Foster and Sons, of Preston, 
whose London office is at 134, Fleet-street, E.C. This 
machine will print newspapers of from 4 to 16 pages 
at a speed of 32,000 copies an hour, or of up to 32 
pages at half that speed, folding them to half-page size 
and delivering them in counted quires; two different 
devices for inserting stop-press news are described. The 
various sets of inking rollers can be lifted clear of the 
printing cylinders or distributing surface by a single 
lever movement. The machine is built in four decks and 
is about 14 ft. 6 in. high, the floor space occupied being 
26 ft. 6 in. by 10 ft. 7in. The total weight is about 
44 tons and the power required for full work about 55 h.p. 


Electrical Machinery.—The General Electric Company, 
Limited, Magnet House, Kingsway, have sent to us eight 
catalogues, new editions recently issued, which show 
very clearly the large range of engineering work carried 
on by this company and its associated organisations. 
Three of these publications are sectional catalogues dealing 
with direct current motors, alternating current motors, and 
transformers and each containing technical descriptions 
and commercial particulars relating to the plant. Of the 
others, a general catalogue deals with heavy electrical 
and mechanical plant including steam turbines coupled 
to generators, compressors, blowers or other mechines 
or providing a drive for mill shafting; colliery engines 
and motors for winding, ventilating, haulage, etc. ; power 
equipment for iron and steel rolling mills, shipbuilding 
yards, textile and other factories; complete plant for 
conveying coal, ore and other materials ; and the neces- 
sary switchboards, starters and other electrical gear. 
Four other catalogues deal more exhaustively with turbo 
plant, steam and electric winding engines, conveying 
plant and Fraser and Chalmers concentration machinery, 
respectively. * , 


Reruse Dersrrucrors.—The economy of steam 
generation in refuse destructors is frequently so low 
that fuels are added to the refuse. The risk then arises 
that the fuel is not properly burnt in the destructor. At 
Schdneberg, one of the suburbs of Berlin, the Martin 
cascade grate for refuse destructors has given satisfac- 
tion. The grates are designed for low grade coal and 
seem to be able to deal with it. The chief advantage 
of adding coal to the refuse is perhaps that a fairly 
uniform heat supply can be secured, independent of the — 
seasonal and diurnal fluctuations in the supply and 
quality of the refuse. The working of the Schéneberg 
destructor is very simple. One grab takes up both 
the refuse and the coal as desired and drops them into 
the furnace hopper; the slag obtained is said to be 
suitable for building purposes. ‘ 
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“ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ** Sealed’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


water supplied directly from the pump impeller into the rotor 
chamber. The pump intake is shown at 1 and the delivery 
outlet at 2. The electric motor is of the type having the stator 
coils entirely enclosed in a water-tight chamber 3 filled with an 
insulating fluid. The water-tight chamber 3 is enclosed between 
the cylindrical casting 4 of the stator and a thin cylinder 5. The 
stator polar laminze 10 are secured in the casting 4. The rotor 
lamingw 14 are secured upon a sleeve 15 which is held at its 
ends co-axial with the shaft 16 of the machine. In order to effect 
the cooling of the operative elements of the electric motor, the 
shaft 16 is maintained in such a position relatively to the casing 
13 that an inclined interval or gap 19 is formed between the pump 
impeller 20 and the wall of the pump volute 22, enabling a con- 
stant flow of cooling water to be supplied from the impeller 
through the gap 19 into the rotor chamber 23. This cooling 
water is in contact with the part 5 forming the enclosure of 
the watertight chamber 3 containing the stator coils, and also 
with the rotor laminations 14, and returns to the suction end 
of the pump through another gap or interval 24 between the 
suction end of the rotor sleeve 15 and the adjacent part 26 
of the casing 13.—(Sealed.) 


as to direct the condensates on to the top of the bell below. 
The uncondensed gases are withdrawn from the condenser by 
a pipe which projects upwards into a second pipe depending 
from the inside of the bottom bell. (Sealed.) 


215,452. J. S. Highfield, London, and W. E. Highfield, 
London. Welded Joints. (4 Migs.) February 10, 1923.— 
The invention has for its object the protection of welded joints 
in metal pipes where forces are in existence tending to tear the 
welded joint apart. The invention consists in protecting welded 
joints in metal pipes and in carrying it out an apertured sleeve 
piece is placed over a welded joint at the meeting ends of the 
pipes whereupon the sleeve piece is welded through the apertures 


Fig. 2. 
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therein and along its edges to the pipes. a and 6 denote parts 


GAS ENGINES, PRODUCERS, of two pipes to be connected together, and c is a sleeve piece 


HOLDERS, &c. 


AERONAUTICS. 


217,031. The Fairey Aviation Company, Limited, 
Hayes, Middlesex, and F. R. Fairey, Hayes, Middlesex. 
Rudders of Aeroplanes. (4 Jigs.) May 29, 1923.—The 
object of the invention is to increase the effectiveness of the 
rudder when, the angle of attack being high, the speed of advance 
js reduced and the difficulty of steerage becomes consequently 
greater. For this purpose, according to the invention, the 
yudder-axis is so arranged as to rake upwards and forwards 
when the machine is on a level keel, the inclination being such 
that when the machine is advancing at high angles of attack 
the axis will assume a position substantially normal to the 
direction of flight. In contrast with the common arrangement 


216,339, Wallsend Slipway and Engineering Company; 
Limited, Wallsend-on-Tyne, and J. S. Simm, Monkseaton. 
Pistons and Piston Rods. (1 Fig.) May 28, 1923.—The in- 
vention relates to the construction of pistons and piston rods 
of internal-combustion engines. The piston, according to the 
invention, comprises two hollow parts 1, 2 bolted or studded 
together end to end to enclose between them a cavity, distance 
pieces being interposed, if desired, between said parts to vary 
the overall length of the piston. The inner part 2, which alone is 
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connected to the piston rod 5, is provided with a central boss 4 
which is connected at the upper and lower ends only to the cylin- 
drical wall which carries the piston rings. The internal bore 
of the boss 4 is reduced in diameter at the upper end to form 
a female truncated cone for reception of the piston rod 5 which 
is inserted from the lower end and secured by a nut 6 at the 
upper end. The outer part 1 has a crown 7 and a lower flange 8 
connected by ribs 71, which are preferably radially disposed 
and are neither interconnected nor connected to the cylindrical 
wall which carries the piston rings.—(Sealed.) 


MINING, METALLURGY AND METAL WORKING. 


216,922. F.Lamplough, Feltham. Treatment of Hydro- 
carbon Oil Vapours. (4 Jigs.) March 1, 1923.—Vapours 
obtained in the cracking of oils or the distillation of oil-bearing 
material, such as shale, are gradually cooled and the uncondensed 
vapours are intimately mixed with the condensates obtained at 
each stage of the cooling. By this means the yield of saturated 
liquid hydrocarbons is increased, and the yield of unsaturated 
hydrocarbons and free hydrogen is diminished. The vapours 
at a temperature of about 400-430 deg. C. enter through an 
opening 5 into the lower chamber 6 of a tower 7 which contains 
superposed bells 8 having perforated side walls and closed conical 


217,031 a 
illustrated in Fig. 1, the rudder a is movable about an axis } He aay 
which is inclined to the direction of flight upwardly and for- iy 


wardly at an angle of about 30 deg. (more or less) when the 


_e is on a level keel as in Fig. ts Es Lees spp . wi 
mately perpendicular to the direction of ight when the machine anes 
is advancing at a high angle of attack as in Fig. 3. The cables ina Sl 


© whereby the rudder is actuated are preferably so guided, 
as indicated for example at d (Figs. 2 and 3), as to extend, from 
their points of attachment to the usual rudder-levers, in a plane 
substantially normal to the rudder-axis 6, so that a pull trans- 
mitted through either cable may act upon the rudder with the 
maximum effect. (Sealed.) 


ELECTRICAL APPARATUS. 


216,939. T.L.R. Cooper, Westminster, London. Com- 
bined Electric Motors and Pumps. (3 Figs.) March 6, 
1923.—The invention relates to combined electric motors and 
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tops. The bells rest upon gutters 9 shaped so as to cause the 
condensates to flow over the interior wall of the tower. The 
vapours pass through the perforations and impinge against the 
descending condensates. They are directed by the gutters to 
the inner part of the bell above. The chamber 6 may contain a 
coil through which the hot vapours pass to vapourise light oils 
from the condensates. A series of towers may be used to cool 
the vapours to 150-200 deg. C. The uncondensed vapours 
pass from the top through a pipe 16 to a serubbing condenser 
the enclosed | through which they pass downwards. The condenser is in the 
form of a tower having a cooler at the top and below it a series 
the gutters between which are formed so 
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centrifugal pumps. According to the invention, encli 
stator coils and laminations, together with the rotor laminations, ‘ 
are cooled entirely from within the machine by means of cooling | of perforated bells, 


which has longitudinal slots d or holes, the slots and holes being 
preferably tapered. ‘The sleeve piece ¢ being pliced in position 
over a joint between two pipes a and h, an electric arc or other 
suitable form of welding apparatus is used to fill more or less 
the slots d or holes with welding metal, the metal being welded 
to the pipes and to the sleeve, which is also welded along its 
edges at g. (Sealed.) 


215,046. J. Cash, Horseley Heath, Tipton. Foundry 
Moulding Machine. (3 Jigs.) January 4, 1923.—The 
invention has reference to means for supporting the moulding box 
or pattern plate of a foundry moulding machine in the raised 
position when it is desired to remove the pattern therefrom or 
for other purposes. The invention consists of means for 
supporting the moulding box or pattern plate of a foundry 
moulding machine and consists of a plurality of rods 9, which 
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are vertically slidable within and through the moulding plate 
or table 5, the rods being automatically maintained in their 
raised position by means of catches 22 when the rods are raised, 
the upper ends of the rods being disposed within recesses 7 
formed in the moulding plate or table in such a manner that 
they always form part of the support of the moulding boxgor 
pattern plate, even during the ordinary ramming operationsjof 
the moulding machine. (Accepted Muy 14, 1924.) 


PRINTING AND ALLIED MACHINERY. 


216,697. H. G. Rogers, South Lambeth. Folding Mech- 
anism. (4 Figs.) June 6, 1923.—The invention has relation 
to folding mechanism for printing machines of the kind com- 
prising a folding knife mounted on, and with its axis parallel with 
the axis of, a rotary cylinder in relation to which it is adjustable 
circumferentially, the knife being rotated by rack and pinion 
mechanism mounted on the adjacent machine framing and on the 


spindle of said knife, respectively, and is thereby caused to extend 
beyond the periphery of the cylinder. In accordance with the 
invention, the cylinder 4 has at its ends and externally thereof 
grooved flanges 9 in which the bearings for the knife 6 are 
received, said flanges being provided in the grooves with spaced 
holes 9a to receive the bolts which secure the knife bearings 
and permit of their adjustment circumferentially of the flanges. 
(Accepted June 12, 1924.) 


RAILWAYS AND TRAMWAYS. 


216,824. F. S. Roberts, Ellesmere, and W. H. Evans, 
Ford, Shrewsbury. Door Locking Apparatus. (13 Pigs.) 
February 26, 1924.—The doors of railway carriages are auto- 
matically locked and unlocked by centrifugal means actuated 
by rotation of a carriage axle. Blocks E: are freely mounted 
on spindles D secured to the axle by a collar © and are pressed 
towards the axle by springs F!. A bracket Al on the carriage 
frame supports a spindle B having cross bars B2, BS extending 
at right angles to one another and a crank arm B! parallel to 
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the cross bar B2. The arm B! is connected by a universal 
joint G to a rod H pivoted to a short arm Ji, Fig. 2, fixed to 
a shaft J, and the shaft J carries crank arms K extending in 
opposite directions at each side of the carriage. Pins on the 
arms K engage V-shaped slots L2 in rods L connected by levers 
M to locking bolts P. As the axle rotates the blocks HE! move 
outwardly and one contacts with the cross bar Be and turns 
it through 90°, whereby the rod H is pushed forward, caus- 
ing the pin on the arm K to move upwardly in the V-slot and 
draw the rod L towards it, thus shooting the bolt. When the 


(216,824. B) 
speed is reduced the blocks El move inwardly and one of them 
comes in contact with the bar B5, turning the spindle through 
a second 90) to withdraw the bolt. The action is repeated 
when the train again starts, but if it moves in the same direc- 
tion as before the crankarm Bl is moved through the third 
sector and the pins on the arms K move downwardly in the 
V-slot. The bracket Al has two grooves at right angles on 
its top face to receive corresponding projections on the head 
B4 of the spindle B. The bolts P are rounded and spring- 
pressed to allow closing of the doors after the bolts are shot. 
(Accepted June 12, 1924.) 


215,927. E. G. Walker, Hendon, London, and The 
Metropolitan Electric Tramways, Limited, Westminster, 
London. Staircases for Passenger Vehicles. (7 Figs.) 
April 16, 1923).—The invention is for improvements in stair- 
cases for passenger vehicles of the type of vehicle in which the 
passengers ascend to and descend from the upper deck by a 
staircase forming part of the vehicle. According to one feature 
of the invention, there is provided a passenger vehicle of the 
type described which is characterised by the employment of a 
staircase 12 mounted to be adjusted rotatively about a vertical 
pivot 16 to present its face in different directions relatively to 


the vehicle. Conveniently, reversible passenger vehicles, such as 
tramcars, are provided at each end with a rotary staircase 12 which 
is adjustable to face either side of the vehicle as desired. Thus, 
both of the staircases may be turned to face the near side of 
the vehicle, whichever way it is travelling, and passengers per- 
mitted, say, to enter at one end of the car and leave at the other 
end of the car. This will speed-up the loading and unloading 
of the car, not merely because it will provide two staircases 
for the purpose, but because it will tend to obviate the usual 
crowding of the passengers around a single staircase which 
has to be used both by passengers entering the car and those 
alighting from it. Reversible tramcars usually, of course, have 


two staircases, but these are fixed, and one of them is always 
facing the off-side of the car, and, consequently, cannot safely 
be used. The present invention, therefore, while occupying no 
more room than is occupied by existing constructions of stair- 
cases, permits them both to be put to useful purposes all the 
time.—(Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


217,757. <A. Elliott, Chelsea. Water-tube Steam 
Generators. (1 Fig.) June 6, 1923.—A water-tube steam 
generator, in accordance with this invention, comprises a steam 
and water drum A and two water drums B, © disposed at the 
corners of a triangle and connected with one another by banks 
of tubes with the steam and water drum A situated at the rear 
of the steam generator and above the water drum B. The steam 
and water drum A and the water drum C, which is situated at the 
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front of the steam generator, being each divided into two separate 
compartments, of which the two compartments 1, 2, of the steam 
and water drum A are connected with the compartment 6 of 
the drum © by two banks of tubes 9, 10, the compartment 7 
of the water drum OC being connected by banks of tubes 14, 16 
with the water drum B and with the compartment 1 of the steam 
and water drum A. The compartment 1 is further connected 
by a row or rows of tubes 15 with the water drum B. (Sealed.) 


216,244. H. Fothergill, Westminster, London. Boiler 
Feed Water Supply Plants. (1 Fig.) September 3, 1923.— 
The invention relates to steam turbine plant in which 
means are provided for removing the air from the boiler feed 
water by heat treatment in a vessel generally called a deaerating 
apparatus. a is the main turbine, b the deaeratorandc the main 
condenser, from which the air is removed by the ejector d. 
The pump e removes the condensate from the condenser ¢ and 
discharges through the pipe f into the deaerator b from which the 
deaerated water is removed through pipe g by the pump h. 
Low-pressure steam is bled from the turbine through the pipe / 
under control of the valve m, and is used in the tubes ¢ for raising 
the water to the desired temperature. vn is a drain connection 


through which the condensed steam from the tubes is discharged 
into the condenser ¢. The deaerator b is maintained under 
vacuum by placing it in communication with the condenser ¢ 
by way of the pipe p. This pipe p is provided with a nozzle o 
for the purpose of limiting to a predetermined amount the 
quantity of aerated vapour passing from the deaerator b to the 
condenser ¢ by the choking effect of the device’o. Any restricted 
opening in the pipe p will give this desired effect, and, in the 
arrangement shown, an ordinary valve is illustrated. By the 
use of this restricted opening the pressure in the deaerator is 
maintained at that corresponding to the temperature of the 
water therein, while a predetermined amount of aerated vapour 
is continuously discharged through the pipe p. _(Sealed.) 


216,984. R.L. Roxburgh, Newcastle-upon-Tyne. Gas- 
fired Steam Boilers. (2 Figs.) March 29, 1923.—The in- 
vention relates to steam-pressure controlled gas valves for auto- 
matically regulating the pressure in all kinds of gas-fired steam 
boilers and heating apparatus by controlling the supply of gas 
to the burners. A steam-controlled gas valve, in accordance 
with the invention, is provided with means for externally regu- 
lating the diaphragm-controlled gas outlet relatively of the 
diaphragm b to suit the varying requirements of the apparatus 
to be heated, said means being independent of the gas inlet pipe 
a and gas outlet pipe & of the valve and comprising a tube g, 


one end,m, of which co-acts with the diaphragm b, and the other 
end is sealed and extends to the outside of the valve casing d 
where it is provided with means whereby it can be rotated. 


Z 
(2/6, 984) 


The tube g is perforated at hk to allow the gas to pass to the gas 
outlet % and is threaded so that rotation causes it to approach 
or to be retracted from the diaphragm b. (Sealed.) — 


MISCELLANEOUS. 


214,416. John Fowler and Co. (Leeds), Limited, Leeds, 
and D. Wood, Yeadon, near Leeds. Road Scarifiers. 
(2 Figs.) March 20, 1923.—The invention relates to scarifiers 
for roads and similar surfaces of that type which are provided 
with inclined tynes rotatable about their axes to act in the 
manner of drills, and mounted on a road roller in an adjustable 
frame so that the tynes may be raised and lowered in relation 
to the ground. The invention comprises a novel combination 
of parts comprising one or more inclined axially rotatable tynes 
acting in the manner of drills, the tyne or tynes being mounted 
on the vehicle with part of the driving mechanism as a self- 
contained adjustable unit and having means for rotating same 
from a road wheel of the vehicle, with clutch mechanism em- 
bodied in the transmission means for putting the tyne or tynes 
into or out of operation at will. a designates a road wheel of a 
vehicular scarifier and } the rear frame. On the axle of the 
road wheel is mounted a gear wheel c which meshes with a 
pinion @ on a stub shaft e extending from the frame b. On 
the stub shaft e is also a sprocket f and between the latter and the 
pinion d is a dog clutch g operable by means of a lever / at the - 


side of the frame, so that the drive to the sprocket f can be 
brought into or out of action at will The sprocket f is con- 
nected by a chain to another sprocket « mounted on a stud 
shaft j carried by a frame or casting & at the rear of the vehicle, 
this casting being provided, as shown in Fig. 2, with interior 
apertures forming journals #1, k2, in which the tynes can rotate, 
provision being made for two tynes side by side. The tyne 
illustrated in Fig. 1 comprises the spike /! pinned to a sleeve 2? 
having bearing in the journals #1, £2 the rear end of the sleeve 
12 terminating in a bevel wheel 15 with which meshes a bevel 
wheel j! on the stub shaft j, so that rotation of the latter imparts 
axial rotation to the tyne. Where two or more tynes are pro- 
vided, rotation of one is imparted to the next in opposite direc- 
tion by means of intermeshing spur wheels, one’of which is 
shown at m on the sleeve 72. The tynes can be raised and 
lowered at will, as by mounting the casting * in a bracket n 
extending downwards at the rear of the vehicle, the casting 
being provided with extensions 0 working in guides p in the 
bracket and the whole unit being operated by a screw spindle ¢ 
and rotatable nut 7 in the form of a bevel wheel driven by any 
convenient means, not shown, (Sealed.) 


12-Ton Hopprr Wacons.—We understand that the 
Cambrian Wagon Company, Limited, of Cardiff, have 
recently delivered to the Glasgow Corporation a number 
of 12-ton hopper bottom door wagons for coke traffic 
connected with the Corporation’s Dawsholm gasworks. 
These wagons have wooden frames. The two bottom 
doors can be opened and closed independently, and the 
discharge regulated as required by the operation of 
handwheels on both sides of the vehicle. There is no 
need for men to go under the wagon to close the doors, 
and the rate of discharge at one point is said to be of the 
order of 350 tons per hour, 


. 
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Automatic Telephone Systems. By Witu1am AITKEN, 
M.I.E.E., A.Am.I.E.E. Vol. III. Large Multi-O fice 
Automatic Systems > Semi-Automatic Working; Mis- 

 cellaneous Systems; Lay-Out and Wiring ; Power Plant. 
London: Ernest Benn, Limited. 1924. [Price 55s.) 


Wirn the appearance of the third volume, dealing 
with the suggested mechanism for automatic con- 
nection and control, Mr. Aitken completes the task 
he contemplated, and we offer him our congratula- 
tions on the successful accomplishment. This, of 
course, is very different from saying that finality 
has been reached. Even in this volume, there are 
additions to the descriptions given in earlier sections. 
We are at the beginning and not the end of the many 
interesting problems that will long engage the 
attention of engineers, who have fearlessly fought 
their way through bewildering complications and 
built up circuit on circuit, and control on control, 
till mechanical operations wear the appearance of 
intelligent direction. Simplification will, however, 
proceed continuously and ingenuity will devise other 
and less complicated devices, while the necessity for 
standardisation will work in the same direction. 
Already, there are several competing systems occupy- 
ing special fields, and active competition among these 
will tend to improved working. The Strowger- 
Director system apparently enjoys the confidence of 
our Post Office authorities. The Rotary and Radial 
systems are more favoured on the Continent, and 
the Panel system due to the enterprise of the Western 
Electric Company of the United States satisfies the 
needs of large areas and enjoys a wide field of 
usefulness. The main principles involved in those 
methods have been described and illustrated in the 
earlier volumes. 

In considering the arrangements in use or suitable 
for large multi-office areas, it is instructive to notice 
that experience has not yet been able to decide 
whether small switches of, say, 100 lines, or larger 
Switches with 500 lines, are, more convenient and 
economical. The Automatic Telephone Manu- 
facturing Company of Liverpool claim that the 
Director System, a variation of the Standard 
Strowger equipment, furnishes all the necessary 
advantages and facilities for large areas. On the 
other hand, the Western Electric Company followed 
by the Ericsson Company of Sweden, approve of a 
500 rotary and radial system. The telephone 
department of the Post Office has apparently tried 
both, and after trial decided in favour of the small 


switch. The facilities and, we presume, the difficul- 
ties, of passing from manual to automatic devices are 


about equally balanced in either case. A funda- 
mental difference lies in the method of driving, and 
this may prove the determining factor in the oppos- 
ing systems. The Strowger system is driven by a 
step-by-step mechanism, whereas in the arrange- 
ments of the other Companies, the switches are 
driven by bringing their mechanism into engagement 
with continuously running shafting. 

The ease and comfort of the user will depend 
greatly on the working of the dial, the mechanism 
by which a fellow subscriber can be summoned. 
By moving the dial numbers, he brings into action 


the gear that controls the selecting and connecting 


Switches, but with this apparatus he has nothing 
to do, his power for action or interference ends 
with the movement of the dial figures into their 
proper places. Much attention must have been 
given to this point, and yet the process seems to 
be unduly elaborate.- Seven operations are neces- 
sary to complete the call, three to attract the 
exchange, and four to call the subscriber, who will 
be designated by four digits. An unnecessary 
complication seems to be retained by adhering to 
the use of a descriptive name for the exchange, 


_ compelling the subscriber to translate three letters 


of the name of the exchange into figures. The 
necessity for this extra operation is not clear. 
Instead of taking from the Telephone Directory the 
name of the exchange, as Mayfair or Wimbledon, 
it is necessary to code the first three letters into 
629 or 946. Possibly it is found in practice that the 
retention of seven digits in the memory for a few 
moments is too troublesome for many people. 
Certainly the process is very fully explained and 
the length of explanation may have conjured up 
difficulties that do not exist. Abandoning a call, 


or taking measures to obtain access to an operator 
need provision to be made by special devices which 
are shown in diagrams, fascinating by the amount 
of detail exhibited and explained. 

The passage from manual to automatic working 
in a centre like London must be long and tedious, 
involving a transition period, during which both 
methods may be employed. The working of the “call 
indicator,’ a marvellous piece of mechanism that 
makes final adjustment possible, will be set up at 
all manual offices within a 10-mile radius of the 
central tandem office in Holborn. All the outlying 
offices will have outgoing and incoming trunks to 
the tandem office, where the incoming trunks will 
be received on call indicator equipment. Of these 
outlying stations, some will combine three offices 
each containing 10,000 lines, and this may serve 
to indicate the extent of the accommodation re- 
quired at the central tandem office. As completion 
proceeds, so a subscriber will be enabled by turning 
his dial to transmit any call automatically to any 
one of the manual offices in the area. When two 
or more automatic offices are installed, there will 
be direct trunks between them, and between these 
main offices and their satellites, so that calls from 
one of these to another will be strictly automatic. 

Modifications of recent introduction into the 
panel system are adequately explained, but the 
translational facilities and flexibility of the system 
are apparently not superior to those of the Director 
system. The length of life and cost of mainten- 
ance are factors that cannot be estimated by the 
examination of diagrams, however ingeniously 
constructed, and these are elements which will 
eventually decide the choice of method and the 
direction of improvement. The Ericsson system has 
some interesting features that will secure its recog- 
nition. It utilises register and sequence switches 
in addition to pre-selectors or line finders, group 
selectors, and final selectors. Mr. Aitken calls 
special attention to the advantages arising from the 
construction of the three classes of switches to 
practically a similar design. An outcome from the 
Ericsson system due to Mr. D. C. Crowe of that 
company, is an invention for utilising plugs and 
cords in connection with a tubular cage, having 
jacks arranged in a circle located at either end. 
We do not know that the plan has found any 
extensive application but it can be readily adjusted 
to existing forms of automatic telephony. 

Several other systems are described, particularly 
those adapted to bridging over the interval between 
the removal of a manual system and the adoption 
of complete automatic arrangements. Of special 
interest is the adaptation of the Western Electric 
Company's rotary system to the Hull Municipal 
Telephone Exchange, since the plan does not follow 
that adopted by the Post Office, thus permitting 
independent comparison, A scheme is also sub- 
mitted for working between a main and a branch 
office, where it is undesirable to have an operator 
in constant attendance. In this way an office can 
be closed at night, and yet be utilised for trans- 
mission. 

Much ingenuity is shown in the matter of meter- 
ing and some of the schemes are simple in construc- 
tion, and should give confidence to the public. 
Some, more ambitious, aim at recording the dura- 
tion of the connection, others regulate the charge 
proportionately to the amount of apparatus and 
number of lines involved. This latter plan is 
advocated by Messrs. Laidlaw and Grinstead, who 
urge that a tariff to be satisfactory, should be pro- 
portioned to the expenses, and arranged on the 
principle that the cost incurred in giving the service 
rendered on each call, should be covered by the 
revenue received in respect of that call. The plan 
proposed is one that concerns the public very 
narrowly, and the proposers maintain that it is 
scientific and fair, and is allied to the methods in 
use of charging for electricity and gas. It is no 
part of the author’s scheme to enter into costs or 
capital expenditure, but this point cannot be absent 
from the mind of many when they consider the 
additional amount of apparatus that will have to be 
provided. 

The book concludes with a valuable section on 
wiring, lay-out, and power plant. In connection 
with the first, we are shown the expedients devised 
to increase the traffic-carrying efficiency of groups 


of electro-mechanical switches. No mention has here 
been made of the author’s original work on details, 
but this omission may be corrected in some measure 
by calling attention to his “ graded multiple trunk 
wiring system,” for which it is claimed, that smaller 
switches can be used, and pre-selectors rendered 
unnecessary, while no distribution board is required, 
while the number of trunks can be readily increased 
to meet the demands of traffic growth. Of lay-out 
schemes, examples are given of the Siemen’s method 
at the Grimsby Exchange; of Keith’s method of 
wiring between switches in an office, of the Ports- 
mouth Post Office ; and of an American Exchange, 
in which a room 75 ft. long by 53 ft. wide, is made 
to accommodate a 10,000-line equipment. Many 
important topics are discussed in these last chapters, 
which must be passed over for want of space. In 
reviewing a volume crowded with details, which 
examines the development of schemes on which 
much ingenuity has been expended, it is difficult, 
if not impossible to do justice to the industry and 
labour that has collected and arranged so much 
material. But we can assure those who are 
interested, that in these volumes will be found a 
vast mass of information, carefully sifted by one 
who from experience and aptness is well qualified 
to supply a clear and comprehensive view of an 
intricate subject. 


Motor Bodywork: The Design and Construction of Private, 
Commercial and Passenger Types. By Herserr J. 
Butter. Withforeword by Sir H. Austin, K.B.E., M.P. 
London: W. R. Howard & Co. [Price 52s. 6d. net.) 

THE substitution of the self-propelled vehicle for 

the horse-drawn carriage has necessitated changes 

of more consequence to the manufacturer than are 
apparent to the public, while the abandonment of 
much long-acquired experience has been neither 
warranted nor advantageous. The evolution was 
too sudden and abrupt, and the advocate of the 
new form of locomotion was too insistent and too 
little instructed in the practice of the past. Modi- 
fications of the chassis compelled frequent changes 
in body construction that had to be hastily met. 

Carriage design may now be said to have thoroughly 

accommodated itself to the new order and has come 

into its own. Utility. elegance, and economical 
construction go hand in hand, and no material 
alteration is probable in modern bodies unless some 
entirely new design of chassis is proposed, such as 
relegating the engine to the back of the frame, 
an arrangement that was adopted, Mr. Butler 
reminds us, in the earliest cars. From the body 
makers’ point of view, such a radical change would 
not be without its advantages. In the forward 
position of the engine a comparatively large portion 
of the chassis is occupied before the driving seat 
can be plotted out, and he sees the possibility of — 
the engine being built into the body so that it is 
about centrally placed over the hind axle, or even 
wholly behind it. 

Although the author may look forward to the 
problems of the future, or backward as a critic to 
note how inconveniences have been remedied and 
improvements introduced, naturally his main object 
is to serve as a guide to the present. The provision 
of an authoritative and comprehensive treatise is 
a necessity, both to inform those who have re- 
modelled their workmanship to meet the conditions 
arising from the tendency to replace wood by metal, 
and to demonstrate the possibility of methods which 
will enable greater speed to be secured with less 
weight of material, without leading to rapid deterior- 
ation. Especially is he interested in the adoption 
of the principle of standardisation of parts as the 
best means of benefiting the public at large, by 
supplying the demand for the smaller types of motors 
of good appearance at a moderate price. We all 
know that a body car made singly costs twice 
as much as one which is part of a batch of fifty. 
The chassis makers are responsible for much of the 
irregular variety that exists. They have, perhaps, 
been inclined to regard the office of the body maker 
as inferior to that of the engineer, and have con- 
centrated attention on their particular aims, with 
insufficient regard to the requirements of the body 
makers. If, says the author, half a dozen chassis 
are selected at random, each of the same rated horse- 
power and designed for the mounting of a similar 
range of body work, a comparison of the dimensions 
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will disclose large variations. Taking examples 
from six chassis of 11-9 h.p., he finds that the wheel 
diameter will vary from 710 to 760 mm. ; the wheel 
base from 8 ft. 6 in. to 9 ft. 8 in.; and the wheel 
track from 4 ft. to 4 ft. 7 in. Such variations 
operate very adversely to the body builder, as they 
prevent him from organising his work econo- 
mically or from building stock when orders are 
scarce. Mr. Butler looks forward confidently to 
the time when there will be closer co-operation 
between the chassis designer and the body maker. 

It would be impossible to give an adequate idea 
of the wealth of detail described ; or to note the end- 
less variety of equipment required by the motor 
cars that thread our streets or are to be seen in 
every lane and highway, though in this minuteness 
the professional will find the great value of the 
book. He has before him the history of successful 
experiment, illustrated by many ingenious and prac- 
tised hands, for every variation of design may be 
considered as an original experiment, inviting to 
further modification and improvement. A very 
happy feature is the contribution of many com- 
peting firms, who have readily supplied drawings 
and descriptions of their most satisfactory models. 
The result has the appearance of a sincere effort to 
get the best, and that which is most suitably 
adapted to a particular form of chassis or to achieve 
a particular end. 

The author takes a wide view of his subject. He 
includes a description of wood-working machines 
and tools, hand or power driven, though of course 
these are used in other trades. He considers at 
some length the comparative merits of wood and 
metal, describing the various materials of con- 
struction that pass through the body makers’ 
hands. Complicated forms of curves given to steel 
and aluminium panels in modern machines have 
done much to eliminate the use of mahogany and 
other decorative woods, and brought new trades 
and methods into existence. The bewildering 
variety of trimming and ornament that fashion 
dictates or wealth commands receives minute 
attention. 

The motor car is, however, only one, and not 
necessarily the most, important branch of the 
subject. The facilities afforded to road transport 
by the commercial car in its many forms are every- 
where apparent. In one direction the omnibus, the 
taxi-cab, the char-a-banc, compete with and supple- 
ment the work of the passenger railways; while 
on the other, the commercial car in great variety 
is being adapted to fresh purposes every day. The 
platform lorry in its crudest construction of a flat 
loading platform and a driver’s cab, has assumed 
many shapes and grows more and more differ- 
entiated as it is made to satisfy the requirements 
of many trades. In turn, it becomes the box-van, 
the tipping wagon, the travelling caravan, the 
picturesque advertisement, the ambulance, and 
finally the hearse. 

We see all these vehicles under construction, 
and are directed to the various forms that con- 
tribute to a satisfactory result. But in the many 
classes of carriages that are built upon paper, the 
author does not forget the esthetic side. He 
enforces the production of what is pleasing to the 
eye as well as convenient in use. One cannot 
expect originality of design in a platform lorry, 
but though it may be used for heavy work or be 
soiled quickly from the nature of its contents, 
there is no reason why it should have an ugly 
outline. A body is not without dignity because it 
is made up of straight lines and flat surfaces, but 
the introduction of a line that does not harmonise 
with surrounding parts, or is an unnecessary addi- 
tion, is detrimental to good effect. The book can 
be recommended to all who are desirous of acquir- 
ing further information concerning the problems of 
body work design. 


Manacement Engineering. By P.F. WALKER. 
McGraw-Hill Publishing Co., Limited. 
net]. 


PROSPECTIVE readers generally expect the title of 
a technical book to give a fairly accurate indication 
of the nature of its contents, and the readers of the 
book under review here might reasonably expect to 
find in it a treatise discussing the management of 
engineering works and giving information that would 
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be helpful to managers or prospective managers. 
In two directions, the reader is likely to be dis- 
appointed. In the first place, the author states, 
quite frankly, that “the book is the result of an 
attempt to bring together material which has been 
treated in many separate volumes,” the aim being 
“to make this material available in the classroom (the 
italics are ours) rather than to present new facts or 
distinctive ideas.” In the second place, it appears 
that it is not the author’s intention to confine 
himself to the consideration of the very wide subject 
of engineering works management. While it is not 
made too clear, it seems that the idea is to give works 
management itself a new title, to call it “ manage- 
ment engineering,” treating the management of any 
productive works as being a branch of engineering 
even. as civil, electrical and mechanical engineering 
are separate branches. ‘‘ Management engineering 
is a term coming into more general use to describe 
the activities of developing and operating production 
plants. While frequently thought of as being the 
same as industrial engineering, it reaches beyond 
the direct problems of production and process, into 
the fields of administration. Production 
engineer, production manager and industrial en- 
gineer are three titles having similar meanings but 
with slight differences of some significance, all 
coming within the scope of management engineer- 
ing.” This indicates the author’s point of view. 
In the same chapter, which is entitled “ Basic 
Principles,” useful reference is made to the various 
considerations which ought to be given when 
deciding upon the location of a plant, such as the 
supply of raw material and of labour and the 
influence of climatic conditions. Industries are 
classified in groups, although this appears to be 
a matter of interest rather than of use, and three 
pages of statistics are given indicating the number of 
people employed in the United States, in many 
industries, since the year 1880. There are chapters 
on the “ Analysis of Production Factors,” “ Pre- 
liminary Design,” in which appears to be treated the 
suitability of a locality for the establishment of a 
successful business ; on the “‘ Functional Design of 
the Enterprise,” in which information is given on 
the metal-working industry, engineering, iron and 
steel, portland cement, leather tanning, paper and 
wood pulp, paper, sugar refining, starch and glucose, 
fur-felt hats, woollen and cotton goods. The 
“ Design of the Plant” is then discussed, lay-outs 
for die-casting, gasolene engine building and cotton 
mills being given. Organising and financing a 
company are given separate chapters, these being 
followed by “ Organisation and Management ”’ and 
“ Costs,” a number of charts being given. 

Superficially, it may be said the ground is well 
covered. As indicated, many aspects of works 
management are discussed but, if only because of 
the breadth of the subject, the treatment given 
cannot be more than superficial, and as far as this 
can be of value, as it can well be for class-room 
students who perhaps have not learnt the alphabet 
of management, it is to be found here par eacellence. 
The quotations made by the author are many, and 
when space does not allow for fuller information to 
be given, the reader is referred to a book in which 
this can be found. As examples of that which the 
author conceives to be of value the following are 
quoted. Under starch and glucose the reader is 
informed that “ Washing-corn from the storage 
bins is carried by conveyor to plain tanks fitted 
with motor-driven agitators. Floor space 300 sq. 
feet ; fourth floor; 2 h.p. motors.” Under the 
heading of “ Fur-felt hats ” it is stated that to manu- 
facture ‘‘ 250 dozen soft hats per day there will be 
used annually about 120 tons of rabbit fur and 20 
tons of other material, . Large quantities of 
hot water are used.” This is interesting without 
doubt, even useful to a man who has time to wade 
through a book on “‘ management engineering ”’ in 
order to obtain a smattering of information on many 
subjects which will be all too little to be of value 
to a “managing engineer’? even though he be a 
chemist as in some cases he should be. 

We have referred before to the ineffectiveness of 
books in which too much is attempted within the 
covers of one volume. Specialisation in industry is 
bound to be followed by specialisation in books and, 
while it is apparently the author’s idea to specialise 
in management, we feel he has not made the best 


use of his opportunity. That works management 
requires lifting on to a higher plane we have no 
doubt; it has been regarded all too lightly, not 
less, in some cases, by managers themselves than 
by directors. Inasmuch, as Mr. Walker has written 
to this end, we wish him success but wish much 
more that he had treated his subject as being as 
big and as broad as it really is. To a great extent 
successful works management is a combination of 
administrative and technical knowledge and good 
judgment. Any works manager who is deficient 
in any one of these is much handicapped. Manage- 
ment calls for a recognition of principles rather than 
a learning of details, and while it would be wrong 
to say the author has not dealt with principles yet, 
in some cases, they are so mixed up with details 
that the value of the book to the busy manager 
will be largely discounted. 


THE PENANG HILLS RAILWAY. 


One of the most important ports of the Hast, 
Penang, is the emporium for the northern and 
more prosperous parts of Sumatra and the Malay 
Peninsula. As will be generally known, Penang, 
or Prince of Wales’s Island, is an island some 15 
miles long and 12 miles broad, the chief town and 
capital, Georgetown, being situated on the eastern 
side, opposite the mainland. The Settlement in- 
cludes a strip of country on the mainland known 
as Province Wellesley. Penang Island is formed 
by mountainous and broken country, and as it is 
situated not far from the Equator and the capital 
is at sea level the climate is somewhat trying for 
Europeans. In these circumstances it is not sur- 
prising that a settlement or hill suburb is growing 
up on Penang Hills, which lie behind the town. 
Owing to the steep and rocky nature of the country, 
however, access to the summit has, until quite 
recently, been possible only by a tiresome and 
difficult journey by hill track some 5 miles long, 
impossible for vehicles of any kind, the ascent 
taking some 1} hours. 

The advantage of rendering the summit of the 
hills more accessible has been obvious for many years, 
and some 25 years ago an attempt was made to 
construct a funicular railway to the summit. The 
railway was in fact actually built, but apparently 
those responsible for it had an insufficient apprecia- 
tion of the difficulties of the task they had under- 
taken, or of the mechanical considerations which 
had to be complied with, and at the trial when 
the railway was ready to be opened to the public 
it was found that the cars could not be started. 
They, in fact, never were started, and not a single 
trip, nor part of a trip, was even made. The 
material of this early railway was left on the ground, 
and parts of it have proved of some service in the 
construction of the new line with which this article 
is concerned. This new railway was opened for 
public service on October 21 last year, and officially 
opened by His Excellency the Governor of the 
Straits Settlements, Sir Laurence Nunns Guille- 
mard, K.C.B., K.C.M.G., on January 1 of this year, 
and has been in very successful operation ever since. 

The first railway was constructed by a private 
company, but the present enterprise is a State one. 
being undertaken and carried through by the 
Federated Malay States Railways. The first survey 
for the work was carried out in 1909 and construction 
was started in 1914. The war interfered with 
progress, as with that of so many other public 
works, and all construction was stopped for 5 years. 
A re-start was made in 1920, and the work carried 
to completion in the autumn of last “year. The 
work has throughout been under the control of 
Mr. A. R. Johnson, A.M.I.Mech.E., of the Feder- 
ated Malay States Railways. The arrangement was 
probably a somewhat unusual one for a work of 
this magnitude, and Mr. Johnson not only carried 
out all the surveys and determined the location of 
the railway, but also designed and carried through 
the construction work and drafted the specifications | 
for all the mechanical material. He acted as his 
own resident engineer throughout the whole of the 
work. 

_A plan of the railway is given in Fig. 1 opposite 
and its situation in relation to Georgetown, the 
capital of Penang Island, is illustrated in the map. 


. 


_ of any line, as is well illustrated in Figs. 34 and 35° 
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given in Fig. 2. The lower station is 4 miles from 
the centre of the town, and is served by a good 
road and by the tramear service. The railway has 
a total length of 1 mile 435 yards, and the upper 
station is situated 2,381 ft. above sea level. 
Profiles of the line are given in Figs. 3 and 4. The 
total time taken for the journey to the top is 
about 25 minutes. It is interesting to note that 


Fig. 7. 
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on page 678, which show parts of the route of the 
funicular railway, and any rack railway would have 
involved a great increase even on the heavy con- 
structional work which has been necessary. The 
whole hill side is to a large extent covered with 
granite boulders, some of enormous size, one having 
a weight of some 12,000 tons. 
In any funicular railway the haulage engine has 


are a necessary feature of any railway, but a profile 
may be determined for the line which will demand 
an approximately constant output from the engine 
over a wide range of car loading. The Penang 
Hills Railway has been set out with such a para- 
bolic profile, and one of the striking features of 
the line is not only the practically constant loading 
of the haulage engine, but also the remarkably 
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Fig.¢. LONGITUDINAL SECTION OF LOWER HALF. 
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the configuration of the hill is such that an ordinary | 
adhesion railway to the summit would have to be 
25 miles long, and the journey would take about 
two hours. The conditions militating against an 
adhesion railway apply almost equally to a rack 
railway, and such a line would not only have 
involved a longer journey, measured in time, than 
does the funicular railway, but would have been 
very much more costly to construct. The physical 
features offered great difficulties in the construction 


/to move not only the cars but also the haulage 
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rope, which may be considerably heavier than the 
useful load. The load on the engine is variable, 
as the relative positions of the cars alter. The 
ideal arrangement is one in which the tractive 
force required from the haulage engine is a con- 
stant, and this effect is obtained by making the 
profile of the railway a parabola. It is not possible 
in practice to obtain an absolutely constant load 
on the haulage engine, since a variable is introduced 
owing to changes in the loading of the cars, which 
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small power which it demands for its operation. 
The railway, as shown in the plan, Fig. 1, 
is constructed in two sections with an inter- 
change station in the middle. This arrangement 
was adopted as best meeting the very difficult 
conditions which had to be dealt with. It would 
have been possible to obtain a location with correct 
profile for a railway consisting of a single section, 
but the total cost of the line would have been 
considerably greater and the carrying capacity 
less. With two sections and cars of equal capacity, 
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double the number of passengers may at any moment | of the rope actually assists the haulage engine. 
It will be! To maintain a constant tractive effort the steepness 
seen from Fig. 1 that a certain amount of horizontal | of the line is increased towards the upper end, so 
This | that the reduced effect of the rope is made up by 
A 


be in process of transport on the line. 


curvature has been introduced in the line. 


has been done entirely for structural reasons owing | an increased effect due to the ascending car. 


to the country traversed. 


Fia. 5. GENERAL VIEW OF LOWER SECTION. 


introduce any difficulty of importance in connec- 
tion with guiding the rope, and has not been allowed 
to interfere with the parabolic profile of the line. 
The worst curve is of 1,500-ft. radius. 

Longitudinal sections of the upper and lower 
parts of the railway are given in Figs. 3 and 4, 
on page 665, which have already been referred 
to. These clearly show the parabolic profiles. As 
indicated in these figures, a departure has been 
made from the parabolic form at the bottom ends 
of both the upper and lower sections. In each case 
a short circular curve tangent to the parabola is 
introduced. The object of this is to ease the starting 
grade so that the load does not rise above the normal 
maximum during the period of acceleration. The 
railway is operated by two electric-motor-driven 
winding engines situated one at the top of each 
section, and on each section there are two cars 
connected by a haulage rope which passes round the 
drums of the winding engine. The cars operate 
on a single track, and a passing place is arranged 
at the point at which the cars would meet, as is 
clearly indicated in Fig. 1. It will be obvious that 
when the cars are at this point the load on the 
winding engine due to the haulage rope is nil, since 
the descending portion will balance the ascending 
portion. In any other position of the cars, however, 
this load is not balanced, and while the ascending 
car is below the passing place, the pull due to the 
ascending rope will be greater than that due to 
the descending rope, and the difference has to be 
made up by the haulage gear. When, however, the 
ascending car has passed the middle of the section, 
the pull due to the descending rope is greater than 


that due to the ascending one, so that the weight ! 


It is insufficient to | mathematical investigation of the conditions shows 


» Fic. 10. Excavation oF 


that for constant tractive effort a parabolic profile 
is necessary, and, as has already been mentioned, 
such a profile has been adopted. A general view 
of the lower half of the line is given in Fig. 5, on 
this page. Owing to the situation of the line it 
is not possible to obtain a general view of the 
whole railway. 

As already mentioned the total length of the 
line measured along the formation level is 1 mile 
435 yards, and the total rise in this distance is 


2,270 ft. The mean gradient is slightly steeper 
than -1 in 3, and the maximum 1:98 on the 
lower section and 1-93 on the upper. The upper 
station is 2,381 ft. above sea level. As -will 
be clear from Figs. 3 and 4, the upper section is 
longer than the lower, and as the cars on the two 


Lower Face oF TUNNEL. 


sections have to work in unison, a higher speed 
is adopted on the upper one. This is 5-25 ft. 
per second (3-58 miles an hour), while it is 4-28 ft. 
per second (2-9 miles an hour) for the lower. The 
acceleration is one-tenth of the full speed, or 
0-525 and 0-428 ft. per second per second. 

The very broken nature of the country over 
which the railway has been built is indicated in 
Figs. 3 and 4, from which it will be seen that the 


construction consists of viaducts alternating with 
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‘seen from Fig. 7, the viaducts are 5 ft. wide at 
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cuttings, and that there is a tunnel 258 ft. long, 


which is one of the steepest in the world, near the 
summit of the upper section. There is a total length 
of viaducts of nearly half a mile, the longest being 
775 ft. long and 50 ft. high at its highest point. 
There are 12 cuttings, the deepest being 68 ft. 
below the original ground level. In view of the 
tropical climate and the torrential rains which are 
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actually employed was to divide the hill into six 
separate hauls for the transport of materials. The 
lowest of these hauls was worked by the old haulage 
engine which had been installed for the operation 
of the original railway, but which proved incapable 
even of starting the cars. This engine was operated 
by a Pelton wheel, and after being put in proper 


Fig. 28. 


eee 


or erection shops could be provided. ~The method | 


be dealt with in this way had a-weight of more 
than four tons. 

| The general method of construction will be 
| followed from the various views given in Figs. 15 
to 18. There was little trouble in finding a satis- 
factory foundation for the piers, and in several 
cases they were built directly on large boulders, 
| or the boulders were incorporated in the structure. 
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experienced, and which would probably carry away 
any earth filling which might be attempted, 
especially on the very steep slopes which are an 
essential feature of the railway, the whole construc- | 
tion is in masonry throughout, and no loose stone. 
ballast is used. The track is built into the masonry | 
and anchored by long bolts at suitable intervals. | 
The bottoms of all cuttings are pitched in step | 
formation throughout. | 

As there was plenty of granite available on the | 
spot, all viaducts are built in granite rubble with 
concrete arches, a 16-ft. arch being adopted as the 
standard and used throughout except in the case 
of two arches near the bottom of the lower section, | 
where some very large boulders had to be crossed. 
At this place two 40-ft. arches have been introduced. | 
The standard arches, the distribution of which 
throughout the railway can be seen from Figs. 3 
and 4, are illustrated in Figs. 6 and 7, while details 
of the gangway.which is carried alongside the track 
are given in Figs. 8 and 9. It will be seen from | 
Fig. 6 that the arches are struck from two centres 
with different radii inside and out. The form thus 
produced gives a better resultant thrust, under the 
special conditions of gradient and unevenly distri- 
buted dead load, than any form of symmetrical 
arch. It also resulted in considerable saving in 
the amount of backing required over the upper 
haunch. The maximum height of the viaducts 
is 50 ft. from the top of the footings. As will be 


the top. Some of the arches in various stages 
of construction are shown in the views given in 
Figs. 13 to 22, on Plates LXIX, LXX and LXXI, 
and in Figs. 36 and 37 on page 678. 

It will be realised that the constructional condi- 
tions of the railway were very difficult. All cement 
sand and other material, except stone, had to be 
transported up to the work over very rugged country, 
while it was, in general, impossible to find any even 
approximately level area on which any sort of yard | 
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repair and a proper lead for the haulage rope had 
been arranged, proved quite successful and satisfac- 
tory. The engine transported some forty thousand | 
loads of materials during the construction. The four 
centre working hauls were provided with temporary 
tracks and were operated by steam winches, while 
the upper one consisted of an aerial ropeway some | 
600 ft. long worked by a steam winch and capable 
of carrying loads up to half a ton. In the later 
stages of construction the temporary tracks were 
abandoned and the materials were hauled up the! 
new line. Some of the engine parts which had to 
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Interesting examples of this kind are shown in 
Figs. 18 and 14 and 19 to 21. As will be seen 
from the figures the masonry piers were constructed 
with scaffolding, and the concrete arches were 
run over wooden forms in the usual way, the 
masonry backing them being then completed. Apart 
from the upper section, on which the overhead 
runway was installed, and two overhead cableways 
which were used between Marks 817 and 1145 on 
the lower section, and Marks 659 and 823 on the 
upper section, cement and stone were transported 
from the temporary track to the building-in position 
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200 Ib. per square inch gauge, a steam temperature 
of 650 deg. F. and vacuum at the turbine exhaust 
flange of 28 in. at 30 in. Hg. barometer. The economic 
output was fixed at approximately 8,000 kw., the 
maximum output being 19,000 kw. at 3,000 r.p.m. 
From the low-pressure stage, steam is bled for raising 
the temperature of the condensate by means of a 
surface heater to 185 deg., the steam used for the 
purpose being at a pressure, “under full load conditions, 
of 123 Ib. per square inch absolute. The drainage from 
the bleeder heater is taken through a water seal to the 
condensate pump suction. The turbine exhausts into 
a surface condenser of the Contraflo type, designed to 
maintain a vacuum at the turbine exhaust flange at 
economic load cf 28 in. of mercury with the barometer 
at 30 in., the cooling water having a temperature of 
80 deg. F. 

The condenser has a welded and riveted mild steel 
ae with a total cooling surface of 15,000 sq. ft., with 
?-in. tubes and two water passes. A somewhat ‘novel 
featuss of the condenser is the door, which consists of 
mild steel plate, suitably stiffened, the water heads 
being the only cast-iron work on the condenser. The 
condenser is carried on spring supports. The circu- 
lating water pump, supplied by Messrs. Mather and 
Platt, is capable of delivering 11,500 gallons per minute 
against a total head of 80 ft., » and is driven at 720 r. p.m. 
by a 385 h.p.. three- phase, slip-ring motor. The 
cooling water is supplied from cooling towers, some of 
which are of the forced-draught type, so that under 
ordinary working conditions it is generally possible to 
maintain, even during the summer months, a sufficiently 
low temperature to obtain, under maximum load 
conditions, a vacuum of 28-4 in. to 28-5 in. mercury. 
The air ejectors are of the kinetic steam jet type, with 
two steam jets in series and intermediate and secondary 
cooler, through which the condensate passes, so that 
all the heat from the jets is absorbed by the condensate. 
The condensate is removed from the condenser by 
means of a Pulsometer, single-stage condensate pump, 
running at 1,465 r.p.m. and driven by a 20-h.p. three- 
phase motor. 


by hand. labour being cheap and plentiful. Chinese 
and Indian coolies were mostly employed, with 
one English tunnel foreman, one English chief 
inspector, and native foremen. In many cases 
the existence of a cutting enabled material to be 
taken up a temporary track to the level at which 
it had to be used. The cuttings of which two 
examples are illustrated. Figs. 11 and 12, on 
Plate LXIX, were taken out by hand, but much 
excavation through solid granite was necessary, 
involving rock drilling and explosives. As already 
indicated the bottoms of the cutting are of 
built-in masonry, as owing to the slope and 
torrential rains any loose ballast would be washed 
down the hill. This secure trackway was further 
necessary to ensure proper anchoring of the rails 
to take the braking strains of the cars in the 
unlikely event of the failure of a rope or winding 
engine. It should be mentioned that Fig. 11 shows 
the bottom of a cutting in an incompleted state and 
somewhat weed-grown at the beginning of 1920 
after having been excavated in 1914. This view 
was actually taken before commencing work again 
after the undertaking had remained untouched for 
5 years during the war. 

Views of the tunnel near the summit of the railway 
are given in Figs. 23 to 26 on Plate LXXU, while 
drawings of the lower portal and cross-sections are 
given in Figs. 27 to 33 on page 667. As already 
mentioned the tunnel is 258 ft. long on the 
formation line and has a gradient of 1 in 2-04. 
It is concrete-lined throughout. as shown in Figs. 
32 and 33, the stepped outer formation locking 
the lining to the rock. No reinforcement was 
used. The lower part of the tunnel les through 
fissured rock and was taken ont nearly to full 
section. An early view of the work on the lower 
face is given in Fig. 10 on page 666. Headings were 
driven from both ends, and at the upper end a hard 
red earth was encountered for the first 50 ft. or 


TaBLe 1.—Turbine Consumption Tests over Three Years. 


iz = = ] 
so. This was dealt with by driving separate head-| 1. = No. ..| Bae a =. a ee 
oe a & ET ee > 2. Date 21.3.2 5.3.23. | 29.5.2 
ings for the side walls and building them in| 3° Duration of test” = 6 hours 6 hours | 3 hours. 
before driving the arch heading. The faces of the| 4. Load on generator, kw. .|. 8,254 ) 8,476 | 8,228 
tunnel are finished in masonry with worked stone| * a oe oe makers! | 95-7 | 95-75 | 95-7 
facings and present an excellent appearance, as| 6. Load on turbine coupling, kw. "| 8,625 | 8.850 | 8,600 
i ee oe 95 7. Steam pressure at stop valve, 
will be seen from Figs. 23 to 25. Tb_/sq. in. gauge | 193 194 197 
; 8. Steam temperature at stop 
(To be continued). waive ts 614 | 634 632 
——————————————— 9. Steam pressure after governor 
valve, Ib./sq. in. gauge =f) 463" | 486 182 
TESTS ON A RICHARDSONS, WESTGARTH | 1°. Steam temperature aiter gov- : = 
2g i ernor valve,deg.F. . .| 644 634 632 
AND COS STEAM TURBINE. 1i. Vacuum at turbine exhaust, 
} 2g. 23- 28- 
It is rarely that figures are published demonstrating |, Rate pe oes consumption per | wine Weis aes 
the fact that a steam turbine, properly designed and hour, Ib | 95.415 | 96,855 | 92,974 
operated, maintains its efficiency over long periods. j 13- Steam consumption per kw.- / . i 
Through the courtesy of Mr. 8. L. Pearce, the chief} 4,4 Lenitaty eases Se per Se l eas igen 
engineer and manager to the Manchester Corporation hr. at turbine coupling.Ib. ..| 11-06 | 10-945 | 10-8 
Electricity Works, we are able to give the following | 15- Heat ome from 7 and 8 to 11, | ae sam “a 
interesting particulars of tests carried out over periods | 4. pe drop from 9 and 10 to 11, $ gered = 
extending over three years on the last unit installed in B.Th.U.. -| 402 | 408 407-7 
the Stuart Street power station. 17. Overall ficiency ratio ai 7 and | ee / 5 = 
Daring the war two units by Messrs. Richardsons, | js Overall efciency ratio at 9 and bie ba ae 
Westgarth and Co., Limited, one for 17,500 and 10 to 11, per cent. E | 73-6 | 73-3 74-25 
the other for 25,000 kw. maximum continuous |19- Turbine efficiency ratio at 7 | | _ BS hee 
rating, coupled to Westinghouse alternators. were |op 2045? PN paged Per yh ‘eal I 
installed, but the delay in taking the new Barton and 10 to 11, per cent. -| 76-9 76-6 77-7 
power station in hand, and desire to have a smaller } 21- ae losses ee ee gael 28 S-S0 7) 506 
- - - = - 22. furbime eiiiciency ratio, ex- 
unit of high efficiency available for the light load clusive leaving losses at 7 and 
periods at night—and week-ends, resulted in the 8 to 11, per cent. .| 78-59 | 79-14 | 80-2 
installation of a further Richardsons, Westgarth unit | 23- dace aes es sa 
" - Se - = - 2 = c ive leaving 10SS€S. ai an 
of 10,000 kw. maximum continuous rating at a speed 10%0 11 percent... 79-05 | 79-36 | 80-7 
of 3,000 rp.m.. coupled to a Parsons’ three-phase, 


6,600-volt, 50-cycle alternator. The set, which com- 
menced work at the end of 1921, consists of an impulse 
reaction turbine of the Brown Boveri type. In place 
of the velocity-compounded, two-row impulse wheel in 
the high-pressure stage. a singie-row impulse wheel with 
partial admission is fitted, the intermediate- and low- 
pressure stages being of the reaction type. The inter- 
mediate blade system comprises 14 moving rows of 
reaction blading, mounted on the drum, and these are 
followed by 6 wheels, each carrying a single row of 
reaction blading. Attention may be drawn to the 
construction of the turbine rotor, which is built up of 
a solid rotor spindle, carrying at one end the dummy 
and high-pressure disc, and at the other end the six 
dises supporting the low-pressure blading. With 
rotors for 3,000 r.p.m., where the highest crade material 
and uniform quality are essential, this design has the 
decided advantage of consisting of plain forgings of 
relatively small dimension, presenting no great diffi- 
culties in forging or heat treatment. At the same time 
the design of the rotor is such that the first critical 
speed is at least 30 per cent. above the running speed. 

The turbine is designed for a steam pressure of 


The alternator and exciter, with the alternator air 
cooler, were built by Messrs. C. A. Parsons and Ca., 
Limited, Heaton Works, Newcastle-on-Tyne. The 
alternator is designed for a normal output of 8,000 kw. 
at 0-8 power facter, at 3,000.r-p.m., and supplies 
three-phase current at 6,600 volts, 50 cycles per 
second, with an overload capacity of 10,000 kw. for 
two hours. It is of Messrs. Parsons’ well-known stan- 
dard construction, the stator windings being strongly 
clamped and braced to withstand the stresses due to 
sudden short circuits occurring under operating condi- 
tions. The rotor is machined from a sclid forging 
and the windings. which are carried in radial slots 
milled in the periphery, are insulated throughout with 
mica. The exciter is a four-pole machine cf the 


the alternator shaft through a solid coupling. 

Messrs. C. A. Parsons and Co.’s patent combined 
axial and radial ventilation is adopted for cooling the 
alternator. In this arrangement the cooling air enters 
and leaves the alternator throughout its complete 
length, ensuring that all parts are uniformly cooled. 


system. The external fan is directly coupled 


‘the official tests were carried ont in February, 


compound interpole type and is directly coupled to. 


* 


A novel feature of the ventilation scheme is, further, 
the fact that the same air is re-circulated through the 
alternator, after passing through a surface ¢ 
The hot air passes from the alternator to the 
and from thence to the fan, which delivers it bac 
the alternator inlet, thus forming a “ closed ci 


three-phase motor and deals with 36,000 cub. 
air per minute. The alternator air cooler is of 
Cc. A. Parsons and Co.’s standard construction 
accommodated in the foundation block, giving a 
compact arrangement, eliminating the long 1 
external air ducts which have hitherto been 
with the use of air filters. 

The plant was set to work in December, 19: 


The result showed the consumption at econe 
to be 1-20 per cent. below the guarantees. 
most favourable conditions obtainable at the 
with a steam pressure at 192-5 lb., 642 deg. 
temperature, 28-8-in. vacuum, the consum 
actually 3-7 per cent. better than the guarantee. — 

At the Stuart-street generating stationseach 
unit is shut down once every 12 months for a 
examination. The cylinder cover is ei 
whole turhine carefully examined and any adju: 
which may be necessary made. At the official 
maximum output was easily obtained, but the 
for variations in the steam nozzle conditions w 
and for this reason it was decided by the ma 
replace some of the nozzle units. This 
during the annual overhaul in 1923, and advanta; 
taken of the then published results of the 
Research Committee to embody some of the 
mendations of the committee in the new nozz 
closing up the turbines, a further test was 1 
it was found that a slight improvement of 
per cent. had taken place, this being partly 
improved nozzle efficiency and partly to the 
in the mechanical losses of the machine. 

A careful analysis of the test results confi he 
expected high efficiency of the reaction blading w: 
blade heights of a minimum of 1-3 in. and e 
low leakage losses, but indicated that some 
improvement to the H.P. impulse stage was po 
It was decided, therefore, to fit a later and im] 
type of wind shield to the impulse wheel and tc 
vour to reduce the dummy losses. The latter 
selves are numerically not of great importance, 
loss in heat drop of the leakage steam is only 
to the heat drop over the intermediate pressure 
Mr. Pearce gave permission for these modifi 
to be made during the annual overhaul this 
On this occasion a very careful examination was 
of the blading for si of erosion or corrosio 
it was found that the blading, glands and 
strips were all in perfect condition. The 1 
the modification was a further improveme 
consumption. : 

Table 1 gives the test figures of the Testing 

ment of the Manchester Corporation Electric: 
on the three tests, as follows :— 
41) Official taking over tests. 
(2) Tests after first annual overhaul adter: 
to nozzles. 
(3) Tests after second annual overhaul a 
new wind screen and readjustment of dome 
ance. 
The figures given are the actual test : 
corrected to the guarentee condition and as 
conditions varied under all three tests, the lea’ 
have been calculated to arrive at the turbine 
ratio exclusive of leaving losses, to give a n 
the improvement obtained. : 
Table IT shows the actual improvement ol 
the guarantee, when the test figures are correct 
guarantee conditions. 


Taste II.—Turbine Consumption Tests Relati 
Guarantee Figures. 


1. Test No. St re 
2. Date -| 21.3.22 
3. Duration of test _ = .| 6 hours 
4. Load on alternator, kw. 8,254 
5. Steam pressure at ‘stop valve, 
1b./sq. In. gauge 193 
6. Steam temperature at stop 
valve, deg. F. . 645 
7. Vacuum at turbine exhaust 
in. Hg. “16 
8. Total steam consumption, lb. 
per br. .. ..| 95,416 
9. Steam consumption, 1b. per kw 
hr. at alternator coupling ..| 11°56 
10. Steam consumption per kw.- 
hr. as 9 corrected to guarantee 
conditions, 200 Ib. 650 deg. F. 
28 in. vac. 11-56 
11. Steam consumption, Ib. per kw.- - ; 
hr. guaranteed . 11-70 | 11-70 
12. Improvement above guaran- 
tees, per cent. .. a 1-20 1-88 


A comparison between the consumptions at pa 
loads may be of interest. The test figures ob 
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are as follows, in this case all corrected to standard 
conditions, 
TABLE IIT. 


| 

Load. Consumption, Variation from Econo- 
mical Consumption. 

Kw. lb. /kw.-hr. Per cent, 
9,713 11-750 1:87 
8,254 11-534 0 
6,404 11-738 1-76 
4,389 12-204 5:9 


These figures demonstrate the advantage of the sub- 
division of the nozzles and the benefit of nozzle govern- 
ing on the consumption at partial loads. 

Table IV gives the condenser tests under the eco- 
nomical load and the maximum load conditions. 


TaBLe I1V.—Condenser Test. 


1. Test No. ane He ae aA ihe 4, 
2. Date ste ee “9 Sel ako aa. 24.3.22. 
3. Duration 6 hours 2 hours 
4. Loads, kw. me a Sea 8,254 9,713 
5. Steam condensed, Ib. per hour 95,415 114,035 
- 6. Load 1b. per square foot surface 6-36 7°61 
7. Circulating water inlet temperature, 
deg. F... ae be e. Me 79-9 77-94 
8. Circulating water outlet tempera- 
ture, deg. F... a oh a 93-9 94-20 
9. Circulating water temperature rise 
deg. F... nie =e Ne x 14-0 16-76 
10. Quantity of circulating water, ¢.p.m. 10,887 10,968 
11. Vacuum at inlet at 30in. bar, in. Hg. 28-16 28-11 
12. Steam temperature at inlet, deg. F. 96°8 98-1 
13. Vacuum at air suction, in. Hg. a 28-28 28:25 
14. Temperature at air suction, deg. F. 95-3 96-0 
15, Condensate temperature at bottom 
of condenser, deg. F. Ye ae 96°5 97-0 
16. Feed temperature, exclusive of 
bleeder, deg. F. Ar 3 mele LOS 107-2 
17. Heat transmission co-efficient 
B.Th.U./deg. F./sq. ft./hr... J: 703 840 


Particular attention should be drawn to the very 
small drop through the condenser and the difference 
of only 1:4 deg. between the condensate tempera- 
ture at the bottom of the condenser, and the steam 
temperature at the inlet to the condenser. It may be 
of interest to point out that the condenser had been 
in continuous operation for about two months and had 
not been specially cleaned prior to the test. The 
excellent results of the condenser tests are mainly due 
to the small amount of air leakage in the systems. 
So far as possible air leakage has been prevented by 
careful workmanship and attention to the joints and 
parts operating under vacuum, and no doubt exists 
that with proper care joints subject to a vacuum can 
be made air-tight. 


THE DEVELOPMENT OF MARINE 
PROPELLING ‘MACHINERY. 


For the eleventh Thomas Hawksley lecture, which 
was delivered before the Institution of Mechanical 
Engineers on Friday last, Engineer Vice-Admiral 
Sir George G. Goodwin took for his subject, ‘‘ The 
Trend of Development of Marine Propelling Machinery.” 
In the absence of the President of the Institution, 
Mr. W. H. Patchell, the chair was taken by Sir Henry 
Fowler, Vice-President. 

In opening his lecture Sir George Goodwin referred 
to the interest taken in naval and marine engineering 
matters by Thomas Hawksley, in memory of whom 
the annual lecture had been instituted. Sir George 
confined himself to the machinery side of the ques- 
tion, excluding the subject of steam generation. He 
first pointed out the influence on development of 
nayal and mercantile marine machinery of limits of 
weight and space which were stringent in warship 
design, while the allowance in merchant shipping 
was on a more liberal scale so that the conditions to be 
met were quite different in the two cases, yet both 
tended to produce machinery of the maximum possible 
reliability and economy. Marine propelling machinery 
developed, in fact, without sacrifice of reliability, 
endurance and durability, (1) in warships by the 
striving for high power on low weight per horse-power, 
involving the development of high-class and special 
materials and by the concurrent aiming at the most 
economical running under very varying conditions, 
and (2) in merchant ships, where weight was allowed 
on @ more generous scale, and where steady running 
_ at constant speed was the rule, by the efforts to reduce 
fuel consumption and, as far as other conditions would 
allow, by arranging the design to enable the machinery 
to be manufactured, but manufactured properly 
at low cost, and to be kept running efficiently with 
a low repair bill and other running costs. 

Sir George Goodwin proceeded to quote the latest 
figures from Lloyd’s Register annual report, showing 
the proportion of shipping fitted with different classes 
of propelling machinery, and, with the aid of a table 
showing similar figures for the past five years, indicated 
the general trend by means of percentage figures. 


For instance, the tonnage fitted with reciprocating 
steam engines, although still by far the largest class, 
had decreased from 70 per cent. of the total to 52-3 
per cent. in the course of the past five years. The 
tonnage for the last four years, fitted with steam 
turbines, all of the all-geared type, had increased 
from 28 per cent. to 37-4 per cent. of the total. The 
tonnage fitted with internal combustion motors in 
the same period had increased from 2 per cent. of 
the total to no less than 10-3 per cent. 

Reciprocating steam engines were still being built 
for a larger amount of tonnage than any other type, 
and in fact than all other types put together. This 
was explained by the fact that these engines were 
fitted to a large number of the smaller ships, and were 
preferred in other cases for special reasons. More 
engineers were familiar with this class of machine 
than any other. Fora large number of years thousands 
of minds had been at work atnending its details and 
improving its performance with the result that it had 
been brought to a high state of perfection, and it 
had a high and widespread reputation as a reliable 
and easily manipulated engine, acting regularly and 
extensively understood, and one easily capable of 
adjustment and repair. It was also a relatively cheap 
engine to build, and one whose manufacture had been 
so well organised that it could be built very quickly. 
In many cases it could be run sufficiently economically 
for the purposes of its owner. The engines were, 
however, rather being repeated than further developed. 
The larger units of this type were very long, and 
weight was cut very low, so that running at full power 
was attended by anxiety; 15,000 i.h.p. per shaft 
was about the limit with this class for slow-running 
engines, and 4,000 i.h.p. for the fast-running type. 
But turbine had enabled the horse-power per shaft to 
be raised to 38,000 through the use of reduction gears. 
The saving of fuel by the use of geared turbines, 
as compared with reciprocating engines, amounted 
to about 20 per cent. 

The record for the large number of geared turbine 
sets in use in the Navy was a very satisfactory one. 
The earlier merchant ships had also similar satisfactory 
experience, but some of those of later date were not so 
fortunate. The cases of failure were not numerous 
compared with the extent to which gearing had been 
adopted, but they occurred with considerable frequency 
over a short range of time, and caused great incon- 
venience. This difference in behaviour led to a search- 
ing comparison in which all interested assisted. The 
comparison was in many respects useful and suggestive, 
but it did not, at any rate immediately, provide the 
remedy, and further investigation and_piece-meal 
improvement proceeded. Various significant facts 
and features had been brought forward and discussed, 
but Sir George did not think general agreement had 
been reached. For practical purposes, that was not 
now important, because, while marine engineers and 
manufacturing engineers steadfastly proceeded to put 
their own house in order, metallurgists had left no stone 
unturned to improve the material, and the treatment 
of the material, for replace pinions and pinions of new 
designs, and to bring the material in its working con- 
dition into line with the general desire expressed during 
the long discussion. The results of these joint efforts 
had been, as far as he knew, satisfactory, and he had 
been informed on very good authority that no case of 
faulty or fractured gearing had been reported since 
April last. To realise the importance of this fact the 
large number of gears now on service should be kept in 
mind. It was to be hoped that this present satisfactory 
state of affairs would continue, and that the confidence 
of shipowners and others interested would soon be fully 
restored. 

Electric and hydraulic transmission had been again 
brought forward recently with a view to avoiding the 
troubles experienced with double-reduction gearing. 
Their inherent disadvantages had, however, outweighed 
their known advantages, and these alternatives had not 
been adopted in this country. It was generally accepted 
here that electrical transmission was too heavy for 
naval purposes, having regard to other important 
fighting qualities that this excess weight would pre- 
judice, while it was too costly for mercantile purposes. 

His references to the experience with gearing was 
intended to show that when a check occurred there was 
a wealth of engineering science and ability in the country 
which could be brought to its rescue and would see the 
matter through in our own characteristic way; and 
that many engineers and scientists other than those 
directly interested in the development and main 
purposes, could lend a hand in the process. 

Whether we were yet ready for the adoption of 
higher boiler pressures afloat was a little problematical. 
The conditions were different in many respects from 
those on shore, and experience of the past, especially 
in such matters as steam joints, &c., called for caution 
and investigation to ensure the requisite reliability 
under marine conditions. The problem was attractive 
and was receiving attention with a view to putting the 
turbine in a better position to compete successfully 


with the heavy oil engine in the numerous class of ships 
for which the latter is suitable. As regards superheating, 
conditions afloat did not lend themselves so readily to 
high superheat as those on shore, chiefly on account of 
the restrictions set by the limitations of weight and 
space. Marine superheaters were of the uptake or 
smoke-tube type and could be arranged to give 
200 deg. F. or more. In merchant ships the full 
advantages of superheat could be maintained through- 
out each voyage. In warships the maximum superheat 
could be obtained during full power, but as only a 
fraction of the steaming was carried out under full 
power, and at other times the superheat was much less, 
the value of superheaters was in this case largely dis- 
counted. In a recent triq] of a single-screw all-geared 
turbine vessel in the merchant service, with 165 lb. 
pressure and 200 deg. F. superheat, the steam con- 
sumption for the turbines only was just over 9 lb. per 
shaft horse-power-hour, while, including all auxiliaries, 
the latter using superheat at 90 deg. F., the consumption 
was 10-6 Ib. Sir Charles Parsons stated that in such 
a vessel (with 3,000 shaft horse-power) the turbine 
consumption should be about 8 lb. per shaft horse- 
power-hour, so that there was still room for improve- 
ment. 

Tt was not enough to consider only the better economi- 
cal performance expected from the main ahead turbines. 
The problem included the examining of whether the 
astern turbines and auxiliaries could use high tem- 
perature steam with advantage and safety. When the 
main engines were running ahead the astern turbines 
were generally running in vacuum, and normally 
they were relatively cold. The sudden admission of 
superheated steam to these turbines was attended by 
some risk, unless the material of the astern turbine 
casing was suitable for resisting the change of tempe- 
rature, or means were taken to reduce the temperature, 
or alternatively the turbine was kept permanently 
warm. Both these steps would be at the expense of 
economy. 

After a short discussion of the influence of auxiliaries 
on the trend of development, Sir George proceeded to 
discuss the prospects of the internal combustion engine. 
Progress in the application of such engines afloat was 
assured as soon as they~stood the test of reliability. 
The earlier heavy oil engines of large power had been 
developed on the Continent mostly for use on shore, 
owing to the limited supply in Continental countries 
of good boiler coal. We, on the other hand, had an 
abundance of good and cheap steam coal, and our 
efforts were, therefore, directed to perfecting the 
reciprocating steam engine, and later the turbine. The 
British Admiralty had been, however, experiment- 
ing for many years with heavy oil engines afloat, and 
indeed, he thought they really gave the start to the 
building in this country of heavy oil engines for marine 
purposes. A further impetus was given after the 
war by the high price of coal and the difficulties arising 
through strikes. 

All the advantages of oil as a boiler fuel were realised 
also, while oil was used in an internal combustion 
engine, and it was, therefore, quite logical to retain 
them and endeavour to obtain the additional and 
substantial advantage of reduced fuel consumption 
by considering the adoption of heavy oil engines. It 
was strange that in matters of design radical changes 
very often did not embody the lessons of the immediate 
past. Not many years previously the last of the 
high-power steam reciprocating engines had shown the 
necessity of amply strong and stiff engine bearers. 
The lesson learnt then had not been carried forward 
to the case of the heavy oil engine where the conditions 
were even more trying. More than one unsuccessful 
installation in the earlier marine applications could be 
attributed to lack of stiffness of the engine bearers. 
During the last two or three years matters had very 
much improved in all respects, and credit for most of 
the advance in marine applications had, in fairness, to 
be given to British engineers. So intimately were we 
associated with matters relating to the sea that this 
was the place where, when development of propelling 
machinery became necessary, it would be evolved 
most quickly. 

That the heavy oil engine had now attained to a 
high degree of reliability was shown by the daily 
reports of shipping movements of vessels so engined, 
working to schedule times, implying the necessity 
only of normal repairs in ports, and by the fact that 
owners now trusted such vessels to carry out long 
voyages with valuable cargoes, and could obtain 
satisfactory terms from insurance companies. The 
engine which pioneered this successful venture was the 
single-acting four-stroke cycle engine, but there were 
now many single-acting two-stroke cycle engines satis- 
factorily at. work, and some of the installations of 
high aggregate power and high-power per shaft were 
of this type. Early experience with regard to mani- 
pulation and the handling of the earlier marine oil 
engines was far from what was desired, and this defect 
caused much uneasiness to owners, &c., and gave this 
type of engine a bad reputation from which it suffered 
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for quite a long time. He believed the situation at 
the present time in this respect to be quite satisfactory, 
though mistrust still existed in certain quarters. 

All heavy oil engines at the present time had an 
outstanding serious disadvantage—that of excess in 
weight. It was difficult to make exact comparisons, 
but the all-geared steam turbine machinery of a 
destroyer, including propellers and shafting, boilers, 
uptakes, funnels, &c., ran out at about 30 to 35 1b. per 
shaft horse-power, and for warship machinery at 
70 to 80 lb. per shaft horse-power. The corresponding 
figure for the four-cycle type of oil engine was above 
300 lb. per shaft horse-power. It was contended that 
the weight of machinery plus fuel should be taken 
as the criterion. This was a valid argument when used 
in defence of the oil engine’s inferiority in weight, but 
it begged the question from the real engineering 
progress point of view. Weight, very roughly, corre- 
sponded with manufacturing costs, An economical 
comparison of first cost, cost of fuel, wages of running 
staff, upkeep and repairs, had sometimes resulted in 
favour of steam engines. 

Manufacturing costs would fall as the staff and men 
became more accustomed to the manufacture of these 
engines, but the difference in the way a steam engine 
and a heavy oil engine were tackled in a long-established 
shop was very noticeable. For the former the position 
was almost instinctively visualised for weeks ahead. 
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Everyone knew precisely what was required and where 
everything was to be found; appliances were all ready 
and everything fell into its proper ordered sequence 
without blunder or delay. Things did not move with 
this smoothness in the case of the newer engines, and 
delays had a pernicious effect upon costs. This, of 
course, would be put right in time. 

With the larger reduction in weight possible with the 
two-cycle type of engine it was probable that in a short 
time no further single-acting four-stroke engines would 
be manufactured for the ordinary types of ships in 
the Merchant Service. The next step would be the 


two-stroke double-acting engine. Difficulties were to 
be expected but would have to be overcome, as this 
must ultimately be the form in which the reciprocating 
heavy oil engine would be used. All reciprocating 
engines tended to develop in this way. Some of the 
difficulties had already been overcome, and in one case 
experience with engines of this type of British design 
and manufacture had already led to repeat orders. 
The type would permit of further reduction in weight 
per h.p. and corresponding reduction in cost. For 
large powers the four-stroke cycle engine involved an 
impossible multiplication of cylinders, but with the 
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two-stroke single-acting engine, for moderately high | 
powers the cylinder arrangement became much more 
practicable, Moderate power was not sufficient for 
surface fighting ships, destroyers or the largest and 
fastest vessels of the merchant marine, and for these 
no grouping of cylinders could be arranged of prac- 
tical value. There was no reason to suppose that the 
requirements of such vessels would be adequately met 
by internal combustion engines of the reciprocating 
type. 

As regards further development it was a question 
whether attention in manufacturing works should be 
diverted to research investigations instead of being 
concentrated on production. He thought it probable 
that if fundamental research were necessary it would 
probably be better carried out elsewhere if proper 
touch could be kept with the factory. Individual 
research workers, however, were apt not to see the 
whole field and co-ordination with the engineer was 
necessary. 


ELECTRICALLY-CONTROLLED PUMPI NG 
STATION. 


Tae waterworks of the City of Chester, which are 
the property of the Chester Waterworks Company, 
consist of a river intake situated above the city on the 
river Dee, a riverside pumping station }-mile away, 
and upon elevated ground a further }-mile away 


works known as the Tower Works, comprising reser- | 


voirs, filters, a high level tank surmounting a brick and 
masonry water tower, and a power house containing 
Diesel engines and generators, electrically-driven 
turbo-pumps, &c. From the intake the water is piped 
and flows by gravity to the riverside station, whence 
it is pumped to the Tower Works. At the Tower 
Works, after treatment by sedimentation and double 
filtration, the water is collected in underground filtered 


‘water storage reservoirs and then pumped to the Tower 


tank, which is of sufficient elevation to allow the supply 
to gravitate to all parts of the company’s area. 
In the power house near the base of the water tower 
all the necessary current is generated for operating 
the turbo-pumps at both the Tower Works and the 
riverside station, and for working air compressors in 
connection with rapid filters, lighting plant, &c. 

The original installation in the riverside station 
consisted of steam-driven double-acting lift and force 


‘pumps, which were later superseded by electrically- 


driven turbine pumps with hand-operated starters. 
Great economy was effected by the change from steam- 
driven pumps to electrically-driven turbine pumps, 
but Mr. C. W. Bennett, the engineer of the Chester 
Waterworks, felt that still further economy might 
be achieved by arranging for all the pumping plant 
in the riverside station to be controlled from the 
Tower Works, thereby obviating the necessity for 


anybody to be in constant attendance at the Riverside 


Station. The provision of automatic starters for the 
motors presented no difficulty. The chief obstacle 
was to find a reliable method of operating the pump 


_ delivery valves electro-mechanically. 


The difficulties encountered in attempting to open 
and close large valves by means of electric power 
are considerable, but the Dean system of cantrol, 
which is manufactured by Igranic Electric Company 
Limited, satisfactorily meets the conditions. It 
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is Obviously important, when closing a valve, to ensure 
that it is brought positively on to its seat without 
jamming. This is very difficult to accomplish with 
certainty and uniformity at every time of operation, 
because it demands that the driving power be continued 
until the valve is actually seated and then instantane- 
ously relieved. This instantaneous withdrawal of the 
driving power is the real difficulty, because even 
if the motor circuit be opened at the instant of seating, 
the inertia of the armature prevents instantaneous 
stoppage, with the result that the valve is jammed 
If the motor circuit be opened just before 
the. valve has actually seated and the drift of the 
armature be relied upon to complete the closing, 
uniformity of result is found to be impossible of attain- 
Sometimes the valve, will close, sometimes it 
will jam and sometimes it will stop just short of closure. 
A little unusual stiffness of the bearings, or a little 
grit in the valve is quite sufficient to upset the most 
careful adjustment. When opening the valve a quite 
different, but equally troublesome problem has to be 
faced. The torque required to start a valve moving, 
especially if it has been closed for some time, is much 


of opening after the initial movement has been accom- 
plished. If the power installed is only sufficient for 
the latter part of the operation, the motor is almost 
certain to be stalled if called upon, at the moment of 
starting, to exert the torque necessary to unseat the 
valve. If, on the other hand, a motor be employed of 
sufficient power to start against this abnormal torque, 
it generally races at great speed as soon as the valve 
is unseated, and very frequently valve stems have 
been twisted off from this cause. 

In 1922 the Igranic Electric Company, Limited, of 
147, Queen Victoria-street, London, submitted to Mr. 
Bennett details of the Dean system of electric control 
for valves. ‘This afforded a complete solution of the 
difficulties. Its mechanism is so arranged as to ensure 
that, in closing, the valve is always positively driven 
‘actually on to its seat and at the very instant of seat- 
ing the driving power is relieved, although the motor 
is free to coast, open circuited, until the inertia of its 
armature had been dissipated, This ensures positive 
closing without any danger of jamming. When open- 
ing the valve, the mechanism permits the motor to be 
accelerated to normal speed before coupling to the 
valve, with the result that, on being engaged, a hammer 


: blow is imparted to the valve which is immediately 


unseated. Although the Dean control appeared to 
be satisfactory, there were at that time no installa- 
tions available in this country for demonstrating its 
operation. However, after investigation and enquiry 
concerning the many Dean installations which had 
long worked satisfactorily in the U.S.A., Mr. Bennett 
became confident that this control would fulfil 
the requirements, and the approval of Mr. Frederick 
Storr, the consulting engineer to the Company, was 
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As the capital outlay was not excessive, the only 
point to settle before definitely placing the order for the 
complete equipment was the reliability of the valve 
control system. One of these controls was installed in 
January, 1923, and after a trial of six months with- 
out a failure, the order was placed for the first 
automatic motor-starting panel. This was for con- 
trolling the motor driving one of the turbine pumps, 
thereby making it possible to control one valve and 
one motor either from the riverside pumping station 
or the Tower Works. The first complete equipment 
was given a trial of five months, and as it operated during 
this time without a hitch of any kind, the order for the 
second equipment was placed, and the installation 
completed in March, 1924. From the dates given above 
it will be seen that the first Dean control has been 
in daily operation for over a year without a failure. 

The riverside station has a direct-current supply at 
420 volts pressure. One pump is controlled by a 
12-in. valve and driven by a 115-h.p. motor, which has 
a normal speed of. 950 r.p.m. and a maximum speed by 
field regulation of 1,150 r.p.m. The 12-in. valve requires 
28 revolutions to open or close completely, and 56 revo- 
lutions on the Dean control, the ratio being 2:1. The 
other pump is controlled by a 15-in. valve and driven 
by a 130-h.p. motor, which has a normal speed of 
930 r.p.m. and a maximum speed by field regulation of 
1,100 r.p.m. The 15-in. valve requires 33 revolutions, 
or 66 revolutions on the Dean control. The time taken 
for opening and closing either valve is 50 to 60 seconds. 
This speed can be varied to suit other local conditions, 
if necessary, in other installations. In the course of 
priming the pumps any air which may have accumu- 
lated during a stand, escapes automatically through air 
valves of large dimensions which have been fitted at the 
highest part of each pump. Each pump delivers 
100,000 gallons to 150,000 gallons per hour, dependent 
on the speed of the pump. ‘The speed is determined by 
the setting of a field regulator in the riverside station, 
and may require to be varied two or three times per 
week. The lift is about 12 ft. to 20 ft., according 
to the level of the water in the river, and the head 
against the pumps to the Tower Works is 90 ft. 

The Igranic equipment comprises two automatic 
motor-starting sets and two Dean valve-control sets. 
Each motor-starting set consists of an automatic 
motor-starting panel installed in the riverside station, 
and a three-way push-button box installed on a switch- 
board in the Tower Works to control the motor-starting 
panel. Fig. 1, on page 670, shows one of the automatic 
motor-starting panels. It will be observed that it is 
enclosed in a sheet-steel housing which stands on the 
floor. The panel consists of an iron framework carrying 
a slate, on which are mounted the contactor switches 
for cutting out the motor-starting resistance under the 
control of an adjustable time element relay. On the 
same panel is fitted one shunt regulator, with external 
brass handwheel and indicator plate. This field regu- 
lator is interlocked so that the motor always starts 
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with full field strength and automatically accelerates 
to the speed predetermined by the adjustment of the 
field regulator, the speed controlling resistance being 
gradually and automatically introduced into the field 
circuit by a vibrating relay. The three-way push 
button boxes mounted on the switchboard in the Tower 
Works are shown in Fig. 2. They are marked “ Start,” 
“Pick-up speed,” “ Stop.” Momentary pressure of 
the “start” button causes the automatic motor- 
starting panel to start the motor and accelerate it 
automatically to the speed predetermined by the 
position of the field regulator. The “ pick-up speed ”’ 
button effects the insertion of the whole of the field re- 
sistance, thereby accelerating the motor to maximum 
speed and keeping it at that speed so long as this button 
is kept depressed. When the button is released the 
motor drops back to a speed corresponding with the 
position of the field regulator, which may be anything 
between normal and maximum pumping speeds. 
Pressure of the “stop” button brings the motor to 
rest. 

The Dean valve control sets comprise the 
driving mechanism, installed in the riverside station, 
and the control gear, mounted on the switchboard 
in the Tower Works. Each driving mechanism is a 
complete ironclad unit, consisting of a motor-driven 
reduction gear of the combination worm and planetary 
type, to reduce the speed suitably for gearing directly 
to the valve stem. The principal features of the 
device from an operating standpoint are the instan- 
taneous stop obtained, the elimination of over-travel or 
drift as affecting the closed position of the valve, and 
the hammer-blow available for unseating the valve 
at the commencement of the operation of opening. 
The quick stop and the elimination of the effects of 
inertia are obtained by means of the gear shown in Figs. 3 
to 5, which show diagrammatically the mechanism in- 
volved. The centre pinion in Fig. 3 is rotated by the 
motor through a worm and worm wheel which are shown 
in Fig. 4. This turns the ;planetary pinions and valve- 
driving shaft in the direction shown. The internal gear 
is free to revolve on a machined surface in the casing, 
but is restrained from doing so by two plugs which pass 
through the casing. The outside surface of the internal 
gear is provided with two peripheral channels, one 
extending halfway round on one side, and another 
halfway round upon the opposite side, as shown in Fig. 
5. When both plugs are seated in the channels the 
internal gear is locked so that with the centre pinion 
driven by the motor the planetary pinions must travel 
around their own axis and round the internal gear. 
This is the running arrangement of the mechanism. 
At the limit of travel the motor circuit is opened and 
the restraining plug removed at the same instant, so 
that the internal gear then rotates and takes up the 
drift of the motor without any longer driving the valve. 

Assume that the valve is closing and the plug is 
restraining the movement of the internal gear. At the 
instant the valve is tightly closed, but not jammed, the 
motor is disconnected from the electric supply and the 
closing plug quickly withdrawn from the slot. This 
allows the internal gear to revolve and absorb the 
inertia of the driving mechanism. Thus the drift 
of the motor is provided for. The opening plug in the 
other channel provides the hammer-blow for unseating 
the valve. The lost motion mechanism is so designed 
that after closing the valve the motor comes to rest 
before the internal gear has travelled one-half of 
a complete revolution. The opening plug does not 
interfere with this motion but moves along in its 
channel. To open the valve the motor is reversed and 
the internal gear moves nearly one-half a revolution 
before it is restrained by the opening plug. By this 
means sufficient time is allowed for accelerating the 
motor before it has to begin to drive the valve, thus 
providing the blow often necessary to open a tightly- 
seated valve. The actual gear as installed is shown in 
Fig. 6. 

The Dean valve control gear is illustrated in 
Fig. 7, on page 671, and is provided with bull’s-eye 
indicator lamps. When the valve is completely closed 
the green signal bull’s-eye lights up, and when the valve 
is completely open the red signal bull’s-eye lights up. 
If the valve is in an intermediate position both signal 
lamps are alight. The station may be locked to prevent 
unauthorised persons tampering with the valves, but 
in a case of emergency the glass may be broken and the 
valve operated. The emergency switch with hammer 
may be seen in Fig. 7. The control switchboard in 
the Tower Works, on which are mounted the two 
Dean control gears and the two push-button boxes, is 
illustrated by Fig. 8. 

In the riverside station, in addition to the two 
automatic motor starting panels and the two Dean 
valve-driving mechanisms, there is a control panel 
mounted with control gear like the sets in the Tower 
Works ; and two similar 3-way push button boxes 
as well as two 5-way interlocked change-over switches 
to transfer the control of either valve from the 
Tower Works to the Dean control gear in the 


riverside station when desired. This control panel 
is to provide for operation of the pumps and valves 
at the riverside station when necessary. There is 
also in the riverside station a plain four-step series 
regulator, which is used to reduce the speed of the 
130 brake horse-power motor below normal on the rare 
occasions when the level of water in the river makes so 
low a speed necessary. This is adjusted by hand when 
occasion arises. Formerly it was the custom to regulate 
the pump discharge on such occasions by throttling 
the 15-inch valve, but by slowing the motor below 
normal and leaving the valve fully open 10 per cent. 
better efficiency is secured and more silent running 
of the pump is obtained. The variation in speed by 
series resistance is so slight that it does not affect the 
starting up of the motor. 

The total equipment for controlling the pumps and 
valves, as described above, cost less than £700, 
exclusive of cables. The annual saving in wages, 
disregarding the question of efficiency, is at least 
£500 per annum. ‘This is because prior to the installa- 
tion it was necessary to have one man in attendance 
24 hours per day, seven days per week, this repre- 
senting three whole-time men and half of one man’s 
time on eight-hour shifts, but under the new working 
conditions the station is unattended except for oiling up, 
general examination of the motors and machines, or 
to vary the machine regulator (seldom oftener than 
once per week) to suit the yield of water from the 
river, these duties taking only a few minutes. 

The method of operation is as follows. The first 
operation in starting up is to “‘ crack” the valve— 
that is, to open it slightly in order to prime the pump. 
This is done by turning the lever of the Dean control 
station in the opening direction, leaving it thus for 
five or ten seconds, and then turning it to the “ off” 
position, leaving the valve slightly open. Having 
done this, the operator then waits for one or two 
minutes until the pump is primed. He then turns 
the controlling lever to the ‘“‘ close’ position and the 
valve recloses. 

When the green signal lamp lights up, indicating 
that the valve is closed, the operator presses the 
“ start ’’ button which starts the motor and accelerates 
it to pumping speed. This occupies 10 to 12 seconds. 
When this time has elapsed he presses the ‘ pick-up 
speed ”’ button, and while keeping this button depressed 
he turns the Dean control station lever to the full open 
position, which, when reached, will be indicated by 
the lighting of the red signal lamp, and the lever is 
then returned to the mid or neutral position. The 
operator keeps the ‘‘ pick-up speed ”’ button depressed 
until the Venturi recording watermeter shows that 
the pump has picked up the water. When he sees 
the pen rise on the Venturi recording water-meter he 
releases the “‘ pick-up speed’ button and the motor 
continues running at the predetermined speed, which 
in the case of one pump may be anything between 
950 to 1,150 r.p.m., and 930 to 1,100 r.p.m. in the case 
of the other pump. To shut down, the controlling 
lever on the Dean control station is turned to close 
the valve. When the lighting of the green signal lamp 
indicates that the valve is closed, the operator presses 
the “stop” button, and thereby brings the pump and 
motor to rest. 


THe Institution or AERONAUTICAL ENGINEERS.— 
At a meeting of this Institution held at the Engineers’ 
Club on Friday, November 7, a paper discussing the 
question of *‘ Steel versus Lighter Alloys,” in connection 
with aircraft construction, was read by Colonel N. 
Belaiew. The author first dealt with the properties 
of the light aluminium alloys, and afterwards referred 
at some length to the importance of a correct fibrous 
structure in steel. He suggested that, for some par- 
ticular purposes in aircraft construction, the last- 
mentioned material possessed advantages to which 
sufficient attention had not yet been given. The 
reading of the paper was followed by a discussion in 
which Professor Carpenter and a number of other 
speakers took part. 


Junior Instirurion or ENG@ineeRS.—On Friday, 
November 7, Mr. H. C. Jones, delivered a lecturette on 
“Fire Engine Construction.” 
forms of engines, the manual pumps, and later, steam 
pumps, many of which are still in operation to-day. 
The first petrol driven fire engine, he said, was built in 
1903, and of course, was a considerable improvement on 
the steam operated engine because it could turn out to 
a fire and start pumping at once. Dealing with modern 
fire engines there were two types, one carrying a recipro- 
cating pump and the other a turbine pump, a point 
about the latter being that it needed priming before it 
would begin pumping. This could be performed by means 
of an auxiliary air pump. An important item of fire 
engine equipment was what was known as the “ First 
Aid.” It consisted of small rubber hose with a small 
jet, supplied with water from a tank mounted on the 
engine body. This water might be forced out by a 
pump, by compressed gap, or by a CO2 generator. This 
equipment was used for small fires and for getting a jet 
of water to work quickly. 


He described the old. 


NOTES ON NEW BOOKS. 


Ons of our firmest convictions is that the British race 
has a longer and more tenacious memory than its Latin 
neighbours; but on «reading Mr. Archibald Hurd’s 
second volume of the official history of the merchant 
service during the war (“‘ Zhe Merchant Navy,” vol. ii, 
John Murray, 21s. net), one is tempted to ask whether 
we have not overrated ourselves. Mr. Hurd has put 
on record the endurance and courage with which the 
merchant seamen faced the ordeal of German submarine 
warfare. What has become of the bitter indignation 
to which the whole nation was roused by the campaign 
against defenceless merchantmen ; or of the anger with 
which they heard of the judicial murder of Captain 
Fryat? It may be that our national dislike of a 
vendetta is a sound instinct; but, it should not be 
allowed to make us forget the enormous danger from 
which we were extricated, not figuratively, but literally, 
by the courage and fidelity of British seamen. Mr. Hurd 
has done an immense service in making an intimate, 
detailed picture of the whole episode. The German 
submarine campaign threatened us in two ways: first, 
the naval staff at Berlin hoped to dislocate our whole 
system of sea-borne supplies by ‘keeping ships in 
harbour ; and it was only when this had been tried and 
had failed that they attempted to bring the nation to 
its knees by sinking more tonnage than could be spared. 
As has been said, there was literally no protection 
against the first threat except the unflinching resolve of 
the merchant captains to do their duty. Mr. Hurd’s 
second volume describes the fortunes of the merchant 
seaman from the spring of 1915 to the first months of 
1917, just before intensive submarine war began. 
Only a few of the episodes he deals with are familiar 
to us. We know roughly what happened during such 
sinkings as those of the Arabic and the Persia; for 
they were incidents in the diplomatic history of the 
war; but we know nothing of the numerous instances 
of resistance against overwhelming odds, and _hair- 
breadth escapes, which make up the bulk of the volume, 
One is tempted to ask why effective naval protection 
was so slowly given to a service which endured so 
much ; that is, why the convoying of merchant fleets 
was not introduced earlier in the day? ‘The stories 
which Mr. Hurd has extracted from the official papers 
only prove one thing: that unassisted courage may 
earn honour, but cannot resist organised force inde- 
finitely. The lesson to be drawn from the intermediate 
period of submarine warfare, with which Mr. Hurd is 
concerned, was, after all, overwhelming ; the merchant 
service could not, on its own resources, resist German 
submarines. It was available only to those in high 
authority, and in spite of it the effective measure 
was not taken until almost too late. It is therefore to 
be hoped that Mr. Hurd’s volumes will perform the 
double service of consoling, as far as can be, the widows, 
children and relatives of those who fell victims to an 
attack against which they could hardly defend them- 
selves, by giving full details of the achievements of our 
lost seamen; and of making it impossible that the 
merchant service shall ever again be exposed to such a 
trial, by recording exactly what that trial was and what 
its consequences might have been. 


To those who possess the true spirit of engineers, 
there are few recreations more delightful than an 
occasional hour spent among the records of the past, 
in the spiritual company of the men who laid the 
foundations of modern industry. The romance of 
their early efforts to ‘‘ direct the great sources of power 
in nature to the use and convenience of man” with- 
out the aid of the organised knowledge which guides 
the advances of engineers to-day, and the boldness 
with which they acted upon their natural instincts of 
construction, are bound to interest and inspire those 
who seek to establish further progress. Several years 
ago the Newcomen Socicty was formed with the object 
of studying the early history of engineering, and rescuing 
from oblivion the records of early work before it is 
too late. The third volume of the Transactions of this 
Society, the Hon. Secretary of which is Mr. H. W. 
Dickinson, M.I.Mech.E., of the Science Museum, South 
Kensington, S.W.7, has now been published at the 
price of 20s. The society, under the Presidency of 
Mr. Loughnan Pendred, the editor of our contemporary, 
The Engineer, has done excellent work, and is worthy 
of the support of all those who care for the history of 
the struggles and triumphs of the early pioneers. It 
will be news to many that within the last century 
rectangular steam boilers 6 ft. square by 9 ft. 4 in. 
long, were constructed of 4-in. planks bolted together, 
the fire-boxes being of cast iron, and the flues of wrought 
iron plate. Mention of such boilers, driving engines 
with cylinders 20 in. diameter by 48 in. stroke, is-made 
in a paper read by Mr. E. A. Forward on the work of 
Simon Goodrich, an Admiralty engineer, who died in 
1847. Another extremely interesting paper reprinted 
in the Proceedings, is that of ‘The Early History of 
Steel-making in England,’ by Mr. Rhys Jenkins. — 
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Sir George Cayley’s early work on “ Aerial Navigation ” 
forms the subject of another interesting article by Mr. 
J. E. Hodgson, but it is impossible in a brief note to 
do more than call attention to the proceedings of a 
society whose functions are unique and entirely com- 
mendable. 


For the purpose of carrying out many engineering 
undertakings it is often found necessary to lower the 
level of the subsoil water. The lowering can be effected 
by various means, chiefly by air pressure, freezing and 
continual pumping. In his treatise on ‘‘ Die Grund- 
wasserabsenkung in Theorie wnd Pravis,’ Dr. Ing. 
Joachim Schultze, of the Berlin Technical High School 
[Berlin: Julius Springer; price 1-45 dols.] deals 
particularly with the method of pumping. There has 
not been much improvement in this field since Kyrieleis 
published his book of a similar title in 1913, to which 
Dr. Schultze refers. But seyeral notable installations 
‘have been put down, and further experience has been 
gained as to suitable machinery and materials. One 
of the earlier instructive failures in this connection 
was the first attempt of tunnelling the Spree for the 
Berlin electric underground railway. Dr. Schultze 
describes this and other installations by German firms ; 
in one case the water level had tc be lowered by 45 ft. 
and in the construction of a third canal lock at Wemel- 
dinge, Holland, 49 wells had to be sunk, the lowering 
required amounting to 26 ft. The well points are 
generally made of wrought iron, hot-galvanised inside 
and perforated in parts ; the perforations are wrapped 
with fine metallic texture, the best being of copper, 
with iron wire coils interposed. 


Welding by the electric are is resorted to in many 
trades and provides a valuable means of carrying out 
repair work. The process is dealt with in detail in a 
very handy guide, measuring 74 in. by 5} in., containing 
132 pages, entitled “La Soudure Electrique A P Arc 
Métaliique,” by Mr. S. Frimaudeau, published at the price 
of 10 franes by Messrs. Gauthier—Villars and Co., Paris. 
The book gives a short review of the theory of the elec- 
tric are and describes electric welding by the metallic 
are for building up, joining together, or repairing iron, 
cast iron and steel mechanical parts, by melting down 
at the spot a piece of iron rod, the rod being either 
naked or, preferably, coated with various substances, 
silicates generally forming the basis of the coating. 
The component parts of a welding installation, its 
location and the operations involved are described for 
both continuous and alternating current, the character- 
istic features, efficiency and advantages of typical 
installations being detailed. Semi-automatic and 
automatic are welding machines are also dealt with. 
An especially interesting chapter is one which describes 
the X-ray examination of welds, a method of inspection 
which forms a useful complement to all the other usual 
tests. This is an excellent, practical hand-book on the 
subject ; it is carefully printed and illustrated, and is 
likely to be greatly appreciated. 


Foundry work offers little attraction to the collar- 
and-cuffs young man. It is dirty and laborious during 
the preparation of the moulds, hot and suffocating at 
casting time. The pay of the rank and file is not high. 
Laboriously acquired manual skill is being extensively 
displaced by the mechanical output of the moulding 
machines. Yet, once a man has got through the 
wearisome bitterness of his learning, the drudgery 
becomes lightened by awakening interests. The science 
of metallurgy—many-sided in its aspects—makes an 
appeal at every stage of the work. Economical problems 
press for solution every day. Alternative methods 
and ever-varied details in the making of moulds present 
themselves. Then, for the few men who reach the 
top, the prizes are substantial. These can make big 
profits for a firm, and become as nearly indispensable 
as men may hope to be. Probably, as the years go 
on, the craft of the moulder will become magnified, 
and the old opprobrious epithet of “ sand rat” be 
forgotten. For a beginner, who desires to learn what 
manner of craft this is, ““ Foundry Work,” by Mr. W. 
Roland Needham (Blackie and Son, Limited; price 
2s. 6d.) can be recommended. It is a small volume 
of 146 pages with 92 illustrations; but it is packed 
with information, stated concisely, and should prove 
of valuable assistance to those interested. Sands, 
tools, metal, plant, are treated with brevity, after 
which the work of moulding is taken up in its several 
branches, including the elements of machine moulding. 
Short chapters on steel and brass founding are included. 
Each chapter concludes with a series of questions to 
test the student’s knowledge; these are of a crucial 
and practical character, dealing with fundamentals. 

@ book is a good and comprehensive one. 


The second volume of the “Lehrbuch der Elektro- 
technik,” edited by Professor Esselborn (Leipzig : 
‘Wilhelm Engelmann; price 24s. 6d.), deals with 
electric power stations, high-tension installations and 
transmission, uses of electric motors, electric heating 


and lighting and electric signalling, telegraphy and 
telephony, including radiotelegraphy. It is clear that 
a compendium of this compass, even when a large 
volume of 826 pages with 1,900 illustrations, cannot 
go into great detail, and will mainly have to serve as 
an introduction for the young electrician. Several 
of the compilers are departmental chiefs of the Siemens- 
Schuckert works. The general treatment of this 
second edition of the book is commendable. The 
text and literature references at the ends of the sections 
show that the matter has been brought up to date. 
The section on radiotelegraphy has, however, not been 
much improved by the one page on radiotelephony 
and the final paragraphs on the actual state of radio- 
telegraphy. 


The process of manufacturing hollow steel pieces, 
starting from an ingot pierced hot under a vertical 
press, the blank being then drawn down through dies 
in a horizontal one, was in operation in this country 
long before the war. Our extensive manufacture 
during the war of shells and gun parts on this same 
process has brought about, among other results, 
marked improvements in steel making and teeming. 
The full interchange of views by steelmakers of the 
Allied countries whilst the war lasted was particularly 
valuable in directing attention to methods of manu- 
facture which have led to the production generally of 
ingots of greater soundness, and ingots from which the 
discard is less than was hitherto the case. The ex- 
perience thus gained has been used since in the manu- 
facture on a very large scale, and in more economical 
conditions, of improved tubular articles for engineering 
and industrial purposes; a number of such articles 
could be seen at the recent Empire Exhibition, together 
with others obtained from cupped steel plates, also 
non-ferrous articles obtained by similar processes and 
specimens of wire drawing. Wire drawing is a much 
older process. ‘The manufacture of wire by the use of 
draw-plates was commenced about six centuries ago, 
and many of the more recent improvements, such as 
“patenting,” originated in this country. Both these 
industries, namely, drawing down and wire drawing, 
also the kindred “extrusion”? process discovered by 
Mr. Dick, the founder of the Delta Metal Company, 
Limited, are dealt with in “‘ Principes Généraur de 
V Bhirage et du Trefilage,’ by Mr. G. Soliman, a book 
published at the price of 15 francs by Messrs Gauthier- 
Villars and Co., Paris. In this the author enters in 
detail into the questions arising in drawing down and 
wire drawing, and into the effects of cold work and of 
annealing, particularly in regard to wire drawing. The 
first chapter is on the properties of metallic products, 
and deals with the various tests applicable to those 
under review. ‘he questions of annealing and cold 
work are then examined in detail in the case of 
various metals, the author pointing out the results 
they give under varying conditions as to tempera- 
ture and time. Then follow chapters on drawing 
down, wire drawing and straightening, with details 
on lubrication, rate of flow, pickling, &c. The publi- 
cation is a very handy and complete guide in French 
on important processes of manufacture. Interesting 
data concerning many of these can also be found in 
papers read at different times before the various 
technical societies. 


Treated as a text-book for students, a book on 
* Factory Costing’? (Constable and Co., Limited, 
10-12, Orange-street, W.C. 2; price 7s. net) justifies 
its publication much more than have some works 
purporting to be textbooks and vade-mecums which 
have come under our notice recently. In this book 
the author, Mr. H. H. Emsley who clearly has 
fairly wide knowledge of the subject upon which 
he is writing, starts right at the beginning and 
deals with his subject in such a manner that the 
youngest or most uninformed student should be able 
to follow him. After dealing with the elements of 
cost and the costing of material, labour and oncost are 
discussed in quite a satisfactory manner. Chapters 
are devoted to factory organisation and routine, the 
costing system; and, what is of very real importance, 
emphasis is laid upon the use of cost data in manage- 
ment. The discussion of oncosts is more intelligent 
and helpful than is often the case, the advantages and 
disadvantages of the various methods of apportioning 
the different expenses which go to make up oncosts 
being quite usefully treated. In dealing with the 
percentage on the “direct labour cost’ method of 
apportionment, the situation is summed up as giving 
true results only when: (1) the oncosts are depart- 
mentalised, 7.e., ascertained for each production depart- 
ment separately ; (2) the rate of pay of direct wage- 
earners is more or less uniform; (3) the machines in 
the separate departments are uniform with respect 
to their running expenses. This may not cover the 
whole ground, but it is quite a useful basis which 
many who do not come under the heading of students 
might quite well consider. _While, perhaps, the author 
does not keep strictly within the title of his book, his 


references to planning, progress, payment by results, 
and factory organisation generally will be found by 
no means unhelpful, and we feel that the student, 
whether he be a budding manager or accountant, will 
find the time spent in reading amply repaid. 
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INDIAN INSTITUTE OF SCIENCE. 


Tue Indian Institute of Science, of Bangalore, is 
the premier institute of research in India. It was 
established 15 years ago, by the munificent gifts of 
the late Sir Jemshedji Tata, and is now receiving 
annual grants from the Mysore Government and 
from the Government of India. Three main principles 
are observed in selecting the problems to be investi- 
gated at the laboratories: (1) to afford opportunities 
for acqttiring experience in the application of research 
methods ; (2) to effect improvements in manufacturing 
processes; and (8) to promote the use of natural 
products or materials for the national benefit. 

The annual report of the Institute for the year 
ending March 31, 1924, shows that considerable 
progress is being made in research work. One of the 
investigations taken up at the Institute since its 
foundation is connected with fixed and essential oils 
which comprise a very substantial part of Indian 
natural resources. During the year work done in, 
this connection consisted of the examination of oils 
of neem, hongay, cashew-kernel, rape, rocket, mustard 
and rayan. Work also is in progress on the relation 
between the iodine values and refractive indices of 
hardened and partially hardened oils. As regards 
essential oils, work on ginger-grass and kachoora-root 
has been continued, and progress made towards 
producing vanillin from eugencl. Successful experi- 
ments were also made in manufacturing ether. 

Another department of research is that connected 
with bio-chemistry, which embraces a variety of 
subjects having practical value in the development 
of Indian resources. The prominent work that is 
being done has regard to the chemical physiology of 
the lac insect, and the Mysore Government has piaced 
a plantation at the disposal of the Institute so as to 
carry on concurrently laboratory work with forest 
practice. It has been practicable in this plantation 
to study the parasites of the lac insect, and to vary 
the methods of inoculation in accordance with seasonal 
conditions and the ability of the host-plant to provide 
nutriment. Meanwhile, a new host-plant has been 
found, and a plantation of 200 has been grown at 
the Institute, from the observation of which it is 
anticipated that valuable results may follow. A survey 
of the changes accompanying oil development in the 
seeds of Bassia longifolia (mahua) has been completed, 
while work on examination of yeasts and enzymes is 
in progress and varieties of malted food have been 
produced. : 

In the department of the electrical technology 
many valuable new appliances have been assembled, 
several of which have relation to recent development 
in wireless telegraphy. The incandescent filament 
cathode-ray oscillograph has been used for delineating 
the wave-form of high-frequency alternating currents, 
and a high-frequency generator for laboratory and 
industrial purposes is being constructed. Apparatus 
has. been designed for directly measuring harmonics 
in the magnetising current of electrical apparatus, 
and a variety of experiments on condensers, induction 


motors and thermionic valves have been conducted. 
The equipment has been increased by the gift of a 
motor generator from Messrs. Mather and Platt, 
Manchester, and by the presentation of several pieces 
of electrical apparatus by Professor Catterson-Smith. 

In the department of the mineral chemistry, work 
continued on the Indian zirconium ores, and the 
concentration and briquetting of chrome and manganese 
ores. There has been some extension of the work on 
the formation and the composition of chromates, 
while refining of saltpetre has been completed. 


TRANSPORT IN FRENCH AFRICAN 
COLONIES. 


Two French colonial governors have recently issued 
reports upon the importance of developing transport in 
French Africa, and the difficulty of doing it. The first 
is Monsieur Carde, the Governor of French West 
Africa ; and the second, Monsieur Hesling, the Governor 
of the Upper Volta. At present, French West Africa 
possesses two railways: the coastal line joining Saint 
Louis and Dakar, and the inland line which unites the 
Senegal River, at Kayes, to the upper Niger at Bam- 
mako, ‘There is only one line in the French Gold 
Coast: starting at Bingerville (little Bassam) it runs 
northward for a distance of about 150 miles to the foot 
hills of the Koa mountains. Four hundred and fifty 
reiles north of this lies the upper Volta region, with 
its. principal town, Onagoudou. The district is ex- 
tremely fertile; both the French governors insist on 
the importance oi connecting it by railway to the Gold 
Coast region, and quote remarkable statistics to show 
how rapidly native agriculture expands in any district 
which is supplied with proper transport. At present 
there are about 500 hand carts, and 32 automobiles 
in the Upper Volta region, and the quantities of goods 
transported in 1924 will be about double the figure 
for the previous year. On the other hand the cost of 
extending the existing Gold Coast railway to the 
southern part of the Upper Volta region would be 
very heavy; Monsieur Carde estimates that the 
permanent way alone could not be built for less than 
one hundred and sixty million francs. He hesitates to 
raise the money by taxation, and doubts whether he 
could float a loan succe.sfully. The line between 
Kayes and Bammako emphasizes the point which 
both the French Governors have insisted upon so 
much. In the hope of encouraging traffic, the tariff 
charges were made as low as possible (0-13 frane per 
mile per head}; those on the Saint Louis-Dakar line 
were about four times as much. The outcome has 
been that native prodnce has so increased in volume 
that the railway lacks the means of transporting it. 
The French demand for the arachis nut, which is grown 
in the region traversed by the railway, so far exceeds 
the supply that the price has quadrupled itself in a 
few years. - 

Tt will be a slow business to give the French African 
colonies all the railways they require ; but in the mean- 
while, the governors are doing everything in their. 
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TUBULAR MEMBERS. 


TUBULAR STEEL FRAMEWORK OF A BUILDING AT LAAKHAVEN, THE HAGUE. 


power to increase harbour facilities. The Saloum 
river bar to the south of Dakar is to be dredged at a cost 
of 300,000 francs, and 24 million franes are to be lai 
out in expanding the harbour of Vridi. On this p 
also, the French governors can quote striking statis 

if the Saloum har is only made 2 ft. deeper, 
smallest coastal steamer which ordinarily visits” 
harbour will be able to carry 240 extra tons per voy: 
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STEEL CONSTRUCTION WITH THE USE 
OF TUBULAR MEMBERS. ‘= 


Tue tubular form has many advantages over ordin 
rolled sections in the economic use of steel in a bui 
and for that reason many engineers have attempted 
devise means of connecting the components, to make 
use of tubes a practical possibility. Some progress 
been made by Dutch engineers, and we illustrate 
this and the opposite page examples of structures w 
have been built by their methods. For the dra 
and the photograph from which these illustratioi 
were prepared we are indebted to Mr. J. E. Obre 
the Pluto Stoker Company, 2, Upper Westbo 
terrace, London, W. 2, who is concerned with 
development of the system. 

The general appearance of the steel frame of a 
built up with tubular components may be apprecia 
from Fig. 1, which represents an erection which « 
recently put up at Laakhaven, The Hague. In ~ 
building the uprights are tubes of 3 in. and 4 
diameter, the rafters and tie bars are similar 
tubes, while the diagonal members of the roof t 
are made of 2-in. diameter tubes. This structure, ¢ 
which the key plan of the truss is shown in Fi a 
page 675, has a span of 10 m. (32 ft. 9} in.) and a le 
of 25 m. (82 ft. 24 in.). From the key plan and Fig. 
which shows the assembled truss, it is obvious that th 
structure is completely composed of triangles. 
are made up of short lengths of tube provided 
solid ends, connected to each other by pin joints. — 

For the construction of the components of each tt 
the tubes are cut to the lengths required, and t 
plugs of Siemens-Martin steel are inserted at the en 
The protruding plugs and the ends of the tubes 
then heated until they are white-hot, when they 
pressed into complete union with each other, and 
ends of the plugs are, at the same time, pressed 
flat discs. Once this operation is completed, 
bolt holes are drilled and depressions or projec 
are machined around the bolt holes, which are used 
obtain good bearing relationship between the 
when they are later assembled. The forms of 
end pieces used for rafters and tie-rods are sho 
Figs. 4 and 5, while those for the various diago 
members of the truss are to be seen in Figs. 6, 7, and 
Where the purlins cross the principals, brackets 
special form are necessary, and these for two positions 
marked A and B in Fig. 3, are shown in Figs. 9, 10, 2 
11 and in Figs. 12 and 13, respectively. For posit 
A, the bracket, which is used for the support 0 
purlin, has an extension for the provision of a pin 
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of the diameters of the tubes, which are in inches, 
Endeavours have been made to introduce this system 
of steel construction into Britain, and an example, 
which was recently erected at Clapham (ommon, 
London, is shown in Figs. 14 to 16. In these illustra- 
tions the details and dimensions, in feet and inches, 
are given for a shed which has a floor width of 36 ft. 
6 in. and a span of roof truss of 33 ft. The roof 
principal in this case is pin-jointed at each end to a 
pair of inwardly inclined, but parallel, tubes which are 


js 

sa | ~ connected by three tie-bars. From Figs. 15 and 16 
a | the standard sizes, in English units, adopted for the 
We i tube ends may be seen. 

oe | : The advantages claimed for this method of building 
ay i hy 7X up structures are many. Equal strength to a rolled- 
a iT section construction is obtained with the use of less 
= weight of material. The components are comparat- 
> ale ively cheap, and their assembly is easy and entails 
bey the expenditure of little labour. The tubes, that. are 
a | used to form the trusses, once the plugs are welded in 


and bored, may be as easily assembled on the site as 
in the works, and if that is done cheap transport is 
possible. A further claim made for the system is the 
elimination of troubles due to faulty riveting. In the 
case of temporary erections it is certainly an advantage 
that by the removal of the bolts and nuts the frame- 
work may be dismantled and its components used for 
other structures, or for the same one re-erected on 
another site. The method is, of course, applicable to 
the erection of all types of sheds as well as other 
structures, such as small bridges, scaffolds, &c. 
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MaTertats FoR Rock Dustine Coat Mrines.—A 
survey of the sources of limestone, gypsum and anhydrite, 
E contiguous to coal mining districts, has been completed 
Qian aie ! by mineral technologists of the Interior Department on 
: ta" the staff of the United States Bureau of Mines. This 
eae survey was undertaken at the request of coal mine 


7 (STS ae ae A a ae a pitas on : operators, in order that they may know where to obtain 
te i : eggs suitable materials for rock dusting coal mines to prevent 
436.8) explosions from coal dust. This survey is part of the 
ey vigorous campaign being carried on by the bureau to 


to the vertical member of the frame for the lantern on ; marked B in Fig. 3, are of eimnilar design and are also encourage the use of rock dust in all coal mines having 
the roof. Apart from the lugs referred to, the brackets bolted to the purlins (see Figs. 12 and 13). It should | an explosion hazard. Excellent progress is being made 
tr the accommodation of the other purlins, such as | be noted that the dimensions given in the illustrations, | in this campaign with the help of coal mine operators 


‘that which is located at the position on the truss | Figs. 2 to 13, are in millimetres, with the exception | all over the country. 
-* g 


676 


ENGINEERING. 


[Nov. 14, 1924. 


_ LETTERS TO THE EDITOR. 


* ELECTRICAL PRECIPITATION.” 
To tHE Epiror oF ENGINEERING. 

Sir,—In the friendly notice of my paper before the 
Institute of Physics, in your issue of November 7, the 
writer appears to make me claim that I had shown the 
experiment of converting the small drops of a fountain 
into big drops like a thunder-shower, at Montreal, in 
1884. That was not so. The experiment there shown 
was the electrification and deposition of dust, and also 
of visible steam. The fountain experiment was due to 
the late Lord Rayleigh. 

You may wish kindly to correct the misapprehension. 

Yours faithfully, 
OxtvER LODGE. 
Normanton House, Lake, Salisbury. 
November 10, 1924. 


CLAY EXPANSION. 
To tHe Eprror or ENGINEERING. 

Sir,—In the most interesting address of the new 
President of the Institution of Civil Engineers, reference 
was made by the President to the peculiar charac- 
teristics of the clay in the London area—its expansion 
under certain conditions and not under others. I have 
had considerable experience in the North in dealing 
with boulder clay. On one occasion I had a long 
trench opened up overnight ready for laying a sewer 
the following day, and this was well timbered from 
end to end with heavy timber, but in the morning, 
when. an inspection was made of the trench, it was 
found that the whole of the timber was broken, and 
the trench had contracted during the night 6 in., it 
being originally 3 ft. wide, but on inspection it was 
only 2 ft. 6 in. Under other conditions I have 
repeatedly carried out work in boulder clay with 
none of these results, no expansion whatever being 
noticeable. 

Yours, &c., 
Professor E. R. MartuEws, M.Inst.C.E. 

(Formerly Professor of Municipal Engineering in 

the University of London, University College.) 
His Majesty’s Office of Works. 


THE DECOMPOSITION OF SUBMERGED 
WOODEN BEAMS STRESSED ACROSS 
THE FIBRES. 

To tur KpirorR or ENGINEERING. 

Smr,—In the article ‘“ Problems in Metropolitan 
Engineering,” attention is drawn to Mr. Mott’s observa- 
tions upon some of the London bridges constructed 
during last century. 

Three of these bridges have subsided several inches 
owing to the deterioration of certain beams used in the 
construction of their foundations, although it is 
admitted that there are instances of wooden piles 
found to be sound after remaining immersed in fresh 
water for periods so long as eighteen centuries. But it 
has already been pointed out that the timbers, which 
have remained in use for such a length of time, have 
been stressed along the fibres, whereas the beams, which 
have failed in the foundations of certain Thames 
bridges, have been stressed across the fibres. 

I would suggest that there is a physico-chemical 
reason for the comparatively short life of beams when 
stressed across the fibres, especially when immersed in 
water. The fibres stressed unequally when loaded at 
right angles to their length are displaced, thereby 
causing the cell walls, which are considerably weaker 
under a compressive stress across the fibres, to be 
broken, because the stress is taken both by the softer 
parts of the timber and the fibres alike. Micro- 
organisms, which would be unable to enter if the cell 
walls remained whole, can pass through the broken 
cell walls, permeating the beam. These organisms set 
up decay and fermentation, the products of which 
dissolve in the surrounding water and are carried away, 
causing the beam to collapse. When in the more 
natural condition of compression, with the fibres taking 
the stress along their length, the beam is more capable 
of withstanding such stress and the cell walls are not 
disrupted by the load. 

The oxygen dissolved in the water flowing past a 
vertical pile oxidises any vegetable acids, &c., immedi- 
ately they may form on the surface of the wood, but 
in the case of a horizontal beam with broken cell walls, 
the internal area exposed is so great that the water 
which enters carries an insufficient volume of oxygen to 
oxidise these products of decomposition, which do 
much to make further decay so rapid. 

Yours, &c., 
J. VERNON SHaw. 


THe Institution oF Evecrrican ENGInrers.—The 
Council of the Institution of Electrical Engineers have 
elected Sir Oliver Lodge, D.Sc., F.R.S., to be an Honorary 
Member of the Institution. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

fron and Steel.—Sufficient time has not yet elapsed to 
prove whether the optimism hased on the change in the 
political pesition is well founded. Official returns of 
unemployinent do not indicate any increase in yross 
output. but judging from the number of inquiries circu- 
lating for finished products and the wider interest which 
makers of such products are displaying in raw and semi- 
finished materials, an early improvement may be looked 
for. The feeling that there is an increased disposition 
to enter into substantial contracts, the placing of which 
has been delayed owing to economic causes, is supported 
by the character of the latest bookings. In this con- 
nection Sheffield and district have received good news 
during the past week. Messrs. Vickers Limited, who are 
employing more men than before the war and are im- 
proving their output of peace products so substantially 
that their average weekly production of drop stampings 
has increased from 40 tons pre-war to 155 tons at the 
present time, have signed a contract with the Government 
for an airship of 5,000,000 cub. ft. capacity, this being 
something like 100 per cent. greater than that of the 
ZR3 which recently left Germany for America. They 
intend to manufacture the requisite parts in their works 
and assemble them at Howden, where they have secured 
two big sheds. This same firm have also been entrusted 
by the British Admiralty with the task of standardising 
the Admiralty’s new breech mechanism for the big guns 
of the fleet. Another welcome announcement is that 
Messrs. Cammell Laird and Co., who recently signed a 
provisional contract for the construction of a new 
railway line in New Zealand, have booked an order for 
the supply of 775 four-wheeled all-steel open goods 
wagons, to be delivered to the East India Railway 
Company at the rate of 50 a week from the company’s 
Nottingham works. Orders for ship steel and for foreign 
railway material still fall far short of productive capacity, 
but, on the other hand, there appears to be an improve- 
ment in tram trackwork and castings, and anxiety as to 
the immediate outlook is to that extent relieved. British 
automobile engineers continue prominent buyers of 
finished steel and special fittings. Textile machinery 
makers are doing well in certain overseas markets ; but 
output at the heavy engineering works is below normal, 
and agricultural engineers report little, if any, improve- 
ment. ; 

South Yorkshire Coal 7’1ade.—Colliery sidings are still 
congested with small and second grade fuels, which can 
be bought at rates considerably below nominal quota- 
tions. The market for steam hards continues moderate 
on home account, with little alteration as regards export. 
Cobbles and nuts are a shade weaker, business in slacks 
being largely confined to best qualities. There is increased 
competition fer orders for furnace and foundry coke. 
Supplies of house coal are fairly abundant, despite a 
seasonal growth in the demand. Quotations: Best 
branch hand-picked, 32s. to 35s.; Barnsley best Silk- 
stone, 26s. to 28s. ; Derbyshire best brights, 27s. to 32s. ; 
Derbyshire best house, 24s. to 26s.; Derbyshire best 
large nuts, 22s. 6d. to 25s.; Derbyshire best small nuts, 
14s. to 16s.; Yorkshire hards, 2ls. 6d. to 23s. 6d. ; 
Derbyshire hards, 21s. to 23s.; rough slacks, 9s. 6d. to 
12s.; nutty slacks, 9s. to lls.; smalls, 6s. to 8s. 6. 


THornycrorr Moror Boat ror HoLt~aAnp-AMERICA 
Liner.—Following on the delivery recently of a 42-ton 
motor barge to the Rotterdam Lloyd Line, Messrs. John 
I. Thornycroft and Co., Limited, have now supplied 
from Hampton-on-Thames, a ship’s motor boat of 30 ft. 
length for the MHolland-America Liner Rotterdam. 
Though not a ship’s lifeboat in the strict sense, this boat 
was built to the Board of Trade requirements, and with 
the addition of air tanks, becomes a standard type of 
life-saving craft. It has a beam of 9 ft., and a depth of 
3 ft. 9 in., and is propelled by a Thornycroft 30-h.p. 
paraffin engine, built to comply with the latest require- 
ments of the Board of Trade for lifeboats. With it a 
speed of 74 knots is maintained, as was demonstrated 
recently on the Thames. There is accommodation in 
the boat for 40 passengers, and its first use will be in 
taking passengers to islands and other places of interest in 
the course of the cruises of the ss. Rotterdam in the East. 


PrrRsonan.—We are informed that Mr. J. Mackworth 
Wood, M.Inst.C.E., M.I.Mech.E., who retired from his 
position as Engineer of the Northern District of the 
Metropolitan Water Board on the 31st ultimo, has now 
established a practice as a consulting engineer dealing 
with Parliamentary and other matters connected with 
water supply or kindred subjects. His present address 
is 12, Cavendish-mansions, Langham-street, Portland- 
place, W.1.—The name of Messrs. Brown, Boveri and 
Co., Limited, of Trafalgar House, Waterloo-place, 
London, 8.W. 1, has been changed to British Brown- 
Boveri, Limited, as from November 3.—Messrs. James 
Howden and Co., Limited, Engineers, of 195, Scotland- 
street, Glasgow, have become sole licensees for Great 
Britain for the manufacture of the scavenging blower 
for two-stroke Diesel engines, designed by Messrs. Brown 
Boveri and Co., Limited, of Baden, Switzerland.—Mr. 
M. M. Gillespie, of Messrs. Gillespie and Beales, Amberley 
House, Norfolk-street, Strand, London, W.C., who has 
for many years represented Messrs. Browett, Lindley and 
Co., Limited, of Patricroft, Manchester, has been ap- 
pointed a director of the company. He will attend to 
business at the above address.—The London office of the 
technical journal Combustion has been removed from Ald- 
wych House to Africa House, Kingsway, London, W.C.2. 
—The Robert W. Hunt Company have removed from 
52, Queen Victoria-street to 34-40, Ludgate-hill, B.C. 4. 


East coast hematite branch. 
and a few sales for shipment abroad are reported. 
Makers’ stocks are still large, but they are being steadily 
drawn upon, and the improving statistical situation is 
assisting materially to strengthen the market, 
2 and 3 have been sold at 88s. 6d., and some producers are. 
now asking 89s. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MrppiesBrouGcH, Wednesday. 
The Cleveland Iron Trade.—Home demand for Cleye- 


land pig iron keeps steady, and there is rather more 
inquiry on export account. 
are still on a very limited scale. 
that values will remain round about rates now ruling 
though producers complain that quotations are still un- 
remunerative. 
blast furnaces being re-lighted shortly, as such action 
would assist to reduce working expenses. 
87s.; No. 3 g.m.b., 82s.; No. 4 foundry, 81s. ; and No. 
4 forge, 80s. 


Overseas sales, however, 
The feeling prevails 


2 


There is a possibility of one or two idle 
No. die 


Hematite.—Encouraging accounts are given of the 
Home demand is steady, 


Nos, 1, 


No. 1 is quoted 6d. above mixed Nos, 


Foreign Ore.-—Heavy contracts for foreign ore haye 


been arranged, and requirements are stated not to have 
been fully met yet. 
carry overs to next year. 
best rubio at 22s. 6d. c.if. Tees. 


At the same time sellers have large 
Market rates are based on 


Blastfurnace Coke.—Durham blastfurnace coke is in 


very ample supply, and good medium qualities are still 
offered at 25s. delivered to local consumers, 
is only moderate. 


Demand 


Manufactured Iron and Steel.—Siow but steady 


expansion of trade is noticeable in a number of finished 
iron and steel departments. 
has still to be faced, but producers are now making con- 
tracts over a few months instead of selling from hand-to- 
mouth as they had been doing until recently. Principal 
market quotations stand: Common iron bars, 12/,; 
iron rivets, 141. ; 
(tapered), 11/. 10s.; steel billets (soft), 87. 10s.; steel 
billets (medium), 91. ; steel billets (hard), 97. 10s. ; steel 
boiler plates, 13/.; steel ship, bridge and tank plates, 


Continental competition 


packing (parallel), 8/. 10s.; packing 


91. 15s.; steel angles, 91. 10s.; steel joists, 97. 10s. ; 
heavy sections of steel rails, 91. ; fish plates, 13J. ; black 
sheets, 127. 10s.; and galvanised corrugated sheets, 
171. 10s. 


IONIZATION IN THE ATMOSPHERE.—A joint meeting 
of the Royal Meteorological Society and the Physical 
Society will be held at the Imperial College, South 
Kensington, at 5 p.m. on Friday, November 28, for a 
discussion on “‘Tonization in the Atmosphere; the 
Influence on the Propagation of Wireless Signals.” An 
opening address will be delivered by Dr. W. H. Eccles, 
and papers will be read by Dr. C. Chree, Professor KE. V. 
Appleton, Mr. R. A. Watson Watt, Professor C. T. R, 
Wilson, and Professor 8. Chapman. 


Gurra Prrcua.—The lecture on ‘ Gutta Percha; 
Preparation and General Properties,’? which Mr. C. W. H, 
Howson, B.Sc., delivered before the Institute of the 
Rubber Industry on Monday, 3rd inst., was probably the 
first comprehensive survey of the subject given since th 
late Dr. Ludwig Obach gave his Cantor lectures in 
1886. Other gutta percha articles, first imtrodueec 
from Malacca by José d’Almeida in 1556, did not reappea) 
in Europe till 1843, when the Asiatic Society received 
some specimens, and the Royal Society of Arts appointec 
a committee of investigation. Hancock and Silver tool 
the rival of India rubber up, and started works in thi 
East of London in what became known as Silvertown | 
By 1847 Werner Siemens used gutta percha for insulatior 
of underground telegraph wires. The growth of thc 
gutta trees is confined to Malacca and the islands betwee! 
Sumatra and Borneo. For a long time the whole tree wa’ 
cut down to get the sap, so that the original gutta tre: 
(palagium gutta) became extinct. Substitutes wer 
discovered in the jungles, and cultivation was started i) 
Java. Obach, the chief worker in this field, found tha 
the leaves are relatively richer in gutta than the trunk’ 
and that it can be extracted by carbon bisulphide ani 
hot petrol, and recovered by cooling; chemical; 
extracted gutta is not so stable, however, as the gutti| 
simply treated with water. Crude gutta percha, lik) 
balata, which was later introduced from Honduras an 
South America, contains varying percentages of Tesi! 
(wp to 50 per cent.), moisture and dirt, accidentally 0. 
purposely ‘introduced. The pure gutta contains | 
hydrocarbon (CioHi¢)n and resembles caoutchoue, bu 
differs from it ; it is hard at ordinary temperature, can b 
moulded at 90 deg. C., and melts at 150 deg. ; it oxidise 
slowly in the light, not in the dark, and not in sea watet) 
but the insulating power of different gutta perchas var) 
very much. Vulcanised gutta does not remain soft 
but Dr. Pickles stated that he had, by curing for 8 hout_ 
(an exceptionally long period, of course), obtained vulear 
ised gutta like India rubber, and had, by treatment wit, 
hydrochloric acid, obtained evidence supporting th) 
suggestion of Harries that pure caoutchouc and gutt 
are identical except, perhaps, as to molecular weigh’ 
Commercial gutta percha is mixed with rubber, whi¢ 
has, in recent years, more and more replaced 1 
The resins, the white crystalline albane and the yellor 
fluavil, are also being utilised, but speakers at th 
meeting put questions without giving information 
one speaker mentioned that it was used for coveril 
submarine fuses. Mr. Howson gave particulars also ( 
his researches on the tensile strength and elongation ( 
gutta perchas containing differential amounts of resin 
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NOTES FROM THE NORTH. 


: GuAscow, Wednesday. 

Scottish Steel Trade.—The feeling of confidence in the 
future is still prevalent in the Scottish steel trade, but 
nothing of an appreciable nature has occurred to stimu- 
late buying. Producers are however quite hopeful that 
the severe outside competition will ease off, and thus 
open up the way for the home material. The demand 
at present continues poor, and both ship plates and 
sections are rather dull. In the black sheet trade the 
conditions show little alteration and the heavier gauges 
are meeting with a very poor request. On the other 
hand, both the lighter gauges and galvanised sorts are 
active, but orders are gradually being cleared off and 
fresh bookings have not been so numerous of late. 
Inquiries are nevertheless on the increase, and makers 
are confident of securing some good business in the near 
future. The general export trade in steel material is 
still very poor. Prices continue steady and are as 
follow :—Boiler plates, 137. per ton; ship plates, 91. 15s. 
per ton; sections, 9/. 10s. per ton; and sheets, 7 -in. 
to }-in., 12/7. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—No change of any kind has 
taken place in the West of Scotland bar-iron trade during 
the past week. The current demand is very small, 
with the result that production is considerably curtailed. 
For re-rolled steel bars there is a fair outlet, but, all the 
same, the day-to-day demand is easier. ‘‘ Crown” bars 
are unchanged at 12/. per ton delivered Glasgow stations. 


Scottish Pig-Iron Trade.—The inquiry for Scottish pig- 
iron is again better but fresh bookings would hardly 
seem to be up to expectations yet, although the prospects 
of increased business are brighter. Meantime the out- 
put is much restricted all round. Prices show no change, 
but are firmer, and are as follow :—Hematite, 4/. 15s. 

er ton, delivered at the steel works; foundry iron, 
No. 1, 41. 15s. per ton, and No. 3, 41. 10s. per ton, both 
on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of Scottish 
pig-iron from Glasgow Harbour for the week ended 
last Saturday, November 8, amounted to 667 tons. 
Of that total, 632 tons went to foreign destinations and 
only 35 tons went coastwise. For the corresponding 
week of last year the figures were 1,150 tons overseas 
and 194 tons coastwise, making a total shipment of 
1,344 tons. 


Clyde Shipbuilding—An order has been secured by 
Messrs. William Denny and Bros., Dumbarton, to build 
a high-speed turbine steamer for the Dover service 
of the Southern Railway Company, London. This 
new vessel is to be ready for next year’s summer service. 
She will mark an advance in type as compared with 
the vessels now in use. 


Tur New Betcian Customs Tarirr.—A translation 
of the new Belgian Customs Tariff, showing the rates of 
duty payable as from November 10 on British goods 
exported to Belgium, was published as a special supple- 
ment with the “‘ Board of Trade Journal ”’ on Thursday 
of this week. 

THe AUSTRALIAN TRANSCONTINENTAL RaAtLway. 
Agreement is announced between the Government of 
South Australia and the Commonwealth Government in 
reference to the construction of a section of the North- 
South Transcontinental Railway. The section will extend 
from the present terminus at Oodnadatta in South 
Australia to Alice Springs in the Northern Territory. 


New Tuames BripcEs.—The question of the con- 
struction of a number of new bridges on the upper reaches 
of the Thames has been before the Surrey County Council. 
They are the subject of negotiations between the Council 
and the Ministry of Transport. Among them are a 
proposed bridge which would form part of the Chertsey 
arterial road, and new bridges at Richmond and 
Hampton Court. In these latter cases it is proposed 
that the new structures should relieve, but not supersede, 
existing bridges. 


TrapE UnIon REGULATIONS AND INDUSTRIAL OUTPUT. 
—It is announced that out of the funds of the Peter Le 
Neve Foster Trust the Council of the Royal Society of 
Arts are offering a prize of £25 for an essay on “The 
Effects of Trade Union Regulations on Industrial Out- 
put.” Intending competitors must send in their contri- 
butions not later than March 31, 1925, to the Secretary 
of the Royal Society of Arts, John-street, Adelphi, 
London, W.C.2, from whom all particulars may be 
obtained. 


Avromatic SuB-STations.—The reliability of auto- 
matic sub-stations has been very thoroughly demonstrated 
in the United States, where the first equipment was 
installed about 10 years ago, and the number now in 
service totals several hundreds. In Great Britain the 
automatic operation of sub-stations is a much more 
recent development but is receiving rapidly increasing 
attention. As an indication of this it may be stated 
that the British Thomson-Houston Company, Limited, 
Rugby, has manufactured, or has on order, 41 auto- 
matic sub-station equipments totalling nearly 72,000 kw., 
for use in this country and overseas. The machines 
are either rotary converters or synchronous motor- 
generator sets, according to the conditions to be fulfilled, 
and operate on supply frequencies of 25 to 50 cycles, 
giving output pressures from 400 to 3,000 volts D.C. 
These automatic sub-station plants are being used for 
traction, power or mixed power and lighting loads. 
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NOTICES OF MEETINGS. 


Tue Insrrrurion or MECHANICAL ENGINEERS,— 
To-night, at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. ‘‘ Driving Belts and Ropes.’ Introduced 
by Mr. D. N. Hunt. Friday, November 21, at 6 p.m. 
General Meeting. ‘First Report of the Marine Oil-Engine 
Trials Committee.” 


THe Juntor Institution or ENaryerrs.—To-night, 
at Tp.m., at 39, Victoria-street, S.W.1. Annual 
General Meeting. Friday, November 21, at 7.30 p.m., 
Lecturette, “ Stainless Steel,” by Mr. J. G. Hopcraft. 


Tue IystirutTe or British FOUNDRYMEN, BIRMING- 
HAM BraNncoHu.—Saturday, November 15, at the Technical 
College, Dudley. ‘‘ Aluminium Castings,” by Mr. C. 
Dicken. 


Tue Hurt Association or ENGInrrRS.—Saturday, 
November 15, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture, *‘ Case Hardening,” 
by Mr. P. B. Henshaw. 


THe NorrHampron ENGINEERING COLLEGE EN- 
GINEERING Socrery.—Monday, November 17, at 5.30 
p-m., at St. John-street, H.C.1. ‘‘The Mechanical 
Transmission of Power on Electric Locomotives with 
Special Reference to Individual Axle Drive,” by Mr. V. F. 
Cornish. 


THE British Co~rp Storage AND [cE ASSOCIATION.— 
Monday, November 17, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C. 2. ‘‘ Recent Develop- 
ments in Refrigeration Research,” by Dr. E. Griffiths. 


Tue InstiruTIOnN OF MECHANICAL ENGINEERS: 
GRADUATES SxEctrion.—Monday, November 17, at 
7p.m., at Storey’s-gate, S.W.1. Lecture, “ The 


Production of a Modern Technical Journal,” by Lough- 
nan Pendred. 


THE BRapFroRD ENGINEERING Socrety.—Monday, 
November 17, at 7.30 p.m., at the Bradford Technical 
College. Lecture, “High Lift Turbine Pumps,” by 
Mr. R. Pennington, B.Sc. 


Tue Soctery or CHemicaL Inpustry.—Monday, 
November 17, at 8 p.m., at the Engineers’ Club, Coventry- 
street, W. 1. Joint meeting with the Institution of the 
Rubber Industry. ‘“‘ Latex, its Chemistry and the 
Development of its Industrial Applications,” by Dr. A. 
Van Rossem. 


THe Farapay Socrety.—Monday, November 17, at 
8 p.m., at the Chemical Society, Burlington House, 
Piccadilly, W.1. ‘The Hydrolysis of Alkali Cyanides 
in Aqueous Solution,” by Messrs. R. W. E. B. Harman 
and F. P. Worley. ‘‘ Note on the Expansion of Water 
while Freezing,” by Mr. A. P. Laurie. ‘‘ The Viscosity 
of Reversible Emulsions,” by Mr. S. 8S. Joshi. “On 
the Viscosities of Liquids at their Boiling Points,” 
by Mr. D. B. MacLeod. “The Kinetic Theory of 
Evaporation,” by Mr. D. B. MacLeod. “ New Design 
for Apparatus to Measure the Coefficient of Deviation 
from Boyle’s Law, and the Determination of this 
Coefficient for Acetylene,’ by Messrs. J. T. Howarth 
and F. G. Burt. Exhibition. of Physico-Chemical 
Apparatus by Messrs. A. Gallenkamp and Co., Limited. 


Tue INSTITUTE or TRANSPORT.—-Tuesday, November 
18, at 5.30 p.m., at the Institution of Electrical Engineers, 
Victoria-embankment, W.C.2. Lecture: “The Ac- 
countaney of a Trust Port from a Managerial Point of 
View,” by Mr. C. E. Baldwin. 


Tue Institution or Crvi, ENnGiInrEers.—Tuesday, 
November 18, at 6 p.m., at Great George-street, S.W.1. 
Ordinary Meeting. Paper to be submitted for discussion : 
“Notes on Modern Practice in Road-making,” by 
Mr. Walton John Hadfield, M.Inst.C.E. 


Tue Instirutre or Marte ENGINEERS.—Tuesday, 
November 18, at 6.30 p.m., at 85-88, The Minories, 
Tower-hill, E.1. ‘‘The Influence of Internal-Com- 
bustion Engines on the Design of Merchant Ships,” by 
Mr. J. McGovern. 


Tue INSTITUTION OF ENGINEERS AND SHIPBUILDERS 
In Scornanp.—Tuesday, November 18, at 7.30 p.m., 
at the Rankine Hall, 39, Elmbank-crescent, Glasgow. 
Discussion on “* A Proposed Form of Bow Construction,” 
by Mr. E. F. Spanner. Paper, “A New Electric Drive 
for Ship and Other Auxiliaries,” by Mr. Gilbert Austin, 
will be read. 


Tap ILLUMINATING ENGINEERING Soctnty.—Tuesday, 
November 18, at 8 p.m., at the Royal Society of Arts, 
Tohn-street, Adelphi, W.C. 2. Opening Meeting. 


Tue Mrp~anp Institute oF Mininc ENGINEERS.— 
Wednesday, November 19, at 2.30 p.m., at the Univer- 
sity, Leeds. “The Utilisation of Waste Heat and 
Surplus Gas from Coke Ovens,” by Mr. I. C. F. Statham, 
B.Eng. Discussion on “ The Collieries of the First 
Danube Steam Navigation Company (D.D.S.G.), Nr. 
Pécs (Funfkirchen), Hungary,” by Dr. J. Herezegh, 


Tue Soctery or Guass TecHNoLoGy. Wednesday, 
November 19, at 3 p.m., at the University, Leeds. “A 
Note on the Glass Houses of the Leeds District, in the 
17th, 18th and the early 19th Centuries,” by Mr. Francis 
Buckley. ‘A Striking Instance of Fireclay Corrosion 
through the Action of Saltcake,” by Prof. W. E. 8. 
Turner, D.Se. “A Note on Some Properties of a Sand- 
stone Block after Use in a Glass Furnace,” by Mr. H. 8. 
Houldsworth, M.Sc. ‘The Production of Colourless 
Glass in Tank Furnaces, with Special Reference to the 
Use of Selenium, Part IV. The Influence of Arsenious 
Oxide,” by Mr. A. Cousen, M.Sce., and Prof. W. E. 8. 
Turner, D.Se. 


Tue British Cast-Iron RESEARCH ASSOCIATION.— 
Wednesday, November 19, at 3.30 p.m., at the Institution 
of Mechanical Engineers, Storey’s-gate, S.W. 1. Fourth 
Annual Meeting. 


Tue Royat Mergoronocican Sociery.—Wednesday, 
November 19, at 5 p.m., at 49, Cromwell-road, South 
Kensington, S.W.7. ‘‘ Note on Bjerknes’s Contribution 
of 1921 to the Mechanics of the General Circulation,” 
by Sir Gilbert Walker, C.S.I., F.R.S. “ The Correlation 
between Pressure and Temperature in the Upper Air, 
we a Suggested Explanation,” by W. H. Dines, 

-R.S. 


Tur Royat Soctrety or Arts.—Wednesday, Novem- 
ber 19, at 8 p.m., at John-street, Adelphi, W.C.2. 
“The Scientific Principles of Artificial Incubation,” 
by Mr. Llewelyn B. Atkinson, M.1.E.E. 


Tue Instrrution oF Mryinc AnD METALLURGY.— 
Thursday, November 20, at 5.30 p.m., at the Geological 
Society, Burlington House, Piccadilly, W.1. “ Treat- 
ment of Gold-bearing Quartz of the Kolar Gold Field,” 
by Messrs. R. H. Kendall and A. F. Hosking. “‘ Pro- 
tective Alkalinity,’ and the Use of Alkali, in Cyanida- 
tion,” by Mr. J. R. H. Robertson. 


Tue InstiruTiIon or Egsorrican ENGINEERS.— 
Thursday, November 20f at 6 p.m., at Victoria-embank- 
ment, W.C.2. ‘‘ Automatic and Semi-automatic Mer- 
cury-Vapour Rectifier Sub-stations,” by Mr. G. Rogers. 


Tue Junior INstTITUTION OF ENGINEERS, NORTH- 
Western Section.—Friday, November 21, at 7.30 p.m., 
at the Manchester Geographical Society, 16, St. Mary’s 
Parsonage, Manchester. Lecture—‘* Powdered Fuel,” 
by Mr. Geo. E. Blythe. 


Tue Institute or Merats: SHerrimtp Locau 
Srcrron.—Friday, November 21, at 7.30 p.m. Conjoint 
Meeting of Societies at the Sheffield Metallurgical Asso- 
ciation’s Rooms, 198, West-street, Sheffield. ‘‘ Non- 
Ferrous Metals in the Foundry,” by Mr. A. Marks. 


THE INSTITUTION OF PRODUCTION ENcINEERS.—Friday, 
November 21, at 7.30 p.m., at the Engineers’ Club, 
Coventry-street, W.1. “Gear Cutting, with Special 
Reference to the ‘Sykes’ Generating System,” by Mr. 
O. H. Medcalfe. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The most important development in 
the coal trade during the past week has been the news of 
an attempted coup by the Germans to secure a monopoly 
in Portugal. Fortunately, the endeavour has been 
frustrated, but the possibility of the Germans increasing 
their shipments to that country is still acute. It is 
learned that, taking advantage of the Dawes agreement, 
the Germans offered to supply the Portuguese navy, 
arsenals and railways with coal over a number of years on 
terms which were agreed in principle by the Portuguese 
Government. Representations were, however, made 
through the British Foreign Office on the matter, and it 
is understood that as a result of this the German coup 
has failed. It is, however, known that the Germans are 
still endeavouring to create a market for their coals in 
Portugal, for it is proposed to form a company at Lisbon 
for the purpose of bunkering vessels and supplying fac- 
tories with German coal. Agents have offered supplies 
with credits of six months, and the seriousness of this to 
the Welsh coal trade will be appreciated when it is 
mentioned that the South Wales collieries sell to shippers 
on a seven days’ credit, while the shippers usually give 
their customers a thirty days’ credit, so that to compete 
with the Germans an extra credit will have to be given. 
It is also understood that the requirements of the 
Portuguese Government, navy and arsenals are to be 
put out to tender, but that the Germans intend offering 
supplies on a ninety days’ credit basis. Meanwhile, the 
Welsh coal trade has not shown any material alteration 
during the past week. Best steam smalls, best dry large 
and sized coals are in moderate request at recent prices, 
but all other grades are in excess of the demand despite 
a continued restriction in outputs due to frequent and 
numerous pit stoppages. Best Admiralty large coal is 
obtainable at 27s., with seconds from 25s. to 26s. and 
ordinarys from 24s. 6d. to 25s. Monmouthshire large 
coals range from 23s. 6d. to 24s, 6d., while smalls rule 
from 10s. to 16s., according to quality. Exports of coal 
as cargo in October amounted to only 1,960,150 tons, 
compared with 2,056,800 tons in September. The 
October total was only less in one month of the year, 
while the shipments per working day amounted to only 
72,600 tons, compared with 79,100 tons in September. 
Exports were reduced to all countries, with the exception 
of Spain, Holland, Germany, Belgium and South America, 
in which cases only small increases were noted. Com- 
pared with October of last year, the shipments in the past 
month showed a reduction of 644,400 tons. 


Tron and Steel—Exports of iron and steel goods from 
the South Wales ports in the past week amounted to 
6,040 tons, compared with 11,410 tons a week earlier. 
Shipments of tinplates and terneplates totalled 3,982 
tons, compared with 6,110 tons; black plates and sheets 
to 912 tons against 1,626 tons; galvanised sheets to 
809 tons against 2,555 tons; and other iron and stcel 
goods to 339 tons to 1,117 tons. 


Sinver Mings oF Canapa.—It is just twenty years 
since the Cobalt silver mines were discovered in Ontario, 
Canada. Last year Cobalt produced over 10,700,000 
ounces of silver. Only three camps in the world have 
produced more silver than Cobalt. The camps are 
Potosi, Bolivia, 30,000 tons, producing since 1545 ; 
Guanajuato, Mexico, 15,000 tons, since 1558; Zacatecas, 
Mexico, 14,000 tons, produced between 1548 and 1832. 
Cobalt comes next with 10,000 tons since 1904. 
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FRIDAY, NOVEMBER 14, 1924. 


THE PHYSICS OF INTERNAL- 
COMBUSTION ENGINES. 


Ty one of his many captivating and singularly lucid 
addresses on scientific subjects, Sir J. J. Thomson 
observed that in random researches, that is to say, 
in investigations unguided by some mental picture 
of the mechanism involved, the progress made 
will, from the mathematical theory of probability, 
-be generally in proportion only to the square root 
of the effort expended. Unfortunately the engineer 
is in many cases compelled to design his struc- 
tures and construct his engines with exceedingly 
little assistance from theory, and his experimenting 
has accordingly had to be more or less of the random 
variety. The procedure has no doubt been fully as 
uneconomical as the theory above mentioned 
would indicate, but no alternative has commonly 
been possible, and the engineer may fairly claim 
credit for excellent work done under extremely 
difficult conditions. 

No doubt in many cases, had he awaited the 
completion of “fundamental researches” money 
might have be saved, but time would certainly 
have been lost, and the community could not 
wait for its steam engines and its gas engines, its 
bridges and its ships until the results of “ funda- 
mental researches ” were available. Moreover, | it 
is impossible at the outset to say whether or no 
any. proposed research will prove of fundamental 
importance. Indeed it quite commonly happens 
that the investigations, which give us the clearest 


idea as to the intimate character of the phenomena 


with which the engineer has to deal, have been 
pursued solely to gratify the experimenter’s curiosity, 
and without any suspicion that the observations 
made, might prove of great industrial and commercial 
importance, whilst other researches involving a large 
expenditure of time and money, and made with 
the direct object of elucidating certain practical 
problems, may utterly fail in their aim. 


The pioneers of the gas-engine for the most part 
concerned themselves but little with detailed specu- 
lations as to what was actually occurring inside 
the cylinders of their engines, and so far as they 
did do so, they often held wildly inaccurate views. 
In one important patent case, for example, great 
advantages were claimed for the stratification. of 
the charge, whereas to-day jit is. conceded that 
turbulence inside the cylinder should be promoted 
rather than be checked. Nevertheless, in spite of 
false or imperfect theories, engineers succeeded by 
a process, of cut and try in producing satisfactory 
gas engines, which subsequent investigations have 
proved to, be even more efficient. utilisers of the 
available energy than their designers believed. 

In view of these considerations we are inclined to 
suspect that certain of those present at the recent 
discussions in London and Manchester of Professor 
David's papers at the Institution of Mechanical Engi- 
neers, must have been tempted to dismiss the debate 
as of academic interest, and to question whether 
the labour and ingenuity expended in laboratory 
experiments will lead to any material improvement 
in the efficiency of internal-combustion engines. It 
is quite possible that this pessimistic forecaste may 
prove justified, but most of us like not merely to 
know that a certain procedure leads to certain 
effects, but also to be able to trace out, more 
or less adequately, the details of the phenomena 
involved. 

When the joint discussion on gaseous explosions, 
by the Engineering and Chemical Sections of. the 
British Association took place at Leicester in 1907, 
theory and experiment had advanced far enough 
to establish the result that the maximum pressures 
recorded in such explosions were not much more 
than one-half of what the then existing state of 


knowledge would have led us to, expect.. There 


seemed, therefore. a promising possibility of effect- 
ing a great improvement in gas-engine performance, 
by making a thorough investigation into the reasons 
for the defect of pressure. Unfortunately, the hope 
has failed, but it is no small gain to know what 
the limitations really are, and to have learnt that. 
given the actual properties of the explosive mixtures 
used, we were already obtaining fully 80 per cent. 
of the efficiency theoretically possible. 

Most of the defect of pressure is now accounted 
for by the large increase in the specific heat of the 
products of combustion with rising temperatures, 
and for the rest we have on the one hand Professor 
Bone’s suggestion that the still outstanding deficit 
is due to a temporary failure of the law by which 
molecular energy is equally distributed between the 
energy of translation, the energy of rotation, and 
what he calls the vibratory energy of the molecule. 
On the other hand, Professor David attributes the 
defect to delayed combustion, and Mr. Pye to 
dissociation, but here it seems at least possible that 
the two are really one and the same thing. 

In this connection, Mr. Pye quoted figures, which 
we believe, are due to Langen, as to the dissociation 
of CO, at different temperatures, Langen’s experi- 
ments showed that at 1,123 deg. C., the dissociation 
of this gas amounted to 0-004 per cent., at 1,970 
deg. C. to 4:5 per cent., and at 2,623 deg. C. to 37 
per cent. These experiments were not made under 
gas-engine conditions, and the fundamental change 
in our views as to the causes of dissociation, which 
has been advocated by Sir J. J. Thomson, by Pro- 
fessor Perrin, and. by certain other investigators, 
makes it at least possible that the figures recorded 
may have little or no bearing upon the amount of 
dissociation produced in a gaseous explosion. We 
used to be taught that dissociation was caused by 
molecular collisions, but this view is incompatible 
with the facts of observation, which show that when 
a gas is dissociated, the proportion transformed per 
second depends entirely on the temperature and not 
at all on the pressure or ‘concentration ” of the gas. 
Professor Perrin maintains* accordingly “that the 
essential mechanism of all chemical reaction is there- 
fore to be sought in the action of light. on atoms.” 
Support for this view may also be drawn from the fact 
that a mixture of hydrogen and chlorine is perfectly 
stable if kept in the dark, but if exposed to diffuse 
daylight, combination occurs with the production 


— 


* Atoms by Jean Perrin. 2nd Edition. Constable and 
Co., Limited, page 164, 
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of hydrochloric acid. There seems no reason what- 
ever for differentiating between this particular 
chemical reaction and any other, and since radiation 
obviously plays an all-important part here, it is a 
fair inference that it is, as Professor Perrin claims, 
responsible for initiating all chemical reactions, and 
in the case of dissociation it appears to be the 
sole effective cause. 

If this be the case, and dissociation is due entirely 
to light quanta, and not to molecular collisions, it is 
evident that there must be considerable risk of error 
in applying Langen’s results on the connection 
between temperature and dissociation to gas-engine 
conditions. In a letter published on page 641 
of last week’s issue, Professor David states that 
his experiments indicate that the density of the 
radiation in a gas-engine cylinder is insufficient 
to augment materially the normal dissociation. 
It would seem, however, quite possible that when 
active combustion is in progress the density of 
the radiation may be exceedingly great in the 
immediate vicinity of reacting molecules. In fact, 
Faraday’s experiment, in which he proved that 
platinum could be melted in a candle flame, seems 
to afford a demonstration that this must be the 
case. It does not seem safe, therefore, to extend 
to mixtures in the act of chemical combination 
deductions drawn from experiments made after 
the reaction has ceased. It is only when pheno- 
mena can be represented by a linear law that an 
average can be taken as a fair representation of 
the actual facts. We do not know the details of 
Professor David’s experiments, but the above con- 
siderations do indicate what would seem to be 
very formidable difficulties in securing decisive 
results. As yet very little is known as to the 
mechanism of dissociation, and it can not be 
denied that the absorption of radiation by a 
molecule is not necessarily or indeed commonly 
followed by dissociation, and it may be that the 
process has to be effected in steps, and only takes 
place when the electron system, having been 
disturbed by the absorption of one radiation 
quantum, receives an additional shock before the 
effects of the first have been dissipated. 

The radiation in a gas engine cylinder or indeed 
in any flame being highly selective and very intense 
near the reacting molecules, it seems exceedingly 
probable that the dissociation produced may be 
much greater than would be inferred from the 
average temperature attained. It is, of course, 
quite true, as Sir Dugald Clerk pointed out, that 
flames are remarkably transparent to their own 
radiations, but it has to be remembered that 
they are still more transparent to light of other 
wave lengths. The process by which radiation 
is absorbed by a gas apparently demands a nice 
adjustment between the momentary positions of 
the electrons in the molecule and the orienta- 
tion and energy of the light quantum traversing 
it. Hence quite a thick layer of gas is required 
to entrap any material proportion of even the 
most absorbable rays. Pressure facilitates chemical 
combination, since molecules cannot combine unless 
they come into actual contact, and the number of 
collisions made per second is, other things being 
equal, increased by a rise in pressure. On the 
other hand in normal conditions the rate of dissocia- 
tion is independent of the pressure, so that if 
“after burning” and “ dissociation”? are merely 
different aspects of the same phenomenon it would 
be anticipated that the effects would be less marked 
the higher the pressure. 

With respect to Professor Bone’s suggestion that 
the observed defect of pressure is in part due to an 
abnormal partition of the energy between the vibra- 
tory, rotatory, and translatory forms, it is difficult 
to believe that this can be well founded, if by his 
vibratory energy is meant some mechanical vibration. 
Each molecule makes a colossal number of collisions* 
per second, and were all its forms of energy 
mechanical it seems certain that the time required 
to secure an equi-partition of the energy would be 
vanishingly small. This belief receives support 
from the agreement of the velocity of sound with 
theory. In the case of some shrill notes the changes 


_ *In Kayeand Laby’s Physical and Chemical Constants 
it is stated that at normal temperature and pressure a 
molecule of oxygen makes 5 x 109 collisions per second. 


of pressure may follow each other at the rate’ of 
some 40,000 per second, and unless there were 
equalisation between the translatory and rotational 
energies such waves should give an abnormal 
velocity for the speed of sound. 
of the Encyclopedia Britannica, moreover, Burbury 
and Watson have given a calculation which indi- 
cates that an abnormal distribution of trans- 


latory energies would be annulled in 


second, and is hardly conceivable that the time 
taken to equalise abnormal partitions of the energies 
of rotation and of mechanical vibration shall be of 
an entirely different order of magnitude. 
be so, it seems impossible that the observed defect 
of pressure in gaseous explosions can be explained 
in the way suggested by Professor Bone. 


the act of chemical combination is accompanied by 
a displacement of electrons into temporarily stable 
positions, and whilst they remain in these they will 
represent potential energy stored up in the combin- 
ing molecules which will be radiated out when the 
electrons fall back into permanently stable positions. 
By making use of Planck’s formula for the energy 
associated with particular wave lengths, Mr. A. 
Melencovitch, in a letter published on page 176 
of our issue of August 10, 1923, has calculated 
that the quantum of energy associated with each 
characteristic ray emitted during the process of the 
combination of hydrogen and oxygen to form a 
molecule of water is equal to about 18 per cent. of 
the total heat produced by the combination. 
similar amount of potential energy would be repre- 
sented by each electron displaced to a temporarily 
stable position as suggested above. 


of working with pure materials. 
hand, however, in his lecture to the Royal Institu- 
tion on May 11, 1923, he demonstrated very clearly 
that the use of pure materials might lead to ex- 
tremely erroneous conclusions as to the behaviour 
of mixtures. 
pure CO was mixed with pure oxygen and pure 
nitrogen, these gases being in 
portions, the process of combustion was slow, whilst 
if a little hydrogen were also added the combustion 
was extremely rapid. Hence an engineer who 
wished to determine the behaviour in an engine of 
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Professor Bone also laid stress on the importance 
On the other 


For example, he showed that when 


ce 


atmospheric ”’ pro- 


blast furnace gas, might, it would seem, be greatly 
misled if he experimented with pure CO and pure 
air. Such a result seems to justify engineers in 
conducting their experiments with the fuels and 
mixtures they have to use in practical work. 


THE CULTIVATION OF FOREIGN 
TRADE. 


Brrore the War those who tried to do business in 
foreign countries had often to notice that German 
firms received much more help from their diplomatic 
and consular service than did English firms from 
ours. It might also have been said equally that 
German firms showed a much greater disposition to 
invoke and to profit by such assistance. The 
present position is somewhat better. The Depart- 
ment of Overseas Trade is directing its activities 
towards establishing a more efficient mechanism for 
taking care of the interests of British industry in 
foreign markets. Such measures, however, can 
be successful only if they are accompanied by cor- 
responding efforts on the part of the industries to 
be benefitted. Plainly, it must be in the last 
degree disheartening to zealous officers to find 
their best energies spent on accumulating informa- 
tion that is consistently ignored. But that is the 
least of the drawbacks. The extent to which the 
Government can continue to provide information 
must ultimately bear some sort of proportion to 
the extent to which the industries it is desired to 
benefit are found to profit by them, and the less use 
is made of such information, the less information 
will be provided. Those, again, who are trying to 
discharge their duty as forward observation officers 
in commercial matters are working at a notable 
disadvantage in formulating to themselves subjects 
of their enquiries if the applications of the industries 
with which they are concerned do not keep them in 
constant touch with the actual requirements of 
those industries ; a contact that can only be estab- 


lished and maintained if the industries are as keer 
on taking advantage of the services placed at thei 
disposal as the officers are to render those service: 
intelligently. 
made of the information, the more the Governmen 
will be encouraged to strengthen the force by whicl 
it is obtained. 


On the other hand, the more use ij 


General reflections such as these are unfortunately 


not new. They were often made while Britis} 
trade facilities in foreign countries were worse thai 
they are now; and it is to be feared that som 
manufacturers who desire export trade do no 
even yet realise both what they must do to get it 
and what assistance they can obtain from thi 
Overseas 
series of reports on the economic conditions of variou 
foreign countries which the Department has bee 
producing for some time, two recent reports 
relating respectively to Turkey and Colombia 
incidentally tend to confirm this apprehension.* 


Trade Department. In the valuabl 


Neither of these countries is at present of th 


first commercial importance, but each of them is a 
a criticial epoch of its industrial history, and it 
position both as a consumer of commodities and | 
producer of material is likely to increase, unt) 
in both respects it arrives at a position commen 
surate with its natural resources. 
start that a manufacturer desiring business in sue 
countries can obtain at such an epoch must b 
measured, therefore, not on the present trade of th 
country but on the amount that it is likely t 
attain. : 


The value of th 


For the moment undoubtedly, Turkey has by n 


means recovered from the disorganisation due to th 
events of the war. 
purchasing power is little more than half what | 
was when the war began, and the Report unde 
notice recommends certain precautions in grantin 
credit on new accounts. 
be no doubt that ultimately the experimenti 
legislation and administration that has been adopte 
tentatively by the Turkish authorities must stead 
down to a settled policy, reflecting the undoubte 
intelligence and ability of those who are behind i 
and the development of the resources of th 
extremely rich country will make it more a G01 
siderable factor in international trade. 


It is estimated that her preser 


Nevertheless, there ca 


In tl 
rich and as yet imperfectly developed interior, 
is expected that there will soon be a good mark 
for the sale of agricultural machinery, which 
admitted duty free; and already foreign firm 
particularly American and Czecho-Slovakian, 2: 
endeavouring to establish themselves in the trad 
To do so the Report regards it as necessary thi 
credit or hire purchase arrangements should | 
instituted, that transport agreements should | 
made with the railways for the distribution | 
machinery, such as tractors, along their lines, and ! 
particular that repair stations should be erected : 
sufficient intervals, with a good range of spare par 
and an adequate technical staff able both 1 
demonstrate and to give advice. Great stress | 
laid on the importance in respect to any class \ 
manufactured goods of satisfying the purchaser thi 
spare parts will be readily available, and of providit 
designs that will be cheap, strong, simple and ligh 
The Report urges, moreover, that British man 
facturers will find it increasingly difficult to ent 
the market unless they take active steps to inves! 
gate local requirements and possibilities personally 
Another line in which considerable business — 
expected to be placed within the next five yea 
is for railway material, both locomotive and oth 
rolling-stock and permanent way ; for although t! 
Government has not yet decided whether it Ww 
administer the Anatolian railway system as a Sta 
Railway, or hand it back to private exploitatio 
it is quite certain that both the rolling-stock a1 
the permanent way are in urgent need of repai 
and renovation. German firms are already di 
playing great activity in the matter, and it | 
thought that if British firms do not keep in elo. 
touch with the Government administration, t 


* Report on the Economic and Commercial Conditio 
in Turkey, April, 1924. By Colonel H. Woods, O0.B.1 
Commercial Secretary, Constantinople. H.M. Statione) 
Office. [1s. 6d. net.] e | 

Report on the Economie Conditions in the Republic 
Colombia, March, 1924. By Mr. C. C. H. Lea, Briti 
Vice-Consul, Bogota. H.M. Stationery Office. [1s ne 
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business will be altogether lost. It will be remem- 
bered that the pre-war rolling-stock was German, 
and it is quite likely that the material for some of 
the new lines will also be required to conform to 
German specifications. Another line, again, in which 
as yet this country is said to be almost unrepresented 
is motor transport. Cars for Turkey require to 
fulfil special conditions, and at the moment there 
is scarcely an English firm represented in the long 
list of makers of the cars now circulating in Con- 
stantinople. This is the more to be regretted 
because on the one hand great districts of the country 
are not served by railways and must, therefore, be 
dependent on motor transport, and on the other 
hand the improvement in the construction and up- 
keep of roads, which is an evident necessity, will 
give a considerable stimulus to the demand for 
motor transport. This, however, will be satisfied 
by those countries whose manufacturers have made 
their designs to conform to local needs, their arrange- 
ments to assure the prompt supply of spares, and 
their propaganda to be understood by their cus- 
tomers and expressed in their language. 

Colombia is another country of which most of 
the development has yet to be made. Though it is 
about five times as large as Great Britain, and has 
great agricultural advantages as well as mineral 
deposits, the United States Financial Commission, 
which at the invitation of the Colombia Government 
visited the country last year, found that not half 
its resources had been touched. The purpose of 
the visit of this Commission was not primarily to 
appreciate the resources of the country, but to 
make suggestions for re-organising its finances, a 
re-organisation that was thought to be the more 
necessary because of the windfall of 25 million 
American dollars that it had received in respect of 
the Panama Award. The Government has taken 
the advice of the Commission very seriously, and 
it is expected that the active measures to support 
the credit of the country and place its finances in 
proper order will have the desired result. For the 
moment there is’ some trade depression, but debt 
is being paid off, and the situation is likely to 
improve. The present report points out, however, 
that British shippers should satisfy themselves with 
particular care of the stability of their consignees. 
The Government itself is likely to be in the market 
in particular for railway and other transport plant ; 
for in spite of the total size of the country its rail- 
way mileage is said to be much less than that of the 
small state of Connecticut. With these contracts, 
the further caution is given that they should be 
drawn up and worded with great care, so as to 
avoid all possible misunderstandings. 

In regard to the general trade of the country, 
which at present is largely in the hands of North 
American and German firms, the Report regards 
the extra cost of freight from Great Britain as not 
being an insuperable obstacle, especially for heavy 
machinery and public works material, in which 
superior workmanship and durability more than 
offset the somewhat higher cost. It lays stress, 
however, on the fact that whereas North American 
firms usually have a representative on the spot to 
vouch for the excellence of their wares, British 
manufacturers neglect this precaution. It is said 
that the United States has no special advantage in 
respect to obtaining the goodwill of Colombian 
buyers, and that there should be no difficulty in 
acquiring a larger proportion of the Colombian 
market than this country enjoys at present if suit- 
able efforts are made. An incidental caution is 
given against appointing a particular individual or 
firm as sole agent for Colombia, in view of diffi- 
culties of communication and diversity of conditions 
in different parts of the country. 


CLASS WARFARE TALK. 


THERE have been in this country, and there are 
still men, many of whom have started from the 
lowest rung of the ladder and have acquired true 
nobility by reason of their talents combined with 
unremitting work. Their talents and their work have 
benefited them to a certain extent, and quite 
rightly so ; the extent to which they have benefited 
the whole community is greater beyond measure. 
The names of such men are present in the minds of 


our readers; they include those of James Watt, 
Whitworth, William Murdock, Napier, Stephenson, 
and hosts of others. Men such as these have been 
styled of the “ upper class.”” They are that, most cer- 
tainly, and it is such men who very frequently have 
formed the subject of that kind of senseless jealousy 
which Mr. J. H. Thomas condemned in very strong 
terms at the Cutlers’ Feast held in Sheffield last 
week. The way in which he deprecated the recur- 
rence of industrial disputes, the disparagement of 
any one class or section of the community, the lack 
of confidence existing between the classes and the 
danger of continuing the talk of class warfare, is 
most welcome, and it affords an earnest that he will 
continue to do all that is in his power to wipe out 
the evils he alluded to. 

In his deprecation of class warfare Mr. Thomas 
had in mind the sentiment in its generality, and we 
quite agree that the problem is to be so viewed and 
to be dealt with as a whole. Class hatred, however, 
is very one-sided as a rule, and may be said to cover, 
for the most part, the feeling entertained by the 
less well-to-do members of the community towards 
those members who form part of the moneyed class. 
Some blame may attach to individual units of the 
latter, traceable probably in the first instance, to 
lack of education on their part, but occasion for 
blame, we believe, is gradually decreasing as the 
years go by. Furthermore, men such as those to 
whom we have alluded in the foregoing may have 
given rise to a certain amount of criticism on the 
cround of inattention to the requirements of the men 
in their employment ; they may even be excused on 
this score, since in the working out of their life- 
schemes they have frequently been forgetful of their 
own selves. 

The striving after equality is as old as the hills, 
and has very generally proceeded upon utterly 
wrong lines, inasmuch as more often than not it 
has implied amongst its advocates a levelling down, 
whereas honourable equality should mean a levelling 
in an upward direction. Since it is impossible to 
raise the level by an Act of Parliament, the advocates 
of the false equality have for many years directed 
their efforts towards the lowering of the high, a 
much easier proposition, but one which carried with 
it an utter contempt for humanity in the full sense 
of the word. Danton, the French revolutionist, 
defined equality as meaning “we above, and all 
high members of the community underneath.” A 
much older partisan of an equally wrong form of 
equality was Procrustes, a reformer of ancient 
Greece, who decreed in his own mind that all men 
should be of his own stature. He tied his prisoners 
on his bed, stretched the limbs of those who were 
shorter and cut off the feet of those who were 
longer than the bed. Both these reformers were to 
some extent the forerunners of present-day equalis- 
ing fanatics who demand the distribution of all 
wealth amongst the whole community, a pretension 
that rests on such a completely false basis that it is 
idle to argue it at all. 

So long as the world continues there will be men 
who have the privilege of natural, inborn gifts, 
such as character, talent, health, energy, capacity 
for work, and who make use of such gifts in a 
natural way, and no State decree can remove the 
advantages which those gifts confer upon such 
men, nor even is it in the power of the men them- 
selves, so privileged, to agree that they be dis- 
possessed of them by virtue of such a decree. Apart 
from the personal gifts we refer to, all nature’s 
benefits belong to every man equally and are above 
paying for ; no sum, however high, could purchase 
one single ray of sunshine. 

The men whose inventions have advanced civi- 
lisation, and thousands of other men quite as illus- 
trious in their different capacities, form the real 
aristocracy of the world. Quite on the same level 
with them we place those whom we may style as 
belonging to the “ fellow-feeling nobility,” illiterate 
men very frequently, representatives of whom have 
been so ably depicted by Dickens. All these are of 
the “‘ upper class ” and there is room at the top with 
them for everyone. 

It is an undeniable fact of human life that every 
good quality, especially character, energy, industry 
and virtue, generates superiority and will continue to 
do so to the end of time. The acquirement of mone- 
tary wealth occasionally follows as a consequence of 


such natural qualities and of the attainments they 
give rise to. But, quite apart from such qualities and 
attainments, what is to prevent an industrious and 
thrifty ordinary member of the community from 
outranging, in respect to wealth, one who remains 
idle or leads a disorderly life ? Here we may remark 
that, compared with the fortunes which have been 
acquired by honourable means, the number of those 
acquired dishonestly is very small indeed. In this 
connection it has also to be remembered that at 
certain and, no doubt, frequent periods of a man’s 
life, and with given wages, drawbacks and encum- - 
brances, it is difficult to save. It was possible to 
many during the late war, and the question may well 
be asked whether all who could be were thrifty 
during that period. 

The men who own the greatest amount of 
monetary wealth are not the happiest by any 
means. We add this for the simple reason that the 
striving after equality resolves itself purely and 
simply into the striving after happiness. The saying 
“as happy as a king ”’ has long since lost all reality, 
if ever it had any. There is on record the story of a 
king who fell ill of a distemper, and all the doctors 
of the realm failed to cure him. A wise man of his 
subjects asserted that the one and only remedy 
that would avail to save the king’s life was for him 
“to wear the shirt of a really happy man.” The 
courtiers started on their quest for the garment. 
They inquired of the princes, cabinet ministers, 
provincial governors, bankers and landed gentry, 
none of whom were happy owing to being kept in 
the background, to attacks in the press, the depre- 
ciated currency of neighbouring states, or bad 
harvests. On their way back in great despondency, 
the courtiers were astonished to hear a man singing. 
He was a farmer and, asked whether he was happy, 
he replied he was most certainly so, for he had a good 
wife, healthy children and his eldest boy was 
beginning to handle a spade. He was the very man 
they had been looking for, and they anticipated 
seeing their king soon restored to health. But they 
encountered a difficulty they had not bargained for ; 
the man’s possessions did not include one single 
specimen of the garment wanted. The deduction 
is obvious. 

Such are the thoughts which occurred to us when 
reading the speech delivered by Mr. Thomas at 
Sheffield. We again welcome his declarations ; they 
give rise to the hope that the solution of the social 
difficulties and problems which are acting as a brake 
upon the welfare and happiness of the country will 
be carried out equitably. The settlement, we are 
confident, depends upon nothing so much as an 
accurate knowledge of actual facts by all parties. 
When the facts are accurately known, the common 
sense and love of fair play inborn in eyery British 
citizen may be trusted to do the rest. 


NOTES. 
Earty Days or MrecuantcaL Road TRANSPORT. 


Some interesting and little known particulars of 
the early history of mechanical transport on 
ordinary highways were related by Colonel R. E. 
Crompton in a paper read before the Society of 
Arts on Wednesday evening last. It is, of course, 
common knowledge that the pneumatic tyre had 
been anticipated by Mr. R. W. Thomson, who 
patented the idea in 1845 and fitted pneumatic 
tyres to a number of vehicles. Rubber technology 
was at that date relatively little advanced, and 
manufacturing difficulties were largely responsible 
for the lack of further development. Whilst 
the pioneering work of Thomson in this matter 
has now been fully recognised, the facts brought 
forward by Colonel Crompton show that he was 
also the real pioneer of motor transport. His first 
road steamer was at work in 1867 and attained a 
speed of 12 miles per hour. Development in this 
country was, of course, impossible as mechanically 
propelled vehicles were limited to a speed of four 
miles an hour, and compelled to be preceded by a 
man carrying a red flag. In India, however, condi- 
tions were different, and Colonel Crompton, learn- 
ing of Thomson’s experiments, succeeded in per- 
suading the Indian authorities to give them a trial. 
The vehicles, then ordered, had rubber tyres and 
attained speeds of 25 miles per hour. They were 
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intended mainly for Post Office service, but in 
1873 were employed for military transport in con- 
nection with a camp of exercise near Rawal Pindi. 
It was the experience thus gained which led to 
Lord Robert’s advocacy of mechanical transport 
in South Africa in 1900. The system continued 
in use for some years in India until the develop- 
ment of the light metre gauge railways. The road 
engines first supplied had a weight of 14 tons, 
which reduced the life of the rubber tyres. Ulti- 
mately, however, the weight was got down to 
5 tons. Colonel Crompton states that the native 
drivers became most trustworthy, whereas the 
European drivers were involved in two terrible 
accidents arising from drunkenness. 


Gas Suppty 1N LIVERPOOL. 

The Liverpool Gas Company was formed in 
1815 and commenced business in a small way 
the following year. It now supplies an area of 
about 57 square miles, stretching a distance of 153 
miles along the river from Garston in the south 
almost to Formby in the north. The company, 
owns six manufacturing stations, the two largest 
being at Linacre and Garston. It was stated by 
Mr. R. E. Gibson, the engineer of the company, in 
his presidential address to the Liverpool Engineering 
Society, on November 5, that by 1822 the quantity 
of gas sold per annum had amounted to 27 million 
cubic feet, and the price charged was 45s. per 1,000 
cub. ft. The output of the company last year was 
7,000 million cubic feet, and the present price is 
2s. lld. per 1,000 cub. ft. or 7-4d. per therm. 
The revenue for the year ending December 31, 
1923, was 1,452,313/. The number of workmen 
employed, including the staff, is 2,516, and the 
mains have an aggregate length of nearly 1,000 
miles. In addition to the gas output mentioned, 
there are produced annually 232,175 tons of smoke- 
less fuel in the form of coke and breeze, 3,096 tons 
of sulphate of ammonia and 4,237,241 gallons of 
tar, from which a large number of secondary 
products are obtained. Other direct products are 
retort carbon, ferro-prussiate of soda, and spent 
oxide of iron containing sulphur which is converted 
into sulphuric acid. The declared heating value of 
Liverpool gas is 475 B.Th.U. per cubic foot. 


THe Macraurin System or PRODUCING 
SMOKELESS FuEL. 

In connection with the Smoke Abatement Exhibi- 
tion, which was opened on Tuesday, November 4, 
in the City Hall, Manchester, a series of meetings 
was held by the Smoke Abatement League of Great 
Britain, at which papers on subjects connected 
with the purification of the atmosphere were read. 
Amongst these was a contribution from Mr. Robert 
Maclaurin on the plant which is at present under 
construction to his design by Messrs. Blair, Camp- 
bell and Maclean, Limited, of Glasgow, for installa- 
tion in the Dalmarnock Gasworks. For some years 
Mr. Maclaurin has conducted experiments on 
questions relating to low temperature carbonisation, 
and from the latest tests it was deduced that a 
smokeless fuel could be produced by his system to 
sell at 28s. 6d. a ton, and that gas could be obtained 
in the process at something slightly less than one 
penny per therm. These deductions were based 
upon obtaining suitable raw fuel at 20s. per ton, 
and taking the yields arrived at in tests and the 
current value of derivatives such as oil. sulphate 
of ammonia, &c. The Glasgow Corporation Gas 
Committee, being convinced that the time had 
been reached for work on a large scale, ordered the 
new plant, which consists of five batteries of pro- 
ducers capable of carbonising 36,500 tons of coal 
per annum. In the Dalmarnock Gasworks the 
gas produced by this Maclaurin plant will be used 
to heat the vertical retorts and to raise steam in a 
boiler capable of evaporating 3,600 lbs. of water 
per hour. The guaranteed production is specified as 
not less than what was obtained in tests conducted 
by the Corporation chemists on the experimental 
plant at Grangemouth. Estimates have been 
made that it will cost 51,647/. per annum to run 
the plant, of which 36,500. will be spent on fuel, 
2,737l. on labour, 5,410/. on maintenance, rent, 
taxes and royalties, the remaining 7,000/. re- 
presenting interest, sinking fund and depreciation. 
For the gas produced it was estimated that at 


0-9d. per therm, 9,375/. would be obtained. Oils 
produced would give an income of 11,862/. and the 
sulphate of.ammonia obtained would yield 1,973/., 
which would make possible the sale of the 20,000 
tons of smokeless fuel produced per annum at a 
price of 28s. 6d. per ton. 


Heat INSULATORS. 


A revised edition of the first report of the 
Engineering Committee of the Food Investigation 
Board on Heat Insulators, differs from the first 
edition mainly by the inclusion of the results of 
further experiments by Dr. Ezer Griffiths on 
rubber naaterials. The particular material now 
tested consists of rubber made cellular and ex- 
panded by means of gas under pressure, its 
structure contrasting with that of a rubber sponge 
in the respect that its cells are wholly enclosed, 
while in a spongy rubber they communicate with 
each other. The most remarkable physical pro- 
perty of this material lies in its density, which 
varies from as low as 3-7 lb. per cub. ft. upwards, 
as compared with 14 lb. for rubber sponge and as 
high as 821b. for vulcanised rubber. A hard variety 
resembling ebonite has a density of 7-6 lb. per 
cubic foot. Opportunity has not yet arisen for 
determining the relation between the density of the 
sample and its thermal conductivity. The specific 
conductivity of the material varied from 0-00009 
to 0:00012 C.G.S. units as against about 0-00011 
for cork or equivalent insulators, which weighed 
11 1b. to 13 lb. per cubic foot as against 5 lb. to 7 lb., 
the weight of a cubic foot of the samples examined. 
Clippings of the material packed into an interspace 
lightly so as to give a weight of 2-6 lb. per cubic 
foot gave a conductivity of 0-000118, while packed 
more densely to 4 lb. per cubic foot the conductivity 
fell to 0:000106, the closer packing having increased 
the insulating efficiency by over 10 per cent. The 
durability of the material under rough usage, its 
chemical stability, and many other questions in 
regard to it remain to be further investigated. 
The conductivity is still considerably higher than 
that of still air, which is about 0-00005. A report 
is now in preparation, which includes further tests 
on insulating materials and their hygroscopic 
properties. The report in question is obtainable 
at H.M. Stationery Office at the price of 2s. net. 


Testing Watpr-Gas Prants. 

The object of the ‘ Critical Study of the Pub- 
lished Results of Tests of Water-Gas Plant,” 
which Dr. M. W. Travers, F.R.S.. presented to the 
Institution of Chemical Engineers on the 5th inst., 
was to obtain a kind of trading account to show the 
relationship between the three distinct processes 
of the water-gas process—viz., the blow, the run 
and the clinkerig process, and not merely the 
chemical andl thermal balance sheets. For his 
analysis, which Dr. Travers based on reports pub- 
lished by the Fuel Research Board and by a 
Committee of the Institution of Gas Engineers, 
he regarded the three sub-processes mentioned 
as taking place independently, though he was 
aware that this is not strictly admissible. He 
concluded that it was possible to compile balance 
sheets showing not only how the total energy of the 
fuel was utilised, but also the relationship between 
the run and blow if these two did not balance, the 
experimental results were at fault. Errors would 
arise because temperature measurements did not 
indicate the actual gas temperatures, very difficult to 
determine even by thermo-couples. Another source 
of error was the uncertainty of the amount of air ad- 
mitted and of the moisture in it. Since the blow only 
lasts a minute that determination is very difficult, but 
it had been attempted in the tests referred to at 
Greenwich and Birmingham ; some of the Birming- 
ham tests were, however, made with the exclusive 
object of determining the efficiency of the water-gas 
generator as actually worked, as Mr. J. S. Townend 
remarked. Moist air, and more still the condensa- 
tion of steam in the plant, Dr. Travers pointed out, 
reduce the efficiency ; preheating of the steam for 
the run was advisable. British practice favoured a 
water gas of the following percentages: CO, 5:5, 
CO 39, H, 49, CH, 0-5, N, 6; Dr. Travers did not 
criticise nor justify this composition, but he con- 
sidered ratios of CO,/CO ranging from 1/9 to 9/1, and 
he showed that an increase in this ratio augmented 


the water-gas output per ton of coke. His main 
point was that no allowance was usually made for 
loss of carbon otherwise than as ashes, and that 
there were considerable carbon losses during the 
clinkering, to determine which further experiments 
‘should be conducted with fuel beds of constant 
depth changing one of the other factors at a 
time. In his calculations he had used the ounce- 
molecule, which is convenient for the conversion 
of the metric data of chemists into the British 
measures of the engineer, and also the C.H.U., 
the heat unit per degree Centigrade. This latter 
was objected to, and a general desire was expressed 
that the Institution of Chemical Engineers should 
take up the question of units. 


Tur Ramsay LABORATORY OF CHEMICAL 
ENGINEERING. 


On Wednesday last, the 12th instant, the new 
Ramsay Laboratory of Chemical Engineering at 
University College, London, was opened by H.R.H. 
Prince Arthur of Connaught, K.G., K.T., who is 
President of the University College Equipment and 
Endowment Fund Committee. The chair on the 
occasion was. taken by Sir Robert Robertson, 
K.B.E., F.R.S., and at the conclusion of the cere- 
mony the laboratory was opened for inspection. 
The aims and objects of the new laboratory were 
explained in an inaugural lecture delivered some 
months ago by the Ramsay Professor of Chemical 
Engineering, Mr. E. C.’ Williams, M.Sc., F.LC., 
and were referred to in our issue of January 25 
last, on page 116. We may mention, however, 
that, broadly, its function is to provide an efficient 
training for chemical engineers in physical 
chemistry. An existing building having entrances 
in Gower-place and Golden-street was acquired, 
and has been reconstructed for the purposes of the 
laboratory, giving accommodation for about 24 
students. On the upper floor of the building is a 
special laboratory for advanced research workers, 
a drawing office and a general laboratory for the 
ordinary students, who are of the post-graduate 
standard. This general laboratory is employed for 
the determination of data required for the design 
of plant on an industrial scale ; in connection, for 
example. with the theory of selective absorption, 
the heats of reactions, latent heats, &c. The ad- 
ministration offices, professor’s rooms and private 
laboratories are located on the ground floor, while 
the basement is occupied with chemical apparatus 
on a gemi-commercial scale. This class of equip- 
ment includes a gas-fired, or steam-heated, still 
with a dephlegmating column and condensers 
specially designed by Professor Williams to 
facilitate quantitative measurements. Other items 
of equipment which may be mentioned are apparatus 
for measuring the heat transmission through the 
walls of tubes from condensing vapours, apparatus 
for determining the fundamental conditions of 
design for gas-absorption towers, filtration apparatus 
and a variety of apparatus for measuring the 
flow of liquids and gases, the friction of liquids 
in pipes, &c. The principle of working, Professor 
Williams informed us, will be for a student to com- 
plete an investigation on a laboratory scale, and 
afterwards to check his results on a semi-commercial 
scale in the basement laboratory, where he will 
also obtain such experience in fitting and the 
erection of plant as will be required for his own — 
experimental work. Professor Williams has the 
assistance of Dr. Burrows Moore in the work of 
the department, which has already commenced, 
several students being now in attendance. 


THE REGULATION OF THE RIVER 
SEINE. 


Tue rise in the levels of the Seine and Marne 
and consequent flooding in the last few days recall 
the extensive rise in the Seine level which took — 
place in the year 1910, which has led to the pro- 
pounding by various experts of schemes for im- 
proving the flow of the river with a view to 
prevent the recurrence of inundations. The 
course of the Seine between Paris and Rouen 
is shown in Fig. 1, opposite, and as will be 
seen, its principal tributary is the Marne, which 
flows into it just outside, and to the East of 
Paris. The Marne contributes to a very large 
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another. When the fairway is improved a better 
steamer and motorboat traffic with Paris will be 
possible. 

The scheme now being carried out by the Ponts 
et Chaussées Department has for one of its purposes 
to establish in the fairway a depth of 5 m. 
(16 ft. 5in.). This will hardly meet the conditions 
required for making Paris a “seaport,” but when 
reached it will aid in developing traffic, and will lead 
to a decrease in the cost of transport of much of the 
goods and materials consumed in the French capital 
and neighbouring districts. Whilst improving navi- 
gation, the work will also greatly facilitate the flow 
of the river—a pressing necessity, as was proved by 
the inundations of 1910 and, to a lesser extent, by 
the more recent flood. Coupled with these two 
main objects it is intended to utilise the differences 
of level for generating electric current, a quite 
feasible undertaking, notwithstanding the irregu- 
larity in the river discharge. 

The regulating of the Seine between Paris and 
Rouen from the three standpoints, navigation, 
lowering the flood level and utilisation of the falls, 
involves the following works, several of which 
are marked in the map, Fig. 1:—The reduction from 
nine to six of the retaining weirs and locks; the 
provision of a minimum “depth of 16 ft. 5 in. 
at low water; the regulating and lowering of 
the flow in the fairway by improving the course 
and width of the latter, the width to be, as a 
minimum, 80 m. (262 ft.); reconstruction of bridges 
where necessary, with a view to increase to 
6 m. (19 ft. 8 in.) above highest water-mark the 
available height under them. The two retaining 
systems at Meulan and Méricourt are to be com- 
bined in one only, the same to be the case with 
regard to those at Port-Villez and N.D. de la 
Garenne. On the down-stream side of Poses, near 
Elbeuf, an important modification is the removal of 
the Martot weir, the effect of which will be to allow 
the tides to exert their action as far up the river as 
the Poses weir. The work at this part is to include 
a deepening of the Martot channel, and the con- 
struction of a new lock by the side of the present 
locks at Poses, which are to be transformed. The 
regulation thus carried out will allow of generating 
in an average year as much as 70,000,000 kw.-hours, 
45,000,000 of which can be sold to advantage. A 
company having asked to be granted the concession 
of the Poses waterfall, on payment of a subvention 
for carrying out the work on this section of the 
river, the necessary means have been taken for 
dealing rapidly with this part of the Ponts et 
Chaussées scheme. We illustrate in Fig. 2 the 
reach between Poses and Elbeuf, and in Figs. 3 
to 5 cross-sections at different parts of this reach. 

At the same time, steps are being taken for 
improving the river flow in the neighbourhood of 
Bougival, closer to Paris. Operations at intermediate 
weirs and locks are then to proceed, the more 
urgent regulation work being done first, with a view, 
in the first instance, to forming a depth of 3-5 m. 
(11 ft. 6 in.). Later on, the deepening of the fair- 
way to 5 m. (16 ft. 5 in.) will be effected by stages, 
simultaneously with the widening of the fairway at 
each separate stage. 

Whilst dealing with the improvement of the 
Seine, the Ponts et Chaussées Department has 
under consideration the design of a cargo-boat for 
direct sea and river service as far as Paris. Its 
principal dimensions and characteristic features, for 
a steamer or Diesel boat, are the following :— 


Length between perpendiculars 72-75 m. = 238 ft. 8 in, 
Extreme breadth é 10°50 m. = 34 ft. 5in. 
Depth of hold to top ‘of keel 

amidships 4-20 m. = 13 ft. 9 in. 
Draught in fresh water. 3:30 m. = 10 ft. 10 in. 
Capacity of wing-ballast tanks 542 tons. 
Capacity of holds —steam 

cargo boat ... 1,318 tons. 
Capacity of holds—Diesel- 

engined cargo-boat 1,409 tons. 
Two triple-expansion conden- 

sing engines 500 h.p. 


One steam boiler, heating sur- 


face ... 150 sq.m. = 1,614 sq. ft. 
Two Diesel engines 500 hip. 
Speed 9} knots to 9} knots. 


water-ballast tanks for steaming up the river in 
periods of high water. 


Seine light, in the absence of counter-freight, the 
tanks and holds could also be filled with water to 
give the boat the required draught ; 
designed with watertight bulkheads with this 
purpose in view—an arrangement which also 
increases the strength of the ship, in view of the 
high ratio of length to depth. 
can only be put in regular service when the present 
depth of the river has been increased, the shorter 
bends improved, and the lower bridges rebuilt. 


ENGINEERS: 


Institution of Mechanical 
Manchester on November 6, the papers read by 
Professor W. T. David at the London meeting, held 
on October 24, were further discussed. Professor 
David’s papers were reprinted in our issue of the 
31st ult., pages 623 and 629, and a report of the 
discussion at London appeared on page 605 of 
the same issue. 


energy of the gas was measured, since if it were 
of 0-95 C.H.U. With respect to the heat losses. 


increase with the density, but not quite in simple 


The draught of the boat on arriving loaded by 
sea at Rouen, could be increased by. filling the 


For steaming down the 


the holds are 


Boats of this type 


The present programme of the Ponts et Chaussées 


Department will take a long time to carry out 
completely, owing to its magnitude and the heavy 
expenditure it involves. 


THE INSTITUTION OF MECHANICAL 
MANCHESTER MEETING. 


At a meeting of the North Western Section of the 
Engineers, held at 


They dealt with “The Missing 
Pressure in Gas Engines ” and with “ Heat Loss in 


Gas Engines.” 


The discussion was opened by the reading of a 


communication from Mr. Telford Petrie, who had 
been unable to attend owing to absence from 


Manchester. The writer observed that the author’s 


estimates of the delayed combustion were based upon 
the calorific values assigned to the fuel, which were 
calculated to one-hundredth of a centigrade heat- 
unit, that was to say to one part in 2,000. 


Mr. 
Petrie had himself been engaged in the Steam Nozzles 


research, in which it had originally been hoped to 
attain to an accuracy of one part in,a thousand, 
but they had ultimately to be satisfied with an 


accuracy of one part in 500. With small heat 
drops of the order of 3 B.Th.U. even this degree 


of precision was unattainable, the results being 
then uncertain to + one per cent. 
issued, therefore, the plan had been adopted of 
representing the observations by a band instead of 


In the reports 


by a line. Mr. Petrie also asked how the internal 
deduced from the specific heats*of the constituent 
gases the estimates might be in error to the extent 


Sir Dugald Clerk and Mr. Burls had stated that 
“the total heat loss to the jacket water is found to 


proportion.” Mr. Petrie suggested that the explan- 
ation lay in the application of Osborne Reynolds law 
of heat transmission to the case of the internal 
combustion engine. That law might be written 
H = (A + Bd v) (t, —¢#,) where d is the density, 
» velocity, ¢, temperature of the gas, #, temperature 
of the wall, and A and B are constants. It followed 
from this law (which had been fully corroborated 
experimentally) that the rate of heat transfer in an 
internal combustion engine would increase with the 
density, in other words, with the compression, and 
also with the degree of turbulence present, which 
corresponded to the velocity in Osborne Reynolds’ 
expression. It also followed that the increase 
would not be directly proportional to the density 
or to the degree of turbulence, because of the first 
factor represented by A (t, — ¢,). 

Turbulence, by scouring the inert gas film, might 
undoubtedly affect conduction of heat between the 
gases and the walls to a very considerable extent. 
For that reason there was a school of engineers 
which found it difficult to apply directly data 
derived from closed vessels in which turbulence 
had been deliberately avoided. 

Mr. Kersey, who followed, agreed with Mr. 
Petrie as to the difficulty of getting accurate 
calorific values. The author’s deductions depended 
on his measurements of the heat losses, and the 
speaker asked for fuller information as how the 
radiation was transferred to the bolometer, as it 
seemed to him that some portion of the radiation 
reflected from the polished surface would not. reach 
the instrument. As for conduction losses, the 
author stated that these were nearly independent 


of the size of the vessel, whilst the radiation losses 
did depend on this, as well as on the temperature 
of the gaseous mixture. The matter was evidently 
very complex. He agreed with the author that 
dissociation must be small, but he thought that the 
effect of turbulence would be considerable, so that 
in actual gas engines the temperature rise would be 
much more rapid than in the author’s vessels. In 
fact, if the author’s results applied to an actual gas 
engine running at 300 r.p.m., it would be necessary 
to advance the spark by 60 deg., which was very 
much more than experience justified. In the case 
of petrol engines which ran at speeds of as much 
as 3,000 r.p.m., it would seem impossible, judging 
from the author’s results, to get an indicator diagram 
at all. It was evident therefore that turbulence 
played a very considerable part in securing a rapid 
spread of the flame, and the speaker thought that 
this would tend to make combustion more complete. 
although the actual diagrams seemed to show that 
complete combustion was not fully attained. 


Dr. Coward said that he approached the problem 
from the standpoint of the chemist having spent 
years in the study of slowly-moving flames. From 
his observations he had formed a definite mental 
picture of the phenomenon. The flame, he con- 
sidered, started at some definite point, and travelled 
as a hollow spherical shell, so that its actual volume 
was not proportional to the cube of the diameter, 
but to the square. The author had said that at the 
moment of complete inflammation only 75 per 
cent. of the combustion was complete, and the 
speaker asked whether that meant that three- 
quarters of the inflammable molecules had been 
completely oxidised and the remainder untouched ? 
He did not think that the author had used the 
simplest apparatus, as he held that a spherical 
shell would have been simpler than the cylinder 
actually employed. With such a cylinder, he 
thought the flame might take a little time to get 
into the corners. He would like to have Professor 
David’s dictum as to what was the condition of 
things when flame had been passed through the 
mixture. Was there a lot of luminous gas behind 
it sweeping up the 25 per cent. molecules that had 
not burnt at all, or, alternatively, completing the 
combustion of practically all the carbon and 
hydrogen ? 

Mr. Onions said that he wished to consider the 
paper from the practical side. He thought that the 
loss from delayed combustion must be admitted, 
since it was always possible to regulate a gas engine 
so that ignition was started immediately after maxi- 
mum compression had been attained. If the pres- 
sure then increased there must be combustion taking 
place. The effects of delayed ignition were soon 
felt, since the spindles were then burnt away. 
Certain losses also arose from exposed areas. These 
had been greatly reduced in recent years by putting 
the valves right inside the combustion chamber. 
This change had improved the running of the engine. 
The importance of turbulence was very great. In 
starting up, some old types of gas engine, gas was 
let in through a diverging conical hole, and with 
this arrangement it was possible to get a series of 
successive explosions in the one strike. By altering 
the gas inlet so as to secure turbulence, much more 
satisfactory starting was obtained. He added that 
in addition to the losses discussed by the author, 
there was with actual gas engines also some loss by 
leakage past the piston. 

In reply, Professor David said that he hoped that 
some members having experience with engines of 
different sizes would send in a written discussion. 
He was particularly anxious to know whether in 
practice, the heat loss per unit area increased some- 
what in the way indicated in his second paper. 
For example, whether, the heat loss in an engine 
with a cylinder of 150 cm. diameter was about 
50 per cent. greater than in a small cylinder, the 
same mixture being used in both cases. 

The question of the accuracy of his results had 
been raised, but he would prefer to deal with this in 
writing. He would say, however, that he had made 
large numbers of experiments in similar conditions, 
and the photographie films obtained could be super- 
imposed. He was certain that his most important 
results were true to at least 1 per cent. Dissociation 
at gas-engine pressures was not as much as 3 per 
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cent. at 2,000 deg. C. With respect to the con- 
duction losses, Mr. Kersey had wished to know why 
these varied with the fourth power of the absolute 
temperature. The speaker thought this was due 
to the little volume of gas interposed between the 
hot burning gas and the metal wall. The surface 
layer was cooled and became an effective insulating 
jacket, so that heat was transferred across, with 
more difficulty the lower its temperature. 


LABOUR: NOTES. 


Mr. Stantey MAcuHIN expressed a hope the other 
day at a meeting of the Birmingham Chamber of 
Commerce that the workers realised the effect on the 
cost of living of the increases of wages that were being 
paid in sheltered industries. These extravagant rates 
constituted, he said, one of the main causes of the high 
cost of living. There is, unhappily, little ground for 
the hope. On the contrary, the rates paid in sheltered 
industries are regarded as standards by Labour’s 
extremists, who persistently cite them to their fellows 
in unsheltered trades as evidence that their employers 
are grossly underpaying them. The truth is, as every- 
body in competitive industry knows, and as Sir Allan 
Smith showed to the engineering trade unions, that the 
wages ruling in unsheltered industries to-day are 
economic, and ought, in the interest of British industry 
as a whole—also in the interest of British labour as 
a whole—to be the standard to which those in sheltered 
industries conformed, instead of the other way about. 
Mr. Machin indicated the effect on cost of living of the 
extravagant rates paid in sheltered trades. Their 
effect on production costs is, however, no less serious. 
Local rates are, for example, a very heavy burden on 
competitive industry, and the high level to which they 
have been raised is unquestionably due to the high 
wages paid by urban, suburban and rural authorities. 
Comparisons of the wages paid to tramwaymen and 
dustmen—to name no others—with those paid to, say, 
skilled mechanics never fail to leave the latter class 
discontented. But if skilled mechanics realised that 
their wages are low, and their employment intermittent, 
because the tramwaymen’s and the dustmen’s wages are 
high and their employment continuous, they would be 
on the way to a solution of British industry’s present 
difficulties. 


According to a Russian official statement, the collec- 
tive agreements between the trade unions and the 
administrative boards of enterprises are now up for 
revision, and the All-Russian Council of Trade Unions 
and the Union Supreme Economic Council have issued 
a joint circular to all trade-union organisations, trusts, 
and the Economic Councils of the Republics of the 
Union, suggesting the lines upon which the reviews of 
them should proceed “‘ in order to create conditions for 
raising the productivity of labour to the highest point 
possible in the present economic and political con- 
ditions of the U.S.S.R.” 

Amongst the principal measures suggested for 
increasing the personal intensity of labour is the more 
extensive introduction of piece-work. Wherever 
possible, it is laid down, the workers should be paid on 
a piece-work basis, and all the existing limitations in 


this respect are to be abolished. The results of the 


introduction of unlimited piece-work are to be watched 
very carefully in order to establish its advantages and 
disadvantages, particularly as regards the quality of 
the manufactures as well as the manufacturing costs. 
With the extensive introduction of piece-work, proper 
standards of work, as regards both quantity and quality, 
are to be fixed. The methods and organisation of the 
work must, it is stated, be gone into more carefully, the 
intensity of labour raised, and exact rates of pay for 
the various classes of work decided. In addition, 


subsidiary and casual labour are to be reduced to a 


minimum, and day workers are to be employed as job 
workers or by contract and to be paid accordingly. 
In certain cases, by way of experiment, and after 
fixing strict maximum quantities, special rewards are 
to be granted for economy in the use of fuel and raw 
materials below the fixed maximum. 


At the recent meeting in Brussels of the Miners’ 
International Committee, Mr. Herbert Smith, president 
of the Miners’ Federation of Great Britain, said that 
while there were still a great many miners idle in Great 
Britain through the closing of pits, the membership 
of the Miners’ Federation was back again to the pre- 
war numbers and was still increasing. The divisions 
which existed in their ranks in 1921 had almost dis- 
appeared. When, in June of next year, the present 
wage agreement expired, the Miners’ Federation would 
be in a better position than ever before to enter into 
negotiations for an improvement of the miners’ 
Status, 

The German miners are, it seems, to be supported 
by the international organisation politically, industrially 


and financially if they strike at the end of this month 
in order to force the employers to revert to the seven- 
hour day for underground workers. In Germany, 
the seven-hour day was secured by agreement with 
the mineowners—not, as in this country, by legislation 
—and when reparations came to be paid, the mine- 
owners asked the men to work an hour overtime per 
day without remuneration. Speaking as chairman of 
the International Committee, Mr. Smith said that with 
all the desire which the miners had to work on peace- 
fully, they could not continue to accept their present 
low economic position either in Great Britain or in any 
other country. There must be, he declared, considerable 
improvement in wages if there was to be continued peace 
in the industry. 

At its Prague congress, the Committee decided, in 
principle, to set up a permanent international secre- 
tariat. The Brussels meeting passed a resolution 
embodying a decision that the appointment of the 
permanent international secretary should be made in 
January at the meeting at Hanover which is to discuss 
the Dawes plan. A special levy of five gold pfennigs 
per member is to be made before the end of this year in 
order to provide funds for the upkeep of the secretariat 
and the publication of an international bulletin. The 
membership of the organisations affiliated to the 
International Federation is 1,972,000. 

The Committee also decided, in principle, to accept 
the invitation from Soviet Russia to send a commission 
of inquiry to report on the position of the mining 
industry in that country. 

Continental trade unionists are much less tolerant of 
Communists than their fellows in Great Britain are 
asarule. It is stated, for example, that the Belgian, 
French and German miners regard the Communists in 
their midst as a danger to their organisations and act 
accordingly. In Germany when a miner avows 
himself to be a Communist he is expelled from the 
union. Metalworkers belonging to the smaller 
nationalities have complained bitterly at International 
Conferences about the activities of the same disruptive 
element ; this was, in fact, the principal ground of their 
objection to the admission to their International of the 
Russian metal-workers. In this country, so far from 
excluding Communists from membership of their 
organisations, the members of several unions have 
elected them to high executive office. 

It looks, however, as if, before long, the members of 
British trade unions will have to exert themselves in 
order to maintain their constitutions against the 
attacks, once veiled, but now open, of the Communists. 
The National Minority Movement of Moscow’s Red 
International Labour Union grows bolder every week 
in its propaganda and at its selected moment—when, 
that is, an important union is engaged in critical 
negotiations with employers—it may easily do irre- 
parable damage to the structure of the organisation 
which labour has evolved in the course of many years. 
Representative British trade. unionists are not, of 
course, blind to the danger. They foresee exactly 
what will happen if the R.I.L.U. gets its way, and in 
more than one influential quarter there is talk of taking 
steps to prevent it. Exactly what these steps are is 
not clear at the moment, but it is significant that 
official circles are concerned about the new move to 
enrol workers in the National Minority Movement at 
a subscription of ls. per head. Unions with declining 
memberships naturally view with concern this further 
interference with their activities. 


The Building Industry Committee appointed by the 
Ministry of Health has issued a circular letter to local 
organisations of employers and operatives throughout 
Great Britain drawing attention to the proposals for 
securing the necessary increases in the skilled ranks of 
the building industry contained in the report upon the 
building industry by representatives of employers and 
operatives issued in April last. The report asks for the 
appointment of local joint apprenticeship committees 
throughout Great Britain in order to help in carry- 
ing,out these proposals and urges the desirability of 
complete co-operation in all steps proposed to secure 
the desired end. Pending the formation of these local 
committees, the Building Industry Committee is con- 
sidering the machinery which should be set up for 
carrying out the other recommendations made in the 
report. The Building Industry Committee, whose 
primary function is to assist in the augmentation of the 
supply of skilled labour, is at present composed of 
representatives of employers and operatives, but repre- 
sentatives of the manufacturers and suppliers of building 
materials will be added when nominated by them. 

Speaking at the annual meeting in London of the 
Industrial Welfare Society, of which he is president, 
the Duke of York said that the work of the society 
was neither spectacular nor capable of producing 
immediately visible results, but those who had studied 
welfare work in operation knew full well that it was 
making a real and effective contribution to stability, 


peace and efficiency in the industrial life of the nation. 
It was not to be expected that happiness, under- 
standing and confidence between man and man could 
be attained by the mere production of any scheme, 
however lofty its ideals and noble its purpose. The 
society had urged the great moral principles under- 
lying the relations between master and man, and shop 
by shop, yard by yard, and mine by mine, it had 
implanted the seed which gradually but surely was 
ripening to a real desire for mutual understanding. 
To suggest methods and supply the technique necessary 
for translating goodwill into action was the work of the 
society, and as time went on its need and usefulness 
would be more and more recognised. 

Lord Invernairn, chairman of the Society, in moving 
the adoption of the annual report, said that though 
the organisation had never before been in so sound a 
financial position, that fact was due to economies which 
all regretted and to the splendid generosity of warm 
friends. To many who might help, their work was not 
sufficiently well known. They could make no attrac- 
tive appeal to sentiment; they could not point to 
sufferers relieved and cases helped ; but nothing in the 
present stage of the country’s development was more 
important or fraught with greater possibilities for 
happiness and stability. They were certain that the 
work done so consistently and doggedly during the last 
six years had already made, and was making, its mark 
for good upon the nation as a whole. He hoped that 
those who were in a position to help would give greater 
heed to the society’s very real claim and not allow it 
to languish for want of funds. 


The Ministry of Labour reports that the number of 
unemployed persons on the registers of Emnloyment 
Exchanges in Great Britain on November 3, 1924, was 
1,228,000—938,200 men, 35,200 boys, 223,500 women, 
and 31,100 girls. On October 27, 1924, the number of 
unemployed persons was 1,203,229—910,495 men, 
35,665 boys, 225,107 women and 31,962 girls—and on 
December 31, 1923, 1,285,623—946,521 men, 36,659 
boys, 267,373 women and 35,070 girls. 


At Hull City Council on November 10, it was pro- 
posed that no tender for any municipal contract should 
in future be invited or accepted from foreign firms 
whose hours of labour and rates of pay were less 
favourable than in this country. In support of the 
resolution, it was urged that it was unfair to insist on 
fair wage clauses at home and not to apply the same 
principle in the case of foreigners. Opponents of the 
proposal contended that the effect of its adoption 
might tend to strengthen rings in this country, and 
eventually the resolution was rejected. 


° 


A further conference on the wages question is to 
take place in Glasgow on Thursday next between 
representatives of the National Light Castings Iron- 
founders’ Federation and the Negotiating Committee 
of the twelve trade unions supporting the application 
for an advance. By a majority of 8 to 1 the men ina 
ballot vote decided to give the committee power to 
call a strike if the Employers’ Federation did not make a 
satisfactory offer. The application is for the restitution 
of “‘ cuts” in bonuses, amounting to 15s. per week for 
men, with corresponding amounts to youths and lads. 
The men contend that trade has recovered sufficiently 
to enable the restitution to be made, without endanger- 
ing trade prospects. 


Norton anp GREGORY ENGINEERING SCHOLARSHIPS.— 
Messrs. Norton and Gregory, Limited. offer two en- 
gineering scholarships to be competed for annually, one 
value 1001. per annum and one value 50/. per annum, 
tenable for three years at any University in the United 
Kingdom or British Dominions, which may be approved 
by the Committee. This Committee consists of Sir 
Joseph Petavel, Professor Inglis, Professor Coker, Mr. 
J. Talbot, the Master of Haileybury College, Mr. G. H. 
Burkhardt, Principal of Swindon Technical Institution, 
and Dr. R. 8. Clay, Principal of the Northern Polytechnic 
Institute. Candidates for the scholarships must have 
reached the age of 17 but not the age of 19, on the Ist 
day of March in the year of examination, be domiciled 
in the United Kingdom and undertake to pursue a three 
years’ course in engineering with a view to following it 
as a profession, The successful candidates will have to 
satisfy the Committee that their financial resources are 
insufficient to give them the course of study suggested, 
but some form of honorary scholarship may be awarded 
to successful candidates who cannot furnish this evidence. 
Papers which will cover two days’ examination will be 
set in English Mathematics, Mechanics and General 
Physics. The examinations for the 1925 scholarships 
will be held on March 5 and 6, and application forms 
should reach the secretary of the committee no later 
than the last day of January, 1925. The awards will be 
published on May 15, 1925. Application forms may be 
obtained from the Secretary, Scholarship Committee, 
Messrs. Norton and Gregory, 1 and 2, Castle-lane, 
Westminster, London, §8.W. 1. 
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THE LATE MR. H. C. BARNARD. 


Tue death of Mr. Henry Cuthbert Barnard, J.P., 
M.Inst.C.E., of The Grey House, Yatton, Somerset, 
on the 7th inst., removes an engineer associated with 
the Far East. Mr. Barnard was born in 1865. An 
old Crystal. Palace Engineering School student, on 
completing the course in 1884 he was articled to Mr. 
G. J. Margary, engineer to the South Devon and 
Cornwall Railway Company. His first work in the 
Kast was performed, under Mr. J. V. Owen, when 
he spent a short time erecting tea factories and 
machinery in Ceylon in 1887. He was then appointed 
by Sir Frederick Weld, Governor of Straits Settlements, 
to be assistant district engineer at Taiping, Perak, 
under Mr. F. Caulfeild, State engineer. 

In 1889, Mr. Barnard was transferred to the Railway 
Department under Mr. C. R. Hanson, resident engineer. 
The following year he was appointed acting resident 
engineer, which post he held until 1903. During this 
period Mr. Barnard had charge of the completion of 
67 miles of railway under construction, which included 
the boring of three tunnels and the erection of several 
bridges. He was also responsible for the traffic and 
locomotive departments of the Perak Railway. 

After concluding this work, Mr. Barnard continued 
to act as divisional engineer to the entire railway 
group which, at this time, resulted from the amalgama- 
tion of the other lines in the Federated Malay States 
with that at Perak. He was confirmed as such in 1903, 
and devoted his energies to the improvement and 
development of transport facilities in Malaya until 1916, 
when he retired on pension, taking up residence 
in England. Despite his long absence abroad, Mr. 
Barnard took a keen interest in local affairs in Somerset 
on his return to this country, and his death will be 
deeply regretted by friends in both hemispheres, 


PHYSICAL SOCIETY OF LONDON. 


At the meeting of this society held on October 24, 
at the Imperial College of Science, with Mr. F. KE. Smith, 
F.R.S., in the chair, a paper “On the Temperature 
Gradient in Gases at Various Pressures,” by Messrs. 
W. Mandell and J. West, was read by Mr. West. The 
paper stated that. a careful re-examination of the 
problem of the temperature gradients through gases at 
various pressures had been attempted. Sets of curves 
indicating these gradients at various pressures and other 
interesting relations were obtained. Amongst other 
features, they showed quite definitely the existence in 
contact with the vessel walls—at low pressures—of very 
large “‘temperature jumps.” An attempt to explain 
the general character of the results was based on the 
assumption of the presence at the walls of a gas film 
possessing certain properties due to the attracting 
forces existing amongst wall molecules and gas mole- 
cules. Instead of using one thermocouple only to 
determine the temperature at any point in the enclosure, 
several thermocouples of differing thicknesses—and, 
therefore, differing curvature—were employed under 
identical conditions. Systematic differences amongst 
corresponding readings of the thermocouples were 
noticed. These might be attributed to the presence 
round the various thermocouples of gas films whose 
thickness and character varied with the thickness of 
the couple. 

Opening the discussion, Mr. B, 8. Gossling said that 
the temperature in a space containing gas at low pressure 
was one of those delicate and uncomfortable subjects 
which should be mentioned only in earefully chosen 
society; he felt, however, that with the present 
authors it was in perfectly safe hands. He thought that 
the authors had dismissed the influence of radiation 
rather briefly. At the end of their theoretical dis- 
cussion the authors spoke of the Langmuir film. The 
word “‘ film *’ which had come into use in this connection 
seemed a misnomer, as it denoted a region 4 mm. thick— 
viz., that in which convection ceased and conduction 
only was effective, a discontinuity at the edge of this 
region being indicated by optical experiments. The 
authors’ discussion of a really thin film was very 
interesting, but such a film was quite different from the 
Langmuir layer. The continuation of the authors’ 
work might throw some new light on the nature of the 
adsorption of gases. An interesting case would arise 
where the hot plate was incandescent, but the difficulties 
involved in an experimental investigation of it would be 
considerable. 

Dr. Ezer Griffiths thought it was a pity that the 
discussion of the methods of deducing true temperatures 
from the indications of the thermocouples should have 
been deferred, for it was difficult to assess the value of 
the theoretical edifice which had been built up unless 
one was satisfied as to the experimental foundation. 
He had not had the opportunity of studying the paper 
in detail, but glancing through it found no reference to 
two papers by Mr. G. H. Henderson in the Physical 
Review for 1920, entitled ‘*‘ A New Method of Deter- 
mining the Temperature Variation of the Thermal 


Conductivity of Gases,” and ‘‘ The Determination of 
the Radiation Error in the Measurement of Gas 
Temperatures.” _ Henderson’s method was similar to 
that of the authors, but his thermocouples were of much 
finer diameter, 1 mil as compared with the 5 mils of 
the present authors. One of Henderson’s remarks in his 
conclusions might be quoted: ‘‘ One point is clearly 
brought out in the present work, viz., the unreliability 
of temperatures as indicated by a temperature- 
measuring device placed in a gas in the presence of 
surfaces at temperatures differing considerably from 
that of the body of the gas.” He suggested that the 
authors should make a careful intercomparison of their 
work with that of Henderson, for.he seemed to have 
devoted much time to the problem of the measurement 
of temperature at a point in the gas. Personally the 
speaker said he would favour a method of determining 
the temperature gradient by some interference method 
utilising the change of refractive index of the gas with 
temperature. As regards Mr. Gossling’s remarks con- 
cerning the Langmuir film theory, this had received 
considerable modification, and he would refer him to a 
paper by Mr. Chester W. Rice, in Journ. Amer. Inst. of 
Elec. Eng., 1923. 

Mr. .Gossling agreed that the Langmuir theory had 
been modified, but pointed out that the boundary of 
the Langmuir region, now assumed to divide the turbu- 
lent from the streamline motion in the gas, occurred at 
a definite distance from the solid surface. Interference 
methods of measuring temperature lead to difficulties 
at low pressures, where “ temperature ”’ ceased to have 
a useful physical meaning. 

Mr. C. R. Darling referred to the discrepancy between 
the readings of the two thermocouples, and suggested 
the use of flat strips similar to those employed by 
Dr. Moll. The Langmuir layer need not be an actual 
layer; all that it implied was that in the region in 
question thermal phenomena were the same as they 
would be if such a layer existed. He had determined 
the temperature distribution in badly conducting 
solids, such as magnesia and asbestos. 

A paper on “ Vectorial Dimensions’? was read by 
Mr. J. F. S. Ross, A.M.Inst.C.E. The paper drew 
attention to the deficiency of the present dimensional 
notation [M] [LL] [T], and in particular to the anomalies 
(a) that it made the dimensions of work and torque 
the same, and (b) that it allowed the dimensions of 
angular velocity and acceleration to appear as functions 
of time alone. It was shown that these defects were due 
to the neglect of the vectorial character of length, and 
it was accordingly proposed that the present notation 
be modified by using the symbols [L.], [Ly], and [L-], 
where different directions were involved. The applica- 
tion of the proposals was shown, and it was demon- 
strated that they not only remedied the defects noted, 
but also exhibited the connection between the vectorial 
characteristics of a quantity and its dimensions. 
Incidentally it was pointed out that the distinction 
between vector and scalar quantities was not always 
easy to apply, and new classifications were suggested. 
A proposal by Bartorelli to treat angle as a fourth 
independent fundamental quantity was examined. 
It was shown that such a change was open to serious 


‘criticism, and that it would not achieve the objects 


aimed at by the proposals in the present paper. 

Dr. J. S. G. Thomas, opening the discussion, said 
that the subject of the present paper had been raised 
by Sir Oliver Lodge in Natwre in. July, 1888. It was 
discussed by Ricker in the Proceedings of the Physical 
Society of November, 24, 1888; there would be found 
some remarks by Professor 8. P. Thompson covering 
points dealt with in the present’ paper. The whole 
subject had been gone into very fully by Mr. W 
Williams in a paper entitled “‘The Relation of the 
Dimensions of Physical Quantities to Direction in 
Space,’ Proc. Phys. Soc., vol. xi, 1890-92. 

Mr. Rollo Appleyard said that the whole subject 
became clear and the notation ceased to be ambiguous 
if imaginary quantities were introduced as in vector 
analysis. 

Dr. G. Temple drew attention to an aspect of the 
subject not treated, he thought, in the memoirs to 
which reference was made by the first speaker. This 
was the relativistic aspect, or the view we gained 
of the subject when it was illuminated by the pure 
rays of the special theory of relativity. The leading 
idea of this theory, in the famous dictum of Minkowski, 
was that “henceforth space and time are but as 
shadows cast by the fundamental physical reality, 
space-time ’—that entity which has formed the subject 
of the philosophical researches of Dr. Samuel Alexander. 
According to that theory a lapse of time and a stretch 
of space were simply intervals in space-time measured 
in mutually perpendicular directions. This confusion 
of time and space issued at once in the paradox of 
the equivalence of energy and mass, but might also 
be interpreted in such a manner as to give reality 
to the conventional distinction made in the paper 
between the dimensions of perpendicular lengths, 
For if there was any validity or significance in the 
distinction between temporal and spatial dimensions, 


there was just as much validity and significance 
in the distinction between the dimensions of lengths 
measured in three mutually orthogonal directions. _ 
Mr. T. Smith disagreed from the author’s classifi- 
cation of area as a quantity having no sense. In an 
indicator diagram containing loops it was pe 
to give opposite algebraic signs to the areas separate 
by a point of self-intersection of the curves. Simi- 
larly the algebraic sign, or sense, of an angle had 
to be taken into account. It was true that quantit 
depending on [L} were scalar, but the idea of directio 
was implicit in them: thus potential was scalar, 
but on differentiation it gave a directed force. fi 
treating of rotation, the author considered circular 
motion only; his system would require some adjust- 
ment to fit the case of elliptic motion. , 
The author, in a communicated reply, regretted 
that he was unaware of the papers to which Dr, Thom: 
referred. He had since examined them. Profe 
Riicker’s paper, howeyer, did not anticipate kh 
and Professor 8. P. Thompson’s contribution to 
discussion on it only did so to a very small ex 
He was grateful to Dr, Thomas for drawing his atten’ 
to Mr. Williams’s valuable paper. The dimensions 
mw with the author’s notation was not 1, as stated | 
Dr. Thomas, but [Ly] [L,]:'.- The dimensions 
centripetal force were [M] [Ly] °[L,]4[T]-, and 
paper required a corresponding amendment. It 
not correct, however, to say that therefore [L,}[L,]+ 
= [L,]. The direction of any quantity having th 
linear dimensions. [L,?[L,|-' was the same as that 
of a quantity having the linear dimensions [L,] only ; 
this followed from the line of reasoning. There wai 
no justification, however, for equating [L,P[L,|> 
to [Ly]. 
In reply to Mr, Appleyard, the introduction of 
imaginary quantities would defeat one of the m 
objects in view, viz., clearness and simplicity, an 
would give no corresponding advantage. In re 
to Dr. Temple, obviously the paper dealt with classi 
mechanics, and no question of relativity therefore 
arose. In reply to Mr. T. Smith, the sense of an 
area would be something different from the + and — 
applied to the two parts of an indicator diagram 
which have arithmetical rather than physical si: 
cance. The objection to putting ([L,?+[L,?+] 
in place of [L}? was that it introduced complicatio 
without any corresponding advantage, 


LANTERN SLIDES FOR ENGINEERING LECTURES.— 
Messrs. Ed..Bennis and Co., Limited, of 28, Victoria- 
street, London, S.W., will be pleased to lend lan / 
slides illustrating mechanical stokers and coal and ash- 


handling plant for lecture purposes, oe 
‘eae 


SPECIFICATION FOR COPPER CAKES FOR ROLLING 
The British Engineering Standard Specification fo 
Copper Cakes for Rolling (No. 201, 1924), has n 
been published, and it contains instructions on meth 
of testing and forms of test pieces. Copies may be had 
from the B.E.S,A., 28, Victoria-street, London, 8.W.1, 
price ls, 2d. post free. fi), 


Contractrs.—The General Electric Company, Limited, 
have obtained the order from the South African Railways 
for supplies of Osram lamps for the ensuing 12 mo: 
This is the first time for some years that the bulk of this 
large and important contract has found its way to an 
English manufacturer. The contract was lost to this 
country some years ago, and has sinee been held by 
foreign firms.—Messrs. John Thompson Water Tu 
Boilers, Limited, of Imperial House, Kingsway, London, 
have received a contract from Messrs. Vickers and Inter- 
national Combustion Engineering, Limited, for two 
vertical straight tube boilers each of 9,000 sq. ft. of heatin 
surface and a working pressure of 275 Ib. per square inch, 
Intended for service at the works of Synthetic Amm 
and Nitrates, Limited, at Billmgham, Stockton-on-Tees, 
these boilers are to be fired with powdered fuel on the 
Lopuleo System.—Messrs. Stothert and Pitt, Limited, 
of Bath, have secured orders for two electrie travelling 
transporters, each fitted with a .74-ton* underhun 
revolving jib crane, from the Regent’s Dischargit 
Company, Limited, and also two electric four- motor 
travelling gantry cranes for the Fulham Gas Light and 
Coke Company, Limited.—The Engine Works Dean 
ment of Messrs. Sir W. G. Armstrong, Whitworth an Co., 
Limited, have secured a contract from the D 
Harbour Trust, for the supply and erection of a new 
steel bridge caisson for the entrance of the Camperdown 
Dock, at Dundee. The caisson, which is to replace an 
existing one, is to be delivered and set in position within 
five months from the date of placing of the contract. 
The caisson will be built at the Company’s Walker 
Shipyard and towed to Dundee.—Orders have just been 
received from a Transvaal municipality for 2,500 M 
type meters, and from a Cape municipality for 3,000 
inferential meters by Messrs. George Kent, Limited, of 
London and Luton.—Contracts for 250 wagons have 
just been placed by the London, Midland and Seot- 
tish Railway with the following firms: Metropolite 
Carriage and Wagon Company, Limited, 100; Midlam 
Railway Carriage and Wagon Company, Limited, 50; 
Hurst Nelson and Co., Limited, 100. The wagons, which) 
are to have steel underframes and wood-lined tops, will 
be 27 ft. in length and of 20-ton capacity. i. 
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CONSTRUCTED BY J) 


MOTOR-DRIVEN HIGH-SPEED PLANING 


{ESSRS. C. REDMAN AND 


MACHINES. 


SONS, LIMITED, ENGINEERS, HALIFAX. 


Fie. 


Fie. 2. 16-Fr 


BELT AND MOTOR-DRIVEN HIGH-SPEED 
PLANING MACHINES. 


’ Two good examples of modern planing machines are 
illustrated in Figs. 1 and 2, on this page. Both these 
machines are by Messrs. C. Redman and Sons, 
Limited, Parkinson-lane, Halifax, and are typical of 
the firm’s belt-driven and motor-driven machines of this 
class. _The first of our illustrations shows the belt-driven 
machine, while the second is a reproduction of a 
photograph of a machine specially built for planing 
work in connection with points and crossings. 

The belt-driven machine has a length of table of 
13 ft. between the suds dishes, and a length of bed of 


1. 


13-Fr. Bett-DrivEN Four-SPEED PLANING MACHINE. 
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. Moror-DaiIvEN PLANinG MAcHINE FOR PoINTS AND CROSSINGS. 


and strongly braced. The Vees are centred 23 in. 
apart, the table having a width of 32in. Themaximum 
width and height of the work taken on the machine 
is 36 in. by 36 in. The bed is long enough to prevent 
excessive overhang of the table. The latter is deep 
and is ribbed longitudinally and crosswise ; it is finished 
with Tee slots planed out of the solid. The machine 
is intended for maximum output with belt drive. The 
arrangement provides for four cutting speeds of from 
30 ft. to 60 ft. per minute, obtainable by means of the 
four-speed cone belt pulleys, to be seen above the cross 
rail and housings, on which pulleys the belt can be 
shifted while the machine is running by means of the 


19 ft. 6 in. The bed is very heavy, being 21 in. deep, ; handwheel on the end of the slanting spindle outside 


the near housing. A constant return speed of 120 ft. 
per minute is provided. 

The cross slide is of double-box section, the depth 
of the slide at the faces being 12} in. The face of the 
housings is 7 in. wide. The tool boxes on the cross- 
slides are arranged to swivel, and automatic feed is 
provided in all directions. A third too] box is fitted 
on one of the housings, arranged for automatic vertical 
feed. This has slides of sufficient length to enable the 
tool box to work safely with considerable overhang. 
A sensitive friction-clutch, power-elevating motion 
enables the operator to set to fine limits. The elevating 
screws are fitted with ball bearings. All table gears 
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are of steel, and are double helical up to the pinion and 
rack, the latter being 43 in. wide. The main drive is by 
two belts on to aluminium pulleys, reducing inertia and 
momentum and allowing the belts to pick up quickly. 
The belts can be operated from either side; they are 
shifted by gear giving a straight movement to the 
forks. If driven electrically, a machine of this type 
would require a motor of 103-12 h.p. capacity. 

The second example, illustrated in Fig. 2, page 687, 
is, as we have said, a machine recently completed by 
Messrs. C. Redman and Sons, for railway switch and 
trog work. This particular machine is motor driven, 
but in other forms it is belt driven, a four-belt drive 
being used, giving two cutting speeds. The illustration 
is of a machine 48 in. wide, capable of planing a length 
of 16 ft. Itis similar to another size for cutting a 12 ft. 
length, and also to a pattern having a width of only 
42 in. The 48 in. machine is usually fitted with a 40 h.p. 
variable-speed, reversible motor, giving cutting speeds 
of from 15 ft. to 50 ft. per minute, with a uniform 
return speed of 100 ft. per minute. The 42 in. machine 
is generally fitted with a 35 h.p. motor. 

The bed is double walled throughout, 19 in. deep, 
and strongly braced between the housings, the latter 
being very massive and carried down to the ground. 
The table runs on Vees, spaced 33 in. apart, the ways 
being lubricated by oil rollers. It is fitted with adjust- 
able gib strips to prevent lifting. The housings have 
faces 13 in. wide and the depth of the cross slide is 
203 in., so that the bearing is very liberal and great 
rigidity is secured. The cross slide itself is stiffened 
at the back, and it is held to the housings by plates with 
four inside and four outside bolts. The two heads are 
made right and left-handed, so that they can be brought 
close together. The tool boxes are of steel, and are 
of the tee-slot type, very wide, and capable of each 
taking a couple of tools. The vertical feed of the slide 
is 194 in. All feeds for horizontal and vertical cuts 
are variable and reversible, while the machine is 
running. Ball bearings are fitted to the elevating 
screws. 

The table is driven by rack and pinion, both being of 
the unusual width of 12 in. The pinion is of large 
diameter so as to ensure good engagement of the teeth. 
Double-helical gearing is used for the first reduction 
in the train of gears. The driving shafts carrying the 
gearing are provided with deep spiral oil runners. An 
idea of the capabilities of the machine may be obtained 
from the following figures, furnished by the makers : 
At a speed of 387 ft: per minute, with two tools cutting, 
the cuts taken were 1} in. deep with a feed of , in. 
At 25 ft. per minute cutting speed, two cuts, 13 in. by 
zy in. feed, were taken, while at the same speed one 
cut 14 in. deep by + in. feed was taken. The return 
speed in all cases was 100ft. per minute. The cuts were 
limited by the size of the motor, and if this had been of 
greater capacity heavier work would have been possible, 
though the above figures show the 40-h.p. motor te 
have been sufficient to give an excellent output. 

These planers, as already mentioned, can be fitted 
with belt drive, giving two speeds with a four-belt 
arrangement, the countershaft being driven by constant- 
speed motor or from line shafting. The countershaft 
is self-contained and fitted with ball bearings. Fre- 
quently for point and crossing work it is the custom 
to use an auxiliary tilting table. These are arranged 
by Messrs. C. Redman and Sons for use on machines 
such as the one described, hinged at one end and 
adjusted by means of screw jacks at the other to the 
required angle. This is an easily-detachable accessory. 


THE ELECTRIC ROAD VEHICLE.* 
Its Characteristics and its Economic Field of Usefulness. 
By D. E. Barry. 


THis paper is intended to deal in a broad way, from 
the technical and economic aspects, with the use of 
electric energy for propelling, directly or indirectly, 
road vehicles. 

The plain series motor is usually adopted for electric 
vehicles, and Fig. 1 gives the torque-speed curve of a 
series-wound trolley-bus motor, plotted together with 
the torque-speed curves of a petrol bus of equal capa- 
city, to show how the normal curve of the electric 
motor follows the performance of the petrol engine with 
a four-speed gear-box. 

It is essential in a road vehicle, especially one operat- 
ing in hilly districts, to have a motor that has a wide 
range of torque and speed, and in the petrol car this 
is effected by means of a gear-box. In the same way 
the already wide range of the series-wound motor can 
be increased by weakening the magnetic field, which has 
the effect that for the same torque the speed is in- 
creased, or for the same speed the torque is increased. 
This effect is shown in Fig. 1, where at 9 miles per 
hour 50 per cent. of the field current is shunted. It 
will be observed that this increases the maximum 


* Abstract of a paper read before the Institution of 
Automobile Engineers on November 12, 1924. 


full-load speed on the level from 14 miles per hour to 
18 miles per hour.* 

The natural result of the high starting torque given 
by the series-wound motor is shown by the rapid 
acceleration of electrically-driven vehicles as indicated 
in Fig. 2,¢ which gives the acceleration curve obtained 
on an A.E.C. trolley-bus. From this it will be seen 
that the acceleration amounts to 2:5 miles per hour 
per second, or 3-66 ft. per second per second, whereas a 
petrol bus of similar weight has an acceleration of 
1-4 miles per hour per second, or 2-05 ft. per second per 
second. This feature of the electric motor makes it 
invaluable for vehicles operating on routes where 
frequent stops are necessary by improving the schedule 
speed of the service. 

Fig. 3 is a tractive-effort chart of a trolley-bus 
series-wound motor, giving the tractive effort at the 
rim of the road wheels in ]b., and the miles per hour 
of the bus for two different gear-ratios, together with 
the motor efficiency, including the gear losses and grades. 
The amperes are shown so that the current consumption 
can be ascertained at any point of the curve. From 


the chart it is fairly simple to predict the average 


performance of the bus on the road, especially if the! 
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Fic. 1. Comparative Tractive Effort of Petrol Bus 
with Four-Speed Gear-Box, and 9°3: 1 Reduction 
and Trolley-Bus with 7°25: 1 Reduction. 
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Fic. 3. Tractive Effort Curve, A.E.C. Trolley-Bus. 


contour of the route and service schedule are known, so 
that a fairly close estimate of the units consumed can 
be arrived at. The rolling resistance has been taken 
at a round figure of 50 lb. per ton. 

If we analyse this curve, taking the figures of per- 
formance on the level, we arrive at the conclusions 
shown in Table I. 


TABLE [. 
Column 1 2 3 | 4 5 
Watt- By eab es 
Gear- Units Hours Effi- Road 
Ratio. | M.P.H. | Per Car- | Per Ton-| ciency Resistance, 
Mile. | Mile. |PerCent.) Jb. per ton. 
11:66 | 14:8 0-91 130 74 48 Full 
9:66 | 17-0 0-91 130 76 =|49-4 | field. 
11-66 16°6 0-904 129 76 49 Shunted 
9-66 | 19-0 0-894 128 79 |50°5 | field. 


Practical road tests have shown that for speeds 
between, say, 15 to 20 miles per hour, the total road 
resistance of an average bus with solid rubber tyres on 
a good macadam road in still air is about 50 lb. per ton. 
In this connection Fig. 4 is a tractive-effort curve 
taken from Mr. Conradi’s book on ‘‘ Mechanical Road 
Transport,” and if the above tabulation is corrected 
for road resistance from this curve it is found that the 
figures for 14-8 miles per hour and 19-0 miles per hour, | 


* See also Proc. I.A.E., vol. xvii, Part I, page 246. 


} See also Proc, I.A.E., vol. xvii, Part I, page 245. 


Table L., will be modified (the other figures remaining the 
same) as per Table IT. 


TABLE IT. 

Column 1. | Column 2. | Column 3. | Column 4, | Column 5, 
14-8 | 0-866 124 74 45-8 
19-0 0-93 133 79 BB 

1 


This goes to show how closely the electrical readings 
compare with road-resistance measurement, column 5 
being taken from electrical readings. These curves 
show the “full-on” (that is, with full potential across 
the motor) position of the controller with the maximum 
load on the vehicle, and as with the petrol engine, the 
electric motor loses efficiency with lighter loads. ‘ 

In order to minimise this as far as possible, it has 
been the general practice to make use of two motors 
and control them by the series-parallel system of 
control, in fact it is universal with electric trains and 
tramcars. This gives two economic running speeds 
—(a) when the motors are in series with half the voltage 
across each, and running at approximately half the 
normal speed, and (b) when the motors are in parallel 


ett tt Oe 
SEERBEREEERE-SO5CeRS 
ERE Se 


M. PH. 


B 
345678 IN 1213 1415 16 17 1819 20 2 2223 


Seconds “ENGINEERING: 
Fic. 2. Acceleration Curve for Trolley-Bus of 
5 Tons Unladen Weight. 
R 
s 
g 
g 
3 
N 
Actual Road Reststance 
| | 55+0-05 V? 
Ones 10 35 TO ae 
(6795.c) Miles per Hour. 
“ENGINEERING” 
Fic. 4. Tractive Resistance Curve, 4-Ton Vehicle. 


when the full voltage is across each motor, and running 
at normal speed. Between each of these steps resis- 
tances are introduced graduating the consecutive 
steps. The energy absorbed by the resistances is 
wasted, and therefore drivers are instructed not to 
dwell on the resistance steps, which are merely steps 
to smooth out the acceleration, and the time element 
while passing through the resistance steps is not 
great. There are, therefore, with this system of 
control, two running speeds, or three if the field windings 
are shunted. The alternative method is to use one 
motor with rheostatic and field shunt control. This 
has the advantage of simplicity, and if carried out to 
take full advantage of the shunting of the field the 
economy of running will be equal to that of the series- 
parallel control. It has two running speeds, or three 
if the fields are shunted in two steps. 

Another feature of electric vehicles lies in the adapta- 
bility of the electric motor for braking, which is 
inherent in the design owing to the reversibility of the 
electric motor. This effect is quite independent of the 
source of supply of electric current, the only requite- 
ment being that the armature of the motor should be 
revolving, and that the main connections should be 
short-circuited through a resistance. The greater the 
speed the more powerful is the effect, and the greater 
must be the resistance put in circuit to keep the braking 
within reasonable limits ; this form of braking is very 
powerful, and has to be used with discretion, and is 
not often used on electric road vehicles owing to the 


excessive stresses that can be put on the running 


mechanism. The author suggests that a compromise’ 
could be made in cases where electric braking is ¢on- | 
sidered to be desirable in hilly districts, by having” 
front-wheel brakes operating directly on the front 
wheels and energised from the revolving motor. By 
this means the braking effect would be distributed 
over all four wheels, and would be in addition to the 
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ordinary mechanical brakes necessary for holding the 
yehicle when stationary. 

The Trolley-Bus.—The various types of trolley-bus, 
their advantages and cost of operation, have already 
been discussed before this Institution,* so that the 
present author need not go further into the question 
here, beyond stating that since that paper was read 
the system has been still further developed, and a 
number of buses of this type have been put on the 
road in Wolverhampton, Birmingham and other cities. 
The trolley-bus would appear to go a long way towards 
the solution of the problem facing tramway managers, 
namely, that of replacing worn-out tramrails, which is 
an important factor in the maintenance of our tram- 
way systems all over the country. 

Petrol-Hlectric Systems.—Although the petrol-electric 
vehicle hardly comes under the description of an electric 
vehicle yet, by reason of its use of electric transmission, 
it partakes of some of the characteristics of the electric 
vehicle. Whereas the energy supply to a trolley-bus 
js unlimited, the petrol-electric vehicle is limited to the 
maximum output of the petrol engine, and its speed on 
grades is, therefore, lower. It has infinite gear ratio, 
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Fie. 5. Thomas Transmission. 
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Fie. 7. ‘“Electromobile ’’: Two Motors, Rear-Wheel 
Drive, Sun and Planet Final Drive on Internal Rack. 


and can adjust engine speed to road speed to give the 
best efficiency of working. On the other hand, owing 
to the double conversion of energy from mechanical to 
electrical, and from electrical back to mechanical, the 
overall efficiency is probably less than that of a good 
gear-driven vehicle. The electrical efficiencies of each 
electrical unit will vary from 90 per cent. to 80 per cent., 
so that the overall electrical efficiency will vary from 
81 per cent. to 64 per cent., and this without allowing 
for the rear-axle worm-drive efficiency which, of course, 
is common to the gear-driven bus. Makers, however, 
claim that in actual practice there is very little to 
choose between the two systems in petrol consumption, 
and, at the same time, they obtain all the advantages 
of the electric drive with its smoothness and silence of 
action. The electrical transmission acts automatically 
as a sprag, and serves effectually to prevent the chassis 
from running backwards, except at a very low speed, if 
unexpectedly brought to a standstill, without the brakes 
being applied, while negotiating a steep gradient. 

The Stevens Petrol-Electric Chassis,—This consists in 
the main of a standard petrol chassis with a final worm 
drive and differential in the rear axle, the electrical 
plant consisting of a dynamo, motor and controller, 
taking the place of the gear-box and clutch. The 
dynamo is coupled directly to the engine, and is of the 
four-pole interpole type, compound-wound, and pro- 
vided with commutating poles. It is capable of 
delivering 230 amperes to 300 amperes at a voltage of 
110 to 80 respectively, at from 1,100 r.p.m. to 1,200 
r.p.m., or any smaller output within the above limits 


* See Proc. I.A.E., vol. xvii, Part I, page 215. 


at a lower speed. The motor is identical with the 
generator, with the exception that the field coils are 
series wound instead of compound wound. 

The controller and reversing switch consist of (a) a 
reversing switch having 12 tramway contact fingers, 
with screw adjustments, mounted on an insulating 
base, on which is carried a drum heavily insulated 
from the spindle, and (b) a multiple-contact controller 
for speed regulation. The engine, which has a bore and 
stroke of 115 mm. by 150 mm. respectively, is of the 
poppet-valve type, and follows the usually accepted 
design of modern practice. 

The Thomas Electro-Mechanical Transmission System. 
—This sytem does not depend on the conversion of the 
whole of the energy available from the petrol engine, but 
transmits that energy partly mechanically and partly 
electrically. It includes two entirely mechanical 
drives, namely, at half, or approximately, half-engine 
speed and direct drive (top speed). The intermediate 
“gears”? partake of both kinds of drive by adding or 
subtracting torque electrically. 

The plant, shown diagrammatically in Fig. 5, consists 
of a petrol engine, driving through an epicyclic gear, 
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*¢ Orwell’’: Two Motors, Rear-Wheel Drive, 
Chain with Helical Gear Reduction. 
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Fiq. 9. ‘ Walker’’: Motor in Rear Axle, Rear-Wheel 
Drive to Internal Rack with Differential. 


(8795.1) 


Fic. 10. ‘* General Vehicle Company”: Chain from 
Motor to Countershaft, thence by Chain. 


and two series-wound electrical machines, which can 
either of them, act as a generator or a motor. No. 1 
machine is mechanically coupled to one of the crown 
wheels of the gear, the other crown wheel being, 
coupled directly to the engine ; for the purpose of this 
example the crown wheels are illustrated as of equal 
size. Both machines are electrically connected in 
series. The floating pinions, or planet wheels, are 
coupled to No. 2 machine, the shaft of which is carried 
through the armature, and drives, by means of a cardan 
shaft, the final drive of the rear axle (through worm or 
bevel gearing). By this arrangement, if the epicyclic 
gear is locked solidly, the engine drives directly on to 
the axle. The magnets of both machines are fixed to 
the chassis frame. 

Fig. 6 is a speed diagram, showing three main 
positions of the controller, A, B, and C. Position A, 
engine running light, armature of No. ] machine running 
idle in opposite direction, the chassis being stationary. 
The circuit is then closed through the controller, and 
No. 1 machine builds up as a generator, delivering 
current at low voltage to machine No. 2.. Power is then 
being delivered in two ways to the cardan shaft ; first, 
mechanically, due to the reaction torque caused by 
No. 1 machine acting as a generator; and, secondly, 
electrically, due to No. 2 acting as a motor, the com- 
bined torque starting the vehicle. As No. 1 machine 
builds up, it speeds up No. 2 machine, and, in doing 
so, itself slows down, letting the engine drive more 
mechanically until position B is reached, when No. 1 
machine comes practically to rest and the chassis is 
driven mechanically at half speed through the epicyclic 
gear. At this point the field connections of No. 2 
machine are reversed, and this motor becomes a 
generator supplying current to No. 1, causing it to come 
| to rest, and then to revolve as a motor in the opposite 


direction (i.e., in the same direction as the engine). It 
will be obvious from Fig. 5 that as the revolutions of 
No. 1 now increase, the speed of the cardan shaft will 
also increase until its speed equals that of the engine 
shaft, and, at this point, the epicyclic gear can be 
locked. After locking, the field of No. 2 can again be 
weakened until its voltage falls below that of the back 
e.m.f. of No. 1, when the current will die to zero and 
cannot build up again, the vehicle then being driven 
wholly mechanically. 

This form of electric transmission has great possi- 
bilities from the point of view of efficiency, silence and 
smooth running, but suffers, like most electrical re- 
placements of gear-boxes, from the weight and size of 
apparatus required. Research in the direction of the 
magnetic qualities of steels may do much to remove this 
disability in the future. 

Gill and Chaviara Patent Variable-Speed Trans- 
mission Mechanism.—This system embodies the use 
of the homopolar type of electric generator and motor, 
and is at present in the experimental stage, and, as far 
as the author is aware, has not yet been applied to a 
road chassis, though he has seen an experimental 
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Fic. 11. “Clayton”: Single-Motor Rear-Wheel 
Drive, Spur-Gear Reduction, Through Differ- 
ential, Final Chain Drive. 
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Fic. 12, “ Orwell’’: Two Motors, Front-Wheel Drive 
on Swivel axles, Single-Reduction Driving on to 
Internal Rack. 
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Fie. 13. ‘*Electricars’’: Two Motors, Rear-Wheel 


Drive. Motors in Frame, Chain-Drive to Side Shaft 
and thence by Bevels. 


machine at work. A homopolar dynamo is one which 
generates a direct current without the use of a com- 
mutator at.a very low voltage and high current; in 
fact, the voltage is so low that no special insulation is 
required. Owing to this fact the “winding,” or, 
rather, the copper conducting circuit, can be cast 
solidly into the steel magnets. The motor and genera- 
tor have to be constructed close together, so as to 
minimise as far as possible the length of path of the 
electric current, a form of construction which makes 
a very compact torque converter. The main difficulty 
in the design which the patentees claim to have over- 
come is the transfer of the very large currents from the 
generator to the motor armatures while. they are re- 
volving at equal or different speeds. The flux paths of 
both generator and motor are of annular formation, 
and they are both inter-linked with an annular current 
path of the shortest possible length. The flux and 
current paths are divided circumferentially to form the 
rotors and stator, so that while one intersection of the 
flux and current for each machine is stationary, the 
other is movable. With this arrangement the move- 
ment of the rotors causes cutting of the magnetic flux 
by the current path with the consequent production of 
an e.m.f. The gaps between the stationary and the 
rotating portions of the current path are metallically 
completed by a film of mercury, and the whole current 
path is of such low resistance that the small e.m.f. 
produced gives rise to a very large current. The field 
magnets are separately excited, and, by varying the 
relative strength of fields, speed variation is obtained. 
The overall efficiency is said to be very high, ranging 
from 80 per cent. to as much as 96 per cent. according 
to size and output of machine. 


The Battery Vehicle-—This vehicle retains the 
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advantages of the electric drive, but is limited in its 
sphere of action by the battery capacity. In spite of 
this limitation, the development and use of these 
vehicles have increased of recent years, due to improve- 
ments in the storage system and to the recognition 
of the field in which the electric battery can be most 
economically employed. In America, the develop- 
ment has been far greater than in this country, in spite 
of the lower price of petrol and the lower capital cost 
of the petrol cars in that country. Mr. Mitchell, in 
his address as Chairman of the Scottish Centre of the 
Institution of Electrical Engineers, in November, 1923, 
stated that ‘‘in America one can obtain twelve Ford 
cars for the price of one electric-battery vehicle.” 
Owing to the limitations placed on the battery 
vehicle, as stated above, designers have to seek every 
possible means to make the efficiency of the motor, 
and also that of the transmission to the road wheels, 
as high as possible. The result of this is that, among 
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Characteristic Curve of B.T.H. Motor. 
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. 15. Dr. Riedler’s Energy Diagram, 
manutacturers there is no standard form of chassis 
design, as in the petrol chassis, partly on account of 
the extraordinary flexibility of the electric-motor 
drive. There are, for instance, types in which motors 
drive through spur gearing on to the front wheels, 
those in which motor units form the road wheels, those 
in which motors drive by chains on to the rear wheels, 
&c. For the sake of clearness and comparison, these 
constructions, which are taken from road vehicles 
ranging from 1 to 10 tons load-capacity, are shown dia- 
grammatically in Figs. 7 to 13. From a study of these 
constructions, it is to be noted that designers appear 
to look upon single-motor drives as favourably as two- 
motor drives. Some of the designs, where the motor 
or motors are embodied in the axle, must necessarily 
have the disadvantage of heavy unsprung axle weights, 
though battery vehicles are so slow that this is not 
so detrimental as it first appears. These diagrams 
show how each designer had attempted to get the 
maximum efficiency of transmission. 

The motors themselves, as has been said, must be 
designed with a view to maximum efficiency, and they 
are generally rated for continuous operation, with a 
permissible temperature rise of 65 deg. C. They are 
also capable of taking 300 per cent. overload without 
sparking for short periods. Fig. 14 is a typical curve 
of a B.T.H. Company G.E. 1027 automobile motor, 
while Fig. 15 is an energy diagram given by Dr. 
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STEAM-DRIVEN TWO-STAGE AIR COMPRESSOR 


CONSTRUCTED BY MESSRS. BROWETT, LINDLEY AND CO., LIMITED, MANCHESTER. 
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Riedler, taken from a Mercedes electromobile, in which 
the motors were formed in the wheels themselves, thus 
eliminating transmission-gear losses. 

Controllers.—These are usually of the drum type, as 
used on tram cars, and are operated by a lever on the 
driver’s right hand. In the Orwell chassis, which has a 
two-motor drive, there are two drums, the main drum 
being operated by a lever, while the auxiliary, or 
rheostatic, drum is operated by a pedal, the action 
of which is exactly analogous to the operation of the 
clutch on a petrol vehicle, and enables the driver to 
coast in traffic without interfering with the main 
controller. On the General Vehicle Company’s cars, 
which employ the single-motor drive, the controller 
is of the continuous torque type, and gives five forward 
and two reverse speeds. Another efficient method of 
control, especially for slow speed in traffic, is that of 
grouping the battery in two sections, so as to obtain 
half the voltage, but this method is not generally used, 
owing to the liability to discharging the two halves of 
the battery unequally. 


(Lo be continued.) 


TWO-STAGE STEAM-DRIVEN AIR 
COMPRESSOR. 


THE accompanying illustrations on this page and 
opposite show a steam-driven air compressor made 
by Messrs. Browett, Lindley and Co., Limited, of 
Sandon Works, Patricroft, Manchester, which was one 
of the items displayed on the stand of the firm at the 
British Empire Exhibition. Essentially this plant 
consists of a vertical compound steam engine, above 
which the cylinders of the two-stage air compression 
have been mounted. The arrangement is shown in 
Fig. 1, which is a general view of the complete set. To 
obtain efficiency in working, an air compressor must be 
provided with an effective cooling system, and it will 
be observed from Figs. 2 and 3 that complete water 
jacketing for the cylinder barrels and ends has been 
provided. In addition, a large intercooler is installed, 


ib 


in order that the temperature of the air leaving the 


low-pressure cylinder may be substantially reduced 
before it is passed to the high-pressure cylinder for 
further compression. The steam cylinders are of 
16} in. and 26 in. diameter, while the air cylinders 
have bores of 28 in. and 17} in., the stroke in each case 
being 13 in. The plant in question will compress 
2,000 cub. ft. of free air per minute to a pressure of 
between 80 Ib. and 100 lb. per square inch. It is 
supplied with steam at a pressure of 120 1b. to 
150 tb. per square inch and the speed of running is 
270 r.p.m. 

The general design of the steam engine part of the 
equipment is the same as the well-known enclosed 
type of forced lubrication steam engine made by the 
firm, a recent example of which was also shown af 
the British Empire Exhibition and was illustrated and 
described in ENaInEERING of August 29. This com- 
pound steam engine is fitted with piston valves for both 
the high and low-pressure cylinders, and the running 
is controlled by a centrifugal governor fitted on the 
end of the crankshaft. In general, throttle governing 
is used, but a combination of this system with variable 
expansion working can also be provided, when excep- 
tional economy is desired and the gear for this is 
shown in use in Fig. 2. For a description of the details 
of construction of this engine reference may be made 
to the article previously referred to. As the air cylin- 
ders are above the steam ones the simple piston 
rods of the engine are replaced by those of longer 
length shown in Figs. 2 and 3, in order that both air 
and steam pistons may be located on common rods. 

The covers of the steam engine cylinders are formed 
in the bases of the distance pieces which support the 
air cylinders. These air cylinders are of simple design, 
and it will be observed that the jackets are of large 
capacity and give an unrestricted path for the flow 
of the water. The valves which control the passage 
of the air into and away from the cylinders are of the 
Rogler-Hoerbiger type. They are made from discs 
of tempered steel cut in such a way as to give a covering 
ring for the series of ports and a flexible connection to 
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its normal position. Should the pressure in the air main 
exceed a certain predetermined amount, due to the 
lack of demand for air, it is arranged that the air inlet 
of the compressor is automatically closed and remains 
so until the pressure falls again. 


CATALOGUES. 


Laundry Machinery.—A small sheet, circular illustrating 
examples of laundry machines has been received from 
Messrs. Manlove, Alliott and Company, Limited, Not- 
tingham. : 


Welding.—Messrs. Barimar, Limited, 18, Lamb’s Con- 
duit-street, London, W.C.1, have issued an interesting 
pamphlet illustrating a number of welding repairs success- 
fully effected by their process. 


Heating by Hot Water.—Mr. J. Attwood, Foster-street, 
Stourbridge, has sent us a catalogue of boilers, tanks, 
water and smoke piping and all the necessary fittings 
for hot-water heating installations. 


Swittchgear.—A catalogue of switchgear, fuses, starters, 
starting panels and regulators for direct-current and 
alternating current motors is to hand from Messrs. 
Verity’s, Limited, Aston, Birmingham. 

Roller Bearings.—Messrs. Hyatt, Limited, 56, Victoria- 
street, London, 8.W., have issued two further leaf cata- 
logues explaining the application of their bearings to 
mine-tub wheels and the idler wheels of conveyors. 


NOTES ON MODERN PRACTICE IN ROAD- 
MAKING.* 


By Watton Joun Haprigcp, M.Inst.C.E. 


Tue author, after pointing out that road-making is 
becoming more generally recognised as a branch of 
civil engineering which requires not only considerable 
technica! training, but also much practical experience, 
that knowledge of this subject is progressive, and that 
the basis of road-making methods must be the volume 
and character of the traffic to be carried, deals with 
traffic figures, national (as illustrated in the recent 
Ministry of Transport census) and local. He refers to 
two outstanding features of recent traffic statistics : 
first, the general increase of weight carried ; second, the 
diminution of horse-drawn traftic. 

The paper then deals with carriageway widths, 
showing that a carriageway 24 ft. wide is capable of 
carrying without inconvenience at least 3,000 tons to 
4,000 tons per day. As numerous small traffic units 
are replaced by a smaller number of larger units, the 
tonnage capacity of a given width becomes greater. 

While advocating wide roads, he suggests that the 
carriageways should be limited to a width sufficient for 
the traffic, and that excessive widths of paved surface 
should be avoided, on the basis that as the cost per 
mile increases, so must the practicable mileage of new 
roads decrease. 

The principle upon which the new arterial road 
system of Sheffield has been planned is briefly described. 

Foundations are dealt with. A strong foundation is 
advocated, and various methods are referred to. New 
methods of surfacing are described in detail, with 
references to the approximate daily loads for various 
types of surface. Figures are quoted bearing out the 
author’s conclusions. A new method which has been 
extensively practised in Sheffield is the application of 
clinker asphalt to tramway tracks. 

The questions of camber and safety are associated, 
and certain conclusions on these matters are put forward. 

Conerete roads are dealt with separately, and the 
paper describes a method of laying, designed to reduce 
the liability to damage by cracks due to contraction. 

Comparative costs of laying and maintenance are 
cited, and a suggestion is made as to a “ unit figure” 
upon which to base comparisons of highway costs. 

The paper concludes with some remarks on standard- 
isation as applied to road-making, and a reference to 
the effect of the assistance given by the Ministry of 
Transport to road authorities and engineers. 


Magnetic Testing Instrument.—Mr. Frank P. Fahy, 
50, Church-street, New York, U.S.A., has sent us a 
descriptive catalogue of the “‘ Permeameter ” made by 
him for testing the magnetic properties of materials. 


Electric Meters.—The Edison Swan Electric Company, 
Limited, 125, Queen Victoria-street, London, E.C., have 
sent us three leaflets for insertion in their current cata- 
logue and giving revised lists of prices of watt-hour 
meters. 

Motor Starters.—Three monthly calendars with illus- 
trations have come to hand of switch and starter gear as 
applied to motors for lathes, drilling machines and fans, 
The gear is made by Brookhirst Switchgear, Limited. 
Chester. i 

Heat Treatment.—A leaflet explaining the economy 
of hardening steel parts in their electric furnace fitted 
with a magnetic indicator has been issued by Automatic 
and Electric Furnaces, Limited, 173, Farringdon-road, 
London, E.C.1. 

Waste-Paper Press.—Messrs. Hollings and Guest, 
Limited, Thimble Mill-lane, Birmingham, have sent us a 
copy of a catalogue of their quick-acting press for 
bundling waste paper. - The press is operated by hand 
and produces bundles about 200 lb. in weight. 


Conveyors.—A conveyor and elevator specially 
designed for transporting bundles of newspapers from 
the machine room to the dispatch room is illustrated 
in a catalogue received from Messrs. David Carlaw and 
Sons, Limited, 31, Finnieston-street, Glasgow. 


Hand Tools.—A catalogue of hand tools for tapping; 
drilling, reaming, shearing and similar operations, has 
been received from Mr. James Scarr, tool manufacturer 
and importer, 19, Burnside-avenue, Sheffield, through 
his sales agent, Mr. EH. §. Smith, 12, Fretwell-street, 
Nottingham. 

Electric Fittings.—Messrs. Donovan and Company, 
47, Cornwall-street, Birmingham, have sent us a copy of 
their priced catalogue of electrical fittings, including 
particulars of a very complete assortment of all the small 
accessories for wiring, and also of lamps, heaters, fans, 
bells, switches, &c. 

Centrifugal Separators.—A full descriptive catalogue 
of centrifugal machines used for purifying oil has been 
issued by the Metropolitan Vickers Electrical Company, 
Limited, Manchester. The construction, operation and 
applications to particular purposes are clearly dealt with 
and amply illustrated. 


Air Valve for Hydraulic Turbines.—An air valve for 
reaction water turbines is described in a special catalogue 
issued by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C. | The function 
of the valve is to allow air to enter the suction tube when 
the vacuum becomes excessive. 


Oil Burners.—A description of their oil burners for 
land and marine steam boilers, with a considerable 
amount of technical information on the subject, is given 
in a catalogue received from the White Patent Oil 
Burning Company, Limited, Hebburn-on-Tyne. This 
catalogue is marked price 10s. 6d, 

Marine Motors.—A list of revised prices of marine 
motors has been received from Messrs. J. W. Brooke and 
Co., Limited, Lowestoft. These motors range from 
3 h.p. to 65 h.p. Two other circulars, giving particulars 
of the performances of the firm’s boats and engines in 
various races, have also come to hand. 


BRITISH STANDARD SPECIFICATIONS FOR 
FUELS FOR HEAVY OIL ENGINES. 


Four specifications have been prepared by the 
Sectional Committee on Petroleum Products recently 
set up by the British Engineering Standards Associa- 
tion. The specifications are for four grades of fuel 
oul, the first grade being a gas oil and the other three 
being non-distillate oils, all classes of heavy-oil engines 
thus being catered for by one or other of the four 
grades. Users of heavy-oil engines should satisfy 
themselves, by test or otherwise, which of the four 
grades of oil specified can most satisfactorily be utilised 
in any given engine, and the corresponding specifica- 
tion should then be adopted. 

There are one or two points of special interest in these 
specifications :—(a) No mention of specific gravity is 
made. In the past many specifications have called for 
a definite specific gravity and a definite viscosity, but 
the conclusion has been reached that it is quite un- 
necessary to specify the specific gravity of # fuel oil 
provided the viscosity characteristics are clearly defined. 

(6) The sulphur content is not specified. While 
drawing up these specifivations every effort was made 
to obtain evidence to prove that the harmful effects 
attributed to oils in certain cases were due to the sulphur 
in the oil. Pending the production of such evidence it 
has been decided that, in the case of fuel oils for heavy- 
oil engines, as distinct from fuels for use under boilers, 
a test for sulphur unnecessarily increases the cost of 
the oil. The specifications will be revised, if necessary, 
in twelve months’ time. The methods of testing the 
oil given in these specifications are those adopted by 
the Institute of Petroleum Technologists, and are 
described in detail. Copies may be obtained from the 
B.E.S.A. Publications Department, 28, Victoria-street, 
London, 8.W. 1, price ts. 2d. post free. 


Steel.—Lists of the stocks of iron and steel held at 
their Sheffield and Cradley Heath warehouses are to 
hand from Messrs. Cox and Danks, Limited, 168 Regent- 
street, London, 8.W. The stocks include all the usual 
sections and plates in finished and semi-finished condi- 
tion, of both home and Continental manufacture. 


Fans.—Messrs. Matthews and Yates, Limited, Swinton, 
Manchester, have sent us leaflet catalogues of their fans, 
including an electric ventilating fan, a multivane fan 
for belt or electric drive, a combined fan and heater 
known as a “ Thermofan,” and of continuous-current 
motors made in sizes ranging from ;5 h.p. to 50 h.p. 


Air Pilters.—The Visco Engineering Company, Limited, 
82, Victoria-street, London, 8.W., have sent us a copy 
of a new edition of their catalogue of filters for cleaning 
the air supply to workshops, electrical machinery, com- 
pressors, &c. The filter cells are made interchangeable 
so that cleaning can be effected while the apparatus is in 
use. 

Transformers.—Messrs. Ferranti, Limited, Hollin- 
wood, Lancashire, have issued three new catalogues of 


* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, November 18, 1924. 


oil-immersed static transformers, externally operated 
oil-immersed tapping switches and oil-testing equip-~ 
ment. These catalogues are clearly written and illus- 
trated and give separate descriptions of the more im- 
portant parts. 


Transformers.—A list of public authorities and firms 
to whom they have supplied transformers has been issued 
by the Foster Engineering Company, Limited, Wimble- 
don, London, 8.W.19. Over 53,000 transformers have 
now been constructed by the company at their Wimble- 
don Works in sizes generally ranging from 100 ky.-a. 
to 1,000 kv.-a. 


Steam Engines.—Two lists of small stationary steam 
engines ranging from 34 brake horse-power to 35 brake 
horse-power, have been received from Messrs. Marshall, 
Sons and Company, Limited, Gainsborough. These 
engines will develop a maximum continuous power of 
about 50 per cent. above their normal rating and are 
fitted with piston valves. 


Measurement of Low Resistances.—Messrs. Evershed 


and Vignoles, Limited, Acton-lane, Chiswick, London, 


W. 4, have sent us a copy of a catalogue relating to 
Ducter low-resistance testing sets, which they manu- 
facture. In this new edition the theoretical explanation 
has been simplified and the section dealing with applica- 
tions to various purposes extended. 


Centrifugal Machines.—Super-Centrifugal Engineers, 
Limited, Imperial House, Kingsway, have sent us a cata- 
logue illustrating applications of their centrifugal 
machines to many industrial processes such as the 
clarification, separation, &c., of liquids such as oil, 
chemical solutions, medicinal preparations and foods, the 
extraction of solids from liquids being also dealt with. 


Air Filters.—The methods of filtering or cleaning and 
cooling, air for various purposes are briefly discussed 
in a catalogue issued by Messrs. A. B. Cleworth and Co., 
Limited, 118, Queen Victoria-street, London, E.C., 
particulars being given of the type manufactured by 
the company for electrical machinery, cloth, and other 


drying and general ventilation and industrial purposes. 


Granaries.—Messrs. Henry Simon, Limited, 20, Mount- 
street, Manchester, have sent us another of their very 
interesting circulars describing buildings and mechanical 
equipment for storing, cleaning, packing, loading and 
unloading grain and flour. This circular describes tl: 
new granary at Dunkirk and illustrates old and new 
rice-milling methods as practised in Japan. 


Sewage J iltration.—Messrs. Aersedeon Limited, 17, 
Store-street, London, W.C., have sent us a catalogue 
containing a detailed description of their bio-mechanical 
system of treating sewage, trade waste and water, and 
giving illustrations of several plants now in operation. 
The system may be applied to comparatively small 
flows of sewage in order to avoid the necessity for 
emptying cesspools frequently. 


Railroad Workshop Equipment.—The Westinghouse 
Electric and Manufacturing Company, Pittsburgh, U.S.A., 
have issued a catalogue of electrical equipment for railway 
workshops, including fittings and apparatus for lighting 
and heating as well as motors for driving hoists and 
machine tools. Another catalogue from the same com-. 
pany contains illustrations and short specifications of a 
number of electric locomotives. | 


Condensing Plant. — Messrs. Worthington-Simpson, 
Limited, Queen’s House, Kingsway, London, W.C., have | 
sent us an excellent catalogue of surface and jet con- 
densers, with evaporators, pumps and all the necessary | 
fittings and apparatus for small and large scale condens-— 
ing, cooling and circulation. A large quantity of care-| 
fully-selected technical information, tables and formule 
relating to the subject are also included. 


. Thermionic Valves.—The small publication bearing 
the title “‘The Book of the M.O.V.,” recently issued 
by the M.O. Valve Company, Limited, Brook Green. 
Hammersmith, London, W.6, will be welcomed by users 
of valves for wireless receiving and low-power trans- 
mitting apparatus since it contains in a convenient form | 
operating data and characteristic curves of all the | 
commoner types of valves made by the company. This 
information, which hitherto has been somewhat trouble- 
some to obtain, will assist the discriminating amateur 
in selecting the valve best suited to his particular require- | 
ments and should thus enable him to improve the | 
efficiency of his apparatus. | 


Tur Paper Suppry or tae Unirep Sraras.—The 
United States Department of Agriculture regards the 
situation of the wood-paper supply as serious. The use| 
of wood pulp dates back half a century; it increased 
rapidly when sodium sulphite replaced caustic soda 
in the preparation of the pulp while maceration merely | 
by mechanical grinding has developed very much. 
Even when mixed with true paper pulp, wood pulp 
paper is subject to rapid decay ; yet most of the news- 
papers are printed on such paper, though they begin 
to crumble in a few years. In 1922 8,000,000 tons of 
paper were consumed in the United States, more than 
in all the other countries of the world together. The 
working-up of waste paper is hence as much a matter 
of importance there as it was during the war over here. 
The trouble caused by the printers’ ink on the waste 
paper can be overcome; collection of the paper, however, 
causes heavy expenses which will have to be faced, 
because Canada threatens to prohibit the export of pulp 
and timber. For these and other reasons re-afforestation 
is strongly advocated. Another remedy would lie 1m 
the restriction of the waste of paper; that was prac: 
tised in this country during the war, but the waste 0 
paper soon became worse than ever again. 
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“ENGINEERING” ILLUSTRATED PATENT 


RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 

vanch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ** Sealed’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition tothe grant of a 
Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


218,342. W.M.Mordey, Westminster, and The Electrical 
Apparatus Company, Limited, South Lambeth. Elec- 
tricity Meters. (3 Figs.) February 1, 1923.—The invention 
relates to electricity meters capable of measuring and recording, 
simultaneously or successively, the amount payable at different 
rates for lighting, heating, power or other purpose, the current 
for which the lower rate is to be paid being caused to pass through 
a portion of a series resistance less than that through which the 
current to be paid for at a higher rate passes. In such meters, 
according to the present invention, the currents for which different 
rates are to be charged are arranged to flow through separate 
series windings connected in parallel, or through separate series 
windings connected in parallel and each having a series resistance 
in parallel with it, the separate series windings being inductively 
arranged in relation to a rotary element of the meter with which 
a shunt or E.M.F. winding is also inductively arranged, and the 
number of turns of the winding, or the value of the series resistance, 
through which the lower price current is to flow being propor- 
tionately less than the number of turns, or the value of the series 
resistance, through which the higer price current is to flow. All 
the windings are permanently connected up so that the meter is 
available for use during all periods, the use of switches for altering 
the ratio of charge for different periods of the diurnal day thus 


being avoided. The construction shown is suitable for a two- 
rate alternate current motor meter of the induction type. « is 
the higher rate current winding, and b the lower rate current 
winding, these windings, having different numbers of turns, 
being mounted on a U-shaped magnetic core c arranged at one 
side of a rotary disc armature d, whilst e is the shunt or E.M.F. 
winding of the meter mounted on the centre polar limb fl of an 
E-shaped magnetic core f arranged to act upon the opposite side 
of the rotary disc armature. Each of the current windings @ 
and b may, as shown, be divided into two portions mounted 
Tespectively on the two polar limbs of the U-shaped magnetic 
core ¢,.but they could, if desired, be mounted on the inter- 
mediate portion of the core. The meter is adapted to register 
the full money value, in units or otherwise, payable for lighting 
or other purpose for which the higher rate is to be charged, and 
at less value, say one-third of the higher value, in units or other- 
wise, payable for power or other purpose for which the lower rate 
is to be charged, and therefore will register the total amount 
to be paid by the consumer, it being assumed that the constant 
for the meter has been correctly determined for the current to 
be paid for at the higher rate. The meter will then correctly 
indicate the amount payable for total energy consumed. (Ac- 
cepted July 16, 1924.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


217,996 S. Smith, Gunnersbury, London, and A. C. 
Cars, Limited, Thames _ Ditton. Internal-combustion 
Engine Cylinders. (3 Figs.) March 27, 1923.—The invention 
relates to that type of cylinder of internal-combustion engines in 
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this end whereby the cylinder sleeve 2 will be free to expand to 
a greater or less degree than the jacket if local differences of 
temperature arise and/or the co-efficients of expansion of the 
materials are different. 
for the sliding support comprises a stuffing box within the jacket 
3, a hydraulic or other packing 11 disposed within the stuffing 
box and a spring 14 or its equivalent acting upon this packing 11 
sp form a fluid-tight joint between the jacket 3 and the cylinder 
sleeve 2. 


Limited, Newcastle-upon-Tyne, and B. Irving, Newcastle- 
upon-Tyne,. 
According to the invention, a burner consists of two coaxial 
tubes, the inner tube a for the passage of oil and the outer tube b 
for the passage of steam. 
diameter throughout and is screw-threaded at one end ¢ to receive 
a screw cap d, which is held in position by a screw locking nut e, 
and the screw cap d is internally tapped to receive the outer 


tube’. Ontothe other end of the outer tube b is screwed a similar 
cap 4g. 
extends through a hole j bored in the cap g slightly larger in 
diameter, say one-hundredth of an inch, than the end of the inner 
tubea., Alternatively, this end of the inner tube a may be reduced 
in external diameter and the hole in the cap g may be such as to 
form a good joint with the outside end of the inner tube a, which is 
fluted at & (Fig. 2). 
clearance between the two tubes and in the second case through 
the flutings. 


Limited, London. 
Coal Gas. 
to apparatus for the manufacture of coal gas, in which the gas 
passes from a group of retorts through valve-controlled branch 
connections into a stand pipe, down which liquid, such as 
ammoniacal liquor, is caused to descend in the form of spray. 
The invention provides an improved arrangement and con- 
struction of disc valves in the stand pipes, one of which valves in 
each stand pipe is normally removed bodily and is only intended to 
be inserted in the pipe at rare intervals when it is required to 
isolate the gas and foul mains, whilst the others, which control the 
branch connections between the retorts and stand pipes, are 
intended to remain in. the stand pipes and are so arranged and 


constructed that when in the open position they allow the falling 
liquor to pass freely downwards. 
each of the branch pipe controlling disc valves D is pivotally 
mounted inside the stand pipe A on the upper end of a rocking 
arm a, operated trom the outside 
position’ against a vertical seating. \ 
are provided projections or stops @, whereby it is kept in a vertical 
position when open, or with its face parallel to the axis of the 
stand pipe A, so that there is no tendency to deflect the falling 
liquor into the 
spraying apparatus f is applied to the side or top of the stand 
pipe A and is provided with a testing plug cock /, which is formed 
with a passage m arranged to permit a clearing rod n to be inserted 
and pushed through the spraying nozzle when the cock is open, 


which the cylinder proper or the cylinder sleeve 2 is in direct 
contact with the cooling fluid and is made separately from 
the jacket 3 which encloses the cooling fluid, this cylinder 
sleeve 2 being clamped in position at the cylinder head 
end and having a sliding support 10 at a point spaced away from 


having inlet and outlet branches c, d arranged at an angle to one 
another, and the disc e arranged in the passage between such 
branches is provided with an indicating device in the form of a 
rod f arranged to work within a sighting chamber in communi- 
cation at one end with the interior of the casing b but closed 
at the other end. The invention has for its object to provide 
that the dise e and indicating rod f are constrained to move in a 
truly axial direction in the cone a. For this purpose, guiding 
means g, h are provided both below and above or on each side of 
the disc e for causing the disc e and the indicating rod f carried 
thereby to move in a truly axial direction. The indicating rod f 
is extended through the disc e and works through guides g, h above 
and below or on each side of the dise and co-axial with the dise e 
and cone a. (Sealed.) 


According to the invention, the joint 


(Sealed.) 


218,002. Sir W. G. Armstrong, Whitworth and Co., 


Oil Fuel Burners. (4 Figs.) March 28, 1923.— 


The inner tube a is of one internal 
MINING, METALLURGY AND METAL WORKING. 


218,445. G. W. Naylor, Denby Dale, near Huddersfield, 
and J. F. Naylor, Denby Dale, near Huddersfield. Ingot 
Moulds. (4 Figs.) May 23, 1923.—The invention relates to 
ingot moulds without sockets or enlarged rims at their upper ends 
and more particularly to refractory linings for the tops of 
moulds of the type in which a space is left between the lining 
and the mould, the space being filled with cinders, coke or the 
like. According to the invention, the lining is smaller than the 
upper part of the mould, so that the mould has not to be recessed 


Fig.1. 


—— 
ee L IAAT L LL LILLLLI LLL LTLLENY 
SS = ee S77 


PLOT eIP APPL II ELLIEDIELIILERELISISESEAEEVISSSISELEDIDEDIA IDLO LIED 


eras ZL OR 
SS Se N 4 
NZ PELE GaN e 
NEG 4=% y 


TISISESSLSSTLELILELG 


This end of the inner tube a is not screw-threaded and 
to support the lining, the breeze or coke being placed between the 
lining and the surface of the mould. A space between the lining 
a@ and the mould 6 is obtained by turning the lower end of the 
lining outwards, its edges bearing against and registering with the 
taper of the mould. The lining is held in position by a number 
of metal strips bent to shape for that purpose. The space e 
between the lining and the mould is filled with small coke, refuse, 
cinders or similar heat-retaining material in order to maintain 
the heat of the metal in the mould and is in contact with the 
lining for a considerable period. (Sealed.) 


217,072. Head, Wrightson and Co., Limited, Thornaby- 
on-Tees, R. S. Benson, Thornaby-on-VTees, and H. Clark, 
London. Screeningand Washing Coal. (2 Figs.) July 11, 
1923.—The invention relates to mechanism of the typein which a 
reciprocating movement is imparted to a conveyor or screen such as 
is frequently used for conveying, screening or washing coal. 
According to the invention, a countershaft has keyed to it a piece to 
which an eccentric loose on the countershaft can be connected 
at two diametrically-opposite points. A is part of the counter- 


In the first case, steam can pass through the 


(Sealed.) 


T. J. Ashley, Bath, and Aldridge and Ranken, 
Apparatus for the Manufacture of 
March 19, 1923.—The invention relates 


217,969. 
(5 Figs.) 


shaft, B is an eccentric loosely-mounted thereon and C is the 


Fig. ee 
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eccentric rod which actuates the conveyor. D is a piece keyed 
to the shaft A and having in it two holes opposite to one another. 
A hole is also formed through the eccentric so that a tapered pin 
E can be inserted through the hole in the eccentric into one of 
the holes in the piece D and secured by nuts. Thus when it 
is desired to reverse the direction in which the material is con- 
veyed all that is necessary is to remove the pin E, to turn the 
shaft A through 180 deg. independently of the eccentric, so that 
the hole in the piece D which was unoccupied comes into line 
with the hole in the eccentric and to re-insert the pin. (Sealed.) 


218,019. W. M. Burdon, Bellshill, Lanarkshire, M. M. 
Burdon, Bellshill, Lanarkshire, and Burdons, Limited, 
Bellshill, Lanarkshire. Oil Fuel Furnaces. (4 Figs.) 
April 3, 1923.—The object of the invention is to provide an oil 


According to the invention, 


and moved into the closed 
On the rear face of the valve 


retort through the connecting branch C. The 


( Sealed.) 
HYDRAULIC MACHINERY. 


The Pulsometer Engineering Company, Limited, 
and J. Bjornstad, Reading. spparatys for 
rigs.) 


217,978. 


Reading, 
Indicating the Flow of Liquid through Pipes. (7 
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fuel furnace of improved construction suitable for replacing the 
ordinary type of smithy fire used for forging and welding and other 
heating purposes. According to a feature of the invention, an 
oil fuel furnace for forging, welding or other heating purpose 


March 23, 1923.—The invention relates to apparatus for indicating 
the flow of liquid through pipes wherein a dise e is mounted to 
move in a truncated passageway 4 located within a casing b, 
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comprises a combustion chamber 2 at the rear of the furnace, a 
working chamber 8 at the front of the furnace greater in height 
than the combustion chamber 2 and having its floor on sub- 
stantially the same level as the floor of the latter, a crown for the 
combustion chamber formed by a bridge 4 stretching across the 
furnace and forming the floor of a passage 5 leading rearwardly 
from the upper part of the working chamber 3 to a regenerative 
chamber 6 behind the combustion chamber and formed as part 
of the rear of the furnace. According to another feature of the 
invention, the furnace is formed with working openings 8 in the 
side walls of the working chamber 3 and the front portion or 
front bricks 9 are removable so as to enable the corners of a plate 
to be heated and other heating to be done that would not be 
easily accomplished merely by means of the side openings. If 
desired, the top 10 of the furnace may be hinged or may be 
removable. Further, the walls of the working chamber 3 may 
converge towards the front of the furnace for the purpose of 
concentrating the heat and facilitating the heating of long bars, 
angles and the like. (Sva/ed.) 


MOTOR ROAD VEHICLES. 


218,374. Armstrong, Siddeley Motors, Limited, 
Coventry, and H. M. Bonhaud, Coventry. (1 Fig.) April 3, 
1923.—The invention relates to tractors or similar vehicles of 
the kind in which a loosely mounted winding drum is provided 
on an axle transverse of the vehicle, and can be clutched thereto 
so as to be in operation either while the vehicle is travelling 
or when the latter is at rest. According to the invention, the 
drum is mounted upon one part of a divided differentially driven 
shaft, the outer ends of which are indirectly connected through 
clutches and gearing with the tractive means, the inner ends 
being provided with clutch mechanism to lock them together at 
will and to provide a solid drive for the drum. The winding 
drum A is mounted loosely upon its shaft B and is driven through 
differential mechanism C. The drum A is adapted to be clutched 
to the shaft through the dog clutch D, D2. The shaft B may 
drive the road wheels through reduction gearing B2. The 
diameter of the drum A is so chosen that the hauling speed of 
the drum is equal to the peripheral speed of the tractive means. 
The change speed gear for the vehicle transmission is situated 
between the drum and the engine, and the hauling speed of the 
drum is always the same as the vehicle speed. To enable the 
drum to be operated with the vehicle at rest, clutches B43 are 
provided between each part of the divided shaft B and the 
gear wheel B2. Thus when it is desired to operate the drum 
as a winch with the vehicle stationary, the clutches B5 are with- 
drawn to free the drive to the road wheels. A clutch is also 
provided to enable the two parts of the shaft B to be locked 
to one another, and this in conjunction with the clutches B5 


enables either of the road wheels, after locking the differential 
gear, to be positively driven while the other is free, as is fre- 
quently desirable in making a sharp turn. With the differential 
gear unlocked and free to operate, the clutches B5 would remain 
locked with the gear wheels B2, and steering would be done by 
applying the brake on one or the other side; the unbraked side 
accelerating to the same extent as the deceleration induced by 
the brake on the other side. Such a clutch to lock the differential 
gear also serves, when the drum is being used to assist the 
tractive means, to transmit the power to the drum without 
allowing the differential to transmit a reaction to the tractive 
means on one side of the vehicle which would otherwise be added 
to its driving effort and cause it to slip. To clutch together the 
two parts of the shaft B, the hub C5 of one of the main differential 
wheels C2 is extended somewhat towards the hub C® of the other 
wheel C4 and provides a housing for a clutch in the form of a 
sleeve E having splines on its outer periphery which engage 
corresponding splines in the extended hub portion C3. This 
sleeve is adapted to be moved axially so as to project into the 
hub ©® of the other wheel, C4 and engage similar splines therein, 
thereby to lock the two parts of the differential together. To 
operate this clutch, an axial recess B4 is provided in the shaft 
B with which the clutch E is mounted, and within this recess 
slides a rod 4 attached to the clutch and engaged by an operating 
collar Ei4 sliding upon the shaft, the collar carrying a pin which 
extends through axial slots in the shaft to engage with the rod 
E35. Thus, when the clutch E is withdrawn it is completely 
housed in the hub C5 of the differential wheel C2. (Seaded.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


218,156. G. & J. Weir, Limited, Cathcart, Glasgow, and 

- G. Weir, Cathcart, Glasgow. Steam Condensers. 
(1 Fig.) September 10, 1923.—The invention relates to steam 
condensers of the surface type. According to the invention, 
a free passage is provided from the steam inlet—at the upper 
part of the condenser—to the bottom of the condenser, so that 
steam can pass down this passage and transversely across the 
bottom of the condenser, and in its transverse passage heat the 
water which rains through it, so that the water (condensate) 


can be withdrawn from the condenser at a teniperature close to 
that of the steam entering the condenser. ‘The air is thereafter 
cooled by being made to pass upwardiy through between the 
coldest tubes of the condenser, c¢ is the casing of the steam con- 
densing chamber of the condenser, s is the inlet for exhaust 
steam, w the water-withdrawal port, and @ the air-withdrawal 
port. ¢t, tl are the tubes through which the condensing water is 
passed. These tubes are arranged in two groups which are 
separated by a bafile b, which extends transversely and down- 
wardly as shown. w, v are the connections for the admission 


and discharge respectively of the condensing water to and 
from a water box or header at one end of the condenser, There 
is another water box or header at the other end of the condenser, 
and the water is passed from the one to the other, first through 
the group of tubes ¢, below and to the right of the baffle and 
thereafter (in the reverse direction) through the group of tubes 
tl, above and to the left of the baffle. fis the free passage before 
referred to, extending from the exhaust steam inlet to a tubeless 
space h at the bottom of the condenser. The condensate collects 
at the bottom of this space h. The air-withdrawal port a is 
situated, as shown, under the connection of the baffle with the 
casing wall, and not far below the baffle so that air can gain 
access to the port only after passing through the group ‘of 
tubes ¢ through which the coldest condensing water passes. 
The arrangement is thus of a nature to obtain the lowest air 
temperature at the port a. The condensate falling from the 
tubes to the bottom of the condenser gets heated by steam which is 
in the top of the space h and entering therefrom into the spaces 
between the tubes ¢ is practically at admission temperature. 
The conditions are thus conducive to obtaining high condensate 
discharge temperatures (through the port w). (Sea/ed.) 


218,416. C. W. Bryant, Peterborough, and Peter 
Brotherhood, Limited, Peterborough. Pressure Gauges. 
(6 Figs.) April 18, 1923——The invention consists in a pressure 
guage having a chamber connected to the source of pressure 
and provided with a controllable blow-through outlet, the 
general arrangement and proportions being such that the cham- 
ber may be efficiently scavenged. The interior of the free end 
of the Bourdon pressure tube a is connected by a flexible tube b 
with the block ¢ on which the pressure tube itself is mounted, 
the outlet through the duct in this block being controlled by a 
finger valve d, which also controls the inlet of gas to the Bourdon 
pressure tube. Ducts e, f, g and h are formed in the block con- 
necting the plug of the valve respectively to the atmosphere, to 
the flexible tube b, to the pressure tube a, and to the gas supply, 
while the valve plug itself is provided with a through duct 2 and 
a recess k. In order to connect the Bourdon tube a to the 
pointer m, according to one plan, a toothed sector m is pivotally 
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mounted at its centre and provided with an arm 0, which may 
be of adjustable length, connected by the link r to the free 
end of the Bourdon tube, the sector engaging with a correspond- 
ing pinion s mounted on the spindle of the indicating finger. 
The valve in the closed position shown in Fig. 3 is turned in a 
clockwise direction into the position shown in Fig. 4, thereby 
connecting the gas supply to atmosphere by way of the ducts 
h,iand g, pressure tube a, flexible tube b, duct f, recess /, and 
duct e, and blowing out any oil or other combustible trapped in 
the pressure tube or connected ducts. By slowly continuing 
the movement of the valve, the duct e to the atmosphere is closed 
and the pressure tube a momentarily disconnected from the gas 
supply until re-connected by movement of the valve through 
180 deg. In this way generation of heat by sudden compression 
of gas rapidly admitted can be avoided, continued movement 
of the valve in one direction automatically ensuring an efficient 
scavenging of the system. (Sealed.) 


217,727. J. S. Atkinson, Westminster, London, and 
Stein and Atkinson, Limited, Westminster, London. 
Furnaces. (5 Figs.) May 14, 1923.—The invention has refer- 
ence to the combustion of fuel in furnaces on hearths or fuel 
carriers consisting of endless travelling conveyors or belts. 


A furnace for the combustion of fuel with a hearth or fuel carrier 

consisting of an endless travelling conveyor or belt 1 has, in 

accordance with this invention, the whole or a portion of the 

upper or fuel bearing portion of the conveyor or belt 1 extend- 

ing from a lower to a higher level with the inclination or slope 

in the direction of movement of the conveyor or belt, and with 
. 


the point 30 at which fuel is supplied to the conveyor or:belt 
and the point 29 at which ashes and clinker are discharged there- 
from disposed so that fuel inits travel therebetween is subjected 
to two influences, one being due to the forward movement of 
the conveyor which lifts the fuel to a position at which its angle 
of repose is exceeded when it falls backward towards the lower 
level of the conveyor or belt, and the other being due to gravity 
which causes the fuel to move between the points of supply and 
discharge and in a direction at right angles to that of the move- 
ment of the conveyor of belt. (Sea/ed.) 


218,571. A. Elliott, Chelsea, London. Water Tube Steam 
Generators. (3 Figs.) December 19, 1923.—In a water-tube 
steam generator in accordance with this invention, the rear water 
drum C is divided into two compartments 12, 13, each in communi- 
cation with the front water drum B by a bank of tubes 15, 16, the 
front water drum B and the compartment 13 of the rear water 
drum € being also in connection with one another by downcomers 
or return tubes. The rear water drum C is divided into the 
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two compartments 12, 13 by an internal partition 14 and?the 
banks of tubes 15, 16 connecting the rear water drum © with the 
front water drum B are divided by a partition or baffle 17 or 
partitions or baffles so that a vertical row 19 or vertical rows 
of tubes is, or are, formed at one or both sides of the steam 
generator, and is, or are, protected from heat action to serve as 
downcomers or return tubes to supply one compartment of; the 
rear water drum from the front water drum.—(Sealed.) 3 : 


MISCELLANEOUS. 
215,273. N. W. Bancroft, Buenos Aires, Argenta 
Republic. Taps and Cocks. (4 Figs.) November 14, 19) 


—According to the invention, the tap or cock is provided intern- 
ally with a sleeve 5 spaced away, from the tap body, the sleeve 
at the delivery end of the tap terminating in a hollow cone and 
having ports P; Pl in the straight part thereof, the arrangement 
being such that the flow from supply to delivery is outside the 
straight part of the sleeve, through the ports and through the 
conical end to the delivery chamber of the tap, the flow through 
the tap being regulated by a piston 6 moving in and haying 4 


form corresponding to the sleeve 5, the arrangement being sucly 


that normally the pressure of supply acts on the end face of 


the piston and forces it through the sleeve until the conical end 
of the piston fits against the conical part of the sleeve in which 
position the straight part W of the piston covers the ports in 
the sleeve, while the piston may be manually displaced against 
the pressure to uncover the ports whereon flow from supply 
takes place through the ports to the space between the co: 

part of the piston and the corresponding 
thence to the delivery chamber.—( Sealed.) 


Mixing Epucaror.—We have received a copy of 
Part I of a new serial publication, with the title Mining 
Educator. The complete work is to be issued in 30 
fortnightly parts by Sir Isaac Pitman and Sons, Limited, 
and is intended to provide useful instruction in all 


phases of modern mining as practised in this country- — 


It is edited by Mr. John Roberts, M.I.Min.E., and @ 


number of well-known engineers and scientists are 


included among the contributors. * No previous know- 


ledge has been assumed on the part of the reader, m — 


the many subjects treated, and everything is presented 


in a very simple and clear way. The price of each part — 


is ls. 3d. net. 


part of the sleeve, and — 
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ENGINEERING. 


REPARATIONS AND THE BRITISH 
ENGINEERING INDUSTRY. 


(From a Correspondent.) 
I.— GENERAL IMPLICATIONS OF THE Dawns PLAN. 


Tue putting into operation of the Dawes Report 
has aroused much controversy as to the desirability, 
from the point of view of this country, of the pay- 
ment of German reparations. The spread of 
economic knowledge since the days of ‘‘ Make the 
Germans pay” has brought realisation of the fact 
that international payments on a large scale are 
a two-edged weapon and may harm the recipient 
no less than the payer. On the other hand, four 
years of depression, due to European chaos, have 
led to a fervent desire for stability. Since the settle- 
ment of reparations is seen in the light of the Ruhr 


episode to be an indispensable preliminary to a 


general settlement, there is a tendency in some 
quarters to acclaim it without counting the cost. 
As the Dawes plan is already in operation, dis- 
cussions of its desirability are belated. It is intended 
here to assess as far as at present possible the effect 
of the plan upon the British engineering industry. 
To achieve this object a brief survey of the general 
implications of the Dawes scheme will be necessary 
in order to draw attention to the principal aspects 
which affect engineering. The object of the Dawes 
plan is firstly to make possible and, secondly, to 
ensure the payment of reparations by Germany. 
In order to make it possible for Germany to start 
payment, the first essentials are that her Budget 
should be balanced and her currency stabilised. 
In order that she should continue payments, it is 


- essential that such stability be maintained for the 


future. In the opinion of the experts, stabilisation 
of currency and balancing of the Budget are inter- 
dependent. They can be attained readily with the 
help of a foreign loan of 40,000,000/. and various 
financial measures, but can only be maintained per- 
manently if, in the words of the Report, “ Germany’s 
earnings from abroad are equal to the payments 
she must make abroad, including not only payments 
for the goods she imports, but also the sums paid 
in reparation.” 

The plan, therefore, draws a distinction between 
the “German taxpayers’ capacity to pay” and 
“Germany’s capacity to make payments abroad.” 
The ‘‘ German taxpayers’ capacity to pay ” is cap- 
able of estimation, being the experts’ estimate of 
the difference between Germany’s maximum revenue 
and minimum expenditure. Their estimate for 
the first year is 50,000,000/. in a “ transition period ” 
of three years 61,000,000/.—82,500,000/., rising in 
the first ‘‘normal year” to 125,000,000/., subject 
to such variations within certain limits in either 
direction as her economic condition may warrant. 
Tt is provided accordingly that payments shall be 
made by Germany (a) from her ordinary Budget 
(b) from railway bonds and transport tax (c) from 
industrial debentures into the Allies’ account in 
the hands of the Agent for Reparation Payments, 
but that the Agent will transfer abroad from time 
to time only so much of such sums as can be trans- 
ferred without danger to German currency stability 
—i.e., an amount not greater than the excess of 
German earnings abroad over her payments abroad 
on account of imports, in conformity with the para- 
graph quoted above. : 

In short, Germany is to be set on her feet again. 
but she is to pay handsomely for the privilege. 
Formidable and, indeed, hopeless as would be the 
prospect to most countries of paying 125,000,000/. 
a year, the experts believe that it rests within 
Germany’s capacity to do so. After paying a 
tribute to the qualities and character of the German 
workpeople and the administrative organising and 
Scientific genius of her industrialists, they state : 
“Ever since 1919 the country has been improving 


its plant and equipment. The experts appointed to 


examine the railways have shown in their report 
that expense has not been spared in improving the 
German railway system. Telephone and telegraph 
communications have been assured with the help 
of the most modern appliances. Harbours and canals 
have been developed. Lastly, the industrialists 
have been enabled to increase an entirely modern 
plant which is now adapted in many industries to 
produce a greater output than before the war. 
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Germany is, therefore, well equipped with resources. 
She possesses the means for exploiting them on a 
large scale. When the present credit shortage has 
been overcome, she will be able to resume a favoured 
position in the activity of the world.” 

The future will show whether this belief of the 
experts is justified or not. If it is not, whatever 
be the reason, the Agent for Reparation Payments 
will not transfer abroad the funds accumulating in 
his hands—that is to say, reparations will not be 
paid and the problem under discussion will not arise. 
But if the experts are right and Germany succeeds 
in building up a favourable trade balance of 
125,000,000/. per annum and so discharging her 
debt, what does this mean in terms of export trade ? 

The building up of an export surplus will depend on 
a decrease of imports or an increase of exports or a 
combination of both of these. In 1913 and 1922 the 
German trade balance was as follows (stated for 
convenience of comparison in 1922 values) :— 

Billions of Gold Marks. 


1913. 1922. 
Imports 56n 18 64 
Exports... 50 19} - 6} 


Of the 1913 exports 164 billions were “ visible ” and 
3 billions were “invisible.” The total income from 
invisible sources not only covered the adverse trade 
and special balances, but left an average surplus of 
400 millions a year for foreign investment. The 
annual average value of goods and specie not paid 
for with exports were :— 

Billions of 

Gold Marks. 


1894-1898 1,074 
1899-1903 1,218 
1904-1908 1,720 
1909-1913 c B08 1,675 

Of the invisible sources of income which paid for 


these amounts, Germany’s 20 billions of foreign 
investments are almost entirely wiped out. The 
bank balances held abroad yield only a small return. 
Shipping income is about one-third of the pre-war 
totals, while banking and insurance earnings and 
commissions have been proportionately reduced. 
The means with which Germany met her trade 
deficits before the war are, therefore, almost entirely 
eliminated, and her export trade provides her only 
means of paying for food and raw materials and 
meeting reparation payments abroad. 

In the first place, therefore, the question arises 
whether Germany can reduce her imports and to 
what extent. For the years 1911-13, foodstuffs and 
factory materials comprised 86 per cent. of the total 
of all German imports, the largest items of raw 
materials bemg :— 


Per cent. of 
Total Imports. 


Cotton, wool and silk ae 19°8 
Raw copper wae Bon ee OLS 
Hides and skins 3a : 10:0 
Tron ores and pig-iron 5-0 
Rubber con one 2°3 
Tin, lead and aluminium ... 1:8 
Chemicals and dyestuffs ... 6:4 
Wood aaa ano o50 6:4 
Foodstuffs ... 600 a 26:3 


Germany’s loss of population and territory under 
the Peace Treaty may be expected to reduce the 
volume of her imports as compared with 1913, but 
will probably not affect these percentages much 
when normal economic conditions are restored. 
Even during the post-war dislocation there has been 
no fundamental change in the relative proportions 
of these imports. 

It will be clear, therefore, that no great reduction 
of imports as compared with 1913 will be possible 
without disrupting Germany’s economic organisa- 
tion. On the contrary, it is anticipated that, quite 
apart from reparation payments, there is room for 
an expansion of imports from the 1923 basis (in 
that year her imports were estimated at 304,000,000/. 
and exports 303,000,000/.) in order to meet Ger- 
many’s bare requirements. This will necessitate a 
considerable increase of exports, since with imports 
at their present level she has a slight adverse 
balance. Having restored her trade balance she 
will be compelled to increase her imports of materials 
in order to make reparation payments by a surplus 
of exports. After reaching equilibrium any increase 
of exports will not, therefore, be a net sum available 
for reparations. The amount available will be the 
increase of exports less the increase of imports. 
What the effect of this in terms of competition will 


be may be judged from its severity with the German 
trade balance at its present proportions. At least 
it will be clear that intensive production for export 
is her only resource. 

On the other hand, it must not be overlooked that 
before the war Germany competed with Great 
Britain on these lines. She has done so since the 
war and, quite apart from reparations, she would 
no doubt do so again in any case once she got on her 
feet. The effect of the reparation payments is, 
therefore, merely to compel her to do immediately 
and on a specified scale what she would no doubt do 
in any case eventually. Moreover, this country will 
receive, in accordance with the Spa percentages, 
one-fifth of the total reparations, or about 
25,000,000/. a year, and as long as Germany does not 
take orders away from us to a greater value than 
that, it may be claimed we shall not be losers. It is 
only in so far as the payments made by Germany 
accrue to others than ourselves that there are no 
balancing advantages to offset the disadvantages of 
competition. 

The balance of advantage accruing to this country 
may therefore be expected to depend on how far this 
country will have to bear the brunt of the German 
competition in relation to our share of one-fifth 
of the reparation payments and how long we con- 
tinue to receive such payments. It is impossible 
to say how these tendencies will work out, but if 
the result of pressing the debtor country to pay is 
to cause it to offer competitive goods at a lower 
price than it would otherwise, the particular indus- 
tries in the creditor country which provide these 
goods are bound to suffer even though there are 
balancing advantages for the creditor country as a 
whole. 

It will be objected no doubt that the restoration 
or normal conditions in Germany, following upon the 
adoption of the Report, will make her production 
costs approximate more closely to our own, and 
thereby diminish the advantage she has enjoyed 
for the past few years in competition. This argu- 
ment seems to beg the question. 

The basis of the Report is, as we have seen, that 
Germany’s payments must not exceed her surplus. 
of exports. Germany can only sell this huge 
surplus of exports if she produces on an enormous 
scale and offers her goods very cheaply. If her costs 
of production increase through higher taxation or 
through labour and material charges being greater, 
she will have to reduce them in another direction. 
If all rise she will have to choose between defaulting 
and transferring a disproportionate share of the 
increased burden to her sheltered industries in 
order to enable her export industries to flourish. 
The eventuality of default is beyond the scope of 
this article, but there is sufficient evidence in the 
recent decree of the German Government making 
substantial reductions in taxation to all the impor- 
tant export industries as to which of the alterna- 
tives she will adopt. 

If, then, Germany’s natural advantages in the 
matter of equipment, labour costs and _ virtual 
absence of capital liabilities were not sufficient, or 
if they were in any way to be lost or diminished by 
the operation of the Dawes Report, we may be 
certain that they would be artificially reinforced. 
by the German Government at the instance of the 
Agent for Reparation Payments acting on behalf 
of the Government of this country and her Allies. 

It is as yet early to look for the results which 
have been anticipated above, but the following 
extract, taken from a Berlin communication to 
the American journal, The Iron Age, is significant 
“ Berlin, Germany, September 25: The predicted. 
era of a sharp trade competition, a necessary out- 
come of the Dawes Reparations settlement, has 
begun. From all Germany’s neighbours in Central 
and Northern Europe come reports of increasing 
German underselling, and from England comes the 
complaint that German construction materials are 
being increasingly imported at lower than English 
prices. The fact that the German increase in un- 
employment has come to an end, whereas the 
English unemployed again are increasing, and already 
number about 400 per cent. more than in Germany, 
has brought into the sphere of discussion the 
coming German export boom.” It is concluded,. 
therefore, that Germany’s payments will result in, 
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intensive production for export and that any advan- 
tage which may be expected to accrue to this 
country as a whole will be gained at the expense 
of those British industries which compete with 
Germany’s export industries. In a_ subsequent 
article it is proposed to examine which industries 
these are and what position the engineering industry 
holds among them. 


GEAR-TOOTH TESTING.—I. 
By JosepH Horner. 


WirH each refinement in the production of gears, 
exacter measurement and testing become more 
mperative. Teeth may not be cut of equal thick- 
ness, or pitch or profile. Diameters may become 
distorted in consequence of heavy cutting, or 
during hardening. Bores and peripheries may not 
be concentric. These errors not only conduce to 
more rapid wear, but they are a fruitful cause of 
noise, which is especially noticeable in the high- 
speed gears now enclosed in boxes. These facts 
are reflected in the increasing numbers and the 
great variety of gear-testing machines and gauges 
now in use. The variations mainly correspond 
with the particular element or feature which it is 
desired to check, and with the class of gear tested. 

Tooth thicknesses are tested with fixed gauges, 
or with vernier calipers—the first being used for 
ordinary commercial gears, the second for more 
precise and fine measurements. Though pitches 
are referable to the circular basis, the tooth thick- 
nesses must correspond with the chord pitch. The 
two correspond only in the rack; the difference is 
very marked in small pinions, but it lessens as 
wheels increase in diameter. Tooth thicknesses 
in cut gears which have little or no flank clearance, 
must be held very close to size, or they will mesh 
either too tightly or too freely, and the inexactitude 
will be aggravated by slight departures from concen- 
tricity, or by want of uniformity in the profiles. 

Fixed gauges are very convenient to use, since 
once they are prepared no further calculations are 
necessary ; but a good stock is necessary, since, 
strictly, a separate gauge should be used for every 
different number of teeth. If a limited number of 
standard gauges is prepared, these can only be, like 
sets of standard-dise gear cutters, approximately 
correct for the largest number of gears produced. 
The Gleason Works make a series of standard 
gauges, one for each diametral pitch from 2 diametral 
pitch down to 16 diametral pitch, the measurement 
being taken for a gear selected about midway 
between a rack and a small pinion. These make 
the small pinions with teeth slightly thicker, and 
the larger gears with teeth thinner, than the precise 
measurements would show. If exact dimensions 
are necessary, then a vernier gauge must be set for 
each different gear. 

The depth of the pitch circle varies in gears of 
the same pitch, measuring more from the points of 
the teeth in small pinions than in larger wheels. 
In Fig. 1 the chord distance CE is less than half 
the circular pitch. The points C and E make 
contact with the sides of the teeth above the pitch 
circle, because FC = GD, and therefore CE is less 
than the actual chord thickness ; and the thickness 
CE varies with numbers of teeth, due to differences 
in the curvature of the arcs. To calculate the 
chord thickness KI of half the circular pitch, and 
the length to addendum, plus HD, let— 


T = chord thickness of tooth KI. 

H = height of are or versed sine HD. 

D = pitch diameter. 

R = pitch radius. 

A = angle = 90 deg. divided by the 
number of teeth in the gear. 

T = Dx sine of angle A. 

H= Rx (1 — cos. of angle A). 


Then 


Tables are available by which the dimensions 
are obtained more readily, being calculated on a 
basis of 1 diametral pitch, and on a basis of 1 in. 
circular pitch. The B. and 8S. gear-tooth vernier 
Fig. 2, can be used for all pitches from 1 diametral 
pitch to 20 diametral pitch. The sliding jaw moves 
upon a bar graduated to read by means of a vernier 
to thousandths of an inch, and a tongue moving at 
right angles with the jaws is graduated similarly. 
It therefore measures the thickness, and the distance 


from the top to the pitch line ; and compensation 
can be made for any error in the size of the blank 
when setting the distance to the pitch line. 

The general objections to these methods are 
that, since the gauges make contact only on the 
pitch line, they wear rather rapidly, that they do 
not check the pitch of adjacent teeth, and that the 
fixed gauges do not indicate amounts of inaccuracy 
in tooth thicknesses. To reveal these errors, more 
refined methods are necessary. 

A shop system of long standing which tests the 
easy running of gears when set at their correct 
centres is also embodied in several gear-testing 
appliances. The gears are mounted on arbors, and 
are run round in mesh by hand, and the results noted, 
and sometimes recorded. This shows the mutual 
action of the teeth, whether they mesh too tightly or 
too freely, and reveals tight or easy contacts at 
different radial locations. But since these tests are 
limited to the matter of contact, they fail to reveal 


pressed with the adjusting screw A, that pushes the 
floating slide towards the left, where its movement 
is limited either with the adjustable stop screw B, 
or by the contact of gears being tested. A third 
screw C can be used to prevent movement of the 
floating slide, which, when held between the screws 
B and C, permits gears to be set within precise 
centres, and to enable these to be read, a scale is 
attached to the fixed slide and a vernier to the 
floating slide. Distances can be read to 0-001 in. 
and compared with the running centre distance. If 
very fine variations are required indicators reading 
to 0-0001 in. can be fitted. To avoid possibility of 
error in reading the vernier, the centres for repetitive 
work can be obtained by means of turned blanks‘of 
the correct pitch diameters, or of end measuring 
rods, or “go” and “not go”’ gauges between the 


go 
arbors on the fixed, and the floating slides. Fig. 6 


shows a gear blank being tested for diameter between 
the arbors, which are the gauging points. 


Here 


(8778.B.) 


the degree of inaccuracy present in individual teeth. 
But for all common commercial gears the system 
is a satisfactory one, and it is therefore employed 
extensively, and appliances for its application are 
manufactured. 

A spur gear testing machine, by Messrs. Brown 
and Sharpe, is shown by Fig. 3. A bed is mounted 
on legs. One gear is mounted on the fixed arbor to 
the left, the other on the movable arbor carried on 
a slide. The centre distance can be read to 
thousandths of an inch by means of the scale on 
the bed, and the Vernier plate on the slide. The 
heads have hardened steel bushings, with tapered 
holes to receive the studs that carry the gears. A 
lever at the front loosens the studs, one above clamps 
the slide. Metric scales and studs are supplied if 
required. When single gears have to be tested, a 
standard master gear is placed on the fixed stud, to 
mesh with the one to be checked. 

A machine of the same type, by Messrs. J. 
Parkinson and Son, of Shipley, includes means for 
reading the results on a dial. Fig. 4 shows the 
standard machine with a pair of gears mounted on 
arbors. Fig. 5 illustrates the slides in outline, but 
set up for testing a master gear with a circular rack, 
a method to be described presently. One gear is 
fixed on a carriage at the left, that can be adjusted 
along the bed and clamped. The other is supported 
on a floating carriage to the right that rests on three 
balls, and has a plunger at one end, which is com- 
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the dial indicates if the blank comes within the 
limits. 

When testing gears with each other in mesh, and 
not with a standard or templet gear, they are set to 
the correct centre distance, and a selective method is 
adopted to determine the locations of thick or thin 
teeth or errors in pitch. The screw B in Fig. 5 is 
set to limit the movement of the slide, and the gears 
arerunround. If the teeth have been cut correctly, 
the floating slide should have no movement, and the 
teeth no backlash, and the gears should rotate 
smoothly. If now the screw B is slackened and the 
plunger allowed to press the teeth closely into mesh, 
the rotation of the gears, unless they are perfect, 
will cause the floating slide to move irregularly. 
The extent is shown on the dial indicator. But the 
actual error for 144 deg. pressure teeth is only one- 
half that shown by the indicator. If errors are 
discovered it is necessary to test the gears in more 
than one position, because it may happen that one 
or both will be eccentric with the bore. This will 
cause the pointer on the dial to advance and recede, 
unless the radius of one gear is complementary to 
that of the other, the larger one meshing with the 
smaller. To detect these errors, and those of 
individual teeth, every tooth in turn of one wheel 
should be tested with every tooth of the other wheel, 
and rotated only through the are of contact, the 
process being reversed for each. A clamp is pro- 
vided for use on the testing jig to limit the amount 
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of angular movement. 


been tested with circular racks. 


In Fig. 5, a master gear is shown mounted on 
the movable slide, and a circular rack having three 


But a better method is that 
of the employment of a master gear which has itself 


to the right reveals any variations in the thickness 
With these aids all the elements in a 
master gear can be corrected, to enable it to be 
used for testing the manufactured gears. The cir- 
cular racks are not rotated, since they might con- 


of teeth. 


Fig. 4. 
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teeth is in mesh with it. This rack reveals the 
presence of any variations in tooth contact, or 
errors in pitch. The single circular tooth seen in 
the upper part of the figure shows variations in 


the widths of tooth spaces, the single space templet 
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slide produces movement of the lever, and as this 
coincides with the rotation of the chart, a line more 
or less regular is traced. The ratio of the length of 
the long and short arms of the lever is 50 to 1. 

An appliance for gear tooth testing by Messrs. 
Gould and Eberhardt, of Newark, N.J., U.S.A., 
is illustrated by Figs. 7 to 9. It checks the con- 
centricity of the blanks, of the pitch circle, and of 
the tooth spacing. The gears tested are those for 
the machine tools built by the firm, which have to 
be held within close limits to size. 

The general aspect of the appliance is seen in 
Fig. 7, where two gears are shown in mesh, one of 
which may be a master gear. A lathe bed type of 
base is mounted on legs. A plate at the left carries 
a vertical stud interchangeable with others, to suit 
bores of different sizes, and a sliding plate at the 
right receives studs for meshing gears. Correct 
centre distances are set by means of the scale and 
vernier seen. When the gears are rolled, inaccuracies 
in radius, pitch and tooth thickness are detected. 
Before the teeth are cut, the blanks are tested for 
|concentricity. The anvil of a dial is brought to 


Fig. 6. 
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ceivably be slightly eccentric, but they are adjusted 
endwise only. In the case of the rack with three 
teeth, the movement is limited to one pitch, the 
central tooth in its mid position being set centrally 
with the pitch point. In the two others, the total 
movement is only half a pitch, or a quarter pitch 
on each side of the pitch point. 

If the readings of the indicator are tabulated for 
each tooth under test, the defects of gears can be 
detected at a glance by the inspector. To avoid the 
labour of plotting, an autographie recorder can be 
fitted. It comprises a drum carrying a chart which 
makes one revolution to each revolution of the 
wheel carried on the floating slide. A lever with 
long, and short arms, mounted on the slide carries 
at its longer end a pencil that traces a line on the 
chart. The short arm of the lever makes contact 
with an adjustable pin carried from the bed of the 
appliance, so that any movement of the floating 


bear against the periphery, and any eccentricity 
is detected. 

The appliance is modified to test the uniformity 
of the tooth spacing, Fig. 8, and the concentricity 
of the pitch circle, Fig. 9. In Fig. 8, a gear is 
mounted on its arbor, movable along the bed, on 
one slide, and on the other a testing apparatus 
with a dial is mounted, occupying the place of a gear. 
This carries two fingers—the farther one is adjusted 
to the pitch of the wheel to be tested, and the one 
seen nearest is adjustable, so that a tooth at the 
pitch line is gripped between the two fingers. The 
movable finger is the termination of the short arm 
of a lever, the long arm of which terminates in a 
contact with the anvil of the dial gauge. The 
reading is extremely close. The ratio of the lever 
to that of the movable finger is such that each 
division on the dial of the gauge indicates 0-0005 in. 
in the tooth thickness. After the dial reading for one 
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tooth has been taken, the gear is rolled round, and 
the next tooth tested, and so on. In this way the 
uniform spacing of a blank is checked, but its 
departure from circular accuracy is the subject of 
another test, Fig. 9. 

i Here the same appliance is used as before, but 
a bracket is mounted at the right to carry a plunger 
which is pulled into a tooth space with a rod and 
lever. The movable finger at the left is then entered 
into a space to make contact with one side of a 
tooth, Fig. 9, at about 180 deg. from the fixed 
plunger. The reading of the dial gauge is then 
taken, the gear indexed one tooth, and so on round. 
If the teeth have been cut eccentrically relatively 
to the axis of the gear, the readings of the dial will 
increase and diminish uniformly from a mean 
value. It is not necessary to set the finger exactly 
180 deg. away from the plunger. The difference of 
one tooth makes no appreciable difference in the 
dial reading. 


GEARED TURBINES OF THE ENGLISH 
ELECTRIC COMPANY. 


Ir is a matter of common knowledge that the 
almost continuous increase in the size of steam 
turbines since their first appearance as commercial 
machines has been accompanied by an equally 
noticeable reduction in their steam consumption per 
kilowatt-hour generated. This improvement in 
efficiency is not by any means attributable only 
to an increasing knowledge of the factors upon 
which efficiency depends. There are certain losses 
such as those resulting from steam-leakage, mechani- 
cal friction, and the power necessary to operate oil- 
pumps, governor-gear, &c., which while they absorb 
a sensible proportion of the steam-energy in the 
case of a small turbine, become relatively of much 
less importance in machines of jarger output. A 
progressive efficiency with increasing size of unit 
is thus to be expected, and will indeed be attained 
until other factors become prominent. The larger 
the output the greater becomes the difficulty of 
securing an adequate passage for the steam through 
the last rows of blades, without allowing it to 
escape to exhaust at an unduly high velocity. 
Hence a point will be reached when any further 
increase in output will have the effect of lowering the 
overall efficiency of the machine, because the increase 
in the leaving losses will more than counterbalance 
the natural increase in efficiency above referred to. 

The above remarks are general, and assume that 
increase of output has been obtained by modifying 
the design in no important respect except to permit 
the flow of a greater quantity of steam. In other 
words the factor ““ K ”’ which is proportional to the 
square of the blade speed multiplied by the number 
of rows of running blades has been taken as constant 
for all cases. In order to show the magnitude of the 
improvement in efficiency due to increased output 
in a particular case we will consider a turbine 
developing 6,000 kw. with an overall efficiency of, 
say, 76 per cent. In such a turbine the losses due 
to steam leakage and to mechanical considerations 
may be taken as equal, together to, say, 5 per cent. 
Suppose now that a similar turbine is constructed, 
with the same number of stages and the same mean 
blade speed, but with blades lengthened so as to 
develop twice the output, the mechanical and leakage 
losses will be hardly affected. They will, therefore, 
only amount to 2-5 per cent. of the output of the 
12,000 kw. machine, the efficiency of which will, 
therefore, have been raised to 78 per cent. inde- 
pendently of any increase in the hydraulic efficiency 
of the blading. 

Increase of blade-length can, however, only be 
continued up to a certain point. Beyond this the 
centrifugal and bending stresses at the blade-roots 
become too great for safety, the discrepancy in 
pitch and velocity between the tips and the roots 
causes inefficient action of the steam, and there is a 
tendency for destructive vibrations to be set up in 
the blades themselves. When the practical limit 
of length is reached, the passage of any further 
quantity of steam increases the leaving losses at the 
last stage. With a given blade-length these losses 
increase as the square of the quantity of steam passed, 
thus bringing about a rapid reduction of efficiency 
with output. Supposing that the maximum 
practical length of blade to have been reached in the 


turbine considered above when developing 12,000 
kw. with a leaving loss of 2 per cent., if the machine 
is called upon to develop 20,000 kw., the leaving 
losses will increase to 5-5 per cent., and the overall 
efficiency will be reduced from 78 per cent. to 76:38 
per cent. It will thus be evident that after a 
certain point there is a loss in efficiency by increasing 
the output of a given design of turbine, so that there 
is a maximum economical output for a machine 
when the number of stages and the mean blade 
speed are fixed. A turbine designed for this output 
will be called ‘‘ optimum ” turbine for convenience 
of reference. 

A little reflection will show that it is at the last 
stage of a turbine that the limiting conditions occur. 
Consideration of pitch at root and tip of blade 
restrict blade length to a maximum of thirty per 
cent. of the mean diameter of the bladed wheel. 


ee ihe 
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For equal mean blade speeds, the wheel diameter 
must be inversely proportional to the revolutions 
per minute, so that blade length must also be 
inversely proportional to revolutions. A further 
important limiting factor is centrifugal force. This 
inereases of course directly with length of blade, and 
as the square of the number of revolutions per 
minute for equal mean diameters. The effect of 
all these consideration is that the “ optimum ” 
turbine for a moderate output of power should 
usually run at a much higher number of revolutions | 
per minute than is permissible for the driven machine. 
If the latter is an alternator producing current at 
the standard frequency of 50 cycles per second no 
speed higher than 3,000 revolutions per minute is 
possible on account of electrical considerations. 
Should a continuous current generator be driven 
by the turbine, commutation difficulties prevent a 
speed as high even as 3,000 revolutions being used 
except for machines of the very smallest sizes. 
Again, if the turbine is to transmit its power by 
ropes, the practical limits of rope speed combined | 
with the necessity for a reasonable sized pulley, 
impose a speed of revolution upon a direct-coupled | 
turbine which is altogether too low for economical 
design. 

Fig. 1, above, gives a curve showing speeds 
corresponding to the maximum efficient output of 
a range of “ optimum ” turbines designed for modern 
conditions of steam-pressure, temperature and 
vacuum, namely, 250 lb. per square inch absolute 
and 650 deg. F. at the stop valve, and 28-5 in. 


of vacuum in the condenser. The leaving loss 
has in all cases been taken at 3 per cent. of the total 
adiabatic heat drop, and the greatest blade length 
as one-fifth of the mean diameter. It will be seen 
from this curve that the turbine speeds are much 
higher, especially in the case of small powers, than 
it would be possible or desirable to use for any 
driven machines. The curve is computed from 
the principle of geometrical similarity, but in prac- 
tice a perfect proportional reduction of the size of 
all parts as machines get smaller is not possible, 
because certain details would become too small for 
convenience in manufacture or handling. Such 
parts have therefore to be increased in size, and the 
effect of this is in general to reduce the optimum 
speeds for machines of smaller output somewhat 
below the speeds shown in Fig. 1. The amount of 
such reductions is a matter of design and construc- 
tion, the practice of different makers not necessarily 
being the same. 

The keen competition to secure higher and higher 
efficiency of small turbines has compelled greater — 
attention to be paid to the factors upon which 
efficiency depends and brought the ideal of the 
“optimum” design into the minds of designers 
when small turbines as well as units of 20,000 kw. 
and upwards are considered. When the competition 
in prime movers lay between turbine and recipro- 
cating engine, the mechanical advantages of the 
former counted in its favour, but now that compe- 
tition lies between turbine and turbine, the most 
economical machine for the money is that which is 
going to be successful. In other words, the “ opti- 
mum” design must be approached as nearly as 
circumstances permit, and to do this involves 
choosing the best speed of the turbine without 
regard to the revolutions at which the driven 
machine must run, and interposing gear to obtain 
the desired speed of the latter. Gearing has always 
been a feature of the original De Laval type of 
turbine, the speed of which was necessarily far too 
high for a direct drive. The development of multi-— 
stage turbines and the construction of generators 
suitable for speeds up to 3,000 or more revolutions 
per minute so far approximated the turbine speed 
to the generator speed that for many years direct 
coupling became practically universal. It was in 
connection with marine work that the need first 
became insistent for some means of reducing the 
speed of the driven shaft, so that the turbine might 
be designed for a speed appropriate to its power. 
Sir Charles Parsons took the bold step of intro- 
ducing reduction gearing into turbine-driven vessels, 
where it has now become standard practice for all 
but the fastest ships. 

The development of gearing suitable for the 
transmission of considerable power at high speeds 
has placed in the hands of the designer of turbo- 
generators the means of building comparatively 
small generating sets, in which both the turbine 
and the generator can be run at their optimum 
speeds, with the result that an overall efficiency 
can be obtained higher, in spite of the inevitable 
losses in the gearing, than could be secured by 
direct coupling. The curves in Fig. 2 show the 
efficiencies for direct-coupled and gear-driven alter- 
nators and ‘also the efficiency of the gearing for 
outputs under consideration, from which it will be 
seen, that, for example, a direct driven 1,500 kw. 
alternator running at 3,000 r.p.m. has a generator 
efficiency of 93°5 per cent., a slow speed alternator 
of the same output having an efficiency of 94°75 
per cent., so that although there may be a loss of 
2 per cent. by the employment of gearing, the 
combined efficiency of the gear-driven slow-speed 
alternator is barely } per cent. worse than that of 
the direct-driven alternatcr of the same output. 
The high-speed turbine used with the gearing will, 
however, be substantially more efficient than a slow- 
speed turbine for direct coupling, or, alternatively, 


| will be much cheaper and smaller for the same 


efficiency. The whole question has been under 
thorough and systematic investigation for some 
time past by the engineers of the English Electric 
Company, with the result that a complete range of 
standard designs has been produced covering 
machines up to 2,500 kw. capacity. 

The geared turbines of the English Electric Com- 
pany follow very closely the designs of the larger 
machines manufactured by the firm. Such features 
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as oil-relay governing, blades milled from the solid 
bar forming their own distance-pieces, turbine- 
driven auxiliary oil pumps, Michel thrust bearings, 
and multi-tooth universal couplings are all em- 
bodied, and equal care is taken to ensure the acces- 
sibility of all parts which is characteristic of the 
larger machines. The general appearance of a 
geared set rated at 1,000 kw. is illustrated in Figs. 3 
and 4, on Plate LXXIII. The turbine develops 
its,rated output at 6,000 r.p.m., and thus obtains as 
high a blade speed as adopted with direct-coupled 
machines, with the advantage of a great reduction 
in size and weight. The actual mean blade speed 
of the turbine in question is practically 700 ft. per 
second, which is in fact greater than is often used 
with larger machines. 


(To be continued.) 


THE MANUFACTURE OF THE BRUSH- 
LJUNGSTROM TURBINE. 


THE position which the double-rotation steam 
turbine, invented by the brothers Birger and 
Frederick Ljungstrém, now holds is due very largely 
to the enterprise of the Brush Electrical Engineer- 
ing Company, Limited, of Loughborough, who 
acquired the manufacturing rights for the British 
Empire in 1912, and subsequently bought the 
patents outright. At the time the turbine was 
developed there were many makes of turbine on 
the market, nearly all being merely designers’ 
modifications of the original machines of Parsons 
and Rateau. The Ljungstrém machine embodied 
the reaction principle, which is inherently the most 
efficient, but utilised it in a manner totally different 
from that of any existing turbine. The steam, 
instead of passing axially along a cylinder, flowed 
tadially outwards from the centre to the circum- 
ference of two discs acting upon rings of blading 
projecting alternately from the discs. The two 
discs rotated in opposite directions, the blades 
therefore having twice the relative velocity of the 
blading in a single rotation turbine running at the 
same number of revolutions, so that a very high 
efficiency could be obtained with a comparatively 
small number of blade rings. The principle per- 
mitted the advantages of high efficiency, extreme 
compactness and freedom from troubles due to 
casing distortion to be obtained, and the only 
question was whether it could be embodied in a 
sound mechanical design. The constructional 
problems were new and difficult, but the engineering 
skill and courage of the inventors were equal to the 
occasion, and the very first Ljungstrém turbo- 
generator ever built is running to-day in a power 
station not far from London. This machine, which 
is rated at 1,000 kw., was fully illustrated and 
described in our issues of April 12 and April 19, 
1912. Its efficiency ratio at full load was 73-6 
per cent., based on steam conditions at the boiler 
side of the stop valve, this performance, we believe 
being better than anything previously obtained on 
a set of similar size. The reputation of the type for 
efficiency has been fully maintained, and there is 
probably no turbine of a size with which the Ljung- 
strém is able to compete, which will do its work 
with a lower steam consumption. In this connec- 
tion it may be mentioned that in the latest report 
of the Electricity Commissioners on the generation 
of electricity in Great Britain, the power stations 
at Wallasey and Southport, both of which are 
equipped with Brush-Ljungstrém generating plant, 
come out at the top of their respective classes for 
overall thermal efficiency. 

The Brush Company have now about two 
hundred Brush-Ljungstrém turbo-generators either 
in service or on order, some of these being in isolated 
plants in remote parts of the world, so that the 
reliability of the type is recognised as at least 
equal to that of any other kind of turbine. The 
increasing demand for their machines made it 
necessary for the company recently to put down 
a large extension to their works, this extension 
comprising a fine shop covering an acre of ground. 
Two interior views of this shop, which is about 
580 ft. long, are given in Figs. 1 and 2 on Plate 
LXXIV. The shop is devoted to the manufacture of 
turbines of 3,000 kw. and over. The largest machines 


made at the present time are of 7,000 kw., two of 
this size being recently installed at St. Pancras 
power station, as mentioned in our account of the 
station published on November 7 last. Plans are, 
however, in progress for the manufacture of units 
of 10,000 kw. normal rated capacity, and the shop 
has been equipped with a view to dealing with 
machines of any size likely to be undertaken. 

The new shop is architecturally a handsome 
building and the interior is lofty and well lighted. 
It is, of course, a steel-framed structure, the columns 
supporting the roof carrying crane-rails at different 
levels. The main cranes, the largest of which is of 
50 tons capacity and 75 ft. span, are at a height of 
36 ft. from the floor, and run the whole length of the 
shop. At one end of the shop a side gallery is 
arranged, 20 ft. wide and extending for a length of 
240 ft. down the shop. This gallery contains some 
of the lighter machine tools, and between it and the 
farther wall runs a 20-ton crane to serve the large 
machines below. At the other end of the shop, 
where the turbines are erected, is a 6-ton Goliath 
crane running on rails laid across the floor of the 
shop, as shown in Fig. 2. The Goliath crane is 
exclusively for erecting purposes, and enables the 
erectors to proceed continuously with their work, 
without having to wait for the main crane overhead, 
which serves the whole shop. Not only, therefore, 
are the crane facilities ample for the expeditious 
lifting and removal of work, but the standard 
gauge railway lines running down the shop afford 
direct connection with the general railway system 
of the country, the works being immediately 
alongside Loughborough station on the L.M. and 8. 
main line. Loughborough is also served by the 
L. and N.E. Railway, so that direct transportation 
is available between the works and all parts of Great 
Britain. 

The new shop, being constructed for a specific 
purpose, is naturally laid out so that manufacturing 
can proceed from the rough castings to the finished 
product with the minimum expense of time and 
labour. The machines are arranged in order of 
their use and the work travels steadily through the 
factory, with the smallest possible amount of 
handling. The necessary movement of men and 
material is facilitated both by ample gangways and 
by the rule that all gangways shall be kept clear for 
traffic. To this end white lines are painted along 
the sides of every channel of traffic, and no material 
may be put down in such a way as to encroach on 
the space thus marked off for a passage. The shop 
has excellent natural illumination from the roof 
and from the large windows along one side, and equal 
care has been taken to render the artificial lighting 
as effective as possible. Exhaust steam is used for 
heating and a comfortable temperature can be 
maintained in cold weather. We were told that the 
pleasant and healthy conditions of the new shop 
had resulted in less lost time among the men 
employed there than among those working in the 
older shops. ; 

Among the modern machine tools with which the 
new shop is equipped is the large vertical turning 
and boring machine, manufactured by Sir William 
Armstrong, Whitworth and Co., Limited, of Man- 
chester, illustrated in Fig. 3on page 700. The size of 
the machine will be gathered from the fact that the 
casting upon which the two tool-heads are operating 
is the end casing of a 5,000-kw. turbo-generator. 
It is said that work of this size can be turned or 
bored true to a thousandth of an inch on this 
machine, which is a very remarkable performance. 
The main driving motor is rated at 30 brake horse- 
power and a smaller motor of 5 brake horse-power 
is also provided, the latter to give the rapid power 
motion of the boring heads. Opposite the Arm- 
strong-Whitworth boring mill is a large planing 
machine, made by Messrs. Joshua Buckton and Co., 
Limited, of Leeds. This has a stroke of 20 ft. and 
will accommodate work 10 ft. wide by 10 ft. high. 
It is used for condenser bodies and other large work. 
Possibly, however, the most striking machine in 
the shop is a large horizontal boring, milling and 
facing machine, built by Messrs. H. W. Kearns and 
Co., Limited, of Broadheath, Manchester. This 
machine, which is illustrated in Figs. 4 and 5, 
Plate LX XV, was the first of its kind to be con- 
structed, and was designed particularly for 


machining large turbine casings and condensers: 
The table to which the work is bolted can be rotated, 
so that all sides of the work can be machined 
without resetting it on the table. The table 
measures 14 ft. by 8 ft. and the distance between the 
uprights is 18 ft. The vertical travel of the spindle 
slide is 7 ft. 6 in., and the facing slide will machine a 
surface up to 9 ft. diam. The platform on which 
the operator stands rises and falls with the slide, so 
that the machine adjustments are equally convenient 
for each at whatever height the spindle is working. 
Further, to facilitate operation the driving motors 
have push button control, one control being fixed 
to the head of the machine and the other being 
portable. The operator can thus operate it with 
ease and certainty from any convenient position, so 
that when necessary he can remain standing at the 
actual point where the work is being done. The 
main driving motor is of the variable-speed type, 
developing 25 brake horse-power and having a 
speed range between 700 r.p.m. and 1,200 r.p.m. 
The other motor, which is rated at 74 brake horse- 
power at 750 r.p.m., operates the rapid-power 
motion. Fig. 4 shows the machine at work on a 
turbine casing, while Fig. 5 shows a condenser body 
being machined. 

Opposite the Kearns machine is a large work- 
plate, 40 ft. long and 20 ft. wide, laid very accurately 
with its upper surface slightly above the floor level. 
The upper surface of the table is true within an 
error of 0-006 in. in 12 ft. The table is provided 
with bolt-slots, so that work can be fixed directly 
to it, and operated on by a horizontal milling, 
surfacing and boring machine, a horizontal drilling 
machine, and a portable radial drilling machine, 
all of which are mounted on the work-plate. The 
plate also carries a rotating table, which, when used 
in conjunction with the other machines, enables 
a great deal of machining to be done at one setting. 
The work-plate with various machines is illustrated 
in Fig. 6, on Plate LXXVI. The same regard for 
convenient and rapid work which characterises the 
machine lay-out is found in the facilities provided 
for erection. The Goliath crane has already been 
mentioned, but a reference to Fig. 2, Plate LX XIV, 
will show a further handy device to save the time 
and trouble of the erectors. The circular casting 
in the foreground is a stool having a machined 
flange on its upper side which corresponds with 
the exhaust flange of a standard size of turbine. 
Hence, by bolting the lower half of the turbine 
casing to the stool it is rigidly held at a suitable 
height, and erection of the whole machine can 
proceed without further support being required. 
The partially completed turbo-generator seen at 
the right-hand side of the illustration is standing on 
a similar fixed stool. After erection all machines are 
tested at the works, and in Fig. 7, Plate LXXVI, 
is shown a view of the test-room with three Brush- 
Ljungstrém turbo-generators in position for test. 
Facilities exist for the simultaneous testing of four 
units, each in conjunction with its own condensing 
plant. 

On Friday last the directors of the Brush Electrical 
Engineering Company, Limited, invited a party of 
engineers and other guests to inspect the Lough- 
borough works and to examine, not only the methods 
of manufacture of the details of the Brush-Ljung- 
strém turbine, but also the other departments 
of the works, where generators, transformers, 
motors, tramcars, and other articles of the com- 
pany’s manufacture are produced. The whole of 
the works, which cover 33 acres, were thrown open 
to the visitors, who were taken round in small 
parties under the direction of the chief members of 
the staff. The chief interest of the visit—at any 
rate, from the mechanical point of view—lay, 
perhaps, in the details of the turbine manufacture. 
The blades, although small and of the reaction 
type, are all machined from solid circular steel bar. 
When the inside and outside contours have been 
correctly formed, the blading, in long strips, is 
highly polished, the internal surface being done by 
girls who bring the strip into contact with an 
endless polishing band running over a roller of a 
size to suit the internal curvature of the blading. 
The strips are then cut up into blade lengths and 
the individual blades are welded into channel- 
shaped rings at each end, the whole forming an 
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extremely strong mechanical construction. The 
machining of the glands, which are, like most other 
details, of a type peculiar to the Ljungstrém design— 
was one of the most delicate machining operations, 
although the final result was a most effective and 
robust article. The whole of the manufacturing 
operations are fully standardised, and parts are 
made in batches and passed into store. Each part 
is inspected after each operation and a further 
inspection is made before it is passed into store. 
A general check upon quality of material is kept 
by means of a chemical and testing laboratory. 


FRACTIONAL HORSE-POWER MOTORS. 


A WELL-FINISHED and unusually adaptable group 
of fractional horse-power electric motors has been 
assembled for demonstration purposes at the premises 
of Messrs. Pooley and Austin, 34, Broadway, West- 
minster, London, 8.W. 1. Constructed by the Wilson- 
Wolf Engineering Company, Limited, of Bingley, 
Yorkshire, these motors possess several interesting 
features. All parts have been standardised throughout 
the five sizes made, which range from #4, to ? brake 
horse-power and run at speeds from 500 to over 6,000 
r.p.m. The two smallest sizes, when series wound, are 
of the universal motor type, running on either direct or 
alternating current. The larger sizes are wound for 
direct current, or single, two-phase or three-phase 
alternating current, and these types are of uniform 
external dimensions. The framework of each is made 
up to permit of working in a horizontal or vertical 
position. The general design is such that the rotor 
and the stator may be punched from the one lamina 
of metal. The armature slots run at an angle to the 
length of the shaft to ensure silent running and the 
frame consists of steel stampings. The bearings of 
the universal type are self-aligning and self-oiling, the 
latter feature being ensured by a pad of soft material 
which carries a supply of oil. 

Shunt-wound motors are provided for running on 
direct current, suitable rheostat controls being supplied, 
but up to $+ h.p. the motors will start on a simple 
snap switch. This condition also holds for compound 
wound motors up to % and series wound up to a $ h.p. 
One direct-current compound-wound motor is on view 
fitted up with a flexible shaft and drives a drill. To 
secure a high torque on the drill a 5 to 1 ratio reduction 
has beenincorporated in this particular motor. Another 
useful application of the same motor, of $3 h.p. and 
3,200 r.p.m., is to the driving of a bench grindstone 
consisting of a 6 in. by 3 in. wheel fitted with ball 
bearings and an adjustable work-rest, starting switch 
and main terminals. The set can be run from any 
lamp-holder. Different wheels may be fitted, the 
socket carrying each wheel being removable, and 
additional socket wheels being supplied. In all these 
cases the fields and bearings of the motors can be 
rotated and locked so that the bearings and oiling 
arrangements are uppermost. The rating of the motors 
provides for 25 per cent. overload for one hour and 
50 per cent. overload for short periods without undue 
rise in temperature. 


NOTES ON NEW BOOKS. 


Iv was Mr. Joseph Chamberlain who once observed 
that a great man resembled a mountain in that it was 
difficult for those close to either to make a fair estimate 
of the real magnitudes. The comparison seems to apply 
much more aptly to the late Lord Rayleigh than to the 
politician about which it was uttered. Whilst the 
relative standing of the latter has steadily diminished 
since his death, the lapse of years serves, if anything, 
to enhance the opinion entertained about the genius 
of the late Lord Rayleigh, and to-day many of those 
who are engaged in investigating difficult problems in 
electricity or hydro-mechanics find in his collected 
papers the clues needed for the solution of the problems 
in which they are interested. The biography of so 
original a thinker was well worth the writing, and the 
work has been sympathetically and interestingly carried 
out by his son and successor, whose “ Life of Lord 
Rayleigh” has been published by Messrs. Edwin 
Arnold and Co. at 25s. net. The volume is quite 
suitable for general reading, the scientific labours of 
the subject being dealt with only so far as they can be 
made intelligible to the non-expert. A remarkable 
fact about the subject of this biography was that he 
was a seven-months’ child. It is curious, in the light 
of after knowledge, to note that when Lord Rayleigh 
was placed as senior wrangler a paragraph appeared 
in the Zimes to the effect that his success was due 
‘“* more to his perseverance than to his brilliant talent.” 
Later on, when argon was discovered, another attack 
on Lord Rayleigh appeared in the same journal, and 
with equal lack of justification. One of Lord Ray- 
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leigh’s most notable characteristics was his ready and 
generous appreciation of the work of other investiga- 
tors, and in some cases he was responsible for bringing 
to light the neglected researches of certain pioneer- 
ing thinkers. A notable case was that of J. J. Waters- 
ton, an engineer, who in 1845 sent to the Royal Society 
a paper establishing some of the most important 
propositions in the kinetic theory of gases. The 
referee, to whom the paper was submitted, said, “ The 
paper is nothing but nonsense, unfit even for reading 
before the society.” Lord Rayleigh’s views on the teach- 
ing of mathematics are of very considerable interest, 
and he evidently had little sympathy with the demand 
that “rigid” proofs were necessary for those using 
mathematics for practical ends. His son relates that 
on one occasion he had objected to a “‘ demonstration ” 
in an elementary work as inconclusive, to which his 
father replied that he “ daresay it is quite conclusive 
enough.” If he were satisfied that a mathematical 
argument was substantially justified in the applica- 
tion he wished to make of it. he did not take much 
interest in a close criticism of it. 


In celebration of the completion of its 20,000th 
locomotive, the firm of Henschel and Sohn, G.m.b.H., 
of Cassel, has issued, from its own publishing depart- 
ment, a pocket book on railway engines, under the 
title ‘‘ Des Lokomotiv Ingenieurs  Taschenbuch” 
(price 5 gold marks). The first railway engine of the 
company was built in 1848, but the firm of Carl 
Christian Henschel, originally bell founders at Giessen, 
goes back to the sixteenth century. The company 
now builds railway engines of all types, for main line 
and suburban traffic, fireless locomotives, electric 
locomotives and special types for colonial service. 
The company owns metallurgical works at Hattingen, 
on the Ruhr, and employs nearly 11,000 hands. The 
booklet, of 174 pages, is what it professes to be, a well- 
illustrated pocket book for the railway engineer. 


Electric are welding has much to recommend its 
use where economical fabrication of iron or steel 
structures is to be effected, or where repairs are neces- 
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sary in existing plant. Only an intimate acquaintance 
with the methods and rates of working and with the 
physical actions involved and their effects, enables 
an estimate of what savings may be made by the 
process as compared with older practices. For 
long, engineers heard claims of the most astounding 
nature made by people who had plant or particular 
types of electrodes to sell. This condition could only 
exist when ignorance prevailed as to the limits within 
which the use of the are welding process was possible. 
To-day we have reached the stage in development 
when most engineers have had some experience of the 
work, and we are settling down to a sane appreciation 
of what are the possibilities of joining metals by welding. 
In the early days much was claimed which was not 
possible of demonstration, and most of the literature 
on the subject showed unmistakable indications of the 
processes or plant which the author was most interested 
in advertising. We have received, at last, a book | 
which does not show this taint, and though the author is 
associated with a firm making proprietary welding 
plant, his treatment of the subject can only be regarded 
as quite fair and impartial. This creditable book, 
with the title “‘ Arc Welding Handbook,” was written 
by Mr. C. J. Holslag, and is published by the MeGraw- 
Hill Publishing Co., Limited, of 6 and 8, Bouverie- 
street, London, at a price of 10s. net. The references 
to machines and processes are general, the real purpose 
of the volume being to show methods of making the 
different types of joints and give practical hints on the’ 
performance of specific repair jobs. In this way it 
excels anything we have previously seen, and it will 
prove a welcome addition to the library of any workman 
who is hopeful of becoming an expert in a class of work | 
in which success depends so much on the care and 
foresight of the operative. | 


The hand processes used in woodworking have been | 
greatly reduced in number during recent years. This’ 
is not to be wondered at, when it is recognised that 
high rates of wages cannot be paid, unless the product 
of the labour can be marketed at prices which will more 
than meet the total costs. Under the conditions we 
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have to contend with in the workshops to-day, pro- 
duction must be greatly increased, and the workmen 
must, therefore, become machine operators on special- 
ised work, rather than skilled craftsmen, capable of 
using a great variety of hand tools. The rapid increase 
in the use of woodworking machinery in Great Britain 
has resulted from the necessity for reducing the high 
labour charges experienced in building construction, 
and recent exhibitions have given evidence of the 
extent to which the constructors have met the demands. 
Tm America the use of machinery for every repetitive 
type of work has grown enormously, and we have 
evidence of this in an encyclopedic work entitled 
“ Cosgrove’s Handbook of Woodworking Machinery,” 
which was recently published by the Cosgrove Company 
of Owosso, Mich., U.S.A., and is distributed in this 
country by Messrs. William Rider and Son, Limited, 
from the Timber Trades Journal Office, 8-11, Pater- 
noster Row, London. In this leather bound volume, 
which is arranged on the loose leaf system to permit 
periodical additions, practically every piece of wood- 
working equipment built in the United States is 
described, and the entries number more than one 
thousand. When similar machines are made by dif- 
ferent makers the details of them are given in a way 
which permits of easy comparison. As every item is 
indexed, the description of any machine may be quickly 
located. The selling price of this exhaustive work is 
3l. 12s. 6d., which includes the cost of the upkeep 
service of additional leaves, bearing descriptions of new 
machines, for a year. Nothing so complete as this 
handbook has ever been attempted before, and even'a 
casual inspection of it will convince anyone, who is 
interested in wood-working machinery, of its great 
value. 


Mr. 8. H. Higgins has compiled his volume on 
“A History of Bleaching,’ in recognition of the fact 
that an education in bleaching, as in other industrial] 
arts, is incomplete without some knowledge of the 
evolution of that industry. He had already written 
a book on “ Bleaching: A Resumé of Researches, 
1908-1920,” and his new volume is a historical supple- 
ment to that earlier publication. The present genera- 
tion often has reason to admire what was achieved in 
ancient days by primitive means. Until the middle 
of the eighteenth century bleaching advanced little 
beyond what was known to Oriental nations and to 
Greeks and Romans in classical days. Lime, in the 
place of potash, and acids and chlorine were then intro- 
duced in order to shorten the months that good 
bleaching required ; but it took a long time before the 
justified prejudice against the use of chemicals was 
overcome, and Germany insisted upon the examina- 
tion of bleachers. In England the later developments 
have mainly been on the engineering side. The in- 
teresting volume (Longmans, Green and Co.; price 
10s. 6d. net) might have been provided with an index. 


The engineer has daily to deal with the most com- 
plicated systems of stresses, whereas the mathematical 
theory of elasticity provides satisfactory solutions for 
only the simplest problems. The question may well 
arise, therefore, as to how far the study of the acade- 
mical side of the theory of stresses should be pursued 
by the practician, especially in view of the fact that 
in many cases theory indicates the existence of stresses 
of alarming magnitude in structures, which experience 
has proved to be perfectly safe. There is indeed reason 
to believe that increased knowledge of higher stress 
analysis has in recent years been responsible for a 
deterioration of design; and that where calculation 
and experience are in disagreement, the engineer is 
tempted to give undue weight to the former. Never- 
theless, it would be a retrograde step for engineers to 
ignore the higher developments of theory, and we 
may hope in time to arrive at a theory of strength 
instead of, as now, merely at a theory of stresses and 
Strains. Those who have the aptitude for mathe- 
matical study, will find an excellent presentation of 
the latter subject in “Applied Elasticity,” by Dr. John 
Prescott, which has been published at 25s. net, by 
Messrs. Longmans, Green and Co. The distinctive 
characteristic of the treatise is the use made of Castig- 
liano’s principle of least work, although the author 
does not mention the name of this pioneer, and his 
treatment of the principle has little in common with 
that of Castigliano. The principle that the potential 
energy of strain must be a minimum seems to have 
been first set forth by Ménebréa in the Comptes Rendus 
for 1858, but the method has received less attention 
from theoretical writers on elasticity than its powers 
merit. This has probably been due in part to the 
circumstances that the theoretical writers have been 
in search of exact solutions, which are attainable only 
in the simplest cases. In these cases, alternative 
methods of analysis are perhaps simpler than the 
method of least work, but the latter method has the 
merit of providing approximate solutions to the more 
complicated problems. This use of the principle 
certainly would seem to be open to further develop- 


ment. Dr. Prescott employs it for the discussion of 
the equilibrium of thin curved rods, and to certain 
problems in the bending of thin plates. The discussion 
of the stresses in such plates is particularly complete, 
and embodies some original results, due to the author. 
Strain potential methods are also largely employed in 
determining the vibration of shafts or of rotating discs, 
with which problems the author deals very fully. 


In an interesting paper which he read before the 
Royal Society two years ago, Sir Robert Hadfield 
stated that careful estimates appeared to show that 
there was at present an annual loss of over 40,000,000 
tons of iron and steel by corrosion and consequent 
removal of material rendered unserviceable. Taking 
into account the cost of protecting the material, 
Sir Robert estimated the aggregate annual loss due 
to the effects of corrosion at well over 500,000,0001. 
These figures give an idea of the extreme gravity of 
corrosion and emphasize the very great value of the 
work being carried out by many scientists with a view 
to minimising its effects, a complete solution of the 
problem appearing to be quite out of question so far 
as can now be ascertained. This vexed problem in 
all its various aspects is dealt with by Mr. U. R. Evans 
in his book “‘ The Corrosion of Metals,’ now published 
by Messrs. Edward Arnold and Co., London (price 
14s. net). The author, and very rightly so, states that 
the study of the “‘ making of metals ” appeals directly to 
a comparatively limited number of persons, whilst 
that of the ‘‘ unmaking of metals’ concerns the whole 
community in every land. His book, for the purpose 
of this brief note, may be divided into two parts, that 
which reviews in detail the extremely varied occurrences 
of corrosion, and that dealing with the mitigation of the 
evil. Special chapters relate to this second part, but, 
as Mr. Evans states, the intelligent application of the 
principles which he explains in detail when reviewing 
the occurrences of corrosion may go far towards 
lessening the evil. He classifies the direct method for 
the restriction of corrosion under the three well- 
known headings, the preliminary treatment of the 
liquid, or atmosphere, causing the trouble; coating 
the metal with a protective layer and electro-chemical 
protection. A fourth method is to replace the metal 
being eaten away by some other material which 
can withstand corrosion without special treatment 
or protective cover. Mr. Evans is an authority on 
the subject and has contributed largely to the dis- 
cussions on corrosion and its limitation at the meetings 
of the Institute of Metals, the last occasion being as 
we reported on page 379 ante. His book and the 
measures which he indicates will repay careful con- 
sideration and application. 


Of recent years a tendency has appeared to use 
statistical methods in many classes of work that cannot 
be investigated completely or at all by experimental 
methods. Used with discretion, this practice may be of 
considerable value, particularly in suggesting directions 
for further investigation or possible explanations of 
such results as have been obtained by observation or 
experiment. It is, however, open to the danger that 
to apply a statistical calculus may be much easier than 
to interpret the meaning of the result, if, indeed, it 
should happen to have any evident meaning at all. 
The report just published by the Industrial Fatigue 
Research Board (“* The Function of Statistical Method in 
Scientific Investigation,” by C. Udny Yule, C.B.E., 
M.A., F.R.S., H.M. Stationery Office, 6d. net) gives a 
clear and timely caution against this danger, which may 
be expected to be of the more value by reason of the 
author’s distinguished position in statistical investiga- 
tion. Mr. Yule remarks that the common gibe that 
anything can be proved by statistics is less true than 
its exact contrary. It is, indeed, in his view seldom 
that statistics can give complete proof of anything. 
They may show that the facts are consistent with a 
hypothesis, but are less likely to prove that no other 
hypotheses would be equally applicable. It should, 
therefore, always be the aim of an experimenter to 
reduce to a minimum the weight of statistical methods 
in his investigation, and, in particular, he must not 
only require the average of a sufficient number of 
observations before arriving at a conclusion, but must 
see that this number bears a suitable relation to the 
extent to which the observations differ among them- 
selves. In technical terms, he must think not so 
much of the observation, or even of the average of a 
number of observations, but of the frequency dis- 
tribution. -Nothing is more common than to see 
inferences based on a series of observations, the 
differences between which are no greater than might 
be explained by the chances of sampling, and this sort 
of interpretation is the more attractive when it happens 
to fit in with a pre-conceived theory. The statistician 
must be prepared to adapt his methods freely to his 
problems, and to remember that the mere inanimate 
calculus which is all that the theory of statistics can 
give does not create objective facts. Cautions such 


as these could not well be expressed better than in 
Mr. Yule’s suggestive report, and it is to be hoped that 
they will be borne in mind, not only by the investigator 
of the Board, which has recently decided to publish 
the report, but by other workers who might be disposed 
to use statistical methods without regard to their 
limitations. The subject of this book is also dealt 
with in our leading article (page 709). 
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CRUDE-OIL ENGINE SHUNTING 
LOCOMOTIVE. 


TuHE heavy oil engine which, in a comparatively few 
years, has won such a commanding place in marine 
work has not up to the present achieved any con- 
siderable position in land transport. The remarkable 
economies of the engine, however, and its attractive- 
ness for cases in which water supplies are difficult have 
resulted in many efforts being made to develop a satis- 
factory heavy oil engine locomotive, and work in this 
direction is now going on in many parts of the world. 
If one may judge by their achievements in the past 
it is probable that not the least important work of this 
kind is that which is being carried out by the Swiss 
Locomotive and Machine. Works of Winterthur, 
Switzerland, and much interest is likely to be taken in 
the recently developed crude-oil engine shunting loco- 
motive of the firm which is illustrated in Figs. 1 to 10 
on the two following pages. We are indebted to 
Messrs. Bernard Holland and Co., of 17, Victoria- 
street, Westminster, the British representatives of 
the firm, for the particulars of this interesting machine. 

The locomotive is built for standard gauge and is 
carried on two axles with coupled wheels as is clearly 
shown in Figs. 1 and 4. The wheel base is 2 metres. 
The main frame is of simple construction consisting of 
two plate longitudinals effectively cross-stayed and 
supported from the axle boxes on leaf springs. The 
machine is fitted with a 3-cylinder, 4-cycle crude oil 
engine of 80 h.p. running at 450 r.p.m. A gear box 
is fitted giving speeds of 5, 94, 15 and 22 miles an hour, 
the drive at all speeds and on reverse being through 
an oil-immersed friction clutch. Any speed may be 
thrown in suddenly without shock or any danger of 
injury to the vehicle or engine. Shoe brakes operated 
either by a counter-weighted handle or by compressed 
air operate on all four wheels. The locomotive may be 
driven by one man. The tractive power at 5 miles an 
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hour is 5,200 lb., and the weight of the machine empty 
is 5 tons, and in working order 54 tons. 

The engine which is fully illustrated in Figs. 5 to 8, 
works, as mentioned above, on the four-stroke cycle. 
It utilises airless injection for the fuel. The three 
cylinders are 230 mm. (9 in.) in diameter by 290 mm. 
(11:4 in.) stroke and the power developed at 450 
r.p.m. is 80 brake horsé-power. 
piston speed is at the moderate figure of 855 ft. per 
minute and the mean pressure on a brake horse-power 
basis is only 65 lb. per square inch, so that the engine 
is not in any way over-rated. The whole of the design 
has been worked out in a very simple way. The 
requisite combustion chamber to ensure ready ignition 
and good combustion of the fuel is provided by fitting 
the inlet and exhaust valves on opposite sides of the 
cylinder head in a horizontal plane as shown in Fig. 8. 
This is a similar arrangement to that adopted with so- 
called ‘‘ cold-starting airless injection” horizontal oil 
engines and has been previously successfully used also 
with small vertical Diesel engines. With valves of large 
size, objection might be raised to the possible wearing 
down owing to the horizontal position, but in such small 
sizes the arrangement is quite satisfactory and permits 
of an excellent combustion chamber form. 

The fuel injection nozzle is centrally placed in the 
cylinder head and the starting-air non-return valve in 
the fore and aft plane. The air inlet valve is carried in a 
removable cage of normal design. .The exhaust valve 
has a small renewable seat, and the valve and its seat 
can be withdrawn through the inlet valve cage port. 
Both valves are operated from the one camshaft, the 
inlet valve by a push rod and Jever, as shown in Fig. 6. 
Separate castings are provided for the cylinder head 
and liner. The bedplate, crankcase and the three 
cylinders are made in one casting, the tension loads being 
taken by fitting through bolts from the top of the 
cylinder head to the bedplate. Weight has been 
economised wherever reasonably and commercially 
possible, so that the engine is light for the power devel- 
oped. The piston is short, and has five rings near the 
top and one scraper ring at the bottom. The crown is 
of conical form to follow the shape of the combustion 
chamber. The design of the gudygeon pin, crankpin 
and main bearing follow orthodox lines. Forced 
lubrication is adopted throughout, the hollow connecting 
rod containing a pipe to lead the oil to the top end 
bearing. 
from the flywheel end of the crankshaft, and at the 
opposite end of the engine water and oil pumps are 
situated as well as a small air compressor for replen- 
ishing the reservoir, from which air for starting the 
engine and also for operating the brakes is drawn. 
The circulating water is cooled by passing it through a 
motor-car type of radiator, which may be seen in 
Fig. 4. A fan, driven by belt from the flywheel, as 
shown in Fig. 5, draws a current of air through the 
radiator. 

The engine crankshaft is connected to the main gear 
shaft through a pair of flexible couplings, which are 
mounted at each end of an intermediate shaft, inserted 
in line between the engine and gearshafts. The gear 
box is carried on bearings which embrace the leading 
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axle and is suspended by a spring attachment at its 
forward end in the manner commonly employed for 
electric traction motors. Any of the four speeds is 
thrown into action by means of oil-operated and 
immersed couplings, which are carried in the gear 
wheels—one coupling for each speed. All gear wheels 
are always in engagement and there are no sliding 
arrangements of any kind. Any individual gear only 


GENERAL VIEW OF LOCOMOTIVE. 


drives, however, when its clutch is engaged. The’ 
arrangement of the clutches is shown in Figs. 9 and | 
10, Fig. 9 showing a clutch in the working position, 
and Fig. 10 when disengaged. As will be seen, each | 
gear wheel is made in two parts in order that the | 
internal clutch may be got into place. The two parts | 
are screwed together and the wheels run free on the | 
hubs of the internal clutch discs. The discs are- 


_ with the clutch through ports. 
_ to engage a clutch, pressure is applied to the top passage 


and engage the inner grooved faces of the gear wheel | 
so that the wheel drives the clutch and, through it, the 

shaft. When the upper shaft passage is put to exhaust | 
the clutch{dises move apart under the action of the oil | 


! by a driver's handle, and it will be clear that the very 
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connected to the shaft by feather keys on which they | Fig. oe 


can slide, so that when they are driven by the gear | 
wheels they propel the shaft. The shaft has two 
internal longitudinal oil passages which communicate | 
The whole arrange- 
ment is continually filled with oil and when it is desired 


in the shaft. This causes the two discs to move apart 


pressure, which is continually maintained in the lower 
shaft passage. They act on the opposite sides of the 
dises, as will be clear from the figures, and this tends to 
separate them. The clutches and the speeds of the 
locomotive are controlled by a four-way cock, operated 


neat speed changing drive may be operated with abso- 
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lutely no shock when the locomotive is running The 
pressure oil is supplied by a small tooth gear pump. 
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The reverse gear which is incorporated in the axle 
drive also employs a similar type of oil-operated clutch, 
so that the locomotive when running may be instantly 


reversed without shock, and the clutches take up their 


driye so gently. 


WINTERTHUR, 


SHUNTING LOCOMOTIVE. 


SWITZERLAND. 
Yona 


@506.£) ) 
‘Fg 8 
——_ poe te 
i 
8 
| 
isd 
2 — 
SX oy 
\ z 
| ‘ 
| y._| 


+ SRA EREET AER 
BEE TEIE NG 
ULILESTOCTISSL SULTS 


aL 


> ib 
|| 


See 


——————- 7770 


704 


ENGINEERING. 


[Nov. 21, 1924. 


LETTERS TO THE EDITOR. 


DISSOCIATION IN GAS ENGINES. 
To THE Epiror oF ENGINEERING. 

Smr,—Will you allow me to correct a misappre- 
hension which seems to have arisen as to what I said 
at the discussion on Professor David’s papers at the 
Institution of Mechanical Engineers on October 24 ? 
Both in his reply to me on October 24 and in his 
letter in the current number of ENGINEERING, 
Professor David is at pains to show that the amount 
of dissociation which is likely to occur in gas engines 
is very small. I quite agree with him. I did not 
suggest the contrary. If I may be allowed to quote 
my own words in the discussion, they were, “I am 
not here concerned whether dissociation does occur 
to an important extent in gas engines.” I attempted 
to make only two points in the discussion: (1) that 
Professor David’s calculations as to the amount of 
‘ after-burning ’’ were based upon wholly unreliable 
data, and (2) that even were this not so, the amount of 
this after-burning is not a fundamental property of 
the gases in the cylinder; it is to a large extent con- 
trollable by means of ignition advance and depends 
also on factors such as turbulence which are different 
in different engines. Hence I argued that calculations 
about after-burning, even based on accurate data, 
would be of little general value. 

How far I succeeded in establishing these two 
points I must leave to readers of the verbatim report 
of the discussion in the Proceedings of the institution. 

Yours faithfully, 
D. R. Py. 
Cambridge, November 14. 


«THE DETERMINATION OF STRESSES BY 
OPTICAL METHODS.” 
To THE Epiror or ENGINEERING. 

Srr,—Professor Coker has done a signal service in 
drawing attention to certain remarks attributed to 
me at the British Association meeting held in Toronto. 
I think that the crux of the main point resolves itself 
around the question as to whether the strength of a 
specific shape of metal follows the same laws dynamic- 
ally as it does statically. In the classical experiments 
of Professor Coker he uses a material which is con- 
sidered elastic and isotropic (nitro-cellulose and glass) 
and transfers the results to a material such as steel 
which is elastic to a certain degree but is certainly not 
isotropic when an infinitely small element of volume is 
considered. 

In the static tests on steel the general condition of 
isotropesy follows without doubt in a statistical manner 
up to the elastic limit. The static strength of a piece 
of steel may be considered as the average strength of 
a large number of crystals. Very few testing engineers 
even think that each crystal is necessarily of identical 
strength with its neighbours. The different crystals 
are known to have ditferent average chemical composi- 
tions, which is suggested by the natural combining 
tendency of any alloy of varying proportions of two 
materials, and is proven to a certain degree by the more 
ready attack of certain etching compounds on certain 
crystals of a metal as compared to the attack on certain 
other crystals of the metal. It is conceivable that 
even the elastic constants may vary from crystal to 
crystal which is somewhat confirmed by tests on 
eutectoid steel as compared to, for instance, armco 
iron when the two metals are treated identically. 

In the question of dynamic stressing the question 
of many repetitions of stress becomes a very interesting 
factor, and its effect on the strength of a steel in fatigue 
is a problem of vital interest to users of this product. 
Most of the fatigue limits of steel occur within the 
static elastic range of the material and many theories 
have been advanced to account for this. There is 
very little doubt in the minds of those working on 
fatigue that the fatigue breakdown starts at a minute 
point and with the weakest crystals, and gradually 
spreads from crystal to crystal throwing more and 
more load on the adjacent stronger crystals until 
general failure occurs. This process goes on in fatigue 
without the attendant yielding and adjustment 
common in static tests. 

If a reliable steel is available of which the ordinary 
endurance limit is known it can be used dynamically 
to show if in fatigue the mathematical theory of elas- 
ticity holds by, for instance, introducing into the 
specimen a small hole and finding the new endurance 
limit due to the difference in shape of the specimen. 
In both cases such fatigue limits are found within the 
static elastic range of the materials. In a word the 
specimen with a small hole introduced should fail 
according to the elastic theory at a much lower average 
stress than that given in the first instance and more- 
over this average difference should be the same whether 
the specimen is of a ductile or of a brittle material. In 
actual experiments neither of the above observation 


follows. In none of the several steels investigated 
have the ratios shown up as the elastic theory dictates, 
and the variations between ductile and brittle steels 
vary widely showing that the assumption of isotropy 
cannot be correctly made in such testing. 

I fail to see why pointing out the limitations of 
the mathematical theory of elasticity should necessitate 
the throwing away of such a useful tool as Professor 
Coker suggests, and moreover in face of the fact that 
the assumption on which the theory is based in its 
simpler applications is vitiated as far as the material 
and stress methods considered are concerned. 

It is unfortunate that Professor Coker could not 
have been at Toronto so that no apparent misunder- 
standing of my statements at that meeting could have 
been forthcoming. 

With reference to being ‘‘ on the eve of a method of 
determining stresses, which will not depend at all 
on optical principles’? and the suggestion of delay in 
the fulfilment of such a prophecy, I see no reason 
for either of these statements. The writer has rather 
the attitude of an investigator who recognises the value 
of the photo-elastic method in checking up the mathe- 
matical theory of elasticity and in its application to 
stress analysis in which this theory applies, but to 
imagine or to suggest that this is the only method 
for analysing stresses in materials would be in the 
judgment of the writer an unwarranted attitude to 
take. To apply methods which will consider the par- 
ticular metal under stress in a stress system is a 
problem in which there is a wide field of application, 
and is one in which the writer in conjunction with 
some of his colleagues has made considerable advance 
already. 

Respectfully submitted, 
T. McLean JASPER, 
Engineer of Tests, Fatigue of Metals Investigation. 
University of Illinois, Urbana, Ill. 
October 15, 1924. 


STEAM TURBINE EFFICIENCIES. 
To tHE EpITorR or ENGINEERING. 

Srr,—You have from time to time published in 
your valuable journal steam consumption tests on 
various turbines, and in general have kept your 
readers well informed as to the progress of the turbine 
art. 

That the thermal efficiencies of steam turbines are 
improving is borne out by some very carefully taken 
tests on February 12, 1924, on a 15,000-kw. turbine 
supplied by the B.T.H. Company, Limited, to the 
Central Electric Supply Company, at their Grove-road 
Power Station, London, through their consulting 
engineers, Messrs. Kennedy and Donkin. 

The ‘information given herewith may prove of 
interest to your readers. 

The turbine is connected to a standard 50-cycle 
three-phase alternator, 6,000-6,600 volt, the unit 
running at 1,500 r.p.m. 


by the N.P.L. immediately afterwards. The mean 
of the latter corrected figures has been used. The 
actual difference in the readings, however, was a 
small fraction of a lb. per square inch. 

The initial temperature at the stop valve was taken 
by means of a high reading mercury thermometer, 
the temperature of the emergent steam being dul 
observed. This thermometer was re-calibrated by 
the N.P.L. immediately after the tests, and corrections 
made for the emergent steam temperature. During 
these tests, however, steam temperature readings 
were taken also at the inlet to the valve chest, 7.e., after 
the stop valve but ahead of the nozzle control valve, 
by means of a resistance thermometer. These readings 
give approximately 10 deg. F. higher temperature 
than those shown by the mercury thermometer in 
the stop valve. In spite of the fact that the mercury 
thermometers had been re-calibrated by the N.P.L, 
these higher readings of the resistance thermometer 
have been used, and the steam consumptions and 
efficiencies given are based on its readings. If the 
mercury thermometer readings had been used, the 
corrected steam consumption would have been lower 
and the efficiencies increased by an appreciable 
amount. 

The vacuum was read at two points on the exhaust 
casing, immediately above the exhaust flange, and 
diagonally opposite each other. The two readings 
did not vary appreciably during the tests, and the 
mean of them has been used. The barometer readings 
were taken on a specially calibrated aneroid barometer, 
and checked against the station mercury barometer. 
Special water-weighing tanks, together with weigh- 
bridges, were installed for measuring accurately the 
amount of steam condensed. Before the tests these 
weighbridges were inspected by an inspector of weights 
and measures, and certified as correct. 

The tests were carried out on commercial load, 
i.e., the ordinary load of the system, the output of 
the machine being read on specially calibrated inte- 
grating watt-hour meters, which were re-calibrated by 
the N.P.L. immediately after the tests, while during 
the whole of these tests the conditions were maintained 
quite steady and close to the guarantee conditions, 
so that very small factors are required to correct the 
actual steam consumptions to those at specified 
conditions. The actual and corrected results are 
shown in the table. 

The guarantee conditions are as follows :— 


Pressure 195 lb. per square inch gauge. 


Super- 
heat 250 deg. F. 


Vacuum at various loads with barometer at 
30 in. <— ; 
Load .... 1} Full. 2 $ 

Vacuum 27-75 in. 28-0 in. 28-25 in. 28-5 in. 


The efficiencies are based on Callendar’s Steam 
Tables. As seen in the table, a check test was taken 
at full load in the afternoon, the corrected result being 
in remarkably close agreement with the previous test. 


TABLE oF STEAM CONDITIONS AND CONSUMPTIONS. 


No. of Test .. he ili 
Duration -| 10.45 to 11.45 
a.m. = 60 min. 
Load .. ie fe 43 ad at Full 
Steam pressure at stop valve: Ib. per square 
inch gauge iy An Ad an e. 193-1 
Steam temperature by resistance thermometer, 
eg ihien mess a5 oe af . : 634-9 
Superheat, deg. F. .. is a4 ae ~ 249°8 
Vacuum at exhaust flange: inches mercury, 
corrected to 30-in. barometer .. oo ss 27°93 
Net condensate Ib. per hour : 165,030 
Net output, kw. Pt an oe 5 5 15,189 
Steam consumption at test conditions : lb. per 
kw.-hour .. “a ate ne te Pes 10-87 
Steam consumption corrected to guarantee 
conditions : ]b. per kw.-hour ~s Bi 10-80 
Percentage thermo-dynamic efficiency (efficiency 
ratio) turbine with alternator at test conditions 79-06 


2 3 4 Reh ni) 
12.15 to 1.15 | 2.30 to 3 p.m. 3.30 to 4.30 5 to 6 p.m, 
p.m. = 60 min. = 30min. | pm. = 60 min, | = 60 min. 
2 j 4 Full Wy 
194-1 193-7 195°3 191-0 
628-4 635-1 620°3 623°3 
242-9 249-8 234-3 239-0 
28°22 28°46 27-92 27-62 
125,555 85,110 167,280 207,025 
11,509 7,623 15,279 18,855 | 
| 
10-91 say, 10-95 10:98 
10-82 1-12 10-76 10-76 
77°50 74-04 79-14 80-46 


A sectional drawing of a machine similar to the 
one under review was published in your paper on 
December 29, 1922, which has reference to a 10,000-kw. 
1,500-r.p.m. turbine installed in the Radcliffe Power 
Station of the Lancashire Electric Power Company, 
and another illustration of a machine of this type 
was given in your journal on January 18, 1924, having 
a rating of 30,000 kw., 1,500 r.p.m., supplied to 
the Rotherham Corporation Power Station. 

Special attention was given to the selection of 
instruments used for the test on this machine, great 
care being taken throughout to ensure that thoroughly 
reliable readings and results were obtained. 

The day previous to the official test was occupied 
in making trial runs with the object of familiarising 
those taking part with their duties, and seeing that 
all the apparatus was perfect. As a result, the actual 
tests were carried out with the greatest possible 
smoothness. 

The initial steam pressure at the stop valve was 
read on two special gauges, which were checked on 
a dead weight tester before the tests, and calibrated 


From the test results it will be observed that the 
best efficiency at full load is equal to 79-14 per cent.,, 
and at overload 80:46 per cent. These efficiency, 
figures include all losses in turbine and alternator. — 

We estimate that the efficiency of the alternator 1 
96-5 per cent. at full load, and 97 per cent. at overload. 
Allowing for these efficiencies, the thermo-dynamic| 
efficiency of the turbine alone becomes 82-01 per cent. 
at full load, and 82-95 per cent. at overload, which 
efficiencies are very satisfactory, and indicate progres 
in the art. ; 

During these tests, Professor Callendar was taking 
inter-stage efficiency readings of the turbine in the 
high pressure end, and these figures also bear out at 
far as they go, the remarkably high efficiency obtaine¢) 
in this turbine. These tests were taken under th«| 
supervision of Messrs. Kennedy and Donkin, and hav 
been approved by Sir Alexander Kennedy. 

Yours faithfully, 
F. SAMUELSON. 
The British Thomson-Houston Company, Limited, 
Rugby, November 14, 1924. 
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completely without the stamper moving from his 
position. There is no loss of time in moving from the 
dummying tools to the finishing stamp andthe bar 
remains under the one hammer from start to finish. 
There is further, the advantage of the saving of plant 
and room by the elimination of the dummying hammer, 
while finishing the work in three stages is said to result 
in a considerable saving of metal. 

As regards the lifting gear, these are of Messrs. Bretts’ 
standard friction-driven type. The gear is shown in 
Figs. 5and6. The lifters are electrically driven through 
double-reduction totally-enclosed gearing, the motor 
and gear-box being seen in Fig. 5. The gears run in 
an oil-bath. The connection of the motor to the 
first gear-box shaft is by means of a centrifugal expand- 
ing clutch, so that the motor can be started up without 
load. The clutch also provides a means of absorbing 
undue shocks, as it will slip slightly if a heavy load is 
suddenly applied, as. for instance, when, as is some- 
times unavoidable, the tup is suddenly arrested in 
falling, before the blow is delivered. Though a little 
more costly than open gears, the enclosed years have 
the further considerable advantage of silence in work- 
ing. The lifter gear is shown in Fig. 6. It is very 
robust and simple in construction. The main friction 
drum is solid and finished with multiple grooves to 
take the friction blocks. The lifting arms are drop 
forgings with journals on the shaft iined with phosphor 
bronze bushes. The main shackle or yoke to which 
the tup rope is connected, is hinged at one end to one 
of the lifting arms, and at the other passes between 
jaws on the end of the second arm, as will be seen in 
the illustration. To this shackle or yoke the friction 
block or blocks are connected, the number varying 
with the size of the hammer. The action of these 
blocks is controlled by a curved lever hinged to one 
arm and connected hy short links to the yoke. The 
curved lever is operated by means of a rope coiled 
round a winch drum on the shaft. On the applica- 
tion of downward pressure to the lever by pulling on 
the rope the friction blocks engage with the drum and 
the arms are swung round, the tup being thereby 
lifted. Quick release is ensured in the first place by 
an adjustable spring acting on the tail of the curved 
lever, and lifting it as soon as the rope pull is released, 
and further by a weight suspended from the end of a 
small cord, acting on the control rope. The action of 
the weight is to relieve the rope positively of any pull as 
soon as released by the operator, thus freeing it on the 
winch drum, and eliminating all tendency to drag. The 
friction blocks are lined with a special ‘‘ ferobestos ” 
material, exclusively manufactured by Messrs. Ferodo, 
Limited, of Chapel-en-le-Frith for the hammers of 
Messrs. Bretts Patent Lifter Company, Limited. 


THE LATE MR. JAMES SMITH MORRISON. 


We regret to announce the death of Mr. James Smith 
Morrison, M.Inst.C.E., M.I.Mech.E., which occurred 
suddenly on Monday last at his residence at Eltham 
Park, $.K. 9. Mr. Morrison, who was 59 years of age 
at the time of his death, received his early training 
with Messrs. P. and W. McLennan, of Glasgow, where 
he was occupied for five years from 1882 to 1887. 
Subsequently he was engaged as a draughtsman and 
erector with Messrs. Arrol Brothers, of Glasgow, his 
next engagement being as chief draughtsman to the 
Stockton Forge Company. Towards the end of 1891 
he jomed the staff of the Great Eastern Railway and 
was engaged on designs for widening and extension 
works, mainly in the London area, until 1896. In that 
year he was appointed to the staff of the Director of 
Works at the Admiralty, being occupied in the design 
of jetties, wharves, slipways, &c., for about a year, and 
then receiving the appointment as resident engineer 
at Devonport Dockyard. Here he was engaged, under 
Major Kenyon, R.E., in the supervision of dredging 
operations, dock-wall construction, and other civil 
engineering work, 

He left Devonport for Pembroke Dockyard in 1899, 
acting as Civil Engineer in Charge of that yard and 
carrying out a number of new works in addition to the 
usual repairs and maintenance. Leaying the Govern- 
ment service in 1901, he joined the staff of Messrs. 8. 
Pearson and Son as an engineer and was first engaged on 
the tunnelling work in connection with the construction 
of the City and Great Northern Railway. After being 
occupied with the construction of the east arm of Dover 
Harbour, and later as engineer and manager of the 
Plymouth Outfall Works, Mr. Morrison was sent to 
America by Messrs. Pearson in connection with railway 
tunnelling contracts. He afterwards acted as super- 
intendent engineer on the East-River Tunnel work, and 
then as resident engineer and manager on the Baltimore 
Dock contract for Messrs. Suare and Triest of New 
York. His work in connection with this contract 
consisted mainly in the sinking of foundation cylinders 
and dredging operations. 

Rejoining the staff of Messrs. Pearson in 1909, Mr. 
Morrison proceeded to their Para Dock contract, where 


he acted as engineer for construction work and took 
charge of block-setting operations and foundation work. 
Later, he was appointed by Messrs. Sir Douglas Fox and 
Partners as resident engineer on the Para Sewage and 
Drainage Scheme, and was engaged in the construction 
of the pumping station, the laying of mains, &c. This 
work occupied the subject of our memoir until 1912. in 
which year he was sent out to report on the Secondee 
and Accra Waterworks Scheme. Returning to this 
country in 1914, he joined the staff of Sir John Jackson 
on the outbreak of war, acting as engineer and sub- 
manager on the Salisbury Plain Camps, where he was 
responsible for the construction of railways, roads, 
huts. &c., as well as for drainage works. He was 
afterwards sent by the War Office to Woolwich Arsenal 
as Assistant Superintendent of Works, and was engaged 
on the construction of magazines and danger buildings 
with a staff of over 2,000 men under his control. From 
Woolwich, Mr. Morrison went to the Ministry of 
Munitions Railway Department, where he remained 
until 1919, when he took up his last appointment as 
civil and mechanical engineer to the Cyprus Mines 
Corporation. In this capacity he designed and erected 
a pier for loading ore at Cyprus and also surveyed the 
site for a new dock or basin for that corporation. 

Mr. Morrison was elected an Associate Member of the 
Institution of Civil Engineers in December, 1899, and 
became a full member in May, 1921. He had been a 
Member of the Institution of Mechanical Engineers 
since 1913. 


THE LATE MR. JAMES STUART. 


A PROMINENT Civil engineer in Glasgow, Mr. James 
Stuart, of Messrs. Warren and Stuart, consulting 
engineers, died, at his residence, 14, Marlborough- 
avenue, Partick, on Friday, November 14, in his 
seventy-third year. 

Mr. Stuart was educated at Glasgow University, 
and in 1877 entered the office of Sir William R. Copland, 
M.Inst.C.E. In the six years following, he acquired 
a great amount of experience in the design of water- 
works, for in that period new works were constructed 
by Sir William at Sandbank, Clackmannan, Girvan 
and other places in Scotland, and extensions were 
made to the existing works at Cambuslang, Hamilton, 
Dalmuir, Kirkintilloch and Springburn. Mr. Stuart 
also designed sewerage works for many of these 
districts, constructed a tidal basin at Dumbarton, 
and the timber pier on the Gareloch at Shandon. In 
the year 1883, he joined the engineering staff of the 
Clyde Navigation Trust, in which service he was 
responsible for the erection of extensive goods sheds, 
for the strengthening and reconstruction of quay walls, 
and for the foundations for rail-bourne travelling 
cranes at the docks to lift loads of up to 130 tons. 
When he left the service of the Clyde Trust, in 1893 
Mr. Stuart jomed Mr. John A. Warren in partnership, 
and since then was mainly concerned with design of 
sewerage disposal schemes and water-supply under- 
takings in Lanarkshire, Ayrshire, Stirlingshire, Dum- 
bartonshire and Argyllshire. Mr. Stuart was elected 
an Associate Member of the Institution of Civil 
Engineers in 1898, and transferred to the class of 
Member in 1900. 


THE LATE DR. BRUNO VY. NORDBERG. 


Many engineers on this side of the Atlantic will 
learn with regret of the death, on the 30th ultimo, 
of Dr. Bruno V. Nordberg, the founder, and for many 
years the chief engineer, of the Nordberg Manu- 
facturing Company, the well-known firm of engine 
builders, of Milwaukee, Wis., U.S.A. Dr. Nordberg 
was born in Finland in 1857, and after graduating 
at the University of Helsingfors at the age of 21, 
left Finland for the States in 1880. Shortly after his 
arrival he entered the service of the E. P. Allis Com- 
pany, one of his first duties being the design of two 
large vertical blowing engines, of which one is still 
in service. At an early date, Dr. Nordberg realised 
the advantages of poppet valves for steam engines 
and the possibility of improving the efficiency of the 
engine by better control of steam distribution. He 
consequently designed a governor for engines. of the 
poppet-valve type, which gave what was then regarded 
as a very high degree of economy. 

In 1886, the Bruno V. Nordberg Company was 
founded by the subject of our memoir for the manu- 
facture of governors, the name of the concern being 
changed to the Nordberg Manufacturing Company in 
1890 as the business extended; the first Nordberg 
poppet-valve steam engine was constructed at about 
that time. The copper country of Northern Michigan 
was also being developed then and this led to a demand 
for power and mining equipment such as hoists, engines, 
compressors, stamps, &c., which were designed by 
Dr. Nordberg and supplied by the firm. Of the more 
important plant of this class for which Dr. Nordberg 
was responsible we may mention a hoist for the Tama- 


rack Mining Company which had a drum 25 ft. in 
diameter and held the record for size for some years. 
It has now, however, been surpassed by a Nordberg 
hoist for the Quincy Mining Company, of Hancock, 
Michigan. We gave a detailed description of one of 
Dr. Nordberg’s winding engines in vol. exii, pages 565, 
628, 694 and 752. 2 


Within recent years, Dr. Nordberg had, naturally, 


to depute some of his duties to others, and, rather 
more than a year ago, Mr. Rudolf Wintzer, who had 
acted as Dr. Nordberg’s assistant for many years, was 
appointed chief engineer to the company with Mr. 


Bruno VY. E. Nordberg, a son of the founder, as execu-— 


tive engineer and assistant. The deceased gentleman, 
who was a member of many engineering and scientific 
societies, had the degree of Doctor of Engineering 
conferred upon him by the University of Michigan in 
1923, in recognition of his skill in designing the special 
machinery which was a vital factor in the development 
of the copper industry of the State. 


NOTES FROM SOUTH YORKSHIRE. 


a 

SHEFFIELD, Wednesday. 
Iron and Steel.—A survey of the situation in South 
Yorkshire confirms the opinion expressed by leading 
manufacturers that the worst has been passed, and that 
if labour troubles are avoided, local industry will steadily 
improve its position. This spirit of hopefulness is re- 
flected in the fact that trade organisers who for some 
time past had allowed reserves to lie dormant at the 
bank, are now bringing into use these resources in an 
effort to stimulate buying. Industrial shares in this 
area are in strong demand and prices have accordingly 
increased. Unemployment in Sheffield, according to 
latest returns, shows a decrease of 825 and, in addition, 
some 525 short time operatives have been placed on 
full time. The heavy steel trade continues to make 
slow but steady progress. Railway departments report 
an expansion in the demand, especially on home account. 
Contemplated schemes in this and other countries are 
engaging the attention of local makers, and if suitable 
prices can be arranged there is no reason why this 
district should not benefit. Makers of axles, wheels 
and tyres have put into operation more plant in order 
to meet the increased call from collieries and transport 
companies. The demand for shipbuilding steel, marine 
castings, and turbine parts shows a slight improvement, 
and it is believed this section will steadily regain its 
former buoyancy. The Midlands continue to be the 
chief purchasers of automobile steel and fittings; out- 
put exceeds that of a month ago. In the implement 
and machinery branches the Colonies and South America 
are good customers, especially in agricultural machinery. 
Electrical and textile engineers are awaiting further 
developments in connection with overseas schemes. 
Colliery development in this district is providing makers 
of pit head gear, winding and haulage gear with orders. 

The proposal to erect steel houses has been welcoms 
in this district, for should it prove successful, the steel 
trade generally will benefit. The lighter trades are im 
a fairly healthy position. Makers of all classes of tools 
are doing a growing volume of work on both home and 

foreign account. There is a strong call for garden t 

by the Colonies. The building trades are big buyers 
of general ironmongery, stoves, rain-water goods and 

other steel products. 4 


South Yorkshire Coal Trade.—The position generally 
shows no change, and inability to dispose of big surpluses 
is resulting in short time working at collieries. Best 
steams are in active demand for inland consumption, 
but the amount going away for shipment is far below 
the average. Cobbles and nuts have improved slightly, 
but slacks are unaltered. The recent cold weather has 
had the effect of increasing the demand for house coal, 
and a further improvement is expected. Output of 
foundry and furnace coke continues to exceed the 
demand. Gas coke is firm. Quotations :—Best branch 
handpicked, 32s. to'35s.; Barnsley best Silkstone, 268, 
to 28s.; Derbyshire best brights, 27s. to 32s.; Derby- 
shire best house, 24s. to 26s.; Derbyshire best large 
nuts, 22s. 6d. to 25s.; Derbyshire best small nuts, 14s 
to 16s.; Yorkshire hards, 20s. 6d. to 23s.; Derbyshire 
hards, 20s. 6d. to 22s. 6d.; rough slacks, 9s. 6d. 10 
12s.; nutty slacks, 9s. to 1ls.; smalls, 5s. to 7s. 6d. , 


¥ 


Junior Iysrrrution or Encinerrs.—The annual 
general meeting of the Junior Institution of Engineers 
was held on Friday, November 14. The chairman, 
Mr. C. O. Mourant, in presenting the Council’s Annual 
Report, said that the Institution had maintained a 
very steady position in the past few years, which had 
been of a very trying nature, and that there was @ 
very good prospect now of going ahead in point 
membership and usefulness. 
factory feature of the year had been the success 
the Engineers’ Register, appointments having been 
obtained for 60 out of 92 members on the register. 


One particularly satis-— 


The journal had been made larger, and nearly twice — 


as many papers had been printed in full as in previous — 
years, while the illustrations had been more numerous. — 
The result of the ballot for the election of officers was — 
as follows :—Chairman, Mr. H. J. Edgar ; Vice-Chairmen, | 


Mr. L. M. Jockel and Mr. A. J. Simpson ; Hon. Treasurer, 
Mr. C. O. Mourant ; Hon. Librarian, Mr. H. P. Wright: 
Hon. Auditors, Mr. F. E. Squirrell, Mr. J. H. Seddon, 


Mr. S. H. Hole, and Mr. 8. Potts; Member of Council — 


(under 23), Mr. W. M. Good; Members of Council 


(over 23), Mr. R. A. Horregaard, Mr. A. J. Wheeler, — 


and Mr. 8. H. Hole. 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 
MIDDLESBROUGH, Wednesday. 
The Cleveland Iron Trade.—Gradual growth of busi- 
ness in Cleveland pig-iron is gratifying and satisfactory. 
Steady increase in demand promises to justify early 
enlargement of output, as makers’ stocks are fully dis- 
posed of and current production is barely sufiicient 
for needs. Buying is mostly for home purposes, but 
the outlook as regards export trade is rather better 
and a few overseas sales have been made. Quotations 
continue on the upward curve, and up to the present 
customers have not hesitated to follow the rise, but as it 
is fully realised that much further advance might check 
buying, makers are apparently content to book forward 
contracts at round about ruling rates. Quite a number 
of orders for delivery over periods next year are reported 
to have been placed. No. 1 is 87s.; No. 3 g.m.b., 82s. ; 
No, 4 foundry, 81s.; and No. 4 forge, 80s. 


Hematite—Considerable activity continues to charac- 
terise the East Coast hematite branch. Makers’ stocks, 
though still heavy, are being substantially drawn upon, 

and with the strengthening statistical situation values 
are more than fully maintained. Several parcels have 

“been sold for despatch to foreign destinations,.and home 
demand promises to increase. Nos. 1, 2 and 3 are up to 
89s.; and No. | is now quoted 89s. 6d. to 90s. 


Foreign Ore.—There is a firmer feeling in foreign ore, 
and sellers anticipate further sales. Market rates are 
based on best rubio at 22s. 6d. c.i.f. Tees. 


Blastfurnace Coke.—Durham blastfurnace coke, of 
good medium quality, is still obtainable at 25s. delivered 
to local consumers’ works, supply being plentiful, but 
demand is a little better, and some advance would cause 

“no surprise. 


Manufactured Iron and Steel.—There are more inquiries 
circulating for manufactured iron and steel, and with 
Continental competition nothing like so keen as it has 
been, the position has decidedly improved. Whilst 
sales generally are not on an extensive scale, a few fairly 
good orders are understood to have been secured in 
several departments. Among the principal market 
quotations are : Common iron bars, 12/. ; iron rivets, 14J.; 
packing (parallel), 87. 10s.; packing (tapered), 11/. 10s.; 
steel billets (soft), 87. 10s.; steel billets (medium), 97. ; 
steel billets (hard), 9/7. 10s.: steel boiler plates, 131. ; 
steel ship, bridge and tank plates, 9/. 15s. ; steel angles, 
97. 10s.; steel joists, 91. 10s.; heavy steel rails, 91. ; 
fish plates, 12/. 10s.; black sheets, 121. 10s. ; and gal- 
vanised corrugated sheets, 17/. 10s. to 18/. 


NOTES FROM THE NORTH. 
Guascow, Wednesday. 
Scottish Steel Trade.—Development in the steel trade 
_of Scotland is very slow and any change for the better is 
hardly noticeable yet. It would almost seem as if the 
improvement about which so many have been speaking 
of late was going to take some time to reach the steel 
industry. Inquiries are better again and from their 
number and the tonnage represented, the inference is that 
there is quite a lot of business to place. The current de- 
mand, however, is by no means heavy in any department, 
and much of the plant is at present lying idle. The only 
braneh which is really well employed is that for black 
sheets, and the conditions have varied practically nothing 
over the week. Heavy gauges are very flat, but light 
and galvanised sorts are in good demand, with a respect- 
able tonnage of the latter going overseas. Prices have 
not altered since last report, and the following are the 
current quotations: Boiler plates, 13/. per ton; ship 
plates, 9/. 15s. per ton; sections, 97. 10s. per ton; and 
sheets, ; in. to } in.. 127. per ton, all delivered Glasgow 
Stations, 


Malleable Iron Trade.—There has been no change in 
the state of the malleable iron trade of the West of 
Scotland during the past week, and hand-to-mouth 
conditions are all too general. Buyers are difficult to 
find, and few there are who care to place orders for more 
than their actual immediate requirements. With busi- 
ness so poor and the outlook rather doubtful, the prospect 
of a revival in the industry in the near future is not bright. 
“Crown” bars are quoted, without change, at 12/. per 
ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—A good tone continues to 
prevail in the Scottish pig-iron trade, and over the week 
a fair tonnage has been booked for forward delivery. 
The demand for current requirements is not heavy and 
stocks on hand are still quite ample to meet the needs of 
all forthe meantime. Prices are without change, and 
are quoted as under : Hematite, 4/. 15s. per ton, delivered 
at the steel works ; foundry iron, No. 1, 4/. 15s. per ton, 
and No. 3, 41. 10s. per ton, both on trucks at makers’ 
works. 


Scottish Pig-Iron Shipments——The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, November 15, amounted to 
1,549 tons. Of the total, 960 tons went overseas and 
589 tons went coastwise. For the corresponding week 
of last year the figures were 2,045 tons to foreign ports 
and 138 tons coastwise, making a total shipment of 
2,183 tons. 


_ Shipbuilding.—Messrs. Henry Robb, Limited, Leith, 
We secured an order from the Union-Castle Mail 
Steamship Company to build a powerful screw tug for 
Service at Port Elizabeth, South Africa. This will be 
the first vessel to be laid down at the firm’s new Victoria 
yard at Leith. Messrs. McKie and Baxter, engineers, 
Govan, have booked some contracts which include two 
vessels for the St. Lawrence, the hulls of which will be 


sub-contracted with Clyde shipbuilding firms. The 


vessels are for vehicular and passenger service and each 
will accommodate 50 motor-cars. As a sub-contract 
Messrs. McKie and Baxter are to provide the machinery 
for two oil tank steamers which are being built on the 
Clyde for Messrs. Alfred Holt and Co., Liverpool. 


Locomotive Contracts.—The New Zealand Government 


has accepted the tender of the North British Locomotive 


Company, Springburn, for 35 locomotives, the total cost 


of which will be about 225,000/. The same firm recently 


fixed up orders for another 15 locomotives, so that the 
outlook for their workers is considerably better than 


it was. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 


The Coal Trade—The Customs returns of the volume 
and value of coal exports from the principal South Wales 
ports in October make bad reading so far as the outlook 
Though there 


for the Welsh coal industry is concerned. 
was an extra working day in October as compared with 


September, the volume of trade was reduced by 55,620 


tons and the total of 1,968,763 tons was only lower in 
one month of the year. 
2,437,3261. was lower by 85,176/. and the average reaiised 
f.o.b. price per ton at 24s. 9d. was down by 2d. At 


Cardiff, shipments were reduced and the realised price at 
Exports from 
Newport were increased but the average value was also 


24s. Id. showed a drop of 4d. per ton. 


4d. lower. Shipments from Port Talbot were, however, 
increased, as also was the average price, by 14d. per ton, 
and though the volume of trade was less at Swansea, 


the average price was increased by 104d. per ton due to 


a continued good demand for anthracites at rising prices. 


The volume and. value of the shipments at each port in 


October are shown below. 


October, 1924. 

From— Tons. Per Ton 

£ ohn ed. 

Cardiff 1,177,466 1,419,395 24 1 
Newport... 365,434 430,400 23 7 
Port Talbot 160,227 183,247 22 10} 
Swansea, 265,636 404,284 30 44 
Totals 1,968,763 2,437,326 24 9 


Large coal shipped in October amounted to 1,307,729 
tons, valued at 27s. lld. per ton, or 3d. less than in 
September; that of through totalled 33,867 tons at 
20s. 104d.,per ton, a reduction of 23d. ; while small coal 
shipments aggregated 627,167:tons at 18s. 5d., a drop 
of 33d. per ton. 
amounted to 186,597 tons, or 31,413 tons less than in 
September, but the average realised price at 34s. 7}d. 
per ton was 2s. 14d. higher. Large anthracite averaged 
43s. 5d., or 10d. more than in September, and small 
24s. 9d., an increase of ls. 4d. Steam coal values, 
however, were generally lower. Large shipped from 
Cardiff, for instance, averaged 26s. 10d., compared with 
27s. ld. in September and 28s. 5d. in April, while small 
realised 16s. 9d. against 17s. 2d. in September and 19s. 8d. 
in April. Steam large exported from Swansea averaged 
25s. 8d. in October compared with 28s. ld. in March, 
and small 16s. 9d. against 17s. 7d. in September and 
18s. 5d. in May. 


Tron and Steel.—Exports of iron and steel goods from 
South Wales in the past week amounted to 9,574 tons, 
compared with 6,042 tons in the previous week. Ship- 
ments of tinplates totalled 6,669 tons against 3,982 
tons ; blackplates and sheets, 918 tons against 912 tons ; 
galvanised sheets, 1,467 tons against 809 tons; and 
other iron and steel goods to 520 tons against 339 tons. 
Though business is by no means brisk, the Welsh tin- 
plate market is steady with prices from 20s. 6d. to 
22s. 3d. f.0.b. 


Contracts. —The municipality of Copenhagen has 
placed a large order for water-tube boilers with the 
Vickers-Spearing Boiler Company, of Barrow-in-Furness. 
This is the second contract the municipality has placed 
with this company recently. 


British Cast Jron Resparcn Assocratron.—The 
third annual general meeting of the British Cast Iron 
Research Association was held at the Institution of 
Mechanical Engineers, Storey’s-gate, Westminster, on 
Wednesday last, when Mr. H. B. Weeks presided. The 
annual report.of;the association recorded continued 
progress in membership and in activity. Researches 
are in progress on erosion—and corrosion-resisting cast 
iron, moulding sands, automobile cylinders and pistons, 
graphitisation of iron, heat-resisting cast iron, the pro- 
duction of malleable cast iron, cupola practice, elec- 
trical and magnetic cast iron, pouring temperatures, 
properties of grey iron, test bar standardisation, facing 
sands, &c., abrasion resisting cast iron, pearlitic cast iron 
and aluminium in cast iron. Reports are being issued as 
this work proceeds and publication of other matters of 
interest to the members 1s also undertaken. Lord Weir, 
who has rendered valuable service to the association 
as its president, having completed the limiting period 
of office prescribed in the articles of association, was 
accorded the thanks of the association for the work he 
had done on its behalf and was elected an honorary 
member. In succession to him, Sir John Dewrance 
was unanimously elected president. As vice-presidents, 
Sir William Ellis, Messrs. George Pate, Summers Hunter, 
F. W. Firth, C. E. Lloyd and W. B. M. Jackson were 
elected to fill vacancies. By the unanimous vote of the 
members, Dr. Walter Rosenhain and Professor T. Turner 
were elected honorary members of the Association. 


The value of the shipments at 


Anthracite coal shipped from Swansea 


NOTICES OF MEETINGS. 


THe InstituTION OF MrcHANICAL ENGINEERS. To- 
night at 6 p.m., at Storey’s-gate, S.W.1. General 
Meeting. ‘First Report of the Marine Oil-Engine 
Trials Committee.”’ Friday, November 28, at 7 p.m., 
Informal Meeting, ‘‘ Centrifugal and Rotary Pumps.” 
Introduced by Mr. G. L. Ponsford. 


THE INsTITUTION OF AERONAUTICAL ENGINEERS.— 
To-night, at 6.30 p.m., at the Engineers’ Club, Coventry- 
street, W.1, “‘ Graphical Methods of Aircraft Structural 
Design,” by Dr. Thurston. 


Tue Instirution or Propuction ENGInEERS.—To- 
night at 7.30 p.m., at the Engineers’ Club, Coventry- 
street, W.1., “ Gear Cutting with Special Reference to 
the ‘Sykes’ ’ Generating System,”’ by Mr. O. H. Medcalfe. 


Tue Junior Institution or ENGmngrErs.—To-night 
at 7.30 p.m., at 39, Victoria-street, 8.W.1. Lecturette, 
“Stainless Steel,” by Mr. J. G. Hoperaft. Friday, 
November 28, at 6.30 p.m., Exhibition of latest Scien- 
tifie Instruments and Applianees for the Use of 
Engineers. 

Tue InstirurEn or TrRansport.—Monday, November 
24, at 5.30 p.m., at the Institution of Electrical Engineers, 
Victoria-embankment, W.C.2. Discussion of ‘“ Trans- 
port on the Highway,” by Mr. A. E. Bassom. 


Tue Roya Socirty or Arts.——Monday, November 


24, at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture.—‘‘ Modern Colour Problems’ (Lecture 1), 
by Louis C. Martin, D.I.C., A.R.C.S., D.Sc. Wednes- 


day, November 26, 
“ Talking Motion Pictures ”’ 
tions), by C. F. Elwell, B.A. 


THe Institute or Marine ENGINEERS.—Tuesday, 
November 25, at 6.30 p.m., at 85-88, The Minories, 
Tower-hill, E.1. ‘The Réle of Technical Training in 
Marine Engineering.”” by Mr. D. Laugharne Thornton. 


at 8 p.m. Ordinary Meeting. 
(with Practical Demonstra 


Tue Institution or AvTOMOBILE ENGINEERS.— 
Tuesday, November 25, at 7 p.m., at the Society of 
Motor Manufacturers and Traders, Limited, 83, Pall 
Mall, S.W.1. Informal Meeting. Cleaning Devices 
for Motor Cars will be demonstrated and discussed. 


Tue InstiruTion or WELDING ENGINEERS.—Tuesday, 


November 25, at 8 p.m., at the Caxton Hall, West- 
minster, §.W.1., ‘Resistance Welding,” by F. KE. 
Saunders, M.I.E.E. ‘The Microstructure of Arc- 
Welded Steel,” by H. H. Abram, M.Sc. 

Tue Instirutioxn or lLocomottvE ENGINEERS 


(Lonpon).—Thursday, November 27, at 7 p.m., at the 
Engineers’ Club, Coventry-street, W.1. ‘‘ Automatic 
Train Control,” by Mr. F. J. Hookham. 


Tue Royan MetgoronocroaL Socirery. — Friday, 
November 28, at 5 p.m., at the Imperial College of Science 
and Technology, Imperial Institute-road, South Ken- 
sington, S.W.7. Joint Meeting with the Physical 
Society. Discussion on “ Ionization in the Atmosphere ; 
the Influence on the Propagation of Wireless Signals.” 
(1) Opening Address by Dr. W. H. Eccles, F.R.S.; (2) 
“ Atmospheric Ionization and Its Variations,” by Dr. C. 
Chree, F.R.S.; (3) Experimental Observations of the 
Strength of Wireless Signals as Affected by the Path of 
the Signals, Time of Day and Season of Year,”’ by Prof. 
E. V. Appleton, M.A., D.Se.; (4) “ Atmospheries,”” by 
Mr. R. A. Watson Watt, B.Sc. ; (5) ‘‘ The Electric Field 
of a Thunderstorm and Some of its Effects,”’ by Professor 
C. T. R. Wilson, F.R.S.; (6) ‘* The Evidence of Terrestrial 
Magnetism for the Existence of Ionized Layers in the 
Upper Atmosphere,’ by Professor 8. Chapman, F.R.S. 


Tue Nortu-East Coast Institution oF ENGINEERS. 
AND SHIPBUILDERS.—Friday, November 28, at 7.30 p.m., 
at the Literary and Philosophical Society, Newcastle- 
upon-Tyne. ‘‘The Prediction of Critical Speeds in 
Ship Resistance,” by Mr. John Tutin, M.Sc. 


Tue Hutt AssocraTion or ENGINEERS.—Saturday. 
November 29, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. “Lifting Machinery for 
Docks,” by Mr. W. J. Bowtell. 


APROPLANE PERFORMANCE Estimares.—Minutes of 
Proceedings, No. 11, just issued by the Institution of 
Aeronautical Engineers, contains a report of a paper 


entitled ‘‘ Aeroplane Performance Estimates,” read 
before the Institution on February 8 last, by Mr. R. 
Chadwick. The publication is obtainable from the 


offices of the Institution, at 60, Chancery-lane, W. C.2., 
price ls. 6d. 


Tue THERMAL Erricrency or Gas Eneines.—An 
extra meeting of the Institution of Civil Engineers 
will take place on Thursday, December 11, at 6 p.m., 
which members of the Institution of Gas Engineers, 


and of other institutions interested, are invited to 
attend. A paper by Captain H. RiaJl Sankey, on 
“Standards of Comparison in connection with the 


Thermal Efficiency of Steam Engines,” is to be sub- 


mitted for discussion. 


THe Late Mr. Witi1am McLrean.—We regret to 


have to record the death of Mr. William McLean, 
chairman of Messrs. William McLean, Limited, of 


Stirling Chambers, Campo-lane, Sheffield, which occurred 
on the 13th: instant. Mr. McLean, who was only 
49 years of age, was for a number of years connected 
with Messrs. Cammell Laird and Co., Limited, of 
Sheffield, and founded the firm of Messrs. William McLean, 
Limited, iron and steel merchants, about 13 years 
ago, on leaving Messrs. Cammell Laird. 


ENGINEERING. 


[Nov. 21, 1924. 


DROP 


Fic. 3. 


Fie. 5. 


Sinica Bricks.—During the burning of silica bricks 
the quartz changes into tridymite and _ crystobalite. 
It is sometimes maintained that, when this change has 
not been completed before the bricks are built-in, the 
bricks will afterwards not retain their strength. This 
view is not supported by the experiments made by Dr, E. 
Steinhoff at the experimental station of the Dortmund 
Union (Stahl und Hisen, Oct. 16). During the last 
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stages of the transformation of insufficiently-burned 
bricks, Steinhoff found that the strength of the bricks 
fell off when taken at high temperature, under load ; 
but there was a subsequent recovery probably owing 
to the gradual diminution in the grain size. The trans- 
formation is accompanied by a final expansion which 
amounted to 2-5 per cent. in the case of a very good 
brick, and to as much as 7-5 per cent. with an inferior 
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brick. The control of the specific gravity is valuable 
in such test, but it does not make the determina- 
tion of the expansion unnecessary. The Seger cone 
tests were found unreliable, and less characteristic — 
than fusion tests of prismatic blocks. Bricks of the 
same kiln run are frequently not very uniform; at 
Dortmund a series of tests are, therefore, made as far 
as possible on the same brick. 
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THE RISK OF ACCIDENTS. 


Ir is one of the penalties of life to be liable to 
unforeseen mishaps. The statement that accidents 
will happen in spite of all that can be done to pre- 
vent them, has passed into a proverb, and an enor- 
mous amount of attention has been paid to the 
risks which are more or less inherent in every walk 
of life. Although it is, of course, quite impossible 
to predict that a given person will or will not meet 
with a particular kind of accident, it can be foretold 
with considerable accuracy, from statistics, how 
many of such accidents will occur among a large 
number of people in a given period, and upon the 
exactness of such knowledge the stability of every 
insurance company is founded. While, however, it 
may be sufficient for an insurance company, or a 
philosopher, to know that so many people in a 
million will certainly cut their fingers during the 
next twelve months, there is also a much more 
personal aspect of the matter. To the statistician 
the injured persons are mere units in a calculation, 
but to their families and their employers, and not 
least to themselves, they are real individuals whose 
disabilities are of serious moment. To know that, 
say, five men in every hundred will meet with an 
accident, trivial or otherwise, in the course of a year 
is merely a piece of information, but for an em- 
ployer to realise that one out of every twenty 
men in his factory is almost sure to get hurt 
during the next twelve months, at once arouses 
anxiety. 

Even supposing that all possible precautions for 
safety have been taken in a factory, it is still 
certain that accidents will occur, and it is equally 
certain that if any workmen, who, on account of 
their natural disposition, are peculiarly liable to 
cause or meet with accidents, could be transterred 


to some safer employment, the total number of 
accidents would be decreased. Before this can be 
done, however, it is necessary to discover whether 
it is a fact that any workmen are inherently more 
liable to accident than others, and if so, who they 
are. No employer would permit an epileptic or 
half-witted person to work among moving machinery, 
for their unfitness for such duties is obvious ; but 
whether there are various degrees of liability to 
accident among apparently normal and able-bodied 
workpeople is another matter, and one much more 
difficult to decide. In the year 1919 the Industrial 
Fatigue Research Board, appointed jointly by the 
Department of Scientific and Industrial Research, 
and the Medical Research Committee, issued a report 
which claimed to show that the bulk of industrial acci- 
dents occurred to a limited number of individuals 
who had some personal susceptibility to accident. 
Accidents did not occur in proportion to the amount 
of work done by various employees, for no connec- 
tion could be traced between the productiveness of 
a worker and the number of mishaps he met with. 
Furthermore, the state of health of any worker, 
in so far as this could be measured by the amount 
of time lost, did not appear to affect his risk of 
accident, nor did there seem to be any correlation 
between age and liability to accident. Accidents, 
in short, happened almost exclusively to a definite 
class of unlucky persons, predisposed to incur 


4 | them. 


These conclusions may be right or wrong, but 
they are, at any rate, of sufficient importance to 
make it worth while to examine with some care the 
evidence upon which they are based. They are 
deductions, arrived at by mathematical processes, 
from the records of a single national munitions 
factory during the Great War, and however correct 
the mathematical procedure may have been, the 
conclusions are clearly no more trustworthy than 
the data which went into the mathematical mill. 
These data were the entries in the ambulance- 
room book of the factory and referred, as we are 
told, almost entirely to trivial accidents, such as 
small cuts, slight burns, foreign bodies in the eye, 
&c., rarely involving either absence from work or 
recourse to a surgeon. No one conversant with 
workshop conditions, especially during war time, 
and knowing the tendency of some women to run 
to the ambulance room on any pretext, while others 
could only be induced by the exercise of authority, 
to leave their work and have minor injuries pro- 
perly attended to, would take ambulance records 
half so seriously as the Medical Research Committee 
have done. The fact that some women had several 
accidents registered against their names, while 
others had none, has no significance whatever 
unless it can be proved that every woman was equally 
certain to go to the ambulance room for the treat- 
ment of a trivial injury. 

Shortly after the publication of the report to 
which we have alluded, we pointed out that the 
theory that there existed a definite class of people 
peculiarly liable to meet with accidents, had not the 
least practical or scientific value in view of the 
worthlessness of the data on which the theory was 
based, and we should not have referred to the 
subject again had not the Industrial Fatigue 
Research Board just issued another pamphlet 
bearing upon the same matter. This new pamphlet 
is entitled “The Functions of ‘Statistical Method 
in Scientific Investigation,’ and is to be obtained 
from H.M. Stationery Office at the price of 6d. 
net. We notice this, report on page 701 of 
this issue. It is really only a reprint of a 
lecture delivered nearly eighteen months ago, by 
Mr. G. Udny Yule, who is not a member of 
the Board. Mr. Yule is, however, a very eminent 
statistical. mathematician, and the purpose of 
his lecture was to point out the information 
which could be obtained from tables of statistics 
by subjecting the figures to appropriate mathe- 
matical treatment. To illustrate his argument he 
referred to the discovery of a special liability to 
accidents which appeared inherent in certain persons, 
and it is possibly on this account that the Indus- 
trial Fatigue Research Board decided to issue his 
lecture as a report. 

This latest attempt to justify the theory of a 
special personal liability to accident is based on the 
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records of 116 women in the National Munitions 
Factory above referred to, over a period of four 
months, It was found that during the month of 
January, 1918, 61 of these women had no accident 
record, while the other 55 all visited the ambulance 
room on one or more occasions. During the previous 
three months the records showed that only 28 of 
the first group had met with accidents, whereas 
no less than 46 of the second group had one or more 
accidents registered against them. The number of 
women meeting with one, two and more accidents 
during the three months period is tabulated, one 
having as many as eight mishaps, and 14 women 
having more than an average of five accidents each. 
Such trivial data have been considered worthy 
of a mathematical investigation by the Research 
Board, and they have arrived at the result, which is 
indeed. fairly obvious from a mere inspection of the 
figures, that the group of girls who met with a 
large number of accidents during one period also 
met with a large number during a subsequent 
period. This is taken to justify the theory that 
certain girls have a special predisposition to acci- 
dents, and that “trivial accidents are indicators of 
unsafe people whom the record of the ambulance 
room can be employed to discover.” 

Now it is definitely stated in the earlier report 
of the Research Board that the 116 women whose 
records were examined for the purpose of this 
analysis, were a “random sample ” of the factory 
workers. Their occupations are not given, and it 
seems to be perfectly clear from the context that 
no regard was paid to the kind of work upon which 
the women were engaged. Hence the group 
who met with few or no accidents, may have been 
doing jobs in which the risk was exceedingly small, 
while the others were exposed to much greater 
chances of injury. To compare the accident records 
of floor-sweepers or time-checkers with those of 
machine-workers would be the height of ineptitude, 
and if, as seems likely, this kind of thing has been 
done, the whole of the conclusions fall to the ground. 
Furthermore, even supposing this point had oc- 
curred to the committee and, instead of taking a 
“yandom sample ”’ of women, they had confined 
their comparison to women doing similar operations 
on similar machines, any deduction from the 
ambulance book records would have been hardly 
less worthless. The fact that such girls as went 
to the ambulance room during one month figured 
largely in the records for a subsequent month, 
might merely show that they were of the type who 
thought it wise to have every trifling cut properly 
attended to. On the other hand, it might be found 
that they were working machines with stiff chucks, 
awkward handles, or some other defects which 
caused bruised or scratched fingers, &c., from 
which the operators on other machines were more 
or less free. Again, the attitude of different 
supervisors towards trifling injuries would make 
a decided difference in the number of girls who 
went for treatment, so that when all things are 
considered, the chances that any useful conclusions 
could be drawn, even by the best of mathematicians, 
from the records of 116 women taken at random, 
are negligibly small. 

It is quite certain that the Industrial Fatigue 
Research Board will never gain the confidence of 
practical men by investigations of the character 
we have described. The question of the liability 
of workers to accidents is not to be solved merely 
by an application of the mathematical theory of 
probability to the entries in an ambulance room 
book. It can only be intelligently discussed by 
men thoroughly conversant with workshop practice 
and fully cognisant of all material facts relating to 
the data which they are studying. The Board does 
not comprise a single engineer, and the confidence 
with which it has embarked upon an engineering 
enquiry is only equalled by the lack of confidence 
which its conclusions deserve. We would commend 
to the members the following quotation from 
Mr. Yule’s lecture. ‘The statistician is dealing 
with most complex cases of multiple causation. 
He may show that the facts are in accordance with 
this hypothesis or that. But it is quite another thing 
to show that all other possible hypotheses are ex- 
cluded, and that the facts do not admit of any 
interpretation other than the particular one he 
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may have in mind.” This is a wise saying, but 
unfortunately the people who need the warning 
most are just those who have not sufficient know- 
ledge of the subject they are investigating to realise 
that the facts will bear more likely interpretations 
than the one they “ have in mind.” 

Those who draw conclusions from statistics, the 
meaning of which they do not fully understand, 
are just the people who give point to the gibe 
** You can prove anything by statistics.” It is 
more nearly true, as Mr. Yule has said, that 
statistics really prove nothing. Wisely inter- 
preted they will show that certain deductions 
are possible or probable, but when misused, as they 
are so liable to be, statistical methods are, as we 
have shown, an extremely dangerous tool. 


THE FLETTNER ROTOR SHIP. 


Durine the past few weeks there have been 
frequent references in the daily Press to a new kind 
of sailing vessel in which propulsion is secured by 
the action of the wind on vertical rotating cylinders. 
Judging from the reproductions of photographs 
which haye appeared, these towers are about 
12 metres high by 24 metres in diameter. It seems 
pretty evident from the illustrations in question 
that the principle involved is the same as forms 
the basis of the Lanchester-Prandtl] theory of 
aeroplane lift and drag, and were a cylinder a 
stream line form for actual fluids, the propulsive force 
could be calculated accurately from the equations 
given in our issues of January 4 and January 11 last, 
(pp. 3 and 35). It was there shown that the surface 
of a rotating cylinder could be regarded as one of 
the stream lines of a Rankine free circular vortex. 

The velocity produced by such a vortex at a 
distance of 7 centimetres from the centre is equal 


to ae where ¢ denotes the tangential velocity of the 


cylinder in em. per second, and a the radius of the 
cylinder in centimetres. If we have in addition 
to this vortex a cross flow of air, the speed of the 
air will be augmented on one side of the cylinder 
and diminished on the other. But by Bernoulli’s 
principle an increase of velocity implies a decrease 
of pressure and vice versa, so that a pressure differ- 
ence is established on opposite sides of the cylinders, 
tending to make the latter move athwart the wind. 
Assuming the cylinder to be a stream line form, as 
it is for a perfect fluid, it was shown on page 3 of 
our issue of January 4 last, that the total force on 
the cylinder would be p V I’ dynes per centimetre 
of its height. Here p is the density of the air 
in grammes per cubic centimetre, V the wind 


velocity in centimetres per second, whilst 1 is the 


“circulation” due to the vortex. 

As shown on page 35 of our issue of January 11, 
the value of Tis equal to the angular velocity of the 
cylinder multiplied by twice the area of the cross 
section of the cylinder expressed in square centi- 
metres. Of course, a cylinder is not a stream line 
form for actual fluids, but it is of some interest to 
calculate the possible thrust on the Flettner towers 
from the above expression. If we assume the towers 
to make one turn per second, the angular velocity 
will be 27. Taking the cylinder as 250 cm. in 
diameter, its area will be 49,087 sq. em., so that 
the corresponding circulation is. given by T = 
Q2r x 2 x 49,087. If we assume that the wind 
velocity is 500 em. per second, and take p as 1-293 
10-> grammes per cubic centimetre, the value of 
the force on the tower, if it be 1,200 cm. high, is 

1-293 x 10-5 x 500 x 2m x 2 x 49087 x 1200 dynes 

= 4-786 x 108 dynes = 1076 Ib. 

As there are two towers the total force will, on 
the assumption made, be double this. 

Since a cylinder is not a stream line form for 
real fluids, actually in the first place we may expect 
the propulsive effect to be diminished, and in the 
second that this force will not be perpendicular to the 
wind ; because, owing to the breaking away of the 
stream lines, there will be a region of low pressure 
on the lee side of the towers. It appears from the 
foregoing that the rotor ship could not move into 
the eye of the wind, but with a head wind would 
have to tack like an ordinary sailing vessel. Over 
the latter it would appear to have the advantage 
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of requiring fewer hands ; but unless there be some 
arrangement for “reefing”? the towers, it would 
seem less able to face a hurricane than a sailing 
ship under bare poles. 


THE LATE SIR MAURICE FITZMAURICKE. 


A wipe circle of engineers in London and abroad 
will learn with regret of the death, at the age of 
63, of Sir Maurice Fitzmaurice, at his residence, 
54, Onslow-square, S.W., on Monday last. Sir 
Maurice Fitzmaurice was responsible for many of 
the changes which have so transformed London in 
the past twenty years, while he was also connected 
with some similarly fine examples of British engineer- 
ing work in other parts of the world. 

The son of the late Dr. Robert Fitzmaurice, of 
Tralee, Co. Kerry, Maurice Fitzmaurice was born 
in 1861, and was educated at Trinity College, 
Dublin. Here he took his B.A. degree, and followed. 
a three-years course at the University Engineer- 
ing School, taking in 1883 the degree of B.Eng., 
with special honours. From 1883 to 1885 he was 
articled to the late Sir Benjamin Baker, K.C.B., 
under whom, in conjunction with Sir John Fowler, 
he was engaged between 1885 and 1888 on con- 
struction work on the Forth Bridge. The particular 
part of this great structure on which young Fitz- 
maurice was employed included the construction of 
the south main pier, requiring the sinking of four 
caissons under compressed air and the erection of 
18,000 tons of steel work. He was some time sub- 
sequently, for two years in responsible charge of the 
construction of the approach railways on both sides 
of the Forth. This involved very heavy cuttings, 
viaduct and tunnel work. Between these two parts 
of his connection with the Forth Bridge, he was 
employed by Sir Benjamin Baker and Sir John 
Fowler on the construction of the Chignecto Ship 
Railway in Canada. This railway was designed to 
transport vessels of up to about 3,000 tons, on 
cradles, over the narrow neck of land connecting 
Nova Scotia with New Brunswick, between the Gulf 
of the St. Lawrence and the Bay of Fundy, the 
object being to cut out a very long detour, part of 
which was along a dangerous coast. 

On the completion of his work in Canada, Fitz- _ 
maurice, still under Sir Benjamin Baker, was em- 
ployed on plans and estimates for the replacement 
of cast-iron bridges by steel structures, on the 
London, Brighton and South Coast Railway. His 
next work of importance was in connection with the 
construction of the Blackwall Tunnel, for which, in 
1892, he was appointed joint resident engineer, under 
Sir A. R. Binnie, then chief engineer to the London 
County Council. The other resident engineer on 
this work was Mr. David Hay, and the two, on the 
completion of the work, read a joint paper on the 
tunnel before the Institution of Civil Engineers 
in 1897. Although the experience on this under- 
taking did not solve all the problems of working 
under compressed air, it is generally admitted that 
the construction of the Blackwall Tunnel greatly 
enhanced our knowledge of the conditions to be 
observed for successful working under relatively 
high pressures. The tunnel was the largest under- 
taking of its kind at the time, and the work of con- 
struction was most successfully carried out. 

The next undertaking with which Mr. Maurice 
Fitzmaurice was connected was of much greater 
magnitude and in many respects of far greater 
importance. In 1898 he was appointed Chief 
Engineer to the Egyptian Government on the con- 
struction of the Assuan Dam, designed by Sir 
William Willcocks. This work was finished at the 
end of 1901. The construction of this dam, and the 
size of the project made it one of the greatest 
engineering works of the time. Few single works 
have probably so transformed the face of the earth, 
and whatever ultimately becomes of our connection 
with the country of Egypt. the fact will go down to 
history that the British regime was at least respon- 
sible for successfully. re-ordering the irrigation 
system of that land, and thus of restoring it to 
prosperity. The account of the construction of the 
dam was well told by Mr. Maurice Fitzmaurice in a 
paper he read before the Institution of Civil En- 
gineers in 1903. As will be remembered, the decision 
was ultimately taken to raise the height of the dam 
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to a considerable extent, a proposal which aroused 
a good deal of controversy on engineering, and 
once again on, archeological grounds. The altera- 
tion, however, undoubtedly greatly increased the 
value of the work to the country below it. The 
alteration was completed in 1912. 

In 1902, following the retirement of Sir Alexander 
Binnie, Mr. Maurice Fitzmaurice was appointed 
Engineer-in-Chief to the London County Council, 
and was thus identified with many of the notable 
changes which have been brought about in London. 
Although some of this work is evident to any 
superficial observer, a con- 
siderable amount of it is 
out of sight, and serves its 
purpose so well that it 
practically escapes notice. 
It is the engineer's lot 
often to work behind the 
scenes and, as Mr. Basil 
Mott remarked recently in 
his presidential address 
before the Institution of 
Civil Engineers, he often 
fails to get any reasonably 
fair credit for the services 
by which a large city is 
able to exist in comfort. 

Mr. Maurice Fitzmaurice 
assumed the office of Chief 
Engineer to the London 
County Council at the be- 
ginning of a period of great 
activity in the Metropolis. 
It had been evident for 
some time that the whole 
system of dealing with the 
drainage of the area in 
question required revision. 
Very little had been done 
to improve matters since 
1874, when the main system 
of sewers had been com- 
pleted by Sir Joseph 
Bazalgette. When Mr. 
Fitzmaurice took up his 
duties a programme devised 
by Sir Alexander Binnie 
was waiting to be put in 
hand. The main lines of 
the scheme of extension 
were decided upon hefore 
Sir Alexander retired from 
office, but practically the 
whole of the detail work 
fell on Mr. Fitzmaurice, as 
well as the work entailed 
by supplementary exten- 
sions not covered by the 
original plans. This scheme 


was for the most part 
brought to a _ successful 
conclusion during Mr. 


Fitzmaurice’s regime. The 

cost in all amounted to some 

4,000,000/. and individual 

contracts were let up [to 

a value of 481,000/. The 

length of additional sewers 

constructed in this exten- 

sion amounted altogether 

to 87 miles, and included 

on the north side of the 

Thames, the Northern Out- 

fall enlargement by two 

sewers, 9 ft. by 9 ft., laid for a distance of 10% 

miles ; the Middle Level sewers No. 1 and No. 2, 
_ together 10 miles long; and the Low Level sewer 

No. 2, of 123 miles. On the south side, the largest 

works were the Low Level sewer No. 2, 8? miles in 

length ; High Level sewer No. 2, 10 miles long ; and 

the Southern Outfall sewer, of 8 miles. In addition 

to these, a large amount of additional storm relief 

sewers was laid. The total discharge capacity of 

the system when Mr. Fitzmaurice came into office 

was 718 million gallons per 24 hours. This was 

enlarged by an additional outfall capacity of 

814 million gallons, plus additional storm water 

pumping capacity of 639 million gallons. ‘The total 

additional capacity was thus 1,453 million gallons, 


making a grand total of 2,171 million gallons for 
the new and old systems together. In spite of this 
large increase, additional works were in hand at the 
time that Mr. Fitzmaurice retired. 

After the advent of tube railways in London the 
carrying out of this kind of work was much compli- 
cated. Most of the sewers were constructed by 
tunnelling, a large portion being made by means 
of shields and working under compressed air. 
With a view to avoiding disturbance of property, 
cast-iron segmental construction, lined with concrete 
and brickwork, was largely adopted. 


end the cost was at the high rate of 410,000/. per 
mile. The cost of the subway was 385,041/. In 
view of the proposals afoot to construct overhead 
or underground relief crossover roads at congested 
points, it is interesting at the present time to 
remember that considerable difficulties were experi- 
enced in arranging for the northern end of this sub- 
way, in order to secure simultaneously satisfactory 
terminal location and workable grades. Mr. Fitz- 
maurice’s remarks on this point, made at a meeting 
of the Institution of Civil Engineers in 1910 
when Mr. G. W. Humphreys described this work, 
for which he acted as resi- 
dent engineer, are very in- 
structive. 

The Rotherhithe Tunnel, 
opened in 1908, was an- 
other. large work for which 
Mr. Fitzmaurice was respon- 
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Another important undertaking associated with 
Mr. Fitzmaurice’s term of office was the construc- 
tion of the shallow subway under Kingsway from 
the Embankment to Holborn, by means of which 
the County Council tramways secured connection 
between the north and south sections of London. 
This subway was constructed in connection with the 
Kingsway-Aldwych improvement scheme which 
has given us in course of time one of the finest 
streets in London. The total cost of this improve- 
ment ran out at over six millions sterling, though 
subsequently large receipts from sales have offset this 
figure. The cost of the subway itself worked out 
for the Kingsway section at from 250,000/. to 
285,000/. per mile, while at the Embankment 


sible. The contract for this 
work was let in 1904. The 
tunnel exceeded all previous 
ones under the Thames in 
size, and the work was 
carried out very expedi- 
tiously and with practical 
immunity from accident. 
The actual under - river 
length was completed in 
nine months. The cost of 
this undertaking was about 
2,000 0001. The new Vaux- 
hall Bridge is also one of 
Mr. Fitzmaurice’s works. 
The work on the new bridge 
to Mr. Fitzmaurice’s design 
was actually commenced in 
1904 and was completed in 
1908. This design super- 
seded an earlier proposal for 
a masonry structure which 
was dropped owing to diffi- 


culty in complying with 
the requirements of the Act 
of 1895 authorising the 


construction of the bridge. 
The new bridge is a steel 
one of five arches of a maxi- 
mum of 149 ft. 7 in. span. 
The width is 80 ft. between 


parapets. 
The construction of the 
Thames Embankment at 


the new London County 
Council Hall on the south 
side of the river was an- 
other notable addition to 
the long list of improve- 
ments for which Mr. Fitz- 
maurice was responsible, 
and in this connection he 
was honoured with a 
knighthood when the 
foundation stone of the 
County Hall was laid by 
the King in 1912. He had 
previously been awarded 
a ©.M.G. for his work 
on the Assuan Dam, in 
which connection also he 


was decorated with the 
Order of the Medjidie 
of the second class. He 


retired in 1912 from the 
service of the County 


Council to take up consulting work, and became 
a partner of the firm now styled Coode, Fitz- 
maurice, Wilson and Mitchell, engineers for har- 
bours to the Crown Agents for the Colonies, 
and consulting engineers for harbours, docks, &c., 
at Singapore, Colombo. Lagos, &¢., and chief 
engineers for the national harbours at Dover and 
Peterhead. 

During the war his activities were very numerous. 
For some time prior to the outbreak (1912) he 
had been chairntan of the Advisory Committee 
of the Admiralty on naval works, and held that 
office till 1919. He was chairman of the War 
Office Committee on Civilian Labour on London 
Defences, and was also on the Hutted Camps 
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Committee of the War Office. He paid two visits 
to the British Front to advise upon drainage 
matters. He was also chairman of the Treasury 
Committee on Aerodrome Accounts, of the Nile 
Project Committee of the Foreign Office, and of the 
Canal Control Committee of the Board of Trade. 
Other offices which he held included membership 
of the Advisory Council on Scientific and Industrial 
Research, of the Advisory Council of the Science 
Museum; vice-chairmanship of the Engineering 
Standards Committee; and was a member of 
the International Technical Commission of the 
Suez Canal, and the Royal Commission on Fire 
Prevention. He was for many years an officer 
of the Engineer and Railway Staff Corps, of which 
he recently was appointed Colonel-Commandant. 

Sir Maurice Fitzmaurice was a Fellow of the 
Royal Society, and the University of Birmingham 
conferred upon him the degree of LL.D. His 
connection with the Institution of Civil Engineers 
began as a student when he won a Millar Prize. 
He became an associate member in 1887, and a 
full member in 1893, presenting to the institution 
papers which won for him both the Telford and 
Watt gold medals. These were on two of the 
works mentioned above, viz., the Blackwall Tunnel 
and the Nile Reservoir at Assuan. He became a 
member of Council in 1905, a vice-president in 
1915, and was president of the Institution for the 
session 1916-17, coming to this office somewhat 
earlier than would have been normally expected, by 
an unusual combination of circumstances. His presi- 
dential address was quite out of the common, and 
in normal times would probably have attracted 
more attention than it did when people’s minds 
were concentrated on the war. His subject for 
this address was the occurrence of failures, due to 
lack of knowledge of the earth and of materials, 
and to failure of the individual. 

Sir Maurice Fitzmaurice was associated in his 
connection with Messrs. Coode, Fitzmaurice, Wilson 
and Mitchell with many important works abroad, 
as, for instance, the Johore Causeway, officially 
opened a few months ago, and with the Prai 
wharves ; also with the improvement of the port 
of Lagos, of which we gave an account in our 
columns recently, and with the construction of 
harbour works and wharves at Kilindini, Mombasa, 
About three years ago he visited Hong Kong, and 
as a result a report was submitted for harbour 
improvements, which, however, have not yet been 
finally decided upon. In conjunction with Mr. Basil 
Mott he was called in to report on the question of 
the new bridge over the Tyne, and also on the 
Liverpool—Birkenhead Tunnel scheme, while at the 
instance of the Ministry of Transport he recently 
reported on the question of the construction of a 
tunnel under the Thames near Gravesend. He was 
also associated with Mr. Mott in a recent report 
on the condition of Waterloo Bridge. 

Sir Maurice was considered to be an excellent 
colleague and chief. He was very careful in his 
work and in arriving at conclusions, but having 
formed opinions he was prepared to back them to 
his utmost ability. This trait in his character 
acquired for him a reputation of great reliability, 
which his successful connection with so many 
works of the first rank proves to have been amply 
justified. 


COMMERCIAL VEHICLE MAINTENANCE. 


In recent years the transport of goods by road has 
attained very considerable proportions, and at the 
present time it is probable that the number of 
commercial vehicles in use, exclusive of those used 
for passenger transport, does not fall far short of 
200,000. Published figures of the working cost per 
ton-mile are conflicting, but under the most favour- 
able circumstances the figure does not fall below 
2°5d., while 8d. probably represents an approximate 
average value, The cost per ton-mile by rail has 
risen very appreciably in recent years, but even at 
the present time 2d. may be said to represent a fair 
average and it is, therefore, of interest to enquire 
why the more expensive form of transport is 
preferred by a large number of firms in delivering 
their products. There are certain obvious advan- 
tages in road deliveries, amongst which may be 
mentioned collection from, and delivery to, the 
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inside of the works—a system which is only possible 
in the case of rail transport in the comparatively 
rare cases where a railway siding enters the 
factory ; control of the time occupied in delivery 
in cases where the vehicles are owned by the firm 
whose goods are being handled, and the absence 
of the expensive packing rendered necessary by the 
rough handling to which goods are liable in rail 
transport. Probably of these the control of the 
time occupied in delivery is the most important, 
and it is significant in this connection that the most 
successful results are generally obtained in cases 
where the same firm both own and utilise the 
transport fleet. 

On account of the complexity of the issues 
involved, it is a matter of considerable difficulty 
for a firm to arrive at a figure which represents their 
transport costs at all accurately, and there is no 
doubt that in many cases such costs are needlessly 
high. This applies more particularly to the smaller 
firms where the selection of the form of transport 
is in the hands of a minor official. Such an indivi- 
dual rarely has access to the necessary data on which 
to base a true comparison of the alternatives avail- 
able, and he will generally make his selection on a 
basis of what is convenient rather than of economy. 
Were all the data to be placed at his disposal, he 
could hardly be expected to strike a true balance 
between the advantages that we have mentioned on 
the one hand, and such points as maintenance 
charges, vehicles returning empty, garage accom- 
modation, and a host of similar points on the 
other. 

The difficulty of arriving at anything like a true 
estimate is brought out in a paper read this week by 
Major E. G. Beaumont on “The Maintenance of 
Commercial Vehicle Fleets’ before the Institution 
In this paper Major 
Beaumont deals more particularly with maintenance 
costs, and opens up the interesting question of the 
most satisfactory design of the vehicle for general 
transport work. In this connection he deals mainly 
with the petrol vehicle, and the suggestions that 
he puts forward merit the most careful considera- 
tion. The question of the relative suitability of 
petrol and steam vehicles is largely one of weight, 
and it may be said in general that if the rating is 
over 4 tons the steam vehicle has the advantage. 
A comparison between the two types becomes very 
intricate after the point where they begin to overlap, 
but the petrol vehicle has an undisputed field in 
ratings up to about 3 tons, and we imagine that it 
is vehicles of this type that Major Beaumont had 
in mind in dealing with design and construction. 
The paper is full of the most interesting suggestions, 
and it is only possible to discuss one or two of these 
in the space at our disposal. 

A preterence is expressed for flexible in contra- 
distinction to rigid chassis, and as the author 
speaks with the authority given by a very wide 
experience, it may be assumed that the flexible 
chassis has been found to be the more satisfactory 
in practice. Except in outstanding cases, it is very 
difficult to classify any chassis as either rigid or 
non-rigid, because in the ordinary chassis the frame 
is always stiffened to a greater or less extent by 
the various components. This must always be the 
case unless all the components are mounted on the 
three-point suspension principle, and we are not 
aware of any vehicle in which this system has been 
systematically adopted. There is no point in design 
in which greater confusion of thought exists than 
that of the three-point suspension, the custom of 
mounting a component on three lugs, instead of four, 
being frequently assumed to constitute the system. 
We are doubtful whether such an arrangement 
possesses any real advantages so long as the practice 
is retained of bolting the lugs rigidly to the frame. 
The degree of support given to the frame in such 
a construction entirely depends on the area of the 
bearing surface of the lug, and complete freedom 
would only be given if true point contact was 
obtained, a condition which is, obviously, imprac- 
ticable. Even if such a construction were possible 
the bolt itself would be liable to impose a measure 
of rigidity. So far as we are aware, it is only 
possible to obtain the desired degree of freedom by 
the introduction of ball joints at all suspension 
points, and this practice does not appear to have 
received any serious consideration at the hands of 


motor-vehicle designers. It would probably not 
be easy to carry out. With such an arrange- 
ment a rigid frame would become unnecessary, 
the only condition imposed being that the 
flexure due to road shocks should never become 
sufficiently great as to result in permanent distor- 
tion of the material. This condition is by no means — 
easy of attainment, and even with the support 
given by the present system of bolting on the 
components, permanent distortion is not uncommon, 
It should be borne in mind in this connection that 
the stiffening effect of the components is purely 
local, and that the point of maximum stress, which 
is generally a short distance behind’ the driving 
seat, receives no support beyond that given by 
the body, the effect of which can be almost neglected, 

It is by no means certain that the conventional — 
form of frame represents anything better than the 
survival of an early type. It is almost invariably 
made up of two side members of channel section 
joined by a number of cross-pieces and by the 
different components, an arrangement giving great 
lateral rigidity but relative flexibility in the 
vertical direction. The side members almost 
invariably have solid webs, and the distribu- 
tion of weight is thus entirely unscientific. <A 
comparison with aeroplane practice is justifi- 
able in that a good strength—to weight—ratio is 
desirable in both cases, and no one would seriously 
suggest that the necessary strength should be 
imparted to an aeroplane fuselage by the intro- 
duction of a solid channel girder down each side. 
Major Beaumont mentions that after a period of 
service all chassis show more or less evidence of 
distress in loose or fractured bearer arms or sub- 
frames and loose or stretched bolts and rivets, and 
it would appear that such a state of affairs is 
inevitable so long as the whole vehicle constitutes 
a very complex, redundant structure for which 
it is impossible to make even an approximate calcu- 
lation of the stresses borne by the frame. The 
degree of support given by the components will 
depend entirely upon the tightness of the bolts 
securing the lugs, and if one or more of these work 
slack the stress distribution is entirely altered. 

A further objection to the present system lies in the 
fact that the engine and gear-box are bolted rigidly — 
to the frame, and therefore act as braces for the 
latter. As a result, they are subject to internal 
distortions which will tend adversely to affect 
such points as the alignment of the bearings. The 
correct form of construction would appear to be 
to give sufficient rigidity to the frame to enable it 
without external support to withstand the maximum 
stress to which it may be subject without permanent 
distortion, and to mount the units in such a way 
as to allow complete freedom of movement in 
any direction. If this practice proved feasible it 
would constitute a strong argument in favour of 
unit construction of engine and gear-box, as in 
this case only three supports would be required 
instead of the six involved if the units are separated. — 
Lack of accessibility is frequently urged against 
this form of construction and is a very difficult 
matter to deal with, as it largely depends upon the 
facilities for handling the various parts available 
in the repair shop. In general, the owner of only 
one or two vehicles is obliged to entrust his repair 
work to a local garage, where it is possible that 
the process of merely lifting the engine out of the 
frame will constitute quite a formidable job on 
account of inadequate lifting tackle. In such cases 
the mechanic is apt to define accessibility in terms 
of the practicability of stripping down almost any 
unit without removing it from the chassis. 

On the other hand, if the vehicle forms one of a 
large fleet which are dealt with in a repair shop form- 
ing a unit in the transport scheme as a whole, the 
mechanic will probably prefer to remove the com- 
ponent complete from the vehicle and carry out any 
necessary repairs with freedom from the inconve- 
nience caused by the proximity of adjacent parts. 
In such a repair shop the ease with which the 
component can be removed from the vehicle con- 
stitutes its relative accessibility, and it is making 
a heavy demand on the ingenuity of the designer 
if he is to satisfy the demands of both types of 
repairer. It may be said that, in general, insuffi- 
cient attention is given to the question of the work 
involved in removing a complete unit from the 
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chassis, and it is frequently necessary to remove 
quite a considerable amount of superstructure before 
this can be done. Cases are not uncommon where 
it is necessary to remove the body before lifting 
the engine out of the frame. A minor point in this 
connection is that it is usually necessary to work the 
rubber connections along their respective pipes 
before removing either the radiator or the cylinder 
block, and a very appreciable saving of time would 
result if an ordinary flanged joint were provided in 
addition to the rubber connecting pipe. 

Another interesting point raised by Major 
Beaumont is the difficulty of obtaining fitters 
possessing sufficient skill satisfactorily to handle 
repair work. In the case of a large fleet maintenance 
depot this is merely a question of the time required 
to give workmen a suitable training, but, as we 
have already mentioned, a large number of vehicles 
are normally repaired in small garages. In such 
cases the fitter is called upon to carry out repairs 
to all types of vehicles, and an exceptionally wide 
experience and high degree of skill are required if 
the work is to be performed satisfactorily. Itis 
notorious at the present time that conditions in 
the repair trade are extremely unsatisfactory, and 
‘an endeavour is being made by a prominent trade 
society to put matters on a better footing in this 
respect. Except in the case of large fleets, the 
owners of motor vehicles cannot employ a skilled 
engineer to represent their interests, and their own 
lack of engineering knowledge frequently results in 
dissatisfaction on both sides when they entrust 
their vehicles to the repairer. They frequently 
grumble at charges which appear to them to be 
“excessive when the real condition of affairs is that 
the charge made is too low to enable the proprietor 
of the garage to employ a competent staff. We 
believe that mutual benefit would result if it became 
customary to employ a consultant in such cases, 
and that if this became the usual practice a con- 
siderable stimulus would be given to garage pro- 
prietors who are anxious to turn out a good job, 
The dearth of skilled garage mechanics constitutes 
a very real difficulty in the trade, and we do not 
believe that it will be overcome until the work of 
the semi-skilled men who constitute the major part 
of present garage hands ceases to be tolerated. 
It is not sufficiently realised that repairs to motor 
vehicles constitute one of the most highly skilled 
jobs in the engineering trade, and that the wages 
for such work should be correspondingly high. 

It has only been possible to touch upon one or two 
of the lines of thought suggested by Major Beau- 
mont’s most instructive paper, and if answers to 
the 16 questions which form the summary of his 
paper can be thoroughly thrashed out a very helpful 
lead will be given to designers. 


THE SOCIETY OF NAVAL ARCHITECTS 
AND MARINE ENGINEERS OF AMERICA. 


Tux thirty-second general meeting of the Society 
of Naval Architects and Marine Engineers was 
held in the Engineering Societies’ Building in 
New York City on Thursday and Friday of last 
week, when a series of 12 papers, many of them 
of considerable importance, was discussed. 

At the meeting on Thursday, November 13, 
the first paper submitted was one on “ Aero- 
nautics in Naval Architecture,” prepared by 
Commander Jerome C. Hunsaker, of the United 
States Navy. In this, the author referred to the 
indebtedness of the aeronautical designer to the 
work of naval architects and engineers in the 
early days of the new form of transport. Since 
that time much experimental work had been done, 
and the results were available for use in other 
_ ways than those for which they were primarily 
conducted. Especially in regard to fluid motion, 
questions of balance and stability, was the work of 
the aircraft designer useful to the naval architect. 
A reprint, in abstract, of this paper is given on 
page 722 of this issue of ENGINEERING. 


Hypravric Sra-cornc Hopper DREDGERS. 


_ The next contribution was made by Captain 
_W. D. Styer, of the Corps of Engineers of the 


United States Army. In this paper, which had 


the title ‘‘ Hydraulic Sea-going Hopper Dredgers,” 
the equipment used in maintaining the channels 


commercial ship. 
comprised a powerful centrifugal pump, and a drag 
or suction head mounted on a drag hoist. 
or bins with overflow 
mechanism completed the equipment. 
dredger reached the bar to be worked on, the pump 


use of water jets. 


at American seaports was described. Without con- 
stant dredging the depths of water necessary for 
modern steamships could not be maintained at such 
places. as New York, Philadelphia, Norfolk and 
other important ports, as well as at the mouth of 
the Mississippi. 
and unless the material was removed as rapidly 
as it was deposited, navigation would early be 
made impossible. 
sea-going hopper dredgers dated from the improye- 
ment of the Gedney and Ambrose Channels in 
New York Harbour. 
depth was 23 ft., which for many years proved 
adequate. 
that improvement was necessary. ‘The first attempt 
at deepening was made in the Gedney Channel by 
loosening the bottom with marine ploughs and 
permitting the ebb tide to carry the loose material 
out to sea. 
before being carried out to sea. 
costs of working due to the use of larger dredgers 
and more efficient plant may be judged from the 
actual figures. 
Gedney Channel in 1884-85 were placed at prices of 
35 cents to 59 cents per cub. yard, while the average 
actual cost was only 27 cents. 
this the net cost of the Government work in opening 
up the Ambrose Channel 22 years later was only 
5-65 cents per cub. yard. 


Rapid shoaling action took place, 
The modern development of 


Here the natural entrance 


Early in the ’eighties it became evident 


Later the material was lifted by pumps 
The change in 


The contracts for deepening the 


In contrast with 


The modern hydraulic sea going hopper dredgers 


were steel twin-secrew vessels, with moulded hulls, 


which resembled in outward appearance an ordinary 
In them, the dredging equipment 


Hoppers 
and dumping 
When the 


troughs 


was started. The drags were then lowered to the 
bottom and the ship travelled over the bar at as 


low a speed as was consistent with maintaining 
steerage way. The weight and motion of the drag 
served to loosen the material and the effect was 
increased by the suction action, while it was assisted 


when the bottom.was clayey or unduly hard by 
ploughs or scrapers attached to the drag, or by the 
The loose material was drawn up 
by the pumps from which it was discharged through 
pipes into bins. A furrow was made by each drag in 
the process every journey. These were nearly the 
width of the drag, from 5 ft. to 20 ft., and varied in 
depth from less than 1 in. to about 6 in. A drag 
tender, stationed in line with each suction pipe, 
controlled the drag by raising or lowering it to 
maintain the required pressure for efficient dredging. 
When the bins were full, the drags were raised out 
of the water and the ship proceeded out to sea, 
where the gates in the bottom of the hoppers were 
opened and the material discharged. This type of 
dredger had the advantage of being capable of use in 
comparatively rough weather, and could operate in 
channels with no more interference to shipping 
than was caused by any other vessel of similar size. 
The equipment used by the Army Engineering 
Department in this work consists of three types : 
the side drag dredger, with two drags, one on each 
side ; the centre well dredger, with a small drag 
projecting through a well located about midships 
and along the centre line of the ship ; and the stern 
well type. 

The four sea-going dredgers constructed for the 
United States Engineer Department in 1922-24 were 
the first of the type employing the Diesel-electric 
drive. It was claimed that this system of trans- 
mission was suited to the slow speeds necessary 
in the work, by making manceuvring possible by 
means of the screws in addition to the rudder 
control. The method was suitable for deck control, 
which was advisable when work had to be done in 
congested harbours. Control on the Ward-Leonard 
system was arranged from the pilot house and the 
after engine room, and was interlocked so that 
changes could only be made from one station at a 
time. All the auxiliary machinery on these vessels 
was electrically operated. Three 1,000 brake horse- 
power Diesel engines, directly coupled to direct- 
current generators of 700 kw. capacity, giving a 
supply at 500 volts, constituted the power units, 
while two direct-coupled generators of 225 brake 
horse-power were installed for auxiliary purposes. 


tanks were then presented. 


enunciated in a paper last year. 


These engines were grouped in two engine rooms, 
one fore and one aft of the hoppers. The dredge 
pump was of the volute centrifugal, single-suction 
type, with 26-in. suction and discharge. The 
dredging ladder was of the latticed, box-girder type, 
with diaphragms at intervals to stiffen the ladder 
and support the 26-in. suction pipe. Experiments 
were being made with a buoyancy tank in associa- 
tion with the ladder to relieve the pressure of the 
drag on the bottom of the channel when working 
in soft material, and thus prevent it burying itself 
to an unnecessary depth. 

The third paper, relating to the “ Self-Unloading 
Bulk Cargo Vessels of the Great Lakes,” was the 
work of Mr. Henry Penton and Professor Herbert C. 
Sadler, and is reprinted in abstract on page 723. 


TANK EXPERIMENTS. 


Three papers dealing with model experiments in 
In the first of these an 
attempt was made to show the relationship between 
the results of propeller tests conducted with models 
of different forms and dimensions. It was pre- 
sented by Rear-Admiral D. W. Taylor, late of the 
United States Navy. To this contribution he gave the 


title “‘ Comparison of Model Propeller Experiments 
in Three Nations,” and in it he dealt with some of the 


work of Dr. R. E. Froude in Great Britain, of Dr. W. F. 
Durand and himself in the United States of America, 
and of Dr. Karl Schaffran in Germany. For the 
comparison the author used the system of basic 
variables, which naval architects will remember he 
Although the 
propellers used in the tests showed considerable 
variations in size, when the results obtained with 
them were associated on Rear-Admiral Taylor’s 
system, it was seen that it made very little difference, 
as regards propeller sizes, whether designs were 
based on the work of any of the four investigators. 
For three-bladed propellers the diameters obtained 
from Froude’s, Taylor’s and Schaffran’s work would 
seldom differ by as much as 2 per cent., and the 
estimated propeller efficiencies showed very little 
variation. For four-bladed work the agreement 
between Durand, Schaffran and Froude was not so 
good, but for practical cases the differences between 
the highest and lowest results would only be 3 per 
cent. and the efficiency differences were not impor- 
tant. The close agreement of the results appeared 
quite remarkable. 

Captain Ernest F. Eggert, of the United States 
Navy, then dealt with “The Extent of Cavitation 
in U.S. Scouts and Destroyers.” This paper is 
reprinted on page 717 of this issue of ENGINEERING. 
“The Wake and Thurst Deduction of Self-Propelled 
Single-Screw Models’? was then considered by 
Professor E. M. Bragg, who took as the object of 
his paper the determination of the extent that the 
wake and thrust of towed models could be used 
to predict those of self-propelled models. 


REFRIGERATION IN SHIPS. 


The proceedings were opened on Friday, November 
14, by Mr. Llewellyn Williams reading his paper on 
“The Design and Construction of Refrigerated 
Ships.” In this contribution the author discussed 
the features which it was thought desirable to 
incorporate in a vessel intended to carry perishable 
cargoes. The economic speed for a refrigerated 
carrier was higher than that of a non-refrigerated 
vessel because the capital expenditure would 
probably amount to an additional 40 per cent. 
This higher cost necessitated a higher sea speed 
with a rapid turn-round in port to produce an 
equal earning capacity, unless extra compensation 
was made up by higher freight rates. In a fruit 
carrier the air-circulation system of cooling was 
generally carried out by means of air ducts running 
fore and aft along the sides of the vessel and 
connected to a battery of air-cooling pipes with 
blowers at the bulkheads. To keep down the air 
resistance it was important that the insulation 
surface was broken as little as was possible, and 
therefore deep beams, web frames, or extra deep 
brackets should be avoided where possible in ‘tween 
decks. Decks laid flat instead of cambered were 
an advantage, and lines permitting straight shell 
plating were of advantage in dealing with insula- 
tion and stowage. Deck heights of 7 ft. below the 
beams were sufficient for uninsulated decks and 
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7 ft. 3 in. for insulated decks, while hatchways 
of 14 ft. by 12 ft. were large enough to handle a 
fruit cargo. The cargo should be raised off the 
deck by dunnage battens or gratings giving at least 
3 in. of air space, and 2-in. dunnage battens should 
be used on all flat vertical surfaces. In carrying 
chilled meat the entire cargo was suspended from 
the under-side of the decks, and no deck gratings 
were required. Suitable deck heights must be 
provided, as the shippers would only pay for the 
portion of the available space which was actually 
used by their cargo. Suitable heights were 6 ft. 6 in. 
below the meat rails in ’tween-deck spaces and 
9 ft. 6 in. for holds, from the under-side of the meat 
rail to the insulated deck surface, and increasing 
in 3-ft. increments. Refrigeration was performed 
by the use of brine-pipe coils suspended from under 
the ceilings and on the sides and bulkheads of the 
refrigerator compartments. The piping was arranged 
on the interlaced system, and supplies of brine at 
three temperatures—cold, tepid, and warm—made 
possible the easy control of the temperature. Bulk- 
heads and side coils were protected by wooden 
battens to prevent the meat coming into actual 
contact with the cold piping and surfaces. 

Mr. C. J. Jefferson showed how the American 
Shipping Board endeavoured to obtain economical 
working in their ships by the presentation of a 
paper entitled “ Application of Fuel Conservation 
and Engineering Performance Standards to Shipping 
Board Vessels.” For the purpose in view, forms 
were prepared for the presentation of reports on the 
state of the equipment, its use and consumption 
during the voyage. For the vessel a nominal 
efficiency figure was obtained for sea service and for 
port performance. It was claimed by the author 
that the method had been productive of considerable 
gains in economy and the efficiency figures at various 
periods were compared. 


ScRAPPING WARSHIPS. 


Commander H. E. Rossell, of the United States 
Navy, in a paper on “Scrapping Warships,” 
described the methods adopted by the Navy and 
the American private shipyards. When dismantling, 
under the Washington Treaty, was started it was 
found that little information was available on the 
best methods of performing the work. Difficulties 
had been encountered in earlier work by the 
private concerns, and they showed little enthusiasm 
in making offers for the ships. The Navy Yard 
at Philadelphia therefore undertook a part of the 
work, comprising the cutting up of two partially 
completed battle cruisers, which were on the 
building ways, and five battleships, which were 
afloat, as well as rendering five battleships unsuitable 
for warlike purposes. The New York Navy Yard 
also undertook some similar work, and it was on 
the experiences gained, mainly in these two yards, 
that the subject matter of the paper was based. 
It was not generally appreciated, the author said, 
that in scrapping work the cost of oxygen and 
acetylene was quite as much as the cost of labour 
on the work. In Philadelphia, where a 350-ton 
crane, normally used for fitting out, was available, 
the first operation was the removal in one piece 
of the upper part of the bow. This rendered 
access easy and facilitated working and ventilation 
in the following stages. The large crane was also 
of service in removing 8-in. turrets, 12-in. guns 
and large parts of the structure of the ship. A 
large space was available for breaking up large 
sections into suitable sizes for transport near the 
big crane, and there were railway facilities alongside. 
The method in use, removal in large sections 
followed by further subdivision, proved much less 
expensive than completing the breaking-up on 
the ship, due to the great advantage of adequate 
provision of ventilation. The method of scrapping 
was such that it was inevitable that damage was 
done to every part of the equipment before it 
was removed. In addition to this the material 
was of special design, and usually not suitable for 
commercial purposes, and thus disappointment at 
the amount of usable material obtained was almost 
universal. 

Motor Surpes. 

Some information on the operating costs of a 
motor ship was provided by Mr. Arthur B. Homer 
in a paper on “ Trials and Operation of the Motor 


Ship Cubore.” The vessel in question had a length 
of 468 ft. and a moulded breadth of 57 ft. It was 
propelled at a speed of 10 knots by a six-cylinder 
Bethlehem engine of the two-stroke single-acting 
air-injection type, which gave 2,400 shaft horse- 
power. Since being put into service in February, 
1924, after many replacements on the original 
experimental engine had been made as the result 
of accumulated experience, the vessel ran 37,450 
nautical miles in the following six months. Only 
10-7 per cent. of the time of the voyages was spent 
in port. The same owners, the Ore Steamship 
Corporation, have a number of steamships of 
about the same size and working under similar 
conditions. Comparison was therefore possible of 
the fuel consumptions, and gave the following 
figures: tons of oil per day for a steam reciproca- 
ting-engined ship, 34-3; for a turbine-driven ship, 
32-7; and for the Diesel-engined vessel, 12-0. 

Mr. J.C. Shaw described what was done on the con- 
version of a steamer to motor propulsion, in a paper 
on “ Problems in Connection with Conversion of the 
Hog Island Steamer Seekonk to a Motorship.” 
The conversion in question was carried out by the 
Cramp Company. The vessel was 401 ft. length and 
of 54 ft. moulded breadth. Originally this vessel 
had a double-reduction geared drive to the propeller 
from a 2,500-h.p. turbine, supplied with steam from 
water-tube boilers. In place of this plant, a six- 
cylinder, four-stroke, single-acting Diesel engine of 
2,300 indicated horse-power was installed. Electric 
auxiliaries were at the same time provided. The 
fuel consumption per day at sea under the new 
conditions for the main and auxiliary engines was 
given as varying from 7-7 tons in the winter to 
7-3 tons in the summer. There was no exact 
information available on the fuel used prior to the 
conversion. 

The use of the electric drive for ships has many 
advocates in America, and a paper on this subject 
as relating to a tug was contributed by Mr. Frank L. 
Du Bosque. The tug in question was one of the 
many that are used in New York Harbour in towing 
freight-laden boats from shore to shore over the 
waterway. An early Diesel engine direct drive 
installed in a tug of this type proved unsatisfactory, 
because it did not permit of the rapid acceleration 
and retardation of the boat. It was thought that the 
manoeuvring capabilities obtainable with the electric 
drive would make possible the use of the economical 
Diesel engine in an exceptional service. Observation 
had shown that in an 8 hours’ watch, engine control 
signals averaged one every 51 seconds. If control 
were possible from the bridge house greater flexi- 
bility in working could be, it was thought, obtained, 
and for this reason the electric drive was installed. 
Power was obtained from two Winton Diesel 
engines of the four-cycle type, each being con- 
nected to shunt wound generators of 235 kw., which 
delivered direct current electricity at 250 volts. 
These machines were connected in series to drive 
a 500-volt motor of 575 h.p. Control was effected 
on the Ward-Leonard system of variable generated 
voltage, so that any speed up to the maximum 
might be instantly obtained by the movement of 
a small control lever. The vessel was recently put 
into commission and the results so far obtained, it 
was suggested, had justified the use of the electric 
method of transmission. Comparison with a 
steam-operated tug showed that the weight of the 
machinery had been reduced from 177 tons to 
165 tons as a result of the installation of the Diesel- 
electric system. 
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Sixty-Three Years of Engineering, Scientific and Social 

Work. By Sir Francis Fox, M.Inst.C.E. London: 

John Murray. [Price 18s. net.] 
BrioGraPHies too frequently tell us what a man 
has accomplished rather than what he is; they 
exhibit his achievements rather than his character. 
Sir Francis Fox, however, in this chatty book, 
by combining the history of his social work with 
his engineering experiences, has revealed much of 
his innermost thoughts and ambitions. He has 
not devoted himself selfishly to his science, but 
has sought the improvement of those about him, 
and many may think the story of his efforts to 


promote the interests of others quite as edifying 
as the description of his mechanical triumphs. 
It is not given to many who, absorbed in their 
work, are actively engaged in onerous and hazardous 
enterprises to devote their leisure to the task of 
rescuing the fallen and encouraging the spiritless 
and destitute ; but we imagine Sir Francis counts 
his endeavours in this direction not less worthy 
and encouraging than his better-known engineering 
achievements. These episodes are told with a rare 
simplicity that commands attention. The story 
of the man who attempted a burglary on Sir Francis’ 
own premises, and in whom he implanted a sense 
of self-respect and probity, which lasted until he 
perished finally in the Great War, has in it touches 
of pathos that Sterne might have envied. 

In these columns, however, Sir Francis appeals 
to us as an engineer, and a successful engineer. 
Born into a family that had played a worthy 
part in the earlier railway development in this 
country, his inventive and mechanical skill was 
naturally directed to railway construction; and 
the earliest independent work described here 
relates to the formation of the tunnel under the 
Mersey, in 1880, to connect Liverpool with Birken- 
head, a scheme which, though satisfactory from 
an engineering point of view, has not proved an 
advantage to the original shareholders. It does 
not come within the compass of the book to enter 
into technical details, but small incidents in con- 
nection with great and pioneer undertakings are 
worth preserving, and the relation of these at first 
hand adds greatly to the interest. 

From Liverpool we are taken to London, and 
are introduced to the methods of tunnelling that 
the Greathead shield makes possible, and which 
is responsible mainly for the construction of 
London’s many tubes. It is a device particularly 
suitable for working through the London blue clay, 
but other strata may be penetrated, though with 
greater difficulty. But whether through blue clay or 
Woolwich beds, the line of work is never allowed 
to swerve to the right or left, but goes with unerring 
accuracy according to plan. We think the author 
has hardly done justice to those who are responsible 
for the accuracy of the preliminary trigonometrical 
survey. The figures are there, but the untechnical 
public for whom he is writing will hardly appreciate — 
their full significance without greater emphasis is 
attached to them. In the case of the track from 
the Hampstead Heath Station to that at Belsize 
Park, a distance of 4,000 ft., the parties working 
from the north and south ends met so exactly 
that the opposing shields touched edge to edge, 
and were left in position to form a portion of the 
iron lining of the tunnel. The error in direction, 
or the deviation from an absolute straight line, 
is stated to have been a quarter of an inch, or 
almost exactly a second of arc, an angle less than 
any ordinary theodolite would measure. Later, we 
meet with a description of the Simplon Tunnel 
from Brigue to Iselle, a distance of 12} miles. 
Here the error of direction was 3} in. This dis- 
crepancy is rather less than that met with on 
the Hampstead Heath line, and considering the 
greater length, is an even more remarkable piece of 
work. We are the. more grateful for the latter 
figures, for we have always understood that owing 
to the unfortunate accident that marred the 
successful encounter of the opposing workmen, 
the alignment was never accurately determined. 

In South Africa we are invited to contemplate 
another class of work. Tunnelling gives way to bridge 
making, and the Victoria Falls on the Zambesi are 
effectually spanned. Here the difficulties are of 
a different order, but demand organisation and 
supervision of the highest class. The problem of 
obtaining and distributing supplies in an unsettled 
country ; the ravages of rinderpest among cattle 
and horses threatening the existence of both British 
and natives ; forest fires that carry destruction to 
finished work ; with many other disasters, all pre- 
sent problems to the management of a great under- 
taking that are hardly considered when we read of 
successful engineering operations, but it is precisely 
the side issues and the part they play in complicat- 
ing the plans of those responsible, to which the 
author directs our attention. Canada was the 
scene of other interesting work in railway con- 
struction, and, indeed, the author’s experience has 
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pbeen wide and varied, qualifying him to criticise 


‘the work of others and to suggest the most judicious 


method for carrying out proposed operations. 

A very informing section is that devoted to the 
restoration of cathedrals and ancient buildings, 
from which incidentally much may be learnt of 
the manner in which our ancestors selected sites, 
provided foundations, and constructed the orna- 
ments that have charmed and inspired successive 
generations. The want of care, or indifference to 
building science, has wrought as much evil in these 
legacies of the past as the altered conditions of 
modern life and traffic. Of particular interest is the 
description of the means selected to give support to 
Winchester Cathedral, called for by the extent of the 
dilapidation and the presence of water. Apparently, 
this forms an early instance, if not the earliest, in 
which grouting on an extensive scale was success- 
fully applied by machinery analogous to the cement 
gun, the object being to render the building practic- 
ally monolithic. The beetle Xestobiwm tesselatum, 
that played such havoc in the roof of Westminster 
Hall, was encountered here, and where wood is a 
necessity, it is to be feared that this beetle will 
find opportunity for its ravages. Many other 
cathedrals at home and abroad were visited and 
repaired, and it is evident that the damage generally 
must be very severe before remedial measures are 
hopeless. A chapter is devoted to the state of 
St. Paul’s Cathedral, whose condition is causing 
and will continue to cause, grave anxiety. The 
peculiar value of the chapter is that we have the 
conclusions submitted in a careful report made as 
far back as 1913, presenting the fruits of apparently 
the first rigorous examination since 1831, when the 
Corporation of London unwisely attempted to con- 
struct a deep sewer on the south side of the Cathedral. 

The book concludes with many personal remin- 
iscences of a busy and well-spent life, remarks on 
the altered conditions of workman and employer, of 
experiences that it may be unwise to neglect, and 
of other matters of the value of which individual 
readers will decide for themselves. 


NOTES. 
Tue WorkinNG Costs of Hravy-O1n ENGINES. 


Tue Diesel Engine Users’ Association have 
collected data as to the working costs of internal- 
combustion engines during the year 1923-24. These 
were discussed at a meeting of the Association, held 
onthe 14th inst. The data of most interest are 
perhaps those showing the results obtained under 
conditions of a high-load factor and long-hour 
service. One of the returns provided by Mr. P. A. 
Spalding of Dundalk, covers a period of the past 
seven years, during which the price of the fuel has 
averaged 140/5d. per ton. Averaged over the whole 
period, the engine cost was 1-041d. per unit gene- 
rated ; the average annual plant load factor being 
about 20 per cent. The largest Diesel engine 
covered in the report was rated at 1,000 brake 
horse-power, and the smallest at 52 brake horse- 
power. The large engine mentioned has only been 
recently installed. The data collected refer to 34 sta- 
tions. and the average number of hours worked dur- 
ing the twelvemonth was 2,060, which is 280 hours 
less than in the previous year. The annual plant load 
factor was 13-3 per cent., and the average engine- 
cost per unit generated was 0-899d., as compared 
with 0-987d. in the preceding year. This reduction 
has been due to a decrease in the price of fuel, 
Since owing to the lower annual plant factor, the 
average cost of repairs and maintenance has been 
slightly increased. The report states that even at 
present prices of liquid fuel the heavy oil engine 
furnishes not only an economical means for generat- 
ing electric energy, but provides also a most econo- 
mical stand-by capacity for taking peak loads. 
lt is further stated that taking the average gross 
calorific value of the fuel used as 19,500 B.Th.U. 
per lb., the overall thermal efficiency of 37 stations 
employing 129 engines of various ratings up to 
1,000 brake horse-power, was 23 per cent. The 
average fuel consumption of these was 0-748 lb. 


per unit generated, and the average load factor 
57-7 per cent. The consumption of lubricating oil 
averaged 0-00195 gallons per unit generated, the 
lowest figure recorded being 0-00061 gallons ; and it 


is stated that even this figure can be very materially 
reduced by the installation of effective oil separators. 
The figures collected indicate the annual cost of 
maintenance is of the order of 1/. per kilowatt of 
plant installed. 


THe INNER STRUCTURE OF METALS. 
Much work has been done of late to show. that 


the resistance of any metal to stress is affected 
by the atomic structure, and tRat the actions which 
take place under loading may be explained by the 
change in the arrangement of the aggregate of 
crystals, of which the metal consists. 
W. Millington and Professor F. C. Thompson have 
recently presented a number of papers to the various 
metallurgical institutions, 
emphasised the value of the study of metal structure 
from this standpoint, and on Friday last they gave 
a further paper to the Manchester Association of 
Engineers, dealing with ‘The Practical Signific- 
ance of the Inner Structure of Metals.” 
contribution the authors first reviewed the inner 
structure of a ductile metal, representing it as 
being composed 
spheres in contact with each other. 
mild steel consists of two constituents of widely 
differing properties, ferrite and pearlite, it was 
shown that the mode of breakdéwn was unaffected 
by the presence of the pearlite, and that it only 
raised the stress value at which the elastic failure 
took place. 
extend their work on pure iron to the case of mild 
steel. 
by Messrs. Millington and Thompson, in their 
paper, was that under complex stresses, simple 
ductile material would fail elastically when a 
plane existed in the stressed material on which 
the normal and tangential stresses were equal to 
each other, as well as equal to those operative in a 
simple tensile test at the elastic limit. 
tion of elastic failure from this standpoint, although 


Mr. W. E. 


in which they have 


In this 


of an orderly arrangement of 
Although 


The authors therefore were able to 


The theory of elastic failure put forward 


Considera- 


there are still many factors in elastic failure which 
preclude the framing of, what may be termed, a 
law, proved very helpful in dealing with many 
problems. The points brought out in the paper 
were that in any complete solution of complex 
stress problems, as the material was built up of 
crystals, the stresses which caused elastic failure 
were different in different directions and that the 
effects of grain size, free surface actions, such as 
torsion and bending, and the effects of internal 
stress, due to work done on the material, must be 
taken into account. 


Port FACILITIES. 


In 1923 the Chamber of Shipping of the United 
Kingdom appointed an expert committee to visit 
and examine the facilities of the principal ports of 
Great Britain. In this the Association of British 
Chambers of Commerce, and the Federation of 
British Industries co-operated, and a committee 
was formed under the chairmanship of Sir Frederick 
W.. Lewis. This committee elected two  sub- 
committees, one to act as a general visiting body 
and the other to deal with the port facilities of 
London. Certain ports were dealt with by local 
committees assisted by members of the two main 
visiting committees. A preliminary report was 
issued some little while ago and notice was drawn 
to it in these columns. The committee’s final 
report has appeared within the past few days. 
It runs to the length of 288 octavo pages mainly 
dealing in detail with the situation at different 
ports, and does not therefore lend itself to general 
discussion. The broad conclusions are on the whole 
very natural ones and what one would expect. It 
is satisfactory to note that in some instances the 
work has resulted in a definite crystallisation of the 
ideas of port authorities. There is no doubt that 
co-operation between shipping and port bodies 
should lead to fruitful results. The trouble with 
the port people is the fact that after heavy expendi- 
ture some turn of events may take shipping away 
from their waters. Generally speaking, traffic will 
go to the port offering the best facilities, within 
reasonable limits, but there have not been lacking 
in recent times changes in choice of terminal which 
must have been very discouraging to some port 
authorities. Much traffic, however, is relatively 
stable, and the provision of facilities then is a 


matter of economics and finance. Mechanical and 


engineering skill can provide almost anything at 
ports in these days; but it is a question to what 
extent such provision may be justified. If provision 
is made beyond the economic limit the cost of work- 
ing the port goes up and dues have to be increased, 
with the probable result that shipping is driven 
away. Who is to bear this risk and burden ? 
That these questions are not easy to answer was 
evident from the discussions, at the International 
Navigation Congress in London last year. The 
present report is the production of bodies interested 
in the shipping side. Jt is more than likely that the 
balance of argument would be against some of their 
proposals and it is necessary to have both sides 
clearly stated in such a case. It is, however, certain 
that we must have the best facilities, if, with our 
difficult conditions of strikes and short working 
days, we are to hold our own with Continental 
terminals, provided always the shipping can carry 
the necessary charges. This is the crux of the 
problem, and good will certainly result if in the 
endeavour to attain to ideal conditions parties 
are brought together so that fundamentals of this 
kind may be studied. 


LABOUR NOTES. 

Tue trouble which has arisen at the new super-power 
station at Barking is a much simpler affair than it is 
made to appear to be by the labour extremists, who 
have had most to say, publicly, about it. A Tyneside 
firm of contractors belonging to the Engineering and 
Allied Employers National Federation, sent its own 
men to Barking with electrical apparatus which it had 
constructed, paying them while they were at Barking 
the Tyne district rate plus the usual outworking allow- 
ances. The London Area of the Electrical Trades 
Union took exception to the procedure and insisted 
that not the Tyne rate plus outworking allowance, as 
agreed between the E.T.U. and the Engineering and 
Allied Employers National Federation, but the London 
rate, as agreed between the H.T.U. and the National 
Electrical Federated Association should rule. The 
firm adhered to its rights under the agreement between 
the E.T.U. and the Engineering and Allied Employers 
National Federation, and the strike which is in pro- 
gress, took place. Attempts were made, but without 
much success, to involve other unions. Eventually, 
the shop stewards. representing the men employed 
at the light and power stations in the metropolitan 
area, took the matter up, and at a meeting in London 
on November 17, it was decided by a majority to ask 
the executives of the various unions concerned jointly 
to take up the matter with the Engineering and Allied 
Employers National Federation and, in the event of 
failure, to settle to take co-ordinated strike action at 
all the London power stations. A conference of repre- 
sentatives of the unions concerned will take place 
either late this week or early next week. The question 
is also to be discussed to-day, it is understood, by the 
Joint Industrial Council in the London area for the 
electricity supply industry. 


The matter, as it stands at the time of writing, has 
at least, two very undesirable features. The dispute is 
between the Electrical Trades Union and the Engineer- 
ing and Allied Employers Federation, and the issue 
much simpler than the average labour trouble. Yet 
the pressure which the E.T.U. is applying is on another 
body of employers altogether, and the issue is being 
obscured by threats—not all of them by irresponsible 
trade unionists—to “‘ shut down London.” The other 
undesirable feature is the regrettable tendency which 
some leaders of the men are showing publicly to discuss 
a difference which can only be mutually adjusted in 
conference with employers or decided by a tribunal. 
Im other days, it was generally agreed that one could 
not fight and negotiate at the same time. Now, the 
idea apparently is that it is sound tactics to scare the 
community by extravagant claims and leave the pres- 
sure of public opinion to do the rest. Nor are the 
electrical workers the only believers in this new method. 
During the past few days, officials of other unions have 
followed it with distinctly disturbing effects, and there 
is no foretelling how far the evil may eventually go. 

Representatives of the railway managers and the 
Associated Society of Locomotive Engineers and 
Firemen met in London on November 18 for the purpose 
of discussing the mileage system of payment for engine 
drivers and firemen. It was understood, when the 
strike of January last was settled, that negotiations 
on this subject would take place in due course. Accord- 
ing to the settlement terms, the mileage to be reckoned 
as the equivalent of a day’s work was to be increased at 
once from 120 to 130. In July there was to be a further 
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increase to 140. miles, and from the beginning of the 
first pay week in January, 1925, 150 miles were to 
“* equal one day’s pay unless, in the interval, it is agreed 
otherwise at a meeting to be convened for the purpose.” 
After a discussion which lasted for an hour and a-half, 
the representatives of the managers intimated that they 
would give careful consideration to the representations, 
and either communicate their decision to the men’s 
society or ask for another conference. 


A recommendation by the Tramways Committee to 
place a contract for special track work with the United 
States Steel Products Company was rejected by 
Glasgow Corporation by 73 votes to 17. The American 
tender was 7,8501., or 8002. less than the lowest British 
price. In moving that the contract should be given to 
the lowest British firm, Councillor Walker said that 
the American company refused to recognise the 
elementary right of workmen to combine to protect 
their interests. Fifty per cent. of our own steel- 
producing plants were idle, and the Americans were 
dumping their goods into this country at lower prices 
than they charged in their home market so as to prevent 
any revival of trade here. 

The Ministry of Labour states that the number of 
unemployed persons on the registers of Employment 
Exchanges in Great Britain on November 10, 1924, was 
1,218,400—930,800 men, 34,500 boys, 222,700 women, 
and 30,400 girls. On November 3, 1924, the number 
of unemployed persons was 1,228,023—937,975 men, 
35,399 boys, 223.524 women and 31,125 girls; and on 
December 31, 1923, 1,285,623—946,521 men, 36,659 
boys, 267,373 women, and 35,070 girls. 


“Among the 11,508,000 workpeople insured against 
unemployment under the Unemployment Insurance 
Acts in Great Britain and Northern Ireland, the per- 
centage unemployed at October 27, 1924, was 11-1, 
compared with 10-8 at September 22, 1924, and 11-7 in 
October, 1923. Among the members of those trade 
unions from which returns were received by thé 
Ministry of Labour, the percentage unemployed was 
8-7 at the end of October, 1924, compared with 8-6 at 
the end of September, 1924. The total number of 
persons registered at Employment Exchanges in Great 
Britain and Northern Ireland as unemployed at 
October 27, 1924, was approximately 1,247,000, of 
whom 943,000 were men and 235,000 were women, the 
remainder being boys and girls; at September 29, 
1924, the total was 1,243,000, of whom 936,000 were 
men and 234,000 were women; and at October 29, 


1923, it was 1,340,000, of whom 994,000 were men and 


263,000 women. 


The principal industries showing a decline in employ- 
ment in October were coal-mining and some branches 
of the clothing trades; in the cotton, furnishing and 
pottery trades some improvement was reported. 
Employment was good in the tinplate, steel sheet, brick, 
carpet, and jute trades, with mill-sawyers, coopers, and 
most of the skilled operatives in the building trades ; it 
was fairly good in the silk trade, the furnishing trades 
and some branches of the printing trades, and fair, on 
the whole, in the leather and pottery industries, and in 
certain branches of the metal trades. In the coal- 
mining industry employment was slack ; at iron mines, 
at iron and steel works, and in the engineering and 
shipbuilding trades, it continued bad. 


According to the Ministry of Labour Gazette, the 
average level of the retail prices of food continued to 
rise during October. As a net result of all the changes 
recorded, the average increase over the level of July, 
1914, rose to about 79 per cent. at November 1, as 
compared with about 72 per cent. at October 1, 1924, 
and 73 per cent. at November 1, 1923. 


The membership of the Amalgamated Engineering 
Union continues to decline. According to the 
November issue of the organisation’s ‘ Monthly 
Journal,” there was a decrease of 2,680 in October, 
the total falling from 247,131 to 244,451. Unem- 
ployed members were fewer, but the percentage—8-40 
—is still high. It is officially announced that on a 
second ballot Mr. J. Bowman has been elected Tyne 
district secretary by 2,195 votes to 1,736 votes cast for 
his opponent, Mr. M. Gladsden. 


The unemployment figures of the United Potter- 
makers’ Association are higher than they were in 
September. The increase is, the general secretary 
states, the organisation’s chief concern, and any effort 
or suggestion made by members with the object of 
improving the position will earn the executive council’s 
“ deepest gratitude and thanks.” 


An increase in the number of unemployed members 
is also recorded in the November “ Report” of the 
United Society of Boilermakers and Iron and Steel 
Shipbuilders. The number of members “ signing the 


books ”’ at the end of October was 21,467 as compared 
with 18,706 a month earlier. The expenses for October 
were 102,719/. 12s. ld.; in September they amounted 
to 77,3261. lls. 8d. 


The executive council of the United Patternmakers’ 
Association announce that they have ‘‘ endorsed the 
attitude ” of the General Council of the Trades Union 
Congress towards the Committee on Industry and 
Trade. The General Council’s attitude is explained 
in a letter from Mr, Bramley which is printed in the 
U.P.A. November report. The communication is as 
follows :— 

“The terms of reference of this committee are 
very comprehensive and include an inquiry into 
British productive capacity and organisation, including 
the supply and efficiency of capital, Jabour and manage- 
ment; also an inquiry into methods of industrial 
remuneration, the main causes of unrest, and dis- 
putes, as, for example, co-partnership, co-operation, 
wages boards and voluntary arbitration, State regula- 
tion of wages, compulsory arbitration, and compulsory 
enforcement and extension of agreement.” 

“The General Council have been asked to give evi- 
dence before this committee. They have, however, 
decided that as they were not in any way consulted 
as to the appointment of representatives to the Com- 
mittee on Industry and Trade, nor at any stage were 
their views sought with regard to the extremely wide 
terms of reference, they are not prepared to submit 
evidence to the committee or to take part in any way 
in the inquiry.” 

“The General Council also decided to inform all 
affiliated unions accordingly, as it is understood that 
the views of certain affiliated organisations are being 
sought by the Committee on Industry and Trade.” 


At the fourth meeting of the Committee on Industry 
and Trade held on November 12, evidence was taken 
from Mr. W. A. Appleton, Secretary of the General 
Federation of Trade Unions, who gave evidence on 
behalf of the Federation. Mr. Appleton suggested that 
in view of increasing competition British industry 
must reduce its costs of production in order to avoid 
lowering the standard of living in this country. With- 
out discussing in detail all the factors entering into cost 
of production, his opinion was that labour costs could 
not be further lowered, but that higher standards of 
organising and directive capacity as well as of manual 
effort, were required. As regards the other. factors, 
he suggested that the cost of insurances could be 
lowered, that the number of commissions charged 
between the producer and the consumer should be 
reduced, and that the burden of rates and taxes was 
still too high. In regard to distribution, Mr. Appleton 
advocated the creation of new open markets for the 
supply and distribution, particularly of foodstufis ; 
the improvement and cheapening of transport facili- 
ties, and, in particular, State control and development 
of waterways. 

The General Federation, he stated, had given very 
serious attention to the relations between the parties 
engaged in production, and wished to stress the desira- 
bility of developing the human side of industry by 
making intelligent workpeople parties to the business 
rather than mechanical parts of it. Mr. Appleton 
further mentioned the desirability of securing, under 
proper safeguards, the enforcement and extension of 
voluntary agreements between employers’ associations 
and trade unions. In conclusion, he recommended 
that in connection with industrial disputes the appoint- 
ment of a Court of Enquiry should be more frequently 
resorted to; and that machinery should be set up by 
the employers’ associations and the trades unions for 
the wider diffusion among the workpeople of industrial 
and commercial information. 


According to “ Russian Information and Review,” 
Moscow, both town and province, is the most important 
centre of the trades union movement in the U.S.S.R. 
The membership of the trades unions in the area, rose, 
it is stated, from 819,668 in 1923 to 910,098 in 1924. 
The latter figure includes 72,348 unemployed, and 
39,788 student workers. Women constitute 37-3 per 
cent. of the total membership, and the proportion of 
women taking part in the administration of the non- 
manual workers’ unions is greater than in the manual 
workers’ unions. Much important organising work 
has been done among the workers generally. The local 
factory committees have been re-organised, factory 
commissions have been set up to deal with special 
questions, and delegate meetings have been held in 
order to study ways and means of raising the pro- 
ductivity of labour, trades union organisation, unem- 
ployment, and other questions. 

On August 1, 1924, 725,232 members were covered 
by collective agreements, including 15,000 domestic 
servants, whose work was regulated by individual 
labour agreements, and 10,000 day labourers in the 
villages. The wages of the members of all. the unions 
have increased, the average rise between October, 


consideration. 


1923, and June, 1924, being 15 per cent. In a number 
of instances, Moscow wages are now above the pre- 
war level. Those of the Moscow metal workers are 
97-4 per cent. of the pre-war figure, those of the textile 
workers 102 per cent., those of the chemical workers 
109 per cent., those of the food workers 113 per cent, 
those of the press workers 103 per cent., and those of the 
leather workers 140 per cent. During this period the 
unions have, it is added, taken an active part in the 
endeavours made by the Soviet economic departments 
to improve industrial undertakings and increase 
output. 


The trouble in the tramways industry has been’ 
adjusted on the lines suggested by the Tribunal, which 
recently investigated the claims of the men. At a 
meeting in London on November 13, the National 
Joint Industrial Council unanimously adopted the 
decision and report of the Tribunal on standardisation, 
grouping, stabilisation, and night rate payment, and 
decided to recommend all the interests concerned to 
operate the new terms as from November 18. A question 
of detail, viz., the classification of shed, depot and 
repair staffs into three grades, was left over for further 
The Tribunal’s report provided that 
this matter should form the object of local negotiations 
and that in the event of failure to agree there should 
be a reference back to the National Council. 


The National Joint Council for the Electricity 
Supply Industry met in London on November 14 to 
consider the report of the Special Tribunal set up to 
investigate the men’s claim for an advance of wages 
of 10 per cent. An official report issued at the close 
of the meeting stated that the National Council had 
decided to “put into operation recommendations 
b, c, d and e, of the Tribunal with the exception of the 
latter part of recommendation e, under which there 
might be a further reference to the Tribunal.” The 
effect of this is that the question of wage adjustments 
will go to the various areas for consideration and 
settlement. In the event of failure to agree in any 
area the question will be referred back to the National 
Council. The part of the Tribunal’s report which has 
not been adopted is that relating to the constitution of 
the Tribunal in the event of the National Council being 
unable to reach a conclusion on an area agreement, 


Tue Institution oF MecHanicaL _ENGINEERS.— 
H.R.H. The Prince of Wales has kindly consented to 
honour the Institution of Mechanical Engineers, of which 
he is an Honorary Life Member, by attending the annual 
dinner of the Institution at the Connaught Rooms on~ 
Thursday, December 18, 


SteEL CONSTRUCTION WITH THE USE OF TUBULAR 
MemsBers.—In last week’s issue of ENGINEERING (sce 
page 674), a system of steel construction was deseribed 
in which use is made of tubular members. In connection 
with this, we are asked to announce that Mr. I. G. 
Richards, of 15, Ladbroke-square, London, W.11, has 
been appointed sole agent for the British Empire by 
the inventors, Messrs. W. J. van der Kloet and W. A. L. 
Stift. : 


Tue Bririsu InpusTRms Farr.—In view of the prob- 
able re-opening of the British Empire Exhibition in 
1925, it has been decided to suspend the London Section 
of the British Industries Fair, which would otherwise 
have been held from February 16 to 27. The Birming- 
ham Section of the Fair, will, however, be held as usual 
and as a special measure for 1925 only, the Birmingham 
Authorities have generously undertaken to organise 
sections in their Fair for those exhibitors who have 
hitherto shown in London, provided that the demand 
for space ensures the adequate representation of the 
industries concerned, The Department of Overseas 
Trade expects to resume the series of British Industries 
Fairs in London in 1926. 


ScHoLARsHips IN EncIneERING.—The Council of the 
British Electrical and Allied Manufacturers’ Association 
have recently granted the following scholarships and 
renewals of scholarship tenable for one year, each of the 
value of 100/., together with the payment of college 
fees :—In Electrical Engineering.—J.T. Birtwell : Tenable 
at the College of Technology, Manchester. G. E. G. 
Foden: Tenable at the College of Technology, Man- 
chester. P. J. Maggs: Tenable at the City and Guilds 
(Eng.) College, South Kensington. H. G. Richards : 
Tenable at Birmingham University. R. Robinson: 
Tenable at Durham University. In Mechanical Engineer- 
ing.—J. C. Burke: Tenable at the College of Technology, 
Manchester. Renewals of Scholarship.—A. B. Everest; 
Tenable at Birmingham University. Mr. Everest won 
a B.E.A.M.A. scholarship in 1923 in the subject of 
metallurgical research in relation to electrical engineering 
and obtained his degree. I. H. Hedley: Tenable at 
Durham University. Mr. Hedley won a B.E.A.M.A. 
scholarship in 1922 in the subject of electrical engineering. 
G. 8. C. Lucas: Tenable at the City and Guilds (Eng.) 
College, South Kensington. Mr. Lucas won a B.E.A.M.A. 
scholarship in 1923 in the subject of electrical engineering. 
B. §. Pelton: Tenable at the University of London. 
Mr. Pelton won a B.E.A.M.A. scholarship in 1923 in 
the subject of mechanical engineering. 
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CONSTRUCTED BY THE SENTINEL WAGGON 


TRACTOR. 


WORKS 


(1920), 


LIMITED, SHREWSBURY. 
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THE “SENTINEL-ROADLESS” TRACTOR. 


Ty many places, especially in overseas territories, 
goods must be conveyed long distances either over 
open country, or on roads which were originally 
built for much lighter service and which are now 
completely broken up. Steam wagons and motor 
vehicles of the ordinary type cannot be run with 
success under such conditions, and the manufacturers 
are therefore now devoting themselves to the con- 
struction of track systems so that their standard 
machines may be modified to meet this more difficult 
service. As an indication of what has been achieved 
we may refer to a demonstration which was held 
recently at Shrewsbury by the Sentinel Waggon Works 
(1920), Limited, when a Super-Sentinel steam tractor, 


_ fitted with a track-laying equipment was driven over 


open and uneven country, and through mud and ponds. 
The accompanying illustrations show this new tractor, 
which has a total weight of 74 tons. It was pro- 
pelled across soft land hauling heavy tree trunks, and 
drew along the road a train of miscellaneous vehicles 
weighing 58 tons. The drawbar pull was measured 
by means of a dynamometer, and amounted to almost 
6 tons. The climbing and descending of gradients was 
demonstrated on a piece of land which is in process 
of being filled in to the general level of the works of 
the company. The ground was soft, and consisted 
mainly of slag and cinders. No difficulties were, 
however, experienced in negotiating the rises and 


falls, which were as steep as 45 deg. in some parts. 
Passage through a pond was made, and the slimy 
character of the soft clay bottom was manifest from 
the matter which adhered to the track on the com- 
pletion of the journey. The manner in which the 
tractor could be driven over tree trunks was also 
shown, and is illustrated by Fig. 2. All the tests 
proved completely successful, and the way in which 
turning was accomplished without any appearance of 
side slip or skidding was made apparent by the im- 
pressions created by the track plates. 

In this tractor the boiler is carried towards the 
forward end of the chassis, while the engine is over 
the centre of the two tracks, and the coal bunker and 
feed-water tank are accommodated above the engine. 
This arrangement gives a concentration of load on 
the track, where there is ample bearing surface, and 
leaves the front wheels but lightly loaded, in order 
that any tendency to dig them into soft ground may 
be avoided. In front of the apron plate, which 
surrounds the boiler, there is provided a winding 
drum driven by an independent engine which can be 
used either alone or in association with the main engine 
and track in getting out of very bad ground. We 
have already described, with the use of many figures, 
showing details, the boiler and engine of this tractor, 
and reference may be made to the earlier article in 
ENGINEERING (vol. exvi, page 694), for a complete 
description of these. It is of interest to note that the 


Sentinel Waggon Works (1920), Limited, are now 
producing similar engine and boiler sets as economical 
portable units for use in sawmills, electric light plants 
and for the many other purposes for which an engine 
of about 60 h.p. is suitable. 

As this tractor is of the ‘“ half-track”’ type, the 
front wheels, but lightly loaded, are available for 
steering. The power is transmitted from the engine 
to the tracks by means of silent roller chains. A small 
sprocket with its shaft accommodated inside. the 
hollow crankshaft of the engine, is coupled by a chain 
to a larger one, free to revolve on an intermediate 
stationary jackshaft. This pinion is bolted to a 
smaller one which drives the chain drum connected 
to the main driving sprocket of the track, by means of 
a heavy chain. There is no complication in this 
drive and it ¥s, of course, duplicated so that motion is 
obtained for the two tracks. Chain wear adjustments 
may be made at any time, as the jackshaft may be 
immediately set in any position, back or forward. 
Lubricators are fitted to the chain so that undue wear 
of these important components is prevented. 

The tracks are made by Messrs. Roadless Traction 
Limited, of Hounslow, and are the outcome of experi- 
ence gained with tanks in the European War. The links 
of the track are made of high tensile forged steel and 
are hollow, to provide a receptacle for lubricant, and 
have their driving teeth in the centre. The tracks 
are electrically welded to steel shoes, which form 
paths on either side of the links, on which the rubber 
tyred rollers run. Lugs on either side of the roller 
paths are used to limit the movement between the 
shoes to the requirements. The track joints consist 
of hardened and ground steel pins, working in bushes 
of the same material. The bushes are made partly 
spherical on the outside, and around them the machined 
portions of the link are pressed with dies to obtain the 
limited universal movement which is required. By 
the pressure of the dies the pressed-over portion of the 
link is given a suitable inner surface, where it surrounds 
the bush. On the outer surfaces of these parts seal 
rings of compressed coke composition are provided, 
and these are reinforced against injury by surrounding 
them with metal rings. Effective lubrication is 
provided at the joints, and the provision of the seal 
rings prevents the entry of grit or loss of oil. 

The sprocket which engages with the teeth formed 
on the top of the links is designed so that the teeth in 
contact with the sprocket at any time take an equal 
share of the work, and thus, are each subjected to a 
light load. Rubber tyres fitted to the sprocket, 
cushion the engagement of the teeth and reduce the 
noise of action at height speeds. The idler wheel 
carrying the track at the forward end is also rubber 
shod. 

Each bogie carries four rubber tyred cast-steel 
rollers, mounted on Hyatt bearings. These rolls have 
flanges, which by contact with the sides of the track 
links, keep the bogie in correct alignment with the 
portion of the track, which is on the ground. As the 
bogies are universally mounted in a bracket carried 
by the axle, they accommodate themselves to the 
angles assumed by the track plates on uneven ground. 
Also, it should be noted, that the universal mounting 
permits the bogies to swivel as though they were on 
vertical pivots, which is of great service when the 
vehicle is turning. The load of the vehicle is carried 
to the bogies through semi-elliptical springs and the 
axle which carries the brackets on which the bogies 
are mounted. 

When steering, each track plate is laid on the ground 
at an angle to the one which previously reached the 
ground. ‘The results of this is that slip or skidding over 
the ground surface is eliminated. The action of the 
track in accommodating itself to the requirements of 
turning was well shown at the demonstration by 
running the vehicle round a curve on a piece of hard 
ground covered with sawdust. The impressions left 
on the surface showed the flexibility of working that is. 
attained, and bore out the contentions made that the 
destructive action of steering by skidding is com- 
pletely eliminated. Brakes are fitted to drums 
mounted with the main driving sprockets, and these 
are of the internal expanding type with Ferodo linings. 
In addition there is an engine brake by the use of which 
the power unit may be converted temporarily into an 
air compressor when the motion of the vehicle has to 
be checked in going down a declivity. 


THE EXTENT OF CAVITATION IN USS. 
SCOUTS AND DESTROYERS.* 
By Captain E. F. Eaeurr, C.C., U.S.N. 
Ir has been the opinion among naval architects 


that when propellers reach a certain degree of over- 
loading, a phenomenon known as cavitation begins to 


* Paper read at the meeting of the Society of Naval 
Architects and Marine Engineers, held in New York, 
November 13 and 14, 1924. 
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make itself felt and becomes more important as the 
overload increases. This cavitation has been described 
by some writers as the formation of cavities on the 
backs of the blades; by other writers as cavities on 
the face, or face and back ; and other descriptions have 
been given. Under certain exaggerated conditions, 
this cavitation has been experimentally produced and 
been made visible to the eye, its chief characteristics 
then depending on the particular exaggeration of the 
conditions. Various authorities have assigned a 
tentative limit for normal design of propellers at which 
cavitation might be expected to begin, this limit, 
in the case of one well-known authority, being given 
as 10,000 ft. per minute tip speed. Be i 

With this assumption, it was fully expected that the 
propellers for the destroyers built during and since the 
war, and also those for Scout cruisers Nos. 4 to 13, would 
show decided effects of cavitation; these effects are 
defined as a progressive divergence between trial powers 
and revolutions at given speed, and the corresponding 
powers and revolutions deduced from model experi- 
ments. These divergences in the cases of the destroyers 
at higher speeds were quite large and were extensively 
discussed in Model Basin reports in 1921 and earlier. 
The later destroyers having a tip speed of about 12,000 
ft. per minute and the scout cruisers a tip speed of 
over 13,000 ft. per minute, it was expected that the 
standardisation trials of the latter would indicate 
equally great divergences; and it was surprising to 
find, when three of these vessels were standardised, at 
their contract displacement of 7,200 tons, that the 
divergences were relatively small; in fact, in the case 
of the Omaha, so small as to be nearly non-existent. 
Still more surprising, however, was it to find that when 
standardising at deeper draughts, corresponding to 
about 8,300 tons and 9,509 tons displacement, they 
showed less divergence from the Model Basin results, 
and in the case of the deepest draught almost none. 
These latter trials were of the Richmond, which had on 
light draught shown the greatest divergence. 

These results were so remarkable that the Model 
Basin experiments were repeated a number of times. 
In all, five separate series of runs were made with the 
model self-propelled at light draught, and two sets 
each at the deeper draughts. All of these results are 
plotted onthe annexed Figure. The curves shown are 
the results of the Model Basin experiments and 
indicate the degree of precision that may be expected 
from such work. The spots plotted are the trial spots 
as reported by the Trial Board. 

It is evident that cavitation, as it is usually des- 
eribed, cannot be the cause of the differences shown in 
the case of these cruisers, for had there been cavitation, 
which means a departure of the streams of water from 
the surfaces of the propeller blades, such cavitation 
would have become worse at a given speed as the dis- 
placement increased, because the thrust of the propeller 
would increase and therewith the slip and slip angle. 
On the contrary, the divergence became less as the 
» displacement increased until, at the deepest displace- 

ment, it had almost disappeared. There is a further 
peculiarity in these results, in that the Omaha, at light 
draught, showed less divergence than the other two 
cruisers; in fact, almost none. Investigation showed 
that there was a significant new condition of the trial 
in the case of the Omaha in that she was run trimmed 
considerably by the stern. In other words, the pro- 
pellers had more submergence than those of the other 
two cruisers. It is, of course, evident that this sub- 
mergence of the propeller increases also as the displace- 
ment of the ship is increased. 

It is plain that cavitation does not fit as an explana- 
tion of the results of these trials, and another explana- 
tion must be sought. Cavitation depends only on the 
relative speed and direction of the stream past the 

- propeller surfaces and is not changed appreciably by 
change in submergence. In this case, however, it 
seems that submergence was the controlling factor and 
not the degree of loading of the propellers. The only 
factor that can thus influence the performance of the 
propeller as its submergence is changed is the introduc- 
tion of air into the propeller disc. It was noted in the 
early days of the design of the scout cruisers that air 
could be, at times, drawn down along the rear edge of 
the propeller struts, in the model. At the light con- 
tract draught, the upper strut palms are very near the 
surface when the vessel is on an even keel, and when 
account is taken of the stern wave and the change of 
trim at full speed. Considerable eddying must be set 
up by this strut palm and the strut below it, especially 
in slightly disturbed water, and there would at once be 
opened an air tube, which, at increasing speed, would 
extend farther and farther down until air was intro- 
duced into the disc. This was experimentally shown 
on a model in the Basin, as will be described below. 
The eddy increased in depth as the speed increased, 
and the great increase in divergence, as shown in this 
test, was, therefore, to be expected with the increase 
of speed. Again, if the vessel at light draught is down 
by the stern, this divergence would be later in appear- 


ing, and the same thing applies if the vessel is given 
increased draught throughout. In other words, although 
the actual happening in this case was directly contrary 
to what might be expected from cavitation, it agrees 
in all respects with what may be expected from the 
introduction of air to the propeller disc, through eddies 
forming behind the strut, and it is becoming the opinion 
of those in charge of the Model Basin that cavitation 
in the case of the scout cruisers is absent. 

This conclusion Jed to reconsideration of the case of 
the destroyers, on which case report was submitted in 
June, 1921. It is evident at first glance that the diver- 
gences between trial results and basin results, above 
what has been considered the cavitating limit, are very 
great. They are also very different for the various 
destroyers, so different, in fact, that the cavitation 
theory cannot cover them, and an explanation by means 
of cavitation therefore seems very doubtful. 

In the case of the destroyer, the upper strut arm 
breaks the surface under all conditions, and eddies 
form behind the strut, finally allowing air to get down 
to the propeller disc. It is clear that the amount of 
eddying or the size of the air tube must be greater 


vessel. The divergences were, however, considerably 
greater. In the case of the smaller thicknesses experi- 
mented with, these divergences were only small. It 
appeared that a definite size of air tube was necessary 
to bring down sufficient air to affect the results con- 
siderably. 

While these experiments are not conclusive, they 
indicate that a process of directing air down the strut 
is not beyond possibility, and that, in case it happens, 
the results are, comparable with what has actually been 
found on trial. It seems that the matter is well worth 
further experiments, which must, however, be per- 
formed on full size vessels. It might be pointed out that, 
in the case of the scout cruisers at deep draught, there — 
appears to be nothing to be gained, -yet in the case of 
the destroyers there is a difference of 3 knots, more or 
less, between the Model Basin predictions and the trial 
results, for full power, and if this difference is to be 
entirely ascribed to the effect of air going down the strut, 
it would seem that prevention of this occurrence would 
be well worth while. There is, however, also a possi- 
bility of air entering the propeller dise directly from 
the surface, over the tips. This has sometimes occurred 
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than in the case of the scouts, where the strut only 
approaches the surface. Furthermore, small changes 
in the shape of the strut section, or how it is set regard- 
ing the fore and aft line, might make considerable 
difference, and a well-formed and smooth strut might 
give worse results, if it is not aligned correctly, than a 
rough and ill-formed strut, which is placed in the proper 
streamline. But, generally speaking, a small difference 
in the bluntness of the after edge of the strut should 
show a considerable difference in the results. 

To test this idea of the divergence being due to air 
being directed down behind the propeller strut, one of 
the destroyer models was fitted up as before for self- 
propulsion, but the after edge of the strut was blunted 
and its thickness increased, more or less, in various 
experiments, up to a maximum of ~ in. When this 
mode] was run self-propelled the phenomena described 
above, in connection with air being drawn down through 
the eddy, were easily observed. As soon as a certain 
definite speed was reached, the eddy behind the strut 
would form and would go deeper and deeper as the 
speed was increased until it reached the propeller hub. 
At this point there seemed to form a continuous sheet 
of air between the strut and the propeller disc. 

Measurements of powers and revolutions, and the 
corresponding prediction for full size, show, in the case 
of the thickest strut edge, divergences from previous 
results, quite similar to those shown in the trials of the 


in the Model Basin, but only at a very high slip, such 
as occurs when the carriage is at a standstill. In full 
size work this might occur more readily at lower slips, 
especially in rough water, and this possibility should 
be kept in mind. 

To avoid having the air travel down the struts, in — 
the case of the destroyers, it is evident that nothing 
can be done in the way of fining the strut arms. In 
new design, it is probable that the best results would 
be obtained by the suppression of the upper strut arm, 
increasing the lower one sufficiently to take the weight. 
It is considered that in all new designs of any class of 
ships at high speed, this question should be given 
careful consideration. 

Assuming that the above explanation holds, for 
these two classes of vessels, a new field of usefulness 
appears to have been opened for the Model Basin. 
Under such circumstances, it would appear that the 
Model Basin predictions for high-speed vessels might 
be considered correct up to the highest speeds, if the 
strut design has been correct. Furthermore, it appears 
that any empirical corrections of Model Basin power 
and revolution predictions would be decidedly un- 
certain, if they are dependent on the amount of air 
that is directed down to the propeller discs, and that 
any method of prediction of propeller performance, 
which includes an estimate of cavitation, should be 
well reconsidered. 
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THE ELECTRIC ROAD VEHICLE.* 

Its Characteristics and its Economic Field of Usefulness. 
| By D. E. Barry. 

| (Concluded from page 690.) 


The Battery.—The success of the self-propelled electric 
yehicle is largely dependent on the satisfactory per- 
formance and life of the battery, and one which may 
be quite suitable for stationary work may soon fail, 
owing to weakness of construction, to the heavy draw 
of eurrent necessary for traction work, and also owing 
to the vibrations of the road. Developments have 
taken place in two directions, namely in the lead- 
acid type, and the nickel-alkaline type, and these 
developments have now enabled the manufacturer to 
give guarantees for the life of their batteries for trac- 
tion work. 
The Lead-Acid T ype.—The flat-plate type of lead-acid 
cell has been developed to a high state of efficiency 
and durability both here and in the United States. 
The Chloride Company has gone a step further in 
producing their “‘ironclad-exide”’ type. In this type 
the positive plates consist of armoured pencils homo- 
geneously connected in parallel rows to form plates, 
superseding the flat type of positive electrode, and 
increasing their useful service period by at least 100 
percent. The positive plate is particularly mentioned 
here, because the life of the lead storage battery is 
usually determined by the life of the positive plate. 
The active material of the positive plate has less 
cohesion than the material of the negative plate, and 
during the life of the battery this positive material 
tends to soften and eventually to fall to the bottom of 
the cell in the form of sediment. Each lead-type cell 
gives an average voltage of 2, and from 42 to 44 cells 
are usually used on electric vehicles with 80-volt motors. 
A fully-charged battery will give an initial voltage of 
2-2 volts per cell on discharge for a short period, and 
then will drop to 2 volts for the main period of dis- 
charge, after which it will drop to 1-8 volts per cell, 
when the battery is considered to be discharged. The 
state of the electrolyte in the battery plays an important 
part in the chemical changes that take place during 
charge and discharge. When fully charged the specific 
gravity of the liquid is about 1-25, and when discharged 
it will be about 1-12 ; it serves, therefore, as an indica- 
tion as to the state of charge of the battery. 
The Nickel-iron Battery.—In the nickel-iron battery 
the positive plate is nickel oxide, the negative plate 
finely-divided iron, and the electrolyte a dilute solution 
of caustic potash. Such a cell has a nominal voltage 
of about 1-2 volts per cell. On discharge, the iron 
of the negative plate is reduced to iron oxide, the 
positive plate (nickel oxide) furnishing the oxygen, 
while the electrolyte acts as a carrier to carry the 
oxygen from the positive to the negative plate. The 
slectrolyte does not directly enter into the reaction, 
nor does its specific gravity change during discharge, 
and it therefore has no significance in regard to the 
state of discharge of the battery. The manner in which 
the electrolyte acts as a carrier may be considered in 
this way—the water in the electrolyte is split up into 
oxygen and hydrogen, the oxygen oxidises the iron 
in the negative plate, while the hydrogen combines 
with a corresponding amount of oxygen at the positive 
plate, reducing the higher oxide of nickel to a. lower 
oxide, the combination of the hydrogen with the oxygen 
forming water to replace that broken down. On 
charge the reverse action takes plate. A fully-charged 
sell will give an initial voltage of 1-5 volts, after which 
t will maintain about 1-2 volts till it falls to 1 volt, 
when it is considered discharged. The standard 
aumber of cells usually employed on battery vehicles 
's 60, and the motors are generally rated at 60 volts. 
Table III is a comparison of the chief features of lead 
and iron batteries. 
| Battery Charging.—The usual pressure on the supply 
Mains is 220 volts for lighting, and 440 volts for power 
om direct-current circuits, while alternating current is 
supplied at various voltages and frequencies. With 
ither alternating or direct current the pressure will 
aave to be transformed to that suitable for battery 
tharging. It is not within the scope of this paper to 
liscuss the methods of transformation, but rather to 
ndicate the method of applying the current to recharge 
whe battery. As previously stated, the lead-battery 
voltage drops to 1-8 volts per cell, and on a 44-cell 
vattery the voltage will be 79-2 volts. The charging 
voltage will have to be higher than this, and will in 
‘act depend on what rate of charge is considered most 
ficient. It is a well-known fact that a lead battery 
vill stand a high rate of charge at the outset, but that 
the rate has to be cut down as the charge proceeds. 
Traction-type lead batteries are generally rated for a 
harge rate of five hours.) This can be done by the 
wo-step method, by which the charging-current rate is 
etermined by the size of the cells, and this current 


* Abstract of a paper read before the Institution of 
utomobile Engineers on November 12, 1924. 


maintained till the cells gas freely, when the charge is 
reduced by hand. A better way, in the author’s 
opinion, is the constant-voltage method. By this 
method the voltage of the charging plant is adjusted 
to about 2-3 volts per cell (101-2 volts for 44 cells). 
On the first application of this voltage the current 
into the battery is very high, but the counter e.m.f, 
of the battery rapidly rises and the current is reduced, 
and steadily diminishes till the current gets very small, 
when the voltage is raised to about 2-6 volts per cell, 
which completes the charge. If, with this system, a 
small fixed resistance is connected between the battery 
and the generator, the charging will be automatic. 
The voltage of the generator is adjusted so that, with 
a small charging current, it is high enough to complete 


Taste III.—Comparative Technical Data. 


Lead Nickel-Iron 
Battery. Battery. 
At 5-Hour At 3-Hour 
Rate of Rate of 
Discharge. Discharge. 


Efficiency, ampere-hour 
5 watt-hour .. fe 
Charging volts at end of charge 


.| 80-85 per cent. 
70-75 per cent. 
2:6 


75-80 per cent, 
55-60 per cent, 
1-84 


Volts at end of discharge 1-76 1-0 
Average volts during discharge 1°95 1-2 
Ampere-hour capacity, per lb. 
of complete battery .. 5 4—5 10—12 
Watt-hour capacity, per lb. 8—9 8-5—15 
Guaranteed life . . 56 2 years 8 years or 
60,000 miles. 


¥ 


the charge. At the commencement of the charge, 
when the battery pressure is low, the voltage drop 
across the resistance will prevent too high a currrent 
passing. In this connection, it may be mentioned that 
Messrs. C. A. Vandervell, in conjunction with the 
author, have developed a constant-voltage bus-lighting 
dynamo, which consists of a plain shunt-wound dynamo 
with a voltage regulator (of the Tyrrel type) mounted 
on the switchboard. The output of this generator is 
350 watts, and the regulator is so compounded that 
the voltage rises as the current into the battery 
diminishes. In practice, its action is to supply current 
to the battery in accordance with its needs—a heavy 
current if the battery is slow, and a small current if 
the battery is up. With this system the consistent 
overcharging, that takes place with automobile 
generators of the third-brush type is done away with, 
and battery maintenance is much improved. The 
charging of the nickel-iron battery can be dealt with 
in the same way, but the voltage range has to be suitably 
adjusted. The nickel-iron battery has a voltage 
of about 1-85 volts per cell when the charge is com- 
pleted, and a constant voltage of 1-67 can be applied. 


Tur Economic SPHERE OF USEFULNESS OF ELECTRIC 
VEHICLES. 


The economic sphere of electric vehicles may be 
considered from two points of view: (a) the direct 
economies in running cost and maintenance, &c. ; 
(6) the indirect economies in time and labour saving 
effected by vehicles peculiarly adapted to the work 
in hand. 

The author has found it impossible to obtain practical 
working costs for battery vehicles from private com- 
panies, apparently due to keen competition and to the 
important part played by delivery costs. Corporations 
and municipalities, on the other hand, are profuse in 
the figures which they publish, but these are very 
involved, and are almost impossible to compare on a 
common basis. It is, therefore, proposed to give 
such working costs in a comparative way, from the 
study of such information as the author has been able 
to obtain. 

Before the economic side can be studied, electric 
vehicles must be considered according to their physical 
limitations. The battery vehicle is chiefly limited by 
the capacity of the battery carried, and this affects its 
radius of action, and also its maximum speed. The 
battery is usually rated to give a radius of action from 
30-50 miles per charge, depending on the service, 
road surfaces and grades. The maximum speeds 
range from 14 to 15 miles per hour, for the smaller cars, 
to 9 to 10 miles per hour for the heavier vehicles. 
Where the service demands frequent starting and 
stopping, maximum speed is not so important as 
high acceleration, and this is where the electrically- 
driven vehicle excels all other types of road vehicles. 

Another limitation of the battery vehicle is the means 
by which its stored energy is replaced. Batteries take 
several hours to charge, and unless stand-by charged 
batteries are available, the service must be arranged so 
that the battery can be charged when the vehicle is 
off duty. With the increasing use of electricity the 
difficulty, if any, of getting a charge will be overcome, 
and also the cost of the charge will be less. From these 
considerations it is obvious that the sphere of usefulness 
of the battery vehicle lies in such service conditions as 
demand frequent stops within a radius limited by the 


battery charge that will bring it back to its charging 
station. 

Town deliveries of goods of all kinds by private 
companies, &c., and municipal service in the house-to- 
house collection of refuse may be mentioned as suitable 
spheres for battery vehicles. There is one sphere of use- 
fulness in which the battery vehicle has no competitor 
namely, the small industrial truck used in factories and 
on railway platforms. The reason for this is its great 
flexibility, while, further, it does not vitiate the air 
with exhaust fumes, and, therefore, can be used in 
confined spaces and underground passages or tunnels. 
These trucks run on rubber tyres on “‘ road ”’ surfaces of 
concrete or wood or asphalt, and work more or less in 
the same way as their larger brothers of the highway. 
They have innumerable uses, and are often constructed 
for quite special jobs. Among some of the special 
designs may be mentioned the Ransom electric runabout 
crane. Another design, made by Electricars, Ltd., is 
an electric tipping truck, specially made for dealing 
with boilerhouse refuse, coke, &c. These, then, are the 
spheres of usefulness of the battery vehicle as dictated 
by physical conditions. 

The sphere of usefulness of the trolley-bus is deter- 
mined by the supply of electricity from an outside 
source, and by the overhead wires to which it is 
confined. This limits it to predetermined routes, and, 
consequently, it is only used for passenger transpor- 
tation. Its use has, therefore, been developed by 
tramway companies and municipalities, who have the 
availablesupply of electricity and who have the over- 
head wires already provided. Theauthor would like to 
point out that, in addition to the comparisons already 
made by Mr. Taffs between the trolley-bus and the 
tramear,* the latter, running on rails, operates with a 
lower rolling resistance (15-20 1b. per ton), but, on the 
other hand, owing to the question of adhesion, the 
dead-weight of the tramcar has to be much higher than 
that of the trolley-bus. It is generally found that the 
dead-weight of the tramcar is about double that of the 
trolley-bus, but, having only half the rolling resistance, 
the current consumption per car-mile is approximately 
the same. In a paper read before the Congress of 
Tramways and Light Railways Association, at 
Bournemouth, some years ago, Mr. E. M. Munro gave 
an interesting comparison showing the weights per 
passenger carried for different classes of vehicles. 

The weights he gives are :— 


Average Weight 


per Seat 

Lb. 

Trolley-bus, single-decked 355 
»  double-decked 297 
Tramear, single-decked 896 
rr double-decked 440 
Petrol bus, single-decked =<, 296 
a double-decked i 256 


The seating capacity of tramcars is usually greater 
than that of trolley-buses, and they also have a greater 
overload capacity, and for this reason they hold the field 
in densely-populated districts, where a very frequent 
service is demanded. In order to meet this demand 
tramway managers have of recent years put into service 
large double-deck trolley-buses, as instanced by the 
vehicles installed in Birmingham and Leeds and 
Bradford. The petrol-electric vehicle can generally 
be classified with the straight petrol vehicle in its 
freedom of action, but it has in addition a sphere of 
usefulness peculiarly its own. It is a small power 
station in itself, and can be used for a number of 
purposes, such as searchlights for army use, or running 
pumps on other machinery at a short distance from the 
vehicle. 

Having broadly stated the spheres in which the 
electric vehicle can be worked effectively, it will be 
well to classify next the types of services that are 
generally used for the transport of goods and passengers. 


Class 1. Goods. House-to-house delivery with radius 


of 5 miles. 


Glass? 2 en ss Town and suburban delivery with 
radius of 10-15 miles. 

Class 3. ,, From town to town, 100 miles per day. 
Class 4. Passenger bus service with $-hour headway. 
Class 5. 3 3 f 4-hour 3 

Class 6. . Fy 10-min. 5 

Class 7 3 ee 43 5-min. - 

Class 8 5 re a 3-min. i 


From the limitations previously discussed, it can be 
said that battery vehicles are suitable for Classes 1 
and 2. Class 3 is beyond the scope of battery vehicles. 
Class 4 can be served by trolley-buses, but the standing 
charges on the overhead equipment would probably be 
too high to ensure the economic success of the service. 
The petrol-bus is indicated for this service. Classes 5, 
6, 7 and 8 can all be served by the trolley-bus, pro- 
vided that the maximum length of route is within 
the economic supply of electricity. The supply of 


* Proc. I.A.E. Vol. xvii, Part I, page 215. 
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electricity is used for many other purposes, and will be 
distributed to a much larger extent in the future, so 
that it is fairly safe to assume that the current would 
be available where a trolley-bus service is desirable. 

Mr. Taffs, in his paper on “ Railless Trolley Trac- 
tion,”’* has compared very fully the operating costs of 
a tramway system with that of a trolley-bus. The 
author proposes, therefore, only to analyse the items 
that go to make up the working costs of petrol and 
battery vehicles on the most suitable basis for the 
electric vehicles, as determined by the limitations 
previously stated. Table IV gives the running costs of 
petrol and battery vehicles of similar carrying capacity, 
namely, 24 tons. It will be observed that the capital 
cost of the battery vehicle is greatly in excess of that of 
the petrol car. This is mainly due to the high cost of 
the battery, and it will! be also noted that the nickel-iron 
battery costs more than three times as.much as the 
lead battery. The battery maintenance charges are 
based on the makers’ guarantee, namely, two years for 
the lead battery, independent of mileage, and eight 
years or 60,000 miles, whichever limit is first reached, 
for the iron battery. This comparison shows a slight 
advantage in favour of the lead battery. On the other 
hand, owing to its very robust nature, the iron battery 
usually has a much longer life than the makers’ 
guarantee. The lead battery, too, if properly used 
according to makers’ instructions, will often exceed the 
guaranteed life. 

Taking the capital cost of the petrol and battery car 
(with lead battery), it is shown that the latter costs 
1771. more than the former, but the saving on operating 
costs per annum is 25/., or 14 per cent. of the extra 
capital cost, which is not at all a bad investment. It 
may be said that the difference in operating costs is 
so small that the lower capital cost of the petrol car 
makes it a more attractive proposition. 

Nothing has been said as to the comparative value 
of horse traction, but information on this subject can 
be obtained from Mr. Brookman’s paper, read in 1916 
before the Institute of Engineers and Shipbuilders in 
Scotland. Mr. Brookman, in comparing a fleet of 
130 horses with a fleet of 52 electric vehicles of various 
load capacities, gives the figures shown in Table V. 

A good deal could be said for the use of electric 
vehicles for municipal service, where the advantages 
of cheap electricity and the co-operation of their 
electrical departments gives additional facilities for 
the working of these cars. Tower wagons, for the 
repair of tramway overhead wires, dust carts, street 
sprinklers, &c., come within this category, and are in 
fact used in many centres. 

With regard to the question of reliability, Mr. A. W. 
Blake, the engineer to the Willesden Electricity 


* Proc. I.A.E., vol. xvii, Part I, page 215. 
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TaBLeE IV.—Comparative Cost of Petrol and 
Battery Vehicles. 


Size of lorry, 24 tons. 

Service, delivery, town and suburban, 10-15 miles radius. 
Miles, per day, 35. 

Working days per annum, 300. 

Miles per annum, 35 x 300 = 10,500. 


Capital Cost. 


Electric. 
Petrol. Tron Lead 
Battery. Battery. 
£ & £ 
Chassis 550 525 525 
Body 50 100 100 100 
Battery = 683 202 
£650 £1,308 £827 
Standing Charges. 
&s. d. & 8. d. Sd. 
Interest on capital, 5 
per cent. Be ate 3210 0 65 8 0 41 8 0 
Depreciation on body 
and chassis, 15 per 
cent. on petrol ors 9710 0 _ _ 
Ditto, 10 per cent. on 
electric a wa — 6210 0 62 10 0 
Insurance, 34 per cent. 22 1b 0 — — 
oF 24 per cent. — 3214 0 20138 0 
Rent and taxes. . te 50-0 0 50 0 0 50. 0 0 
Driver’s wages. . 1507 0) 109 250 0 10) 7150) 107 0 
35215 0 36012 0 32411 0 
Standing charges, pence 
per mile te Be 8:05 8-24 7-41 
Tyres per mile .. ae 1:0 0-75 0-75 
Petrol, 7 miles per 
gallon at 1s. 6d. ' 2°57 — _ 
Oil, grease, repairs .. 2-2 1-00 1:00 
Battery maintenance .. _ 2°73 2-30 
Electricity at 1}d. —_ 1:8 1:8 
5°77 6-28 5°85 
Standing charges 8-05 8-24 7-41 
13°82 14-52 13-26 
Total cost per annum .. £605 £636 £580 
TABLE V. 
Horse Wagon, Electric 
No. of vehicles in service 107 47 
Total cost per month per 
vehicle.. a0 ou a £24 11 0 £3813 7 
Average ton-miles per vehicle 
per month an bi Ae _ 749 
Average 4-ton miles per vehicle 
per month ard ye 383 — 
Cost per ton-mile 30-6d. 12-37d. 
Cost per mile 15:3d. 12°37d. 


Department, reported in 1923 (the third year of operat- 
ing these electric vehicles) that :— 

“The total working time of the 14 vehicles was 
33,830 hours, while the total time lost from breakdown, 
accident, or other causes was 32 hours, or equal to 
0-095 per cent. of the total working hours. 
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‘* Six of the vehicles ran through the year with 
any loss of time. 

** Several of the batteries have had to be reney 
but there are still six in use after three years’ worl 

A question of vital interest to tramway manag 
is the replacement of worn-out rails. If the total « 
of reconstruction is capitalised, the standing charge 
car mile will be represented by the interest and mi 
tenance charges per annum (based on an estima 
life of 15 years), divided by the total car miles 
annum. The density of the traffic is the decid 
factor which will warrant this expenditure, which 
a trolley-bus or a petrol-bus service would be 
necessary. The crux of the whole matter lies in 
passenger density per mile. Tram cars can carr, 
larger number of passengers than either the petrol- 
or the trolley-bus. In this respect the limitatior 
any vehicle is in the maximum weight per axle tha 
permitted due to road or track construction. | 
largest tram cars are constructed on bogie tru 
with two axles each, so that the load is well distribu 
over four axles, which is twice as many as is usual i 
road vehicle at present. It is impossible with 
present limitations of road construction, and with 
regulations of the Ministry of Transport, to consti 
a four-wheel road vehicle to carry the same num 
of passengers as the largest tram car will accommod: 
On the other hand, the ratio of passenger weight 
deadweight of vehicle is greater in the road veh 
than the tram car if the normal seating capacity 
taken. Tramcars, however, can usually take a lai 
overload. From this it is probably right to say t 
where the traffic is very dense there is still scope 
the tramcar. In less dense and outlying distri 
the road vehicle, free from the enormous capital 
of providing its own road (although it pays a shar 
taxes), is undoubtedly, the more economical. 

This, then, is the tramways manager’s problem. 
has the choice of two alternatives, namely, petrol 
trolley-buses. It is natural that he should turn to 
electric vehicle ; the power station and a cheap sup 
of electricity are at hand, the overhead equipmen' 
already installed, and the available staff is accusto! 
to maintain electrical equipments. 


PETTER TWO-STROKE OIL ENGINES 


THE respective merits of the two-stroke and fe 
stroke cycles for internal-combustion engines have b 
under discussion for so many years that it must 2 
be assumed that engineers are generally fami 
with them. Powerful advocates can be found 
both types, and there are, of course, particular | 
plications in which one or the other is best suit 
but where low first cost and simplicity of operat 
are important considerations a particularly str 
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36-42-B.H.-P. TWO-STROKE CRUDE-OIL ENGINE. 


CONSTRUCTED BY MESSRS. PETTE 


RS LIMITED, ENGINEERS, YEOVIL. 
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case can be made out for the two-stroke cycle type. 
As far back as 1915, Messrs. Petters Limited, of Yeovil, 
decided to abandon the manufacture of four-stroke 
eycle engines, which they had previously made, and 

concentrate on the production of the two-stroke 
yele type, first made by them in 1911. This decision, 
which the firm state they have no reason to regret, 
has apparently done much to increase the popularity 
of the type, as many thousands of Petter oil engines 
Te now in use in all parts of the world. 


Two examples of the firm’s latest models are 
illustrated on this and on the opposite pages. Figs. 
l and 2 are, respectively, a longitudinal and transverse 
section through a type ‘‘ M” engine, which is designed 
to run on kerosene, or paraffin oil as it is often called, 
after using a small quantity of petrol for starting up, 
the change from one fuel to the other being effected 
automatically. As will be seen, the engine functions 
on the two-stroke cycle and is provided with high- 
tension magneto ignition. It is also fitted with a 


centrifugal governor on the crankshaft, operating on a 
baffle disc located between the crankcase and the inlet 
ports, and so regulating the admission of the charge 
in accordance with the load. The most important 
feature of the engine, however, is the fuel-injection 
system. 

The fuel, as indicated in Fig. 2, is stored in the bed 
plate of the engine, from which it is drawn by a pump 
mounted on a cover of the crankcase, the pump being 
operated by the pressure variations of the air in the 
crankcase acting on a diaphragm. The oil is delivered 
to a chamber fitted with a needle valve and communica- 
ting with a spraying nozzle located in the inlet port, so 
that when the latter is uncovered by the piston, the 
fuel is delivered into the cylinder in a finely atomized 
form. The whole arrangement of the fuel-injection 
system can be followed by examining Fig. 2, from 
which it will be noticed that the fuel-suction pipe is 
fitted with a ball-foot valve, and that an overflow pipe 
is provided for the return to the reservoir in the bed- 
plate of any surplus fuel from the nozzle chamber. It 
is into the latter that the small quantity of petrol 
required for starting is filled, a screwed cap being 
provided for the purpose as shown in Fig. 2. 

The two main crankshaft bearings are ring-oiled, 
and oil is supplied from the left-hand bearing in Fig. 
1, through a spiral groove and hole to the crankpin, as 
indicated by dotted lines in the figure. The supply 
of oil to the well of the left-hand bearing is maintained 
from a sight-feed lubricator mounted on the cylinder 
water jacket, as shown in Fig. 1. The cylinder walls 
and gudgeon pin are lubricated by splashing. The 
other main features of the design can be followed from 
the illustrations without explanation, although atten- 
tion may be directed to the large-capacity exhaust 
silencer which is bolted directly on to the flange of 
the cylinder as shown in Fig. 2. Engines of the type 
above referred to are made in three sizes, developing 
14, 3 and 5 brake horse-power, respectively, the 
illustrations given in Figs. 1 and 2, being repro- 
duced from drawings of the 5 h.p. size of which the 
cylinder is 4? in. in diameter, and the piston stroke 
44 in.; the normal speed of the 5 h.p. engine is 600 
r.p.m. These engines are supplied with tanks or hopper- 
type water coolers, and in the semi-portable and 
portable forms, as well as coupled to electric, genera- 
tors, pumps, compressors, and other machinery. The 
14 brake horse-power engine can also be supplied with 
an air-cooled cylinder if that type is preferred. 

For higher powers and when greater fuel economy 
is necessary, the type of engine illustrated in Figs. 3 
and 4, which Messrs. Petter designate as their type 
“$” engine, is more suitable than are the magneto- 
ignition engines described above. These engines are 
of the hot-bulb or so-called semi-Diesel type, in which 
ignition is effected by injecting the fuel on to the 
inner surface of the vaporiser, which is in direct 
communication with the cylinder and is maintained 
at the requisite temperature by the heat of the 
explosions. In starting up this type of engine it has 
generally been necessary to heat the vaporiser at 
first by means of a paraffin blow lamp, but the trouble 
and delay involved in this operation are avoided in 
the Petter engines by employing the firm’s patent 
cold starter. This has already been illustrated and 
described in ENGINEERING on page 55 of our issue 
of July 13, 1923, but we may remind our readers 
that it consists of a cartridge of combustible material 
mounted in a steel tubular holder, and inserted in 
a tapped hole in the vaporiser after having been 
previously ignited by an ordinary match. The 
combustion of the material of the cartridge supplies 
the heat necessary for starting and running the engine 
until the tubular holder has become hot enough to 
continue the ignition. After the engine has been 
running for some minutes, the vaporiser, of course, 
becomes sufficiently hot to function normally. These 
engines will run satisfactorily on crude or residual 
oils, as well as on refined petroleum, the consumption 
averaging about half a pint per brake horse-power 
per hour in the case of a fuel oil having a specific 
gravity of 0-9 and a calorific value of 19,000 B.Th.U. 
per pound, 

Engines of the type illustrated are made with single 
cylinders in four sizes developing 5, 8, 12 to 14, and 
18 to 21 brake horse-power respectively. Twin- 
cylinder engines are made in two sizes, of which the 
smaller develops 24 to 28 brake horse-power, and the 
larger 36 to 42 brake horse-power. The last-mentioned 
engine, which runs at 450 r.p.m. is shown direct coupled 
to a 24-kw. continuous-current generator in the half- 
tone engraving, Fig. 3, while a drawing of the same 
engine is reproduced in Fig. 4. Engines of the hot-bulb 
type are made with horizontal cylinders and also for 
marine work. 

We propose to refer now to a few points in connection 
with the design of the twin-cylinder vertical engine, 
the main features of which can be followed from Figs. 3 
and 4 without detailed description. First, it may be 
mentioned that the sprayer nozzle, when in position 
in the cylinder head, is completely surrounded by the 
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water-jacket which prevents the possibility of the fuel 
carbonising in the sprayer, due to overheating. The 
fuel pumps are driven by an eccentric from the crank- 
shaft, the stroke being varied in accordance with the 
load by means of a centrifugal governor. The pump 
bodies are of bronze and are fitted with case-hardened 
steel plungers. A safety disc is provided on the 
delivery side of the pump to relieve the pressure 
in the event of an obstruction occurring in the fuel 
system. 

As will be seen from Fig. 4, the main crankshaft 
bearings are lubricated by oiling rings, oil throwers 
being fitted at the outer ends to prevent the escape 
of oil. The crankpin, gudgeon-pin and cylinder 
walls are supplied with oil from a mechanical lubri- 
cator operated by the variations im air pressure 
in the crankcase; the internal and external con- 
nections for the purpose are clearly shown in Fig. 4. 
Tt will be noticed that oil for the cylinder walls is 
brought through connections passing through the water- 
jacket on opposite sides, a separate connection being 
provided to lead oil into the end of the gudgeon pin, 
which is hollow, as shown; holes drilled in the pin 
allow the oil to pass through for the lubrication of 
the small end bearing. For lubricating the crankpin, 
oil is delivered from the mechanical lubricator into an 
annular trough mounted on the web of the crank- 
shaft, and flows to the crankpin, by centrifugal action, 
through a hole indicated by dotted lines in Fig. 4. 

As previously mentioned, the firm’s cartridge self 
starter is used when starting up, and the single-cylinder 
engines, being fitted with a compression relief valve, 
can all be turned by hand for the purpose. With the 
twin-cylinder engines, compressed air is used for start- 
ing, and an automatic valve driven from the crankshaft 
is provided to distribute the air correctly between the 
two cylinders. The arrangement obviates the possi- 
bility of the whole supply of compressed air being lost 
without effecting a start. In conclusion, we may 
mention that the makers claim that, if required, the 
engines will run light for any length of time without 
special adjustment, this feature having been rendered 
possible by special attention to the design of the com- 
bustion chamber. With most engines of the type 
referred to, it is necessary to employ a blow lamp to 
maintain the temperature of the vaporiser when 
running light for long periods. 


AERONAUTICS IN NAVAL ARCHITECTURE.* 
By Commander J. C. Hunsaxzr, C.C., U.S.N. 


As aeronautics passed from the hand of inventors 
into the hands of engineers it borrowed heavily from 
naval architecture as well as from other branches of 
engineering. But both aeronautics and naval archi- 
tecture have in common the fundamental laws of fluid 
motion, balance and stability, and moreover have in 
common the practice of basing a design upon tests 
with reduced scale models. Consequently, as aero- 
nautics acknowledges its largest debt for naval archi- 
tectural knowledge and practices, it seems reasonable 
to inquire whether the time has not now come for some 
portion of this debt to be repaid to naval architecture 
in the form of aeronauticai knowledge and practices 
which may usefully be applied in ship design. 

Warship Design.—It is beyond the scope of this paper 
to discuss the pos-ible effects of aeronautics on warship 
design, and it is still too soon to speak with any 
confidence. However, the question is constantly 
being raised in Congress and in the press. The 
bombing tests on ex-German warships conducted by 
the Army and the Navy clearly show that the warship 
has a new enemy and must take account of his weapons. 
The great weapon of the aeroplane is the heavy bomb 
which explodes under water. To meet this, the 
warship requires the same kind and degree of under- 
water protection that is needed against mines. To 
avoid mines, warships keep clear of coastal waters. 
In the present state of the art, no airplane can carry a 
heavy bomb beyond such waters and release it at a 
safe height. 

The best antidote against hostile aircraft is, as men- 
tioned above, to keep out of coastal waters. Mines 
and submarines already have made coastal waters an 
unsafe region for a fleet. At sea, the only offensive 
aircraft to be met are those launched by the enemy 
fleet. To meet them, aircraft superior in number and 
quality are needed. Therefore, an essential feature 
of a modern fleet must be ability to throw out an air 
force when required. 

Aircraft may be carried either on special flush deck 
vessels called carriers, or on men-of-war. They can 
return to the carrier or “land” on the water to be 
picked up like a boat. Seagoing aircraft operating 
independently must base on shore in the present state 


* Abstract of paper read at the meeting of the Society 
of Naval Architects and Marine Engineers,in New York, 
November 13 and 14, 1924. 


of the art and may not figure in a fleet action on the 
high seas, 

The carrier is a new type of vessel which the naval 
architect and aeronautical engineer have worked out 
together. Underwater there is nothing new, but the 
high freeboard, absence of ordnance weights, high 
centre-gravity and open hangar space introduce a great 
deal of difficulty. The aviator wants the greatest 
deck area possible to land on, and the naval architect 
gives it to him by working a wide flare forward and aft. 
The aeroplanes must be got on deck ready for flight 
on short notice. The naval architect provides great 
elevators which cut away the strength deck and require 
special strengthening along the sides. The hangar 
space is high and clear so that the aeroplanes may be 
stowed in assembled condition. To provide this 
space involves more new structural problems. Finally, 
the ship requires a bridge, fire control top and 
radio if it is to operate, while the aviator wants a 
completely flush deck. The naval architect must work 
out a compromise somehow. 

Aerodynamics.—Our recent knowledge of the lift- 
ing power of inclined curved surfaces in air (wings) 
has been applied in the design of skimming boats 
by Baldwin and Graham-Bell and others. Such boats, 
when driven at high speed by air propellers, rise 
entirely from the water, and are sustained by the lift 
of steel blades or wings carried on legs projecting under 
the surface of the water. By such means, astonish- 
ingly high speeds have been obtained with relatively 
low power. There is a complete elimination of a great 
many of the factors that go to make up resistance to 
propulsion. Blades that will lift 15 tons in water 
may have a resistance of only 1 ton and an area of some 
15 square feet. 

Another interesting application of aeronautical prin- 
ciples is being made in the oldest problem of all— 
propulsion by sail. The rig, cut and trim of sails has 
evolved from the long and hazardous experience of 
our seagoing forebears. It appears now that aero- 
nautical knowledge may have a bearing on the problem 
and several alterations in practice have been suggested. 
To establish the merits of such suggestions, it is possible 
(paying due regard to similitude conditions) to test 
models of the proposed sails on a model in a wind 
tunnel. Such testing has hardly yet been undertaken 
in a comprehensive manner, but enough has been done 
to explain the reasons for a good part of what we 
accept as true, also to indicate that a sail is relatively 
inefficient in form as compared with a bird’s or aero- 
plane’s wings. Whether one desires to design sails 
having the curvature of those highly efficient surfaces 
is, of course, a practical problem involving questions 
of handling and safety. 

If it be of interest to obtain more exact rules, the 
technique of aeronautics may be used to determine 
by experiments on models the centre of lateral resis- 
tance of a hull form and the centre of pressure on 
the sails for given conditions. 

Since aerodynamic data on air resistance have been 
available the air resistance of high-speed trolleys and 
motor-cars has been found to be important. Improve- 
ments in form to diminish air resistance have shown 
substantial savings in power. The air resistance to 
ships has not yet been studied with a view of its con- 
sideration in design, but for certain high-speed ships 
air resistance is a large fraction of the total. It is 
estimated that the air resistance of a battleship at 
20 knots adds about 3 per cent. to the water resistance. 
Against a 40-knot wind, the air resistance adds 12 per 
cent., and against a 60-knot wind some 27 per cent. for 
this class of vessel. The air resistance of a 35-knot 
cruiser in a head wind must be a more serious matter, 


especially as the recent tendency in design is to provide, 


higher and larger masts, tops, bridges, funnels and top 
hamper in general. Cargo vessels with a forest of 
masts and booms must expend a good deal of fuel on 
wind resistance. 

The Flettner rudder now fitted to a few merchant 
vessels is an example of the direct application in naval 
architecture of aeronautical ‘knowledge. This device 
was first developed for the control surfaces of certain 
large German bombing aeroplanes in order to avoid 
the necessity for fitting a servo-motor to assist the 
pilot. Applied to a ship, the Flettner type of rudder 
eliminates the steering engine. 

Structural Materials.—Aeronautics resembles naval 
architecture in sharing a practice almost unique in 
engineering work. ‘This is the rigid control of weight 
and its balance. The naval architect saves a ton with 
satisfaction, but the aeronautical engineer normally 
tries to save pounds. A few tons overweight on a ship 
is not noticed, but 50 lb. overweight on an aeroplane 
may mean the sacrifice of a vital piece of military 
apparatus and make the machine a relative failure. 
In aeronautics, weight saving is all important ahd is 
often carried to such lengths that cost is completely 
ignored. The design of structural members is carried 
out with every refinement indicated by theoretical 
structural analysis, and then checked by static tests on 


a full-sized aircraft. In order to save weight, indeter 
minate structural arrangements are employed whos 
analysis by theory is often uncertain. It is no 
satisfactory in aeronautical design to use a libera 
factor of safety to cover uncertainties. Consequenth 
methods and apparatus have been devised to measur 
strains in stressed members in order to determine thei 
loads under static test and in service operation. 

A particular example is the distant reading electrica 
strain gauge, a large number of which were attached 
the longitudinals of the airship Shenandoah on her tria 
flights. It would be a simple matter to fix a lang 
number of these instruments to various parts of ¢ 
vessel to obtain a ‘‘ moving picture ”’ record of the 
intensity and distribution of stress in a seaway. Nava 
architecture is frankly going entirely by experience witl 
liberal factors of safety to cover uncertainty both in the 
longitudinal and in the transverse strength of vessels. 

In aeronautics, important weight savings have beer 
realised by the use of alloy steels of high elastic limit 
light alloys of aluminium, laminated and ply woods 
high strength wire cable and other special materials 
Shipbuilding is necessarily conservative and, so long as 
the hull stresses in service are unknown, the weight tc 
be saved by adoption of better structural steels is some. 
what indefinite. However, there are indications that 
naval architecture is about ready to take advantage ir 
a practical way of the products of modern metallurgy 
The marine engineers are already following the aero. 
nautical and automotive engineers in the use of alloys. 
In England a few merchant vessels are being built tc 
reduced scantlings with a steel of higher elastic limit 
than is usually employed. 

Of course, for warships, nickel steel and other special 
high-strength steels have been used for many years 
where high stresses were expected. But such steels 
are costly and difficult to handle in the shipyard, and 
are not generally economical. If progress is to be 
made, our ship designers might well consider the 
manner in which the needs of aircraft designers have 
been met by intensive research to develop materials 
having the properties especially desired for aircraft 
construction. A case in point illustrates my meaning, 
Steel tubing appeared to be a desirable substitute for 
wood. The commercial steel tubing developed origi- 
nally for bicycles had too low a strength-weight ratio. 
Alloy steel tubes proved difficult to make and to handle 
and impossible to draw with thin walls. Eventually 
ordinary carbon steel was made to give double the 
strength of the “bicycle tube” standard by careful 
control of cold drawing and “blueing.” It seems 
likely that the ordinary mild ship steel can be given 
very much improved physical qualities solely by control 
in rolling. 

Ship Form and Steering.—The steering of ships has 
developed from centuries of experience, and to-day 
a naval architect has fairly definite ideas on the subject. 
For example, he knows that dead wood aft, or trim 
by the stern, makes a ship hold her course better 
but also acts to retard rapid manceuvring. He has 
some notion of the pivoting point and the drift angle 
in a qualitative sense, and has at hand empirical 
rules for designing rudders for a given type of ship 
based on experience. But experience is very slowly 
accumulated, and qualitative information is difficult 
to apply practically. 

In aeronautics, from want of experience, intensive 
experimental and theoretical research has been con- 
ducted into the mechanics of stability and steering, 
with the result that the stability of course of an airship 
or an aeroplane can be predicted from the plans. 
The equations of motion have been solved and a 
criterion of stability devised which will indicate 
whether a small deviation from the course will increase 
or will develop into an unstable oscillation. The 
mathematical machinery* exists and may be applied 
to vessels as soon as a knowledge of the coefficients{ 
is available from tank experiments. This is a case 
where the methods of aeronautics may be applied 
usefully in naval architecture. 

In addition to the question of stability of route, 
the naval architect risks his reputation on a prediction 
of turning circle and on the design of a rudder to 
permit manceuvring, going both ahead and astern. 
This problem seems to involve too many factors, 
such as wake and propeller effect, to lend itself to 
mathematical solution, but I have no doubt that 
with our present knowledge of the theory of similitude 
very fair experimental results could be obtained from 
self-propelled models. Data for the computation of 
turning circles could be obtained by the use of a 
circular tank, with the model towed by a whirling 
arm. The whirling arm is an aeronautical device, 
having been introduced by Langley in his pioneer 
work in air resistance. . 

As to the design of rudders themselves, the aero- 
nautical literature already contains a great deal of 


* G. H. Bryan: “ Stability in Aviation.” *s 
} L. Bairstow, Advisory Committee for Aeronautics, 
London, 1912-13. 


tially to determine experimentally the forces 
. an element of a propeller blade from tests on an aero- 


The diameter for any one of a family of similar pro- 


is characteristic of*its operation and may with reason 
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information of immediate use to the naval architect. 
The centre of pressure on flat and cambered surfaces, 
balanced or unbalanced, has been found for a great 
variety of shapes from tests made in air. There is 
ample evidence that the centre of pressure is the same 
for air and for water. The aeronautical experiments 
indicate that the naval architects’s conventional use 
of Joessel’s formula for rudders is far from correct. 
Aeronautical information as to the distribution of 
pressure on a rudder and on the dead wood is applicable 
in naval architecture. For a separate rudder working 
in clear water the total normal force on the rudder 
is made up to a large degree by suction on the rear 
side. Also the unit pressures are relatively very high 
over the leading quarter of the rudder length. 

For a rudder hinged to a flat dead wood, the principal 
force acting to turn the chip when the helm is put 
over is not on the rudder at all but on the dead wood. 
This is the reason that rudders of aircraft are usually 
hinged to the trailing edge of a fin. It is found that 
a small rudder acting with a good-sized fin produces 
ample turning moment on the aircraft with little 
stress on the steering cables. A further advantage 
of the rudder-fin combination is that the normal force 
produced on the fin (or dead wood) is transverse and 
does not hinder speed. Johns has pointcd out that 
on the old sailing frigates the rvdder area was relatively 
small, its main purpose being to bring a pressure on 
the dead wood. The ship thus retained steerage way 
when coming about on the other tack. Aeronautical 
research confirms the judgment of the designers of 
those sailing frigates, but gives us data in quantitative 
form. Jt may be noted here that aerodynamic forces 
may be multiplied by 823 (ratio of densities) to obtain 
the corresponding forces in sea water. 

Propeller Design.—Marine propeller design is based 
on data obtained from models and from trial trips. 
In either case similitude conditions are depended upon, 
and the detail mechanism of propeller action is appa- 
rently considered too hopelessly complicated for 
successful analysis. The Wright brothers, knowing 
nothing of marine propeller theory and unaware of 
the hopelessness of detailed analysis, attacked the 
design of propellers for the first aeroplane with 
characteristic thoroughness. They had already suc- 
cessfully analysed the action of their glider wings, 
and had discovered the experimental facts of lift and 
resistance. 

As a result they applied this knowledge to the 
blades of a propeller and produced a remarkably effi- 
cient design. Other experimenters, notably Drzwiecki 
and Lanchester, had in the meantime developed a 
“blade element” theory, which proposed essen- 
on 
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by marine propeller workers. 

A further useful result of aeronautical propeller 
research is a knowledge of the improvement that can 
be made in propellers by selection of a correct blade 
section. Marine propellers, for reasons of strength, 
cannot be made with long, thin blades of maximum 
efficiency, but for the blade thickness required it is 
possible to choose a profile that is rather bad, and still 
not obviously very different from a profile that will 
give best efficiency under the conditions of working. 

The blade element analysis has also shown that the 
angle of incidence largely determines the effectiveness 
of each element. This angle of incidence is the angle 
made between the direction of motion relative to the 
air or water and a reference line on the blade element. 
As a ship’s propeller is working in the wake, the motion 
of the water is so disturbed that the estimate of angle 
of incidence is often little better than a guess. 

Kempf has shown how to map experimentally the 
“ effective’ wake behind a ship’s model, and, with 
this knowledge, the blade elements of the propeller 
may be set so that each is working to best advantage.* 
Conversely, wake conditions which are undesirable 
for propeller efficiency may be discovered and corrected. 
This virtually amounts to fitting the propeller design 
to the hull design. The opportunity of make what 
Kempf calls the ‘‘ second approximation ”’ in propeller 
design comes from adopting the aeronautical propeller 
designer’s analytical point of view. 

At the present time the hydrodynamical circulation 
theory which has proved so useful in calculating the 
forces on wings and the distribution of pressure is 
being applied to propeller blades. The work is hardly 
complete, but it already appears probable that it will 
soon lead to a simpler and more precise procedure for the 
design of air propellers. 

Marine propellers are unique in having ever present 
the possibility of cavitation. I venture to suggest 
that an explanation of cavitation will be found in the 
distribution of pressure over the blade profile. This 
could be investigated theoretically by the circulation 
theory and experimentally with models using the 
methods of aeronautics. 
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SELF-UNLOADING BULK CARGO VESSELS 
OF THE GREAT LAKES.+ 


By Henry Penton, and Proressor HERBERT C. 
Sapter, D.Sc. 


Tue present-day bulk freighters of the Great Lakes 
represent one of the most interesting developments 
of ship design. They typify the extreme case where 
the equipment for handling cargo is entirely absent 
so far as the ship is concerned, the appliances for both 
loading and unloading being situated ashore. Of 
recent years, however, another type has been developed, 
also for handling bulk cargoes, and which may be 
considered as at the other extreme, namely, a vessel 
which carries on board a complete mechanical equip- 
ment for unloading entirely independent of any and 
all shore plant. These vessels have come to be known 
as ‘‘ self-unloaders,”’ and as the authors were responsible 
for the original designs of the different types ib was 
thought that an outline of the method of solving the 
problems involved and some description of the lead- 
ing features of the vessels would be of interest. In 
general the bulk cargoes handled by these vessels 
consist of stone, coal and cement, 

In 1907, to meet the requirements of a concern on 
the Great Lakes using annually some hundreds of 
thousands of tons of limestone in chemical processes, 
one of the authors developed a design employing a 
conventional single-deck, bulk-freight type of hull and 
installing therein a self-unloading, continuous con- 
veyor system which delivered the cargo overside 
without the assistance or intervention of any form of 
auxiliary or shore equipment. The ship was designed. 
for handling what is known to the trade as 4-in. stone, 
but the adaptability of the system to handling coal also 
became almost immediately apparent, and it has 
since been steadily employed in both trades. The 
first ship was placed in commission in the early summer 
of 1908. Up to that time the water-borne movement 
of stone reached comparatively small figures and was 
handled almost entirely in small open barges and un- 
loaded by shore equipment. The advent of the self- 
unloader gave this movement great impetus and, 
combined with the development of certain favourably 
located formations of stone of a character highly 


plane wing moving through the air. The thrust and 
torque per blade could then be computed by integrating 
graphically. The development of aeronautical pro- 
pellers has in the main followed the blade element 
theory, and, although this theory is far from satis- 
factory, practical aeronautical propellers are designed 
which exceed 80 per cent. in efficiency and which 
meet torque and thrust conditions with reasonable 
precision. 

One advantage of the detailed analysis comes from 
the light thrown upon the effect of the curvature of 
the back of the blade. It is now clear that the 
curvature of the back of the blade is most important. 
A high camber gives a high thrust per unit area and 
somewhat reduced efficiency, other conditions being 
equal. Also, it is learned that for a cambered blade 
the angle of incidence may be from 2 deg. to 8 deg. 
negative before the lift or thrust component of force 
on the blade element vanishes. This “angle of no 
lift” is a characteristic of the blade section. Conse- 
quently, the marine propeller designer’s preoccupation 
with “ pitch,” variously defined, appears to be unneces- 
sary, as pitch is not a true propeller characteristic. 
Likewise, “slip,” whose definition involves pitch, 
becomes wholly deceptive. The abnormality of 
“negative apparent slip” is familiar to us, but we 
now know the words mean very little. 

What has happened in a case of negative slip is 
that the angle of incidence of the blades (measured 
from the face) is negative although the angle of 
incidence measured from the “angle of no lift”’ is 
still positive. Consequently the effective pitch is 
larger than the geometrical face pitch, and real and 
apparent slip are different. 

_ Aeronautical propellers never had to discard the pitch 
and slip notation, because it was never adopted 
generally in reporting results of propeller experiments. 


Instead, the ratio a8 was used as a prime variable. 


pellers includes all we mean by pitch, however defined, 
and the ratio of speed of advance to N D includes all 


Vi 
we mean by slip. In fact, for a given propeller, ——5 


*G. Kempf: ‘‘ Praktische Propellerkonstruktion in 
Zweiter Naherung.” Hamburgische Schiffbauversuchs- 
anstalt, December, 1923. , 

+ Paper, abridged, read before the Society of Naval 
Architects and Marine Engineers, at New York, on 
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navigation season. Not all of this was moved by the 
self-loaders however, a considerable part being handled 
by ships of the ordinary type and unloaded by shore 
equipment, but figures for the relative proportions are 
not available. Similarly the figures for the self- 
unloaded coal are buried in the total water movement 
for the season of over 33,000,000 short tons. There 
are now eleven ships of the continuous conveyor type 
in commission. 

In generat, the self-unloader in the stone and coal 
trades (see Figs. 1 and 2) employs two horizontal 
conveyors, symmetrically arranged each side of the 
centre line, delivering at the forward end, through a 
combining hopper, to the heel of an inclined conveyor 
or elevator which in turn delivers to the heel of a 
boom conveyor which can be swung over either side 
through a total arc of approximately 200 deg. The 
hold conveyors are placed immediately upon and 
parallel to the tank top, the forward end being carried 
upward to a sufficient elevation to get a proper run 
through the combining hopper to the centre-line 
elevator. The heel of the latter is placed as close as 
possible to the peak bulkhead and it has sufficient rake 
to insure proper feeding and discharging. The boom 
is pivoted on deck directly below the head of the 
elevator and, when not in use, is stowed and secured 
in chairs on the centre line. It may be topped up to 
any desired angle within the working limits, which 
approximate 20 deg. from the horizontal. It may be 
of almost any desired length, but up to the present 
150 ft. has been found to be as long as is necessary with 
a minimum of about 85 ft. The effective delivery 
radius is sometimes materially increased by the addi- 
tion of an apron under the outboard end. The elevator 
is of the chain-belt bucket type and the boom conveyor 
of the troughed rubber-belt type. 

To obtain a flow of material to the conveyors the 
cargo hold is built with a bottom approximating, in 
cross section, the shape of a flattened W (see Fig. 3). 
The flattest slopes at which stone would flow without 
some kind of agitation or disturbance was found 
experimentally to be 35 deg. from the horizontal. 
The loss of capacity due to this construction is not 
important with stone, which, in the sizes commonly 
handled, averages about 23 cub. ft. per short ton, but 
with coal, at about 38 cub. ft. per short ton, the loss is 
substantial. To minimise this loss it would be desirable 
that each of the legs of the W should be of the same 
length, but this is impractical because of interferences 
forward where the hold conveyors would foul the shell, 
and because of the greater height to which the heads of 
these conveyors would need to be carried to obtain a 
proper flow through the combining hopper to the 
elevator. In effect, therefore, there exists a tunnel 
between the conveyors under the cargo hold proper. 
In the bottom of the hoppers, over the conveyors, there 
is formed a series of hinged gates which are controlled 
from this tunnel. Some of the larger and more recent 
ships have a mechanically-operated feeding mechanism 
added to these gates to control the flow of material. 
With the larger sizes of stone particularly this is some- 
times an advantage, because of the tendency of the 
stone to bridge and the subsequent flooding of the 
conveyor when dislodged. 

The hold conveyors are in general of two types—the 
pan or bucket type and the belt. Both have proven 
very satisfactory, and the choice is largely one of 
preference. The former, because of its link or chain- 
belt construction, can be guided in straight lines fairly 
close up to the delivery end and the length of slope 
restricted, while the latter necessarily assumes a 
catenary with a much longer slope. For stone cargoes. 
only this is unimportant, but it aggravates somewhat 
the loss of capacity for coal. 

The first ship employed electric drive for the convey- 
ing machinery. Some of the succeeding ships employed 
steam drive, but all of the later vessels have used the 
electric drive. Where steam is employed the prime 
mover is located forward, and heat losses, independent of 
those due to the comparatively uneconomical type of 
engine employed in most cases, are naturally very high 
and the drives very indirect. On the other hand, a 
strong argument in its favour has been found in its 
comparative simplicity and reliability, and the actual 
hours of running are not great. The electric drive, 
however, in the latest as well as the largest installations 
has proven reliable and free from trouble, and, in spite 
of electrical losses, much the more economical. There 
is also a substantial saving in weight and, further, the 
feature of permissible remote control of all motors, and 
consequently of each unit of the system, is easily 
arranged for, so that the entire system can be controlled 
from the deck if desired, as well as from the different 
stations. ‘ 

Figs. 1 and 2 show the arrangement of a ship of 
about 8,000 tons capacity in stone, and illustrate the 
general arrangement of all chain-belt conveyor ships. 

With respect to unloading rates, these vary from 
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about 800 tons per hour in the earlier examples up to 
1,800 tons to 2,000 tons per hour in the later and larger 
ships. It thus comes about that the port unloading 
time works out about the same for all, The unloading 
rate depends not only on conveyor widths and speeds, 
which have been gradually increased since the first 
installations, but also to a considerable extent upon 
the freedom of flow of the material. When we first 
approached the problem the size of stone to be handled 
was what is known nominally as 4-in., but the sizes now 
handled, particularly in flux stone, are much larger, 
and pieces are frequently met with which may reach 
18 in. to 24 in. in one dimension. In coal also large 
lumps frequently occur, and these not only lead to 
bridging but may have to be broken up 7m situ in order 
to restore flow. Provision for this is made by means 
of openings in the hopper sides above the gates and 
through which bars can be manipulated. Coal is easily 
disposed of, but occasionally large lumps of stone cause 
considerable trouble. This lack of uniformity and 
consequent irregularity in feeding has led to the fitting 
of the mechanical feeding devices before referred to. 


worked out the arrangement shown in Fig. 4, which 
gives an outline of the section of a 12,000-ton ship, of 
which the usual arrangement is shown. in Fig, 3. 
The modified arrangement produces an increase in area 
of section of about 225 sq. ¢t., and, since the length 
of hold affected is about 380 ft. and of nearly uniform 
section, the gain in coal capacity is about 2,000 short 
tons, or about 28 per cent. Since the increase is added 
entirely to the lower side of the cargo it is not affected 
by trimming. Untrimmed cargoes are the rule, and 
figures quoted throughout are on that basis. It will 
be observed that this plan produces a practically 
rectangular cargo hold, and offers either increased 
capacity for certain cargoes on the one hand or 
reduced costs for a ship of a certain capacity on the 
other. Improved stability follows as a matter of 
course, and that a stable ship of hitherto impractical 
dimensions is now feasible has already been demon- 
strated. It may be added here that, theoretically, a 
self-unloading ship of Welland canal dimensions should 
be able to carry, on normal canal draught, 14 ft., about 
2,250 short tons deadweight; the actual vessel is 


in the tunnel, but the relative areas are indicated by 


‘the triangle above the head-room limit line. For 


convenience, a scale has been added whereby compari- 
sons may be made directly. 

Increase in beam or depth now produces an increase 
in capacity in exactly the same proportion as in any 
other ship. The comparative weights of the ordinary 
and modified types are about alike, if anything a little 
in favour of the latter, because the articulated leaves 
are not subject. to any great weights or stresses and 
may be light. The only stresses imposed are at the 
beginning of movement, under the weight of cargo 
contained in the triangle of which the hypotenuse lies 
at the angle of repose of the cargo. The instant this 
repose is disturbed ever so slightly the weight falls off 
rapidly. The stiffening required under the long fixed 
slopes is materially reduced, and the entire suppression 
of the transverse hoppers does away with a lot of 
material and fitting and riveting, of which one-half is 
treble-riveted watertight work. On the other hand, 
the number of gates is somewhat increased. So far as 
our present information goes, the costs are at least 
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In general, the self-unloader is adaptable to any 
cargo which will flow by gravity, and is of sufficiently 
hard and irregular a nature to avoid interlocking and 
bridging ; for example, bricks could not be handled at 
all. It cannot be used for the ores of the Great Lakes 
because of the fines and moisture, but for nodulised or 
sintered ores it is perfectly adaptable. 

It will be apparent, of course, that the self-unloader 
suffers loss in both capacity and deadweight, and the 
offsets are to be found in saving in port time, total 
independence of any and all forms of shore unloading 
plant, independence of shore labour and working 
conditions or fixed hours, ability to demand and collect 
an unloading rate in addition to her freight, ability to 
make delivery at any point where she can make fast, 
and which naturally produces much business which is 
not only not available to any other type, but which 
would not otherwise exist and which carries with it 
non-competitive freights. Further, it is best on the 
shorter trade routes because of the quick turn-rounds. 
One of these ships has handled 110 cargoes ina season 
of about 240 days, taking stone in one direction and coal 
in another, and frequently taking three cargoes in a 
round voyage. 

It will be readily apparent that the hoppered design 
is restricted in two directions. The high centre of 
gravity leads to instability in ships of certain dimen- 
sions, as, for example, in a ship for the Welland and 
St. Lawrence canal trade. Further, beyond a certain 
point, increase in beam and depth does not produce 
proportionate increases in capacity because of the 
area of cross-section cut off by the rise of hopper, and 
since increasing depths involve other objections, the 
economically largest ship of this design is probably 
of about 12,000 short tons deadweight capacity. 
Probably few trades could employ a ship of greater 
capacity. It follows that if some way were found to 
eliminate the hopper construction with fixed slopes 
and still retain gravity flow to the conveyors, two 
major advantages would accrue—improved stability 
in vessels of restricted dimensions in trades from which 
the self-unloader has been barred, and reduced dimen- 
sions and weights and costs for a given capacity. Or, 
from another angle, since a ship of the ordinary type, 
if designed for full stowage with stone, will have a coal 
capacity of only about 60 per cent. of her deadweight 
ability, the same ship would be able, if the hoppering 
could besuppressed, to carry considerably greater cargoes 
of coal while her entire cargo deadweight ability would 
be absorbed in stone with considerable capacity to spare. 

With these ends in view one of the authors has 
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reported to have loaded about 2,200 tons. Briefly, 
the modification consists in articulating the hopper 
bottom so that normally the leaves are retracted, and 
in this position the lower leaf lies upon the flat of the 
side tank while the upper leaf hangs against the face 
of the webs, as shown at the left of Fig. 4. The cargo 
flows to the conveyors until flow ceases or is about 
to cease; the leaves are then moved inward as shown 
at the right of Fig. 4, dumping the remainder of the 
cargo into the conveyors. Any convenient method of 
operating the leaves may be employed; in one ship 
they were arranged for operation by wire-rope pennants 
shackled at the lower hinge joint and led to line-shaft 
drums under the deck. This is not ideal for the 
reason that conditions require at first maximum power 
with minimum motion and are best satisfied by 
hydraulic control or a toggle movement. 

This plan allows us to go back to the desirable close 
spacing of conveyors; in fact, that arrangement 
becomes more than ever desirable because it lowers 
the apex along the centre line. . Some slight hoppering 


here is unavoidable because of the head-room necessary 
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no greater, and there is reason to believe that under 
parallel conditions of construction they will be less 
than for a ship of equal capacity of the ordinary type. 

Another type, which presents’ certain problems of 
a character somewhat different from the preceding, 
is a vessel arranged for carrying cement in bulk. What 
might be called the fundamental features are approxi- 
mately the same, namely, a hopper construction with 
conveyors under, which feed to elevators at the forward 
end and from thence discharge overside through similar 
conveyors. Owing to the nature of the cargo, the 
screw type of conveyor is used, and while arranged 
primarily for the handling of cement, it may be re- 
marked that these vessels could also handle such 
cargoes as grain, flax and other substances in which 
the individual particles are relatively small. It is, of 
course, well known that these last mentioned cargoes 
are very mobile, but it may not be realised that cement, 
especially when first loaded and therefore in a some- 
what aerated state, will flow almost as a liquid. In 
designing, therefore, it is advisable to treat it as prac- 
tically a liquid cargo so far as stability is concerned. 

It may be remarked here that m respect of propelling 
machinery all. the self-unloaders follow what may be 
called the standard lake practice. With a few excep- 
tions, where quadruple engines have been fitted, 
have triple engines and cylindrical boilers, and all work 
with either positive or induced mechanical draught. 

A number of other plans have been put forward 
having in mind more particularly conversion of old 
bulk-freight ships to’ self-unloaders. One of these at 
least has been put into service, and consists in general 
of two tunnels under the cargo hold with a drag-line 
scraper in each and delivering to a centre-line elevator 
and boom similar to the continuous system. Of course, 
this system is intermittent and its hourly capacity 
relatively low, but its cost is said to be also low, and 
it affords an outlet for some tonnage no longer suitable 
for'use in general trade. 


Tun Royat Insrrrution.— Concerning the Habits of 
Insects’ is the subject of the ninety-ninth course 0 
Christmas lectures to be delivered at the Royal Institu- 
tion this year by Mr. F. Balfour Browne, lecturer in 
entomology at Cambridge. The first lecture is on Decem; ~ 
ber 27, on ‘*‘ Insect Collecting and what it leads to, 
followed by the ‘‘ Habits of Bees and Wasps’’ (Decem- 
ber 30), “ Habits of Caterpillars” (January 1), “ Habits — 
of the Dragonfly ” (January 3), “Habits of the Water- 
Beetle” (January 6), and the “‘ Habits of Insects and 
the Work of Man” (January 8). 
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REPARATIONS AND THE BRITISH 
ENGINEERING INDUSTRY. 


(From a Correspondent.) 
Il.—GERMAN Exports AND THEIR MARKETS. 


In the previous article it was contended that the 
carrying out of the Dawes Report involves the 
concentration of Germany upon production for 
export. 

Apart from a general intensification of production, 
Germany will be bound to specialise in commodities 
which she is especially equipped by nature to 
produce. The Report emphasises in particular 
that she should not concentrate on commodities, 
a large part of the value of which represents materials 
previously imported. The object of this proviso 
is clearly to increase the favourable balance of 
trade in a greater ratio than the volume of trade. 
Its effect will be to make Germany a less valuable 
customer to us and to those of our customers who 
are involved with us in triangular trade with 
Germany. Secondly, it will compel Germany to 
select those of her industries best equipped for 
production for export and those the value of whose 
finished products are highest in proportion to the 
value of imported material employed in their 
manufacture, and to concentrate upon them to 
create her favourable balance of trade. 

Bearing these general propositions in mind, it 
will be useful to consider what are the specific 
commodities fulfillmg these requirements par 
excellence, and also in what markets Germany can 
sell them. Owing to the dislocation caused by 
the collapse of the mark, official figures for German 
trade values tend to be unreliable. Accordingly, 
in Table I below the volume of German trade is 
given for the years 1913 and 1922 :— 


TABLE I, 
Imports. Exports, Net Imports, 
1913. | 1922. | 1913. | 1922, | 1913. | 1922. 

Raw materials and 

semi - manufac- 
tured goods . .|59,701 138,877 59,026 |14,272 675] 24,605 
MGuischired goods! 1,249} 1,894) 9,321] 5,836 |—8,072|— 3,942 
Food ./11,700] 5,074| 5,368] 1,443) 6,332] 3,631 
Living animals 180 30 2 178 25 
Totals . .|72,830 |45,875 |73,717 |21,556| — 887| 24,319 


With the unimportant exception of “living 
animals” there is a great decline in all classes of 
German exports. There is a heavy adverse balance 
in food. With regard to fuel, which was before 
the war one of Germany’s most important raw 
material exports, some development may be expected 
of her lignite production, but the cession of her 
coal-bearing territories under the treaty, coupled 
with her own increased requirements for industrial 
purposes, will reduce her competitive power in this 
direction. The same applies in a less degree to 
Taw iron and steel. 

For the purposes of this inquiry the outstanding 
conclusion to be drawn from the above figures is 
that it is only in the category of manufactured 
articles that any resilience is shown. In 1913 the 
five principal groups of porns manufactured 
goods exported were :— 


Per Cent. of 

Total Values. 
Tron products 15-8 
Machinery ... 11-2 
Textiles 12-7 
Chemicals and Dies 9-4 
Leather goods 5+4 


Tron products and machinery in 1913 were, 
roughly, three-tenths of the total; in 1920 they 
were three-eighths. The Report of the British 
Commercial Secretary for Occupied ‘Territories 
states :—‘‘ One of the chief results of the post-war 
re-grouping of the iron and steel industries which 
has proceeded in Germany is that she is no longer 
interested in the export of pig-iron and semi- 
manufactured steel as before the war; her pig- 
iron and steel production goes to feed her own 
industries in producing a finished article of higher 
value.” In other words, the increased percentage 
of these two categories from three-tenths to three- 
eighths has been at the expense of the iron products 
and by concentration on machinery. 

The market for chemicals and dyes is limited 


a great expansion in that category of exports is 
not to be looked for. Leather goods and textiles 
are peculiar in that a large percentage of the value 
of the finished article represents material previously 
imported. 

Precisely the opposite is the case in the category 
of machinery. Here Germany’s need for imported 
material is at a minimum. Her technical skill and 
equipment are of the highest order, and the value 
of the finished product is extremely high in relation 
to the raw material costs. The conclusion is that 
it will be to an expansion of machinery production 
for export that Germany will turn primarily, to 
increase her trade balance and make possible the 
payment of reparations, though there will, no 
doubt, be a smaller increase in most of her principal 
commodities. 

To assess the effect of such an expansion in terms 
of competition, we must turn to German machinery 
export figures in greater detail. The export of 
machinery and locomotives from Germany in 1923 
showed a considerable falling off, as these industries 
are to a large extent situated in the Ruhr or 
dependent on that district for the supply of semi- 
manufactures. The following are the official 
figures for the main categories :— 


TaBLE II.—German Engineering Exports. 


1913. 1922 1923.* 
Metric Metric Metric 
tons. tons. tons. 

Textile machines, indladiae 
parts. 73,014 42,643 45,191 
Locomotives and tenders 54,445 |101,250* | 17,163 
Tool machinery . ts 90,279 78,167 49,762 
Agricultural machines tee ..| 40,708 34,411 26,686 
Other machines .. .|277,705 |198,104 | 142,812 
Electrical machines and parts 41,882 23,697 26,937 


* Not too much reliance can be placed on any of the 
official figures for the year 1923, owing to dislocation due to the 
Ruhr episode. The great decline in locomotives is said to be 
due chiefly to the absence of Russian orders. 


Even at the reduced proportions shown in Table IT., 
it will be admitted that German competition during 
1922 and 1923 has been extremely severe. It is to 
be expected that the economic evacuation of the 
Ruhr, following the Dawes Report, will result in an 
immediate boom in these trades. If this boom is 
maintained and an expansion of export trade takes 
place on the scale contemplated above, it is 
evident that German competition must attain to 
very serious proportions. 

If the foregoing indicates the general bearing 
of the Dawes scheme upon the German engineering 
industry, there is one provision of the plan which 
demands further attention, viz., the Industrial 
Bonds Scheme. The German Government has 
sanctioned the bill for the obligations which industry 
has to bear under the Dawes Report for the sum of 
5,000 million gold marks (1,190,000,000 dols.). The 
amounts necessary for the payment of interest and 
amortisation are to be charged to industrial under- 
takings in relation to the value of the property above 
50,000 gold marks (11,900 dols.). 

Four large industries—iron and steel, engineering 
and electrical, chemical, and textile—have to bear a 
minimum obligation, which amounts to 20 per cent. 
of the total industrial obligation for the first, 17 per 
cent. for the second, 8 per cent. for the chemical, 
and 7 per cent. for the textile industry. 

It would seem from this that in the minds of the 
Germans themselves there is no doubt that the 
engineering and electrical industries will play a 
leading part in the execution of the plan. It may 
be assumed that in imposing this additional burden 
upon those industries, they believe that it will not 
be too heavy a handicap to allow of their competing 
successfully abroad and so assisting to establish an 
export surplus. It is not conceivable that they 
would be able to perform this double task without 
an enormously increased turnover. 

The vast metallurgical machine largely built up 
since 1919 is to be the principal instrument of the 
German nation in carrying out their obligations. 
The German Government, by imposing this burden, 
makes itself to some extent responsible for the pros- 
perity of German engineering. That this respon- 
sibility is fully appreciated may be seen from the 
fact that it has already passed legislation to reduce 
the taxation burdens and other costs upon export 
industries and in particular upon the comprehensive 
variety of metallurgical industries. 


Moreover, the Government’s measures for reduc- 
ing production costs have begun to bear fruit. 
The 10 per cent. cut of railroad rates and the 
10 per cent. cut of coal prices have reduced pro- 
duction costs in the heavy industries by an average 
of 4 to 5 per cent. The calculated reduction is: 
Pig-iron, 4-2 per cent.; sheets, 5 per cent. ; bars, 
3-9 per cent. The reduction of the sales tax from 
24 to 2 per cent. ad valorem and the Reichsbank’s 
measures for cheapening credit willalso have power- 
ful effects. KHssen experts declare that altogether 
the production cost of heavy steel and iron will fall 
by 7 or 8 per cent., and of finished metal goods by 
much more. 

An attempt has been made to indicate the extent 
to which German export activity will have to be 
increased and the specific commodities on the export 
of which she is likely to concentrate. It remains to 
consider in what markets it will be possible to sell 
these goods. In Table III. an account is given of 
pre-war German exports by destination. 


TaBLeE III.—Destination of German Exports, 1913. 


1913 Exports. 
Country of Destination. 
Millions of | Per cent. of 

Marks. Total 
Western Europe :— 5,272 52-2 
Great Britain 1,438 14-2 
France ‘ 790 (es 
Netherlands ~ 694 6-9 
Scandinavia 675 6:7 
Belgium .. 551 55 
Switzerland 536 5:3 
Italy at 393 3°9 
All poner ae 195 1-9 

Central Eastern and South- Eastern 
Europe :— 2,405 23:8 
Austria-Hungary .. 1,105 10:9 
Russia . te 880 8-7 
Balkan States 214 291 
Others 206 2-1 
North and South America :— 1,547 15:4 
United States 54 713 7-1 
Argentine .. 266 2°6 
Brazil sf 200 2-0 
All others .. 368 3°7 
Asia .. 7 548 5°4 
All others 325 3+2 


The markets of Central and South-Eastern 
Europe are practically non-existent at present. 
Western Europe, which before the war absorbed 
52 per cent. of German exports is under the neces- 
sity of economising in every country—the Allies 
to balance budgets and pay their debts, the neutrals 
as a result of being involved in the general economic 
disorganisation. In the Continent of America the 
United States takes refuge behind a tariff barrier, 
while the Argentine and Brazil are unable to pur- 
chase extensively owing to their reduced sales of 
raw materials to impoverished Kurope. There does 
not seem any likelihood in the near future that Asia 
and other undeveloped countries will be able to 
provide extensive new markets. 

The genius of German Industrialists in the 
matter of commercial policy is notorious, and it 
will no doubt be afforded scope by the following 
facts :—By Article 280 of the Treaty of Versailles 
‘one sided most favoured nation treatment” 
from Germany to the Allies was to cease five years 
after the rectification of the Treaty unless the 
Council of the League of Nations gave Germany 
12 months notice to the contrary effect. The 
period for giving notice expired on January 10, 
1924, and the obligation will expire on January 10, 
1925. The Germans are preparing an active 
commercial policy to put into operation after that 
date, and it will no doubt ke of some assistance to 
them in the task of penetrating the markets of the 
world. But this factor by itself would not count 
for much in the face of such overwhelming 
difficulties. 

The conclusion is that Germany will have a very 
hard struggle to sell her goods and that she will only 
succeed in doing so on a considerable scale by the 
most ruthless competition, in the lines of goods 
which she is especially fitted to produce. Foremost 
in these classes of goods will be the products of her 
engineering industry. Both in respect of the goods 
themselves and the contracted markets in which 
they are to be sold it must be anticipated that 
Germany will compete principally with this country 
and that the British engineering industry will, 
therefore, bear the brunt of the effects of German 
reparation payments. Finally, however, British 
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engineering genius and workmanship might be able 
to meet and overcome such competition in spite of 
longer hours and lower wages in Germany, the dice 
will be loaded against them by the fact that the 
whole resources of the German Government and 
people will be behind their rivals in ensuring that 
such competition is effective. 


THE PENANG HILLS RAILWAY. 


(Continued from page 668.) 
' As already mentioned, owing to the steep slope 
and the heavy tropical rain which is a feature of 
the climate, the whole line is constructed in masonry 
throughout and no loose ballast is employed. The 
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PLATFORM. 


track is built into the masonry and anchored by 
long bolts at intervals. General views of the 
track are given in Figs. 38 and 39 above, 
while details of the construction employed are 
given in Figs. 40 to 49 on page 727. The rails 
are of flat-bottomed type with a special head 
adapted to be engaged by the brakes on the 
cars. The form is shown in Figs. 48 and 49. 
The rails are held down by small clips to angle- 
iron sleepers (having elongated holes) by means of 
rectangular-headed bolts with square necks which 
can be inserted after the sleepers are in position. 
The arrangement will be clear from Figs. 45 to 47, 
while one of the anchoring bolts to which reference 
has been made is shown in Fig. 49. The form of 
fish-plate used is shown in several of the figures ; 
as will be seen, it embraces the whole of the 
lower portion of the rail and is cut away where it 
intersects the holding-down clips. It will be clear 
that the rails can be taken up and renewed without 
disturbing the sleepers. The tops of the sleepers 
are laid flush with the masonry as can clearly be 


seen in the views of the track given in Figs. 38 
and 39 on this page, and in Figs. 64 and 65 on 
page 740. The same construction is employed in 
cuttings in which a raised masonry bed is provided 
in the middle with a 3-foot way on each side for 
storm water and service purposes. 

As the railway is single line a passing place for 
the cars has had to be provided in the middle of 
each section, and the lay-outs of these are given in 
Figs. 40 and 42, the former illustrating the upper 
section and the latter the lower. One of the most 
interesting featuresfabout these passing places is 
in connection with the arrangements made to ensure 
that each car shall keep its own track. It is clear 
that when, say car A, is approaching the passing 


VIEW SHOWING Part oF STATION 


place shown in Fig. 40, it must always run on to, 


A feature which had to be kept in view in the 
layout of the line was that the haulage rope should 
always remain in the tread of the carrying pulleys, 
and that the maximum pitch should be such that 
under minimum tension the sag in the rope between 
carrying pulleys should not be so great that there 
would be any danger of the rope touching the ground. 
The rope, which was supplied by Messrs. George 
Cradock and Co., Limited, of Wakefield, has 
a diameter of 1} in. and weighs 11 lb. a yard. The 
ropes for the upper and lower sections together 
weigh about 12 tons. Each rope has a breaking 
strain of 75 tons, and as the maximum load to which 
they are subjected is about 5 tons, it will be seen 
that very ample margin for wear is available. It is 
estimated that the ropes will have a life of about 


Fig, 39. View or Strraiaut Part oF TRACK SHOWING ARRANGEMENT 


oF SLEEPERS. 


say, the left-hand side passing track, while when 
car B is doing the same thing it must pass to the 
right-hand side. It will be clear that this procedure 
might be ensured by automatic switches operated 
by the cars, but actually a method has been applied 
which has absolutely no moving parts, but which 
effectively ensures that each car shall take its proper 
track. The method is ingenious, but very simple. 
The car A is fitted with double-flanged wheels on 
the left-hand side and flangeless wheels with very 
wide tread on the other side, while the car B is fitted 
in exactly the opposite way—with flanged wheels 
on the right-hand side and flangeless wheels on the 
left-hand side. As will be seen from Figs. 41 and 
43, the outside rails of each track are continuous 
while the inner rails are broken to form the cross- 
ing. The effect of the arrangement is that the 
double-flanged wheels of car A follow the outer 
left-hand rail so that the car keeps to the left, 
while the corresponding wheels on car B follow 
the right-hand rail and the car keeps to the 


right. 


12 years. They are of the locked coil type, and 
are made of plough steel. 
The types of guide pulleys used on the straight 
and on curves are illustrated in Figs. 53 and 54, on 
page 728. These pulleys, as also the rails and sleepers, 
were supplied by Messrs. L. de Roll, of Berne, 
Switzerland. The pulleys, as will be seen, are 
constructed with independent cast-iron treads and 
bosses, which, in the case of the straight pulleys, 
are held together by pressed steel flanges. In 
the case of the pulleys for curves, one of the 
flanges is formed as part of the boss casting. 
The pulley journals are carried on brackets, made 
from flat bar, which are attached to the angle-iron 
sleepers. Details of the arrangement for straight 
pulleys are given in Fig. 52, and for inclined pulleys 
in Figs. 55 and 56. As the tension on the rope 
increases from the bottom of the line to the top, 
there is less tendency to sag towards the top of the 
sections. The ‘guide pulleys are consequently 
spaced progressively farther apart as the slope 
increases. The pitch near the bottom of the sections 
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is of the order of 22 ft., and near the top of 33 ft. 
The pulleys are formed with grease chambers in the 
bosses and have screw caps. which can be adjusted to 
force the grease into the bearing as required. Access 
to any of them may easily be obtained by the 
maintenance staff from the foot-way, which is 
carried alongside for the full length of the railway. 
This footway is formed in steps throughout. The 
arrangement of the footway with its handrail on 
one of the viaducts is well shown in Figs. 62 
and 63, on page 740. 

The cars, of which there are, of course, four, 
each have a carrying capacity of about 40 pas- 
sengers seated and standing. As one trip can be 
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meet the unlikely contingencies of breakage of 
the rope or failure of the haulage engine. The 
automatic brakes consist, like the hand brake, 
of pairs of forged steel jaws embracing the rail 
head. These are pivoted to brackets formed below 
the car underframe, the pivots lying a short 
distance above the rail head. The steel jaws 
extend upward in two arms which carry heavy 
right- and left-hand nuts, which work on a right- 
and left-hand threaded shaft, which is carried in 
bearings on the underframe. Rotation of the shaft 
causes travel of the nuts, and brings the jaws into 
contact with the sides of the rail head. The 
arrangement is clearly shown in Figs. 58 to 61. A 
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run about every quarter of an hour the maximum 
carrying capacity of the line is about 150 passengers 
in each direction per hour. The cars, which were 
also supplied by Messrs. L. de Roll, of Berne, are 
constructed to the mean gradient of the line, as 
is shown in the general view given in Fig. 57, 
on this page, while detail illustrations of the under- 
frame arrangements are given in Figs. 58 to 61, on 
page 729. They are divided into four compartments 
and two end platforms arranged in step formation, 
so that the floor of each compartment is approxi- 
mately level. The station platforms are built in 
similar step formation to facilitate access to the 
cars by the passengers. Part of one of the station 
platforms can be seen in the general view given 
in Fig. 38 on page 726. 

Each car is carried on two rigid axles, and 
is fitted with three brakes. Two of these brakes, 
which are patented by the makers, are auto- 
matic, and either is independently capable of 
pulling up the car fully loaded on the steepest 
gradient of the line in a distance of from 3 to 4 ft. 
All the three brakes operate on the outer running 
rail—that is, the rail which is unbroken throughout 
the full length of a section, even at the passing 
place, as previously described. It will be clear 
that this involves the brakes on what we have 
called car A being on the left-hand side, and those 
on car B on the right-hand side. The brakes 
consist of forged steel jaws which embrace the 
rail head and are normally adjusted with a clearance 
of + in. on each side. One brake is operated by 
hand from brake handles situated on the front 
and rear platforms. These connect up to the 
brake through bevel gears, shafting and a chain 
drive which can be clearly seen in Figs. 58 
and 59. 

This hand brake is introduced merely as an 
additional safeguard and for holding the car on 
the line when the automatic brakes are being 
tested and overhauled, and the automatic brakes 
constitute the main safety appliance designed to 
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sprocket wheel which is chain driven from a sprocket 
which runs loose on the car axle is centred on the 
threaded shaft and drives the latter through a 
friction clutch actuated by a heavy volute spring. 
This spring is introduced to allow of a gradual 
increase in pressure between the jaws and the rail 
head after they are in contact, and indicators are 


provided by the readings of which the initial 
spring tension can be regulated. 

The sprocket on the car axle carries one half of 
a saw-tooth clutch; the other half rotates with 
the axle and is capable of longitudinal movement 
thereon for engagement. The clutch which may 
best be seen in Figs. 59 and 60, is under normal — 
conditions held in the open position by the tension 
of the rope. If, however, this tension fails for any 
reason a heavy weight, carried at the end of an 
arm, falls and throws the clutch into gear. The 


rope is shackled to the end of the shorter arm of 
a bell-crank lever centred in a bracket riveted to 
the car frame. 


The end of the longer arm bears 


“ENGINEERING:” 


on a plunger sliding in a block fixed to the weight 
arm shaft, and projecting from the block on the 
opposite side from the arm. The pressure of the 
lever on this plunger prevents the weight from 
falling and rotating the weight shaft. 

A collar with cam grooves formed in its upper 
and lower sides is fixed to the weight-shaft. These 
cam grooves engage a fork carried at the end of a 
lever, which moves in a horizontal plane and which 
can be best seen in Fig. 59. The other end of this 
lever engages a groove in the sliding member of the 
clutch. Normally, the shaft carrying the weighted 
arm is held in the position shown in Fig. 59 by the 
tension of the haulage rope. If this tension fails 
the weight falls, so that the shaft rotates through 
sufficient angle to cause the cam to move the 
horizontal lever until the clutch is thrown into gear. 
When this condition is reached with the car tending 
to run down hill, the rotation of the car wheels 
actuates the sprocket drive and the right- and 
left-handed screws cause the jaws to clamp 
on to the rail and stop the movement of the 
car. Any tendency of the wheels to slide, instead 
of rotating, once the jaws are in contact with the 
rails, is counteracted by the form of the rail head 
and jaws, the latter tending to slide down the 
faces and increase the pressure between the rail” 
surface and wheel treads. A slight deformation of 
the car frame also immediately results from the 
gripping of the brakes, which materially assists m 
jamming the car on the track. It will be seen from 
Figs. 58 and 59 that the rear brake gear is connected 
up by rods to the front automatic brake gear, 
so that both brakes are thrown on practically 
simultaneously, in the manner described above, in 
the event of failure of the rope tension. 

Treadles are provided at either end of the car 
by means of which the attendant can withdraw 
the plunger in the block on the weight-arm shaft, 
thereby permitting the weight to fall although the 
full tension is on the rope. This releasing gear 
is introduced to enable the attendant to stop the 
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car in case of sudden emergency. On the opposite 
side of the brake jaws from the wheels, a vertical 
plunger is fitted acting directly on the rail head 
and capable of adjustment for clearance by means 
ofaneccentric. It ismaintained with the minimum 
practicable clearance, and as the increasing pressure 
of the jaws deflects the car frame the plungers 
come into contact with the rail head, and large 
bending movements are immediately introduced 
in the frame between the plungers and wheel 
treads. 

The four passenger cars remain continually on 
the road, but arrangements have been made to deal 
with goods traffic. This is an unusual feature in a 
funicular railway designed essentially for passenger 
traffic, but in the particular circumstances of the 
Penang Hills Railway is one of great value. In the 
absence of any practicable alternative route to 
the summit, some method of transporting goods by 
the funicular railway is an essential condition of the 
proper development of the hill. In view of the vital 
nature of the attachment between the passenger 
cars and the haulage rope this has been made of a 
permanent nature, which will not be required to be 
interfered with until the rope is renewed, and the 
passenger cars are still retained in position when 
goods are being transported. This involves the 
haulage of the empty passenger cars with every load 
of goods; this has been considered preferable to 
any arrangement involving a change of cars, with a 
possibility of oversight in making the rope attach- 
ment. The method adopted is absolutely safe. 

Goods are transported in a special wagon, which 
is lifted on to the rails in front of a passenger car 
and is pushed up the hill by it. The arrangement 
employed is shown in Figs. 50 and 51, which illus- 
trates the lay-out at the bottom of the lower 
section. A siding has been constructed alongside 
the line, and this and the line are spanned by an 
overhead traverser on rails supported on stan- 
chions. The goods wagon is loaded on the siding 
and is then lifted by the two crabs on the traverser, 
and transported and placed on the line in front 
of the passenger car, which then pushes it up the 
hill as described. Similar arrangements are made 
at the middle and top of the hill. It will be clear 
that this arrangement allows the wagons to be 
loaded while the passenger service is in operation 
and without interfering with it in any way, and that 
the railway may be changed over from passenger to 
goods transport in a few minutes. The overhead 
traversers were built by Messrs. Taylor and 
Hubbard, of Leicester, and supplied by Messrs. 
R. Young and Co., of Penang. Differential 
drums are incorporated in the crabs, so that the 
wagon which starts from the siding with all wheels 
at the same level is tilted while it is lifted and 
transported until it lies at the proper angle for 
lowering on to the inclined track. 


(To be continued.) 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


Aw ordinary general meeting of this Institution 
was held at Storey’s gate, Westminster, on Friday 
evening last, the 21st inst., the chair being occupied 
by the President, Mr. W. H. Patchell. 


Marine O1n-EncGine TRIALS. 


The main business of the evening was the reading 
and discussion of the First Report of the Marine 
Oil-Engine Trials Committee, dealing with the 
trials of T.S.M.V. “Sycamore.” Sir George Good- 
win, Chairman of the Committee, introduced the 
Report, an abstract of which we commence to publish 
on page 750 of this issue. 

The President in opening the discussion said that 
he desired to express his great regret that Mr. 
D. B. Morison was unable to be present on account 
of ill-health. The origin of the Marine Oil Engine 
Trials Committee actually dated from a lunch, at 
which the speaker had discussed oil-engine tests 
which Mr. Morison wished to have carried out. 
Mr. Morison had jestingly raised the question of 
what the Institution did for the profession generally, 
whereupon he had reminded him of the steam 
engine trials conducted by the Institution 25 years 


ago. The outcome of that talk was the offer 
referred to in the report. 

Mr. Tom Westgarth said that Mr. Morison had 
charged him particularly to explain his regret at 
his inability to attend, but his doctor had absolutely 
forbidden it. As a representative of Messrs. 
Richardsons, Westgarth, he felt that it would be 
inappropriate to miss the chance of saying how 
grateful they were, and how much they appreciated 
the manner in which Mr. Morison’s offer had been 
taken up, and—what was of more importance— 
how carefully and conscientiously the whole 
enquiry had been carried out. Gratitude was also 
due to Messrs. Furness, Withy and Company, and 
their Chairman, Sir Frederick Lewis, who had so 
readily placed this valuable ship at the disposal of 
the Committee. 

The Sycamore was a special type of ship, built 
for a special trade, namely, the Danube trade ; 
this accounted for her comparatively shallow 
draught. Further, she had to enter and leave some 
15 to 20 ports, some of these quite small, on the 
round voyage. This required a vessel handy in 
manceuvring without the assistance of steam tugs. 
For this reason it was decided to adopt twin-screw 
engines. Those with experience of marine machinery 
would see at a glance from Table IV of the paper 
that the weights for the Sycamore were very 
heavy. There were reasons for this. In the first 
place the boat was designed for twin screws ; this, of 
course, increasing the weight. Again, this and her 
sister ship were the first of the type, with Tosi- 
Beardmore-Richardsons engines, his firm had 
built, and it was generally agreed that no avoidable 
risks should be run. All parts were made very 
large and very strong. Three years ago, when the 
ships were designed, the use of electrical machinery 
on deck was not so common as now, and Mr. 
Morison had been anxious not to put too many 
responsibilities upon the engineers at once. So 
instead of having electrical deck machinery, it was 
reluctantly decided that the machinery must be 
steam-driven. That involved the necessity of two 
boilers to work at sea continuously, while they had 
to drive the deck machinery when in port. The 
pumps and auxiliaries were intentionally made 
larger than appeared necessary, and for the work 
the Cochran Company recommended two very 
large boilers. Experience had proved that they 
were really too large. The total machinery weight 
was 891 tons. He believed that this total could be 
now reduced to about 725 tons, by dispensing with 
steam auxiliaries and adopting entirely electrical 
auxiliaries. Another source of weight saving re- 
lated to the 35 tons of fresh water put down in the 
ballast tank, for which again the conditions in the 
Danube were responsible, this supply of water being 
necessary for piston cooling, &c. 

In conclusion, Mr. Westgarth referred to the state- 
ment in the paper to the effect that the servo- 
motors (reversing engines) used 80 and 100 amperes. 
He thought there must be an error there. On the 
sister ship it had been found that each motor re- 
versed the engines with only 30 amperes. In 
Table XXIV, temperature of circulating water, it 
was shown that the sea water inlet temperatures 
were 75 deg. F. and 62 deg. F., while lower down 
the temperatures of the salt water were given as 
46 deg. F and 50 deg. F. The difference was 
accounted for in the fact that the sea water used 
for the cylinder jackets was found to be too cold, 
and arrangements were made to keep the jackets 
rather warm by the return of some of the heat of 
the jacket water. 

Mr. E. W. Harvey had not yet thoroughly con- 
sidered the report, but thought the committee 
had been most thorough in every detail. The 
average speed of the Sycamore on a voyage 
from Liverpool to the Pireus, from April 17 
to 27, 1924, was 11-7 knots; the indicated 
horse-power, in ordinary working, was 2,738; the 
revolutions, 120-8; the average consumption of 
the main engines per day was 9-5 tons of fuel; 
the pounds of oil per indicated horse-power per 
hour for the main engines was 0-322; and the 
draft was: aft, 24 ft.; forward, 22 ft. 3in.; mean, 
23 ft. 1} in. At the present moment about 32 
different kinds of Diesel engines were on the market. 
The burden placed on a superintendent in choosing 


an engine for marine propulsion was therefore very 
great. Consequently, the superintendents looked 
to such a committee as the Marine Oil-Engine Trials 
Committee to assist them in forming their opinions 
on the engines which should ultimately be used. 
He was of opinion that at the present time too much 
attention was being paid, in connection with the 
development of oil engines, to the pounds of oil per 
horse-power used. The consumption had now 
been brought down to 0-322, but small differences 
in saving did not justify continual experiments 
in that direction; and he thought that if the fuel 
was now left alone and greater thought given to 
reduction of weight, a step forward would be taken. 
His company were very gratified at the running of 
the particular engine described in the report, and 
as they had other types of engines which had been 
under the committee’s investigation, perhaps he 
would be allowed to say something at a further 
meeting when the results obtained with these were 
discussed. 

Dr. C. H. Lander said that in the report, com- 
mencing with Table XVII, a large star appeared. 
That star had been inserted in conformity with the 
policy of the committee that they must report 
recorded facts. In the case of figures that were 
starred some adjustment had been introduced. A 
little trouble had been experienced owing to the 
long periods which elapsed between the taking of 
the gas samples and their actual analysis. When 
the samples were analysed it was quite apparent 
that some change had taken place, and that a sample 
was no longer representative. That change had 
been tracked down by his colleague Mr. King, the 
chief chemist of the Fuel Research Station, who 
would describe the exact nature of the correction that 
had been applied ; but, of course, it must be recog- 
nised that the figures as given there were not as 
accurate as the main figures. They were not direct 
readings. 

Mr. J. G. King said that the analyses referred to 
were carried out at the Fuel Research Station, 21 
samples in all being received. They were found 
later to lead to volumetric efficiencies of over 100 
per cent. The analyses were carried out in a 
Haldane’s apparatus in which an accuracy of 
0-02 per cent. was obtainable. The possible 
sources of error were leakage from the containers or 
absorption of carbon dioxide by the rubber attach- 
ments of the tubes or by condensed moisture. The 
sampling tubes were of normal shape, but with 
short pieces of thick rubber tubing closed by screw 
clips. The outer ends of the rubber tubes were 
further closed by short lengths of glass rod. To 
prevent diffusion through the rubber the outside 
had been coated with celluloid varnish. The diffu- 
sion of gases through rubber and their absorption 
by rubber had been investigated by several workers. 
A history of the work was given by Dr. J. Barr in 
Glazebrook’s Dictionary of Physics, vol. v. In that 
history equations for the absorption of carbon 
dioxide in rubber were quoted, and it was interesting 
to note that the amount of that absorption, which 
was stated to be simple solution, was ten times as 
great as that for air. 

It was also interesting to note that the solubility 
of sulphur dioxide was about 24-5 c.c. per cubic 
centimetre of rubber. Those data emphasised the 
fact that gases kept for any length of time in 
the type of containers used were liable to serious 
changes in composition. In order to prove that 
point a further five samples of exhaust gas of known 
composition were set aside for examination after the 
lapse of certain intervals of time, and showed 
20-3 per cent. CO2 


18°8 per cent. COz 
18-2 per cent. COg 


Gas as sampled 
After five days 
After thirteen days 


In the case of the exhaust gas samples under 
consideration it was unfortunate that a period of 
three or four weeks had elapsed between sampling 
and analysis. During such a period it was, there- 
fore, quite possible for serious changes in composition 
to have taken place. The next step in the investi- 
gation was the construction of graphs showing the 
theoretical composition of exhaust gas from the 
three fuel-oils used in the trials. Such a graph was 
easy to construct by calculation from the elementary 
composition of the fuel used. 

The percentage of oxygen in air had been taken 
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at 20-9. At infinite dilution the nitrogen in the 
exhaust gas would be 79-1 per cent., while, at the 
other end of the scale, where the theoretical minimum 
of air was used the points were, for example, in one 
ease, 84:30 per cent. nitrogen and 15-70 per 
cent. carbon dioxide. When the 21 analyses were 
tried on the graphs every one of them was found 
to be apparently too low in carbon dioxide. The 
explanation of the high volumetric efficiencies was 
therefore apparent. Further calculations were then 
carried out in order to arrive at some idea of the 
composition of the gases as sampled. Such a 
proceeding was by no means a desirable one, and 
the only satisfactory way out of the difficulty was 
really to repeat the trials. That procedure being 
impossible, it was finally agreed to make the neces- 
sary calculations assuming that the only change 
which had taken place was loss of carbon dioxide, by 
solution in the rubber caps or in the small amounts 
of condensed water found in the tubes. The 
mechanism of the correction might be explained 
by taking an example from Test 15. 
The analysis of one sample on July 11 gave :-— 


Per Cent. Volumes. 
CO2 3°42 3°42 
co 0:12 0-12 : 
Oz 11-70 Ne 40-56 corresponding to 
10-73 O2 
Ne 84°76 O2 11-70 . 
Np 44-20 excess air 
100-00 


That composition was out of agreement with the 
graph. In column 2 the composition was shown 
as flue gas and excess air. The nitrogen in the 
flue gas (40-56 vols.) corresponded to 10-73 volumes 
of oxygen which had been consumed. For that 
fuel oil the ratio of oxygen required for the forma- 
tion of carbon dioxide to that required for the 
formation of steam was 0-694: 0-306. The carbon 
dioxide which should have been produced from 
10-73 volumes of oxygen should have been :— 

0-694 x 10-73 — 0-06 = 7-39 volumes. 


The loss of carbon dioxide in that flue gas was, 
therefore :— 
7-39 — 3-42 or 3°97 volumes. 
The corrected analysis corresponding to that 
103-97 volumes was as follows :— 


Volumes. Per Cent. 
CO> 7-39 7-11 
CO 0:12 0-12 
Oo 11-70 11-25 
No ss 84-76 81-52 

103:97 100-00 


Corrected analyses obtained in that way had been 
cused in the calculation of certain results marked 
with a star, but it must be emphasised that those 
‘results were not based on direct observation, and 
‘such a procedure was to be strongly deprecated. 

Mr. E. B. Moullin said it was perhaps, somewhat 
surprising that the discrepancy between value of the 
torque as measured from the two torsionmeters 
and the predicted value of the torques in the case 
of the shore trials was so appreciable ; he referred 
to the lines (c) and (e) of Table XXX in the report. 
‘The measured torque was some 20 per cent. to 30 
per cent. less than the predicted torque. An enor- 
mous amount of power appeared to be absorbed 
between the flywheel and the propeller, attributable, 
presumably, to the thrust blocks and journal. In 
the port shaft, 10 per cent. of the I.H.P. seemed to 
disappear between the fly-wheel and the propeller 
and about 17 per cent. in the case of the starboard 
shaft (Trial I.) and more still in the low-power second 
trial. The combined overall mechanical efficiency 
of the two engines in the full-power trial seemed to 
be only of the order of 61 per cent. If in the future 
the report could be further amplified, it would be 
of great interest if something could be told about 
the extent of the variation from the mean values 
observed. In measuring the torque on the port 
shaft during the four-hour full-power run, the 
torque was reduced by 11 per cent. between the 
beginning and the end of the trial, and he would 
much like to know whether there was a corres- 
ponding decrease in the I.H.P. or whether the 
_ change of 11 per cent. in torque was entirely due 
to a change in the mechanical condition of engines, 
thrust blocks, &c. With regard to the time over 
which the difference was spread, he thought the 


value of 36,000 lb.-ft. was more probable for the 
mean value of the period than the 37,640 lb.-ft., 


arrived at as the arithmetical mean of the values. 


Mr. Moullin then proceeded to exhibit slides 
bearing on his remarks. These were records made 
with his torsionmeter, illustrating the change in 
torque which occurred in the engine, by means of 
which he argued that the arithmetic mean did 
not give satisfactory values. 

One of these represented a record taken at the 
beginning of the full power trial, and showed certain 
irregularities in the torque record. In every record 
some of these irregularities could be traced to 
cylinders 2 and 5. It was interesting to note that 
in Table XXV of the report the mean values of 
M.I.P. for cylinders 2 and 5 were higher than any 
other. These two cylinders were responsible for 
increasing the mean M.I.P. by 1-1 lb. per square 
inch above the mean of the other four. The irre- 
gularities observed were of two kinds—deficits in 
torque and increments in torque. He would refer 
to the deficits as “ misfires,’ and to the humps or 
increments as “ detonations” for want of more 
suitable words. Jn considering one misfire, indi- 
cated, it would be noted that the torque rose 
immediately afterwards to about the same value 
that it would have been if the misfire had not 
existed. Apparently the misfires should be attri- 
buted less to complete misfiring than to very late 
firing, having the advantage of a high crank angle 
to make up for the deficit on the early pressure. 

In some eases shown the instantaneous value 
of the torque after detonation rose to about 50 
per cent. above the normal value if no detonation 
had occurred, and the torque was maintained at a 
value above normal for about 36 deg. of crank 
angle. It was perhaps reassuring that the maximum 
stress did not amount to more than 50 per cent. 
above normal full load running, and it was also 
rather remarkable that so sudden a change of 
stress should reach right through past the flywheel. 
He had been at some pains to discover whether the 
misfires followed a detonation or vice versa. After 
examining about 30 instances, he had found only 
four in which the misfire followed a detonation. 
During the slow-speed trials the irregularities were 
absent, only one instance occurring. 

The next slide represented a record of stress 
alternations in an ordinary spring, showing the 
dying sine curves. It was of interest as showing the 
bond fides of the records. The last slide shown 
was almost a precise image of the previous one, 
but was a record, taken on the Sycamore, of the 
shaft stresses. It showed the engine running down 
from ahead to stop, and illustrated the phase 
during which the revolutions passed through the 
natural period of the shaft. It was indicated 
how markedly the torque pulsations during three 
explosions of three cylinders had been built up, 
due to coincidence with the natural period of the 
propeller and shaft. 

Mr. Tom Westgarth said he understood from the 
last speaker that there was a large loss shown in 
some cases and notin others. That needed explana- 
tion. Engines did not fail in that way. During 
the whole trials the engines were running steady, 
with no hot bearings or hot thrust to account for the 
trouble. 

Mr. J. H. Narbeth said there could be no doubt 
as to the reliability of the records in the report. 
The makers were to be congratulated on the engines 
they had supplied, because nothing had been heard 
about any springs or valves breaking or sticking or 
any parts of the machinery getting coked up. The 
bond fide character of the results would inspire, he 
hoped, confidence in those who desired to make 
inquiries, while they should show designers where 
they could make still further improvements. 
Further, very great value would be obtained from 
the trials, because engineers would know what to 
expect when such ships were in service. Jt would be 
seen that at sea, with a horse-power of 3,000, the 
fuel result was obtained of 0-34 lb. per indicated 
horse-power per hour, and 0-34 Ib. ashore ; while 
at 2,000 h.p. the figure was 0-32 Ib. afloat and also 
0-32 lb. ashore. The agreement obtained therefore 
was very close, and it had been stated that the 
figures obtained from the sister ship were about the 
same. As a great believer in Diesel engines, he 


thought it was necessary to impress upon owners 
and shipbuilders the wonderful way in which the 
Diesel engine would maintain a low consumption at 
sea as well as on shore, and not only so, but for 
several years afterwards the consumption would 
not get worse, but might actually improve. The 
Diesel Engine Users’ Association, of which he was 
a member, had during the last few years collected 
an immense amount of information, which showed 
that Diesel engines had been running in some cases 
for a very great number of years, and the condition 
had actually improved as time went on. Doubt was 
expressed as to the efficiency of the Diesel engine, 
but he was perfectly certain in his own mind that 
a Diesel engine ought to be supplied in place of 
steam engines for all powers up to about 3,000 h.p. 
at any rate. 

He thought it would have been well worth while 
if a little further cost had been incurred in connection 
with two matters. First of all the trials should 
have been run with varying draughts, and in case 
of further trials he hoped the foul bottom of 
the ship would not be allowed to introduce serious 
difficulty in making any exact comparisons. It 
would be well worth while giving the ship a start 
on its sea trials with a clean bottom in order that 
the comparisons might be of some real value. He 
had been very much struck with the simplicity 
and the beauty of the director valve, and he also 
liked the independent fuel pump. The easy and 
quick control through all the powers and the 
running at very low revolutions was a strong 
recommendation of the engine. As regards the 
future, although the efficiency that had been 
obtained was very high, a brake thermal efficiency 
of 31-3 per cent. being recorded, there was plenty 
of room for progress, because the temperature of 
the exhaust was still from 600 deg. to 700 deg., 
and at the same time the oxygen carried away 
in the exhaust appeared to amount to about 
25 per cent. of the oxygen of the air supply. If 
the whole of the oxygen could be consumed it 
would be possible to get 33 per cent. more power 
out of each cylinder. He did not like the use of 
so much compressed air, and he would be very 
glad if some improvement in that direction could 
be obtained. With regard to the general use of 
electricity for auxiliary machinery and for ship 
use, it must be remembered that there was a 
wonderful convenience in steam. Low-temperature 
steam was of very great service in ships. Electrical 
engineers should help them by supplying some 
means of obtaining low temperatures of 100 deg. 
to 250 deg. by some economical electrical appliance. 

Engineer-Commander H. B. Tostevin, D.S.0., 
said he only wished to refer to certain modifications 
that were made in the taking of the indicator 
diagrams, particularly the light spring connections, 
and also a modified indicator rig. With the 
modified indicator rig, on one cylinder the mean 
pressure was 101 lb. per square inch, and for the 
same cylinder the mean effective pressure taken 
with the ordinary reducing gear was 93 lb. per 
square inch. The statement was also made that 
the divergence in that case might be assigned to 
the effect of the stretch of the cord, assuming 
the conditions of running to be identical. Granting 
that it was due to the stretch of the cord, it seemed 
to him that as the first method had the longest cord 
it reflected on the accuracy of the diagrams which 
were taken with the long length of cord. He did not 
understand why such a tremendous difference arose, 
and he would be very grateful to any of those who 
had taken the tests if they could explain that 
point, because assuming other measurements 
depended on the indicated horse-power, in drawing 
up the heat balance data unless the indicated 
horse-power was exact it must affect so many other 
readings in the tables. 

Mr. B. P. Fielden said that from the sea-going 
point of view, the report that had been produced 
would be very valuable. The report indicated 
how the efficiencies and the loss of heat altered 
as the load on the engine was altered. Those 
facts in themselves would make chief engineers 
think and that would result in good being done 
and greater efficiencies being obtained. He appealed 
to the shipowners to come forward and help the 
committee more, so that the work which was 
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being carried out could be accomplished more 
quickly, with the result that further reports would 
be published more promptly. 

The President said he desired to say a word with 
regard to finance. The Institution was very much 
indebted to Messrs. Richardsons, Westgarth and 
Co., and Messrs. Furness, Withy & Co., for the loan 
of the engines and the ship, and they were further 
indebted to them for their gift of 1,000/. to enable 
the trials to be instituted. Without that money 
it would not have been possible to do the work at 
all. Nothing in the nature of a public appeal had 
been made. Nevertheless, sums had been given 
towards the work by Messrs. Alfred Holt, who also 
lent a ship for trial; the Lancashire Shipping Com- 
pany; Mr. Williamson; Messrs. Anderson, Green 
and Co.; the British-India Steam Navigation 
Company; and the Ellerman Line. The Council 
had had before it a report from the Oil Engine 
Trials Committee, which stated that the shore 
trials of the “ Palmer-Fullagar’’ engines had been 
carried out at Jarrow; also that the sea tests of 
the M.V. Sycamore, Pacific Trader and British 
Aviator had been completed. There still remained 
to be carried out the tests at sea of the ship pro- 
pelled by the Werkspoor engines. Money was 
holding up the publication of the results. He 
hoped that the valuable report which had been 
presented that evening would spur other members 


to make further contributions in order that the 
other reports might be published. 

Sir George Goodwin then replied briefly to some 
of the points raised in the discussion. The report 
was valuable in itself, but its full value would not 
be appreciated until the other reports were available. 
Mr. Westgarth had referred to the current supplied 
to the servo-motors, believing some error to exist. 
Of course, the Committee desired the figures to be 
accurate, and he could only remark that the figures 
given were those taken at the trials. If these 
figures were inaccurate, then the instruments placed 
at the disposal of the Committee were not accurate. 
Dependence had to be placed upon something ; 
the Committee was not rich enough to test every- 
thing, but they took the instruments given and 
made records with them. Referring to Mr. King’s 
interesting observations about gas exhaust analyses, 
he would say that since the Committee was formed 
those figures had been a matter of some concern 
to its members. He felt that most engineers would 
be satisfied that the figures should be taken as 
authentic as they appeared, but the Committee had 
not felt justified in concluding that, and an 
asterisk had been placed against figures which had 
involved the use of corrected analyses. 

To those who were prepared to accept the explana- 
tion given by Dr. Lander and Mr. King, the figures, 
he was sure, would be very useful. The Committee 
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considered that the results given by the Moullin 
instrument were sufficient to deserve confidence. 
Commander Tostevin had questioned certain 
figures. He hoped it would be possible to find an 
explanation of the point raised. 

The President then put to the meeting a vote of 
thanks to Sir George Goodwin, which was carried 
unanimously. He announced that the Report 
would be further discussed in Glasgow and Man- 
chester on December 4 next, and in Liverpool on 
December 5. Further, that in connection with the 
informal meeting to-night the Library would be kept 
open until 7 o’clock. There would be an extra 
general meeting on Friday, December 5, when 
papers on “ The Effect of Low and High Tempera- 
tures on Materials,” by Prof. F. C. Lea, and on 
“The Elastic Limit in Tension and its Influence on 
the Breakdown by Fatigue,” by J. M. Lessells, 
would be read and discussed. 

The Annual Dinner of the Institution would take 
place on December 18, and H.R.H. The Prince of 
Wales had kindly promised to attend. The pro- 
ceedings then terminated. 


HAULAGE EQUIPMENT FOR MINES. 


Mine haulage plant, no matter what specific duty | 
it is designed for, must possess the essential character- 
istic of substantial construction, to withstand the 
stresses due to the heavy duty put upon it, and 


fitted with a locking device. 
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the harsh treatment to which it is commonly subjected. 
In addition, it must be of design suitable for control 
by attendants, who may have but little training or 
experience in handling machinery. The conditions of 
use are, therefore, of as severe a nature as is to be 
found with the use of machines in any type of indus- 
trial work. To show the way in which the designers 
of such plant have met the exacting conditions, we 
illustrate above and on the opposite page three examples, 
all constructed by Messrs. Holman Bros., Limited, of 
Camborne, Cornwall. 

The example, which is illustrated in Fig. 1, is a 
hauling or winding engine suitable for operation by 
compressed air. It consists essentially of two air 
motors or engines, with reversing gear, mounted at 
the ends of a bedplate, over the centre of which the 
large winding drum is situated. Both engines drive 
the same crankshaft, on which a pinion is fitted, which 
gears with a spur wheel securely keyed to the drum. 
Valves for the control of the air are provided, and there 
is a brake on the winding drum to ensure that it may 
be slowed down or stopped at any desired moment. 
The substantial characteristics of the components of 
the equipment may be gauged from the illustration, 
Fig. 1, and when the details are considered it will be 
seen that the designer has made every endeavour to 
obtain reliable and economic working, combined with 
the elimination of anything causing heavy wear and 
tear. 

Upon the heavy cast iron bedplate, which is made in 
halves and bolted together, there are erected two cast 
steel side frames, which are machined to accommodate 
the guides and to give support to the bearings. The 
centre lines of the engines are set at an angle of 
15 deg. to the horizontal. The cylinders, as will be 
seen from the illustration, are very simple castings. 
They are of 6-in. diameter and 8-in. stroke and are 
provided with feet with machined undersurfaces for 
accommodation, on the bedplate, while the inlet and 
exhaust flanges are machined faced and provided with 
studs to secure the respective pipe flanges in place. 
Pistons of cast iron, with spring rings of the Rams- 
bottom type, are used. The rods are of mild steel, 
fitted into the pistons and secured by nuts, while 
the other ends are screwed into the crossheads and 
secured by lock nuts. The guides are bolted to the 
east steel side plates and are bored and scraped to 
accommodate the crossheads, which are of cast steel, 
and finished by machining and grinding to fit the 
guides. 

The valves are of the simple D-type, sliding on a 
“machined and scraped valve face, and are secured to 

the spindles by lock nuts. They receive their motion 
through a reversing link motion, of which the eccentrics 
are of cast-iron, and securely keyed to the crankshaft. 
The straps are in halves and held together by turned steel 
bolts. ‘The reversing shaft is keyseated for the accom- 
- modation of the various levers, and is supported at one 
end by a cast-iron bearing and at the other in a cast-iron 
quadrant. For effecting the changes in linking up and 
reversing, a substantial hand lever is provided, which is 
For building up the 
crankshaft the discs are forced on the shaft and keyed 
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in position and the crank-pins, which are made of mild 
steel, are fitted into taper holes in the discs and then 
riveted over. The drum barrel is a plain hollow 
cylindrical casting, 15 in. diameter, which is turned 
to receive the brake wheel at the one end and the spur 
wheel for the drive on the other, these parts constituting 
the drum sides. Upon the brake wheel there is a 
mild steel encircling band lined with wood blocks, a 
foot lever system being provided to put it into action, 
while effective locking and releasing arrangements are 
part of the equipment. Lubricators are provided for 
the cylinders, guides, bearings, connecting rods and 
eccentrics, and drilled oil holes allow the passage of the 
lubricant to all other working parts of the plant. The 
whole of the control system, including throttle valves 
and reversing lever, are arranged close to one another 
to facilitate the control. This plant may be operated 
by steam as well as compressed air, and the approximate 
consumptions amount to 330 cub. ft. of free air per 
minute or 700 lb. of steam per hour when the admission 
pressure is, in either case, 80 lb. per square inch. The 
machine will lift vertically a gross load of 2,600 Ib. or 
pull up a load on a 30-degree gradient of 4,900 Ib. 

Nearly a quarter of a century ago Messrs. Holman 
Bros., Limited, introduced into mine working the 
first portable haulage engine, mounted on a stretcher 
bar. The system proved very acceptable to the mining 
engineers of this and other countries and now-a-days 
finds extensive use. Once the location where the 
haulage plant is required is settled, the bar is readily 
accommodated in place, as it is provided with a double 
jack support at the foot for the purpose. Wooden 
battens are introduced above and below to ensure 
that a good bearing surface is obtained. To this 
stretcher bar the haulage equipment is clamped 
by means of bolted rings. As the removal and re- 
instatement of a few bolts on the clamps ring is all 
that is necessary, either to adjust the position of the 
plant on the stretcher bar or to fix it in position origin- 
ally, it will be recognised that setting up requires the 
expenditure of very little time. The haulage gear is 
driven by two engines, which are operated on com- 
pressed air or steam, the dimensions of the cylinders 
being 43 in. bore and 6 in. stroke. The air consumption 
amounts to about 187 cub. ft. of free air per minute, 
or alternatively, the cylinders may be supplied with 
steam when the consumption would be approximately 
385 Ib. per hour when working with a supply pressure 
of 80 Ib. per square inch. The diameter of the drum is 
9} in., and the rope from it may be used in lifting 
a gross load of 3,600 Ib. vertically, or can pull a load 
of 6,800 Ib. up a 30-degree gradient. 

Messrs. Holman Bros., Limited, also make electrically 
operated haulage gear, a good example of their work 
being shown by the 15/20-h.p. single-drum electric 
hoist, illustrated in Fig. 3. The qualities of compact- 
ness and strength already observed in the engine-driven 
sets are also evident here. The leading features in 
this design are its self-contained arrangement, the 
inclusion of a caliper type brake, a clutch pinion and 
guarded gears. 

The entire equipment is mounted on a heavy 


bedplate of box section, on which machined surfaces , 
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are provided to receive the side frames, bearings and 
the motor. From the motor a drive is obtained 
through a flexible coupling to the first motion shaft. 
This has machine-cut teeth, the pinion being of mild 
steel, while the wheel is cast-iron. The second motion 
gears have moulded teeth. The cast-steel clutch pinion 
has a square hole which fits the intermediate shaft, and 
is put into and out of action by the use of pins on the 
curved arms at the end of the operating lever, which 
work in a groove on the sleeve end of the pinion. 
For the hand lever with which the clutch pinion is 
put into engagement, a rest plate is provided to which 
the lever may be held in any position by the use of a 
pin. The drum is 1 ft. 6 in. in diameter, and can 
raise a hanging load of 1,400 lb., or can pull a weight 
of 2,500 lb. up a 30 deg. gradient. On the one end of 
the drum the spur wheel forms one side while the other 
is provided by a machined brake wheel. On this 
a caliper type of brake, which is hand operated, is 
accommodated. This brake has cast-steel posts fitted 
with wooden blocks. In addition to the hand lever 
a screw and hand wheel are provided, so that any 
desired pressure may be applied and maintained. 


Tue Orstep Mmepau.—The H. C. Orsted medal was 
presented to the Danish scientist, Professor Niels Bohr, 
on the occasion of the hundredth anniversary of the 
formation by Orsted, of the Society for Propagation 
of Natural Science. Professor Martin Knudsen, in pre- 
senting the medal to Professor Bohr, read an address 
signed by the most famous Danish scientists in the field 
of natural science. Professor Knudsen referred to 
Tycho Brahe, Ole Romer and H. C. Orsted as names of 
which Denmark was proud, each, in a way, representing 
a century, and to this honourable list the name of Niels 
Bohr could now be added for the twentieth century. 
Professor Bohr, in responding, spoke about the develop- 
ment of our conception of the atoms. In spite of great 
difficulties, it had been possible to build up a theory, 
so that one was now able dimly to see a standpoint, viewed 
from which the existence and characteristic qualities 
were to be considered not as the outcome of Nature’s 
inscrutable caprices, but as an expression of the same 
general laws, into which the study of physical phenomena 
had given us an insight. 


Mussrs. Bascock AND Wutcox, LIMITED, AND 
PuLVERISED Coat.—As the result of an investigation 
carried out by Messrs. Babcock and Wilcox, Limited, of 
London, in conjunction with the Babcock and Wilcox 
Company of New York, on various systems of using 
pulverised fuel, the British company has entered into an 
agreement: with the Fuller-Lehigh Company of America 
to operate under their patents. Under this agreement 
Messrs. Babcock and Wilcox, Limited, will supply 
everything in connection with pulverised coal equipment 
on the Fuller system to all countries in the world, with 
the exception of the United States and its dependencies, 
also Canada and Mexico. They have already secured 
contracts for pulverised coal installations from the 
Castner-Kellner Alkali Company, Limited, the Rotterdam 
Electricity Works, &c., the contracts in each ease includ- 
ing boilers, grinding mills, bunkers, feeders, burners and 
weighing apparatus. Messrs. Babcock and Wilcox, 
Limited, are also supplying pulverised coal installations 
on the unit system, and have in hand a plant of this type 
for the Solvay Company of Spain. 


ENGINEERING. 


THE AUSTIN CONSTANT-CURRENT MOTOR 
FOR SHIP AUXILIARIES. 


THE uneconomical nature of the ordinary steam-driven 
ship’s cargo winch, windlass and steering engine has long 
been recognised, but it has proved difficult to suggest 
anything better. These appliances in their usual 
form owe their great practical success to the flexible 
nature of the steam engine, which if overloaded will 
simply stop, and can stand without inconvenience 
for an indefinite period with full load on. This qualifi- 
cation is of very great value for deck machinery, 
and has led to the almost universal survival of the 
steam deck winch and crane, in spite of the heavy 
steam consumptions for which they are responsible. 
This consumption is partly due to the nature of the 
appliances themselves, and partly to the losses arising 
from the long steam pipes by which they are served. 
These pipes are usually carried on deck, where they 
are in themselves an inconvenience and lead to heavy 
steam losses between the point of generation and the 
place of consumption. Placing the steam pipes below 
deck would no doubt reduce the losses due to con- 
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densation, but such a position is impossible in the: 
ordinary cargo boat owing to the possibility of 
damage to cargo from leaky joints. 

As an alternative to the steam engine, the electric 
motor would appear to have many qualifications 
for deck machinery, particularly in view of the elimina- 
tion of steam pipes which would accompany the change. 
Unfortunately, however, the characteristics of the 
ordinary electric motor are not such as to meet well 
the conditions of service, and the actual amount of 
work that has been done in its application in this 
way is relatively small, although the advent of the 
Diesel ship has given a considerable impetus to the 
use of electrically-driven deck machinery. The back- 
wardness of the electric motor in this particular appli- 
cation is probably essentially due to the fact that it 
cannot be stalled. It must be protected by fuses on an 
automatic circuit-breaker which will cut it off from the 
line in the event of overload. This protects the motor, 
but is an inconvenience in practice and makes the 
electric winch essentially less convenient for the 
arduous conditions of ship service. The speed control 
of the motor also introduces difficulties on shipboard 
owing to the resistances which have to be installed. 
These must be protected from the weather, and 


Cathcart, Glasgow. This method which combines 
many of the advantages of both of the older methods, 
appears of great promise and may well prove of very 
considerable importance. The essential feature of 
the Austin system lies in the use of a constant-current 
motor in place of the constant-voltage motor of 
current practice. The system carries all the advan- 
tages of electric distribution, eliminates compiicated 
and bulky control gear at the actual machines, and 
offers a winch which can be pulled up under load, 
and can remain in that condition exerting full torque 
in exactly the same way as a steam winch or windlass. 

A constant current system of electrical distribution 
was, of course, not unknown in earlier days and is still 
extant in the well-known Thury system of transmission. 
The Austin system is not, however, a mere application 
of any earlier method, and contains new features of 
great importance. In earlier constant current methods 
the constant current has been obtained from a generator 
with a movable brush rocker, the movement of which 
is controlled by a mechanically driven regulator, the 
regulator moving the brushes to compensate for any 


occupy valuable space, and although as energy wasters 
they are not comparable to the deck steam pipes of 
the steam winch, it is probable that many shipowners 
prefer the steam pipes as they do not take up any 
space which can be utilised for anything else. A 
further point in this general comparison which should 
be made is that the steam winch and its services are 
of a very simple nature as compared with a corre- 
sponding electric winch and its equipment. 

The present state of affairs in relation to ship deck 
auxiliaries lends great interest to a new method for 


the electric driving of such appliances, which has been 
introduced by Messrs, Gilbert Austin, Limited, of 
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in series with the generator field-magnet coils and 
deriving its supply from the brushes M’*, and (3) a 
stabilising winding carrying the main-line current, 
The auxiliary poles are split into the two portions 
A? and A?, and the exciting and compensating windings 
embrace the whole pole and are connected to excite 
in the same direction. The stabilising winding is 
wound round one part of the pole in such a direction as 
to assist the other two windings, and round the other 
part in a direction so as to oppose these windings. 
The yoke is separated into two parts A and i bya 
ring of non-magnetic material /. 

The action of the machine is as follows :—Currents 
flowing from the main and auxiliary brushes will create 
magneto-motive forces in the armature of the exciter 
in line with their respective brushes. The one in line 
with the main brushes will directly oppose the flux 
produced by the exciting winding on the auxiliary poles, 
while that in line with the auxiliary brushes will 
directly oppose the flux due to the winding on the main 
poles. As the magneto-motive force produced on the 
armature by the current from the main brushes opposes 
and weakens that of the exciting winding on the auxili- 
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the line. The motors are controlled by moving the | ary poles, it is compensated by means of the compen- 


brushes in a similar way. It is clear that an apparatus 
of this kind is not likely to prove attractive for ship 
winches, and for the Austin system a constant-current 
generator has been developed which has fixed brushes 
and no moving parts whatever except the revolving 
armatures of the dynamo and its exciter. Similarly 
a motor on corresponding lines has been developed 
which has fixed brushes, and which is capable of varia- 
tion in speed in either direction from zero up to as 
much as twice normal full speed, and with high 
efficiency at all speeds. 

The Austin generator, which with fixed brushes is 
capable of producing a constant current and varying 
the voltage rapidly and automatically, according to 
the requirements of the external load, is shown diagram- 
matically in Fig. 1, above. The machine consists 
of an armature a and separately excited field coils 6. 
Coupled to the generator shaft there is an exciter, 
which is shown in side view and end elevation in 
the upper part of Fig. 1. The sole duty of this exciter 
is to energise the independent field coils of the generator. 
At the bottom of the diagram four constant-current 
motors, ¢, d, e and f, are shown connected in the 


generator circuit. The exciter is provided with a single 
armature g, main poles M? and auxiliary poles A? and 
A’, main brushes M® and auxiliary brushes A%. The 
windings on the main poles carry the main current 
or a portion thereof, while the auxiliary poles are 
provided with three separate windings. These consist 
of (1) an exciting winding deriving its supply from 
the auxiliary brushes A%, (2) a compensating winding 


sating winding, wound on to auxiliary poles so as to 
assist the exciting winding. The stabilising winding 
is wound partly to assist and partly to oppose the 
other two windings, and the combination is such that 
one part pole is strongly magnetised and is not sensitive 
to small changes, while the other part pole is in almost 
a neutral state. It has, therefore, a high permeability 
and is supersensitive to the slightest change. 

If the current flowing in the line is of such value 
that the flux from the main poles almost balances that 
in the armature, due to the current from the auxiliary 
brushes, then there will be practically no flux in the 
main poles, and therefore, only the very small voltage 
required to excite the generator fields under short- 
circuited line conditions, will appear at the exciter 
main brushes M*. If, however, the line current falls 
slightly, a three-fold effect will be produced, tending 
to increase the exciter main field flux and, therefore, 
the field of the generator, as follows :—(1) The armature 
reaction magneto-motive force in line with the auxiliary 
brushes becomes: greater than the magneto-motive 
force due to the exciter main poles, thus producing a 
residual magneto-motive force in favour of the arma- 
ture. (2) The opposing magneto-motive force due to 
the stabilising winding on the auxiliary poles is reduced, 
thus further increasing the residual magneto-motive 
force of (1) by increasing the auxiliary brush current. 
(3) Due to the increase of the auxiliary brush current 
and the corresponding increase of the exciting magneto- 
motive force on the auxiliary poles, the auxiliary-brush 
current is further increased. This results in a still 
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ag increase of the residual magneto-motive force 
of (1). 

This three-fold effect is obtained with great rapidity 
and with little or no mutual inductive action between 
the various adjacent windings. The arrangement 
operates in a reverse direction should the line current 
be increased instead of reduced. In the event of a 
sudden great increase in the line current the cumulative 
effect of the three windings on the one part pole operates 
to hold the machine in a stable condition by preventing 
the reversal of the magnetism of the auxiliary poles 
asa whole. The practical effect of the arrangements is 
that an ammeter placed in the main circuit shows 
practically a steady current similar in every respect to 
a voltmeter indicating the voitage on a constant- 
pressure system, while a voltmeter connected between 
the positive and negative terminals of the generator 
ae a voltage continually varying according to the 
oad. 

The motor which has been developed for use in 
conjunction with this constant-current generator is 
illustrated by a sectional view in Fig. 2, opposite. 
Tt consists of the combination of a large and small 
motor, the two armatures being on one shaft as shown. 
The small motor is known as the regulating motor. 
The line current passés through the armature of 
the main motor and the field winding of the regulating 
motor, while the armature of the latter is inserted 
in the exciting circuit. The exciting current passes 
through a variable potentiometer. This potentio- 
meter, which contains the only resistance used, con- 
sists of two short lengths of alloy of large section, 
and is run at a low temperature. The energy used 
in the potentiometer and field winding together is 
not more than that used in the field winding alone 
of an ordinary motor. Speed control in either direction 
is obtained by moving the contact arm of the potentio- 
meter, and the motor can be built to give a torque 
characteristic similar to a series, shunt or compound 
wound machine, with the great difference that an 
overload at any speed slows the motor down, and at 
speeds below normal full torque is maintained and 
eyen increased as the speed approaches zero. 

It will be clear that this Austin system, apart from 
any other advantages we have mentioned, has the 
important qualification for ship auxiliary work that 
._ the wiring is reduced to a simple ring main with no 
external control wiring of any kind. As the motors 
are run in series, a two-way short-circuiting and 
disconnecting switch is fitted in connection with 
each motor. The voltage of a 15-h.p. Austin motor 
would be approximately 50, so that if the main circuit 
is limited to 650, which is the Board of Trade limit 
for medium pressures, as many as 13 such motors 
could be connected in series on the line. This is 
more than would usually be necessary, but with 
higher power the voltage demanded is greater, being 
about 65 volts for 20 h.p. It will be clear, however, 
that the system is likely to meet the conditions of the 
average cargo boat easily, while, for large liners, two 
or more independent circuits each of 650 volts would 
be allowable. A detailed discussion of this interesting 
system was contained in a paper entitled “A New 
Electric Drive for Ship and other Auxiliaries,” read 
by Mr. Gilbert Austin before the Institute of Engineers 
and Shipbuilders in Scotland on the 18th inst. 


THE JAPANESE TRAIN-FERRY TURBINE 
STEAMER “SHOHO-MARU.” 


Tuu first Japanese self-propelled ferryboat equipped 
with rails for the accommodation of freight cars is 
illustrated on Plate LX XVII, which accompanies our 
issue of this week. Four such vessels have been ordered 
by the Imperial Japanese Railways for cross-channel 
service between Aomori, on the mainland, and Hako- 
date, Hokkaido. A contract for the construction of 
two such ships was placed in 1922 with the Uraga 
Dock Company, which possesses one of the largest 
shipyards in Japan, the other two steamers being at 
present building at the Nagasaki works of the Mitsu- 
bishi Shipbuilding Company, another leading yard in 
the country. The first vessel, the Shoho Maru, has 
now been completed by the former firm in accordance 
with the Japanese Government Inspection Rules, 
under the supervision of the Chief of the Marine 
Department of the Imperial Japanese Government 
Railways. 

A profile of the Shoho Maru is shown in Fig. }, the 
main dimensions and other particulars being: length 
over all, 360 ft.; length between perpendiculars, 350 
ft.; moulded breadth, 52 ft.; and moulded depth to 
wagon deck, 22 ft. The height between the main 
deck and wagon deck is 7 ft. 9 in., between the wagon 
deck and lower promenade deck, 8 ft. ; between the 
lower promenade deck and upper promenade deck, 8 ft. ; 
from the latter to the boat deck, 8 ft.; and between 
the boat deck and the navigation bridge, 8 ft. The 
loaded draught is 15 ft., while the gross tonnage 
is 3,461. 7 


The arrangement of the boat deck is shown in Fig. 2. 

Extending to nearly four-fifths of the length of the ship 
this deck has flying bridges at the fore and aft ends, 
that at the fore end carrying the navigation bridge. 
Ten lifeboats and one temma (Japanese sampan) are 
mounted, all of which are controlled by means of 
electric winches operating through Welin’s davits. 
At the fore end of the deck the quarters for the captain 
and officers are constructed, and also a wireless in- 
stallation cabin. From the aft flying bridge, which 
completely spans the breadth of the deck, the 
handling of wagons may be supervised. Figs. 3 
and 4 show the navigation bridge and the compass 
platform, the former carrying two fresh and one sanitary 
water tank. The plan of the upper promenade deck 
is shown in Fig. 5, and it is seen that the living quarters 
of the first and second class passenger are situated here. 
The state rooms, first-class smoking room and the 
restaurant are placed forward, and the second-class 
smoking room at the port side, of the funnel. Second- 
class sleeping accommodation is provided at both sides 
of the engine hatch. The dining saloon is lighted by 
means of bay windows on both sides of the room, 
and by a stained glass skylight. The floor is rubber 
tiled. Up to 28 passengers can dine simultaneously. 
Located at the forward starboard side of the dining 
room is the first-class smoking room, equipped with 
an electric fire. The second-class smoking room aft of 
the dining room, at the port side, is decorated in 
dark green. 
' The arrangement of the lower promenade deck is shown 
in Fig. 6. As can be seen the deck is not complete, 
but consists of shelving round the sides of the vessel. 
Since only 8 ft. separates this deck from the lower one, 
the central portion has been omitted to permit of the 
wagons, carried below, having a height exceeding this 
distance. The deck is used exclusively for quarters 
for the ship’s complement, the crew’s rooms being 
at the fore part of the vessel, while the engineers 
are located at the starboard side amidships. In 
Fig. 7 the wagon deck—the main feature of the vessel— 
isshown. ‘Two wing tracks extend the full length of the 
deck, a third in the centre reaching to the funnel casing. 
The rails weigh 75 lb. per foot run, and are of the 
flanged type. 

The maximum wagon load is 575 tons; made up of 
20 fifteen-ton freight wagons on the wing tracks and 
5 similar cars on the centre track. The tracks are well 
filled even with variations in the loading, and as will 
be seen, two brake vans are shown replacing 5 cars 
in Fig. 6. At the forefront of the deck provision 
is made for the engine room complement, a high standard 
of accommodation being maintained. In Fig. 10 a 
general view of the wagon deck is given. 

The main deck, shown in Fig. 8, is divided into two 
parts separated by machinery bulkheads amidships. 
Steering engines are fitted at both the fore and aft ends 
of the main deck as the boat is fitted with rudders 
both at the bow and stern to facilitate movement in 
confined water. These rudders are separately manipu- 
lated by bow and stern steering engines through a 
telemotor system. The stern rudder can also be 
worked by either of two steam capstans installed at 
each side of the main deck. ‘The latter carries the 
mail room, baggage room, and steerage passenger 
quarters at both ends, these being furnished with 
tatami (Japanese matting). The vessel is constructed 
with a cellular double bottom, extending from the 
fore to the after peak, and is transversely divided by 
six water tight bulkheads extending to the wagon deck. 
Besides the double bottom, special trimming tanks, 
each of 100 tons capacity are provided on both sides 
of the boiler space, water filling and discharging opera- 
tions being controlled and manipulated by an electric 
motor operated from the navigation bridge. The 
quantity of water in the wing tanks may be measured 
by means of pneumercators, made by the Pneumercator 
Company of New York. A general view of the vessel is 
shown in Fig. 9. 

The vessel’s propelling machinery consists of two 
sets of single-reduction geared impulse turbines of 
the Metropolitan-Vickers Rateau type, each set 
having high-pressure and low-pressure cylinders. The 
blade material throughout is of 5 per cent. nickel steel. 
The velocity blades are secured to the rotor wheels by 
dovetailing into grooves, while the impulse blades are 
secured by double rivets with straddled roots. The 
turbine sets drive two propellers which rotate out- 
wards in opposite directions, the aggregated maxi- 
mum estimated shaft horse-power being about 
6,000, giving a speed of 17 knots. The six boilers 
are of the single-ended cylindrical coal-burning type, 
having a length of 11 ft. 6in., and a mean diameter 
of 14 ft. 3 in. They are provided with three Morison 
suspension furnaces, and have a working steam pres- 
sure of 200 lb. per square inch, with 120 deg. F. 
superheat. Howden’s forced system of draught, with 
closed ashpit, is adopted. The heating surface is 
2,348 sq. ft., while the grate area is 6,075 sq. ft. 
Minorikawa’s patent fire bars are fitted. Two sets of 


See’s patent ejectors, with a powerful simplex pump, 
dispose of ashes. The main condensers are of the 
Contraflo type having a cooling surface of 2,878 sq. ft. 
They are fitted under the low-pressure turbines, sus- 
pended athwartship. The propellers have bronze 
blades, and are 10 ft. 9 in. in diameter, having a 
pitch of 11 ft. 

Forced lubrication is arranged for in the reduction 
gearing by means of three sets of Mumford’s patent 
simplex pumps and three large coolers placed in 
series. A kinetic reciprocating air pump is provided 
for each set of turbines. The power of the latter 
is determined by using Dr. Suehiro’s patent torsion 
meters, which are fitted. Lighting and wireless service 
is maintained by two 20-kw. dynamo sets installed in 
the engine room, all other auxiliaries, deck machinery 
and equipment being in accordance with general 
practice on first-class passenger steamers. 

The vessel can accommodate 39 first-class passengers 
in state rooms, and 208 second-class passengers, 28 of 
whom can be accommodated with sleeping berths; 648 
third-class passengers can also be carried. The ship’s 
complement is 128, so that the total number of persons 
carried is 1,023. The deadweight capacity is 960 tons. 
Fine weather and a smooth sea favoured the official 
trial held in March last. During this trial the mean 
draught was 15 ft., the displacement 4,529 tons, and 
the immersed midship area 725 sq. ft., the total wetted 
surface being 19,060 sq. ft. The mean of six single 
runs gave a maximum speed of 16°957 knots, with the 
propellers averaging 190 r.p.m. The shaft horse-power 
was 5,730, and the boiler pressure 200 Ib. per sq. in. 
A vacuum of 28-375 in. was maintained. On Japanese 
coal the consumption per shaft horse-power per hour 
of the turbines was 1:234 lb. 

The second vessel, the Hiran Maru, is due from the 
Uraga yard shortly. 


WATER SUPPLY TO THE SMALLER 
PROVINCIAL TOWNS OF EGYPT.* 
By Reermatp Humpurey Les PENNELL, Assoc. 


M.Inst.C.E., and Herserr Appison, B.Sc., Assoc. 
M.Inst.C.E. 


Tue paper describes the evolution and final per- 
fection of a comparatively inexpensive plant for the 
clarification and purification of water for town supplies. 
The work described was all carried out in Egypt, the 
Egyptian Government supplying the necessary financial 
eredits each year. The Nile river during flood carries 
1,500 parts per million of solids in suspension, and the 
experimental work in the first instance was confined 
to the clarification of this water. The basis of the 
design of the plant was to treat the water by means of 
roughing filters, and to treat it in stages, since the 
difficulty foreseen was in the cleansing of the filters. 

The plant as first erected consisted of a central 
vertical inlet-pipe discharging through a specially 
shaped orifice, to aid aeration, into a small well from 
which the water passed into a small settling-tank. 
The well discharged into the settling-tank near the 
floor, and the settling-tank discharged at the top. 
The settling-tank was circular, and surrounding it 
were three roughing filters, which have been named 
** scrubbers,” filled with 4- to 6-in. stones, resting on 
perforated false floors. The scrubbers worked in 
series, by upward filtration. The water entered below 
the false floors, passed upwards through the stone, and 
discharged from the surface to below the false floor 
of the next filter in the series. Surrounding the scrub- 
bers were a further series of three filters, or “‘ strainers,” 
followed by sand filters. The strainers were larger 
than the scrubbers and were filled with a finer filtering 
medium. Coarse gravel was tried at first. Otherwise 
they were of similar construction to the scrubbers 
and worked in series in the same way. On leaving the 
strainers the water passed by downward filtration 
through the sand filters. The washing of the settling- 
tank and prefilters was effected by opening large plug 
valves in the floors and allowing the water to flow 
back rapidly through the gravel and escape through 
these valves. The sand filter was washed by pumping 
water into the filter below the sand in the usual manner. 

The large-size medium proved unsuccessful—it was 
found to be better than none at all, but it did not wash 
well. It has been expected that a coarse medium would 
wash more easily than a fine medium. A long series 
of tests were carried out with various grades of filtering 
medium, and are described in detail in the paper. 
These tests finally led to the adoption in the strainer 
of a very fine gravel of 96 grains per inch and in the 
scrubbers of gravel of 46 grains per inch. 

The settling-tank was enlarged and the scrubber- 
area was reduced by converting one scrubber into an 
additional settling-tank. It was found better to 
filter slowly through a few stages rather than to filter 
faster through many stages. ‘The two scrubbers and 


* Abstract of a paper to be read before the Institution 
of Civil Engineers on Tuesday, December 2, 1924. 
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the strainers were therefore arranged to work in 
parallel, and the final arrangement thereby came to be a 
settling-tank, a scrubber,.and a strainer. The scrubber 
and strainer were divided into compartments in order 
to facilitate washing. The clarification was perfect 
with the setting-tank of # hour pumping-capacity, 
combined with a rate of filtration through the scrubbers 
of 104 ft. per hour and through the strainers of 4} ft. 
per hour. Owing to the very fine nature of the silt 
in the water a coagulant was necessary and alumina 
sulphate was added, the proportion of which never 
exceeded 90 per cent. of that used at the same time 
of year in settling-tanks of 8-hour capacity. Even 
with this 10 per cent. more alum, 8-hour settling-tanks 
were not nearly so efficient. 

Experiments on sterilization by chlorination were 
then carried out, the object being to avoid the cost 
of the usual acid treatment for the removal of excess 
chlorine. The chlorine was derived from bleaching- 
powder. The chlorination plant consisted of four 
tanks, each of which took 30 min. to fill, Each tank 
was fitted with an air bell and small chlorine dosing- 
tank above it. Asa tank filled with water, the chlorine 
solution was discharged from the dosing tank by air- 
pressure engendered in the bell by the rising water. 
When the tank emptied, the reverse process took place, 
the vacuum formed drawing the chlorine up into the 
dosing tank and filling it. All the chlorine pipes were 
large, and there were no cocks or orifices to get out 
of order or choke. An automatic arrangement con- 
trolled by floats opened the inlet and outlet valves of 
the four tanks in series. Since each tank took } hour 
to fill, each tank remained full and quiescent for 1 hour 
before it emptied. The chlorine solution was of a 
strength to furnish 1 part per million of free chlorine 
to a tank full of water. Since the water from the 
clarifier was quite clear, this quantity of chlorine 
absolutely sterilized it. Before the hour elapsed and 
the tank discharged, the chlorine had been entirely 
oxidised, and there was no taste whatever. The 
plant was simple and very satisfactory. 

The paper also describes the sand filter, which was 
designed to avoid the cost of mechanical rakes or the 
use of compressed air to aid the washing. The design 
of the false floor appeared to govern the first condition. 
After three separate attempts an entirely satisfactory 
floor was evolved by constructing it in the form of a 
series of pressure-diffusion chambers and leading the 
water to these chambers through a series of pressure- 
diffusion pipes. The filter washed well without any 
extraneous aid beyond the use of an ordinary garden 
rake to disturb the top few inches of sand. 

The controller, required to maintain a constant 
rate of filtration, as first designed consisted of an 
orifice discharge, the orifice being at the bottom of a 
tank into which the filter discharged freely. A needle 
in the shape of an inverted cone carried by a float 
descended through the orifice and partially closed it. 
As the head in the filter increased, the water in the 
tank fell, taking the float with it. The water passage 
was thereby automatically suitably increased to main- 
tain the same discharge, owing to the taper on the 
float. This controller operated well, but the special 
profile was found to be expensive. A cylindrical 
perforated needle was next evolved. The necessary 
increase in the area of the orifice as the needle descends 
was obtained by passing some of the water through the 
interior of the needle by means of the perforations. 
The needle, excepting for drain holes, is closed at the 
bottom and the water enters freely in the plane above 
the orifice, discharging through the perforations below 
the plane of the orifice. As the needle falls, the dis- 
charge-head is decreased, but the number of perforations 
below the orifice is increased. A constant discharge 
is thereby obtained. Owing to its simplicity, the 
perforated-needle type of controller is suitable for 
regulating the flow of water in large quantities—for 
example, in irrigation work, when it is desired to pass 
only a definite quantity of water into a subsidiary 
canal independently of the level of the water in the 
main feeder. 

The experimental work in the design of the controllers 
was carried out at the School of Engineering, Cairo, by 
the kind permission of Abdel Mageed Omar Bey, 
M.Sc., Assoc. M.Inst.C.E. 


RESEARCH LABORATORIES AT HENLEY’S 
CABLE WORKS. 


RESEARCH now forms such an important adjunct to 
the manufacture of even the most commonplace objects, 
that it obviously cannot be neglected in cases where the 
utility of the product is mainly dependent upon the 
quality of the materials and their treatment in the 
factory. The manufacture of cables for telephone 
lines, telegraphy and power transmission, is a particu- 
larly good example of industrial work for the success- 
ful conduct of which research is essential at the present 
time, since the technical advances made in other 
branches of electrical engineering are constantly 
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making further demands upon the products of the cable 
maker. From the earliest days, the. value of research 
work in their business as cable manufacturers, has been 
fully appreciated by Messrs. W. T. Henley’s Telegraph 
Works Company, Limited, and has been an important 
consideration in the technical administration of that 
concern. The changed conditions of the last few years, 
however, have called for more special treatment than 
was formerly necessary, a highly trained staff, with 
adequate accommodation and equipment, being now 
regarded as essential for the solution of the complex 
problems arising in their work. 

The firm therefore decided, about three years ago, 
to build and equip a research laboratory adjoining their 
Gravesend wire drawing and cable-making works, and 
to carry out in this laboratory the whole of the re- 
search work both for the Gravesend works and for 
their other works at North Woolwich. The whole 
research installation, which we have recently had an 
opportunity of inspecting, has been completed within 
the past few months and is now in full operation. 
As a rough guide to the activities of the laboratory, 
we may say that the equipment is designed for testing 
the quality of the raw materials used (the principal 


materials being copper, paper, oil, lead and rubber), 
and also for finding new and improved materials for 
use in cable manufacture. Another branch of the 
research work relates to processes used in the works, 
such as impregnation. The arrangements have been 
designed to permit such processes to be carried out 
under exactly controlled conditions in a small scale 
laboratory and also to enable the effect of trans- 
ferring the operations to the practical conditions 
existing in the factory to be determined without dis- 
turbing the normal production. The compilation of 
technical information, which is indexed for reference, is 
also carried out in the research laboratory, the data 
being supplied to the various departments of the firm 
which are likely to be interested, and also used for 
answering the many enquiries submitted by clients. 
It may here be mentioned that the investigations 
carried on in the laboratories are of a utilitarian 
character, and are such as are considered likely to give 
immediate results in their practical application in the 
works; no purely academic research work will be 
carried on, although its value is by no means under- 
rated. 

The building in which the new laboratories are 
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housed is a two-storeyed structure of steel and brick- 
work, with a ferro-concrete floor and a flat roof. 
It is situated on the banks of the Thames and has a 
total floor area of 14,000 sq. ft. A central corridor 
on each floor gives access to the rooms, which are 
arranged along the sides and at each end. Heavy 
machinery and apparatus likely to be affected by vibra- 
tion, are located mainly on the ground floor, while the 
chemical laboratories, library, offices, &c., are situated 
on the first floor. Each room is supplied with water, 
gas, steam at 60 lb. per square inch, and air at 1 5 lb. 
per square in., numerous connections being provided, 
and vacuum and high-pressure pumps are also installed, 
with special connections where needed. Electric power 
is supplied to the building at 6,600 volts, the total 
requirements for all purposes amounting to about 
_ 350ky.-a. By means of a rotary converter and specially 
arranged switchgear and circuits, the various labora- 
tories are supplied with three-phase current at 440 volts 
and direct current at 110, 250, and 500 volts. In 
addition, a 110-volt battery, of 800 ampere-hours 
capacity, has been installed, the wiring being arranged 
so that any voltage between 2 and 110 can easily be 
connected to any room. 

One of the most interesting features of the laboratory, 


at all events to visitors, is the high-tension room which 
is situated at one end of the ground floor, and is used 
for the measurement of dielectric losses, and for the 
application of high-voltage tests to finished lengths of 
cable. Three single-phase testing transformers, illu- 
strated in Fig. 1 opposite, supply the high-tension 
current, their primaries being fed at 500 volts from 
a three-phase motor generator of 225 kv.-a. capacity, 
operating through three regulating transformers. The 
secondary voltage of each of the testing transformers 
is 125,000, but the insulation resistance to earth has 
been designed so that, by suitable connections, a 
three-phase current at 210,000 volts can be obtained, 
or, by connecting the three transformers in series, a 
single-phase current at 375,000 volts can be produced. 
Of the many interesting features embodied in the 
design of the plant, we may mention that the voltage 
regulator of the high-tension transformers is automatic, 
being operated by a motor controlled by a series of 
push buttons. It should perhaps be explained that, 
in breakdown tests, the rate of increase in voltage 
greatly affects the results, so that provision has been 
made for raising the voltage, by means of the push 
buttons referred to, at any one of four different rates. 
The main transformers, as shown in Fig. 1, are installed 


in pits to economise head room and to facilitate the 
changing of connections. The cable tanks, which can 
be seen in the foreground of the illustration, are 8 ft. 
deep and are heat lagged, so that tests can be carried 
out at temperatures up to 90 deg. ©. on lengths of 
cable wound on drums. The illustration also shows 
the form of connection used for testing three-core 
cables, its object being, of course, to prevent flashing 
over at the ends, which is one of the chief difficulties 
encountered in carrying out these tests. 

Adjoining the high-tension room is a workshop 
equipped with lathes, shapers, drills, &c., used for 
making special apparatus employed in the laboratory, 
and opposite the workshop is the room in which inyesti- 
gations connected with factory processes are carried 
out. As will be readily appreciated, it is frequently 
desirable to conduct such experiments on a more 
limited scale than would be possible in the works, 
where to try out a new impregnating compound, for 
example, would involve the use of from 10 tons to 
20 tons of material. At the same time, the results 
obtained from tests on samples of a gallon or so are 
not sufficient to justify the employment of the material 
on a manufacturing scale. For this reason, the room 
just mentioned has been allocated for the purpose of 
carrying out works processes on an intermediate scale. 
The usual practice is to bring the machines from the 
works to the process room, as required for any particular 
investigation, and to return them on the completion 
of the work. An experimental impregnating plant, 
however, is permanently installed in the room, and this 
plant is illustrated in Fig. 2, on page 736. The same 
room houses a 100-ton hydraulic testing machine for 
tension and compression tests. An interesting point in 
connection with this machine is that tensile or com- 
pressive loads, up to about 10 tons, are measured by 
the extension or compression of a steel tube, through 
which the load is transmitted. The tube is filled with 
mercury, which rises or falls in a glass tube communicat- 
ing with the steel tube as the volume of the latter is 
diminished or increased, by the application of the load. 
Higher loads are determined from the water pressure 
in the hydraulic ram. 

For tensile tests on rubber, paper, wire, &c., a 
standard Schopper quadrant-type testing machine is 
installed in the physical-testing laboratory on the 
ground floor, as also is a specially-designed machine for 
measuring the force required to tear the paper used 
for cable manufacture. On the occasion of our visit, 
a special test had been arranged in this laboratory to 
illustrate the influence of fibre, and other foreign 
matter, on the insulation breakdown tests of oil. 
By optical projection it was shown that the electro- 
static field between the discharge balls was sufficient 
to draw any fibres floating in the oil into the spark gap, 
where their presence would materially reduce the 
voltage required to produce a discharge. The micro- 
scope, of course, is largely employed for the examina- 
tion of paper and metals and a laboratory well equipped 
with visual microscopes and photomicrographic ap- 
paratus, is devoted to this work. A photographic 
dark-room adjoins this laboratory, the entrance to the 
dark-room being arranged in the form of a light trap 
so that persons can enter and leave it at any time 
without admitting daylight. 

The only other important room on the ground 
floor is known as the Jow-tension laboratory, and is 
used for dielectric resistance tests on cables, oils and 
impregnating compounds, viscosity measurements, and 
for conductivity tests on copper, which is supplied to 
the works in the form of rolled rods about 4 in. in 
diameter. For the conductivity tests, the method 
suggested by the United States Bureau of Standards 
has been adopted, in which the conductivity is deduced 
from measurements of the temperature coefficient of 
resistance made with a Kelvin bridge on specimens 
contained in a heated oil bath. The method has the 
obvious advantage that it requires no knowledge of 
the actual dimensions of the specimens and can there- 
fore be applied to bent or twisted rods of irregular 
section. The apparatus for resistance tests of im- 
pregnating compounds is illustrated in Fig. 3 on this 
page, the illustration also showing the method of 
mounting the reflecting galvanometers on brick piers ; 
these are carried down for a distance of 6 ft. below the 
floor level into the solid chalk which forms the subsoil 
of the locality. The same room is provided with a 
primary battery from which any voltage up to 1,000 
can be obtained for direct-current tests, and the equip- 
ment also includes apparatus for telephone cable 
testing and for rating tests of switches and cut-outs, 
which form an important item of the firm’s products. 


The chemical laboratories, as previously men- 
tioned, are located on the upper floor and are used 
for acceptance tests on raw materials, control tests 
on materials in the course of manufacture, and for the 
chemical work required in connection with the investi- 
gations carried out in the research laboratory ; a small 
separate laboratory is provided with the. necessary 
furnaces of various types for heat-treatment work. 
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For investigations in connection with the produc- 
tion of tyres, golf balls and tennis balls, which are 
made by an allied company, a small laboratory on the 
upper floor has been equipped with a mixing mill 
having steam-heated rollers, a vulcanising press and 
the necessary accessory apparatus for making up experi- 
mental batches of rubber, or test samples of gutta 
percha, under controlled laboratory conditions. In 
this laboratory, which is illustrated in Fig. 4, it is 
possible to study the effect of various ingredients and 
of different vulcanising times, and also to produce 
rubber sheets from which specimens can be cut for 
testing on the Schopper tensile testing machine 
referred to above. 

Mention should be made, in conclusion, of another 
important room on this floor, viz., the library, in which 
technical literature and information relating to the 
company’s different activities is stored for ready 
reference. It is also used as a conference room for the 
staff, and is provided with an optical lantern and 
fixed screen for use by lecturers. The whole research 
organisation is under the control of Mr. P. Dunsheath, 
to whom we are indebted for the information from which 
the foregoing description of the laboratory has been pre- 
pared. 


SALT CRYSTALLISATION. 


Two papers on crystallisation were discussed by 
the Chemical Engineering Group of the Society of 
Chemical Industry on a recent date. The first, 
by Mr. T. V. Barker, on “The Development and 
Formation of Crystals,” dealt with the problems in 
a way instructive even for those familiar with recent 
work on crystal structure and Réntgen rays. The 
conclusion which Mr. Barker drew was that X-ray 
researches would not teach us why certain crystal 
faces develop (or are dissolved) in preference to 
others; the study of surface tension phenomena in 
their various aspects might help us to understand 
these problems. 

The other paper on ‘‘ Mechanical Crystallisation,” 
by Mr. Hugh Griffiths, might have been more technical 
than as he presented it. He referred to the old-fashioned 
idea that solutions to be crystallised must be cooled 
very slowly and be left pertectly quiet, which is only 
suitable in special cases, and to Sir Henry Miers’ 
distinction of the ordinary solubility curve and the 
super-solubility curve; the region between the two 
curves being in unstable equilibrium marked the range 
suitable for crystal growth. Miers studied the concen- 
trations of crystallising solutions on the microscope 
stage by observing the refractive index of the solution. 
His researches were of great value, but his experimental 
conditions can hardly be compared with those prevailing 
in the crystallisation pans of sugar and salts, and with 
the conditions of solidifying igneous rocks and ores, 
which the Faraday and Geological Societies had been 
discussing the previous evening. One feels a little 
doubtful, therefore, as to the significance of Mr. Griffiths’ 
distinction, based upon the Miers curves, of crystallisa- 
tion by slow or rapid cooling, in the absence or presence 
of seeding crystals, by controlled cooling, vacuum cooling 
and by evaporation. Substances are crystallised and 
recrystallised for various purposes. Fancy for shape 
or colour may be a factor; certain candy crystals are 
actually coloured now, because the people insist upon 
a brownish tint, and large crystals are crushed so as to 
make them saleable as individual crystals. Preven- 
tion of subsequent caking is another important object. 
Agitation prevents the agglomeration of crystals during 
their growth and requires control of temperature and 
concentration. Mr. Griffiths recommended agitation 
in rocking troughs, as first introduced by Wulff and 
Bock. The solution is fed in at one end of the trough, 
which may be 50 ft. and even 100 ft. long, and is 
discharged at the other. Those troughs must be 
mechanically very stiff and strong, and they are pro- 
vided with baffles to minimise longitudinal vibrations. 
One of the advantages of the mechanical agitators is 
that they admit of continuous discharge without 
avoidable manual labour. 


Instirution or Navan ARrcutrEots.—The following 
scholarships will be offered for competition in 1925: 
Naval Architecture: ‘ Elgar” Scholarship (1301. per 
annum) and “Armstrong” Scholarship (1507. per 
annum). Marine Engineering: ‘‘ Parsons” (1501. per 
annum), ‘‘ Yarrow’ (100/. per annum), and “ Denny ”’ 
(751. per annum, open to boys, British subjects, from 
approved public schools or schools under the Education 
Authorities). With the exception of the last-mentioned, 
these scholarships are open to British apprentices or 
students who have not yet entered upon a university 
course, and are tenable (subject to the regulations 
governing each scholarship) for four years at Glasgow 
University, and for three years at Durham University 
(Armstrong College), Liverpool University, the Royal 
Naval College (Greenwich), and the City and Guilds 
(Engineering) College. Full particulars may be obtained 
from the Secretary, Institution of Naval Architects, 5 
Adelphi Terrace, London, W.C. 2. 
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NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—The improved tone reported within 
the past few weeks finds only modified expression in 
the market for raw and semi-finished materials. Rather 
more inquiries are in circulation for hematites and 
pig-iron, but outputs appear to. be ample to meet 
contract commitments, and there is a considerable 
margin of productive capacity upon which no call is 
being made. The position as regards crude steel is a 
little brighter. The amount of business in circulation 
tends slowly to expand, with the result that more 
furnaces are operating than before the set-down recently 
caused by the strike of semi-skilled operatives for 
improved wages and conditions. Stocks both of iron 
and steel at manufacturing works are, however, so 
low that any improvement in the finished sections 
must confer a corresponding benefit on departments 
dealing with basic supplies. Iron and steel quotations 
as latest revised are lower than at any period for the 
past 12 months, and will, it is hoped, prove a sufficient 
inducement to users to cover themselves more freely 
in the matter of forward deliveries. Compared with 
a year ago steel billets, both hard and soft basic, are 
ll. per ton cheaper, West Coast and Hast Coast hematites 
15s. per ton cheaper, and forge and foundry iron from 
the Lincolnshire and Derbyshire furnaces 10s. to 12s. 6d. 
per ton cheaper. Current prices are as follows: Hard 
basic steel billets 9/., soft basic steel billets 8/., West 
Coast hematites 5/. 5s., East Coast hematites 41. 10s., 
Lincolnshire No. 3 foundry iron 41. 5s., Lincolnshire 
forge iron and Derbyshire No. 3 foundry iron each 
4l, 2s. 6d., Derbyshire forge 4I., bars 137. and sheets 15i., 
in each case per ton delivered at local works. In the 
engineering trades the more hopeful outlook recently 
reported is endorsed in the official journal of the Sheffield 
Chamber of Commerce which points out that the local 
heavy and medium industries seem to be improving, 
and that though railway materials are rather dis- 
appointing and the demand for ship steel and fittings 
is not yet broadening very much, in both these branches 
there are high prospects of coming activity. The same 
authority states that castings are in fair demand. Pit- 
head gear and general equipment form an improving 
line. Structural steel is at least more moderately 
healthy. Substantial foreign and colonial demands are 
anticipated shortly for railway material, tramway and 
genera] municipal fittings, gears for electrical and water 
schemes, and machinery for sawmills, pulp works and 
coal mines. 


South Yorkshire Coal Trade.—So far as actual quota- 
tions are concerned the position has undergone no change 
during the past week. Business in house coal is dis- 
appointingly slow considering the time of the year. 
The pressure for supplies usually experienced at this 
season is scarcely in evidence. A spurt during the 
closing weeks of the year is not at all unlikely, though 
there is nothing at the moment to indicate that it will 


happen. Steam coal is slightly more active on export 
account. Cobbles, nuts and slacks are all featureless. 
Quotations: Best branch hand-picked, 32s. to 35s. ; 


Barnsley best Silkstone, 26s. to 28s.; Derbyshire best 
brights, 27s. to 32s. ; Derbyshire best house, 24s. to 26s. ; 
Derbyshire best large nuts, 22s. 6d. to 25s. ; Derbyshire 
best small nuts, 14s. to 16s.; Yorkshire hards, 20s. 6d. 
to 23s.; Derbyshire hards, 20s. 6d. to 22s. 6d.; rough 
slacks, 9s. 6d. to 12s.; nutty slacks, 9s. to 1ls.; smalls, 
5s. to 7s. 6d. 


CANADIAN REGULATIONS AS TO STRAW PACKING FOR 
Goops.—It is, perhaps, not generally known that when 
goods are sent to Canada packed in straw, a certificate 
must be obtained from a government veterinary surgeon 
that the straw has been disinfected, to ensure that it 
cannot.be the means of spreading foot-and-mouth disease. 
Unfortunately for traders, no government veterinary 
surgeons were available at the time of framing the 
regulations. The Federation of British Industries took 
the matter up with the Canadian Government, but were 
unable to get them to agree to accept certificates from 
any veterinary surgeon. They, therefore, approached 
the British Ministry of Agriculture, who have at their 
request nominated veterinary surgeons in various areas 
in the country, to grant certificates to meet the Canadian 
Government requirements. 


Tue British Corporation RuLes AND TABLES.— 
We have received from the British Corporation for the 
Survey and Registry of Shipping, a copy of the latest 
issue of their Rules and Tables. Amongst the changes, 
we note an alteration in the framing formule which 
makes for simplicity. Amendments have been made in 
the requirements for engine and boiler’ casings, hatches 
and other features which are affected by freeboard regu- 
lations, to bring them into line with the latest recom- 
mendations of the Load Line Committee. In the 
scantling tables, the main alterations'refer to the thickness 
of shell plates which are now expressed in hundredths 
of an inch. It should be noted that the new tables 
are in close agreement with the standards proposed by 
the 1914 Committee. Thicknesses of plate keels have 
again been slightly reduced amidships. The rules 
relating to machinery have been augmented by the 
addition of a new section on watertube boilers, shafts 
and tubes, and a complete review of the regulations 
governing the construction of internal-combustion 
engines. A new section of the book deals with the 
requirements for periodical surveys of vessels engaged 
on the Great Lakes of America. Throughout the whole 
work there are indications that the British Corporation 
intend to maintain the reputation they have already 
of keeping abreast of modern technical progress. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MipDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Cleveland pig-iron pro- 
ducers are in a very strong position. They have no 
unsold stocks, and some of them have fully disposed of 
their output to the end of the year. In addition sales 
have been made for delivery well into 1925. Under such 
conditions the pressure to sell is not great, and values 
are steadily maintained. Home demand is fairly good, 
and a little export inquiry is reported. No. 1 is very 
scarce and commands quite 87s. No..3 g.m.b. is also 
scarce and is quoted 82s.; whilst No. 4 foundry is put 
at 81s.; and No. 4 forge is 80s. 


Hematite—-The moderate business passing in Wast 
coast hematite more than absorbs current output and 
consequently stocks, though still large, are being gradu- 
ally reduced, and producers are disinclined to make 
price concessions. Home needs are increasing, and 
small sales have been made to America as well as to 
Germany and other Continental countries. There is 
some likelihood of one or two furnaces being re-kindled 
in the near future. Nos. 1, 2, and 3 are 88s. 6d. to 89s., 
and No. 1 is at a premium of sixpence to a shilling. 


Foreign Ore.—Sellers of imported ore are taking a 
firm stand. A cargo of best rubio is stated to have been 
sold at 22s. 9d., but recognised market rates are based 
on best rubio at 22s. 6d. c.i.f., Tees. 


Blastfurnace Coke.—Durham blastfurnace coke is, if 
anything, a shade stiffer, but supply continues very 
ample, and good average qualities are still obtainable 
at 25s. delivered here. 


Manufactured Iron and Steel—tIn most branches of 
manufactured iron and steel a more hopeful feeling 
prevails. Inquiries are reported larger and more 
numerous, and several contracts for deliveries over — 
periods next year have been arranged. Improved 
demand for shipbuilding requisites has followed the 
placing of one of two orders for steamers, and there has 
been some purchasing of railway material, and construe- 
tional steel. Common iron bars are 12/.; iron rivets, 
147. ; steel billets (soft), 87. 10s. ; steel billets (medium), 
91.; steel billets (hard), 97. 10s.; steel boiler plates, 
131. ; steel ship, bridge and tank plates, 9/. 15s.; steel 
angles, 9/. 10s.; steel joists, 97. 10s. ; heavy sections of 
steel rails, 9/.; fish plates, 127. 10s.; and galvanised 
corrugated sheets (No. 24 gauge, in hundles), 187. 


SrerL RESERVOIR FOR Eeypr.—The Ministry of the 
Interior, Egypt, has called for tenders for the supply and 
erection of a steel reservoir of 300 cub. m., capacity with 
all steelwork, pipes and accessories, and electric level 
indicator. Tenders will be received in Cairo up to 
December 28. Local representation is essential. Further 
particulars can be obtained from the Department of 
Overseas Trade, 35, Old Queen-street, S.W.1, quoting 
reference A.X. 1501. , 


Crviz ENGINEERING IN IRELAND.—The Transactions 
of the Institution of Civil Engineers of Ireland for the 
eighty-seventh session, 1922-3, have now been published. 
In the Presidential Address, Professor P. F. Purcell 
drew attention to the unsatisfactory practice of inviting 
foreign assistance in \carrying out works in Ireland 
which could quite well be performed by Irish engineers. 
A notable contribution to the volume is entitled ‘‘ Notes 
upon a Rational Method of Eliminating Flood Effects 
from a Series of River Gaugings,” and was prepared by 
Mr. J. Challoner Smith. 


SPECIFICATION FOR HARD-DRAWN CoPpPpER CONDUCTORS. 
—The British Engineering Standards Association has 
recently issued publication No. 125-1924, giving a 
“Specification for Hard-Drawn Copper, Solid and 
Stranded Circular Conductors for Overhead Power Trans- — 
mission Purposes.’’ In compiling this, advantage has 
been taken of the information available from tests 
carried out on copper conductors by the British Elec- — 
trical and Allied Industries Research Association, and 
by the National Physical Laboratory staff. Copies of 
this specification may be obtained from the B.E.S.A. 
Publications Department, 28, Victoria-street, London, 
8.W.1, price Is. 2d., post free. 


Tuer Vetociry or Licur.—tIn a recent address to the 
Franklin Institute, Professor A. A. Michelson described 
the results obtained in the last determinations of the 
velocity of light. The value of this fundamental con- 
stant has been repeatedly measured and the mean value 
of previous determinations was 186,330 miles per second, 
with an uncertainty of 20 to 30 miles. In view of the 
great scientific importance of this velocity, it was thought 
desirable to try and reduce this uncertainty to not more 
than one mile per second. This is not only of scientific 
importance but would provide a method for the accurate 
and rapid determination of the distance between stations 
50 to 100 miles apart, and should prove of value on 
trigonometric surveys. To this end, apparatus was 
installed on Mount Wilson and Mount San Antonia, 
which are 22 miles apart, for the purpose of measuring 
the time taken by light to travel this distance. Forest 
fires, and the consequent smoke and haze, prevented 
success during the summer of 1923, but very promising 
results have now been obtained. The results give 
299,820 as the velocity of light in vacuo expressed in 
kilometres per second, which is believed to be: true to 
within about one part in 10,000. It is proposed to repeat 
the experiment next summer with some refinements, 
by which it is hoped to obtain an accuracy to within 
about 2 parts in 100,000. 
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NOTES FROM THE NORTH. 


GuLAscow, Wednesday. 


Scottish Steel Trade.—A dull tone still prevails in the 


Scottish steel trade and prospects of any marked improve- 
ment in the industry seem remote. 
searce and are not inclined for much dealing at present, 


being content, in most cases, only to fix up current 


uirements and leave the future to look after itself. 


The net result of this is that there is no regularity in the 


running of plant, and plates, in particular, are in very 
r request. 

_ the day-to-day demand is far from heavy or at all satis- 
factory. 


better and order books generally are well filled for the 
next month or two. A slight improvement has taken 


place in the demand for the heavier gauges, but makers 


can undertake a great deal more business in this line 
without any great difficulty. Prices are steady, and 
although the following are the current quotations, buyers 
might be able to place orders of decent tonnage on slightly 
better terms: Boiler plates, 137. per ton; ship plates, 
91. 15s. per ton; sections, 9/. 10s. per ton; and sheets, 
+; in. to ¢ in., 127. per ton, all delivered Glasgow stations. 


Malleable Iron Trade.—Conditions in the malleable 
iron trade of the West of Scotland have not changed and 
a very poor demand exists. Business of any kind is 
extremely difficult to secure and the outlook is very 
obscure. The price of “Crown ”’ bars is still quoted at 

127. per ton, delivered at Glasgow stations. Re-rolled 
steel bars are dull. 


Scottish Pig-Iron Trade.—In the pig-iron trade of 
Scotland the general tone is again a little better and 
consumers seem more inclined to deal. Some fair lots 
have been sold forward and current buying is a trifle 
more satisfactory. This has made no change in prices, 
however, owing to the heavy stocks on makers’ hands, but 
as soon as these begin to disappear there is every prospect 
of prices hardening up a bit. The current quotations are 
as follow: Hematite, 4/: 15s. per ton, delivered at the 

_ steel works ; foundry iron, No. 1, 4. 15s. per ton, and 
No. 3, 4/. 10s. per ton, both on trucks at makers’ yards. 


- Scottish Pig-Iron Shipments.—The shipment of Scottish 
pig-iron from Glasgow Harbour for the week ended last 

_ Saturday, November 22, amounted to 937 tons. Of that 
total, 760 tons went overseas and 177 tons went coastwise. 
For the corresponding week of last year the figures were : 
513 tons foreign and 54 tons coastwise, making a total 
shipment of 567 tons. 


Wages in the Iron Trade.—Messrs. James C. Bishop 
and Owen Coyle, joint secretaries of the Scottish Manu- 
factured Iron Trade Conciliation and Arbitration Board, 
have received the following intimation from Sir John M. 
MacLeod, C.A., Glasgow: ‘‘In terms of the remit I 
have examined the employers’ books for September and 
October, 1924, and I certify that the average net selling 
price brought out is 127. lls. 10-3d.”” This means that 
there will be no increase in the wages of the workmen. 


_ Shipbwilding—Messrs. Napier and Miller, Old Kil- 
patrick, are to build the hulls of the two ferry steamers 
for which Messrs. McKie and Baxter, engineers, Govan, 
received the contract referred to here last week. These 
vessels, which will be single-screw passenger and 

vehicular steamers 170 ft. in length, are to the order 
of the Levis Ferry Company, of Quebec. Messrs. McKie 
and Baxter will supply all the machinery. Messrs. Napier 
and Miller have also contracted to build ancther cargo 
_ vessel for the Clydesdale Navigation Company (Messrs. 
George Nisbet and Co.), Glasgow. This vessel will be 
similar to the Blairgowrie, which was launched in July 
for the same owners and will be 3,300 tons gross and of 
5,800 tons d.w. carrying capacity. This order is 
now the fourth received this year from the same firm. 
Messrs. Ferguson Brothers (Port Glasgow), Limited, 
- have contracted to build a self-propelling, twin-screw, 
grab hopper dredger of 1,100 tons carrying capacity 
for the Mersey Docks and Harbour Board. Messrs. David 
and William Henderson and Co., Limited, Partick, 
have received the contract to build two cargo steamers 
- for North-Kast Coast owners. 


Tur Drivine or FRESHLY-MOULDED CONCRETE PILES. 
—By the courtesy of Messrs. Gunton and Gunton, 
architects, and Messrs. L. J. Speight, Limited, con- 
tractors, a party of engineers was given facilities on 
Monday last for witnessing the driving of piles of 
reinforced concrete only about 48 hours old, at the site of 
the new premises of the Westminster Bank in Cheap- 
side, E.C. The piles in question were made with 
Ciment Fondu supplied by the Lafarge Aluminous 
Cement Company, Limited, of 296, High Holborn, 
W.C. The bank building will be a steel-framed structure 

_ on ferro-concrete pile foundations. The piles are 14 in. 
by 14 in. by 20 ft. 6 in. long, reinforced with four bars, 
one at each corner, with links closely spaced. The 

' conerete proportions are 7 cwt. of cement, 134 cub. ft. 

sand, and 27 cub. ft. aggregate, or approximately 
1:14:3. ‘The piles were moulded on the site, two 

_ boxes only being employed, and the work taking up 
very little space on account of the short time elapsing 
between pouring and driving. The piles were driven 
with a 24-ton tup falling 3 ft., and the final set required 
‘was 23 in. for 30 blows. The pile head was protected 
by a helmet, extending above which was a short length 
eae which took the actual blow of the tup. 

Nhe character of the ground was large and small gravel, 
and driving was found, in nearly all instances, to be 
very hard. The piles on which the demonstration was 
carried out suffered in no way from the effects of driving. 
The maximum load they are intended to carry is 68 tons. 
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Buyers are very 


Sectional material is also very slow, and 


In the black-sheet trade the booking of light 
sheets and galvanised sorts for export is again the turn 


NE EPRIENG: 


NOTICES OF MEETINGS. 


Tue Roya Mergorotocican Soorry.—To-night, at 
5 p.m., at the Imperial College of Science and Technology, 
Imperial Institute-road, South Kensington, 8.W.7. 
Joint Meeting with the Physical Society. Discussion on 
‘** Tonization in the Atmosphere; the Influence on the 
Propagation of Wireless Signals.” (1) Opening Address 
by Dr. W. H. Eccles, F.R.S. (2) Atmospheric Ionization 
and its Variations,’ by Dr. C. Chree, F.R.S. (3) “ Ex- 
perimental Observations of the Strength of Wireless 
Signals as affected by the Path of the Signals, Time of 
Day and Season of Year,’’ by Professor E. V. Appleton, 
M.A., D.Se. (4) ‘‘ Atmospheries,’’ by Mr. R. A. Watson 
Watt. (5) ‘‘ The Electric Field of a Thunderstorm and 
Some of its Effects,” by Prof. C. T. R. Wilson, F.R.S. 
(6) ‘‘The Evidence of Terrestrial Magnetism for the 
Existence of Highly Ionized Regions in the Upper 
Atmosphere,” by Professor S. Chapman, F.R.S. 


Tue Junior Instrrution or ENGINEERS.—To-night, 
at 6.30 p.m., at 39, Victoria-street, 8.W.1. Exhibition 
of latest Scientific Instruments and Appliances for the 
Use of Engineers. Friday, December 5, at 7.30 p.m. 
Lecturette. ‘‘ Metal Cutting under Water by the Oxy- 
Acetylene Blow Pipe,’ by Mr. J. B. Polland. 


THE InsTituTION oF MucHANICcAL ENGINEERS.—To- 
night, at 7 p.m., at Storey’s-gate, S.W.1. Informal 
Meeting. ‘‘ Centrifugal and Rotary Pumps.” Intro- 
duced by Mr. G. L. Ponsford. Friday, December 5, at 
6 p.m., Extra General Meeting. ‘‘ The Effects of Low 
and High Temperatures on Materials,” by Professor F. 
C. Lea, D.Se. “The Elastic Limit in Tension, its 
Influence on the Breakdown by Fatigue,” by Mr. J. M. 
Lessells, B.Sc. 


Tue Roya Institution or GREAT Briraty.—Monday, 
December 1, at 5 p.m., at 21, Albemarle-street, W.1. 
General Monthly Meeting. ° 


Tur NorRTtTHAMPTON ENGINEERING COLLEGE ENGINEER- 
ING Socrery.—Monday, December 1, at 5.30 p.m., at 
St. John-street, E.C.1. ‘‘ The Poulsen Arc,’ by Mr. E. 
E. Hutchings. 


Tue Society oF ENGINEERS (INCORPORATED). Monday, 
December 1, at 5.30 p.m., at the Geological Society, 
Burlington House, Piccadilly, W.1. “ Recent Develop- 
ments in Ferro-Concrete Cooling Towers,” by Mr. 
H. A. Rickwood. 


Tue Institution or EpsecrricaL ENGINEERS : 
WESTERN CENTRE.—Monday, December 1, at 6 p.m., 
at the South Wales Institute of Engineers, Park-place, 
Cardiff. ‘*‘ Automatic and Semi-Automatic Rectifier 
Substations.”” by Mr. G. Rogers. 


Tur Junior InstiruTIon oF ENGINEERS: NoRTH 
Western SEcTION.—Monday, December 1, at 7.30 p.m., 
at the Manchester Geographical Society, 16, St. Mary’s 
Parsonage, Manchester. Lecture: “Modern Loco- 
motive Lubrication Practice,” by Mr. B. Spencer. 


Tue InstrituTION oF CrviL ENGINEERS : NEWCASTLE 
upon-Tynge Association. Monday, December 1, at 
7.30 p.m., in the Lecture Hall of the Mining Institute, 
Neville Hall, Newcastle-on-Tyne. ‘Some Properties 
of Mild Steel with Special Reference to its Behaviour 
at High Temperatures,” by Mr. E. Jule Rang, B.Sc. 


Tue Braprorp Encineerine Socrpty. Monday. 
December 1, at 7.30 p.m., at the Bedford Technical 
College. Lecture, “ The Gyro Compass,” by Mr. R. B. 
Pullin. 


Tas Instirution or RusBeR InpustRy.—Monday> 
December 1, at 8 p.m., at the Engineer’s Club, Coventry- 
street, W.1. ‘‘ Research Work on the Plantation,” by 
Major B. J. Eaton, F.I.C. 


Tue Royat Society or Arrs. Monday, December 1, 
at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘Modern Colour Problems’ (Lecture It), 
by Mr. Louis C. Martin, D.1.C., D.Sc. Wednesday, 
December 3, at 8 p.m. Ordinary Meeting. “The 
Teaching of Science in Secondary Schools,” by Prof. 
C.-A. Carus-Wilson, M.A., F.R.G.S. Friday, December 5, 
at 4.30 p.m. Indian Section. “ Problems of Food, 
with Special Reference to India,” by Lieut.-Colonel 
R. McGarrison, C.1.E., M.D., LL:D., D.Se: 


Tur InsTrruTiIon or PETROLEUM TECHNOLOGISTS.— 
Tuesday, December 2, at 5.30 p.m., at the Royal Society 
of Arts, John-street, Adelphi, W.C.2. “ Fuel Oil Re- 
sources of the Future,” by Mr. A. W.: Nash, B.Sc., 
M.I.Mech.E., and Mr. H. G. Shatwell, B.Sc., M.Se. 
“ The Somerset Oil Shales,” by Mr. H. G. Shatwell, B.Sc., 
M.Sc., and Mr. A. W. Nash, B.Se., M.1.Mech. E. 


Tur InstrruTion oF Civ Enererrs.—Tuesday, 
December 2, at 6 p.m., at Great George-street, 8.W.1. 
Ordinary Meeting. Paper to be submitted for discus- 
sion: ‘‘ Water-Supplies to the Smaller Provincial Towns 
of Egypt,’’ by Messrs. Reginald Humphrey Lee Pennell 
and Herbert Addison. 


Tas Instirure or Merats: BIRMINGHAM Loca 
Srcrion.—Tuesday, December 2, at 7 p.m., at the 
Chamber of Commerce, New-street. “* Metal Spraying,” 
by Mr. W. E. Ballard. 


Tae InstiruTE OF Metals: Nortu-Easr Coast 
Locan Snctron.—Tuesday, December 2, at 7.30 p.m., 
in the Electrical Engineering Lecture Theatre, Arm- 
strong College, Newcastle-on-Tyne. “Aluminium, its 
Production and Uses,” by Mr. G. B. Brook, F.I.C. 


Tur InstTITUTION OF ENGINEERS AND SHIPBUILDERS 
In. ScoTLaNnD.—Tuesday, December 2, at 7.30 p.m., in 
the Rankine Hall, 39, Elmbank-crescent, Glasgow. 
“The Further Development of Large Power Diesel 
Engines,” by Mr. W. D. McLaren. 
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Tue Wrst YorKSsHIRE MBrTALLURGICAL Socrery.— 
Tuesday, December 2, at 7.30 p.m., at the George 


Hotel, Huddersfield. Discussion on ‘‘ The Corrosion 
of Engineering Materials.” 


Tue Institution of ExectrricaAL ENGINEERS : WIRE- 
LEss SEcTION.—Wednesday, December 3, at 6 p.m., at 
Savoy-place, Victoria-embankment, W.C.2. ‘‘ Wireless 
Telegraph Valve Transmitters employing Rectified 
Alternating Current,” by Mr. G. Shearing. 


Tue InstrrurTion or SaAnrrary EnGInnERs.—Wednes- 
day, December 3, at 7.30 p.m., at Caxton Hall, West- 
minster, S.W.1. ‘‘ House Drainage, with Special Refer- 
ence to the Intercepting Trap,” by Mr. H. Alfred 
Roechling, M.Inst.C.K. 


Tae LiverPoon ENGINEERING Socimry.—Wednesday, 
December 3, at 8 p.m., at the Society’s Rooms, The 
Temple, Dale-street, Liverpool. ‘Sulphuric Acid,” by 
Mr. C. 8. Imison. 


Tue InstiruTion oF WatEeR ENGINEERS.—Thursday, 
December 4, at 10.30 a.m., at the Geological Society, 
Burlington House, Piccadilly, W.1. “Iron Deposit in 
Cast Iron Pipes,” by Mr. J. R. Fox, M.Inst.C.E. 
“ Fluctuations of Annual Rainfall: Three Driest Con- 
secutive Years,” by Mr. John Glasspoole, M.Sc. ‘“‘ The 
Biology of Jersey Waterworks,” by Mr. W. Rushton, 
D.Se., with an Addendum by Mr. A. J. Jenkins. ‘“* On 
the Preparation of a Rainfall Map of the British Tsles,”’ 
by the late M. de Carle 8S. Salter. 


Tue Instirurion OF ELECTRICAL ENGINEERS. Thurs- 
day, December 4, at 6 p.m., at Savoy place, Victoria 
Embankment, W.C. 2. Lecture. ‘* Gyroscopic Pendu- 
lums,”’ by Prof. J. G. Gray, D.Sc., and Mr. J. Gray. 


Tue Institute or Merrats: SHEFFIELD Loca 
Srcrion.—Thursday, December 4, at 7.30 p.m., in the 
Mappin Hall, The University, St. George’s-square. Con- 
joint Meeting with Silver Trades Society. Discussion on 
‘* Flectro-Plating,’’ opened by Mr. A. Jefferson. 


NOTES FROM THE SOUTH-WEST. 
Carpirr, Wednesday. 

The Coal T'rade.—Though belated, the statement of 
the Mines Department showing the working of the coal 
industry in the quarter ended March iast, is of con- 
siderable interest. It is shown that in South Wales 
12,444,480 tons of coal were raised, of which 11,357,895 
tons were commercially disposable. The cost of pro- 
duction amounted to 11,303,551l., and the revenue 
secured from sales to 12,430,106/., leaving a profit of 
1,241,631U., or 2s. 2°24d. per ton. The cost of production 
amounted to 19s. 8-42d. per ton and the revenue to 
21s. 10-66d. per ton. Of the cost of production, wages 
amounted to 13s. 2-59d. per ton, stores and timber to 
2s. 9-85d., and other costs to 3s. 9-49d. per ton. The 
number of workpeople employed was 225,464 and 
15,377,131 man-shifts were worked, while 1,336,438 
man-shifts which could have been worked were lost. 
The output per man shift in the quarter was 16-19 cwts. 
and the earnings per man-shift worked were 9s. 9-14d. 
The coal market has developed a stronger tone during 
the past week. A fair quantity of shipping has reached 
dock and this has put collieries in a more comfortable 
position. Some qualities are, in fact, in short supply, 
especially washed duffs, which are in good demand for 
coking purposes. Bituminous washed duff has, in fact, 
realised up to 19s. 6d., while the best steam smalls, 
too, are in good demand round 16s. 6d. Sized coals 
are in limited supply and the best dry nuts command 
up to 32s. Best Admiralty large coal is steady at 27s. 
to 27s. 6d., and seconds rule from 24s. 6d. to 25s. 6d., 
but Monmouthshires are still in excessive supply at 
23s. 6d. to 24s. A considerable number of collieries 
are, however, still closed down, and stoppages are experi- 
enced at those working, but not to the same extent as 
was the case a few weeks ago. According to a state- 
ment just issued by the Great Western Railway Company, 
who control all the docks in South Wales, shipments of 
coal, coke and patent fuel from the six ports in the 
ten months ended November 2 amounted to 27,019,425 
tons, compared with 31,009,115 tons in the corresponding 
period of last year, a reduction of 3,989,690 tons. All 
the ports shared in this decline, exports from Cardiff 
dropping from 7,498,736 tons to 6,851,559 tons, at 
Swansea from 3,718,810 tons to 3,261,364 tons, at 
Newport from 5,797,095 tons to 4,793,171 tons, at 
Barry from 8,696,082 tons to 7,639,628 tons, at Port 
Talbot from 2,369,265 tons to 1,935,449 tons and at 
Penarth from 2,929,127 tons to 2,538,254 tons. The 
French State Railways are inviting prices for supplies 
over the first three or six months of next year. No 
quantities are mentioned, but merchants are invited 
to make offers for definite quantities over the alternative 
periods. 


Tron and Steel Trades.—Because of a scarcity of prompt 
business, a. number of Welsh tinplate mills have been 
closed down temporarily. Exports of iron and steel 
goods in the past week amounted to 18,077 tons, com- 
pared with only 9,574 tons in the previous week. Ship- 
ments of tinplates and terneplates totalled 9,600 tons 
against 6,669 tons, blackplates and sheets to 6,799 tons 
against 918 tons, galvanised sheets to 1,060 tons against 
1,467 tons, and other iron and steel goods to 618 tons 
against 520 tons. 


Tue Royat Santrary Instrrure.—The next Congress 
and Health Exhibition of The Royal Sanitary Institute 
will be held at Edinburgh from July .20 to 25, 1925, by 
invitation of the Magistrates and City Council. 
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THE WHITWORTH SCHOLARSHIPS. 


Ever since the Whitworth Scholarships were 
founded they have been regarded as the chief prizes 
obtainable by young men in course of training as 
engineers. They are not sought on account of their 
money value alone, though this is considerable, but 
because the distinction of being a Whitworth 
Scholar is a very useful commercial asset in the 
opening stages of an engineering career. There is, 
moreover, the personal gratification of publicly 
excelling in a competition which is freely open to 
properly qualified candidates from all parts of the 
British Empire. From the engineering point of 
view the Whitworth Scholarhips are much more 
important than university degrees in engineering, 
for the latter, besides being non-competitive, are 
obtainable by students who have never seen the 
inside of a factory. It has always been a condition 
of the scholarships that candidates should have 
previously obtained a considerable amount of 
practical experience in an engineering works, and 
there can be no doubt that Sir Joseph Whitworth’s 
idea in founding them was to enable the ambitious 
working apprentice to pursue the study of the 
principles of engineering under conditions which, 


without the scholarships, he could not afford. Sir 


Joseph, who was a self-taught mechanic himself, 
had no illusions as to what engineering really is, 
namely, a practical constructive art, involving 
considerations so complex that no theory can 
adequately take them all into account. His 
encouragement of theoretical knowledge showed that 
he appreciated its value, but he wished it to be 
erected on a foundation of thorough practical 
experience of the materials and processes to which 
the knowledge referred, so that every deduction 
from theory could be checked by a sound judgment. 

The Board of Education, who administer the 
scholarships, have very properly endeavoured to 
carry out the intentions of Sir Joseph Whitworth by 
maintaining the special features which distinguish 
the scholarships from mere academic awards. Not 
only is it right that the wishes of the “ pious 


founder ”’ should be respected, but it is perhaps even 
more important that the one public competition 
for success in which a candidate must have practical 
engineering qualifications should retain the charac- 
teristic which gives success its prestige. The more 
jealously the basis of the Whitworth Scholarship is 
guarded and the more closely the awards are 
scrutinised the better, and for this reason we are 
glad to publish the letter which appears on this 
subject on another page. Our correspondent, Mr. 
Ottewell, himself a Whitworth Scholar, points out 
what is, on the face of it, a very remarkable fact 
concerning the geographical distribution of the 
latest awards. There were in all 33 successful 
candidates this year, 2 obtaining the Senior Scholar- 
ships of 5001. each, 6 obtaining the ordinary scholar- 
ships of 375/., and 25 getting prizes of 10/. each. 
As will be seen from our correspondent’s letter, no 
less than 26 of the 33 awards granted this year have 
gone to students from three Royal Dockyards in 
the South of England, another three went to 
students from Woolwich Arsenal, and one to a 
Pembroke Dockyard student, making, in all, a total 
of 30 awards out of 33 to Government establish- 
ments. Of the remaining three, two, it is curious to 
note, went to Sunderland and Hartlepool, both 
shipbuilding towns, and only one to an inland 
centre, namely, Crewe. 

The extraordinary nature of this result will be 
evident from a calculation of its probability. If 
we assume that the dockyards and arsenals 
between them contain as many as one fiftieth of 
the whole of the apprentices in the country, the 
probability of thirty out of thirty three awards 
going to apprentices in these establishments is less 
than one in 18 x10**, or in other words the event 
would normally occur less than once in a billion 
years. There is clearly some strong reason why 
the dockyard boys should be represented in the 
prize list in numbers altogether out of proportion to 
their numerical strength. The first thought which 
strikes one, namely, that the examination questions 
must unintentionally have been so framed as to give 
an unfair advantage to dockyard-trained students, is 
quite untenable. By the courtesy of the Board of 
Education, we have been furnished with copies of 
the papers set, and we failed to find a single question 
that deserved the slightest criticism on the grounds 
indicated. Furthermore, as all candidates, except 
the few who enter for the Senior Scholarships, are 
examined on exactly the same papers as are set for 
all the Royal Scholarhips, the fairness of the 
questions to all candidates is out of the question. 
It should be needless to add that the examiners 
do not know the name, the antecedents, or the 
occupation of any candidate whose work comes 
before them. 

It will be remembered that the regulations for the 
Whitworth Scholarships were revised recently, the 
awards last year being the first under the new 
syllabus, but such changes as were made cannot 
in any way be held accountable for the preponder- 
ance of successes amongst Docykard-trained youths. 
We have examined the lists of successful candidates 
for several years past, and the same tale is con- 
sistently told. As long ago as 1913, out of the 
24 awards then made, 9 went to candidates from 
Portsmouth Dockyard, and 8 more to candidates 
from other Government establishments at Wool- 
wich, Devonport, Chatham and Enfield, only 7 
being obtained by students from any of the civilian 
centres of engineering. Year after year we find 
a similar state of aftairs, so that the question to 
which Mr. Ottewell calls attention is not new. We 
believe that the tide of successful Government- 
trained candidates set in about a quarter of a 
century ago. It should perhaps be regarded more 
from the converse point of view, namely, that from 
this time the candidates from the ordinary engineer- 
ing centres failed to attain the standard of educa- 
tion which the scholarships require. Not that they 
did not have the mathematical or scientific know- 
ledge to cope successfully with the papers set, but 
because fewer and fewer had the necessary minimum 
of shop experience behind it. 

The subsequent careers of men who have gained 
Whitworth Scholarships is quite sufficient evidence 
that the conditions of Sir Joseph Whitworth’s 
bequest are excellently adapted to produce engin- 
eers of the very best type. The system of Dockyard 


training evidently produces such men, but we 
should not have to rely solely on our Government 
establishments for developing them. The native 
ability of the young men in the great engineeering 
centres of the country must be at least equal to 
that of the Dockyard apprentices, and in aggregate 
amount, overwhelmingly greater. Yet the great 
prizes for young engineers go year after year to the 
Dockyards, as we have mentioned. ‘The severe 
weeding out of students whose lack of ability or 
energy would handicap the progress of the others, 
which is one of the wisest features of Dockyard 
training, the traditions of study which have grown 
up in the yards and the excellence of the teaching 
provided are all factors in the case. The theoretical 
training is taken simultaneously with the practical 
work, the Authorities allowing several hours a week 
for classes. The result is certainly good, and there 
is no doubt the Dockyard system deserves the 
credit which the Scholarship awards for some years 
past reflect upon it. 

The whole question is one which deserves the 
most careful consideration of engineering employers. 
The Dockyards cannot possibly turn out more than 
a minute fraction of the men needed to maintain 
and advance the engineering industry of this coun- 
try, and even if they could, the men would be better 
still were they trained under commercial conditions 
of manufacturing. Furthermore, the practical 
experience available in a Dockyard does not cover 
more than a very small proportion of the kind of 
work an engineer has to do, so that, did each branch 
of the industry produce its own men, they would 
start with a knowledge of particular lines of manu- 
facture which would be most valuable. If employers 
want good men, they must take them into their 
shops at the right age, train them themselves and 
give them every encouragement and facility for 
acquiring technical knowledge as the Dockyards do. 
It is no good leaving engineering education to 
universities and then grumbling because the result is 
not satisfactory. As employers are, after all, the 
final judges of the kind of youths they want, they 
should see to it that a suitable training is available 
for the rising generation. There is surely some- 
thing wrong with engineering education when so 
many firms appear to find it necessary to employ 
foreign designers, or to purchase foreign designs 
for quite ordinary productions. If the engineering 
industry of this country is to retain the prestige 
which it has held in the past, it must so develop 
its native talent that we keep the lead in design 
and construction, instead of being content to 
follow, and this question turns almost entirely 
upon the training cf our youths. 


SKIN FRICTION IN AERONAUTICS. 


THE results of mathematical investigations of the 
theory of skin friction as applied to aerodynamical 
problems were given in an important paper on the 
subject read by Professor L. Bairstow at the Royal 
Aeronautical Society on Thursday, the 13th instant. 
Professor Bairstow first dealt with the hydro- 
dynamics of lubrication, starting with the general 
equations of motion in two dimensions of an incom- 
pressible fluid, and mentioning the various modi- 
fications made to render the equations amenable 
to treatment. He then went on to explain that the 
essential differences between the aeronautical 
problem and that of lubrication arose from the 
absence in the former of a second solid surface 
enclosing the fluid. There was no obvious limit 
to the thickness. of the fluid affected by the motion, 
say, of a flat plate moving in its own plane, although 
there was experimental justification for assuming 
the effective thickness to be small, Prandtl, in his 
boundary-layer theory, retained all the terms of 
steady motion in the equations and had considered 
the consequences of assuming the existence of a 
skin, this hypothesis, as in Reynold’s theory, leading 
to the result that the velocities across the skin were 
small in comparison with those along it. The 
boundary layer, it may here be explained, is that in 
which the flow is viscous, the flow breaking down at 
the outer surface of the layer and being regarded as 
inviscid beyond it. 

Professor Bairstow 
equations for the 


deduced the fundamental 
boundary-layer theory and 
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pointed out that those for the theory of lubrication 
constituted a special case of the former. He stated, 
moreover, that the pressure through the boundary 
layer was sensibly constant and. that outside of the 
boundary layer, where Bernouilli’s theorem was 
presumed to hold, the pressure would be that 
measured. at the surface of the solid. The velocity 
a little distance away from the surface, he said, 
could be deduced from the equation p+tpq—=a 
constant, » being the observed surface pressure 
distribution and q the velocity of the fluid at the 
point considered. This had been shown to be 
practically true for an aerofoil by experiments 
carried out at the National Physical Laboratory, 
where observations of pressure distribution were 
made and compared with independent measurements 
of the air velocity at all points of the field except the 
boundary layer; no difficulty was experienced in 
estimating the velocity except in the immediate 
neighbourhood of the trailing edge. 

An attempt was being made at the Imperial 
College to solve the fundamental equations from the 
data obtained from the National Physical Laboratory 
experiments, and the skin friction over the leading 
portion of the upper surface had already been 
calculated ; it appeared, the author stated, that the 
thickness of the boundary layer there varied from 
0-001 to 0-003 of the chord length. There were, 
however, already signs of complication due to the 
development of the wake, which made it appear 
possible that some of the assumptions of the 
boundary-layer theory would not hold near the 
trailing edge, although no special difficulty was 
anticipated in the calculations for the under surface. 

A solution of the fundamental boundary-layer 
equations, the author stated, had been obtained by 
Blasius for a flat plate, using the hypothesis that 
when a plate in a fluid is moving along its plane, the 
rate of change of pressure along the surface is small 
enough to be negligible. With this assumption he 
found that the partial differential equations could 
be reduced to a single total differential equation. 
Following the general treatment of Blasius, with 
some modifications in detail which render practicable 
the extension of the theory to an aerofoil, Professor 
Bairstow obtained the value of the drag coefficient 


for a flat plate as Kp = 1°34 Nien where y is 
q 


the kinematic viscosity, g is the velocity outside the 
boundary layer, and b is the breadth of the plate in 
the direction of the stream. The drag coefficient is 


thus a function of a Reynold’s number (2) 


v 
and decreases as the velocity decreases. 


To compare the theoretical results with those 
obtained by experiment, Professor Bairstow took 
the observations of Burgess and Zijnan made at 
the aerodynamic laboratory at Delft on a glass 
plate having a rounded leading edge. In these 
experiments the velocity of air in the boundary 
layer was measured by hot-wire anemometers 
using platinum wires only 0-005 cm. in diameter. 
The observations obtained in these experiments, 
plotted with the curve calculated by Blasius, showed 
the difference to increase with the distance from the 
leading edge, but, at the same time, served to 
indicate that the formula was a good first approxi- 
mation to the actual observations, at least as far 
as the front part of the plate was concerned. The 
differences which occurred at the rear part of the 
plate were attributed by Burgess to turbulence. 

In some other respects the agreement between 
theory and experiment is not exact, and Professor 
Bairstow remarked that the boundary-layer theory 
may ultimately prove to be but a poor approxima- 
tion to the truth. He pointed out, however, that 
the experiments on the glass plate did not repre- 
sent the two-dimensional motion assumed in the 
calculations, that the effect of the rounded edge 
might not be unimportant, and that errors due to the 
lateral spreading of the air might be expected to 
increase with the distance from the leading edge. 
Other defects, he mentioned, were that the motion 
might be turbulent and the difficulties of a fluctuat- 
ing motion might be formidable ; the loss of pres- 
sure along the plate was ignored in the calcula- 
tions ; and the Prandtl equations were mathematical 
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approximations. Most of the defects, however 
would probably be removed at an early date. 


In conclusion, Professor Bairstow expressed the 


view that while the form of enquiry outlined should 
be continued it could not be regarded as satisfac- 
tory as at present derived. The study of aero- 
dynamics as a form of fluid motion, however, had 
now received international recognition, and progress 
was assured as a result of the primary interest of a 
number of individuals in the subject. 


The reading of the paper was followed by a 


lengthy discussion in the course of which Major 
A. R. Low stated that Lanchester, before any of the 
German investigators had entered the field, had 
deduced a formula for skin friction identical in 
form with that given by the author and differing 
only in the value of the numerical coefficients. 
He also made a long statement of the conditions 
of instability of viscous flow and gave references 
to problems which had been already solved by 
Bénard, Rayleigh and Taylor. 
mentioned that the theory given in the paper 
was in good agreement with the results of experi- 
ments made on flat plates at the National Physical 
Laboratory, and Dr. H. Levy called attention 
to the fact that although the curvature of the sur- 
face had been neglected in the theory, the experi- 
mental results were in better agreement near the 
leading edge. where the surface was curved, than 
they were farther back where the surface was flat. 
Dr. N. A. V. Piercy agreed as to the importance of 
a criterion of instability and Mr. R. V. Southwell, 
in the course of his remarks on the paper, expressed 
regret that we, in this country, had been so long 
in realising the value of theoretical investigations 
in aerodynamics that the Continental workers had 
been able to get ahead of us on this side of this 
subject. 
owing to the lateness of the hour, differed from 
Major Low as to the identity of the results of 
Lanchester and Blasius, but agreed with Dr. Levy 
that there was a difficulty with regard to the lead- 
ing edge. 
writing 

discussion. 


Dr. T. E. Stanton ~ 


Professor Bairstow, who replied briefly 


He intended to reply more fully in 
to the various points raised in the 


RECENT DEVELOPMENTS IN 
REFRIGERATION RESEARCH. 


Ar a meeting of the British Cold Storage and 
Ice Association, held on November 17 in the 
rooms of the Royal Society of Arts, Adelphi, 
Dr. Ezer Griffiths, of the National Physical 
Laboratory, read a paper describing some recent 
experimental work on refrigeration. At the 
National Physical Laboratory, comprehensive and 
accurate tests of , the insulating properties of 
different materials had, he said, been made, 
using the apparatus represented in Fig. 1. The 
material to be tested was formed into slabs, 
which were arranged sandwich fashion on opposite 
sides of a “hot plate,” which consisted of two 
plates of aluminium surrounded by a guard ring 
to prevent side leakage of the heat. This hot 
plate was heated electrically, and thermocouples 
were provided which indicated the temperature 
at a number of points. To the outer faces of the 
slabs under test were applied two cold plates, 
which were maintained at a constant temperature 
by water circulated through the plates by the pump 
shown. The temperature of this water was main- 
tained constant by a sensitive thermostat, and 
means were also provided for measuring the tem- 
perature at different points of the cold plates by 
copper-constantan couples. Other couples were used ~ 
to measure the temperature of the actual faces of the _ 
slabs under test. These were of the flat dise type, 
and were insulated from the hot and cold plates 
by a single layer of blotting paper. A very high 
degree of uniformity of temperature was attained 
as indicated in Fig. 2, where the figures represent 
the temperatures observed at different points. 

For large-scale experiments on slabs up to 4 ft. — 
square, and up to 6 in. thick, the apparatus repre- 
sented in Fig. 3 was used. In principle this was — 
identical with that already described, but the cold 
plates were cooled by brine circulation through a grid — 
of iron pipes attached to the back faces of two steel — 
plates. This apparatus was also used for testing the — 
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insulating properties of slag wool, granulated cork, 
charcoal and similar materials. The conductivity of 
these was largely dependent upon the closeness of 
the packing, since if packed so lightly that convection 
currents were established in the entrapped air, the 
resistance to heat flow was reduced, and moreover 
the conductivity was no longer independent of the 
dimensions of the slabs. This was well shown in 
Fig. 4, where the conductivity of slag wool was 
plotted against the density of packing, using slabs 
12 in., 26 in. and 60 in. square. It would be seen 
that down to density of about 12 Ib. per square foot 
the conductivity was the same for all sizes, but 
at this limit the 60-in. slabs began to show a higher 
conductivity than the smaller ones, which increased 
as the density of the packing was still further 
reduced, and a little later on similar divergences 
were shown by the smaller slabs. The dotted 
curve shown at the top right-hand corner of the 
diagram was obtained with a material which had 
been specially prepared so as to be as inefficient 
as possible. The straight part of this curve was 


HOT PLATES 


=ENGINEERING:” 


Fug.é. 
Cover on top surface of” Outside Air Temperature durur 
Manometer : slab for experimend with.’ q Test on Roof Tank. te es 
for measuring ‘CCl ied cub and testing 70 Py 7 Y utside Air Temperature 
pressure Nee 4 (during Test on End Bunker. 
difference Recess into : et is 
on two sides “whichtest — $60} } > $< : 
of slab sae GSA ee | IN OT Sa 
1s fixed. ; 
by Mears 
: & 
Manometer for of wax go 
Measuring absolute Chamber bereath a fo) ™ LNW 4A 4 
Pressure On One the test specimen ye Be Truck 
s 5 
| -ptrucks Roy, I Trucks Loaded 
Cylinder contarning 204442 Noor 12Noon : 12.Noon — 
(6814.6) Rubber Ballonetsto | ©| Aur CO or He 72.Noon 
steady up gas supply “ENGINEERING:” 


nearly co-linear with the full line curve, but the 
breakaway due to convection currents occurred 
when the density of packing was about 21} lb. 
per cub. ft. 

The ideal material for cold storage insulation 
would, the speaker continued, be an assemblage 
of minute cells, containing air enclosed in a light 
framework impervious to moisture. It was some- 
times observed, however, that fibrous or granular 
insulating materials, such as slag wool or granu- 
lated cork, froze up into a solid block, and 
water had about ten times the conductivity of 
the dry insulating materials. Inspection of the 
woodwork facing the material might show it to 

be perfectly sound, and the question arose as 
to how the moisture had got into the insulation. 
Tt appeared that one way was by the diffusion 
of moist air into the interstices, in which case 
the moisture was frozen out near the cold face. 
one experiment made to elucidate this, a slab 
of slag wool had one face kept at 15 deg. C., and 
the other at room temperature. Periodica] weigh- 
ings showed that in 26 hours the weight had in- 
creased by 1-9 per cent., due to the condensation 
of the moisture. 
The result, thus obtained in a few hours might 


require years if the faces were securely boarded in, 
but in practice it was impossible to seal off the 
material perfectly. There was always some breath- 
ing due either to alterations of the barometric 
pressure, or to the practice of reducing the tem- 
perature of a cold store during the day, so as to 
avoid the necessity for keeping machinery running 
at night. It was important, therefore, that the 
surface of an insulator should be coated with a 
substance of low permeability. It was, accordingly, 
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Dr. Griffiths next dealt with investigations carried 
out by his brother on behalf of the Union of South 
Africa, in connection with the transport of fruit 
both by rail and by ocean. Some of the fruit had 
to be carried by rail for four or five days before 
reaching the point of shipment. The investigations 
made showed that, even when iced en route, the 
refrigerated fruit trucks sometimes reached their 
destination with portions of their consignment at a 
temperature of 100 deg. F. Other observations made 
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decided to measure at the National Physical 
Laboratory, the rate of diffusion of gases through 
various materials. 

The apparatus is represented in Fig. 5, where 
B denotes the material under examination, which 
was fixed in a metal case A. The cover C was used 
for experiments with other gases than air, and for 
the purpose of testing the tightness of the wax 
seal. The manometers E and D served for measur- 
ing the pressure difference between the two faces 
of the slab. The ballonets H served to steady the 
gas supply. 

‘ The Saar said that not many reliable experi- 
ments on the component parts of refrigerators 
had been made in this country, but that a good 
deal was being done in America. The York Manu- 
facturing Company had equipped a laboratory for 
this purpose, at a cost of 15,0001. for plant alone, 
and the weekly pay roll averaged 130/. Here 
different types of compressor had been tested, 
and much information had also been obtained as 
to the effect of air leakage on the efficiency of the 
ammonia condensers. In these it was often. found 
that the temperature in the condenser was some- 
times as much as 10 degrees Fahrenheit lower 
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on these trucks showed that the temperature might 
differ by 12 deg. F. at different points. Smoke 
observations showed that with any practical type 
of truck having end bunkers for the ice there were 
regions inside where the air was stagnant. As the 
result of these observations an experimental truck 
had been designed, in which the ice tank covered 
almost the whole of the roof. With this truck the 
coolest part of the interior was at the top, and the 
temperature did not differ by more than 3 deg. F. 
at different points, whilst the average temperature 
was 4 deg. to 5 deg. lower than with end-bunker 
trucks. Comparative records taken with the 
different types of truck are reproduced in Fig. 6. 
South African experience showed the advisability 
of pre-cooling the fruit before it was placed on ship 
board. 

The author said that he had also taken part in 
the investigations made into the conditions of the 
refrigerated chambers on the service between 
Australia and the United Kingdom. Four ships, 
representing different systems of refrigeration, were 
equipped with temperature-measuring and gas- 
analysis instruments, and a fifth ship with an 
automatic carbon dioxide and oxygen recorder only. 


than that corresponding to the pressure. 


The electrical resistance thermometer used was 
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placed inside the actual fruit boxes. The general 
arrangement of the plant used is represented 
diagrammatically in Fig. 7. The large box, con- 
stituting an airtight enclosure for four boxes of 
apples, was taken down into the hold, the apple 
boxes, selected at random from the cargo, being 
loaded and the lid sealed down. The enclosure 
was then built into the bulk of the cargo so as to 
‘be subjected to precisely the same conditions as 
regards temperature. Pipes led away from the 
enclosure to a convenient position outside the hold 
and the observer was able to make gas analyses of 
the atmosphere in the box, for if the experiment 
were started with ordinary air in the box the 
respiration of the apples resulted in the absorption 
of oxygen and the formation of carbon dioxide. 
The carbon dioxide content could, with the arrange- 
ment shown, be kept within any desired limits by 
pumping in fresh air. 

In the discussion which followed the reading of 
the paper, it was stated that, owing to the fact that 
Tasmanian apples reached the ports largely by 
river transport, the fruit was not pre-cooled before 
shipment. As a consequence, therefore, much of 
it arrived in bad condition and the price obtained 
per box was only half that paid for Californian 
apples. The latter were pre-cooled before ship- 
ment, as also were most of the apples shipped from 
Australia. Several speakers also referred to the 
very frequent destruction by dry rot of the wood 
used in constructing refrigerating chambers. In 
order to reduce heat losses, this wood was carefully 
protected from air currents, and in these circum- 
stances dry rot was very likely to develop. 


THE LATE MR. LOUIS EMILE BERTIN. 


Navan architects and shipbuilders throughout 
the world will learn with great regret the news 
of the death, on October 22, of Mr. Louis Emile 
Bertin, the eminent French naval constructor, 
whose name has been prominent in shipbuilding 
circles of every country for the last sixty years. 

Mr. Bertin was born at Nancy, in March, 1840 ; 
he entered the Paris Ecole Polytechnique at the 
comparatively early age of 18. When at that 
school, he selected as a profession that of naval 
architect, a profession in which he was to acquire 
very wide repute. From the Ecole Polytechnique, 
Mr. Bertin entered the Ecole d’Application du 
Génie Maritime, the French College of Naval Con- 
struction. On leaving this, in June, 1862, he was 
appointed on the naval construction staff at Cher- 
bourg Dockyard. After the first five years spent 
in the designing offices, he took service on several 
battleships, and in November, 1868, he returned 
to naval construction duties in the same Dockyard. 
Mr. Bertin’s period of service at Cherbourg lasted 
down to October, 1880, when he was nominated 
Engineer-in-Chief. At the latter date he was 
appointed to the Brest Dockyard, there to super- 
intend the Department in charge of the construction 
of new units, a Department in which he was soon 
acknowledged as primus inter pares. The eminently 
successful way in which he had already solved 
very many of the problems surrounding the naval 
construction of the period, was becoming known 
over a wide circle ; his work was greatly appreciated 
by the French Navy, and all the younger members 
of the profession looked up to him as the guide in 
whose footsteps they ought to follow. It may con- 
fidently be stated that from the date on which 
Mr. Bertin first took active service as a naval 
architect to the French Navy, he gave a most 
effective impulse to the scientific building of 
warships, an industry in which France had even 
before then occupied a prominent position. We 
may here remind our readers that in the paper 
which he read at the Jubilee Meetings of the Insti- 
tution of Naval Architects, in 1911, Sir William 
H. White referred to “the valuable work done in 
the eighteenth century in the matter of naval 
architecture by France under the auspices of the 
Academy of Sciences, France having shown the way 
in recognising the advantages of scientific methods 
in ship construction.” That a very large part of 
the progress achieved of later years by France, and 
by other countries also, in warship construction can 


be traced to the work carried out by Mr. Bertin, 
is generally acknowledged. 

From the earlier years of his activity Mr. Bertin 
was entrusted both with the modification of older 
warships to render them suitable for different 
purposes and with the designing of new types, the 
work covering gunboats, corvets, troop transport 
ships, scouts, cruisers and ships of the line, and all 
the different innovations and improvements he 
introduced were ably and boldly conceived and 
carried into effect. At the same time, from 1868 
to 1876, without any break in his active service, 
he published several works on scientific and histori- 
cal subjects. These included, to name only a few, 
reports on the progress made in France in the realm 
of thermodynamics; a history of steam-driven 
naval and merchant ships from the introduction of 
steam propulsion; a book on waves and on the 
laws governing wave motion; a remarkable theory 
on the rolling of ships which found general adoption 
in the course of a very short time, and still serves 
as a guide for the discussion and the evaluation 
of the nautical qualities of a ship. This was 
followed by a report upon his double oscillograph. 
All these researches of his have been epoch-making 
in naval science. 

A striking example of Mr. Bertin’s activity, par- 
ticularly during his earlier years at Cherbourg Dock- 
yard is afiorded by the fact that in 1869—seven years 
after he entered the Naval Service—he obtained 
his Licentiate’s Degree at Laws in the Caen Univer- 
sity. Later in life he became LL.D. At Cherbourg 
and at Brest his work was most important, and it 
may be asserted that no point connected with naval 
engineering and engineering generally escaped him, 
and progress followed in all matters to which he 
gave his attention. 

As early as in the year 1872 or 1873 Mr. Bertin 
put forward one of his most important inventions, 
consisting in the provision, as a protective device 
for ships, of a cellular compartment or caisson 
built underneath the armoured deck below the 
water-line. This conception was much in advance 
of the times, since at that period and down to 1881 
cruisers were built of timber. It was adopted in 
France in 1882 only, and for the first time on the 
cruiser Sfax, which was ordered to be built at Brest 
to the designs of Mr. Bertin. From this may be 
said to date the modern device of protection by 
cellular sub-divisions, a device which was ulti- 
mately adopted by all navies. 

The Japanese Government in 1885 engaged the 
services of Mr. Bertin for reorganising the Japanese 
Dockyards and Fleet, and no better illustration than 
this could be given of the reputation he had achieved 
as a Naval Architect. Japan at that time had 
commenced her maritime development, a process: 
which was soon to place her amongst the leading 
naval powers of the World. Japan ordered to be 
built in France, to Mr. Bertin’s designs, the 
Matsushima and the Itsukushima, and at the 
Japanese Yokosuka Dockyard, which he re-organised, 
were built the Hashidate and the Yayeyama, the 
four units constituting a nucleus of French designed 
warships, armed with French artillery, that gave 
a preponderance to Japan in the Far Eastern wars 
which were fought a few years afterwards. 

Mr. Bertin returned to the French naval service 
in 1890, and resumed his work, particularly his 
researches in the matter of cellular caissons, an 
application which he proposed to extend to battle- 
ships. At the same time he pointed out that in 
the case of several cruisers, in which the protection 
had been built in the meantime, the work had 
been done in such a way that the cruisers were 
liable to be placed in perilous conditions, from the 
point of view of stability in action. He explained 
matters by the aid of models, demonstrating the’ 
way in which a number of unstable ships had been 
constructed both in France and in other countries. 
He then got out the plans for a battleship in which 
he made due provision against the risk of instability. 

Mr. Bertin was promoted in the Corps of Naval 
Constructors in 1892, and was appointed Governor 
of the Ecole d’Application du Génie Maritime, . 
where he acted at the same time as Professor of 
Engine Construction. Later he was appointed 
Director of Naval Construction at the French 
Ministry of Marine, where he organised the Technical 


Section in Naval Architecture, a situation in which 
he greatly influenced the development of ship- 
building and the greater uniformity in the units 
forming the French fleet. From 1895 to 1905 
Mr. Bertin designed numerous naval ships which 
gave renewed strength to the French Navy, prac- 
tically. down to the commencement of the Great 
War. To him were due, among others, the battle 
cruisers Jeanne d’Arc, Jules Ferry and Léon 
Gambetta; the cruisers of the Republique and 
Patrie class; the smaller cruiser Jurien de la 
Graviere ; the monitor Henri IV. The programme 
governing the competition for submarine designs 
was started under his supervision, and it resulted, 
among other ships, in the series of Laubeuf sub- 
mersible boats, the first of which was the Narval. 

The direct connection of Mr. Bertin with the 
French Navy came to a conclusion in the year 
1905 under the operation of the age-limit clause. 
But this did not mean a cessation of his activity, 
for during the last 19 or 20 years he published: 
numerous scientific works and books of more 
general interest, all of which give evidence of his 
profound knowledge and literary achievements. 

The French and foreign Governments duly 
recognised his services by conferring upon him 
the highest distinctions in their gift. Mr. Bertin 
had been for the last 20 years honorary president 
of the Association Technique Maritime et Aéro- 
nautique; as early as 1873 he was elected a 
member of our Institution of Naval Architects, 
and he was made an honorary member in 1896. 
His contributions to the Institution’s Proceedings — 
are the following: “The Experimental Study of 
Waves,” ‘Relation between the True Period of 
Waves and the Period as observed on board a 
Vessel” ; ‘The Amplitude of Rolling on a Non- 
Synchronous Wave”; “Hardened Plates and 
Broken Projectiles.’’ Mr. Bertin was elected a 
member of the Académie des Sciences in 1903, while — 
he was still in Government service. Mr. Bertin was 
also a member of numerous other French and foreign 
scientific institutions. He entertained most hos- 
pitably the Institution of Naval Architects on the 
occasion of their visits to France, the last event of 
this nature having taken place as recently as 
two years ago, when he was most active in his 
attentions to his guests in spite of his advanced — 
age. His geniality acquired for him a very wide 
circle of friends who also respected him for his 
eminent scientific attainments. 


PASS-OUT TURBINES. 


Av a meeting in Manchester of the North-Western 
Section of the Institution of Mechanical Engineers, 
held on Thursday, November 20, a paper on “‘ Steam 
Extraction or Pass-out Turbines,” was read by 
Messrs. W. 8S. Burge and J. P. Chittenden. In this 
the authors drew attention to the great economy 
with which power could be generated if there was a 
demand for large quantities of low-pressure steam for 
heating purposes or for chemical processes. Taking 
the hypothetical case of a factory requiring for such 
purposes 50,000 lb. of steam per hour at 30 Ib, per 
square inch, the authors showed that a large amount 
of power could be very cheaply obtained if the 
steam were generated in the first place at 200 lb. 
per square inch and expanded in a turbine down 
to the pressure required for the heating system. 
Thus, with a boiler efficiency of 70 per cent. 1 Ib. 
of coal might be expected to generate 7 lb. of 
steam at 30 lb. pressure: If the pressure were 
raised to 200 lb. and the steam superheated to 
200 deg. I’. the pound of coal would, on the same 
basis, provide 6-2 lb. of steam which, if expanded — 
in a turbine down to 30 lb. per square inch, would 
yield 1,600 kw. if, as assumed, the total steam 
supply was 50,000 Ib. per hour. This power would, ~ 
therefore, be obtained for a net coal consumption 
of but 0-41 ton per hour. If the factory 
required this amount of power in addition to its 
heating requirements it would take 1-59 tons of | 
coal to provide this power independent of the 
heating system. The latter might be taken to 
require 3-19 tons of coal per hour, making the 
total consumption 4-78 tons. With combined — 
heating and power supply system, on the plan — 
advocated, the total consumption for both purposes — 
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would be 3-60 tons per hour. The authors described 
the governing gears used by different firms for such 
turbines. The difficulty to be met lay in the fact 
that in general the supply of steam required for 
heating purposes, and the demand for power, varied 
independently of each other. A second governor 
was required, therefore, which, as the demand for 
heating steam fell off, would pass on more to the 
low-pressure section of the turbine. This would 
tend to increase the electrical output, and hence 
the main turbine governor came into action and 
reduced the supply of steam to the turbine. In 
order to prevent hunting between the two governing 
systems, it was found advisable to interlock the 
two governors either mechanically or hydraulically. 
Various arrangements devised to this end were 
described in the paper. The authors, in the con- 
eluding section of their paper, drew attention to 
the great advantage of reduction gearing when 
applied to turbines of small or moderate output. 
This made it possible to run small turbines at 
very high speeds, thus reducing the diameter of 
the high-pressure portions, with a consequent 
decrease in leakage and frictional losses. 

In the discussion which followed the reading of 
the paper, Professor Gerald Storey expressed the 
opinion that there was an immense future for small 

geared turbines running at 8,000 r.p.m. or more, 
at which speeds they became exceedingly economical. 
People, he said, were frightened of high speeds, but 
the usual speed for early turbines was between 
8,500 r.p.m. and 13,000 r.pm. The first turbine 
made by Sir Charles Parsons ran at 18,000 r.p.m. 
He, himself, had run a turbine up to 43,000 r.p.m., 
_at which speed the brass rings had burst. 

He strongly emphasised the advantage of the two- 
eylinder construction for turbines, and was glad to 
learn that nearly all builders were gradually coming 
tound to this type. With this arrangement the 
high pressure and the high temperature was confined 
to the small high-pressure turbine. In modern 
power stations the temperature ranged from 750 
deg. F. down to about 75 deg. F. The use of a 
single-cylinder, therefore, was almost comparable 
to putting one end in a furnace and the other in 
a freezing machine and expecting it to remain 
straight. With the two-cylinder arrangement two- 
thirds of the temperature drop occurred in the 
small high-pressure cylinder. 

Dr. Morley said that the authors had only referred 
to the use of pass-out turbines, and not mentioned 
the application of the same system to reciprocating 
engines. ‘There was, no doubt, a field for both, but 
the high-pressure part of a reciprocating engine had 
a higher efficiency than the high-pressure part of a 
turbine. He said that if records were kept of the 
pressure and temperature of the intermediate 
receiver, the performance of the high-pressure 
cylinder could be analysed, and in numerous cases he 
had found this to be of the order of 90 per cent. It 
was unquestionably possible to get up to an efficiency 
of 75 per cent. to 80 per cent. for the high-pressure 
element of such engines without going beyond normal 
Tanges of pressure and superheat. He claimed for 
the reciprocator a further advantage when the 
pass-out steam was required at different pressures 
for different purposes. 

Mr. Newton suggested that where steam was used 
for heating purposes and there was no local demand 
for power, the example set by the North Eastern 
Power Companies should be followed and the power 
‘available passed into electricity supply mains. He 
feared that the value of the pass-out turbine was 
not generally recognised by those in control of our 
manufacturing industries. 

Mr. Dundas referred to suggestions that had been 
made for distributing for heating purposes exhaust 
Steam from power stations. The cost of the street 
work would, however, be very large, but the system 
Was in use in connection with the Dickinson Street 
Power Station at Manchester and extensions were 
being considered. 

_ In reply, Mr. J. P. Chittenden agreed with Dr. 
Morley that the high-pressure part of a reciprocator 
Was more efficient than the high-pressure part of a 
turbine. Other factors were, however, involved. 
The turbine required less expenditure on buildings, 

_ foundations and running costs, and it supplied, 
Moreover, clean steam free from oil. 


NOTES. 
Tae West Miptanps Exvxcrriciry DrsrTrRior. 


THE work of reorganising the electricity supply 
of this country proceeds by slow degrees and it 
is likely that a Joint Electricity Authority will 
soon be established for the West Midlands District. 
The area in question comprises the County Boroughs 
of Walsall, West Bromwich and Wolverhampton 
and portions of the counties of Shropshire, Stafford- 
shire and Worcestershire. A draft order con- 
stituting the district and specifying the composition 
and duties of the Joint Electricity Authority has 
been issued by the Electricity Commissioners, who 
will hold a local enquiry at Wolverhampton: Town 
Hall on December 16 for the purpose of finally 
determining the scheme. The proposed Joint 
Authority will consist of 16 members representing 
authorised electricity undertakers in the district, 
two representing local authorities who are not 
authorised undertakers, two representing railway 
companies and one representative of the Coal 
Owners’ Association. The scheme provides for 
transference to the Joint Authority of the Birchells 
power station of the Walsall Corporation, the 
Ocker Hill station of the Midland Power Company 
and the Shrewsbury, West Bromwich and Wolver- 
hampton Municipal stations. The transmission 
lines from Wolverhampton to Ocker Hill and 
Cannock will also be transferred. All the power 
stations mentioned are to be continued in service 
and extended, with the exception of that at Shrews- 
bury, where no further extensions are to be carried 
out. Immediate provision is to be made for a new 
capital station at Ironbridge, and for a number 
of interconnecting mains. Copies of the draft 
order may be obtained on application to the 
Electricity Commissioners, Gwydyr House, White- 
hall, and any representations or objections should 
be made in writing before Tuesday, December 9. 


Tue FRANKLIN INSTITUTE. 


The Franklin Institute has just celebrated the 
centenary of its foundation. Many distinguished 
visitors accepted the invitation of the Board of 
Management to be present, and Dr. Elihu Thomson 
delivered a highly interesting address, in which 
he sketched the history of the Institute from its 
commencement. The object of the founders, he 
stated, was to combine the idea of a Mechanic’s 
Institute with that of a learned society. It was 
recognised that there was a great fund of practical 
information in possession of the skilled craftsman, 
of which those who pursued pure science were 
ignorant, and it was hoped that mutual interchange 
of knowledge might benefit both. The Charter 
granted by the State of Pennsylvania in 1824, 
provided for the delivery of lectures, and for the 
formation of a library and museum, and for (what 
we believe is a distinctive feature of this Institu- 
tion), the examination by an expert Committee of 
new inventions and discoveries submitted to them. 
Dr. Thomson stated that, in 1877, at the age of 23, 
he was asked to deliver a course of lectures on 
electricity, and in the course of the experiments 
then made, he reversed the function of the windings 
of a Ruhmkuff coil, sending a small current through 
the secondary, and obtaining a large current in 
the primary. This, he stated, was the germ from 
which his method of electric welding was developed. 
The Journal of the Franklin Institute first appeared 
in 1826. Amongst the important work done by 
committees of the Institute, Dr. Thomson drew 
attention to the investigations made on water wheel 
efficiencies, on steam-boiler explosions, and into 
the shapes and proportions of screw threads. A 
valuable report on ‘“‘ The Conditions of Safety in 
Electric Lighting”? was published in 1881. The 
Institute awards a number of medals for meritor- 
ious work in science or technology. These have a 
high international standing, having been bestowed 
impartially on leading men of all nations. 


THe PANAMA CANAL. 


The complete report for the year ending with 
June 30 last of the Governor of the Panama Canal 
shows that this waterway is coming very rapidly 
into use by shipping of all classes. The total net 
revenue of the canal, including railroad business, 


amounted to no less than 18} million dols., com- 
pared with just over 12 millions in 1923. The 
number of ships paying tolls using the canal had 
increased in the twelve months from 3,967 to 5,230, 
and the tons of cargo amounted to 26,994,710 
compared with about 194 millions in the previous 
year. The high figures, the report states, were 
partly due to the shipment of California crude oil. 
Beginning in September, 1922, these reached a 
peak in the same month of 1923 when 909,879 tons 
of crude passed the canal. Shipments, however, 
have since shrunk considerably, but the total 
for the year under notice amounted to 8,872,540 
tons, compared with 303,724 tons for the year 
before. Other classes of traffic showing an increase 
in 1924 were lumber, accounting for 1,824,438 tons ; 
nitrates, 1,744,580 tons; wheat, 1,352,388 tons; 
and iron ore, 888,198 tons. All these represented 
shipments from the Pacific to Atlantic ports. In 
the reverse direction manufactured iron and steel 
was the largest class. British tonnage, amounting 
to over 6,000,000, passed through the canal, but 
the U.S. tonnage amounted to 16,654,435 tons. 
The operation of the canal was satisfactory, and 
some increase of staff and change of organisation 
made it possible to deal with all vessels without 
delay. The lockages per diem averaged 14-3 at 
Gatun and just over 15 at Pedro Miguel and Mira- 
flores. An accident occurred at Miraflores when a 
ship ran into the fender chain. This is the third 
incident of the kind on the canal, and in all cases the 
fender chain has operated satisfactorily and saved 
both the lock and ship from damage. At Pedro 
Miguel and Miraflores both chambers were avail- 
able through the year. At Gatun the triennial 
overhaul of valves, gates, &c., was carried out, one 
chamber at a time, over a period of 41 days. The 
U.S. Pacifie fleet of 65 vessels passed through the 
canal on two occasions, resulting, with commercial 
vessels, in a peak load of 145 vessels in five 
days. Power for operating the canal was derived 
from the Gatun hydro-electric and the Miraflores 
steam plants. The latter was used to a greater 
extent than previously, in order to conserve the 
water in the Gatun lake against the dry season. The 
Miraflores plant was further improved by the 
installation of an electric steam boiler, which is 
used when there is ample water available at Gatun. 
This produced sufficient steam to keep a 1,500-kw. 
steam turbine operating as a synchronous condenser 
for power factor correction, and at the same time 
was available for taking the Pacific lock loads on 
short notice in case of interruption. The survey 
of the Chagres Valley, in which it is proposed to 
place a dam at some future date, was completed and 
the entire basin of 21-2 sq. miles has been taken 
over by the United States, from the Panama 
Republic, and incorporated in the Canal Zone. The 
storage capacity which the dam would render 
available would amount to 22,310 million cub. ft. 
During the year floods caused some interruption of 
traffic. Rainfall on October 21 and 22 and again 
on the 24th, of an exceptional character, made it 
necessary to utilise the lock side-wall culverts in 
order to enhance the discharge through the spillway 
gates. In 48 hours no less than 27-9 in. of rain 
fell at Gatun. The earlier rain fell mainly in the 
Chagres River Watershed ; the later storm extended 
directly over the Gatun Lake area. ‘The bed of the 
Gatun Lake, standing at 86-10 ft. above sea level 
on Oct. 21, had risen to 87-48 ft. by Oct. 23, an in- 
crease in storage of 6,000 million cub. ft., although 
discharge was taking place at the spillway at the 
rate of 175,000 cub. ft. per second. It is estimated 
that during this time water entered the lake at the 
rate of 300,000 cub. ft. per second. No damage 
was done to the canal structures and the passage of 
ships was delayed little more than 9 hours. Shortly 
after this storm a slide occurred, which at intervals 
continued to give trouble until the following June, 
and altogether about 775,000 cub. yards of material 
had to be cleared from the canal prison. The total 
amount cleared from the Gaillard Cut during the 
year amounted to 3,694,400 cub. yards. 


Tue Instirurion of PrrRoLEUM TECHNOLOGISTS,— 
The Institution’s. Scholarship, which is granted to a 
Student Member of the Institution who is completing 
the Petroleum Technology Course at Birmingham Uni- 
versity, has been awarded to Mr. Geoffrey Cotton. 


by 


/ 
LETTERS TO THE EDITOR. 

«CLASS WARFARE TALK.” 

To tHE Epiror or ENGINEERING. 
Srr,—I wish heartily to congratulate ENGINEERING 
on the excellent article headed, ‘‘ Class Warfare Talk,” 
published in your issue of last week, with every word 
of which any reasonable man must agree. I think if 
that article could be reprinted as a leaflet and widely 
distributed by all employers throughout the country, 
and if the trade union leaders could be induced to 
persuade the unionists to read it, it would be a most 
incalculable benefit to the country. I myself propose 
to reprint a sufficient number for the workers in my 
company, and I hope others will do the same. 

As a matter of fact, I know that an article which 
appeared in ENGINEERING a week or two ago, on 
the ‘ Working Day,” has been reprinted by firms, 
and I think this article on ‘“‘ Class Warfare Talk ” 


would be a very useful way of enlightening the working 
men. 
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Tam, Sir, yours faithfully, 
R. E. Crompton. 
Crompton Laboratory, Thriplands, 
Kensington Court, W. 


WHITWORTH SCHOLARSHIPS. 
To tHe Eprror or ENGINEERING. 

Str,—An analysis of awards in the competition for 
Whitworth Scholarships, 1924, shows that 26 (79 per 
cent.) of the 33 competitors receiving awards are 
students in three dockyards in the South of England ; 
receiving 2,9401. ($4 per cent.) of the 3,500/. awarded. 

As an old Whitworth Scholar, I have always under- 
stood that it was the intention of the late Sir Joseph 
Whitworth that these scholarships should be open to, 
and awarded to, engineering students and apprentices 
in all parts of the United Kingdom. 

It seems very desirable that Sir. Joseph’s wishes 
should be carried out. 

A. D. Orrewett, Wh. Sch., 1877. 
14, Mill Hill-road, Derby. 


[A table prepared by Mr. Ottewell, which we do not 
reproduce, gives a detailed analysis of the awards to 
which he refers. Candidates from Devonport Dock- 
yard received. one scholarship of 500/., one of 375/. 
and seven prizes of 10/. each. Candidates from Ports- 
mouth Dockyard received three scholarships of 7531. 
each, and five prizes of 10/. each. Those from Chat- 
ham Dockyard received ten scholarships of 375/. each 
and seven prizes of 10]. each, and a Pembroke Dock- 
yard candidate received a 10/. prize. Three 10/. prizes 
went to the Royal Arsenal at Woolwich, and the only 
awards to students from non-Government employment 
throughout the whole country were a 500/. scholarship 
to a Sunderland man, and 10/. prizes to each of two 
candidates from West Hartlepool and Crewe respec- 
tively. The following table puts the main facts suc- 
cinetly :-— 


Per- a 4 Per- 
Amount No. of . 
— ae tr centage 5 2 centage 
awarded. Aaneninc Awards, of Awards. 
“ per cent. 
Portsmouth 1,175 33°6 8 24-2 
Devonport 945 27-0 9 27°3 
Chatham 820 23:4 9 27-3 
All others 560 16-0 i 21-2 
Total 38,5000. 100-0 33 100-0 


This is dealt with on page 741.—Ep. E.] 


DISSOCIATION IN GAS ENGINES. 
To tHE Eprror oF ENGINEERING. 

Sir,—Mr. D. R. Pye’s letter in the current issue of 
your journal places his criticism of my paper on the 
“Missing Pressure in Gas Engines’ recently read at 
the Institution of Mechanical Engineers, in an entirely 
different perspective. The manner in which he singled 
out the paragraph dealing with dissociation, his long 
explanation of the difference between dissociation and 
incomplete combustion and the figures which he quoted 
for the variation in the amount of dissociation with 
temperature, led those of us who listened to him to 
infer that he was attempting to explain that portion 
of the missing pressure unaccounted for by increasing 
specific heat and heat loss in terms of dissociation (vide 
the various press reports). But this portion of his 
statement at the meeting now seems to have been irre- 
levant, for he states in his letter that he agrees with 
me that dissociation in gas engines is negligible. 

He appears, however, to be anxious to prove that 
incomplete combustion or after-burning is also neglig- 
ible, and, since he has discarded the dissociation theory, 
his view is apparently that there is no defect in the 
pressures developed other than that which can be 
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accounted for in terms of increasing specific heat and 
heat loss. My statement that in gas engines with 
normal ignition setting some 30 per cent. of the heat 
of combustion of the original charge is unaccounted for 
at the moment indicated by the peak of the indicator 
diagram he does not accept, and suggests that the 
experimental data from which I inferred this are 
“wholly unreliable.” 

Such a suggestion Mr. Pye would not, I am sure, have 
made, had he taken the trouble to apply the specific 
heat values of Pier and Bjerrum (for which he claims 
a high degree of accuracy, and which he has made 
fundamental to his work on the petrol engine) to the 
results of such gas-engine experiments with optical 
indicators as have been published. I believe the only 
comparatively recent experiments which have been 
published with sufficient data to enable the necessary 
calculations to be made are those by Sir Dugald Clerk, 
the late Professor Bertram Hopkinson and Sir Joseph 
Petaval and Professor Asakawa; but these are enough, 
and in each case the proportion of the heat of com- 
bustion unaccounted for at the peak of the indicator 
diagram is considerably greater when the calculations 
are made with the values of Pier and Bjerrum, than 
that obtained when my own values are used. 

I think there is no doubt whatsoever that in gas 
engines with normal ignition setting a large proportion 
of the heat of combustion of the charge is unaccounted 
for at the peak of the indicator diagram by heat 
capacity and heat loss, and it seems to me that the 
only possible explanation is that of incomplete com- 
bustion or lack of equilibrium of some kind, which 
for practical purposes comes to the same thing. 

Yours faithfully, 
W. T. Davi. 
Engineering Department, The University, Leeds. 
November 24, 1924. 


«THE RISK OF ACCIDENTS.” 
To THE Eprror or ENGINEERING. 

Str,—Your article on “The Risks of Accidents ” 
is as refreshing as a day by the sea, and its common 
sense shows how wide a gap exists between the 
“ scientific’? work of the Research Board and the 
practical needs of the workers into whose conditions 
the inquiry is made. . 

Countless other factors may have rendered the work 
ot research inaccurate, e.g., inadequate practice in 
handwork in school, circumstances at home which 
made satisfactory rest difficult to obtain, and—not 
least—the feeling that a visit to the ambulance room 
might be taken as an indication of clumsiness and might 
be reckoned against the person injured. 

A really scientific inquiry might be useful alike to 
employers and employed, but the partial examination 
of insufficient data to which you refer, is not only 
unlikely to commend itself to practical men, but also 
extremely likely to arouse distrust amongst those 
whom it was originally intended to help. One cause 
of the trouble lies in the theory that it is the duty of 
the scientist to state facts rather than to draw con- 
clusions. 

The same pseudo-scientific tendency marks much of 
present-day research in psychology (whether of child 
or adult). One has the impression that it is the 
researcher rather than the child who is playing with 
a new set of toys (figures). The correctness or in- 
correctness of the answer may not matter quite so 
much to the child; for the employee it may mean 
being transferred to another process which is not 
so highly paid. 

To inspire confidence under such circumstances is 
almost impossible, yet research work of this type has 
come to stay, and sooner or later almost every process 
of human activity will have its “‘ expert,” theoretically 
well trained, but too often practically unskilled, and 
generally of a different social class to the worker 
whose activity he is to control. Under such conditions 
there will be—if possible—an even greater need for 
the sanity and common sense which breathes in every 
line of your article. 

§ Iam, yours faithfully, 
R. E. Roprrr, Educational Consultant. 

14, Frognal-gardens, Hampstead. 

November 24, 1924. 


Institute or TRANsporRT.—A meeting to inaugurate 
the Yorkshire local section of this Institute will be held 


December 5, 1924, at 6 p.m. 


C.B.E., and many others prominent in transportation 
circles in the East and West Ridings of Yorkshire and in 
North Lincolnshire. Following the formal inauguration, 


procedure for the first session. Non-members of the 
Institute may obtain invitations to the meeting by apply- 
ing to Mr. R. Pegler, District Locomotive Superintendent, 
London, Midland and Scottish Railway, Leeds. 


in the Council Chamber, Town Hall, Leeds, on Friday, | 
Sir Lynden Macassey has | 
promised to attend, and will be supported by Sir John | 
FRaglesome, Mr. H. A. Watson, C.B.E., Mr. J. B. Hamilton, | 


the section will proceed to elect officers and determine its | 


[Nov. 28, 1924. 


ELECTRIC LOCOMOTIVES FOR MONTREAL. 

In January last the Harbour Commissioners of 
Montreal placed an order for four electric locomotives 
with The English Electric Company, Limited, of 
Queen’s House, Kingsway, London, W.C. 2, this 
contract constituting the first part of a programme 
for electrifying the harbour lines of the city of 
Montreal. This electrification is being carried out 
owing to the great increase of traffic at this port 
which has to be handled between April and November, 
ice precluding working in the cold season. Two of 
the locomotives have now been completed and des- 
patched to Canada, and some details regarding their 
construction will be of interest. The locomotives are 
capable of hauling trains up to a weight of 3,500 short 
tons. Of the 0-4-4-0 type, the locomotives work ona 
direct-current line voltage of 2,400. Each locomotive 
has a weight of 100 short tons, and is of the box- 
cab double-bogie articulated. type, equipped with four 
430-h.p. motors, having forced ventilation and working 
at 1,200 volts. Each motor drives through twin-spur 
gearing on to the axle, the driving wheels being 50 in, 
in diameter. The length of each machine is 40 ft. over 
buffers, the gauge of the track being 4 ft. 8$in. The 
fixed wheel base is 9 ft. 3 in., the total wheel base 
being 28 ft. The supply to the locomotives, 2,400 
volts direct current, is first transformed down from 
alternating current at 66,000 volts to alternating 
current at 2,300 volts, and then converted through 
motor generator sets in a sub-station at the docks. 

Messrs. Beyer, Peacock and Co., Limited, of Man- 
chester, supplied the trucks and superstructure. The 
motors and electric control equipment have been 
manufactured at the Preston works of the English 
Electric Company, where the locomotives were finally 
assembled and equipped. According to standard 
Canadian practice, they are fitted with automatic 
couplers, head lights, air-operated bell, and all 
standard fittings, such as air-brake equipment and 
brake-locks, have been made to standard American 
practice. The tractive effort at the wheel tread on 
a continuous rating is 32,000 Ib. at 16 m.p.h. on a 
1-hour rating and 43,000 lb. at 15 m.p.h. The normal 
tractive effort is 50,000 lb. up to 14 m.p.h., with a 
maximum of 60,000 lb. Control is by means of an 
* All Electric’ camshaft for single or multiple unit 
driving, the control voltage being 110-120. Westing- 
house brakes and two air-operated pantographs are 
fitted. 

These locomotives possess special features to meet 
the conditions existing at the Montreal Docks. They 
will be constantly required to reverse direction for 
short hauls during shunting operations and without 
a view in both directions from the driving position 
there would be considerable danger on account of 
the large number of men who frequently cross the 
tracks. As it was impractical with a locomotive of this 
size to use the central type of cab, one end of the loco- 
motive has been provided with front and rear views and 
also driving positions on both sides, so that the driver 
can conduct all operations from one end of the loco- 
motive with a view in both directions. For long hauls 
the driving position at the leading end of the locomotive 
would be used. Details of the recent shipping of the 
first two locomotives are of some interest. The two 
superstructures are 35 ft. 9 in. long, 9 ft. wide and 9 ft. 
3 in. high. These were conveyed by means of L.M.S. 
Railway Company 40-ton well trolleys. The bogies were 
conveyed in pairs on L.M.S. special platform trolleys, 
also having a carrying capacity of 40 tons. ‘Three 
ordinary wagons carried the auxiliary equipment, while 
the motors were transported by road. Since the super- 
structures were out of gauge below platform level 
and the bogies above platform level, special railway 
arrangements were necessary, the consignment being 
carried by a special train at night. 

The transference of the bogies and superstructures 
from rail vehicle to the Manchester Ship Canal Com- 
pany’s 60-ton floating crane and thence loading into the 
steamer Manchester Regiment was safely completed. 
The great length of the superstructures necessitated 
their being loaded into the steamer in a tilted position 
at an angle of about 30 deg. 


_ Royan AgRonauticaLt Socrety.—The Council of the 
_Royal Aeronautical Society have decided that no paper 

submitted in 1924 for the R.38 Memorial Prize is of 

| sufficient merit to justify an award. In the circum- 

stances it has been decided to award the prize for 1924 
to Messrs. C. P. Burgess, J. C. Hunsaker and 8. Truscott, 

for their paper on ‘‘ The Strength of Rigid Airships,” 

which was submitted in 1923, 


Instivurton or Muntcipan AND County ENGINEERS. . 
—Itis announced that a meeting of the Scottish District 
of the Municipal and County Engineers will be held at 
Glasgow on December 3. Members are requested t0- 
submit proposals regarding subjects for discussion, and 
those who intend to be present are requested to notify | 
the Hon. District Secretary, Mr. William Watson, Borough | 
Surveyor, St. Andrews, and to meet at the City Chambers, 
Glasgow, at 11 a.m,, on the above date. | 
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THE MANUFACTURE OF HEAD TELE- 
PHONES FOR WIRELESS RECEPTION. 


Since the London station of the British Broadeast- 
‘ing Company was inaugurated about two years ago, 
the company have installed eight additional main 
stations and nine relay stations in different parts of 
the country, and are also operating the high-power 
station at Chelmsford referred to in our issue of 
October 3 last, on page 494. It is thus now possible for 
‘the population of practically all the main centres of 
industrial or commercial activity to obtain the enter- 
tainment and instruction provided by the broad- 
casting service with the simplest and most inexpensive 
apparatus. Practically the only component of a 
crystal receiving set which is beyond the capacity of 
an amateur mechanic to produce for himself is the 
head telephone, and that he must perforce purchase 
from the manufacturer. As might be expected, there- 
fore, the demand for this particular component has 
grown to a remarkable extent, and to supply this 
demand it has been necessarye for manufacturers of 
telephone apparatus to produce designs in which the 
requisite high efficiency and good acoustic properties 
can be obtained by mass production manufacturing 
methods; the latter are, of course, essential to enable 
the product to be retailed at a sufficiently attractive 

rice. 

The manufacture of wireless apparatus, including 
yalves, receiving sets, loud speakers and head tele- 
phones now forms an important item in the activities 
of the British Thomson-Houston Company, Limited, 
being carried on, with the exception of the manu- 
facture of valves, at their Alma-street and Lower Ford- 
street works at Coventry, where the well known 
B.T.-H. magnetos are also made. Quite recently 
the firm have produced a new design of head telephone 
especially intended for the reception of broadcast 


_ telephony and these telephones, we understand, are 


now being manufactured at the rate of about 11,000 


_ pairs a week. As would be expected, many interesting 


operations are involved in the production of such 
comparatively complex articles on a large scale, and 
these operations we have recently had an opportunity 
of witnessing during the course of a brief visit to the 
Coventry works. 

The telephone, it should be explained, comprises a 
headband consisting of a suitably shaped loop of steel 
wire covered with leather sleeves and fitted at each 


_ end with a Duralumin stud in which slides a stirrup, 


also of steel wire, carrying the earpiece. By sliding the 
stirrups in the studs, the distance between the ear- 
pieces can be adjusted to suit the width of the user’s 
head and to regulate the pressure on his ears, but this 
light pressure being exerted practically at right angles 
to the direction in which the stirrups slide in the studs 
is sufficient to maintain the correct adjustment as long 
as the telephones are in use. The weight of the tele- 
phones, complete with flexible cords, is only 93 ozs. 
Several interesting machines and operations are em- 
ployed in the production of the headbands and stirrups, 
but owing to limitations of space we must confine our 
attention to the production of the earpieces, which are, 
of course, the most important details. 

From the cross section of one of these parts, repro- 
duced in the accompanying illustration, some unusual 
features of the design will at once be apparent. It 
will be noticed, for instance, that the greater part 
of the magnetic material is embedded in the moulded 
composition forming the body, only the tips of the 
pole pieces, which carry the coils, projecting through 
the composition. We should mention, in connection 
with the magnetic system, that the permanent magnet 
consists of a rectangular bar of cobalt steel, to which 
soft-iron pole pieces, of the form shown in the illus- 
tration, are attached by pressing. The remarkably high 
magnetic retentivity of cobalt steel gives a powerful 
field for the minimum weight of material. Another 
‘point to which attention may be called is that the 
diaphragm, which is of Stalloy, is clamped at its 
periphery between the cap and body of the earpiece 
without the usual metal clamping ring. The avoidance 
of metal parts as far as possible is, of course, of import- 
ance in reducing resonance effects. 

The composition used for moulding the cap and 
body of the earpieces is a mixture of Bakelite synthetic 
‘varnish and wood meal, the materials being first 
ground and thoroughly mixed together into the form 
ofa brown powder. For moulding the caps, the requisite 
quantity of powder is pressed into disc form, for con- 
Yenience in handling, and the discs are put into 
polished steel moulds. The latter are then placed 
between steam-heated platens in hydraulic presses, 
Where they remain for about 10 minutes. The com- 
bined heat and pressure forms the powdered material 
ito a hard solid substance, which is light and non- 
resonant in character and similar to vulcanite in 
Leland although brown in colour. The screw 

read shown in the illustration is formed in the 


_ mould, and the only subsequent treatment required 


is the removal of the fin formed, the clearing out of 


the central hole, and the buffing of the front face 
which comes into contact with the ear, The moulding 
of the body of the earpiece is carried out in a similar 
manner, except that the material is filled into the 
mould in the form of a loose powder after the magnet 
system has been placed in position. To complete the 
body after removal from the mould, the fins produced 
at the joint in the mould are ground off and the upper 
rim, which constitutes the diaphragm clamping 
surface, is finished flat by grinding; the ends of the 
protruding pole pieces are also milled and ground off 
so that they terminate between 0-011 in. and 0-0135 in. 
below the rim of the body. The dimensions given 
are, of course, the limiting lengths of the air gap 
between the pole faces and the Stalloy diaphragm, 
and to ensure accuracy within those limits each 
earpiece is checked by means of a dial gauge. Three 
holes are also drilled simultaneously through the 
sides of the body, two to take the turned-in ends of 
the stirrup and the other one to allow the flexible 
leads to pass through. The final operation on the 
bodies before assembly, is the magnetising of the 
permanent magnet which is effected by placing the 
bodies two at a time on the poles of a powerful electro- 
magnet and switching the current on and off two or 
three times; the strength of the remanent flux is 
checked for each earpiece by means of a coil and 
ballistic galvanometer. 

The assembly of the completed components is 
carried out in a separate room on the top floor of the 
Alma-street factory, in which room about 400 women 
and girls are employed in five groups, each constituting 
a complete and self-contained unit. In this room, the 
coils are wound with fine enamelled copper wire on 
formers stamped in one piece from thin sheet brass. 
The majority of the coils are wound for a resistance 
of 1,000 ohms each, giving the complete head ’phone a 
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total resistance of 4,000 ohms, but head *phones with 
a total resistance of 120 ohms are also supplied for use 
with telephone transformers. The coils, to which tag 
connections have been soldered, are placed on the 
pole pieces and the tags are pressed into blind holes 
moulded in the body, together with the ends of the 
flexible leads, a tubular rivet being also forced into 
each of the holes to ensure the maintenance of a 
perfect contact; no external terminals or other 
projections from the body of the earpiece are thus 
required. It may here be mentioned that no metal 
screws are used in these telephones, the only screwed 
joint of any kind being that for connecting the cap 
with the body of the earpiece. When the coils have 
been placed in position and the connections made 
with the flexible leads, the diaphragms are inserted 
and the caps screwed on, the operations being com- 
pleted by the fitting of the headband and stirrups. 

Each pair of telephones, when finished, is placed in 
a cardboard box and dropped through a chute, pro- 
vided with a trapdoor, on to a band conveyor, and 
the boxes travelling on the conveyor are collected 
at the end of the room and passed on for final inspection 
and testing before despatch. The movement of the 
trapdoor as each box is passed through is made to 
operate large dial indicators at the end of the room, 
one indicator being provided for each group of workers, 
so that the production of the various groups can be 
seen by the charge hands and other officials, as well 
as by the workers themselves. The arrangement not 
only enables any diminution in production to be 
detected and its cause removed at the earliest possible 
opportunity, but also encourages a healthy competition 
between the groups with respect to output. 

In conclusion, we may mention that although each 
stage of the manufacture and assembly of the com- 
ponents is carefully checked by inspection and testing, 
a particularly elaborate series of tests is carried out 
on each pair after it is finally completed. An audi- 
bility test is made with both speech and music supplied 
by a gramophone transmitter, and sensitivity and 
sound-balance tests are also made; the object of the 
latter is to see that the volume of sound produced by 
the two earpieces constituting a pair is exactly equal. 
One point of interest in connection with this testing 
work is that some men blinded in the war are at 
present employed on it with highly satisfactory results. 
Such work would appear to be particularly suitable for 
sightless men whose sense of hearing is generally very 
acute, and who are able to concentrate their attention 
continuously on the work upon which they are engaged, 


It is, therefore, to be hoped that. their employment for 
this and for similar duties will be extended as far as 
possible. 


THE CARDIFF ENGINEERING EXHIBITION. 


AN engineering exhibition at the Drill Hall, Cardiff, 
promoted by the South Wales Institute of Engineers, 
was formally opened yesterday, Thursday, by the Lord 
Mayor of Cardiff, Alderman W. H. Pethybridge. In 
addition to the welcome extended, on behalf of the City, 
by the Lord Mayor to the exhibitors, Mr. W. A. 
Chamen, the President of the Institute, delivered an 
address of welcome. The exhibition will be of the 
greatest interest to those concerned with the application 
of modern machinery to mining work, but there are 
many exhibits of a more general engineering interest. 
The Institute and its secretary, Mr. Martin Price, 
deserve the congratulations of the engineers in the 
South Wales district for their enterprise in organising 
this excellent display of plant, and if the qualities of 
the exhibits are any criterion of the success which will 
attend the venture, the participating firms will have 
little reason for regret when the exhibition closes on 
Saturday, December 6. 

In the period during which the exhibition is open a 
series of meetings have been arranged by the Institute 
in association with the kindred societies in the district, 
and cinematograph demonstrations to show coal cutters 
at work have been arranged with Messrs. Mavor and 
Coulson, Limited, and Messrs. Hugh Wood and Co., 
Limited. On Monday next Mr. W. B. Lewis will 
present a paper prepared by Mr. G. S. Irving and 
himself on “‘ The Scientific Treatment of Boiler Feed 
Water, introducing the Colloidal Aspect.” In the 
evening the members are invited to take part in the 
discussion at the Western Centre of the Institution of 
Electrical Engineers on a paper by Mr. G. Rogers on 
* Automatic and Semi-Automatic Rectifier Sub- 
stations.”” Three lectures are to be given, on ‘Tuesday, 
Wednesday and Thursday, by Mr. W. E. Bush, of the 
Lighting Service Bureau of the Electric Lamp Manu- 
facturers’ Association, on ‘‘ Modern Electric Lighting.” 


Prrsonat.—We are advised that no change will be 
made in the title of the firm of Coode, Fitzmaurice, 
Wilson and Mitchell, of 9, Victoria-street, Westminster, 
consequent on the death of Sir Maurice Fitzmaurice. 
The business will be carried on by the surviving partners. 
—The ownership of the Cooper Roller Bearing Company, 
of King’s Lynn, has recently changed, and the new 
proprietors have appointed Mr. C. A. Ablett, M.Inst.C.E., 
as managing director. This gentleman is also managing 
director of the Unbreakable Pulley: and Mill-Gearing 
Company, Limited, of Manchester. 


Tue INstiruTion or ENGINEERING INSPECTION.—The 
opening meeting of the session of the Institution of 
Engineering Inspection took the form of a social 
gathering in the Hyde Park Hotel on Tuesday, 
November 25. In opening the proceedings, Mr. Francis R. 
Wade delivered his presidential address, in which he 
dealt with some of the problems confronting the 
industrial leaders at present. He advocated the use 
of funds for development purposes in the Dominions 
and Crown Colonies, as one of the most effective means 
of reducing unemployment at home. Afterwards a 
dance was held. 


Tron AND STEEL PRODUCTION STATISTICS FOR OCTOBER. 
—It is announced by the National Federation of Iron 
and Steel Manufacturers that the production of pig-iron 
in October of this year amounted to 586,400 tons, 
compared with 569,200 tons in the preceding month, and 
595,700 tons in October, 1923. The number of furnaces 
in. blast was increased by | to 171 during the month 
under consideration. The production included 192,900 
tons of hematite, 185,300 tons of basic, 157,700 tons of 
foundry, and 28,500 tons of forge pig-iron. The output 
of steel ingots and castings in October amounted to 
678,500 tons, compared with 645,000 tons in September 
of this year and 702,200 tons in October, 1923. 


Contracts.—Messrs. Hartley, Sons and Co., sewage 
machinery engineers, of Stoke-on-Trent, have received 
a further order from the Leeds Corporation for 6 acres 
of their power-driven, rectangular, patent wind-balanced 
sewage distributors. This will make 18 acres of distri- 
butors this firm will have installed for the Leeds Corpora- 
tion.—The Underfeed Stoker Company, Limited, of 
Aldwych House, London, W.C. 2, have recently secured 
orders for four Underfeed stokers for the United Alkali 
Company, Limited, of Victoria Docks, London, E. 16, and 
also contracts for air heaters for the Lansdowne Jute 
Mills, at Belgachia, India, and ash conveyors for the 
Darlington Corporation—The High Commissioner for 
the Union of South Africa has placed an order with 
the Leeds Forge Company, Limited, of Leeds, on 
behalf of the South African Railways Administration for 
the supply of a pair of coach underframes and. bogies 
specially designed on the articulated principle. The 
bodies will be built in South Africa. These coaches are 
intended for the use of the Governor-General, and in 
the first instance will be employed in connection with 
the forthcoming visit to South Africa of H.R.H, the 
Prince of Wales. 
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LABOUR NOTES. 


As strike strategy has been a sort of obsession with 
Communists since the end of the war, it is not surpris- 
ing to hear that it formed the subject of a serious debate 
at the recent World Congress of the Red International 
of Labour Unions. So far as we have been able to 
gather, no official report of the discussion has been 
published, but a writer in the official organ of the 
British Bureau leaves us in no doubt as to the line it 
took. The strikes of the future must, he declares, be 
strikes that are carefully prepared for with full cognis- 
ance of all the factors involved. Instead of spon- 
taneous strikes—instead of weakly conducting a 
struggle against the prepared organised forces of 
Capitalism, in a whirl of emotionalism—we must, in 
his opinion, have strikes that are carefully prepared 
for months beforehand, with those leading them in 
possession of exact detailed information concerning 
“the enemy,” and able to utilise to the utmost on the 
side of the strikers all the industrial and political forces 
of the working class movement. Every trade union 
headquarters should, he says, systematically gather 
together all the information it is possible to obtain 
concerning the bodies of employers against whom they 
are likely to conduct strike actions—their shareholders, 
contracts, personnel, business ramifications, &c. 
Without that information, it is explained, it will be 
impossible for the leaders of strikes to search out the 
strength and weakness of the Capitalists and to know 
when to attack and how to attack. 

Means should be created, the writer goes on to say, 
of attracting the women—the great weak link in all 
strike warfare—to support the workers in every action. 
How many strikes have failed in the past, he asks, 
because the women in the strikers’ houses have not 
been able to grasp their significance and have conse- 
quently weakened the morale of their men-folk ? 
How many strikes have failed in the past, he asks, 
because of the lack of bare provisions for feeding the 
strikers? Yet we have in this country, he points 
out, a powerful, organised, essentially working-class 
movement—the Co-operative movement—whose mate- 
rial aid during industrial disputes has never been 
consciously sought or intelligently organised. 

Other causes of failure are cited by the writer, but 
those which we have given fairly well explain, we 
think, why the Red International or Labour Unions is, 
in this country, at any rate, a minority movement. 


In a letter which is printed in the November issue of 
his organisation’s “ Journal,” a member of the Amalga- 
mated Engineering Union alludes to the activities of 
the National Minority Movement, and expresses the 
opinion that the sooner the sane trade unionists of the 
country put their foot down the better. “It is,” he 
declares, “ through the constant interference of these 
bloodthirsty rebels of ‘society that we find ourselves 
unorganised and divided. Surely,” he adds, “ the 
trade unions are democratic enough. They give you 
an opportunity to express yourself and to alter that 
which you think is wrong. With this power, used 
along with the political power, you will get on the 
high road to progress, and instead of forming more 
movements make the one you have perfect. Let us 
fight for a Federation of Trade Unions on the lines 
of the F.B.I. and then we can talk about striking a 
blow at capitalism.” 


“Russian Information and Review,” the organ of 
the London Trade Delegation of the U.S.S.R., states 
that highly important proposals are now being worked 
out for the operation of Labour Exchanges in Russia 
in order to cope with the increasing demands upon them 
by the comparatively rapid development of Soviet 
industry. Already regulations have been issued to 
facilitate the participation by employers in the selection 
of the Jabour they require. Employers have also been 
empowered to engage certain classes of workers without 
the intermediary of the exchanges, provided that such 
transactions are registered there. It is now proposed 
to proceed further in this direction by transforming the 
Labour Exchanges as a whole into intermediary bodies, 
to which application for work by workers and for 
labour power by employers, is to be purely voluntary. 
At the head of these bodies it is proposed to place a 
committee composed of representatives of the trades 
unions and economic departments, the chairman being 
a representative of the Labour Commissariat. Al- 
though it will be no longer compulsory to hire labour 
through these bodies, the Labour Commissariat will 
continue to participate in the regulation of the labour 
market. 


According to Mr. George Hicks, the general secretary 
of the Amalgamated Union of Building Trade Workers, 
comparative figures cited to prove that building 
production is scandalously low are the kind of figures 
that notoriously lie. To the uninstructed, he says, 
they appear convincing. The case against the brick- 
layer seems abundantly clear when it is stated that 


pre-war production was so many bricks a day against 
so many fewer at the present time. The fallacy of the 
comparisons is exposed, he claims, in the fact that 
“ production”? is an aggregate of rough work with 
“faced ” and angle work, &c., and that most of the 
old rough work is done away with in post-war con- 
struction by the substitution of concrete rafts for 
under-building, i.e., foundation work and slab partition 
walls. 


At the eighth annual industrial conference of the 


New York State Department of Labour, which is to 
take place in New York. City next week, the broad 
theme set down for discussion will be “ The Mainte- 


nance of Peace and Stability in Industry.’ Under 


that general head it is proposed to consider (1) the 
peaceful solution of disputes, (2) the character of 
labour’s participation in the conduct of industry, 


(3) the effect of the shorter working day, (4) co-operation 


in accident prevention, (5) the health of the workers. 
Employers ahd employees will take part in the dis- 


cussions and speakers with national and international 
reputations are expected. 


Whilst there is nothing to justify prophecies of a 
great boom in trade, states “ Man and Metal,” the 
organ of the Iron and Steel Trades Confederation, there 


is some ground for the belief that we have seen the 
worst of the recent slump and are now on the way to 
a gradual recovery. September 


steel production 
showed a gain of about 118,000 tons over that of 


August, the output for August being 537,500 tons 
and for September 645,000 tons. 


The American 
output of steel provides a useful barometer, by which 
to gauge the future movements of the industry, and 


that has shown a further gain in September following 


upon the very marked recovery in August. 


The Ministry of Labour states that the number of 


unemployed persons on the registers of Employment 


Exchanges in Great Britain on November 17, 1924 
was 1,209,000—922,000 men, 33,200 boys, 224,300 
women and 29,500 girls. On November 10 the total 
number of unemployed persons was 1,218,392 and on 
December 31, 1923, it was 1,285,623. The number of 
unemployed men was 8,801 less on November 17 than 
it was on November 10. 


The strike of members of the Electrical Trade 
Union at the new Barking super-power station was 
considered on November 21 at a meeting of the No. 10 
Area Joint Industrial Council for the electricity 
supply industry. It transpired that earlier in the 
week the trade union representatives on the Standing 
Committee had suggested “‘ that in all future contracts 
it shall be stipulated that men carrying out work in 
London power houses and sub-stations, similar to that 
done by those grades specified in Clause 15 of the 
Number 10 agreement, shall receive the rates of pay 
provided for in that clause.” The reply of the employers 
was embodied in a resolution which was submitted 
at the meeting of the Joint Council. The resolution 
was as follows :— 

“That in the opinion of this side of the council 
the proposition of the union representatives con- 
templates action which at present is wlira vires, the 
constitution not providing for any supervision by this 
Council of conditions inserted in contracts placed by 
electricity undertakings. This side of the Council 
therefore, is not prepared to proceed further than to 
refer the proposal to the employers’ associations by 
which it is appointed with a view to obtaining a joint 
conference at which such associations can jointly 
consider the proposal of the trade union side and, if 
it is agreed to be necessary, can formulate instructions 
as to enlarging the powers of this Council.” 

The resolution was adopted, the trade union side 
of the Council registering their dissent from the view 
of the employers that the action proposed by the 
trade unions was beyond the powers possessed by the 
Council. In response to an appeal by the chairman, 
assurances were given on behalf of the employers and 
of the union that nothing would be done pending the 
carrying out of the resolution to interfere with the 
settlement of the dispute. 


On November 24 a Conference on the Barking 
trouble took place at Broadway House, Westminster, 
between representatives of the Engineering and Allied 
Employers National Federation and representatives of 
the London District of the Electrical Trades Union. 
The subject discussed was described on the memoran- 
dum of the Conference as ‘rates of wages to be paid 
by federated employers on erection and installation 
of, and other work done in connection with, electrical 
plant and machinery in the metropolitan area.” It 
was mutually agreed that the disputes “at present 
pending”? on the foregoing question should cease ; 
and that the firms concerned should continue their 
usual practice as to rates of wages payable. The 


dent at Riga. 


workpeople on strike at Barking and Romford were to 
be given an opportunity to resume work on November 
25, and any who did not then present themselves for 
re-employment were to be taken on thereafter only if 
possible. Men who had left the district were to be given 
a reasonable period within which to present themselves. 
The workpeople, on resumption, were not to interfere 
with any employees at present engaged on any of the 
contracts in the area, and the employers were not to 
victimise any of the men for their part in the disputes. 
The position of the Engineering and Allied Em-— 
ployers National Federation in relation to the negotia- — 
tions of the Electrical Trades Union with the employers’ — 
side of the Joint Industrial Council for the electricity 
supply industry was clearly defined. It was mutually i 
agreed that ‘‘ the Federation and Federated Employers — 
are not members of, nor are they parties to, the 
deliberations of No. 10 Area Joint Council on the — 
question of contract clauses in future contracts’ and — 
that ‘‘the Federation and the Federated Employers 
and the Electrical Trades Union reserve their rights 
respectively to take such action as they deem desirable 
on any decision which may follow the deliberations 
of the Council.” _ 


According to the organising delegate at Preston of the 
Amalgamated Engineering Union a wages question at 


the works of a local firm has taken an unusual turn. 
The men asked for an increase and, on their demand 


being refused, they threatened to strike. A number of 


conferences took place, and eventually the firm offered 
a bonus on profits. 
says, “‘hammering out the scheme before it goes for 
final acceptance by the men.” 


‘* We are at present,” the delegate 


A speech to a conference of metal workers by 


Dzerzhinsky, head of ‘‘ Glavmetall,’”’ the State Depart- 


ment which controls Soviet Russia’s metal industries, 
is summarised in a message from the 7’vmes correspon- 
Dzerzhinsky, who is also chairman of the 
Supreme Economic Council, said that in 1923-24, the 


total metal industries employed 194,000 workmen, but 


the programme for the next year would provide for 

an increase to 219,000. The past year showed some 
bright features, but nevertheless the metal-working 

industries had only reached 27} per cent. of the pre- 

war output. Before the war Russian industries used 

72 lb. of cast-iron per head of the population, but 

in 1923-24 they used only 14 lb. The development 

of the metal industries would require grants from the 

State, but it was impossible to provide these without 
jeopardizing the stability of the currency. Accordingly 
the revised estimate of the “ Glavmetall’’ contem- 

plated a decreased production froni 306 to 270 million 

gold roubles. 

Dzerzhinsky believed it would be advisable to 
relax the barrier against the import of meta! products. 
It would be much more profitable to import certain 
metal articles than to produce them by financing 
Russia’s own metal industries. The metal industries 
were now a great burden to the finances of the State, 
and only rational working, which was lamentably 
absent, could make them profitable. He said that a 
foreign loan would be useful, but there was danger that 
under the prevailing conditions it might be “eaten 
up” without bringing beneficial results. Without a 
loan they must manage with their own resources. 


be 

Mr. W. A. Appleton, the Secretary of the General 
Federation of Trade Unions, reports that the quarter 
ending September 30, in addition to showing a slight 
increase in membership, also showed an increase in 
the organisation’s accumulated reserves. The claims 
for dispute benefit had also been a little higher. There 
had been 43 disputes involving 4,435 persons and an 
expenditure under this head of 4,941/. 12s. 6d. The 
major portion of that increase in benefit expenditure 
arose through the building trade dispute. Some of the 
building trades, Mr. Appleton says, never went any 
further with the idea of general federation than the 
drafting of the rules. Others joined the General 
Federation and seceded when the Building Trades 
Federation came into existence ; but some few unions: 
which joined refused to secede, and these, during the 
dispute, received Federation benefit to the extent of 
2,0001. The income during the quarter from contribu- 
tions was 13,4991. 14s. 3d., and the expenditure on 
benefits 4,941. 12s. 6d. The membership on which 
contributions are paid is 777,511. ¥. 


SPECIFICATION FOR SPANNERS.—-The British Engineer- 
ing Standards Association has just issued publication 
No. 192-1924, entitled “‘ Dimensions of British Standard 
Spanners.” In this specification all dimensions necessary 
for setting out spanners to the new design up to 2 i. 
size are given in tabular form. Notes are included on the 
angles between spanner head and shank, and on the 
standard method of marking. Both B.S.W. and B.S.F. 
bolt sizes are covered. Copies of the publication may 
be obtained from the B.E.S.A. Publications Department, 
28, Victoria-street, London, 8.W., price 1s. 2d. post free, 
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THE WADE BACK-GEARED 


SCREW-CUTTING LATHE. 


CONSTRUCTED BY MESSRS. C.A.V. SMALL TOOLS, LIMITED, ENGINEERS, HOVE, SUSSEX. 
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THE’ WADE BACK-GEARED, SCREW- 
CUTTING LATHE. 


Iy our issue of March 16, 1923, on page 342,¥we 
lustrated and described a small, simple lathe suitable 
or use by model makers and amateur mechanics, and 
lesigned so that, by employing methods of mass pro- 
luction in manufacture, an accurate and reliable tool 
ould be produced at a sufficiently low price to be 
vithin the reach of practically all prospective users. 
Ve are referring to the Wade lathe made by Messrs. 
A.V. Small Tools, Limited, at their works in Hove, 
ussex, and the fact that many thousands of these little 
ools have been sold since their introduction is an 
ndication that they have met the requirements of a 
arge and increasing number of persons interested in the 
roduction of mechanical appliances as a hobby. In 
he hands of an ingenious amateur mechanic, to whom 
he time occupied is not of primary importance, the 
imple Wade lathe can be used for a surprisingly wide 
ange of machining operations for which specialised 
ools would be employed in an engineering workshop. 
The more experienced amateur, however, must fre- 
juently have realised that the utility of the tool would 
1 greatly extended by the addition of back gearing, 
vith a self-acting feed for the saddle and screw-cutting 
nechanism. 

To meet the need for an inexpensive lathe of this 
ype, the makers, comparatively recently, have intro- 
luced the new model which we illustrate in Figs. 1 
05 above. This is known as the Wade No, 2 lathe, 
ind while its general design and construction follow 
‘losely on the lines of the original model previously 
leseribed, the fixed headstock has been completely 
‘e-designed to accommodate the back gearing and the 
change wheels for driving the leading screw. From 
he longitudinal section and plan reproduced in Figs. 1 
ind 2, the end elevation of the fixed headstock, Fig. 3, 
amd the transverse section of the saddle, Fig. 4, the 
onstruction of the lathe can be followed with but little 
-xplanation, while a good idea of its general appearance 
S given by Fig. 5. 

_ The spindle, as shown in Fig. 1, is hollow, and is 
surned out of the solid from mild steel. It is of ample 
ength to enable the gears to be easily changed and to 

held concentrically. The white-metal bearings of 
he spindle are adjustable for taking up wear, and the 
ee pulley is fitted with a gun-metal bush. The back 
ears give a speed reduction ratio of 5:1. They are 
of steel, machine cut from the solid, and are 


\ 
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pressed and pinned on to a mild-steel hub, running on 
an eccentric shaft of phosphor bronze. A ball-ended 
pin, best shown in Fig. 2,:is provided to throw the 
back gear into or out of engagement. The change 
wheels are also of mild steel, machine cut from the solid, 
with teeth of 28 diametral pitch and - in. in width. 
Fourteen change wheels are provided, which are 


sufficient to enable right-handed or left-handed threads 


of English or metric pitches ranging from 6 to 60 
threads per inch to be cut. The banjo plate, shown in 
Figs. 3 and 5, is a casting of a tough aluminium alloy 
and can be easily adjusted and rigidly fixed in position 
by means of a stud. ‘The sleeves for the change wheels, 
for use when compounding or for the idler gear, are of 
gun-metal in order to reduce any tendency to seize. 
The clutch for driving the leading screw, shown in 
section in Fig. 1, is of mild steel, bushed throughout with 
gun-metal, and is located so as to be completely pro- 
tected from chips and dirt; the handle operating the 
clutch is conveniently located on the left of the head- 
stock, as shown in Fig. 5. The leading screw, which is 
cut with 12 threads per inch, runs in a gun-metal bush 


5. 


at the tailstock end and in a combined thrust and 
journal bearing of white-metal at the headstock end. 
The bed, as in the original model, consists of a ground 
steel tube in which the leading screw is enclosed, a 
longitudinal slot being cut in the bottom of the tube to 
guide the tailstock and saddle, and to enable the latter 
to be connected with the nut on the leading screw. 
The nut is solid, and a hand-wheel is provided at the 
end of the lathe for the longitudinal adjustment of the 
saddle, which is fitted with cross feed and gives suffi- 
cient clearance to enable work up to 4 in. in diameter 
to be turned; it has a longitudinal travel of 12 in. 
The lathe complete, as illustrated in Fig. 5, is retailed 
at the remarkably low price of 6/. 10s., which we 
mention as an instance of the manner in which pro- 
duction costs can be reduced by careful attention to 
design and manufacturing methods when the demand 
for the product is sufficient. Various accessories, such 
as a foot motor, face plate, self-centring chucks, drill 
chucks, &c., are supplied at correspondingly low 
figures. The London address of Messrs. C.A.V. Small 
Tools, Limited, is 181, Queen Victoria-street, H.C. 4. 
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MARINE OIL-ENGINE TRIALS. 


Tun first report of the Marine Oil-Engine Trials 
Committee was presented and considered at a general 
meeting of the Institution of Mechanical Engineers, 
as reported elsewhere in this issue, on Friday last, the 
2lst instant. The Committee in charge of these 
trials, was, it will be recollected, appointed as the 
outcome of an offer by Mr. D. B. Morrison, of Messrs. 
Richardsons, Westgarth and Co., Limited, in 1922, to 
place at the disposal of the Institutions of Mechanical 
Engineers and Naval Architects, an oil engined ship 
of 6,000 tons deadweight capacity, which would be 
available for testing at sea in any way desired. The 
Committee consisted of seven members representing 
the Institution of Mechanical Engineers, seven repre- 
senting the Institution of Naval Architects, a repre- 


sentative of the Admiralty, and two members of the 
Tnstitute of Marine Engineers. At the first meeting 


Fig. 20. FUEL CONSUMED PER MINUTE. SPEED 
AND TORQUE CURVES. 
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Fig.23 FUEL PER 1.H.P_PER HOUR AND PER BHP. 
PER HOUR - HORSE-POWER. 
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Admiral Sir George Goodwin was elected as Chairman, 
and Mr. W. H. Patchell was appointed deputy chairman. 

The vessel which was the subject of the offer was the 
Sycamore, built by Messrs. The Furness Shipbuilding 
Co., Limited, to the order of Messrs. Furness, Withy 
and Co., Limited. She was of the following dimensions : 
Length between perpendiculars, 363 ft.; moulded 
breadth, 52 ft. ; mean draught when fully loaded, 23 ft. 
The displacement fully loaded is 9,200 tons, and the 
deadweight capacity, as stated, 6,000 tons. Her 
estimated service speed is 11-5 knots, and the designed 
aggregate power of the propelling machinery is 2,500 
shaft horse-power, developed in 2 units. 

The report on the trials now completed covers 
123 octavo pages, and being of so great a bulk is 
unfortunately not suitable for reproduction in extenso. 
We have been compelled, therefore, to select portions 
of it only for publication, and have confined our- 
selves mainly to giving the results arrived at. In 
the original document these only occupy a portion of 
the total space, the remaining material relating to a 
most detailed statement of the conditions under which 
the trials were made, of the instrument and methods of 
measurement adopted, and a complete description of 
the engines on which the trials were made. In the 
following summary where any section is taken verbatim 
from the report. it is shown quoted. Throughout, for 
convenience of reference, the original Committee’s 
numbering of tables and figures has been retained. 

The Sycamore carries 678 tons of oil-fuel for the 
engine, and 481 tons for boilers. The estimated endur- 
ance of the vessel is 20,000 nautical miles. ‘‘ The supply 
of steam for auxiliary purposes, including the evapora- 
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tor, is taken from a pair of ‘ Cochran’ vertical multi- 
tubular boilers placed at the aft-end of the engine- 
room. Each boiler is 18 ft. 6 in. high by 8 ft. 6 in. 
diameter, and has a heating surface of 1,000 sq. ft., the 
normal pressure of steam supply being 120 Ib. per 
square inch. The furnaces are arranged to burn 
fuel-oil on the ‘White’ system. In Table IV are 
given the weights of the propelling machinery of the 
vessel in running condition, including the propellers 
and shafting ; together with the weights of the auxiliary 
machinery and other apparatus in the engine room. 
‘“The main propelling engines were built by Messrs. 
Richardsons, Westgarth and Co., Limited, at their 
Hartlepool works, being their contract No. H. 2,554, 
under licence from Messrs. William Beardmore and Co., 
Limited, Dalmuir, and Messrs. Franco Tosi, Legnano, 
and may be thus designated: ‘ Richardsons-Beard- 


125 r.p.m. the power ‘being developed in six cylinders, 
operating on the four-stroke single acting cycle, with 
six cranks. The method of fuel admission to the 
cylinders is by air-blast from an engine-driven com- 
pressor, and the firing of the fuel charge is obtained 
by the temperature of compression. The overall dimen- 
sions in respect of one engine only are: Length, 37 ft. 
9in.; breadth, 10 ft. 6 in.; and height from the tank 
top to the top of fuel valves, 21 ft. The engine is 
bolted directly to the tank-top and the height from 
the centre line of the crankshaft to the top of the fuel 
valves is 17 ft. 10} in. 

‘“The salient dimensions of the port engine were 
measured for the Committee by the Engineer Surveyor 
at West Hartlepool, of Lloyd’s Register of Shipping, 
and the following figures are averaged from the 
certificate given :— 
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Fig.25. MECHANICAL EFFICIENCY- MEAN 
EFFECTIVE PRESSURE: - (a)INDICATED. 
(6) BRAKE EQUIVALENT. 
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TABLE LV.—Weight of Machinery in Engine Room. 


Weight. 
Part. (Tons.) 
Main engines—complete with all pipes and 
fittings, including thrust blocks, but ex- 
cluding flywheels 50 ae sit ‘ 426°5 
Flywheels... id) ce 24 
Shafting and stern gear ; on 42 
Auxiliaries, pipes and fittings— 
Fuel oil system ste 21 
Lubricating oil system .. 20 
Starting air system 41 


High-pressure air system @ ss a - 2-1 


Exhaust system .. eS 32 
Cooling water system .. a By 48 17 
Pumping system (bilge, ballast and sanitary 
pumps) .. 58 oe te oe oe 18 
Electric generator system os An no 32 
Steam system (boilers, condenser, oil burners, 
&e. te Bs ‘3 es a «- 69°7 
Fittings on board—Ventilators, gratings, work- 
shop, lifting gear, tools and outfit 4 ne 43-7 
Spares—Main engine and auxiliaries 33 
Total .. 822-0 
Water in system .. Acs Bc ae 45 4 
Water in boilers oe 16 
Water in fresh water tank .. 35 
Lubricating oil in system .. 14 
Total 69-0 
Total running weight 891-0 


Fig.26.BRAKE MEAN EFFECTIVE PRESSURE, 
OR TORQUE-MEAN INDICATED 
oy PRESSURE. 
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The clearance volume was given by the engine builders 
as 1,495-8 cub. in. and from these particulars the follow- 
ing constants have been calculated :—Volume swept 
through by each piston per stroke= 10-396 cub. bt 
Ratio of compression, neglecting the late closure of 
the exhaust-injection valves, 13-016 in.” 

The report gives a complete description of the engines 
installed, the features of which will be familiar to our 
readers from accounts which have appeared from time 
to time in ENarnEERING. In this connection, reference 
may be made to the paper read before the Institution 
of Naval Architects by Mr. J. Richardson, in 1922 
(see ENGINEERING, vol. cxiii., page 417), Drawings 
of a Beardmore-Tosi marine oil engine were also given 
in our issue of April 21, 1922 (vol. ecxiii, page 488), 
while further details, with a description of the “ direc- 
tor-valve ’ which is an essential feature of the Beard- 
more-Tosi design, will be found in the paper read by 
Professor Mellanby before the Institution of Mechanical 
Engineers at its meeting in Glasgow in 1923 (see 
ENGINEERING, vol. cxvi, page 96). 

“On board ship the cooling water supplied to the 
main propelling engines is arranged according to the 
following circuits, circulation in every case being 
maintained by electrically-driven centrifugal pumps :— 


(a) To the jackets and exhaust manifolds and to the 
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air compressors, salt water supplied by a 120-ton 
per hour pump; (6) To the lubricating oil and fresh- 
water cooler and to the condenser, salt water supplied 
by a 120-ton per hour pump; (c) To the pistons, 
cylinder heads, exhaust-inlet valve cages, fresh-water 
supplied to both engines from a fresh-water cooler 
by a 90-ton per hour pump. Part of this water is 
withdrawn for the purpose of cooling the (ahead) 
cross-head guides. 

“The supply of lubricant to all moving parts in the 
crankcase is by a steam-engine-driven reciprocating 
pump, the pressure of delivery being 16 lb. per square 
inch approximately. On board ship the lubricant 
falling into the crankcase flows by gravity to a drain- 
tank in the double bottom, from which the pump drain 
and passes the oil, through an oil cooler back to the 
engine. Sight feed lubricators supply oil to cireum- 
ferential holes in the power cylinders and each stage 
of the air compressor. 

“In order to cover all possible combinations of load 
and speed which the engines might be called on to 
deyelop in service, the conditions under. which the 


Fig.26. FUEL PER MINUTE - INDICATED; BRAKE; COMPRESSOR; 
AND FRICTION HORSE-POWER. 
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“ From this average analysis the following quantities 
have been calculated in respect of the consumption 
of 1 lb. of oil :— 


Lb. 
(a) Weight of CO» formed .. 3°11 
(b) on steam ,, oe 1-10 
e Weight of oxygen required for (a) 2-26 
, » > (d) ats 0-95 
(e) Theoretical total weight of air required Sp HIBS 90.” 


Section V of the report devoted to the results 
of the trials is mainly composed of tabulated data and 
the reproduction of figures showing these in graphical 
form. The tables cover the general conditions govern- 
ing the tests, the amount 
of fuel used and deductions 
therefrom, the absorption 
dynamometer data, indi- 


4 & 


6 
Horse Power tv 


Fig.30. AVERAGE TEMPERATURE OF EXHAUST FROM 
CYLINDERS, BY PYROMETERTO BASES OF 
(a) SPEED; (6) TORQUE. 
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port engine was tested ashore were arranged to imitate 
those at sea as closely as possible; thus, for a given 
depth of immersion in water of a propeller, and given 
slip, there is a simple approximation to propeller law, 
namely :— 


(6806 H.) 


Torque « (revolutions per minute) x slip, 


which relation may be taken as correct generally. The 
tests ashore were accordingly carried out with the 
engine running against a torque corresponding to 
rated full power (1,250 brake horse-power at 120 r.p.m.), 
and at three-quarters, one-half, and one-quarter of the 
full-load torque, in each case the revolutions per 
minute being calculated according to the above propeller 
law, assuming constant slip. Further, in order to 
imitate the performance of the engine when propelling 
the ship in light draught during fine weather, and in 
heavily loaded draught during bad weather, additional 
tests were undertaken with the engine running respec- 
tively at 15 r.p.m. above and 15 r.p.m. below the 
Speed corresponding to each torque, as calculated 
from the above relation. 

“The following table (V) gives the torque; the 
load on the brake corresponding thereto; the speed 
calculated according to the relation — torque= 
constant x speed?; and the high and low speeds for 
each torque. It is convenient for the purposes of 
‘Teference later to allude to the three speeds corre- 
Sponding to each torque as A, B, and C respectively.” 
Exhaust Gas Analyses were found to require correc- 
tion. Deductions affected by this are marked *. 

“All the analyses were carried out at H.M. Fuel 
Research Station, Greenwich, the results of the analysis 
of the various samples of fuel oil being given in 
TableVI1.” To simplify calculation these were averaged. 
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Fiy.3]. TEMPERATURE OF EXHAUST 
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Grcles. - Temperature at End of Exhoust 
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Taste V.—(Lest Numbers 3 to 14.) 


Speed (R.P.M.). 
Applied External Load. 

A. B. Cc. 

Calcu- 

lated 
Nominal. Torque. | Nearest | from High Low 
Brake Pro- Speed Speed 

Load. peller 

Law 

Lb.-Ft. Lb. 

Full torque 52,500 4,000 125 140 110 
ne 39,375 3,000 108 123 93 
i ete 26,250 2,000 87 102 72 
tlie 13,125 1,000 63 78 48 
analysis, mechanical and thermal efficiencies, and 


thermal balance sheet. “‘ Curves connecting various 
sets of observations are also shown in this section. In 
general these may be regarded as self-explanatory. The 
‘ characteristic diagram ’ (Fig. 21) of the engine (from 
which the torque exerted for any given fuel consump- 
tion and speed can be read off) has been derived by 
a simple construction from Fig. 20. In Fig. 28 the 
fuel consumptions in pounds per minute to bases of 
brake and indicated horsepower are plotted. On a 
horizontal line XZ on this diagram, if the length YZ 
be marked to represent the indicated horse-power of 
the air compressor, then the intercept XY represents 


the horse-power lost in friction in the engine, under 
the given condition of running. From this figure, 
by a simple construction, the chart of friction torque 
or friction effective pressure (Fig. 29) has been prepared. 
Pending a decision from the Committee on Tabulating 
the Results of Heat Engine and Boiler Trials, the 
thermal efficiency of the standard of comparison for 
these tests has been taken as 0-52; the necessary 
correction can be made later. The efficiency ratio, 
on this basis, is shown for each test in Table XVIII.” 

In addition to the figures referred to in the above 
quotation, we reproduce from the report the following : 


Fg.29. CHART SHOWING FRICTIONAL RESISTANCE 
OF ENGINE AT VARIOUS LOADS AND SPEEDS. 
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TaBLEe VI. 
Test Numbers. 1to5 6to8 9 to 15 
Trade description of fuel Anglo-Persian Diesel Oil. 

, Wm. Cory and Son, 
Supplier .. = 3 Limited, Newcastle-on-Tyne 
Gross calorific value, B.Th.U. 

per Ib. 19,300 19,320 19,350 
Specific gravity at 60 deg. F. ..| 08804 0-8753 00-8776 
Flash point (Pensky-Martin 
closed test) .. deg. F, 192 185 190 
Viscosity by Redwood visco- 
meter (Admiralty pattern) 
No. 2— 
32 deg. F. Not Oil would: not flow. 
70 deg. F. | . carried 76 90 
Seconds at 4190 des. F. |. out. 42 52 
222 deg. F. 35 38 
Cold test— deg. F. 
Viscous at 40 Similar to 43 
The oil became thick at 37 previous 38 
solid at 32 sample. 30 
Water content .. es ..| Trace, Trace. Trace. 
Chemical analysis— per cent. 
Carbon. . 50 a «| (86975 83-89 84-80 
Hydrogen Ja eel L227, 12-43 11-95 
Sulphur Si x ae 0-05 _ 0-11 
Nitrogen ‘ we Se 0-09 0-07 0-07 
Oxygen eis a We 1-84 3°61 3-07 
100-0 100-00 100-00 
Impurities Be od Specks| of free | carbon, 
Asphaltum— per cent, 
Soft ‘ Bi on 1:26 1-05 1:27 
Hard 1:21 1-31 1:06 


Fig. 23, giving curves for fuel per indicated horse- 
power-hour and per brake horse-power-hour plotted 
against horse-power ; Fig. 24, thermal efficiency plotted 
against horse-power; Fig. 25, mechanical efficiency 
plotted against mean effective pressure ; Fig. 26, brake 
mean effective pressure or torque plotted against mean 
indicator pressure; Fig. 30, average temperature of 
exhaust from cylinders plotted against speed and 
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torque; Fig. 31, temperature of exhaust gases plotted 
to fuel per minute; Fig. 32, contents of exhaust gases. 
The subjoined Tables XVIIa and XVIIp give data 
relating to the exhaust gas analysis and correspond 
with the curves given in Fig. 32. Tables XVIII and 
XIX give the mechanical and thermal efficiencies, and 
the thermal balance sheets. 

In addition to the original programme of tests ashore, 
certain additional tests were made. One of these was 
concerned with the effect of injection-air pressure on 


attained a melting temperature, as similar conditions 
to those expected to obtain in the valve head were 
provided for; however, the result, though incomplete, 
is sufficient to show the relatively low temperature of 
the seat. 


“The determination of the mechanical efficiency by 


to increase when time allowed a cut-out cylinder to 
cool. In deducing the mechanical efficiency of the engine 
from this test, it is assumed that the amount by which 
the mean effective pressure (brake basis) is reduced 
when a particular cylinder is cut out of action equals 
the mean indicated pressure which would normally be 


TABLE XVIJa.—Exuavust Gas ANALYSES AS ORIGINALLY DeTERMINED. 


engine performance. The conditions under which 15 5 7 9 14 
these were carried out and the results obtained are 
appended :— Test Number and atana 
PP AS | ‘ est Number and Group. geen adel Three-quarter Half Qu 
est. 5 h orque. orque. Torque. Torque. Torque, 
Brake load ‘ Ib. 4,000 4,000 q . @ 
Average speed .. + F.D.m0. 19:9, 120-7 
Brake horse-power a ate ere 1,199 1,207 Analysis of as b volume : en 
Injection air pressure .. 1b. per sq. in. 913 1,021 ree. fe y ms C02 4-15 4°89 3.45 2-45 1-44 
Maximum pressure (average) during Carbon monoxide co 0-08 0-05 0-12 0-09 0-09 
combustion .. .. Jb. per sq. in. 550 549 Hydrogen Ho 0-01 ons Ss efi 0-07 
eon lncioeted Dest dae ean reis Oxygen .. 02 11-89 10-53 13-36 14-73 17:32 
ndicated horse-power fe »5 5 ; ; E : x : 
Buel per’ hour Wi ; tb. 582-0 519-3 Nitrogen .. No 83-87 | 84-53 83-07 82-73 81-08 
Fuel per B.H.P. “hour Ib. 0-435 0-430 
Fuel per J.H.P.-hour .. Ib. 0°3384 0:+342 
Exhaust gas temperatures deg. F. at TABLE XVIIz.—Exuavst Gas ANALYSES AFTER ADJUSTMENT, AND DEDUOCTIONS.* 
exit of cylinders 611 601 
Thermal efficiency (as HP. basis) 
per cent. 39°6 38-4 
Mechanical efficiency .. ioe 76°6 79°7 Test Number. 15 5 a 9 : 14 
“An attempt was made to ascertain, by means of —— 
fusible alloys, the temperature conditions prevailing| Analysis of dry gas by volume :— é k 
in some of the more important parts in the power rpomends 5 C02 120 8-00 507 4-80 2-75 
FE : arbon monoxide co 0-08 0-05 0-12 0-09 0-09 
cylinders. As a well-defined softening point of the Hydrogen Ho 0-01 pas Js mee 0-07 
alloy is essential for this purpose, the materials em- Oxygen ee & cera uy oe aie 14-43 17-11 
. A 5 ‘ itrogen .. “74 +02 80-68 79-98 
ployed are restricted either to pure metals or to eutectic ecg epaaeiiee on Gee gas BTU. per ib. pet 
mixtures, and, in consequence, the temperature ldeg.F. . : F 02364 0-2349 0 +2348 0-2333 0 +2337 
intervals between melting points are irregular. Each ee 1 1b, of carbon in fuel aa ELS an sae ‘ge 
: ; aks ; 4 eight of dry exhaust gas si 2 * 50-0 85-4 
alloy View used in the form of a cube, 4 10. side, inserted Weight of dry gas + steam generated. . 36-0 32-0 43-0 51-3 86-7 
in a + in. diameter drilled hole in a suitable carrier Weight of dry air induced ; : 34-82 30-82 41-82 50-12 85-52 
or plug, and indicated by a definite change of shape ea tee oS see er ie 
eight of dry air induce 5 "52 : 42-50 72°52 
that its melting temperature had been exceeded. SVeloht of airinyexteay Genny requite ation 
The investigation was made in respect of the combustion... : 15-62 12-23 21-57 28-60 58-62 
following points in the forward cylinder: (1) In the Weight of moisture in induced air 0°34 0-29 0-37 0-44 0-78 
piston, in each of the two holes provided for lifting, a Weight of atmospheric air induced 29-86 26-42 35°84 42-94 78°80 
screwed plug carried four alloys at a depth of 4 in. - 
below the surface exposed to combustion. (2) In one The mean specific heats of the dry exhaust gas, for the remaining tests, are given below :— 
of the exhaust-inlet valve heads, four screwed plugs 
each carried one alloy at a depth of } in. from the l Tike 
exposed surface. The plugs were symmetrically Test Number. | 4 3 8 6 10 11 13 12 - 
arranged on a circle of half the diameter of the valve. 
(3) In one of the exhaust-inlet valve seats, four) Mean specific heat 0-2363 0-2349 0-2338 -| -0-2887: |) ha 
screwed plugs each carried one alloy. The plugs were| . 0-2 +2337 0-2338 || +2337 
disposed symmetrically round the seat, and their | 
TABLE XVIIT—MECHANICAL AND THERMAL EFFICIENCIES AND FRICTION HORSE-POWER. 
: 3 
A B A Cc B A Cc B A Cc B A Cc 
ese Ai umnises | 15 | 4 5 | 3 | 7 8 | 6 10 | 11 | 9 | 13 14 12 
Mechanical efficiency é 79°8 76:6 77°8 77-0 71-5 73°2 71-0 64-0 63-9 62°4 46-9 48-4 534 
Thermal efficiency, brake horse- -power basis |, 5 31-1 28-9 29-1 29-4 28-1 28-4 27-4 25-3 25-4 24-4 18-6 18°5 18-6 
Thermal efficiency, indicated SN pee wet basis 2 38-9 37-9 37-5 38-2 39-4 39-0 39-6 39°6 39°9 39°5 39°8 38:4 34-6 
Efficiency of ideal engine .. Ke ne b220 52-0 | 52-0 | 52-0 52:0 | 52-0 | 52-0 52-0 | 52-0 | 52-0 52-0 | 52-0 | 52-0 
Efficiency ratio ; .. | 0-748 || 0-729 | 0-722 | 0-735 || 0-758 | 0-750 | 0-762 || 0-762] 0-768 | 0-760 || 0-766 | 0-738 | 0-666 
Friction horse-power .. 224 278 265 252 242 226 213 192 178 166 140 130 114 
Thermal equivalent of friction horse- -pow er, B.Th.U. per minute At, 9,500 11,780 | 11,240 | 10,680 10,260 9,580 9,040 8,140 7,550 7,040 5,940 5,520 4,830 
Friction, equivalent torque, pound-feet ae 9,560 10,870 | 11,710 | 12,650 10,500 | 11,280 | 12,330 9,950 | 10,940 | 12,120 9,740 | 11,360 | 13,400 
Friction, equivalent M.E.P. pounds per eonaee inch 13-36 15-22 16-39 17-72 14-70 15-80 17-25 13-93 15-33 16-98 13°63 15-89 18-77 
* Volumetric efficiency, per cent. 82°5 79:2 78:5 ered 82-8 82-0 85-0 73-0 72°6 75:2) 84-0 95:0 85-0 
TABLE XIX.—THERMAL BALANCE SHEETS. 
(All quantities, in B.Th.U., in respect of 1 minute’s duration.) , 
— 
A B A Cc B A C B A Cc B A Cc : 
Pee 15 4 5 3 7 8 6 10 rl 9 13 14 La 
To heat carried in by fuel (gross).. 168,600 196,600 173,000 151,000 137,000 117,600 105,000 85,000 71,200 62,400 43,000 34,400 25,600 
By thermal equivalent of— a) 
Brake horse-power .. .. 52,220 56,900 50,400 44,400 38,500 33,430 28,740 21,500 18,100 15,220 8,020 6,360 4,750 
Compressor horse -power 3,660 4,720 4,050 3,020 3,840 8,155 2,700 2,850 2,410 2,020 1,600 1,280 875 
Friction horse-po wer 9,500 11,780 11,240 10,680 10,260 9,580 9,040 8,140 7,550 7,040 5,940 5,520 4,830 
By heat rejected to— [ 
Jackets é 18,400 21,040 18,250 19,900 14,100 14,870 15,150 10,790 T 10,550 6,380 6,840 at 
Manifold 17,100 19,600 17,950 15,230 12,890 7,580 11,150 8,055 = 2,945 2,710 2,575 : 
Heads 20,700 22,920 21,220 19,540 16,210 14,650 12,950 9,900 8,610 7,165 4,080 3,700 3 490, 
Pistons. 5,500 6,920 6,320 6,040 4,810 4,920 5,260 4,370 8,120 4, 200 2,740 2,610 
A .C, jackets and coolers ~ 4,080 5,140 4,670 3,860 4,440 3,840 3,760 3,180 6,340 2:790 1,990 1,890 1,590 
* By heat in dry exhaust gas. \ % 
By total heat of superheated foteara J 41,688 47,032 37,982 30,843 32,922 25,700 24,041 16,066 13,378 11,449 9,440 6,906 3,842 
By radiation and unaccounted for -. | —4,248 +548 +918 —2,513 —972 —125 —7,791 +149 _— —979 , +100 —3,281 = 
Total 168,600 196,600 173,000 151,000 137,000 117,600 105,000 85,000 71,200 62,400 43,000 34,400 25,600 


+ The water quantities in these cases, as recorded, are inadmissible. 


position was midway between the shoulder forming the 

pressure joint and the working edge of the seat. 
“The alloys were inserted in place in the evening of 

July 6, and were removed in the evening of July 12; 

the temperatures recorded therefore represent the 

conditions prevailing during the 6-hour trial at full 

power, and are as follows :— 

1. Piston Crown 


2. Exhaust-inlet valve head 
8. Exhaust-inlet valve seat 


Above 446, below 626° F. 
778, 960° F, 
? » , 626° 2 


*““None of the materials inserted in the valve seat 


” ” 


the brake method was carried out at the completion 
of the long run at full power. The fuel supply to each 
cylinder in turn was cut off, and the brake load on each 
occasion was immediately reduced so that the speed 
remained normal, other conditions being kept as 
nearly constant as possible. The injection-air to 
an inoperative cylinder was untouched, in order to 
avoid the influence that a change in the blast 
regulation would have on the working cylinders. 
All readings were completed with a minimum of 
delay, as it was found that the friction appeared 


developed in that cylinder, assuming that the i. 
tional losses therein remain as before cutting off 
fuel supply. Thus:—Mean indicated pressure or. 
mally developed in the cylinder cut out— 
= Reduction of brake mean effective pressure. 
Reduction of brake load 

Brake constant x cylinder constant 
Reduction of brake load 

400 x 0:0227 g 
“The general conditions (full power) under which 


7 
: 
; 
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PORTABLE STEAM-DRIVEN AIR COMPRESSOR. 


CONSTRUCTED 


erceks 


the test was carried out are as follows, and the observa- 
tions made are given in Table XX :— 


Engine speed by tachometer 122 r.p.m. 

Injection-air pressure 1,000 lb. per sq. in. 

Fuel notch 23-2 

Brake load... 4,000 lb. 

Brake M.E.P. =) 73° 01b. per sq. in. 
“The mechanical efficiency is therefore— 

AEN Te per cent. 
99-0 


“The mean indicated pressures calculated by this 
method differ from those obtained from cards, but the 
‘test may be regarded as a useful check. It should be 
noticed that no corrections to M.I.P. either for injection- 
air or for pumping have been attempted.” 


Taste XX. 


Net Load | Reductionin | Reduction in 

Cylinder cut out. Carried at | Load from | BrakeM.E.P. 
Brake. Normal. = M.I.P. 

lb. Ib, lb. per sq. in. 
A, forward : 3,100 900 99-2 
3,075 925 102-0 
ae j : 3,075 925 102-0 
| 3,140 860 94-8 
ae : , 3,120 880 97-0 
6, aft .. S, od 3,100 900 99-2 
‘ Average mean} indicated |pressure 99-0 


With regard to lubrication of the power cylinders 
-and air compressors, the report states :—‘‘ The six 
power cylinders were supplied by two force-feed 
lubricators and a similar lubricator supplied the 

ree air-compressor cylinders, the drive in each case 
being from an oscillating shaft on the engine; the oil 
Supply was therefore proportional to the engine speed. 

m records taken in each of the longer tests the con- 
sumption at 120 r.p.m. was :— 


For the power cylinders 3-1 gallons per day. 
For the air compressor 1-5 gallons per day.” 


(To be continued.) 


BY MESSRS. MERRYWEATHER AND SONS, LIMITED, 
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PORTABLE STEAM-DRIVEN AIR 
COMPRESSOR. 


Tue ‘‘ Valiant ’’ steam pump, one of the specialities 
of Messrs. Merryweather and Sons, Limited, Greenwich, 
has long been recognised as a standard portable high- 
pressure water-raising machine. The firm have recently 
introduced a novel form of steam-driven air compressor 
and boiler combined, the engine of which is built on 
the same lines as the ‘“‘ Valiant’? water pump. We 
illustrate the “‘ Valiant’ air compressor in the views, 
Figs. 1 and 2, on the present page. 

The boiler is of the Merryweather vertical water-tube 
type. The firebox is designed for burning wood or 
coal, and can be conveniently adapted for burning 
oil fuel if desired. The boiler tubes are of copper, 
access to the whole of which, for examination or 
replacement, can be obtained by removal of the shell. 
Steam can be raised to working pressure, 120 lb. per 
square inch, in from 10 minutes to 15 minutes. 

The air-compressor is of the single-cylinder direct- 
acting type, and is mounted in line with and below 
the steam engine which drives it. It is capable of 
maintaining continuously an output of 40 cub. ft. of 
air per minute at a pressure of 100 lb. per square 
inch. ‘The engine will give 10 brake horse-power from 
the crankshaft when the air compressor is running free 
from load. The steam and air-compressing cylinders 
are connected together by a cast-iron distance piece, 
the steam cylinder being well placed for connecting 
the steam and exhaust pipes to the boiler and chimney. 

The air-compressing cylinder is of cast-iron, with 
a cast-iron piston and steel piston rings. The valves 
are of gun-metal, with metal seatings, all readily 
accessible through a cover over each pair of valves. 
The air-compressing cylinder and valve chambers are 
water jacketed, the cooling water being used for 
feeding the boiler; it is circulated by a feed pump 
driven by an eccentric, a tail rod from the pump 
operating the engine slide valve. 

The crankshaft runs in ball bearings in a totally 
enclosed casing attached to the lower end of the 
air-compressing cylinder by a cast-iron distance piece 
forming a guide for the crosshead. Flywheels are 
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fitted at each end of the crankshaft, one of which 
has a wide face and can be used as a belt pulley. 
A centrifugal governor is fitted controlling the steam 
inlet. Gun-metal sight-feed lubricators are provided 
for both the engine and compressor. 

For rock boring work underground, sufficient com- 
pressed air is available for driving a single powerful 
jack hammer drill, whilst if boring is required in 
the open sufficient steam can be supplied from the 
boiler direct to two jack hammers simultaneously. 
By taking power by belt from the flywheel, the machine 
may also be used for a variety of purposes, such as 
sawing, driving astamp battery, a dynamo, a pump or 
any auxiliary machinery. The total net weight of the 
boiler and engine is about 15 cwt. The parts can 
be readily dismantled for up-country transport if 
necessary, in which case the heaviest portion is the 
boiler firebox, weighing about 44 ewt. There is a 
ready demand for this machine in places where com- 
pressed air is necessary, and where portability is of 
prime importance. 


REGULATIONS FOR ELECTRIC ACCU- 
MULATOR MANUFACTURE. 


NorwitHsranpineé the operation for many years of 
Regulations relating to the manufacture and repair of 
electric accumulators, the incidence of lead poisoning 
among workers engaged in this industry has continued 
high. A comprehensive inquiry into the matter has 
recently been undertaken by Dr. Bridge and Mr. Price, 
two of H.M. Inspectors of Factories, and at a conference 
held in March between a committee comprising em- 
ployers, operatives and the above-named gentlemen, 
amendments to existing regulations were advocated. 
Certain proposals were agreed to, and these have been 
embodied in a draft, copies of which may be obtained 
on application to the Factory Department, Home 
Office, London, 8.W. 1. 

The principal alterations in the existing code include 
the extension of the Regulations to cover works in 


which accumulators are repaired only. It is felt that 
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certain similar conditions exist in these latter establish- 
ments to those obtaining in manufacturing works. but 
it is noteworthy that observance of only those sections 
of the rules specifically dealing with such conditions 
is stipulated in repair processes. A further alteration 
relates to exhaust ventilation and the maintenance of 
cleanly factory conditions, and an endeavour has been 
made to bring the requirements up to the standard 
adopted in recent regulations for other industries 
where danger of poisoning by lead exists. Under the 
duties of works’ occupiers is included the statement 
that the floor of every room in which a lead process is 
carried on shall be smooth and impervious to water, 
and shall be cleansed throughout daily after being 
thoroughly sprayed with water at a time when no 
other work is being carried on in the room. One rule, 
viz. : that sufficient bath accommodation be provided 
for all persons engaged in the manipulation of raw 
oxide of lead or of pasting, unless the Chief Inspector 
of Factories approves the use of local public baths, 
may give rise to some difficulty in certain localities. 
It is to be remembered, of course, that these Regula- 
tions are at present in proposal form only, and open 
to alteration. The date for lodging objections by 
persons affected was November 16. After considera- 
tion of the specific grounds of objection and the 
omissions, additions, or modifications asked for, it may 
be expected that the Regulations will be issued in 
final form. 


Tue Institution oF AUTOMOBILE ENGINEERS.—At a 
recent council meeting of the Institution of Automobile 
Engineers it was unanimously decided that the Insti- 
tution medal should be awarded to Dr. R. Ormandy 
in connection with the editing, checking and preparation 
of the matter for the report of the Empire Motor Fuels 
Committee, recently published as a volume of Proceedings 
of the Institution; to Mr. Geo. W. Watson for his 
paper on ‘‘ Standardisation,” which formed the subject 
of his presidential address before the Institution; and 
to Mr. H. G. Burford for his services in connection 
with the co-ordination of the relations between the 
Institution, the S.M.M.T. and the B.E.S.A. 


Tue Junior InstiTuTION OF ENGINEERS.—ANNUAL 
SupserrpTion: An extraordinary general meeting of 
the Junior Institution of Engineers was held on Friday, 
the 14th inst., to consider the reduction in subscription 
for junior members of the Institution. At present an 
associate member, who may be between the ages of 
19 and 26, has to pay an annual subscription of 37s. 
(or 30s. in the provinces). The Council felt that this 
was too big a sum for a young man to be asked to pay 
in the early days of his training, and consequently put 
forward a resolution that the subscription for those under 
the age of 22 should be reduced to 30s. (or 25s. in the 
provinces), the subscription for those above that age 
being the same as it is at present. The resolution was 
very favourably received and was passed almost 
unanimously. 


Tue University or Lonpon.—Fifteen Entrance 
Scholarships and Exhibitions are available for award 
to students entering University College, London, in 
October, 1925. Three of them are tenable in any of 
the five College Faculties—arts, laws, science, engineering, 
medical sciences, or in the School of Architecture, 
Two of them are tenable in the Faculty of Arts only. 
one in the Faculty of Science, one in the Faculty of 
Engineering, one in the Faculty of Law, three in the 
Faculty of Medical Sciences, two in the School of Archi- 
tecture, and one in the School of Librarianship. Most 
of the scholarships and exhibitions are of the value of 
401. a year for three years, but the value of any scholar- 
ship or exhibition may be increased by the grant of 
a supplementary bursary if the circumstances of the 
scholar or exhibitioner make such a grant necessary. 


PRIZE FOR VENTILATION ScHeEME.—Several of the 
ancient Livery Companies, as our readers are doubtless 
aware, have made it a regular practice to endeavour to 
further the interests of the particular industry they repre- 
sent by offering prizes, scholarships and other awards 
for annual competition. The Worshipful Company of 
Fanmakers is a case in point. This company, which 
was originally concerned with that class of hand-operated 
fan in which attractive appearance was of far greater 
importance than was aerodynamic efficiency, has 
extended its activities within recent years to include 
the type of power-driven technical fans with which 
engineers are more directly interested in their professional 
capacities. With a view to promoting the study or 
modern methods of ventilation, the company has 
decided to institute an annual competition and to 
award a silver medal for the best essay submitted on 
some branch of this subject. For the 1924-25 competition 
the subject selected is “‘The Ventilation of a Police 
Court ’? measuring 44 ft. by 38 ft. in plan and 42 ft. 
high, free on all sides, and provided with the necessary 
administration, waiting and sanitary accommodation, 
as far as these may affect the ventilation scheme. The 
assessors, it is understood, will attach particular import- 
ance to originality, and to any evidence of research 
work carried out by competitors. The latter must be 
of British nationality, and not over 25 years of age, 
while the essays must be received on or before May 1, 
1925. Further particulars can be obtained from the 
Clerk to the Fanmakers’ Company, 62, London Wall, 
London, E.C, 2. 


CATALOGUES. 
Steelwork.—Circulars illustrating steel framed build- 
ings, colliery tubs, steel hand tip-carts and steel wheel- 
barrows are to hand from the Ransome Machinery 


Company, Limited, 14, Grosvenor-gardens, London, 
8.W.1. 
Laundry Machinery.—Various types of Decoudun 


ironing machines, comprising a  felt-padded roller 
working in a concave steam-heated bed, are illustrated 
in a sheet catalogue received from Messrs. Manlove, 
Alliott and Co., Limited, Nottingham. 


Closed Feed-Water System.—The closed system of 
feed-water circulation designed and made for central 
power stations by the English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C., is 
fully described, with diagrams, in a new catalogue 
to hand from the firm. 


Electric Motors —A catalogue of alternating current 
motors made by Messrs. F. and A. Parkinson, Limited, 
Guiseley, Leeds, gives illustrations of the many uses to 
which these motors have been applied. The applica- 
tions include the driving of small sewing machines, 
heavy machine tools and mill plant, hoists, and wood 
working machinery. 


Electric Motors and Starters—Two new editions of 
catalogues received from the British Thomson-Houston 
Company, Limited, Rugby, deal, respectively, with 
industrial pattern control pillars for direct-current motors 
and small induction motors for single-phase and poly- 
phase current. Both catalogues contain full descriptive 
matter and dimension tables. 


Water Valves—A catalogue of Larner-Johnson water 
valves is to hand from Messrs. J. Blakeborough and Sons, 
Limited, Brighouse, who have acquired the manufac- 
turing and selling rights for all countries except the 
United States and Canada. The valves can be made 
in very large sizes (some of 20 ft. diameter are illus- 
trated) and are used on pipe lines and in other applica- 
tions for controlling the flow of water on a large scale. 


Railway Points.—Catalogues describing single-plunger, 
catch-handle locking apparatus, an electric point and 
lock machine, with separate detection for each point 
tongue, and a system of electric point detection for enabl- 
ing the signalman to ascertain that the points are properly 
set before he allows a train to pass, are to hand from 
the Westinghouse Brake and Saxby Signal Company, 
Limited, 82, York-road, King’s Cross, London, N.W. 


Oil Engines—A two-cycle, cold-starting, heavy-oil 
engine with airless injection of fuel, known as the Polar 
engine, is well illustrated and described in a catalogue 
received from the Atlas Diesel Engine Company, Limited, 
a Swedish firm with a London office at 35, Surrey-street, 
Strand, W.C. 2. The engines are of the vertical type, 
developing from 35 h.p. to 50 h.p. per cylinder, and are 
made with one or two cylinders, according to require- 
ments. 


Lubricating Oils—Two catalogues of lubricating oils 
have reached us from Messrs. Sterns Limited, Royal 
London House, Finsbury-square, H.C.Z. One of these 
catalogues describes the conditions of lubrication in 
various types of steam turbines, specifying four oils for 
this purpose and a special oil for reduction gears. The 
other catalogue deals similarly with oil engines specifying 
oils for six different types. Both contain explanatory 
matter of special interest to engineers. 


Stone-Dusting Machine-—A machine mounted on four 
wheels for distributing stone dust in colhery workings 
is the subject of a special catalogue issued by Messrs. 
Oldham and Son, Limited, Denton, Manchester. The 
object of the operation of stone dusting is to keep down 
the inflammable coal dust, and an important point in 
the design of machines for the purpose is to make them 
convenient to work in the limited space available and 
under the awkward conditions existing in mines. 


Magnetic Brakes for Tramway Cars.—The tramway- 
car magnetic brake is one of those widely-used pieces 
of mechanism which by its almost infallible efficiency 
ceases to attract attention. A descriptive catalogue of 
these brakes, received from the Metropolitan-Vickers 
Electrical Company, Limited, of Manchester, is interesting 
in that it shows how carefully design and workmanship 
are attended to, and how accurately the system can 
be adapted to the various types of truck employed on 
tramway cars. 


Internal Combustion Engine-driven Machinery.—A 
considerable number of units comprising an oil or petrol 
engine coupled to a machine and mounted in a frame 
are illustrated in a special catalogue received from The 
Parsons Motor Company, Limited, Southampton. The 
machines include electric generators, welding plants, 
pumps, fire-engines, air compressors, winches, stone 
crushers, &c., and the frames are arranged for portable, 
semi-portable and fixed operation. Approximate prices 
are stated in each case. 


Copper Pipes.—The Yorkshire Copper Works, Limited, 
Leeds, have issued a number of circulars dealing with the 
use of copper pipes for hot-water services and other 
purposes in domestic and public buildings. These pipes 
are drawn from the solid and tested to a high pressure. 
The makers claim that they do not gather incrustation 
and that, in many cases, they are cheaper than lead or 
iron pipes. There are now on the market several kinds 
of fittings and simple tools by which connections can be 
made without screwing. 


Condensers.—The Mirrlees Watson Company, Limited: 
Scotland-street, Glasgow, have sent us a list of con- 
densing plants which they have installed at home and 
abroad, illustrating examples of the various types. The 
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surface condensers range in capacity from 720 lb. to 
220,000 lb. of steam per hour and cover practically all 
requirements for land service; a few examples of 
marine practice are also included. The jet condensers 
listed are also very numerous, and include many of large 
capacity. The particulars given are necessarily brief, 
but are nevertheless of considerable interest. 


Heavy Oil Engines.—We have received from Messrs, 
Fraser and Chalmers Engineering Works, of Erith, Kent, 
a catalogue of their vertical heavy oil engines, a typical — 
example of which was illustrated and described in 
ENGINEERING of June 6, 1924. The company, it will 
be remembered, are not manufacturing any Continental 
design, but have originated one of their own, which not 
only embodies essential advances in design but has proved 
particularly efficient in electric power stations. The 
catalogue gives a complete specification together with 
test results of an engine of 1,000 brake horse-power. 


Impregnating Plant for Insulation Purposes.—In im- 
pregnating the cotton used for insulating the wires of 
armatures and field coils, it is necessary to extract 
the entrained air and moisture in order to allow the — 
varnish, &c., to enter the interstices of the fibre. Messrs. 
Ernest Scott and Co., Limited, Kingsway-house, London, — 
W.C.2, have sent us a catalogue of plant for this purpose — 
consisting of a closed vessel in which the material or the 
wound armature may be placed. The catalogue also — 
deals with pumps, condensers, mixers, and other necessary — 
auxiliaries. The material is dried and the insulating 
compound admitted in a vacuum. 


Agricultural Machinery.—The catalogue of engines 
and machinery for agricultural work issued by Messrs. 
John Fowler and Co. (Leeds), Limited, of Leeds, is of 
exceptional interest, particularly in connection with 
large-scale cultivation. This firm’s machinery is largely 
used abroad, and many highly ingenious applications to 
suit varying conditions are shown in the catalogue. 
Cultivation, draining, reclaiming, ditching, trenching, 
planting, crop-lifting, and other operations are all fully 
provided for. The illustrations given, comparing engines 
made sixty years ago with those of the present day, 
show how sound the late Mr. John Fowler’s ideas were 
and how the progress in mechanical science has enabled 
the early designs to be improved upon. 


Brick-making Machinery—The principal machines for — 
making bricks, including runner grinding mills, screens, — 
mixers, vertical and horizontal pug mills, and presses, — 
are dealt with in a catalogue from Messrs. Clayton, 
Goodfellow and Co., Ltd., of Blackburn. The presses — 
have an output of 500 to 600 ‘‘ repress ”’ bricks per hour ; 
that is, bricks which have received a second pressing 
in the mould, the second pressing producing a smooth — 
solid facing on the bricks. ‘‘ Double mould ”? machines 
dealt with in the catalogue, produce 950 to 1,000 bricks 
per hour. These machines work semi-plastic material 
and require from 6 to 8 horse-power for driving. Another 
machine for plastic material, having crushing rolls, 
mould, cutting-off table and hauling gear, and requiring 
30 to 40 horse-power, will turn out 10,000 to 20,000 bricks — 
per day, the production depending upon the nature of the 
material. All these machines are made with standardised 
replaceable parts, which are kept in stock for prompt 
delivery. . | 


Agricultural Implements and Machines.—The cata-— 
logue issued by Messrs. James and Frederick Howard, — 
Limited, Bedford, deals mainly with the implements and 
machines required in farming, including land cultivation. 
and subsequent operations. The pages illustrating the 
various ploughs, harrows and other machines are of 
great interest as an indication of the wide range of — 
appliances that are made to suit the soils and conditions 
of various countries. They also show the good use 
made of opportunities for mechanical ingenuity, even 
when improvements are limited by the draught powers 
of horses and oxen. Steam engines, motor tractors 
and cable-ploughing equipment are well represented 
in the catalogue. One section of the catalogue is devoted 
to abattoir equipment and another section deals with 
many convenient forms of presses for operation by hand, 
electric-motor and hydraulic power. Light railway 
material forms the subject of the remaining section, 
which shows some ingenious tubs and wagons in addition 
to all the standard forms of rails, wagons, locomotives - 
and tracks. The catalogue extends to 128 quarto pages 
and should prove helpful in securing foreign trade as 
well as in meeting home requirements. 


Frencnh MprcuanpiseE Marks Reauitations.—The 
French Bulletin Dowanier, of October 17, 1924, publishes 
some rulings under the heading ‘Instructions et Déci-_ 
sions,’ which have now been adopted by the Autho- 
rities, concerning the application of Article 15 of the — 
Law of January 11, 1892. According to the terms — 
of that Article, foreign goods, natural or manufactured, — 
which bear either on the packing or on the goods them- — 
selves a trade mark, a sign, or any indication whatso- Eb 
ever likely to cause the impression that the goods have 
been made in France or are of French origin, can only 
be imported into France if the trade mark, sign OF 
indication in question is followed by a correction phase — 
in the French language—‘‘importe de” or “ fabrique 
en ’’—followed in each case by the name of the country 
of import or manufacture. One of the new decisions, 
a translation of which is appended, will be of interest 
to engineers engaged in export trade to France :—‘“* When — 
bearing the name of a manufacturer established in France, ~ 
accessories or elements for manufacture, such as wheel 
caps, gauges, or safety apparatus for boilers, which 
ean be sold separately, must bear the corrective phrase 
in an apparent manner. The only exception to this 
obligation are articles imported by manufacturers who 
intend to incorporate the same in machines or apparatus 
constructed by them.” 


Nov. 28, 1924.] 
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“ENGINEERING” ILLUSTRATED PATENT 


RECORD. | 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 
Where inventions are communicated from abroad, the Names, «&c., 
of the communicators are given in italics. 
Copies of Specifications may be obtained at the Patent Office, Sales 
_ Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
| the uniform price of 1s. . 
‘The date of the advertisement of the acceptance of a Complete 
_ Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘ Sealed”’ is appended. 
Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
_ Patent on any of the grounds mentioned in the Acts. 


ELECTRICAL APPARATUS. 


| 218,554. C. A. Hadley, Inverness, and The Rose Street 
Foundry and Engineering Co., Limited, Inverness. Elec- 
tric Welding Apparatus. (4 Figs.) November 19, 1923.— 
The invention relates to machines for heating metal rivets of the 
kind in which the rivets are placed between two contact blocks 
or electrodes through which electric current is passed. The 
electrode is preferably in the form of a disc of hard-rolled copper, 
the periphery of which is eccentric to a pivot on which it can 
be turned and around which on each side is a face by which the 
dise is clamped between the two arms of a fork having correspon- 
ding faces contacting with those on the disc and so that a bolt 
passed through the arms and through the disc between them 
may serve as a pivot and also as a means for clamping the disc 


at any required position. The faces on the discs are concentric 
with the axis of rotation, and are thus always in intimate contact 
‘with the faces on the forked arms so as to convey effectively the 
electric current, and since no part of these surfaces become 
exposed when revolving the electrodes to a new position, good 
electrical contact is always assured. The drawing shows two 
‘similar discs a and 6 pivotally mounted on arms cand d. <A rivet 
isshown atz. The discs are shown of stepped form, and on each 
‘side is a flat face adapted to contact with like faces on the arms 
eandd. A bolt is passed through the fork of the arms and a 
hole in the disc, and has a nut by which the arms can be tightly 
pressed upon the disc, thus ensuring good electrical contact. 
A stub screw to hold the bolt is shown at 7, and the usual connec- 
tion for the pedal link is shown at j. (Sealed.) 


219,717. Switchgear and Cowans, Limited, Old Traf- 
ford, Manchester, and G. H. Neep, Old Trafford, Man- 
chester. Protective Arrangements for Electric Distribu- 
tion Systems. (5 Figs.) February 27, 1923—The invention 
has reference to electrical distribution systems in which all the 
conductors are normally insulated from earth. According to the 
invention, in distributing systems in which all of the conductors 
are normally insulated from earth, there is employed in con- 
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‘junction with the conductovs, windings 9, 10, 11 which normally 
produce balanced forces upon a relay 13 or other device and a 
tapping 17, 18 cr 19 is taken from each conductor of the cable to 
one side of a spark gap 20, 21 or 22 or other suitable automatic 
earthing device operated electrostatically, the opposite side of 
which is connected to earth, and which in the event of a fault 
in the insulation arising on the cable operates under the difference 
of potential to which it is subjected, thus providing a return 
path for the leakage current. (Svaled.) 


. GAS ENGINES, PRODUCERS, HOLDERS, &c. 


219,179. Armstrong Siddeley Motors, Limited, Coven- 
,»F.R. Smith, Coventry, and B. W. Shilson, Coventry. 
BrakeD ynamometer Engine Power-Testing Mechanism. 

(@ Figs.) August 1, 1923.—The invention relates to air brake 
dynamometer engine power-testing mechanism of the kind in 
Which the air brake is enclosed in a casing and the air delivered 
the casing is directed upon either the engine or a radiator 

for cooling purposes, and wherein there is located inside the 
a ring of blades, each separately pivoted, the positions of 
hich are adjustable about their pivots to vary the power 
bsor The casing is shown at A and part of one of the rotating 
dles of the fan at B, the air, in addition to travelling round 
inside the casing, flowing in the direction of the arrows in Fig. 2. 
Concentrically arranged around the fan is a ring of blades ©, 
ch are balanced about their pivots D and are provided with 
arms E which are coupled together by links F. Each blade is 
divided into two parts ©, C2, and the left-hand blade parts are 
all interconnected by the links F so that they are all simul- 


taneously controlled, and the same applies to the right-hand 
blade parts C2 which have arms B2 and links F2, Thus at low 
speeds both of all sets of blade parts may be open, so that the 


required power is absorbed and yet the air delivery is very much 
greater than usual, and satisfactory cooling and just the desired 
air flow can be obtained. (Sealed.) 


219,266. Palmers Shipbuilding and Iron Company, 
Limited, Hebburn-on-Tyne, and D. Kemp, Hebburn-on- 
Tyne. Internal Combustion Engines. (4 Figs.) May 10, 
1924.—The invention has particular reference to cylinder liners 
of the kind usually fitted to engines of the opposed-piston type 
and provided with detachable extensions fitted with scraper 
tings. According to the invention, the cylinder liner extension 


a is provided with a separate junk ring e containing the scraper 
rings g which junk ring can be readily removed to allow the 
removal of the scraper rings when it is desired to fit or remove the 
piston. A guide ring is also provided and is adapted to be 
inserted in the place of the junk ring and scraper rings to permit 
the free entry of the piston rings, said guide ring being subse- 
quently removed and the scraper and junk rings replaced in 
position. (Sealed.) 


219,890. D. Napier and Son, Limited, Acton Vale, 
London, and G. S. Wilkinson, Acton Vale, London. 
Lubrication of Bearings. (2 Figs.) February 18, 1924.—The 
invention relates to the lubrication of crank-pins eccentrically 
mounted on a rotatable shaft. The hollow crankshaft A is 
provided with a hollow crank-pin Al form integral with it. 
The open ends of the crank-pin are closed by conical end caps 
B held in position by a tension rod Bt. The hollow crank- 
pin in conjunction with the end caps B constitutes a chamber 
communicating with the bore of the crankshaft by passages 
A2 formed in the crank-webs. Mounted within this chamber 
is a hollow sleeve © having a longitudinal slot Cl extending 
along that wall of the sleeve which lies adjacent to the ends 
of the ducts A2, thus establishing communication between the 
interior of the chamber in the crank-pin and the passages in 
both crank-webs. Formed in the circumferential wall of the 
sleeve C at, say, about 130 deg. from the slot C: is an oil delivery 
passage C2 which communicates with an oil delivery duct AS in 
the crank-pin leading to the bearing surface for the connecting 


rod D. On either side of the oil delivery duct C2 is a partition 
or baffle C5 preferably formed integral with the sleeve C and 
extending transversely across the chamber so as to leave only 
the passage E which serves to establish communication between 
the oil ducts A2 in both crank-webs. The operation of the device 
is as follows. Oil is delivered to the interior of the crank-pin 
through one of the ducts A2 from the hollow crankshaft and 
enters the chamber between one of the partitions C35 and its 
adjacent end cap B. Any solid particles or other impurities 
which the oil may contain are separated and deposited by the 
centrifugal force due to the rotation of the crankshaft against the 
inner circumferéntial wall of the sleeve C. Hence the oil which 
passes to the delivery ducts €2, A5 is freed from solid particles 
before it enters the space between the partitions C5 forming an 
intermediate chamber between the separating chambers and the 
oil delivery ducts. In this way the oil delivery duct or ducts can 
be placed in the best theoretical position for lubricating purposes 
without any fear of them becoming clogged or filled with sludge 
carried by the oil. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


219,803. M. B. Wild and Co., Limited, Nechells, Bir- 
mingham, and M. B. Wild, Erdington, Birmingham. 
(4 Figs.) July 5, 1923.—The invention relates to friction brakes 
of the drum and flexible band type employed upon hauling, 
winding and like machinery. The invention comprises the 
arrangement in combination with the bolt connecting the ears 
or like extremities of the brake band, of a plurality of pivoted 
distance pieces, one or more of which can be swung into or out 
of the service position between said ears or extremities as may 
be required. The distance pieces a consist of plates and all 
of them (excepting that denoted by a1) have a gap or aperture b 
such as to permit of its being passed laterally into or out of 
engagement with or position upon the bolt e connecting the 


adjacent ears d or extremities of the brake band e. The distance 
pieces may thus be inserted in or withdrawn from their service 
position without withdrawal or disconnection of the said bolt. 
Each of the said distance pieces @ has an extended or projecting 


(2/9,803 B) 


part with an aperture therethrough whereby it is mounted upon 
a hinge or pivot pin f affixed to the plate a1, which is threaded 
or passed into position on the bolt, the plate a1 being formed 
with a plain hole instead of a gap. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


219,884. Thomas Broadbent and Sons, Limited, Hudders- 
field, and A. H. Weir, Huddersfield. Centrifugal Friction 
Clutches. (2 Figs.) February 2, 1924.—The invention relates 
to centrifugal clutches of the type wherein a series of shoes ¢ 
carried in recesses in a “* spider ’’ or block 6 fast on a driven shaft a 
are adapted to be thrown automatically outwards under centri- 
fugal action to engage frictionally the inner surface of a drum d 
on the shaft or part to which motion is to be conveyed. According 
to the invention, the boss 61 of the driving block b is provided with 
one or more longitudinal recesses or grooves b2 in which is loosely 
carried a non-fluid lubricant e, such, for instance, as graphite, 
which may be in the form of blocks or in granulated or powder 


form. As the driving block commences to rotate, on starting up 
the clutch, the lubricant is thrown outwardly by centrifugal 
action into contact with the inner face of the sleeve d! and pro- 
vides efficient lubrication until such time as the shoes commence 
to drive the drum d, whereupon, as will be understood, the boss b1 
and sleeve d! rotate together, and no relative rotatory motion 
occurs between them. On stopping the clutch, the inner surface 
of the sleeve is lubricated immediately the shoes relinquish their 
frictional driving grip on the drum, and the lubrication is con- 
tinued until such time as the driving member approaches so 
nearly a state of rest that the lubricant ceases to be thrown 
centrifugally outwards. (Sealed.) 


MINING, METALLURGY AND METAL WORKING. 


219,760. J. A. Duxbury, Baildon, and W. P. Butter- 
field, Limited, Baildon. Apparatus for Lock Forming 
Sheet Metal. (3 Figs.) May 10,.1923.—The invention relates 


to apparatus for lock forming sheet metal. There is mounted 
above a table T, which has its rear edge Tl curving downwards, 
a turntable member A carried somewhat eccentrically on an 
operating shaft Al which is oscillated to turn the member first 
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in one direction and then back. The turntable member A is 
provided with a gap G to receive the edge of the sheet to be 
operated upon. The shaft Al of the turntable member A is 
carried in bearings B which are adjustable. This table T is 
horizontal as regards its major face and projects towards the 
turntable member A and at a point some little distamce away 
from same will bend or curve downwards as at T1 in Fig. 2. 
Assuming the gap G is facing the operator a slight distance 
above the normal level of the table, the operator presses or feeds 
the edge of the metal sheet into the gap and causes the turntable 
member to turn towards him, i.e., in the direction of the arrow, 
Fig. 2, the member turns downwards and because it is eccen- 
trically placed will bring the sheet down with it and try to make 
contact with the curved table T! below, giving a gradually in- 
creasing pressure which not only bends the edge but also flattens 
same on the completion of the down stroke. (Szaled.) 


219,050. Davy Brothers, Limited, Sheffield, and T. W. 
Hand, Sheffield. Fluid Pressure Hammers. (6 Figs.) 
March 16, 1923.—The invention relates to hammers actuated 
by elastic fluid. According to the invention, two valves A, B are 
provided for controlling the supply of motive fluid to the hammer 
cylinder 12, one of the valves A being a distribution valve for 


the cylinder 12 whilst the other valve B is a combined change- 
over and regulator valve adapted to permit the fluid pressure 
to act in the hammer cylinder 12 either for single-stroke working 
under purely manual control or for automatic working alterna- 
tively at will, this latter valve being also adapted to regulate 
the rate at which motive fluid passes to the distribution valve A. 
«( Sealed.)t 


219,787. Fishet,-Humphries & Co., Limited, Pershore, 
and H. M. Hutchinson, Pershore. Rotary Drying 
Cylinders. (6 Figs.) June 25, 1923.—The invention has 
reference to rotary drying cylinders employed for drying coal, 
breeze, crushed clinker and similar material. The invention 
consists of a rotary cylinder drying apparatus having in com- 
bination a plurality of lifting members secured to the inner walls 
of the cylinder and a partition connected to the walls and pro- 
vided with a central trough section, the partition dividing the 
cylinder into two separate sections, whereby an increased area 
of drying surface is obtained and the desired uniform and con- 
tinuous showering motion of the material is effected during its 
passage through the drying cylinder. The rotary drying cylinder 
7 is mounted so that its inlet 7a is higher than the outlet 
end 7b. Mounted within the fore-end of the cylinder 7 and 
secured to the periphery of the inner walls thereof is a plurality 
of eyui-distantly spaced curved vanes 8 which, on the rotation 
of the cylinder 7, serve to feed the material introduced into the 
inlet thereof by the chute 9 through the cylinder. The drying 
part of the cylinder comprises three sections A, B, C, each of 


which is built up of the same components differing from one 
another only in the relative setting or disposition of the drying 
surfaces. Each of these sections, A B and C is divided into 
two parts by a partition 10 having a semi-cylindrical section 10a 
formed in the central portion thereof within which is disposed 
a semi-cylindrical trough 11, the partition 10 being a diameter 
of the cylinder and the axis of the semi-cylindrical section 10a 
of the member 10 and the trough 11 being disposed on the 
axis of the cylinder. Secured to the inner periphery of the 
cylinder 7 are four vanes 12 set at 90 deg. apart, one pair of 
vanes being mounted on opposite faces of the partition 10. The 
operation of the apparatus is as follows: The hot gaseous com- 
bustion products from the furnace 13 are drawn through the 
cylinder by the draught induced by a flue 14, the cylinder being 
rotated meanwhile. The material to be dried is introduced into 
the inlet end of the cylinder 7 from the chute 9 and is then 
fed by the curved vanes 8 through the cylinder. The material 
during its progress through the cylinder owing to the setting 
or disposition aforesaid of the drying surfaces is subjected to 
a very considerable variety of movement, whereby a complete 
disturbance and distribution of the material is effected during 


its passage through the cylinder the material, being delivered 
in a dried condition from the lower or outlet end of the inclined 
cylinder. (Sealed.) 


MOTOR ROAD VEHICLES. 


218,714. Armstrong Siddeley Motors, Limited, Coven- 
try, and H. M. Bonnaud, Coventry. Vehicles having 
Self-laying Tracks. (2 Jigs.) December 21, 1923.—The 
invention relates to the steering of vehicles having self-laying 
tracks of the kind wherein the track is bent in a horizontal 


plane to effect the steering, the front end of the track passing: 


round an idler carried upon a horn which is pivoted about a 
vertical axis to the body or frame of the vehicle. According to 


this invention, the track A, in addition to passing round the 
idler B on the horn ©, passes beneath a pair of jockeys G, G2 
carried by the horn, one of which, G, is arranged in front and 
the other, G2, behind the vertical pivotal axis D of the horn. 
These jockeys are arranged to hold the track upon the ground, 
and there may be an additional jockey F, between these and the 
idler at a point where the track does not normally make contact 
with the ground. (Scaled.) 


219,813. W. J. Lewin, Hunslet, Leeds, and Deighton’s 
Patent Flue and Tube Company, Limited, Hunslet, Leeds. 
Motor-Wagon Gulley Emptying and Recharging Appar- 
atus. (3 Figs.) July 20, 1923.—The invention relates to that 
type of motor-wagon gulley emptying and recharging apparatus 
in which the frame 1 of the wagon is provided with a tank 2 
divided by a partition 9 into the upper and lower compartments 
6, 7, and in which the upper compartment 6 receives the contents 
of the gulley from a superposed vacuum casing 3, while the lower 
compartment 7 contains water or disinfectant to be supplied 
to the gulley. According to the invention, the frame 1 of the 
wagon is provided with a permanently fixed two-part tank 2 of 
rectangular formation as before; but, instead of the partition 9 


being inclined only slightly in the direction of its length, the 
partition is made in the form of a chute extending from the top 
front end of the tank to a point well below the wagon frame at 
the back end of the tank so as to constitute an upper compart- 
ment whose front portion is of taper form in plan, while its back 
portion passes down between the side frames of the wagon and 
is of parallel form in plan. In this way the upper compartment 
of the tank is provided with a base of sufficient inclination as to 
ensure the emptying of the contents by gravitation, thus mate- 
rially facilitating the operation. The sides of the tank outside 
the upper compartment constitute a part of the lower compart- 
ment 7, and thus the capacity of either compartment is in no 
way diminished. (Sealed.) 


220,022. David Bridge and Co., Limited, Castleton, 
near Manchester. (J. Kearns, Conshohccken Pa., and 
W. Y. Duncan, Jun., Conshohocken Pa., U.S.A.) Making 
India-rubber Tyres. (2 Figs.) February 10, 1923.—The 
invention relates to mould-closing devices for use in the manu- 
facture of pneumatic tyres for road vehicles. In accordance 
with the invention, a cylinder a is slung from the hook of hoisting 
and conveying means. The piston b is attached by a universal 
joint with a cross-head f. The cross-head f extends over the 
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upper half of the tyre mould 7 and has a number of radiating 
arms j, the under faces of which may be brought into direct 
contact with the upper face of the top half-mould m. Co-acting 
with the cross-head f is a plurality of arms o pivotally suspended 
from ears q forming part of the cylinder a. The lower ends of the 
arms are bent outwardly to somewhat hooked-shaped formation 
r to enable them to be brought in contact with the lower face of 
the bottom half w of the tyre mould at points substantially in 
direct line with the contact portions of the cross-head, so that 
the latter and the arms from a clamp or closing device for the 


tyre mould when pressure is applied to one side of the piston, 
whilst when pressure is relieved on that side and applied to the 
other the clamp is released from the mould. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c, 


219,073. Aveling & Porter, Limited, Rochester, and 
T. L. Aveling, Rochester. Steam Boilers. (2 
April 14, 1923.—The invention relates to boilers having a Prk 1) 
of the Belpaire type in which the boiler has a foundation frame 
to which the boiler plates are riveted and a corrugated plate 
forming the crown of the boiler, and has bent-over edges whic 
are riveted to the ends of the firebox plates. a@ are firebox 3 
having machined edges which are jig drilled and have bent 
top ends to which is secured a corrugated plate c forming ai 
crown and sides of the firebox. d is a frame to which the fire-box 
plates a and the shell plates e are secured after the crown and 
side plate ¢ has been riveted to the plates a. Corresponding 


stay holes are then tapped in both sets of plates a andfe and ar 

fitted with stays g. The roof of the outer shell consists of a 
plate % having machined edges and whose sides are secured 
to the bent-over tops of the plates e and to the plate &, the plates 
k being secured to plates m suirour ding the boiler tubes ce. Th 

other sides of the roof plate # are bent over and secured to the 
side plates e of the shell. Transverse bars q of T section and havin 

stems of segmental form, as shown in Fig. 2, are secured to the 
roof plate k. Similar bars s are secured to the top of the front 
plates e and T-shaped bars v are secured to the side plates of the 
shell below the joints of the side plates and the roof. (Sealed.) 


220,175. E. Watson, Dewsbury. Steam Boilers. (4 Fs.) 
August 25, 1923.—The invention relates to Lancashire, York- 
shire and Cornish steam boilers provided with means for preventil 

what are known as “dead ends.” According to the invention, 
the lower portion J of the water in Lancashire, Yorkshire and 
Cornish boilers is separated from the upper portion K by means 
of plates G, which serve as midfeathers or baffles. These 
plates G run longitudinally of the boiler between the furnace 
tubes F and between the latter and the boiler shell E, but they 
are discontinued a suitable distance from each end of the boilé 

so as to leave a space H at their parts for water conn 1 

between the upper and the lower portions J, K. The plates 
may be detachable and rest upon arms secured to the flanges: 
of the furnace tubes F, or they may rest upon angle irons secured 


to the sides of the furnace tubes correspondingly longitudinally 
thereto, or they may be riveted to these angle irons so as t¢ 
be integral therewith, as desired, or secured in any other manner 
and are adapted to be attached to existing boilers, or during, 
the construction thereof. In steam boilers fitted with th« 
invention the water around and above the fires at the Ca 
part of the boiler, is the first to increase in temperature, therefore, 
it rises in front and is replaced by the water from the lower stratum 
nearest the boiler front. The water passing into the uppél) 
stratum is compelled to travel the whole length of the boiler 
before it can return down through the space H at the back 0; 
the boiler, into the lower stratum. In this manner a continuous 
circulation of the water over and under the plates G tak 
place. (Accepted August 20, 1924.) 
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REPARATIONS AND THE BRITISH 
ENGINEERING INDUSTRY. 


TiI.—Can Bririsu INDUSTRIES BE SAGEQUARDED ? 
(From a Correspondent.) 


In two previous articles it has been contended 
that the putting into operation of the Dawes plan 
implies an intensification of German production 
for export, and that such intensification is likely 
to lead to more severe competition in engineering pro- 
ducts than in those of most other British industries. 
It may be thought that the picture has been some- 
what overdrawn. The plan is, and has been, in 
operation for some months, and as yet there have 
not been any ill-effects on a scale which would 
justify so gloomy a forecast. This view would seem 
to under-estimate the grave but temporary diffi- 
culties under which German manufacturers are 
labouring as a result of the general dislocation 
which is the aftermath of the Ruhr episode, and in 
particular of the stringency of credit conditions. 
In the heavy industries, for instance, the German 
handicap in the way of financing large contracts 
are still insuperable with a rate of interest of from 
18 per cent. to 20 per cent. on borrowed money, 
as compared with 4} per cent. in this country. 
For the time being, this is an effective shield to many 
branches of our industry, but it is a condition which 
cannot last. The enormous over-subscription of 
the international loan of 40,000,000/. reeommended 
by the experts was in itself an indication of the 
belief of the world in Germany’s ultimate advance 
to solvency. The Germans have not been slow to 
realise the value of this manifestation as propaganda, 
and already municipal and industrial loans on a 
large scale are being raised, particularly in the 
United States. It would be idle to speculate how 
long it will take for Germany to throw off her 
shackles in the matter of credit. It may be 
_hazarded that twelve or eighteen months would be a 
safe upper limit, while it would not be surprising 
if she anticipated such dates by a considerable period. 
Tf this view is correct, the difficulties which were 
forecasted for British engineering in a previous 
article may be expected to materialise in the not 
distant future, and it may be worth while to consider 
what steps can be taken to meet them. 

In the first place there can be no question of 
going back on the Dawes plan at this stage. The 
Allied and Associated Powers have adopted the 
plan largely through the mediation of British 
Governments, and this country is definitely com- 
mitted to the plan by the signature of its represen- 
tatives. There is little likelihood of world opinion 

changing, at least for some years, sufficiently to 
_ throw over the Report, and for this country to back 
out of the scheme alone would not solve her diffi- 
culties if it were practicable. 

Within the limits of the scheme, it will not be 
| of any use to us to demand that reparations be paid 
in kind, since whether Germany pays by sending 
_ goods direct to this country or by selling them else- 
_ where and remitting cash, her goods will come into 
_ competition with ours in the world’s market if they 
are the products of an industry competitive to one 
of our exporting industries. Nor would it be any 
use, if it were possible, to define certain categories 
of non-competitive goods in which payment is 
_ to be made by Germany as long as she is selling 
_ competitive goods for other purposes, such as to pay 
for her own imports. It is clearly only a verbal 
distinction which particular set of goods is ear- 
_ marked for reparations. 

Tariffs cannot be employed by us to exclude 
German goods from other markets than our own. 
If they could they would, to the extent that they 
were successful, render it practically impossible for 

| Germany to pay reparations. “This last considera- 

_ tion would apply no Ics to a system of commercial 

_ treaties by which this country might attempt to 

obtain preference for British goods. With regard 
to our own market, even if tariffs were practical 
politics, they would to a great extent fail of their 
purpose. In the engineering industry as a whole, 
for example, the volume of German competition in 
our home market is negligible. 

Nor can we hope that the “ principle of com- 

| Mensurate taxation ”—that is to say that Germany 
Should be compelled to pay at least as heavy taxa- 


| 


tion as any of the Allied belligerents—will reduce 
the difficulties which we shall have to face. If the 
German costs of production increase owing to higher 
taxation, it will be incumbent upon German manu- 
facturers to reduce their costs in some other direc- 
tion if they are to maintain their export trade with 
a favourable balance. This aspect and the measures 
taken by the German Governments to assist German 
export industries have been dealt with in a previous 
article. 

In short, it is apparent that there is no easy or 
obvious safeguard against the dangers ahead. At 
the same time, though it is not within the capacity 
of a British Government, still less of a single industry, 
to prevent Germany from carrying out her obliga- 
tions, it is at least theoretically possible that British 
engineers, by their own efforts or with a measure of 
Government co-operation, might prevent repara- 
tions being paid at their expense. What is the 
probability in this matter ? 

If the belief of the experts as to Germany’s ability 
to compete successfully with us and the rest of the 
world to the extent of 125,000,000/. a year surplus 
of exports is justified, what are the underlying 
factors which enable her to do so? It would seem 
that the principal factors are her great new equip- 
ment and organisation for production, her virtual 
absence of capital liabilities, her low wages and long 
working hours, and the policy of the German 
Government in subsidising her export industries at 
the expense of the rest of the community. Assum- 
ing that as a result of the Dawes plan the other 
principal advantage which Germany has enjoyed of 
late years, for instance, a depreciated exchange, 
will disappear, it would seem that it is only by an 
attempt to counter these factors that British 
industries can be safeguarded. 

There can be no doubt that in the matter of 
national equipment the Germans have left us far 
behind in post-war years. The development of 
her lignite production and of electric power supply 
from the utilisation of her water resources, and even 
the wind, has more than replaced her losses of coal 
fuel under the Peace Treaty. The re-equipment of 
her railways and extensive railway electrification 
schemes have added to the efficiency and cheapness 
of her admirable transport system. We do not 
possess Germany’s natural resources in all of these 
directions, but if a policy of courage and imagina- 
tion on similar lines, notably in the matter of railway 
electrification, were to be pursued in this country, 
it would go a long way to neutralise Germany’s 
existing advantage. It may also be argued that 
to give the British engineering industry a sub- 
stantial volume of work in the home market at 
the critical period when German competition begins 
to be felt would be the most valuable form of help 
in meeting that competition. It is difficult to see 
that the proceeds of our share of reparation pay- 
ments could be more effectively used than in 
financing schemes for increasing the efficiency of 
our transport system and power resources. 

In the matter of the aksence of capital liabilities 
in German industry through the depreciation of the 
mark, it may prove that the burden of the German 
Industrial Bonds Scheme will neutralise what would 
otherwise be a very considerable advantage. It 
is not easy to see any practical measures that 
could be adopted in this country to counter it. 

The case is very different when we turn to the 
serious question of the wages of labour and hours 
of work in the industries of the two countries. 


TaBie 1.—Nominal Average Weekly Wage in British and 
German Engineering Industries—June, 1924. 


Great Britain. Germany. 
| 
| 
Rate in Per cent- Rate in Per cent- 
shillings age of gold marks} age of 
yer week. | pre-war | per week. | pre-war, 
Skilled .. ay 56/2 148-7 34-91 83°5 
Unskilled a 40/3 184°5 25°88 91-7 


Note—The German rates are inclusive of family and social 
allowances. 
It is a characteristic of German wages that through 
all the fluctuations to which they have been subject 
owing to the collapse of the mark they have remained 
disproportionately low as compared with other 


countries. But whereas the relationship has 
hitherto been difficult of estimation, the return of 
a stable currency makes some comparison possible. 
In the preceding table (No. I) the weekly rates of 
the various grades of engineering workpeople in the 
two countries are given for June, 1924, since when 
there has been no alteration. 

Serious as is this discrepancy, it is aggravated 
still further when taken in conjunction with hours 
of work. The following table (No. II) shows the 
position in the German metal working industry 
as compared with our working week of 47 hours: 


TaBLe II.—German Metal Industries—Hours of Work. 


Calculation 
of overtime 
District. 1913. End 1923 |Beginning | in 1924 
hours. 1924 after : 
hours. hours. 
North West (from 
Dusseldorf to 
Dortmund) ..| 54-60 48 574-59 58 
Berlin 54-60 48 54-60 61 
Breslau .. 54-60 48 54-60 55 
Stuttgart 54-56 46 54-60 55 
Magdeburg 54-60 48 56 57 
Mannheim 54-56 46 54-60 61 


Roughly, the same relationship exists between 
the two countries for the wages in the primary and 
secondary industries which provide the raw materials 
of the engineering industry. When it is recalled 
that the total labour cost (including “wages on 
materials ”?) comprises 80 per cent. of the cost of 
most engineering products, the importance of this 
factor will not be overlooked. It would appear 
that co-operation between the representatives of 
employers and employed in the threatened industries 
by watching developments in Germany and adjust- 
ing their internal affairs accordingly is essential 
if competition from this source isto be met. This 
should not be taken as advocating the immediate 
introduction of longer working hours and lower 
wages in this country. It is probable that German 
labour will be able to enforce some modification of 
their present status, and as long as a depression 
of the British standard of living can be avoided, it 
should, and no doubt will, be avoided. The con- 
tention simply is that the two parties in British 
industry should bear in mind the competitive posi- 
tion in these respects when making future adjust- 
ments, since there is here a reserve which might 
turn the scale in our favour even in extremities. 

The last but by no means the least of the 
advantages which German export industries enjoy 
is the support of their Government. The German 
policy before and since the war has been the 
subsidising of export industries at the expense of 
the community as a whole. Among the numerous 
forms which such assistance may take perhaps the 
special railway freights for certain industries were 
the most important before the war. It seems 
likely that this will be replaced to some extent in 
the new conditions by preferential rates for electrical 
power supply, and no doubt later on by much 
needed credit facilities. 

In this country the respective positions of shel- 
tered and unsheltered industries in recent years 
have become too well known to need description, 
but at the present time it will hardly be denied that 
the sheltered industries are practically subsidised 
at the expense of the export industries—the exact 
opposite to the German method. It may well be 
that the competition arising from German repara- 
tion payments will compel us to face this question 
once for all, and to explore some conscious policy 
of adjustment by which the sheltered industries 
bear some share of the national struggle for recon- 
struction, instead of holding the community to 
ransom. It is notorious that among the unsheltered 
industries the industry which is suffering perhaps 
more than any others on this account is the 
engineering industry, being itself usually the final 
process of a long chain of primary and secondary 
processes. It is therefore affected more than 
most industries by the cumulative costs for tran- 
sport, taxation and other internal charges. No 
doubt not the least effective safeguard that will 
be able to be devised will be to see that our own 
engineering industry is fostered and assisted no 
less than its German competitor. If this is 
done effectively there need be little fear that the 
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superiority of British workmanship and the engineer- 
ing genius of this country will continue to tell in 
the future as in the past. 


STRAUSS BASCULE BRIDGE OVER THE 
BANN RIVER, IRELAND. 


By E. 8S. NeepHam, Assoc.Mem.A.8.C.E. 


On the London Midland and Scottish Railway in 
Treland the main line between Belfast and London- 
derry crosses the Bann River at Coleraine. This 
line, until recently, was known as the Midland 
Railway, Northern Counties Committee, under which 
management the Coleraine Deviation was under- 
taken. Fig. 1 shows the location of this devia- 
tion with respect to the old alignment, which, 
since the opening of the new bridge to traffic, 
on March 21 last, has been abandoned; the 
old bridge has now been removed. The old 
bridge which dates back to 1860 was carried on 
timber pile supports, and the superstructure, 
including a swing span 100 ft. long, consisted 
of deck lattice wrought-iron girders. The renewal 
of the bridge was the principal object in view 
in deciding on the deviation. The Bann River, 
which at this point is about 4 miles from the sea, 
is navigable for coasting vessels as far as the “ har- 
bour” at Coleraine. From 350 to 400 boats per 
year arrive at and leave the quay, which is a short 
distance upstream from the old bridge. A movable 
span of the bascule type was adopted in the new 
bridge. This provides one opening of ample width 
for the navigation channel which is at an angle of 
somewhat less than 90 deg. to the new railway 
location. 

The new bridge is illustrated in Figs. 2 to 24, 
Plates LX XVIII to LXXX, and page 759. Figs. 2 
and 3 show the completed structure, the former 
taken from the Londonderry end, with tae bascule 
raised, and the latter from the Coleraine shore, 
showing clearly the curve to which the girder spans 
on the Londonderry end are set out. This end is 
laid out on a curve of 1,320 ft. radius. The gradient 
across the bridge is | in 125, falling towards London- 
derry. This gradient was required to give sufficient 
elevation at the road crossing between the Bann 
Bridge and Coleraine station. At this point a 
new 80-ft. girder span, known as Millburn Road 
Bridge, spans two roads at their junction. Between 
Millburn Road and Bann Bridge, a heavy fill was 
required and the embankment at both ends of the 
bridge was extended as far as practicable, with 
respect to the tidal shores of the river and the soft 
meadow bottom at the Coleraine end. Both abut- 
ments are of the buried type, supported on concrete 
piles. Concrete piles were adopted for supporting 
the river piers, owing to the nature of the river 
bottom, which varied greatly in the stratification 
overlying the very hard clay into which the piles 
were driven. At the lowest point in the bed of the 
river, the alluvial deposit or ‘‘sleech”’ averaged 
4 ft. in depth, then clay with gravel giving uniform 
driving, then very hard driving indicating compact 
gravel, then uniform driving indicating clay, finish- 
ing up in very hard compact boulder clay. 

The illustrations on Plate LX XIX give various 
drawings of the work to several cf which reference 
will he made in greater detail below. A general 
elevation and plan are shown in Figs. 4 and 5. Figs. 
6 and 7 are respectively an elevation and plan of the 
bascule span. Fig. 8 is a cross-section of the bridge 
at the operator’s cabin, a side elevation of this 
being given in Fig. 9. A cross-section of the bascule 
span is givenin Fig. 10. Fig. 11 represents a typical 
section of the fixed main girders and gives details 
of the cylinders, diaphragm bracing and piling, 
details of the piles themselves heing shown in Figs. 14 
and15. Figs. 16 to 18 refer to the bascule operating 
machinery, 

The length of the bridge between abutments is 
800 ft. The navigation channel is 70 ft. in the clear 
between fender lines, as shown in Figs. 4 to 7. 
The adjacent piers are 85 ft. apart, centre to centre, 
while including the small approach span of 20 ft. 
the total length of the bascule portion is 105 ft. 
With the location of the opening span given, the 
most suitable arrangement for the fixed spans 
resulted with piers at 77 ft. centres, the girders 
being 75 ft. long centre to centre of bearings. 


All piers and the two abutments are supported 
on concrete piles, 14 in. by 14 in. in section (Migs. 
14 and 15), of 25-ft. and 30-ft. lengths, driven with 
a 40-ft. pile frame travelling on a temporary stage. 
A 45-cwt. hammer was used, average drop 3 ft., 
and average number of blows per pile, 5,400. The 
penetration averaged 16 ft. through layers of 
boulder clay and gravel, the total of gravel being 
approximately 4 ft. These piles were calculated 
to carry an average total load of 37 tons per pile. 

The typical pier consists of two cylinder bases, 
8 ft. in diameter, each cylinder capping 7 piles (see 
Figs. 11 to 13). Above the base the shaft is 5 ft. 
in diameter, with some steel reinforcement. The two 
shafts are joined by a diaphragm, also reinforced. 

This is seen in Fig. 11, and the cross-section 
to the right of this figure. The bases were carried 
down to gravel, inside a casing of steel cylinder 
plates, bolted in sections. The amount of wet 
excavation and pumping in the shore piers was 
small, as advantage was taken of the spring tides, 
the range of the tide in the Bann River at Cole- 
raine having a maximum of about 8 ft. At Pier 
VIII. the penetration of the steel cylinder was very 
little, hard gravel bottom being found at 8 ft. 
below low water. Some concrete was placed with 
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a tremie to seal the bottom. At Pier V the pene- 
tration was about 6 ft. into a clay-gravel stratum 
which permitted the cylinders to be pumped dry 
for excavating and concreting. 

Piers VI and VII were built inside a cofferdam, 
in order to ensure that the bases of the bascule pier 
were founded on hard material for support in 
addition to the concrete piles, of which 20 were 
driven in pier VI. Further, the 9 ft. diameter 
cylinders of this pier are connected with a diaphragm 
the full depth, with a considerable quantity of 
reinforcing steel, so that the expense of constructing 
this pier in the dry was justified, although the use 
of the cofferdam was not contemplated in the pier 
design. 

The cofferdam measured 41 ft. by 35 ft., con- 
structed of four settings of heavy timber and tie 
rods, and sheeted with 14 in. Lackawanna arched 
web steel piles, 40 ft. long, with an average pene- 
tration of 16 ft. The steel piling was driven with 
a 45 ewt. hammer into the stratum of boulder clay. 

No appreciable damage was done to the heads 
of the piles in driving, but the bottom ends were 
badly split and twisted. The extracting of the steel 
piling was more costly than the driving. Ransome 
10 cwt. and McKierman-Terry No. 9 extractors 
were used, suspended from the jib of the derrick- 
car used for steel erection. 

The bridge carries a single line of railway, 5 ft. 
3 in. gauge. The live loading adopted for design 
is that given by the Railway Engineers Association 
(1920) equivalent uniformly distributed live load 
for railway equipment with a range of axle loads 
of approximately 18 to 22 tons. The live load 


; 120 : 
impact LT x and unit stresses used are in accord- 


90 

ance with the latest British standard specification. 
The nine girder spans in the bridge are all alike, 

75 ft. long, centre to centre of bearings. Fig. 11 

shows the cross section of these spans and the 

typical pier. The deck arrangement is an adapta- 


tion of a concrete slab to the steel stringers and 
cross girders of the ordinary open-floor design. 
The design of the slab, in addition to carrying the 
permanent way and ballast, embodies the encasing 
of the stringers and the webs of the cross girders to 
within a foot of the main girders. The object of 
the encasing is to reduce maintenance, leaving the 
exposed steelwork readily accessible for painting, 
which explains the 1 ft. space between the edge of 
the slab and the main girder web. 

The main reinforcement of the slab is transverse. 
Longitudinally, the concrete deck is divided by 
the cross girders into independent bays 12 ft. 6 in. 
long. About 40 cub. yards of concrete were placed 
for each span of six bays. A very rich concrete was 
required to meet the strength specifications of the 
Ministry of Transport, the mix finally adopted being 
1 cement, 1} sand, and 24 basalt screenings. 

The steelwork of the nine girder spans amounted to 
400 tons. Each main girder (one side) weighed 14 
tons. These girders were shipped in two lengths 
and the splices riveted as each pair of girders was: 
assembled for erection. Two assembly stagings were 
built, one at each end of the bridge, from which each 
14-ton girder was handled into place by a derrick- 
car constructed for the purpose. The body of the 
derrick-car, Fig. 19, Plate LX XX, consisted of heavy 
logs mounted on two bogies of 5 ft. 3 in. standard 
gauge, 40 ft. centre to centre. At the forward 
bogie, a steel A frame was used as the mast, mounted 
on a cross girder provided with extension pieces or 
out-riggers. The jib was of timber, 50 ft. long with a 
reach of 43 ft. 6 in. from the A frame to the middle 
of the 75 ft. girder in the slings. To balance the 
load, counterweight was added behind the boiler 
and winch over the rear bogie. The back stays 
and forward jib ties were flat bars. As the car 
travelled forward the outriggers cleared the tops 
of the girders already in place and were blocked up- 
at the end of the last span erected. This was 
required to prevent the derrick from overturning 
when the girder was swung from the centre line 
of the bridge to either side before being lowered into 
its place. Figs. 20 to 22, Plate LXXX, show the 
derrick-car engaged on various operations. The first. 
and last of these show girders being placed in 
position, in the former instance actually in a heavy 
wind. Fig. 21 shows the car being used for the 
erection of the bascule trunnion posts. r 

Both main girders and half the floor steel of one- 
span could be placed in less than one day. Riveting 
the stringer and cross girder connections followed,. 
after which a temporary road was laid for the 
derrick-car and the balance of the floor completed. 
One week was the average time required to complete. 
each span, fully riveted, including the assembly and 
field splices of the main girders. 

In erecting the bascule span, heavier loads were: 
handled in a similar manner. The method of 
erection for the bascule, noted later, required no. 
alteration in the derrick-car, but owing to its. 
limitations, the nose-end pieces of the bascule 
girders were handled into place with a 3-ton hand 
derrick mounted at Pier V, and their splices made. 
over the water. 

The opening span, Figs. 6 to 10, Plate LX XIX, is- 
a Strauss trunnion bascule with underhung counter- 
weight, and is probably the first example of this. 
type in the United Kingdom. The railway company 
desired the counterweight to be underhung to give- 
a more pleasing effect. The height of the bridge 
above water was sufficient to permit this arrange- 
ment, although as described later, heavy aggregate 
had to be used in the counterweight to give the 
necessary weight within the limited dimensions.. 
The 20-ft. approach span (between Piers VI and VII): 
is not an essential in a bascule of this type, but- 
was adopted by the railway company for various 
reasons. The principal advantage in this case 
lies in the extra rigidity of the foundations, especially _ 
for resisting longitudinal forces. Having two piers- 
close together the four cylinders are connected 
with substantial diaphragms of reinforced concrete.- 
These are shown in Figs. 6, 8 and 9. The longi- 
tudinal diaphragms give a large margin of stability — 
to Pier VI, the main support of the bascule. Another’ 
advantage is in providing substantial support to 
the machinery and operator’s house, which is- 
carried on concrete cantilevers embodied in the 
design of both piers, as shown in Figs. 8 and 9.- 
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STRAUSS BASCULE BRIDGE OVER THE BANN RIVER AT COLERAINE, 
IRELAND. 


CONSTRUCTED BY MESSRS. SIR W. G. ARMSTRONG, WHITWORTH AND CO., LIMITED, CONTRACTORS, WESTMINSTER. 


(For Description, see. Page 758.) 
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Without the 20-ft. span the effect of the break 
in the continuity of the bridge caused by the 
operator’s house and counterweight would not 
have been pleasing. A decided advantage results 
in the alignment of the main girders of the bascule 
span with the girders of the fixed spans, for, if 
Pier VI were also the support of the adjacent 
75-ft. girder span, the main girders of the bascule 
would have had to be spread further apart, thus 
breaking the continuity of the line of girders. 

The structural supports on Pier VI consist of 
four trunnion posts, in pairs corresponding to the 
arrangement of the four main bearings of the two 
main trunnions, each bascule girder being supported 
centrally on its trunnion between two bearings. 
Transverse and longitudinal wind bracing, machinery 
brackets, &c., make up the design of the stationary 
portion, and the whole is stiffened by the rail 
girders over the 20-ft. span. 

The moving span is designed with the same 
arrangement of main girders, cross girders and strin- 
gers as that for the fixed spans. The fixed spans, 
having a concrete deck, required no lateral bracing, 
but for the moving span which has an open timber 
deck the usual system of bottom laterals and 
stringer bracing was necessary, as shown in Fig. 7. 
The timber floor consists of sleepers bolted to the 
stringers and planked over for footways (see 
Figs. 7 and 10). This planking adds weight and 
increases the area exposed to the wind, and was 
therefore put on as sparingly as possible. The 
weight of timber floor, rails and timber guard rails 
amounts to 285 lb. per lineal foot, which, in terms 
of counterweight required, amounts to nearly 


The main bascule girders are 8 in. deeper than 
the fixed span girders, the increase being required 
to accommodate the position of the main and 
counterweight trunnions for the required angle of 
opening. The girders act as a simple span for 
live load only, and therefore are subject to both 
positive and negative bending. The span length 
from main trunnion to front end bearing is 84 ft. 
The counterweight is suspended at a point 12 ft. 
to the rear of the main trunnion. The moving leaf 
may be considered as a cantilever beam of two 
unequal arms supported at the centre of gravity 
of the applied loads. The applied load of the 
span and flooring is at a point about 36 ft. forward 
from the main trunnion, which is determined by 
finding the centre of gravity of all moving loads 
except the counterweight. The applied load of the 
counterweight is taken at its trunnion, from which 
it is suspended as noted above at a point 12 ft. 
back of the main trunnion. The amount of counter- 
weight required is therefore in the ratio of 3 to 1, 
based on these lever arms and the resulting hori- 
zontal moments. The location of the counter- 
weight trunnion (see Figs. 6 and 17), which is 
9 in. above the level of the main trunnion, is 
proportioned to the distance of the centre of gravity 
of the moving span below the level of the main 
trunnion. In this case the possible angular opening 
of the bascule is 82 deg. The counterweight 
(Fig. 6) maintains the horizontal plane during 
motion, and is guided by two small links, the 
connecting pins of which are located at points 
which make a parallelogram with reference to 
the main and counterweight trunnions. The total 
moving weight is about 275 tons, of which about 
205 tons are in the counterweight. 

The counterweight is of reinforced concrete, cast 
around a transverse steel frame. This frame 
transfers the load of 205 tons to the counter- 
weight trunnions by means of short hangers which 
engage the counterweight pin (see Figs. 6 and 16). 
The bottom and sides of the counterweight are of 
ordinary concrete reinforced with expanded steel 


conereting of the whole mass, which consists mainly 
of steel punching concrete. The desired weight of 
the latter was 256 lb. per cubic foot and preliminary 
test cubes giving this weight were proportioned as 
Stated in the Table on this page. 

Contrary to usual practice, the counterweight 
was built before placing the bascule girders. If 
this had not been done, the bascule would have had 
to be erected in the open position in order to main- 


against in favour of building the counterweight in 
advance in the closed position with the risk of 
making the counterweight connection to the main 
girders, without mishap, when the girders were 
erected across the navigable waterway. Per- 


_ Gross Volume.| Net Volume, Weight. 
‘ Cub. Ft. Cub. Ft. Lbs. 
Steel Punchings . 0-606 0:327 160 
Screenings 0-290 
Sand 0-470 0-995 0-673 96 
Cement 0+235 
~ 1-000 a 7 956 


mission was obtained to close the channel during 
five days, in which time the girders were erected, 
including one field splice in each, and all riveting 
of the floor steel completed. No difficulty arose 
in driving the counterweight pin as the counter- 
weight had been accurately located and the pre- 
caution was taken to add a pilot and driving nut 


to assist in entering the pin. 


Fig. 24. Rarm-Jornt at END oF BascuLE SPAN. 


Building the counterweight in the closed position 
gave ample space underneath it for substantial 
falsework, which would have been required in 
either case to support the wet concrete, there being 
no steel box in the counterweight design. The 
falsework consisted of bents of 12 in. by 12 in. timbers 
resting on the pierwork, decked over and floored. 
Timber casing was used to form the sides, which 
were awkward to get at in the limited clearances. 
A steel box would have facilitated the work at 
probably no greater cost. 

Special oil grooves are provided for the main 
steel trunnions in contact with the phosphor- 
bronze bushings, and are designed to facilitate 
cleaning out at intervals. Stauffer lubricators are 
used throughout. The phosphor-bronze used in the 
bearings is an alloy selected for withstanding high 
pressure at slow speed. The chemical composition 
is as follows :—Copper, 83-57; tin, 15-17; lead, 
0:27; phosphorus, 0-99. A l-in. cube of this 
alloy in the compression test showed elastic pro- 
perties up to 10 tons load. At 45 tons load the 
permanent set was 0-088 in. and the specimen 
showed no signs of cracking. The average working 
load in motion is less than 1 ton per square inch. 

Details of the machinery are shown in Figs. 16 to 
18. The main operating pinions engage the cast steel 
racks which are housed in structural steel segments 
attached to the main girders, The rack and pinion 
teeth are designed to withstand a wind pressure of 
15 lbs. per square foot normal to the whole area of 
the open span. The resulting tooth pressure is 
60,000 lb. at each rack. Gear reduction between 
motor and main pinion is effected in three stages. 
The middle stage includes an equaliser gear, located 


on the centre line of the bridge, the shaft being cut 
at this point to equalise the tooth pressure at the 
two racks. All gears are of cast or forged steel 
and all teeth machine cut. 

The power unit consists of a petrol engine and 
hydraulic transmission. The engine is a 25-h.p., 
three-cylinder Pelapone engine, direct connected to 
the hydraulic pump and running at 800 r.p.m. The 
hydraulic transmission is on the Hele-Shaw system, 
with a No. 9 pump and M.40 motor, the latter driv- 
ing the gears at 180 r.p.m. This drive gives a very 
flexible control, speed regulating and reversing being 
done through the levers controlling the floating ring 
in the pump. This valve action functions automatic- 
ally by means of a spring control, which allows the 
floating ring to go into the neutral position on over- 
load without stalling the engine. Should the 
operator fail to shut off power when the bridge is 
approaching the buffer stops in opening or closing, 
the automatic feature of the pump control prevents 
any damage to the equipment. Two minutes is 
required fully to open or close the bridge in ordinary 
weather, and at slower speed there is ample power to 
operate the bridge in the stormiest weather. Auxi- 
liary hand gears are installed in the engine room for 
emergency use. 

The engine is equipped with a self-starter, taking 
current from two 12-volt Tudor batteries in parallel. 
The electrical installation also includes a 30-volt 
Ediswan accumulator for lighting purposes, and an 
Armstrong Whitworth lighting set for charging the 
batteries. 

The operator’s house is a two-storey steel-frame 
building, with concrete floors and roof. It is shown 
in outside elevations in Figs. 8 and 9 and in plan 
and sections in Figs. 16 to 18. The walls are 2 in. 
thick, plastered on Hy-rib fastened outside the 
steelwork. The inside is sheeted with Poilite. 
Ample window space is provided, especially in the 
upper storey or operator’s control room. The lower 
storey is the engine room or machinery house. The 
equipment in the operator’s room includes telephone, 
switchboard, machinery control and brake levers 
and lever for operating the locking bolts. In place 
of the usual stove, a “Sentry” heater is installed 
and connected to piping from the circulating tank 
to the engine to prevent the water from freezing in 
cold weather. An indicator pointer on the wall 
shows the operator the position of the bridge. 

The locking bolts, of which there are two, as 
shown in Figs. 16 and 17, engaging the bedplate 
guide castings at the far end of the bridge, are 
operated from a cross shaft controlled by the lever 
in the operator’s house. They are provided, as a 
measure of safety to retain the bridge in its closed 
position, and are also interlocked with the tablet 
instruments controlling admission of trains to the 
section of line in which the bridge is situated. In 
closing the bridge an air buffer at the far end comes 
into play to cushion the final closing as the girders 
lower on to their seats between the guide castings. 
The rail joint castings are shown in the photograph 
reproduced in Fig. 24, annexed, and are alike for 
both ends of the bascule span. 

The timber fenders consist of 12 in. by 12 in. 
piling in double rows, braced with 12 in. by 12 in. 
booms and 6 in. by 12 in. struts and diagonals. 
The walings are 6 in. by 12 in., and protected at the 
corners abreast of the channel with 6 in. by 2 in. 
straps ; 3,500 cub. ft. of pitch pine timber were used 
and about 4 tons of bolts, washers, tie rods, drift 
bolts and straps. 

The work was carried out under the direction of 
Mr. B. Malcolm, Chief Engineer, Midland Railway, 
N.C.C. resigned, and Mr. W. K. Wallace, Chief 
Engineer, L.M.S. Railway, N.C.C., with Mr. R. B. 
Lindsay, resident engineer for the railway. For the 
contractors, Sir W. G. Armstrong, Whitworth and 
Co., Limited, Civil Engineering Contracting Depart- 
ment, Mr. T, F. Young was chief agent; Mr. T. 8S. 
Anderson was in charge of construction at the site ; 
the writer being engaged on special features of the 
design. 

The steelwork of the nine girder spans was 
supplied by Messrs. Dorman, Long and Co., Limited 
the bascule steelwork from the works of Messrs. 
Armstrongs and Main, and the machinery from the 
Elswick works of Messrs. Sir W. G. Armstrong, 
Whitworth and Co., Limited. 
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GEARED TURBINES OF THE ENGLISH 
ELECTRIC COMPANY. 
(Concluded from page 699.) 

As will be seen from the sectional drawing, Fig. 5, 
above, the turbine comprises six stages, all of 
which are of the single impulse type. The way the 
wheels are mounted on the shaft is particularly 
worthy of notice. Details of the arrangement are 
shown in Figs. 13 and 14, page 762. Hach wheel 
rides on a pair of split rings, like piston rings, one 
of which is illustrated in Fig. 14. To assemble 
the wheels one of these rings is first slipped over 
the shaft and put into its position against the 
solid collar which locates the wheels at the low- 
pressure end. The wheel being bored out to a 
slightly larger diameter than the shaft, can be 
easily threaded on, and its counterbore is then 
forced over the split ring. Another ring is then 
forced into the counterbore on the other side, so 
that the wheel is held free from the shaft by the 
rings only. The two feathers on opposite sides of 
the shaft prevent rotation both of the wheels and 
the rings, but produce no radial pressure on the 
interior of the wheels, which are held concentrically 
with the shaft by the uniform pressure of the 
rings on the overhanging portions of the boss. 

One wheel having been fixed, another ring of 
slightly smaller internal diameter is sprung over 
the shaft and located in a groove which prevents 
endwise motion. The next wheel is then threaded 
on, and its counterbore forced over the ring. A 
ring is then forced into the opposite counterbore, as 
before, and this wheel is thus fixed. By a continua- 
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assembled and the last one is held by a nut on the 


shaft. A large number of turbines in which this} 
method of wheel forcing is employed have been put 
into service, and in no case has there been any 
trouble due to loosening of the wheels and their 
shifting along the shalt under centrifugal and 
temperature stresses. The longitudinal motion of 
each wheel is indeed strictly limited by the engage- 
ment of the alternate supporting rings with the 
shaft, so that there is no possibility of the wheels 
bunching together under any conditions. The 
wheels can be removed without difficulty, should 
this be required, by first pulling out, or destroying 
the rings in front, after which the wheel can be 
“worked ” off the rear ring with no trouble. 

The way in which the diaphragms are held in the 
casing is another feature worthy of notice, the same 
practice being followed as in the larger machines 
built by the English Electric Company. The 
diaphragms are in halves, split across the horizontal 
diameter, the joint being made by a brass key 
which avoids difficulty in opening the turbine after 
it has been undisturbed for a long time. The halves 
do not fit tightly into the corresponding parts of 
the casing, but each is secured by three teathers, 
two as nearly as possible on the centre-line of the 
machine and the other midway between. The side 
feathers rest in open-sided slots in the casing, so 
that they can be got into position,. the lower and 
upper ones being held in feather-ways milled out 
in the usual way. The consequence of this arrange- 
ment is that the diaphragms are as free as possible 


tion of the process the whole series of wheels is 
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shaft is not affected by strains in the casing due to 
temperature. 

Steam is admitted both to the upper and lower 
parts of the casing, but the two steam chests are 
quite separate, so that there is no possibility of high- 
pressure steam leaking at the horizontal joint of the 
casing, and the joint moreover is free from the 
bursting strain which would occur were the steam 
chests continuous one with the other. The casing 
is of cast,steel, this material being carried solidly 
far enough along the body of the machine to embrace 
all the internal parts except the last diaphragm and 
wheel. Thus, no steam at high pressure or tem- 
perature comes anywhere near any part of the casing 
which is composed of cast iron, and the troubles due 
to growth and distortion of the iron are therefore 
eliminated. Castin the steel casing is an overload- 
belt, which like the main steam chest, is separate 
in each half of the casing. This belt admits high- 
pressure steam to the nozzles of the third wheel, 
a guide ring fixed to the preceding diaphragm 
directing the steam as efficiently as possible to the 
entrance of the nozzles. The nozzle-area at this 
stage of the machine is sufficient to pass the re- 
quired amount of high-pressure steam to develop 
an overload of 25 per cent. above the power 
developed under normal conditions, and this can 
be carried indefinitely, although necessarily at a 
certain sacrifice of efficiency. 

Both the high-pressure and low-pressure glands 
are composed of carbon rings in three segments — 
held to the shaft by garter-springs and air leakage 
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from the casing, and their concentricity with the 


is prevented by a steam-seal in the usual way. 
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The shaft, where it passes through the high-pressure 
gland, is covered with a renewable tightly-fitting 
hardened steel sleeve, secured by grub-screws and 
ground in position. The high-pressure turbine 
bearing is of a very simple type, the keeps being 
enlarged and bored out on the outboard side to 
receive a Michell thrust bearing. Beyond this 
again is the steel worm-sleeve which drives the 
governor gear and pump. A nut secures both the 
sleeve and the thrust-plate against a shoulder on the 
shaft. The low-pressure bearing is of the self- 
aligning type, and is provided with shims for vertical 
and lateral adjustment. The pedestals carrying the 
bearings are bolted to the respective ends of the 
turbine casing and form the only supports of the 
machine, as no appreciable load can be taken by 
the exhaust connection. The low-pressure pedestal 
is firmly bolted down, but that at the high-pressure 
end is free to slide in longitudinal guides to relieve 
any stress which would otherwise be caused by the 
expansion and contraction of the turbine. The 
shaft being held by the thrust-block in the high- 
pressure pedestal retains its relative axial position 
in the casing, so that axial clearances remain 
constant. 

The governor, with its relay valve, the oil pump, 
emergency governor and tachometer, are all accom- 
modated on or in the high-pressure pedestal, the 
arrangement of these parts being as shown in 
Figs. 5 and 7, above and on page 760. The worm on 
the turbine shaft drives a horizontal cross shaft by 
means of a worm-wheel beneath it, and the vertical 
governor spindle by means of a worm at the side. 
Although the parts mentioned are all arranged 
with such great compactness, the readiness with 
which they may be inspected in position or indi- 
vidually withdrawn should be particularly noticed. 
Reference to Fig. 5 will show a large end-door 
giving free access to the interior of the pedestal. 
By undoing a few external bolts the governor, 
complete with its tachometer, can be lifted away, 
and the relay valve chest can be removed in an 
‘equally simple manner. The oil pump complete 
with its spindle and the emergency governor can 

_be withdrawn from one side, and the whole of the 
pedestal mechanism therefore extracted for adjust- 
ment or examination with the minimum of trouble. 


The appearance of the governor without its 
casing is shown in Fig. 9, and from this and 
Fig. 7 a good idea of its construction will be 
obtained. The weights are controlled by com- 
pression springs with external adjustment and 
ball-bearings are used in all joints. The latter 
feature makes the governor extremely sensitive to 
small variations in speed, and thus conduces to 
very close governing. By undoing the double nuts 
at the top of the spindle, the whole of the working 
parts of the governor, together with the sleeve, 
can be removed, without interfering with the 
spindle in any way. This is a special feature of 
the design, and the construction by which it is 
secured will be clear from the illustrations. The 
weight of the governor and spindle is carried by 
the thrust collar immediately above the lower 
bearing. This runs on thrust pads submerged 
in an oil-bath so that abundant lubrication is 
ensured. 

The relay system by means of which the throttle 
valve is operated will be understood from Fig. 7. 
Oil under pressure is admitted to the space between 
the ends of a small piston valve which is under 
the direct control of the governor. The valve is 
shown in its normal mid-position in the illustration, 
under which conditions the throttle valve would 
not be closed as shown, but would be open by a 
sufficient amount to pass the required quantity 
ofsteam. Should the turbine speed fall the governor 
sleeve will be lowered, allowing the piston valve 
to drop and uncover the ports A and B. Pressure 
oil will then pass through the lower port B to 
the underside of the oil piston on the throttle 
valve spindle, thus causing the spindle to rise 
and open the valve a little more. The simultaneous 
opening of the upper port A by the piston valve 
allows the oil on the upper side of the oil piston 
to escape and pass away into the pedestal casing 
for lubrication purposes, and eventually back to 
the oil pump. Should the turbine speed rise, the 
converse operations are carried out, oil being 
admitted to the upper side of the oil piston and 
exhausted from the lower side, so that the throttle 
valve is forced downwards. The power actuating 
the throttle valve is very great, due to the oil 
pressure acting over the comparatively large area 
of the oil piston, but the work required of the 
governor is almost negligible, being confined to 


moving a small and perfectly balanced piston valve. 
Hence there is no force resisting the motion of the 
governor, and the least alteration in the position 
of the latter will bring about a continuous motion of 
the throttle valve until equilibrium is once more 
established. Hand adjustment of speed is provided 
by raising or lowering the small handwheel which 
forms the fulcrum of the governor lever on the 
throttle valve spindle. On the latter spindle, below 
the oil cylinder, will be noticed a small cup. The 
purpose of this is to catch any oil leaking past the 
gland above, so that the oil neither finds its way 
into the steam chest below, nor runs about and 
makes a mess on the turbine. The oil trapped by 
the cup is led away by the drain indicated and 
passes back to the reservoir. This detail is typical 
of the attention given to minor operating points 
throughout the design. 

The emergency governor consists of an eccen- 
trically-bored ring surrounding the cross-shaft 
which drives the oil pump. At normal and lower 
speeds this ring is held with its thick side in 
contact with the shaft by means of a small helical 
spring inserted radially within the shaft. Under 
these conditions the external surface of the ring 
runs concentrically with the shaft. Should the 
speed, however, exceed a predetermined amount the 
centrifugal force of the thicker side of the ring 
overcomes the pressuré of the spring, and the 
ring takes up an eccentric position and strikes a 
latch immediately above it as shown in Fig. 8. 
The movement of the latch releases a bellcrank 
lever, and allows a piston valve to travel upwards 
under the action of a helical spring above. The 
arrangement will be quite clear from the illustrations. 
When this valve is in its normal position as in 
Fig. 7 the oil operating the throttle valve passes 
around it.without hindrance. When the valve is 
in its tripped, or upper, position the ports A and B 
are shut off, but pressure oil can pass through the 
port ©, and round the centre of the valve, to the 
top of the piston of the throttle valve, the lower 
side of the piston being at the same time open to 
exhaust. The throttle valve is thus positively 
closed. 

The main stop valve, illustrated in Fig. 6, 
above, is closed simultaneously with the throttle 
valve when the emergency governor comes into 
action. The nut, in which the valve-spindle works, 
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is pressed downwards on to a seating by a 
powerful helical spring contained in the spindle 
casing. The nut is splined and the seating is pro- 
vided with internal splines on which the nut- 
splines rest. A slight rotation of the seating by 
means of a lever projecting through the casing 
removes the support from the nut, which is thus 
driven downwards through the seating by the 
helical spring and the valve instantaneously closed. 
An air-dashpot prevents injury to the steam valve 
or its seating by mitigating the shock of closing. 
The method by which the emergency releasing ring 
is operated is shown diagrammatically in Fig. 6. 
It will be seen that the rotation of the ring is caused 
by the action of a spring beneath a piston in an oil 
cylinder. Any failure of the oil-pressure above the 
piston allows the spring to act and close the stop 
valve. The release of the oil pressure is effected 
by the upper end of the emergency pilot valve 
which, when tripped, opens the cylinder to exhaust. 
It may be mentioned that the main stop valve is of 
course closed by the failure of the oil pressure from 
any cause whatever so that the turbine is auto- 
matically shut down in case of any mishap to the 
lubrication system. This is a very necessary safe- 
guard. Reference to Fig. 6, will show that the 
main steam stop valve is fitted with a small centre 


Fig. 11. 
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valve which is opened by the screw before the main 
valve is moved. This allows a small amount of 
steam to be passed for warming up the machine, 
and it also has the effect of causing the main valve 
to be partially balanced before it is opened, so that 
it has not to be lifted against the full pressure of the 
steam on its upper surface. The wheel handle by 
means of which the stop valve is operated does not 
rise and fall, but the amount of valve opening is defi- 
nitely shown by an indicatory stem projecting from 
the spindle through the wheel-centre. A further 
convenience is an indicator on the side, which tells 
at a glance when the emergency device has tripped. 
After tripping, this device can be reset by rotating 
the hand-wheel until the nut has been raised suffi- 
ciently for the releasing ring to be turned back 
into position, . 
The main oil pump is of the geared type and i 
housed in the pedestal as shown in Fig. 7. It 
delivers oil at a pressure of about 40 lbs. per square 
inch for the operation of the governor relay gear 
already described, and the pressure is lowered to 
about 15 lbs. per square inch by a reducing valve, 
for lubrication purposes. The main oil reservoir is 
in the turbine bedplate, but an auxiliary tank 
may be placed in any convenient position should 
the quantity of oil required by the reduction gear- 


ing between the turbine and the generator make a 
larger storage capacity necessary. The oil pump 
is designed of such, a size that it should furnish all 
the oil required both by the turbine and by the 
reduction gearing. Should the requirements of the 
gearing be sufficient to overtax the pump, a separate 
worm-driven pump is fitted to the gear-case. 

It is, of course, desirable, and often essential, 
that the bearings of a turbine should be flooded with 
oil before the machine is started, and therefore 
before the normal forced lubrication is available. 
To meet this condition it is the practice of the 
English Electric Company to provide a small 
auxiliary oil pump which can be started before the 
main machine. It is, of course, stopped when the 
main pump comes into action, though it may be 
usefully brought into service should the oil pressure 
at any time fall below the normal. This can be 
arranged to be done automatically if desired. The 
type of auxiliary oil pump usually supplied with 
turbines of the kind we are describing is illustrated 
in Fig. 10. As will be seen, a single inlet overhung 
centrifugal impeller is mounted at the lower end of 
a vertical spindle, at the upper end of which is a 
little impulse turbine of the simplest possible 
description. The turbine wheel is a steel disc about 
5 in. diameter with buckets milled from the solid. 
The turbine casing is bolted to the bedplate and the 
pump beneath it is deeply submerged in the oil 
tank. The whole arrangement can be readily 
withdrawn for examination by the removal of a 
few nuts. The oil-cooler is quite independent of the 
turbine bedplate, and is usually placed in some 
convenient position in the engine-room basement or 
arranged near the steam end of the turbine. The 
cooler is somewhat similar in design to an ordinary 
surface condenser. The cooling water passes 
through straight brass tubes and the oil flows over 
their outer surfaces in a zig-zag path, directed by 
means of baffle plates. 

The blading of the turbine wheels is made of 
3 to 5 per cent. nickel steel, each blade being 
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machined separately from the solid bar. A group 
of blades, showing various stages of manufacture, is 
illustrated in Fig. 11, and Fig. 12 shows an eight 
stage rotor with bladed wheels. To obtain the 
correct spacing of the blades each has a thickened 
root, which not only forms a distance piece, but, 
being solid with the blade, it also reduces the in- 
tensity of the root stresses, which would otherwise 
occur. For the high-pressure blading the roots are 
of T-section, fitting into grooves of corresponding 
shape turned on the periphery of the wheels. At 
the low-pressure end of the turbine where the 
blades are longer and the root stresses more con- 
siderable, a different design of root is employed. 
In this case the wheel rim is formed of T-section, 
and the blade roots are machined so as to straddle 
the wheel, the rim of which is thus embraced by 
the blade, instead of the converse arrangement 
adopted in the high-pressure wheels. Tangs are 
machined at the tips of all blades, by means of 
which the sections of shrouding are riveted on. 
Nickel steel is also used for the nozzle-plates, which 
are cast in position in the diaphragms. The dis- 
charge ends of the individual nozzles are cut out 
by a special machine, which acts somewhat in the 
manner of a shaper. It may also be mentioned 
that the back of each nozzle-plate is thinned to a 
fine edge, a practice the value of which has been 
endorsed by the recent report of the Steam Nozzles 
Research Committee. 


AN EXTENSION OF THE MIDDLE 
THIRD THEORY. 
By A. C. Vivian, A.C.G.1., B.Sc. (Eng.) Lond. 
Tur following theory was developed after the 
design of a number of reinforced concrete anchor- 
ages for a water power pipe-line. 
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‘~lhe purpose ‘of this article is to elaborate a 
general equation which, it is claimed, provides an 
easy and a safe approximation to the actual stresses 
_ existing under the base of an eccentrically loaded 
rigid rectangular foundation block. 

Assumptions.—The foundation block is assumed 
to have been placed on undisturbed soil possessing 
both cohesion and friction between its particles. 
The ground is assumed to have yielded under the 
load until a position of equilibrium has been reached. 
In practice most of the yield will take place during 
the placing of the dead weight of the concrete ; 
the additional yield under added external forces 
will be inappreciable if the calculated maximum 
earth pressure is kept by suitable design within 
safe limits as determined by tests of bearing capacity 
made at site. 

The general equation which follows, applies to 
the normal component of the resultant, and the 
tangential component is supposed to be less than 
the resistance of the base to sliding, as in the case 


of the middle third theory. 


The General Equation.—In Fig. 1 let GH represent 
a base of unit width and length N =a (n + 1), 
divided by a normal force P in the ratio n:1. The 
factor n may have any value not less than]. When 
the block has subsided to a position of equilibrium, 
Suppose that GFE represents the stress curve 
plotted along the base. The dotted straight line 
JK represents the corresponding stress distribution 
given by the middle third theory for the same posi- 
_ tion of the resultant. The general equation to the 
) curve is :— 
; nm . De 


n-1 
—— - & 
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& where p = stress at any point along the base 
nm = ratio of greater to less part into which 
the resultant divides the base 
Pc= Moan stress = resultant per! unit width 
divided by area of base 
N = length of base, = a(n + 1) 
and «# = distance along base measured from the 


eel. 


This general equation satisfies the two following 
postulates :— 

Postulate 1.—For all values of n, the area of the 
stress curve plotted along the base is a constant 
equal to the resultant per unit of width of base. 

Postulate 2.—For all values of n, the sum of the 
moments of all forces to the left of the resultant is 


that there is as much reason for supposing that 
the stress will gradually tail off to zero at the heel 
of the base as for considering it zero over a consider- 
able length JG. 

Advantage Claimed—The advantage which is 
claimed for the general equation is that it gives the 
value n.p- for the maximum stress. 

This is very simple to compute ; and in the case 
of anchorages which are loaded eccentrically with 
respect to both axes of the base, this advantage is 
very great. 

For example, suppose Fig. 3 represents the base 
of a foundation block loaded so that the resultant 
passes through the base at P. If the block ABCD 
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equal to the sum of the moments of forces to the 
right. In other words, the moment of the area 
GPF about P is equal to the moment of the area 
PHEF about P. 

The Family of Curves.—¥or particular values of 
n, Fig. 2 gives some of the family of curves which 
satisfy the general equation. These have been 
drawn for a mean stress pp = 1. 

Tt will be seen that when n = 1, the graph is a 
straight line parallel to the base and distant an 
amount equal to the mean stress, in accordance 
with the usual assumption for rigid bases. When 
n lies between 1 and 2, the curves are concave with 
regard to the base and are almost straight along 
their major portion. When = 2, that is when the 
resultant cuts the base at the limit of the middle 
third, the graph is a straight line identical with the 
accepted assumption of stress distribution. When 
n is greater than 2, the graphs are convex with 
regard to the base. For the value n = 3, Fig. 1 
shows a comparison between the two methods of 
estimating the stress distribution. The general 
equation gives a maximum stress value in excess 


of the middle third method, but it is submitted 


General Equation to Curves: 
where nm = Ratio in which Resultant Force divides Base, 

N = Length of Base of Unit Width, 
(96878) and p.= Mean Stress =Resultant + Area of Base. 
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were loaded at P;, the mean stress along the outside 
strip BC would be n.pe, And if the strip BC is 
loaded at P, instead of at H, the maximum stress 
would be at B and would be equal to the mean stress 
along BC multiplied by the factor m, 7.e., the maxi- 
mum stress under this base occurs at B and 
N.M.Deo, 

Practical Considerations—In the case of most 
foundations, some points along the base, due to 
local conglomerations of stones, will yield less than 
others. Fig. 4 shows a possible stress re-distribution 
due to this effect alone. 

Also there is to be considered the tendency of 
adjacent portions of a bearing soil to be pushed out 
when one part is pushed in. It is submitted that 
within limits this effect would tend to reduce the 
slope of the stress curve by re-distributing the 
stresses. It seems impossible that the stress under 
a base resting on cohesive material can change 
suddenly at H, for instance, from a maximum 
value to zero. 

Fig. 5 is an attempt to express graphically a 
possible stress distribution for a block which has 
subsided to a position of stability. The outside 
parts of the stress diagram would have to be trans- 
ferred to the sides of the block through the medium 
of the surrounding soil. There is evidently a 
limiting value of slope which the stress curve may 
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assume for any particular bearing material, and this 
limiting slope will decide that maximum allowable 
value for the factors m or n. 


APPENDIX. 


Proof of Postulate 1. 
Area of curve 


= Oa eae n+ Pe Ned x 
Jn =0 (a(n + 1)? 
= a(n+1). ps. = resultant. 
Proof of Postulate 2.j 
Moment to left of P 
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And since I and II are identical, the general equation 
satisfies the second postulate. 


THE A.1. ELECTRIC WELDERS. 


AmonG the modern methods which have been placed 
in the hands of the works manager, there is probably 
none of greater value in its own sphere than electric 
welding. ‘The convenience of the process in connection 
with repair work is now widely recognised, while it 
is rapidly taking its proper position in many lines of 
general manufacture. Electric welding has for many 
years been used for sheet iron construction of various 
kinds, and even in the manufacture of boilers. It 
has been adopted to quite a considerable extent for 
constructional steelwork and for assembling framework 
of very various kinds. Another sphere is in connec- 
tion with electrical work, and an interesting example 
of such an application is illustrated in Fig. 1, above, 


WELDER FOR 


STATOR WINDINGS. 


ELECTRIC WELDING APPLIANCES COMPANY, ENGINEERS, 


LONDON. 


which shows a special welder for stator winding in 
use at the Stafford works of the English Electric 
Company, Limited. This appliance is one of the 
specialities of the A.1. Electric Welding Appliances 
Company, of 64, Victoria-street, London, S.W.1. 

This welder for stator winding is further illustrated 
in detail in Figs. 2 to 4, annexed. As will be seen 
this is an easily portable appliance, which can be 
slung from a crane jib in the manner shown in Fig. 1. 
It is carried on trunnions and can be swung in both 
vertical and horizontal planes. Its weight is 120 lb. 
The welder is operated from a regulating transformer 
mounted separately and provided with a six-way 
plug box, arranged so that more than one welder 
may be operated from the one transformer. The 
general arrangement and details of the appliance will 
be followed from the figures. It consists essentially 
of two aluminium legs, one of which is carried on a 
pivot. A transformer with a single-twin secondary 
is carried at the top of the legs and a pair of welding 
contacts are carried at the bottom ends. The secon- 
dary welding circuit passes from the transformer 
down one of the legs, through the weld up the other 
leg, across the flexible connection, which can be seen 
at the top of Fig. 2, and back to the transformer. 
This circuit is never broken, except, of course, by the 
removal of the piece of work which is being welded, 
and all control is on the primary circuit. 

When a stator connection is to be welded it is 
clamped across the bottom end of the aluminium legs 
by means of the pivoted levers shown at A in Figs. 2 
and 3. These levers are adjusted to clamp the con- 
nections by means of the screws with small hand 
wheels at the top ends. An alternative clamping 
arrangment with a cam lever is illustrated in Fig. 4. 
As will be seen from Fig. 3, the legs of the welder are 
furnished with heavy copper blocks at the lower end 
against which the wire to be welded is clamped. 
These blocks provide renewable contact surfaces and 
as they provide good heat conductivity, prevent undue 
local heating of the welder itself. At the top end of 
the legs of the welder there is a horizontal rod carrying 
a heavy helical spring which can clearly be seen in 
Fig. 2. This spring tends to force the top ends of the 
legs apart and so to close the welding gap, but the range 
of its action is limited by the nuts to be seen at the left- 
hand end of the rod in Fig. 2. By adjusting these 
nuts the width of the welding gap may be varied. 


The top ends of the leg may be closed together and 
extra pressure put on the helical spring by means of 
a cam operated by the lever B. The moving of this 
cam thus slightly increases the length of the welding 
gap. It is moved in this way before the wires to be 
welded are clamped in position by the levers A. The 
cam is then thrown over by the lever B and the pres- 
sure of the helical spring is applied to the job to be 
welded. When the job heats up as. the current is 
switched on, the gap arms slightly close together under 
the action of the spring and a sound and satisfactory - 
weld results, the amount of movement of the arms 
depending on the setting of the nuts at the left-hand 
end of the horizontal rod. The pressure of the spring — 
may be adjusted by the wing nut at its right-hand end, 
to suit different sizes of material being welded. A 
scale is incorporated to indicate the setting of the 
spring. 

The primary circuit of the welder passes through a 
press-button switch mounted on the front of it and 
indicated by the letter C in Figs. 2and 3. The cireuit 
also includes a switch arm carried on the pivot D of 
Fig. 2. This arm carries a contact block at its outer | 
end which makes connection with a fixed contact 
mounted on the upper side of the transformer. The 
switch arm forms part of a T lever, as is clearly shown 
in Fig. 2. The lower arm of this lever serves as 2 | 
pointer of an indicator, and the upper arm carries an 
adjusting screw the point of which sets against the side 
of the pivoted leg of the welder. The arrangement is 
set so that contact is made at the beginning of the 
weld when the press-button switch is operated, but | 
as the weld closes in under the pressure of the spring | 
the swinging of the pivoted leg moves the T lever and 
operates the switch in the primary circuit of the 
transformer. ‘The whole arrangement can be adjusted 
to break circuit just at the right moment, and the seale 
allows the operator to set the welder to suit the 
particular job he is doing. The whole machine is very 
neat and handy and of great service for the particular’ 
type of work for which it is designed. ; 

In addition to this specialised machine, the A.l. 
Electric Welding Appliances Company make a com- 
plete range of spot, butt and seam welders, some of 
which we also propose to describe. ; 

From among these more general purpose machines 
we may first select a spot welder for treatment, 
as this is a comparatively simple type. It 1s 
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illustrated in Figs. 5 and 6. 


: Tt is capable of dealing 
with a total thickness of § in. of mild steel, that is 


two ¥ in. plates may be spot-welded together. As 
will seen from the figures, the welder consists of 
a cast-iron body carrying the transformer, plug switch, 
&e., from which project two heavy copper welding arms. 
The welding electrodes consist of rods of hard-drawn 
copper of high electrical conductivity, which are 
adjustable endwise for wear. ‘The arms and welding 
electrodes are water-cooled. The amount of projection 
of the arms from the main frame may be decreased, if 


the pressure applied to the weld is increased. The 
welding current and thus the heating effect may be 
controlled by means of the plug box, which can be seen 
in Fig. 6. This allows of eight different speeds of 
heating, to suit different classes and thicknesses of 
metal being welded. The transformer is oil-cooled, 
and one pole of the secondary, which is connected to the 
electrodes, is earthed to secure the operator against 
shocks. The maximum secondary voltage is 6 volts. 
It is found that after the welder has been in continuous 
operation for a. prolonged period the temperature of 
the transformer does not exceed the temperature of the 
surrounding air by more than 60 deg. C. The trans- 
former insulation will stand occasional overloads of 
50 per cent. It is claimed that in the hands of a 
skilful operator the machine will carry out up to 200 
welds per hour. Machines of this type have been 
supplied to the Admiralty for one of the naval 
dockyards and to several of the larger well-known 
shipyards. It has been found that the use of these 
machines reduces very considerably the cost of manu- 
facture of air trunking and ventilator cowl work. 


(To be continued.) 


ADJUSTABLE ARMS. 


“UNITED STATES PRODUCTION AND 
¥ CONSUMPTION OF OIL. 


SraTIstTics now show that, in spite of her enormous 
oil fields, the United States consumes more than she 
produces. In January, 1922, the country was pro- 
ducing about 1,400,000 barrels daily ; and in April of 
last year this figure had risen to 2,000,000, and was 
considerably in excess of this in the summer and 
autumn of 1923. Throughout this period, however, 
the average daily consumption has varied from 
1,450,000 to 2,100,000 barrels. The daily difference 
between consumption and production has sometimes 
been 1,000,000 barrels. Only once has the position 
been reversed: between April and November, 1923, 
the country produced rather more than it consumed ; 
after that production fell off again. 

The situation has caused considerable anxiety ; for 
its consequences are that the oil-producing companies 
bring great pressure to bear upon the administration 
for new concessions on oil-producing lands which have 
been treated as reseryes for purposes of national defence. 
The controversy recently came to a head when Captain 
John Halligan, of the United States navy, drew public 
attention to the encroachments which were being made 
by private companies on the naval oil reserves of the 
Tea-pot Dome fields. Captain Halligan claimed that 
concessions had been granted to the Sinclair interests 
which would drain the Tea-pot Dome estate, and so 
deprive the navy of a large proportion of supplies 
which ought not to be touched. He considered the 
situation the more dangerous in that experts calculated 
that the United States had only 20 years’ oil supply 
underground, after which it would depend on overseas 
supplies. He further argued that an administrative 
change had made the navy’s control over its oil supplies 
insecure. ‘‘ Until May, 1921, the naval petroleum 
reserves were administered by the Navy Department, 
with such assistance as was required from the Depart- 
ments of Justice and the Interior. Soon after the 
naval petroleum reserves were turned over to the 
Department of the Interior, with the result that ‘there 
has been effected a radical change of policy from con- 
servation to exploitation under conditions which pre- 
vented the presentation of arguments against such a 
change of policy. These arguments would, I believe, 
have been conclusive.” 

The correspondence provoked a long and detailed 
answer from the Secretary to the navy. He stated that 
the administrative change had been necessary, in that 
the Department of the Interior had custody of over 
6,000,000 acres of Government oil lands, and that it 
was, therefore, proper that the naval oil reserves of 
rather more than 200,000 acres should be administered 
by them as well. The remainder of his letter seemed 
in great measure to justify Captain Halligan, for an 
expert from the geological department admitted that 
the development on the north-western boundary of 
the naval reserve would ultimately drain the reserve 
itself. In these circumstances, the Secretary of the 
navy urged that the only policy to pursue was to get 
as much oil as possible out of the Tea-pot Dome reserve, 
by exploiting it in time. 

The controversy provoked some interesting opinions 
about British oil policy. Groups of American senators 
seem to think that, whilst America is squandering 
resources which are essential to her national defence, 
Great Britain is slowly absorbing the world’s supplies. 
As the Secretary of the navy admitted that America’s 
oil supply must be adjusted for “ probable campaigns 
in the Atlantic and the Pacific,” this, naturally, causes 
anxiety. Statistics do not, however, confirm what 
the American senators have stated so emphatically. 
During 1923, Great Britain consumed about 5,000,000 
tons of oil and imported rather more than half of 
this amount from America. 


necessary, to suit the work being dealt with. The lower 
arm may also be traversed up to 9 in. vertically and 
4 in. horizontally, and may be canted up to an angle 
of 22 deg., as shown in Fig. 6. 

When the machine is in operation pressure is applied 
to the welding tips by means of the foot pedal, which 
can be seen in the figures. On depression, this pedal 
first closes the electrodes on to the work and afterwards 
closes to main switch of the transformer. When a 
welding temperature is reached the switch opens, 
cutting off the welding current while, at the same time, 
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THE CARDIFF ENGINEERING 
EXHIBITION. 


THat small specialised exhibitions are of great 
value to manufacturers was clearly indicated by the 
statements of many exhibitors at the opening of the 
Cardiff Engineering Exhibition, on Thursday, 
November 27. After the Lord Mayor of Cardiff, 
Alderman Pethybridge, and Mr. W. A. Chamen, 
the President of the South Wales Institute of Engi- 
neers, had delivered addresses of welcome, the exhi- 
bitors were asked to give expression to their opinions 
of the value to trade of such shows. Mr. A. W. 
Bennis, of Messrs. Edward Bennis and Co., Limited, 
Bolton, in reply to this invitation, spoke of the 
many advantages to the manufacturers of participa- 
tion in specialised engineering exhibitions and re- 
ferred to the experiences of his own firm. The out- 
standing advantage was that they not only got 
into touch with potential buyers, but also with the 
foremen and workmen, who had experience of the 
running of their plants. Mr. Bennis was followed 
by six other speakers, who showed clearly that his 
experience was not an isolated one, and they empha- 
sised the points that he made in his speech. All 
spoke in highly eulogistic terms of the thoroughness 
with which the Cardiff Engineering Exhibition was 
organised by the Council of the South Wales Institute 
of Engineers, and its secretary Mr. Martin Price. 
It is, however, to be regretted that Cardiff does 
not possess a single large hall, such as would accom- 
modate all who desire to participate in the display, 
without cramping the exhibits and leaving but little 
space for the visitors. When the formal opening 
of the Exhibition took place, on Thursday, November 
27, every stand was completely ready for inspection 
and business was immediately possible. 

This exhibition, naturally, is mainly of a mining 
engineering character, and its importance at the 
present time, when everything possible must be 
done to reduce the cost of winning coal, may be 
judged from the way in which it has, so far, been 
visited by the people concerned with mining 
developments in the South Wales district. There is 
little to interest the general public and, consequently, 
very little of the demonstrator’s time is wasted in 
dealing with the enquiries of people who have no 
real interest in the machinery displayed. The ex- 
hibits are mostly shown in three halls, but a 
20-ton all-steel mineral wagon had to be accom- 
modated outside. This is the first all-steel wagon 
of its size to be built in South Wales. It is a pro- 
duct of The Cambrian Wagon Company, Limited, of 
East Moors-road, Cardiff, and it was built to the 
Railway Clearing House Specification of July, 1924, 
and has been registered by the Great Western Rail- 
way Company for main-line traffic. The wagon has 
two side and two end doors and is arranged for 
tipping at either end. This wagon has a wheel 
base of 12 ft. and a length over headstocks of 21 ft. 
6in. The tare weight of the wagon is 9 tons 5 cwts. 
There is a growing popularity for this size of wagon 
in the South Wales coalfield, and the Great Western 
Railway Company now offers a rebate of 5 per cent. 
off the railway rates for coal conveyed over their 
system in wagons of this capacity. 

Coal-cutting machinery in variety, of the bar, 
chain, are-wall and disc type, is shown by Messrs. 
Mavor and Coulson, Limited, of 47, Broad-street, 
Mile End, Glasgow. The characteristics of these 
machines are familiar to readers of ENGINEERING 
from a description we gave of them in a recent 
article (see vol. cxv, pages 614 and 648), and 
also from the description of the equipment of 
the Model Mine at the British Empire Exhibi- 
tion (see current volume, page 225). To ensure 
that those unfamiliar with the work that is 
possible with these machines might study their 
action, Mr. Ward, of Messrs. Mavor and Coulson, 
Limited, exhibited a cinematograph film on Friday 
morning in the Institute Hall, and this will be 
repeated to-morrow, Saturday, evening. In addi- 
tion to coal cutters, examples are shown of other 
manufactures of the firm, including the “‘ Gullever ” 
hose couplings, band-type conveyors driven by 
electric motor or air turbine, and flame-proof switch- 
gear. The “ Gullever”’ hose coupling was designed 


to meet the requirements of supplying compressed. 


air to machines at the coal face. The joint is a 


inlet valve, and is arranged so that it may be readily 
removed for inspection or for taking out the inlet 
valve. Everything in the design of the compressor is 
of a simple and robust character, and all the moving 
system is totally enclosed and dustproof. Water- 
cooling is available for the heads and valve pockets 
as well as for the plain cylindrical walls. The 
pistons are of the ribbed type to ensure that they 
do not attain temperatures much in excess of those 
of the walls. The bearings are fed with oil by a 
rotary, gear pump either mounted on the crank 
shaft or belt-driven from it... The pump is of great ~ 
simplicity, having no valves or other parts to stick 
or otherwise give trouble, and is positive in action. 
Governing is effected by a device which lifts the 
suction valve from its seat when a predetermined 
pressure is attained in the receiver. This method 
prevents the formation of a vacuum in the cylinders, | 
and thus prevents an unnecessary quantity of ‘oil 

being drawn past the piston rings. The air which is 

compressed is delivered to a receiver of 2 ft. 
diameter and 3 ft. 6 in. long, which is mounted 

above the coupling of the motor and first gear shaft. 

A heavy flywheel is provided at the front end of 

the compressor to reduce the speed variations and in 

the design the bearing stresses have been kept as low 

as possible to obtain continuous and reliable working. 


As an example of a handy type of main and tail 
haulage having an electric drive through internal 
gears to the drums, Messrs. David Ashton and Co., 
Limited, of Aztec Works, Sheffield, exhibit, amongst 
others, the. machine illustrated in Fig. 2. This 
haulage is driven by a 5-h.p. squirrel cage motor 
which is totally enclosed and is provided with an 
oil immersed flame-proof starter. From the motor 
the drive is taken to machine-cut epicyclic gears 
with a duplex planet motion to ensure easy working. 
This gear is enclosed within one of the drums: and 
complete oil immersion is provided. The main 
control for this interesting small haulage gear is 
obtained by the use of a hand-wheel controlled — 
expanding type of friction clutch By the use of 
this haulage gear a speed of between 2 and 3 m.p.h. 
may be obtained. Similar plants with a single 
drum operated by electric motor or by two or three- 
cylinder air engines are also shown by the same 
manufacturers. 


Haulagé engines for heavier work are shown 
on many stands. Of these, one made by Messrs. 
‘John Mills and Co., of Railway Foundry, Llanidloes, 
is illustrated in Fig. 3. This is suitable for operation 
“by steam ‘or compressed air and has two cylinders 
of 10-in. diameter and 12-in. stroke. The frame- 
work of this haulage is entirely of steel. Between 
the two drums, which are built up from mild-steel 
plates, the steel gearing is accommodated. Gun- 
metal bushes are provided on the drums and run 
loose upon the drum-shaft. A post type of brake 
is used and is provided with Ferodo linings. From 
the fact that steel is used throughout the construc- 
tion of the components of this haulage, it will be 
appreciated that it is designed to withstand the 
heavy duties to which such plant is subjected. 
Standardisation of the working parts is a feature 
of the construction, and on the stand many examples 
of parts are available for inspection. 


Messrs. Ed. Bennis and Co., Limited, of Little 
Hulton, Bolton, display types of their standard 
equipment of sprinkler stokers, chain-grate stokers, 
and coal and ash plants suitable for dealing with 
South Wales coal. Between the two model boilers 
a coal conveyor of the automatic starting and 
stopping type is installed. This raises the coal 
to the hoppers at such times as are necessary to 
keep them filled. To the one side the coal is 
delivered to a chain-grate stoker with narrow links. 
These links are cast, and are corrugated on their 
sides and held in association with each other by 
dowel pins. By the use of narrow links a large 
proportion of the area of the grate is available 
for the passage of air through the fuel bed, 
and the cooling of the grate is rendered much 
more effective., Efficient combustion of inferior coal 
is also made possible, and variations in the quality 
of the fuel or in the demands upon the boiler are 
met by the provision of a six-speed gear for the 
grate. The conditions that are necessary for 


spigoted one with the two components held tightly 
against each other by double-connecting links at 
two sides, which are drilled to accommodate pins 
which also pass through projections on the pipe 
ends. Uncoupling may be rapidly performed, as 
all that is necessary is the removal of split pins 
holding the key pins in place, when the key pins 
may be knocked out and a toggle bar, which is 
provided, can be used to pull the connecting links 
free from the projections on the ends of the pipes. 
Another interesting item in the display of Messrs. 
Mavor and Coulson, Limited, is an electrically- 
driven portable hauler. This consists of an electric: 
motor of 8/10 h.p., with its switch enclosed under. 
the hinged end cover, driving by enclosed gears 
either a pulley, for an endless rope, or a rope drum, 
beside which there is a brake. To provide portability, 
the entire equipment is mounted on a steel sledge, 
and provision is made for the accommodation of 
props to hold the sledge securely in position. 
Flame-proof switchgear and controllers of both. 
the oil break and air-break types are also standard 
products of this firm, and the examples shown on 
the stand give evidence of the desire to produce 
equipment in which replacements of contacts, 
resistance units, and other parts may be rapidly 
effected with the minimum of trouble. 


Another firm showing coal cutters, who also 
exhibited. a cinematograph film, is Messrs. Hugh 
Wood and OCo., Limited, of Newcastle-on-Tyne. 
On their stand a Jeffrey are-wall coal: cutter is 
shown, but the film also’showed plant in operation 
of a much heavier type and suited to the conditions 
of working in American collieries.“ The. largest unit 
had three cutting chains, two- vertical side-chains, 
and the other a horizontal under-cutter. Once a 
heavy cube has been cut by the driving in of the 
machine, the coal is released from the seam by the 
operation of jacks at each side, and the free coal is 
then broken by a series of power-operated picks 
mounted on a heavy frame. This machine has a 
conveyor under it to remove the coal and load it 
into trams of great capacity as it is cut. 

The Jeffrey arc-wall machine is mounted on 
wheels, and is run on rails and taken from one 
working face to another by its own power. The coal- 
cutter is taken up to the coal face with its chain jib 
set at right angles to the machine, and is held. in 
position by two simple jacks. The chain jib, 
which is commonly 7 ft..6 in. long, is then swung 
round, through a half-circle.by the use of the 
haulage rope, cutting into. the coal face. Traversing 
speeds of up to 60 ft. per minute have been obtained 
with these machines under suitable conditions. 
It should be noted that, the chain is reversible and 
is equipped with picks that cut equally well in either 
direction. These machines are capable, of varied 
types of work, such as under, over or middle cutting, 
suited to the thickness of the seams “which are 
worked upon and other conditions. py. 

A complete air-compressing and storage plant 
for use underground is shown. by Messrs. Broom 
and Wade, Limited, of High Wycombe. This is 
illustrated in Fig. 1, on page 767. It is mounted on 
a four-wheeled carriage, of 11 ft. length, for easy 
movement to the place of use, and the equipment 
consists of a totally enclosed motor with a starter 
and driving through gearing a two-cylinder single- 
stage air compressor, while there is a radiator cooled 
by fan draught installed to reduce the temperature 
of the jacket water. The electric motor is of 28 
brake horse-power, arid was made by Messrs. Mavor 
and Coulson, of Glasgow, to suit mine conditions. 
It is totally enclosed, and the design is such that it 
works at a temperature of 80 deg. F. The gear 
drive for the air compressor is that known as the 
“Typhoon” and consists of a single reduction by 
the use of double helical gear wheels. Stresses 
due to the twisting of the frame are minimised by 
making the gearing and compressor a self-contained 
unit. Hyatt roller bearings are provided for the 
shafts of the gear wheels. The compressor is of the 
double-cylinder type with 7-in. diameter cylinders 
and 8-in. stroke and is run at 420 r.p.m. Mechanic- 
ally operated suction valves are provided which 
receive their motion from a wiper type of cam, 
which is moved by a lever system operated from the 
big end of the connecting rod. The delivery valve 


is of the plate type and mounted directly above the| completely met and the equipment is designed for 


working with South Wales coal are therefore 
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Fig. 2. 5-H.P. MAtn anp Tam Havutace; Messrs. Davip AsHton AND Co., Limirep, SHEFFFELD. 
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Fig. 3. Compressep Arr or Steam Haviine Encine; Mussrs. JOHN Mints anp Co., LLANIDLOEs. 


heavy and continuous service. The second boiler 
is equipped with the well-known Bennis sprinkler 
stoker. In this the fuel falls from the hopper in 
front of a pusher plate, and is forced over a ledge 
formed by the bottom of the feeding box. The 
amount of coal thus pushed over can be regulated 


by means of an adjustable cam on the driving 


shaft, all that is necessary to change the conditions 
being the turning of a hand nut while the machine 
is running. 
gradual way through a very wide range and suited 
to deal with coals of very varying characteristics. 


Adjustment is thus possible in a 


The coal that falls on the flat plate, known as the 
shovel box, is projected into the furnace at intervals 
by an angular shovel, and is scattered over the 
entire width of the grate. For the actuation of 
this a pneumatic gear is provided, which is asso- 
ciated with a long coiled spring enclosed in a 
cylinder and pressing upon a piston. This spring 
is used to propel the shovel forward, the residual 
momentum being taken'up by an air cushion to 
avoid shock on the boiler front. As the rotating 
tappet which draws the shovel back has four 
different lifts the fuel is scattered in four. sections 
each about 18 in. long, and as the new fuel is 
thrown upon a quarter of the fire at a time each 
portion of the fire may attain incandescence between 
the changes, and smokeless combustion is thus 
made possible. 

A self-cleaning compressed air system is used 
for the furnace to ensure that the air spaces do not 
become choked up. This equipment consists of 
tubular fire troughs which extend the complete 
length of the grate. They are placed close together, 
and are protected from contact with the fire by 
being covered with short interlocking grate bars or 
erids of about 2 ft. length. As the grids are rounded 
on top they present little surface for the clinker 
to stick to, and projections on the sides of each 
erid keep them an even distance apart in order 
that a regular air space is maintained. The air is 
forced through the grids, by means of fine jets of 
highly superheated steam into the tubular troughs, 
at the requisite pressure. Motion is given to the 
troughs by wide cams on a transverse shaft, and 
the arrangement is such that a bar moves between 
two stationary ones. By this action the clinker 
is slowly carried to the back end of the bars where 
it is dropped into a closed chamber from which it 
can be removed when necessary. 

Amongst the exhibits of the Underfeed Stoker 
Company, Limited, of Aldwych House, Aldwych, 
London, there is an example of a travelling grate 
stoker for natural or induced draught. In this, the 
grate is composed of very narrow steel stampings 
and may be regarded as more of the nature of a 
laminated belt than a chain. A large proportion 
of the grate area is, therefore, available for the 
passage of the air through the fuel bed, while the 
distances between the links are small. In place of 
the common sprocket drive for the grate, a fluted 
drum at the front is used and the lower part of the 
grate is allowed to hang free, without supporting 
rollers, and to dip into a water bath. Two purposes 
are served by this arrangement, a perfect air seal is 
obtained and the subdivision of the air space is 
made possible by the insertion of vertical plates, 
so that the air delivery to different parts of the 
furnace may be regulated to suit the combustion 
requirements. An obvious advantage of the water 
bath is that the grate is kept cool under the heaviest 
working conditions. As the grate is arched, the back 
can be given a decline to make the action of desposit- 
ing ash and clinker quite positive. In this type 
of stoker an arrangement of alternately-inclined 
rollers, which are flanged, makes the individual 
members forming the grate surface tend to move 
closely to their neighbours, while provision for 
expansion is available at each side of the grate. 
This stoker may also, be provided with cast-iron 
links with projections. on the sides to ensure that 
the air spaces are kept uniform. In both types the 
erate is self-cleaning, as the relative movements 
of the links, as they pass over the front and back 
drums, shake out any obstructions to the passage of 
air. At the top of the furnace in the model at the 
Exhibition, a Detrick-Usco flat arch is provided. 
Other items on the stand are a model of a pulverised 
fuel plant for the Lopulco system of firing powdered 
coal and an actual air heater element for the Usco 
system of raising the temperature of the air supply 
to the furnace. 

The method of obtaining even air pressure 
throughout a fuel bed by the use of troughs of con- 
tinuously diminishing area, as applied by the 
Turbine Furnace Company, Limited, of 2388, 
Grays Inn-road, London, is well shown by the use 
of models. In this furnace the grate is split up 
into a number of separate units. Records are shown 
by the company of the results obtained with the 
system in use. Another interesting feature on the 
stand is the Vulcan mechanical soot blower. For 
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this a manifold valve is provided by means of which 
steam from the boiler may be passed in turn through 
a series of pipes with nozzle ends. By blowing 
the dust from the tubes by a regular sequence of 
operations it is finally discharged, usually at the 
chimney-top. The removal of dust in this way once 
a day, makes possible the keeping of all surfaces 
of tubes, superheaters, economisers, &c., free from 
heat-resisting material. 

Another appliance: of importance to boiler users 
is the Filtrator, shown on the stand of Messrs. 
Haslam and Stretton, Limited, of 11, Windsor 
Place, Cardiff, by the use of which hard 
water may be used as boiler feed without the 
accumulation of deposit on the heat-transmitting 
surfaces. A full description of this appliance and 
its working was given in ENGINEERING recently 
(see vol. cxvii, page 623). 

Messrs. H. and T. Danks (Netherton), Limited, 
of Netherton, Dudley, who specialise in Lancashire 
and. Cornish boiler and tank construction, show the 
front of their standard Lancashire boiler complete 
with all the usual fittings and mounted on a glazed 
brick setting. Beside this, Dee Superheaters, 
Limited, of Bishtons Bridge, Netherton, an asso- 
ciated company, show examples of the construction 
of expanded-tube type and union-jointed sectional- 
type superheaters. In the expanded-tube type 
the headers are made with a curved underside and 
a flat top, in which the hand-holes are drilled. 
By this construction no less than eight tube ends 
can be conveniently expanded through each hand- 
hole. For high temperatures the tubes connect 
between two headers, and thus an inner and an 
outer series of U-tubes are used. When the require- 
ments are less, a single header with division plates 
is used, and the tubes are then mounted in line with 
the headers. In the union-jointed, sectional type 
of superheater each tube is a unit, and its ends are 
curved over for connection at the top of the header. 
These connections provide a true seating for the 
tube couplings and are screwed into the headers. 
The couplings may have conical metal-to-metal 
tail-pieces or flat tail-pieces with jointing material 
in place. Replacements, or the blanking off of 
connections, when new tubes are not available, is 
possible in a few minuces, as, apart from removing 
the cover, the only work necessary is the removal 
and replacement of two nuts. 

Superheater Units, Limited, of 4, Castle-square, 
Swansea, exhibit examples of their design of super- 
heaters, in the general type of which the tube has 
three bends, giving four passes for the steam, and 
the ends are brought close to each other for connec- 
tion to the header at the top. The tube elements 
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are attached to the headers by means of simple 
clamps, each pair of which is held by a single bolt 
which passes through the space between the two 
inlet and outlet headers. Short-circuiting loops 
may be quickly introduced in-place of a tube element 
when it is necessary to reduce the amount of super- 
heating. Other designs in which the similar require- 
ments are met, are available for locomotives and 
fire-tube boilers generally. 

In the treatment of transformer oil to preserve 


Finrer Press: For TRANSFORMER Oin; Mr. Grorce Lister, DuRSLEY. 


its insulation properties, centrifugal separators and 
filter-presses. are in common use. While. each 
system has its advocates, there are situations where 
space is suited more to the one than the other. 
The removal of any floating matter, water, or acid 
that may be present in the oil is essential, for it is 
a characteristic of all such impurities that they 
tend to collect in the spaces between parts of the 
electrical plant which have electrical potential 
differences and cause a reduction of resistance, 
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which might not be anticipated from the small 
quantity of impurity present. A simple and effec- 
tive hand or motor-operated filter press is illustrated 
in Figs. 4 to 6, on page 768. This is a product of 
Mr. George Lister, of Dursley, and was shown on 
the stand of Messrs. Brecknell, Munro and Rogers, 
Limited. Connections are provided for coupling 
to inlet and outlet pipes on the transformer. The 
oil from the transformer is first drawn through a 
strainer for the removal of comparatively large 
floating material, and is then passed to the pump. 
This is driven by hand through a double-chain drive, 
which is provided with a chain-adjusting device 
which operates on both chains at once. A small 
electric motor may also be used to drive the pump, 
and a clutch is available to bring either drive into 
action. As the pressure of the oil is raised in the 
pump, the oil is forced through the filter press. This 
has a series ot grids, each pair of which is separated 
by five thicknesses of a special filter-paper of great 
toughness and density. In the passage through 
the filter all moisture and acids are rapidly removed, 
and the oil is delivered back to the transformer in a 
condition suited to the requirements. 

Although small, the plant is efficient, and the 
resistance characteristics of transformer oil may be 
maintained at all times at small cost and with little 
expenditure of time by occasional passes through 
the press. The plant illustrated was specially de- 
signed to meet the conditions in mines, iron works, 
and in outside stations where a power supply may 
not always be available for a motor, and the filter- 
box may be totally enclosed if it must be used in 
a wet or damp place. 


(To be continued.) 


LETTERS TO THE EDITOR. 


MICHELL JOURNAL BEARINGS APPLIED 
TO COLD ROLLS. 
To tHE Epiror oF ENGINEERING. 

Sir,—With reference to the series of articles that 
haye been appearing in your paper upon the subject of 
“Roll Bearings for Cold Rolling Mills,” the result of 
fitting bearings on the Michell principle for this 
purpose will doubtless be of added interest. 

The particulars of the mill to which the bearings 
have been fitted are as follows: Rolls, 15 in. diam. ; 
necks, 10 in. diam. ; speed, 30 r.p.m.; the mill rolls 
bronze strip, 24 in. wide; the reduction per, pass 
ranges from 0-04 in. up to in some cases 0-13 in. 

The ordinary bearing brasses, which were replaced, 
measured 9 in. in length and embraced the 10-in. journal 
over anavre of 120 deg. They were lubricated with olive 
oil and cooled by a trickle of water. The mill is 
electrically driven and fitted with a gauge showing 
horse-power. A fuse is fitted to blow at 100 h.p. The 
bronze bars to be rolled are put through the mill in 
batches of 100 or more. The initial length of the bar is 
about 2 ft. and thickness $ in. With the ordinary 
brasses the power required at starting to roll a batch 
of bars is 50 h.p. to 60 h.p., which gradually increases, 
and, to avoid the fuse blowing, either part of the nip 
had to be taken off during the rolling, or the rolling 
suspended until the bearings cooled. Running light, 
the mill used 7 h.p., and the average when loaded was 
about 90 h.p. 

With the Michell bearings now fitted the power 
required varies from 40 h.p. to 65 h.p., according to the 
amount the bar is reduced. In a test taken over 
10 batches of bars the average power absorbed was 
50 h.p., the gauge showing a steady reading throughout 
the rolling for any given reduction of thickness to the 
bars rolled, thus giving a saving in friction of about 
40 h.p. The new bearings, which are illustrated in 
Figs. 1 and 2, annexed, are lubricated with a heavy 
oil supplied by means of a pump, driven from the free 
end of the lower roll by a chain belt. No cooling is 
provided, and there is no perceptible rise in the tempera- 
ture of the bearings. Hach bearing has two pivoted 
pads, as shown in Fig. 2. The load is supported by 
_ tadial reactions, that on each pad being the secant of 
the angle subtended multiplied by half the vertical 
load. The principle on which the pads act is the same 
as in the case of the well-known Michell thrust bearing, 
which may be looked upon as a journal bearing applied 
to a shaft of infinite radius. 

Some little trouble was experienced at first in pre- 
venting leakage of oil owing to the oil drains being too 
small, but this has been got over. 

The chief difficulty in applying these bearings to 
existing mills is lack of sufficient space in the housings, 
in which to provide parts of sufficient strength to 
tesist the heavy stresses, but in new mills, where the 
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housings can be made to suit the new design of the 
bearings, it is quite practicable to ensure true pressure 
oil-film lubrication. with its correspondingly very 
much lower friction, as against the mere greasy friction 
that obtains in bearings of the ordinary type. 

Apart from the saving in power, an important 
advantage with these bearings is that the higher the 
speed the greater the pressure the bearing pads will 
carry, whereas with the ordinary brasses, owing to 
their much higher coefficient of friction, heat is 
generated too rapidly to allow of high speeds. 

Yours faithfully, 
Micuett Bearines, Limirep, 
Per H. T. Newsicin. 
Neweastle-on-Tyne, November 13, 1924. 


«THE DETERMINATION OF STRESSES BY 
OPTICAL METHODS.” 
To roe Epiror or ENGINEERING. 

Srr,—Professor Jasper, in his letter which you pub- 
lished in your issue of November 21, does not with- 
draw his earlier statement that optical measurements 
of the stress around a hole in an isotropic elastic plate 
are twice as great as they should be, although these 
measurements are confirmed by the exact solutions of 
the theory of elasticity. All his arguments based on 
overstressing and fatiguing crystalline materials dyna- 
mically cr otherwise, fail to show that these measure- 
ments are incorrect and he does not in fact attempt to 
prove his case. 

He further charges me with taking up the attitude 
that there is only one method of analysing stresses in 
materials, an attitude I have never taken and, in fact, 
I have published several papers on stress distribution, 
in which strain measurements and thermo-electric 
observations are freely employed. 

Professor Jasper stated at Torontc, as reported in 
your issue of August 29, p. 284, that he ‘ believed 
we were on the eve of a method of determining stresses 
which would not depend at al! on optical principles,” 
and presumably there has now been sufficient time 
for this new method to be developed sufficiently for 
publication. I therefore now ask him to tell your 
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for himself how far his statements are justifiable. If 
it is all he states, I shall only be too happy to use it. 
Yours faithfully, 
E. G. Coker. 
' University of London, University College, 
Gower-street, London, W.C.1. 
December 1, 1924. 


“THE EXTENT OF CAVITATION IN 
SCOUTS AND DESTROYERS.” 
To tHE Epiror or ENGINEERING. 

Str,—Referring to this paper in your issue of 
November 21, the reference to air drawn down the 
after edge of stern tube bracket arms or propeller 
struts, is very interesting, and one is inclined to agree 
with the opinion of the writer. In the case of a launch 
with which the writer was concerned, and which was 
engined by his firm, this drawing down of air actually 
took place, and caused very irregular propeller action. 
The writer (warned by the case of the Daring) thought 
at first that increased blade surface would probably 
cure the difficulty, but this was found not to be the 
case, and further examination elucidated the matter. 
When the bracket arms were altered and attached to 
the stern, in such a position as to be submerged 
entirely, no further difficulty was encountered and good 
performance secured. The launch was 65 ft. by 8 ft. 
3 in. and attained a speed of about 24 miles. 

Yours faithfully, 
W. Sisson. 


US. 


Gloucester, December 1, 1924. 


THE REMUNERATION OF TECHNICAL MEN. 
To tae Eprror or ENGINEERING. 

Sm,—From time to time cases have been put forward 
of highly trained technical men in the engineering 
profession being underpaid for the services demanded 
of them. In the hope that you will kindly extend to 
me a little space in your valuable columns, I would like 
to give an instance which presents the opposite point 
of view to the above. 

It is universally accepted that the position of chief 
draughtsman in any drawing office is held by a man 


readers what this method is, so that everyone can judge 


of proved experience in his branch of engineering 
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able to advise, discuss, guide and properly supervise 
the work in hand, with the necessary prudence and 
tact required to manage the staff under his charge tc 
get the best results. 

The instance here referred to is that of a “‘ locomotive 
draughtsman ”’ who was required to produce locomotive 
designs and specifications without any supervision 
during the course of their preparation, supervise the 
work of junior draughtsmen, scrutinise detail design 
and prepare correspondence relative thereto, and was 
desired to teach the chief the theoretical principles of 
locomotive design. Add to this the fact that a carriage 
and wagon draughtsman eleven years younger than the 
“locomotive draughtsman ’”’ was promoted over his 
head, and the position in relation to that of his chief 
becomes plain, with feelings possibly better imagined 
than described. 

The point to be emphasised in the case, apart from 
the duties imposed on the “ locomotive draughtsman,” 
is that the chief draughtsman should be paid an inclusive 
salary of over £800 and afford wilfully to disregard 
the preparation of locomotive designs and specifications, 
&c., and exercise no initiative. 

I doubt if any reader can submit a similar case’ the 
world over. 

It is perfectly plain that the principle cuts at the 
root value of engineering training, practical and 
technical, as it also tends to destroy the deference 
and respect rightly due to the chief of an office. 

The case is an authentic one, and the shrewd reader 
will see at a glance that no man could hold such a 
position at the above salary, under the circumstances 
given, without prctection or sentimental influence in 
his favour. 

Yours faithfully, 
EXPERTO CREDE. 

London, December 1, 1924. 


“THE WHITWORTH SCHOLARSHIPS.” 
To tHE Eprror oF ENGINEERING. 

Srr,—I am very glad to see that the question ot the 
Whitworth Scholarships has been raised in your columns, 
for the results of the annual examinations for these 
Scholarships constitute a terrible indictment of ‘the 
usual University education for engineers. You have 
pointed out that the system of training in force at the 
Dockyards and Arsenals has enabled lads from these 
establishments to secure 30 out of 33 of the Whitworth 
Awards this year, in face of open competition from 
every University in the Country, and this surely should 
give our educational authorities, and large employers 
cause for reflection. It is not, however, solely in 
connection with the Whitworth Scholarships that the 
Dockyard system is so successful. The recently 
published list of winners of the Royal Scholarships 
(Science) show an even more striking tribute to the 
system. Hight Royal Scholarships and two Free 
Studentships in Engineering were awarded this year, 
There were 102 competitors, but every one of the 
successful ten was a Dockyard boy. Not a single 
candidate from any civilian engineering establishment 
in the country is to be found in the list of winners. 

The fact that none of our engineering works, technical 
schools or universities can apparently turn out men with 
the traming and education given in the Dockyard 
Schools is worth the serious consideration of all those 
who are concerned with the future of the engineering 
industry. Very few lads can possibly have the chance 
of entering a Dockyard, and it is most important that 
an equivalent education should be rendered accessible 
to all. The result of the present system is seen in 
almost every branch of engineering. Although the 
steam turbine, practically speaking, criginated in this 
country, I can count about a dozen firms who have 
gone abroad for their designs preferring to manufacture 
some hyphenated machine under license, rather. than 
to get out one as good or better for themselves. The 
same sort of thing has been going on with oil-engines, 
centrifugal pumps, hydraulic turbines, &c., and it is 
having a serious effect in our foreign trade, as foreign 
buyers naturally have more confidence in manufacturers 
who originate rather than copy designs. 

Yours faithfully, 
M.I.Mnoz.B. 
To tHE Eprror or ENGINEERING. 

Srr,—All with the good of the name “ Whitworth 
Scholar ” at heart will be grateful to Mr. Ottewell for 
his recent letter to you on this subject. 

I should like, however, as a recent candidate, to 
emphasise the great difficulty in obtaining teaching of 
an advanced enough character, unless the student has 
the good fortune to attend a dockyard school. 

Before the new regulations came into force, it was 
compulsory, amongst other things, to pass in “ Solid 
Geometry and Graphics,” and in this subject there was, 
to my knowledge, no class—certainly no evening class— 
in London which was of much assistance to a prospective 
candidate. 


A comparison of the new syllabus and papers for 
Senior Scholarships with, say, the London University 
syllabus for Final Engineering, will show at once that 
a man with a knowledge up to First Class Honours 
standard only will not be sufficiently mentally equipped 
to have much chance of success ; this applies particu- 
larly to the subjects ‘‘ Mechanics,” “‘ Graphics,” and 
** Theory of Machines.” 

It must also be remembered that the dockyard candi- 
date has an enormous advantage over the extra- 
dockyard candidate in that he has available copies of 
old papers which are unobtainable to the latter ; any- 
one who has tried will acknowledge the great difference 
in studying a subject as defined by a syllabus and as 
defined by old examination papers. I would suggest 
that copies of all old papers be made generally 
available. 

Tam, Sir, Yours faithfully, 
GRaHAM ASHWORTH. 

51, Victoria-street, London, December 2, 1924. 

P.S.—For your information I would add that I 
obtained a Whitworth Senior Scholarship in 1923 and 
First Class Honours in B.Se.(Eng.) London in 1924. 


To THE Eprror or ENGINEERING. 

Str,—Mr. Ottewell’s letter and the leading article in 
your current issue must have been read with great 
interest. An apprentice or engineering student in any 
large industrial engineering establishment is there first 
and. foremost in order to acquire practical experience. 

A certain number of the larger concerns have estab- 
lished classes and lectures during working hours, and 
the object of these lectures is to improve the theoretical 
and general knowledge of the student in that particular 
branch of the industry for which he is being trained. 
Apart from the time occupied by these lectures, which 
is but a very few hours per week, the apprentice is 
actually and truly occupied in practical work, all 
studying having to be done outside working hours. 

In the Royal Establishments. the whole curriculum 
results in practically the weeding out of the apprentices, 
with the passing of the Royal and Whitworth Scholar- 
ships as an ultimate end. From their entry into the 
establishment the apprentice is coached and works 
with this end in view; the periods of coaching during 
working hours is very much greater than that obtaining 
in industrial works, and, in spite of what might be 
said to the contrary, it is well known that cramming for 
examinations is given preference over practical training, 
and opportunities to further this end are not lacking. 

™ short, industrial establishments aim at turning 
out trained, practical engineers and mechanics. The 
object of the apprenticeship system in the Royal 
Establishments is to enable their ratings to win Whit- 
worth Scholarships. 

Sir Joseph Whitworth instituted these scholarships 
for the practical apprentice: Jet the examination be 
framed so that practical knowledge and skill have a 
value equal to that given to theoretical training and 
the results would be very different. 

I am, Sir, Yours faithfully, 
W. J. Tuomas. 
574, Stanley Gardens, Belsize Park, Hampstead, N.W.3. 
December 1, 1924. 


SIDE PLANING MACHINE. 


Stpe planing machines fall into two categories, 
namely, one class in which the work is carried on a 
moving table of the usual planing machine pattern, 
and a second in which the work is fixed and the cutting 
tool is traversed over it. Messrs. Geo. Richards and 
Co., Limited, of Broadheath, Manchester, have for 
many years specialised in the latter type, and in Figs. 
land 2, on p. 772, we illustrate one of their latest 
machines of this class. The chief change introduced in 
this machine is in the form of drive for the tool slide 
carriage. This drive is now effected by means of end- 
less chains, instead of by a long screw extending from 
end to end of the bed. 

The machine is belt driven, by means of two fast 
and loose pulleys in a frame at the left end of the bed. 
These are of different sizes, and open and crossed belts 
from the countershaft give a cutting stroke at one speed 
and a quick return. The cutting stroke is usually 
arranged at 40 ft. per minute, and the return at 150 ft. 
per minute, but cutting at 60 ft. per minute can be 
provided for if necessary. The pulleys drive a short shaft 
on which is a worm gearing with a large worm wheel 
on a shaft extending in a direction across the body 
of the machine. The thrust of the multi-threaded worm 
is taken by ball bearings. On the worm wheel shaft, 
inside the body, are two chain sprockets, which drive 
endless chains extending the length of the inside of the 
body, there being at the far end idlers over which they 
are carried. There are two parallel chains set half a 
pitch out of phase, in order to ensure evenness of drive 
over the sprockets. The requisite tension is kept on 


them by means of a stretcher fitted with right- and 
left-handed screws. 


The worm and chains run in! 
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oil baths. The tool slide carriage is coupled to the 
two chains by a swivel shackle to equalise the strain. 
The carriage is of considerable length and is fitted 
with an arm projecting over the front of the bed, and 
carrying two tool boxes on elevating slides. The tool 
boxes swivel and can be set for angular or under- 
cutting on either side. The traverse feed of the boxes 
on the arm is by pawl and ratchet wheel, the pawl 
having an adjustable stroke obtained by the slotted 
crank method. 

At the back of the machine is a shipper bar from 
which the feed motion is derived, and which also 
operates the reversing gear. The left end of the bar 
is finished with a number of grooves forming a circular 
rack. These teeth gear with a sector on a double- 
armed lever, at the opposite end of which another 
toothed sector meshes with teeth on a rack sliding in 
brackets. This operates the belt-shifting levers, us 
will be clear from Fig. 2. The shipper bar is fitted with 
adjustable stops so that the machine can be set to 
reverse at any desired stroke in the ordinary way. 

The main part of the length of the shipper bar is 
rectangular, and the adjustable stop referred to above 
is fitted with arms, which, as the carriage approaches, © 
come in contact with a scroll cam on the carriage. The 
profile of the cam causes the shipper bar to rotate 
through 180 degrees, and this action causes a bevel 
on the carriage and sliding with it longitudinally on the 
shaft, also to revolve. The drive from this bevel is 
transmitted by a corresponding mitre gear to the 
slotted feed crank*referred to above. 

The machine has two tables on saddles working over 
slides on the front of the bed. In the smaller machines 
these are worked into position with a bar, engaging 
with rack holes in the bed front. In machines of large 
size the table saddles have pinions operated by ratchet 
and engaging with a cut rack. The tables are inde- 
pendent and have screw elevating gear. They are 
finished with tee-slots on the top and sides, but can be 
removed and work bolted directly against the saddles. 
An upper table can be supplied for fixing to the two 
work tables, to take long and slender jobs. 

The type of planer possesses many advantages for 
heavy work. The weight of the work is immaterial, 
since it has not to be moved, as is the case when 
mounted on a table in the ordinary way. The power to be 
supplied is, therefore, always the same and depends — 
merely upon the cut and weight of the carriage, &c. 
Not only is this a material point for the cutting stroke, 
but the saving is greatly enhanced as a result of the 
great reduction of inertia forces to be contended with in 
reversing. These characteristics are still further 
emphasised in Messrs. Geo. Richard’s chain-driven 
model, in which the long screwed driving shaft is — 
replaced by the chain, and the only high-speed parts are 
the pulleys and worm shaft. The chain is slow moving. 
The chain drive also replaces the sliding contact 
of the driving screw and nut by plain rolling contact, 
thus again reducing the losses. This type of machine 
possesses the further advantage of economy in space 
as the work is stationary during machining operations. 
The machine is built in sizes up to 30 ft., or more, long 
and for machining up to 5 ft. in width. When desired 
it can be built for cutting in both directions. With a 
pit in front of the machine, there is practically no 
limit to the size of the job on which work can be done, 
provided the surface can be brought under the tool. 
The open front and the fact that the work is stationary, 
make it possible to work on most awkward pieces. 
These points,” however, are now so well known as to 
need little elaboration, though it is doubtful if the 
utility of this type of machine is appreciated as fully 
as it might be at the present time. 


ProsecteD DEVELOPMENTS AT CHERBOURG.—It is 
announced in The Times that negotiations are in progress 
for the acquisition by the United States Lines of a port 
at Cherbourg to be reserved exclusively for American 
vessels. The docking facilities at Southampton are 
considered inadequate, and this has led to the project 
of making Cherbourg the European terminus for the 
United States Lines, who are prepared to expend 
25 million francs on the necessary works. The French 
authorities have also prepared schemes for the improve- 
ment of this port, and in particular have got out plans 
for the reconstruction of the existing awkward and 
inadequate dock station. 


Tae FLerrNerR Roror Surp.—lt is interesting to note 
in respect to the Flettner rotor ship that, with a constant 
speed of rotation, the theoretical propulsive power 
increases as the square of the rotor diameter, whilst a 
large sail is but slightly more efficient than a small one, 
the propulsive power of a sail being approximately pro- 
portional,to its area. Hence, with a high speed of rota- 
tion, the propulsive effect of a Flettner tower may be 
several times that of a sail having an area equal to the 
longitudinal section of the tower. On the other hand, 
the power required to rotate the tower increases nearly 
as the fourth power of the diameter, so that with very 
large diameters most of the work of propulsion would be 
provided by the motor and not derived from the wind, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MIDDLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—There is a fairly good busi- 
ness passing in Cleveland pig-iron, supply of which is 
no more than sufficient for current needs, and as stocks 
-are oversold, shortage would speedily follow further 
improvement in demand unless production was increased 
without delay. Values are steadily firm with makers 
by no means pressing sales. No. 1 is 87s. ; No. 3 g.m.b., 
82s.; No. 4 foundry, 8ls.; and No. 4 forge, 80s. 


Hematite.—Continued rather substantial withdrawals 
from East Coast hematite stocks have strengthened the 
hands of producers. Supplies are still plentiful, but the 
improving statistical position encourages hope that the 
situation will become such as to justify the re-kindling 
of one or two idle furnaces in tho near future. No. 1 
is selling at 89s. 6d. and Nos. 1, 2 and 3 command up 
to 89s. 


Blastfurnace “Coke.—Durham blastfurnace coke © is 
rather more sought after but it is plentiful, and no 
difficulty is experienced in purchasing good average 
qualities at 25s. delivered here. ook 


Manufactured Iron. and Steel.—Better accounts are 
given of most manufactured iron and steel branches, 
and values, though not quotably advanced, tend towards 
firmness. .Demand for shipbuilding requisites shows 
some improvement, a féw sales of railway material are 
reported, constructional ‘steel is more readily disposed 
of, and further heavy contracts for galvanised corru- 
gated sheets have been made. The following are among 
the principal market quotations :—Common iron bars, 
12/.; iron rivéts, 14l.; packing (parallel), 8/. 10s. ; 
packing (tapered), 11/. 10s. ; steel billets (soft), 87. 10s. ; 
steel billets (medium), 9/.; steel billets (hard), 97. 10s. ; 
steel boiler plates, 13/.; steel ship, bridge and tank 
plates, 9/. -15s.; steel angles, 9/..10s.;+ steel: joists, 
97. 10s.; heavy sections of steel rails, 9/.; ,fish plates, 
127. 10s.; and galvanised corrugated sheets’ (24-in. 
gauge, in bundles), 181. . 


Tees Iron and Steel Shipments.—The total shipments 
of iron and steel from the Tees last month amounted to 
92,524 tons, as compared with 105,499 tons in October 
and 75,122 tons in September. November clearances 
comprised 34,980 tons of pig iron; 7,144 tons of manu- 
factured iron; 50,400 tons of steel. Of the pig-iron 
loaded 16,448 tons went to foreign ports, and 18,532 
tons went coastwise. Of the manufactured iron des- 
patched 3,767 tons went to foreign ports and 3,377 tons 
went coastwise; and of the steel cleared 40,157 tons 
went to foreign ports and 10,243 tons went coastwise. 
Scotland was the heaviest customer for pig iron, taking 
14,432 tons; whilst Germany imported 4,390 tons ; 
Wales, 3,800 tons; Denmark, 3,228 tons; Italy, 2,620 
tons ;| Belgium, 1,388 tons; France, 1,255 tons; and 
Norway, 1,250 tons. ‘Natal was the largest purchaser 
of manufactured iron receiving 2,407 tons. Principal 
importers of steel were: India, 9,770 tons; \ Portu- 
guese West Africa, 5,200 tons; Argentine Republic, 
4,893 tons; Burmah, 2,110 tons; Victoria, 2,069 
tons; Holland, 2,036 tons; and Tanganyika, Japan, 
West Australia, Natal and New South Wales each over 
1,090 tons. ; 


Imports of Iron and Sieel to the Tees——The Tees 
Commissioners’ monthly returns issued this week give 
the imports of iron.and steel to the River Tees from 
Holland, Belgium, France, Norway, Sweden, Germany, 
India and coastwise for October and November together 
with the figures for the same months last year, and 
for the corresponding pre-war period of 1913. 


imported as against 2,556 tons a year ago, and 268 
tons in 1913. Crude sheet bars, billets, blooms and 
slabs unshipped to the end of November last reached 
20,249 tons, as against 13,503 tons a year ago, and 10,986 
tons in 1913. Arrivals of plates, bars, angles, rails and 
sheets in the last two’ months totalled 3,678 tons, as 
against 1,224 tons a year ago, and. 3,601 tons in 1913. 


NOTES FROM THE NORTH. 
: Guascow, Wednesday. 
Scottish Steel Trade—No change of any importance 
can be reported in the Scottish steel trade this week 
and movement continues within narrow limits. Specifi- 
cations both for plates and sections are extremely scarce, 
and the running of the mills is not satisfactory. The 
position in the black sheet trade is, if anything, rather 
better. A healthy demand exists for both light and 
galvanised qualities, and quite a number of orders have 
been booked for spring delivery. The heavier gauges 
are also the turn better, but expansion is very slow. 
Prices all round keep steady and are'as follow :—Boiler 
plates, 137..per ton; ship plates, 9/.-15s. per ton ; 
sections, 9/J.'10s. per ton; and sheets, ~; to $in., 121. 
per ton, all delivered Glasgow stations, ~ } 


_—s- Malleable Iron .Trade—In the West’ of’ Seotland 
_malleable-iron. trade’ the conditions -have not varied 
_ over the week, and works are poorly employed. ‘Con- 
_ sumers are sending out’ specifications ‘very ‘sparingly, 
and no distance ahead can be seen. ‘The price of 
“Crown” bars is unchanged at 12. per ton delivered 
_ Glasgow stations. The re-rolled steel branch of the 
_ trade is also very quiet at present. 


Scottish Pig-Iron Trade.—A quiet hut hopeful tone 
continues to prevail in the Scottish pig-iron trade, and, 
__ although business is not a great deal better, signs are 
"not. wanting of steady improvement before long. ocal 
b buying in hematite is poor, but in foundry grades there 
_ 48 more doing. General inquiries for export lots are 


é 


For the 
two months just ended 3,901 tons of pig iron were: 


5s. to Ts. 6d. ; 


much better, and in this connection the amount fixed 
up is not as heavy as producers would like, but some of 
the business is still to settle and may come through 
all right in due course. The following are the market 
quotations :—Hematite, 47. 15s. per ton, delivered at the 
steel works ; foundry iron, No. 1, 4l. 15s. per ton, and 
No. 3, 41. 10s. per ton, both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ending last Saturday, November 29, amounted to 728 
tons. Of that total 687 tons went overseas and 41 tons 
coastwise. For the corresponding week of last year 
the figures were 1,942 tons overseas and 80 tons coast- 
wise, making a total shipment of 2,022 tons. 


Shipbuilding.—The shipbuilding returns for the past 
month show that active conditions have been ruling 
in the yards during recent months and that the workmen 
continue to do well. The total Scottish output was 
20 vessels of 57,956 tons, and all of that was from Clyde 
yards except four vessels of 845 tons, which were launched 
in the Dee and Moray Firth area. The Clyde figures 
are over the average and make the total for the year to 
date 199 vessels of 516,892 tons, which is the highest 
output for the corresponding period since the year 
1920.. For’ the same eleven months of last year the 
total was only 99 vessels of 172,275 tons, or a third of 
this year’s figures, which are, however, about 112,000 
tons under the record year, 1913, when 628,816 tons 
were put into the water. Quite a number of! new 
contracts have been reported during the month, but 
many more are needed before active conditions can 
be general in the yards. 


NOTES FROM SOUTH YORKSHIRE. 
. SHEFFIELD, Wednesday. 

Tron and Steel—Though leading steelmakers and 
engineering masters are still of the opinion that a 
definite improvement may be looked for early in the 
new year, the current position reveals several weak 
spots, and important sections are finding difficulty in 
maintaining active conditions. The amount of business 
passing in billets and other descriptions of semi-finished 
materials leaves much to be desired. The effect of 
Continental underquoting continues to react severely 
against new bookings, despite the fact that prices on 
the average are ll. per ton below those quoted a year 
ago. Not only at steel furnaces but also at rolling 
mills, forges, and foundries is the heavy burden of 
local rates and national taxes operating with damaging 
results. One of the leading rolling mill plants, which 
recently suspended production pending a rearrangement 
of its wages basis, is still idle: “The Chief Insurance 
Officer has referred to a local Court of Referees the 
claim made by 600.employees for unemployment 
benefit. Makers of automobile steel are fairly well 
booked forward, and prospects are good. More business 
is in hand on British account for axles, tyres and wheels, 
though the majority of the contracts received from 
private owners of wagons are nearing completion. 
Pit-head gear is an improving line, and good business 
is being done in electrical apparatus, mining excavating 
tools, and builders’ ironwork and fittings. Mr. J. Joyce 
Brodrick, Commercial Counsellor to the British Embassy 
at Washington, who during the past week has visited 
Sheffield, stressed the advantages to be derived from 
American trade by the appointment of agents in each 
case to act on behalf of a number of local firms. He 
‘points out that American works at frequent intervals 
get behind with their orders, and find it necessary to 
fill. requirements from overseas producers, and at these 
intervals Sheffield firms with agents on the spot might 
do considerable business. Developments in corrosion- 
resisting steels are being carefully watched, particularly 
by engineers. Dr. W. H. Hatfield,.of the Brown-Firth 
Laboratories, addressing the Yorkshire Branch of the 
Institution of Mechanical Engineers at Sheffield, pointed 
out that the metallurgical world had by experiment 
and hard work produced and placed upon a permanent 
technical foundation a number of steels which could be 
used under satisfactory resistant conditions. 


South Yorkshire Coal Trade.—The advent of some- 
what more active trading conditions is reflected in a 
substantially increased output at the Yorkshire pits. 
Export buyers. of best steams are taking a keener 
interest in the market, though the demand continues 
below the recent average, while. home purchases show 
a slight expansion. The offer of special lots of cobbles 
and nuts and of: surplus tonnages of fine slacks reacts 
adyersely against official quotations. Business in house 
coal is flowing a little more freely, though the gross 
demand. is» much below that usually: experienced at 
this time of the year. The coke position is mainly 
unchanged, with gas coke in rather better request. 
Quotations :—Best branch handpicked, 32s. to 35s. ; 
Barnsley best Silkstone, 26s. to 28s. ; Derbyshire best 
brights, 27s. to 32s. ; Derbyshire best house, 24s. to 26s.; 
Derbyshire best large nuts, 22s. 6d. to 25s. ; Derbyshire 
best small nuts, 14s. to 16s.; Yorkshire hards, 20s. 6d. 
to 23s.; Derbyshire hards, 20s. 6d. to 22s. 6d.; rough 
slacks, 9s. 6d. to 12s; nutty slacks, 9s. to 1ls.; smalls, 


Tur British ENGINEERING STANDARDS ASSOCIATION. 
—The Main Committee of the British Engineering 
Standards Association .have recently authorised the 
Secretary, Mr. le Maistre, to accept the invitation of the 
German Standards Committee (the N.D.I.) to be present 
at their annual meeting on December 13th. He is also 
going to Prague to give an address on Industrial Stand- 
ardisation before the recently-formed Czecho-Slovakian 
Standards Committee. 


NOTICES OF MEETINGS. 


Tue InstITUTION oF MECHANICAL ENGINEERS.—To- 
night, at 6 p.m., at Storey’s-gate, S.W.1. Extra General 
Meeting. “*‘ The Effects of Low and High Temperatures 
on Materials,’ by Professor F. C. Lea, D.Se. “ The 
Elastic Limit in Tension, Its Influence on the Break- 
down by Fatigue,” by Mr. J. M. Lessels, B.Se. 


THe Junior InsrirurTion or ENGInEERS.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecturette, 
““Metal Cutting under Water by the Oxy-Acetylene 
Blow Pipe,” by Mr. J. P. Polland. Friday, December 12, 
at 7.30 p.m. Ordinary Meeting. “ Fluid Transmission 
Gears,”’ by Mr. H. G. Bouly. 


Tse Institute or British FouNDRYMEN: LANcA- 
SHIRE BrancH.—Saturday, December 6, at 4 p.m., a- 
the College of Technology, Sackville-street, Mant 
chester. ‘“* ‘Spun’ Iron Pipes,’ by Mr. R. A. Miles. 


Tue Instirute or Metats: Scorriseh Loca SxEc- 
TION.—Monday, December 8, at 7.30 p.m., at the In- 
stitution of Engineers and Shipbuilders in Scotland, 39, 
Elmbank-crescent, Glasgow. ‘Ships’ Propellers,” by 
Mr. 8S. E, Flack. 


THe Royat Socirety or Arts.—Monday, December 8, 


at 8 p.m., at John-street, Adelphi, W.C.2. Cantor 
Lecture. ‘‘ Modern Colour Problems” (Lecture III), 
by Mr. Louis C. Martin, D.I.C., A.R.C.S., D.Sc. Wednes- 


day, December, 10, at 5 p.m. Ordinary Meeting. 
“Colombia as a Field for Development,” by Mr. Norman 
Thomson. Thursday, December 11, at 8 p.m. In- 
augural Address. ‘‘ Radio Communications,’ by Sena- 
tore Guglielmo Marconi, G.C.V.O., LL.D., D.Sc. (Post- 
poned from November 5.) 


Tue INSTITUTION OF MEcHANICAL ENGINEERS : SouUTH 
Waxes Brancu.—Tuesday, December 9, at 6 p.m., 
at the Chamber of Commerce, Swansea. Lecture. 
*“ Economics of Engineering,” by Mr. Daniel Adamson. 


Tue InstrruTion or ELEctTRICAL ENGINEERS: 
ScortisH CENTRE —Tuesday, December 9, at 7 p.m., 
at the Royal Technical College, George-street, Glasgow. 
*“An Electric Harmonic Analyser,’’ by Messrs. J. D. 
Cockcroft, R. T. Coe, J. A. Tyacke, and Professor Miles 
Walker. 


Tue LystiruTion or Civin EnarneERs.—Wednesday, 
December 10, at 7 p.m., at Great George-street, S.W.1. 
Informal Meeting. Subject for discussion, ‘‘ Suitable 
Fendering for Tidal Berths,” to be introduced by Mr. 
Ernest Latham, M.Inst.C.E. Thursday, December 11], at 
6 p.m. Extra Meeting. Joint Meeting with the following 
bodies: The Institution of Mechanical Engineers, the In- 
stitution of Electrical Engineers, the Institution of Naval 
Architects, the Institute of Marine Engineers, the North 
East Coast Institution of Engineers and Shipbuilders, 
the Institution of Engineers and Shipbuilders in Scot- 
land, the Institute of Chemistry of Great Britain and 
Treland, the Institution of Gas Engineers, the British 
Electrical and Allied Manufacturers Association, the 
British Engineers’ Association, which are co-operating 
in the work of the Special Committee on Tabulating the 
Results of Heat-Engine and Boiler Trials.’ Subject 
submitted for discussion, ‘‘ Standards of Comparison in 
Connection with the Thermal Efficiency of Steam 
Engines,” introduced by Captain H. Riall Sankey, €.B. 


THe OpricaL Soctsry.—Thursday, December 11, at 
7.30 p.m., at the Imperial College of Science and Tech- 
nology, Imperial Institute Road, South Kensington, 
8.W.7. ‘The Transformation of Trichromatic Mixture 
Data,” by Mr. J. Guild, A.R.C.Sce. “An Equipment for 
Visual Spectrophotometry,” by Mr. J. Guild, A.R.C.Se. 
‘©A Simple Micro-photometer,” by Mr. L. C. Martin, 
D.Sc. The following apparatus will be exhibited and 
described :—(a) A Telescope Support. (b) A Prism 
Holder for Vertical Projection, by OC. V. Boys, F.R.S8. 
Slow Speed Precision Training Gear Governed from a 
Distance, by Dr. P. P. Schilovsky. 


Tue InstrrutveE or Mrrats: Lonpon Loca Sxe- 
tTIoN.—Thursday, December 11, at 7.30 p.m., at 85-88, 
The Minories, Tower-hill, E.1. Joint Meeting with the 
Institute of Marine Engineers. ‘‘ Present Problems and 
Developments in Engineering Bronze Foundry Prac- 
tice,” by Mr. F. W. Rowe, B.Sc. 


Tue Institute or Merats: Swansea Looat SzEo- 
TION.—Friday, December 12, at 7.15 p.m., at the Uni- 
versity College, Singleton Park. Discussion on “ The 
Design of Furnaces for Annealing and Heat Treatment,” 
to be opened by Mr. T. Hill. 


THe West Bromwich ENGINEERING Socipry.— 
Friday, December 12, at 7.30 p.m., at the Technical 
School, West Bromwich. ‘ Lighthouse Engineering ; 
Marine Fog Signals,” by Mr. W. F. A. Richey. 


Tue Norrx East Coast Instirution or ENGINEERS 
AND SHIPBUILDERS.—Friday, December 12, at 7.30 p.m., 
at Bolbec Hall, Newcastle-upon-Tyne. ‘‘ Fuel Oil for 
Marine Internal-Combustion and Steam Engines,” by 
Mr. Sterry B. Freeman. 


Tse Miptanp Institute oF Mryine ENGINEERS.— 
Saturday, December 13, at 2.15 p.m., at the Danum 
Hotel, Doncaster. ‘‘ Mines (Working Facilities and 
Support) Act, Part I, 1923,” by Mr. J. H. Cockburn. 
Discussion on ‘‘ The Collieries of the First Danube 
Steam Navigation Company (D.D.S8.G.) Nr Pécs (Funf- 
kirchen), Hungary,” by Dr. J. Herezegh. ‘‘ The Utilisa- 
tion of Waste Heat and Surplus Gas from Coke Ovens,” 
by Mr. I. C. F. Statham, B.Eng. 


Tue Hurt Association of ENGINEERS.—Saturday, 
December 13, at 7.15 p.m., at the Municipal Technical 
College, Park-street, Hull. Lecture, “ Autogenous Weld- ° 
ing,” by Mr. J. Key, Junr. 
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SIDE PLANING MACHINE. 


CONSTRUCTED BY MESSRS. GEO. RICHARDS AND CO., LIMITED, ENGINEERS, BROADHEATH, MANCHESTER. 


(For Description, see Page 770.) 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—The joint audit*for the South Wales 
coalfield for October has just been issued, and shows that 
for the fifth month in succession a heavy loss has been 
sustained by the Welsh coal trade. It certifies that on 
the basis of the national agreement the wages payable 
in December should be 15-55 per cent. above the 1915 
standard as compared with 17-6 per cent. in September. 
The October certified rate is the lowest under the present 
agreement, but the general wage rate payable by the 
coal owners is the minimum of 42:22 per cent., or 26-67 
per cent. above the certified rate, the difference being 
met by the colliery owners, who are once again compelled 
to surrender not only their share of the surplus profit but 
also their standard profit and, in addition, draw on 
reserves or obtain loans from bankers. Jn ~October 
there was a loss of 107,327/. on the quantity of coal raised, 
representing a loss of 6-47d. per ton, compared with a 
loss of 158,552/. or 10-07d. per ton in September ;_ while 
in the five months ending October there has been a total 
loss of 737,170/., or at the rate of 1,770,000/. per annum, 
representing a loss of 9-25d. per ton in the five months. 
In October there was, however, an increase in output 
which resulted in a reduction in the cost of production. 
Wages costs, for instance, were reduced by 43d. per ton 
and other costs by 2d. per ton, making a total reduction 
of 64d. per ton as compared with September. Average 
pithead prices, however, were also reduced by 23d. per 
ton, and it may be of interest to mention that the cost 
of production in the South Wales coalfield was prac- 
tically 8s. per ton higher than in 1913, of which wages 
accounted for 5s. 6d., apart from an additional 8d. per 
ton due to the extra benefits now received by the miners 
under the health and unemployment insurance, welfare, 
and other schemes. In the meantime, however, the coal 
market has developed a much stronger tone, and business 
is on an expanding scale, with available supplies more 
difficult to secure than has been the case for some weeks 
past. Small coals in particular are in short supply, and 
the best bunker sorts rule up to 17s., with ordinaries 
around 14s. 6d., but if taken in conjunction with large 
are obtainable at about 6d. less. Best Admiralty large 
coal is steady at 27s. 6d., with seconds from 25s. to 27s. 
Monmouthshires are irregular at 23s. 6d. to 24s. 6d. 
Duff coals are strong and scarce. Bituminous sorts rule 
up to 19s. 6d., with dry duff round 16s. 6d. It is stated 
that French State Railways have placed contracts with 
various exporters for supplies over the first three or six 
months of next year, while news is also awaited of the 
decision of the Egyptian State Railways in regard to their 
inquiry for c.i.f. tenders for 200,000 metrical tons of large 
coal over the first five months of next year. 
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Iron and Steel Trades.—Exports of iron and steel goods - == - 

from South Wales last week amounted to 15,628 tons, Fig. 2. 
against 18,077 tons in the previous week. Shipments of 
tinplates and terneplates amounted to 9,111 tons, 
against 9,600 tons; blackplates and sheets to 2,267 tons, PeRsonaL.—Messrs. Alfred Herbert, Limited, of|for all Norton wheels in Great Britain and Treland. 
against 6,799 tons; galvanised sheets to 3,055 tons, | Coventry, who for many years have acted in conjunction | Stocks will be carried by Messrs. Herbert at Coventry, 
against 1,060 tons; and other iron and steel goods to | with another company as joint selling agents for Norton | London, Birmingham, Bristol, Manchester, Newcastle-on- 
1,195 tons, against 618 tons. grinding wheels, will in future act as sole selling agents | Tyne, and Glasgow. 
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FACTORIES AND. WORKSHOPS 
ACCIDENTS. 


PopuLaR publicists are prone to treat statistics 
in a singularly light-hearted way, and few seem 
to recognise the fact that a true understanding 
of them is seldom or ever to be derived without 
much more information than the tabulated figures 
convey as they stand. The difficulty which is 
ever inherent in the interpretation of statistics, is 
yearly exemplified by the reports to the Home 
Office of the Chief Inspector of Factories and Work- 
shops. Although the personnel of the staff and 
methods of compilation change but slowly, there is 
nevertheless no certainty that the accident statistics 
for different years are fairly comparable, since there 
is a steadily-increasing tendency to include in the 
list, trivial mishaps, which a generation ago would 
have been ignored in all reports, and which to-day 
are stillignored insome. ‘The report for 1923 states 
that the total number of accidents during the year 
was 125,551, a figure which is 27,565 in excess of 
that for the preceding twelve months, The inspector 
reports, however, that though the increase is in part 
due to greater employment, an important factor has 
been the more complete reporting of accidents. It 
may be said, however, that the fatalities provide 
comparable figures. These numbered 867 last year, 
which may be compared with 951 in 1921 and 1,404 
in 1920. In both these latter years, about one 
accident in 100 proved fatal, so that the proportion 
of fatal accidents, which is the only reliable criterion 
of danger, appears to be continuously diminishing. 
A notable instance of how misleading a mere enu- 
meration of accidents may be, is afforded by the 
figure given for accidents arising in the working of 
lathes. The report states that there are more 
accidents with lathes than with any other type of 
mechanism. This, as it stands, would seem to 
indicate that the lathe is an exceptionally dangerous 
tool. It turns out, however, that some = of the 
total are “‘ eye injuries,” and of these probably not 


one in a hundred would have been reported as an 
accident a generation ago. ‘Tiny fragments of metal 
are apt on occasion to fly into the eye of the turner, 
but in days past a neighbour removed the intruder 
with a large pin or the blade of a pen-knife, and 
work was resumed within a few minutes. Now- 
adays, the same mishap may mean a journey to an 
ambulance room, and is thus duly recorded as an 
accident. Many other lathe mishaps are equally 
trivial, and the report, unfortunately, does not state 
the number of lathe accidents which proved fatal. 
Possibly, there were none. It is pointed out, how- 
ever, in partial explanation of the long casualty list, 
that there are probably more lathes in use than any 
other class of tool. 

It appears that some 45 accidents were due to 
persons getting their clothing entangled in stock 
projecting from hollow spindle lathes. In the old 
days, probably little real danger arose from the 
lack of guards to these, but of late years speeds and 
cuts have been increased, and much more power is 
supplied to the machine, so that it is easy to under- 
stand that in such cases the projecting and rapidly 
revolving stock may be as dangerous as unprotected 
shafting. 

It appears from the report that falls are a prolific 
source of accident, and two-thirds of these were 
due to falls on the level, arising either from slippery 
or uneven floors, unsuitable footgear, or from “ sky- 
larking*’ amongst the operatives. In the case of 
woodworking machinery, the dangerous character 
of which has long been recognised, there are official 
regulations requiring non-slippery floors in the 
vicinity of the machines. 

The power press is becoming year by year a more 
and more important factor in industry. Work, 
marvellous in intricacy, accuracy, and cheapness, 
is now being manufactured on an enormous scale 
by the use of the power press, which as originally 
built was undoubtedly a dangerous tool, though 
probably not responsible for many actual fatalities. 
The guarding of the dies has proved a matter of 
some difficulty, and no one method is suitable for 
all patterns of the machine. These range in size 
from those used in cutting and forming motor-car 
panels, which may have a feed opening of 6 ft. 
and a stroke of 3 ft., down to the small presses 
used for the mass production of tiny parts of instru- 
ments, in the working of which any serious accident 
would hardly be possible. The main danger with 
the sizes of machine most in use is to the operatives’ 
hands. In some cases fixed guards can be used, 
but these, to be satisfactory, must be such that 
the operator cannot get at the tools when the 
machine is at work. Where access to the space 
between the dies is necessary in the operation of the 
machine, a moving guard is fitted which sweeps the 
space clear before the dies close. One worker of 
a machine thus fitted is quoted as observing that 
she supposed it was all right, “‘ only it keeps knocking 
my hands out of the way ! ” 

There were a good many cases of burst grind- 
stones during the year, 25 being reported in the 
Sheffield area alone. This figure is rather above 
the average, and the increase is attributed in part 
to the scarcity of money, which has led to the use 
of stones in a comparatively green state. In 
addition to this, there has been an increased use of 
soft stones, as these are said to be “‘ kinder” to 
“stainless ’’ steel. The mspector reports, however, 
that the grinding, glazing, and polishing of table 
cutlery by mechanical means is making headway 
and promises to lead to the elimination of natural 
stones for grinding purposes. As usual, dangerous 
abrasive wheels are more prevalent in the smaller 
shops, and in motor-repair establishments in 
particular, improperly protected, badly mounted, 
and over-speeded wheels are not uncommon. 

The growing popularity of the internal-combustion 
engine has led to a reduction in the number of steam 
boilers worked under improper conditions. The 
obligation to have boilers inspected by a competent 
man is, however, at times ignored by the smaller 
factory owners, who, to avoid the expense of an 
inspection by a boiler insurance company, entrust 
the work to a local examiner of doubtful competence. 
The internal-combustion engine has, however, 
introduced some new dangers, though the net risk 
is certainly less than that attaching to steam boilers 
improperly looked after. The report mentions 
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an explosion of the air-blast injection pipe of a 
Diesel engine, and in another case a fatal explosion 
occurred when a semi-Diesel engine was being run 
on trial. There have also been several explosions 
in the furnaces of oil-fired boilers, and one case is 
reported of an explosion where pulverised coal 
was being used. 

There have been a good many explosions of com- 
pressed gas cylinders. Some were due to defective 
material, a notable case being that of three 
cylinders removed from a German submarine. 
These were 16% in. in diameter and 3 in. thick, 
and after testing at 3,000 Ib. per square inch were 
charged at 1,800 lb. per square inch. The explo- 
sion occurred, however, when the pressure was 
only 1,500 lb. per square inch, and an examination 
of the material showed the steel to be of inferior 
quality and in one case very brittle. Welded 
bottles are not considered suitable for storing 
compressed gases as defective welds are far from 
infrequent. There have been several explosions 
due to the use of unsuitable lubricants in com- 
pressors. For such purposes ‘a high flash straight 
mineral oil” is recommended, as vegetable and 
animal oils are apt to fire when exposed to com- 
pressed air at a high temperature. In any case 
the amount of lubricant used should, it is recom- 
mended, be as small as possible. Where oxygen is 
being compressed, still greater precautions are 
necessary, and the report states that the cylinders 
of oxygen compressors are generally lubricated 
solely with distilled water. In America, however, 
it has been considered safe to add small quantities 
of soap solution to this, provided the soap contains 
no free fat. An explosion, however, occurred last 
year which was definitely traced to the addition of 
0-07 per cent. of soap to the lubricating water. 
This soap had been specially prepared and proved 
free from fat on test. The explanation given of the 
explosion is that a copper soap was formed in the 
compressor, the alkali, originally present, being 
replaced by copper dissolved from the valves. This 
copper soap broke up during the working of the 
compressor liberating hydrocarbon vapours. The 
copper oxide thus set free was deposited on the 
piston and caused heating by friction, which was 
sufficient to ignite the vapours. The oxygen, it 
should be added, was electrolytic and contained 
1-8 per cent. of H. 

The report states that factories continue to 
increase in numbers and the workshops to diminish. 
The distinction between the two lies in the use of 
power, undertakings where no power is employed 
being classed as workshops. The change over is 
highly desirable, as from American returns it appears 
that in pre-war times our use of power per man 
employed was only about one-third as much as the 
average in the United States. It was, no doubt, 
this lavish use of power which enabled so many 
American industries to maintain a foreign trade in 
spite of the very high wages paid. The change 
here is being hastened by the extended use of 
electricity, and though accidents do occur in con- 
nection with electric power it is gratifying to note 
that they number considerably less than ten 
years ago when the demand was not one-third of 
what it is to-day. Comparative figures are 361 
accidents (of which 22 were fatal) in the year 1923, 
and 472 accidents, of which 19 were fatal in 1913, 
Most of the accidents occur with supplies at moderate 
pressures and the number is being increased by the 
steady substitution of the alternate current for the 
direct current. There would thus seem to have 
been some basis for the newspaper campaign 
waged in America some 30 years ago against what 
was called the “deadly alternating current,” 
although that agitation was really promoted and 
financed by industrial organisations interested in 
the direct current system. 

Most of the accidents appear to be due to ignor- 
ance, particularly amongst small users. It appears, 
however, that at least one large new station dis- 
closed extraordinary recklessness in its arrange- 
ments, the switch room being “truthfully described 
as a death trap.”” Extra high-pressure conductors 
were exposed without any protection in places 
where attendants would, in the ordinary course 
of their duties, be liable to come in contact with 
them and there were other nearly equally serious 


defects in the arrangements. The growth of 


existing stations has called attention to the 
necessity of scrapping and replacing switches, 
circuit breakers, and the like, which are no longer 
adequate, in view of the heavier loads. On large 
systems the explosion of an oil switch may have 
serious consequences. In one case reported, the 
sub-station walls were blown out, and the station 
demolished. In other cases the vent pipes from the 
switch gear have been located in such a way as to 
endanger the staff. It is recommended that 
they should in all cases be carried outside the 
buildings. 

The establishment of a number of outdoor sub- 
stations is reported, but doubts are expressed 
whether in this climate, the saving in the cost of 
buildings will compensate for the cost of main- 
taining the apparatus weatherproof. 

The bursting of a 3,000-kw. turbo-alternator, 
and of another of double the capacity is recorded. 
Fortunately no one was hurt. 

The report states that the eight-hour day is now 
general, and that any attempt to return to longer 
hours would be strongly resisted. In certain cases 
only five days are worked per week. Some firms 
have adopted the two-shift system, but the reports 
on the working of this are very conflicting. The 
views of the operatives depend a good deal on their 
nearness to the factory and on transport facilities. 
The great improvement which has been effected in 
this regard during the last few years, has made it 
possible for factories in large towns to draw labour 
from surrounding villages. In some cases, however, 
the interests of the town and village worker conflict. 
Thus, at Leicester the mid-day break is 14 hours, 
which is a convenience to those who live in the town, 
whereas those who come from a distance would 
prefer a shorter interval, and to get away at a cor- 
respondingly earlier hour. 

At a meeting of the British Association at Leicester 
in 1907, papers were read in which attention was 
drawn to the extraordinary nimble-fingerness of 
young boys and girls engaged in light repetition 
work, and it was suggested that equivalent results 
could not be secured with older operatives. In the 
textile trades, too, it has been contended that 
learners in the weaving sheds should start at 12 
years of age because of the flexibility of their fingers. 
It is, therefore, of interest to learn that two firms 
at Bolton have successfully undertaken the training 
as weavers of girls aged from 17 to 25. 

Welfare work apparently makes steady, if slow, 
progress. For the slowness, trade depression and 
perhaps also the heavy taxation is largely respon- 
sible. Workers are becoming less prone to mis-use 
and wreck the facilities provided, and managers are 
learning that supervision is essential to keep mess- 
rooms and toilet-rooms in a satisfactory condition. 
It is gratifying to note that washing accommodation 
is being more generally provided, and is being more 
and more appreciated. In time we may hope to 
attain in this respect to American standards. - 


COASTAL TRAFFIC. 


THE average person in this country is apt to 
forget that a large volume of traffic finds its way 
from port to port round our coasts, by sea. So 
accustomed are people to think in terms of rail 
transport, that other systems are often overlooked 
except when some enterprising firm of road hauliers 
canvass for their patronage, or some enthusiast 
for the moment arouses interest in the possibilities of 
canals. At intervals the coasting trade is threatened 
with extinction, and the public is then apprised 
of the fact that one of its most vital interests is at 
stake. Soon after the war, the trade was in great 
difficulties ; the reason was not far to seek. Prices 
generally were then very high; the only direction 
in which they had not been raised to a commen- 
surate degree was that of railway rates, due essenti- 
ally to the fact that those systems were under 
Government control at that time. This gave the 
railways an immense advantage in securing port-to- 
port traffic, though, as all rates were unremunera- 
tive at the time, the real gain to them amounted to 
practically nothing, while the loss to shipping may 
well have been severely felt. 

According to Sir Alfred Read, who read a paper 


on the subject on Monday last, before the Institute 
of Transport, the coastal shipping trade is again 
fighting for its existence. Sir Alfred mentions com- 
petition with the railways and with road transport. 
He fails to mention, however, that under the Rail- 
ways Act of 1921, the coastal trade is protected from 
undue competition in connection with rates, on the 
part of the railways, who in this matter are working 
under supervision. It may be recalled that when 
the clause was inserted to protect the shipping 
interests, in order to serve all alike, the attempt 
was made to secure some protection for the railways — 
against competition by road. This, finally, was 
considered to be unworkable, and the railways were 
left to work out the best means of combating the 
methods of their latest rivals. 

Such competition as now exists between the 
railways and coastal shipping arises under these 
conditions mainly from facilities. The fact is that 
shipping suffers under certain inherent disabilities. 
Originating very many years ago, at a time when 
cross-country transport was well nigh impossible, 
and when it provided the only feasible method of 
transport in bulk, this trade has survived in what is 
really a remarkable manner, in view of the internal 
changes which have come over the country. Stage 
coaches were driven off the roads by the provision 
of better facilities. Canals always suffered from 
physical features by which the railways were un- 
fettered, and in time succumbed. Shipping, how- 
ever, has made a good fight of it and has adapted 
itself as far as possible to the changed times. It is 
a cheap form of transport, and its survival is due to 
just how far this can offset its disadvantages, in 
relation to the facilities offered by other systems. 

For certain traffic the low cost will probably 
always give it the'advantage, but, with the increasing 
demand for speed and for convenience of service, it 
is probable that, relatively, this trade will continue 
to fall off. Even in the traffic between the smaller 
coastal ports the stress of competition is now felt. 
Here it is probably a case of road transport, which 
offers its unrivalled door-to-door service, most 
likely using a direct route, thus ensuring quick 
delivery in directions never attempted by railways, 
whose systems run more to points inland than 
between places on the coastline. 

Sir Alfred Read’s paper draws attention to some 
of the difficulties to be contended with. For 
instance, in order to keep cartage costs low it is 
pointed out that docks and wharves utilised must be 
in the centre of the ports served. This at once 
directs attention to the fact that, if cartage is 
relatively high, the balance of advantage can easily 
be lost by shipping to the railways or to road trans- 
port. Then, again, it is stated that ships should be 
able to enter ports to unload, and leave, at any state 
of the tide. This seems hardly consonant with the 
requirement as regards cartage, without the pro- 
vision of expensive works, the cost of which would 
be bound to be reflected in harbour dues. This 
would not provide a clear economic gain, therefore, 
and the traffic might fail to survive as a result. The 
same applies to the demand for the provision of 
greater facilities, two-storied sheds at the docks, 
cranes and mechanical devices for loading and 
unloading rapidly, and so on. All these can be 
provided, but at a price, and the question is how far 
it will pay the ports to spend money in this manner. 
Such expenditure has to be recouped in one way or 
another. It is for the shipping people to convince 
the ports that this can be accomplished in a manner 
which will be mutually beneficial, for if a port over- 
burdens itself with heavy dues, and shipping conse- 
quently forsakes it, its last state will be worse than 
the first, and the only parties benefitting will be 
the very road and rail transport systems from whom 
the shipping companies are seeking to conserve their 
traffic. 


THE DETERIORATION OF STRUCTURES 
IN SEA-WATER. 


THe Committee of the Institution of Civil 
Engineers, which since 1916, with the help of grants 
from the Department of Scientific and Industrial 
Research, has been investigating the deterioration 
of structures in sea-water, has prepared a Fourth | 
Report, which has now been published for the 
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Department in succession to the Reports of 1920,] Mr. W. H. Hamer, Engineer to the Auckland 


1922, and 1923.* 

Tt will be remembered that these investigations 
include both laboratory and other observations 
made in this country, and records of continuous 
exposures in various ports of the Empire. The 
present report consists of interim accounts of progress 
from correspondents of the Committee, with 
abstracts of reports received from various American 
authorities on allied investigations in the United 
States. No final results have been reached in the 
period under notice, but information continues to 
accumulate and encourages the hope that the 
inquiry will ultimately lead to a considerable 
advance in knowledge of a complex subject, in 
which definite information can only be gathered by 
prolonged and systematic observations. 

The results that at present are the least definite, 
but by no means the least interesting, relate to the 
life history of teredo and other animals that attack 
timber, and to some damage to brickwork in the 
port of Calcutta caused by bivalve molluscs. 
Observations on teredo were made at Plymouth in 
continuation of the investigation by Mr. Harington 
under the direction of Professor Barger, carried on 
last year by Mr. C. M. Yonge. The attempts to 
induce the animals to grow under laboratory con- 
ditions were only partly successful, as, although 
fertilisation and growth were induced and the larvee 
were attracted by strips of wood and crowded on 
them, the conditions of experiment did not succeed 
in producing any boring action or any transformation 
of the larve preliminary thereto. The experiments 
threw light, however, on some circumstances of the 
‘development of the larvee, and apparently are to be 
continued until the right conditions for enabling the 
larve to complete their life history are found. 
Meanwhile a raft that had been exposed in Plymouth 
harbour since 1920, bearing small battens of un- 
treated deal, and had shown no signs of infection 
after a year’s exposure, was again examined, and 
this time the battens were found without exception 
to be riddled with teredo and other animals. Where 
possible the burrows, and the contracted teredo 
removed from them, were measured. Observations 
were also made on a number of specimens of timber 
treated with various chemicals, the results of some 
of which are decidedly encouraging. All these 
observations were made at sea under some difficulty, 
and it is intended after another year’s exposure to 
bring in the entire raft for a full examination. 

Similar experiments have been continued at 
Lowestoft by Professor 8S. M. Dixon, with analogous 
results, and it seems likely that some definite 
information as to protective processes may be 
available when the next examination has been made. 
The Lowestoft experiments are being continued, 
and a further set of specimens have been sent to 
Colombo for exposure. Professor Dixon has also 
made a number‘of bending, end and side compres- 
sion, and shearing tests on various foreign timbers 
with and without preservative treatment. This 
Series is still in progress, and the results are to be 
published in a later report. Professor Dixon is 
also conducting a number of observations on a 
miniature air-drying apparatus for timber, the 
design of which is included in the present report. 
The specimens are 8 in. by 2 in. by 12 in., six 
such blocks being dried at one time. The essential 
feature of the design is that the air used for dry- 
ing is kept in a suitable state of humidity so as 
not to case-harden the outside of the blocks. 
This is done by means of a controllable water 
Spray passed by a fan into the heating chamber 
from which the air for drying is supplied to 
the kin. Temperatures are controlled by ther- 
mometers, but no mention is made of means for 
Measuring the percentage of moisture in the air 
before or after humidification and on discharge 
from the kiln. The protess is continuous, and is 
Said to produce a uniform drying, which avoids the 
cracking through unequal shrinkage found com- 
monly in seasoning hard woods. 


* “Deterioration of Structures of Timber, Metal and 
crete exposed to the Action of Sea-water.” Fourth 
(Interim) Report of the Committee of the Institution 
of Civil Engineers. Edited by P. M. Crosthwaite, 
_ M.Inst.0.E., Secretary to the Committee, and Gilbert R. 
1 grave, Assoc.Inst.C.E., H.M. Stationery Office. 
3s. 6d. net.] 
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Harbour Board, continues the account of specimens 
of native and other timbers, treated and untreated, 
that have been exposed in the harbour since 1917 
and 1918, showing every kind of extent of attack 
by boring organisms, from complete disappearance 
of the timber up to entire soundness, the latter 
condition being found only in some treated speci- 
mens. Particulars are also given of some timbers 
exposed similarly to decay in the ground ; several 
of these, both treated and untreated, remain quite 
sound, though a number are slightly attacked, and 
at least one has rotted right through. 

The damage to brickwork is reported by Mr. J. 
McGlashan, the Chief Engineer to the Port of 
Caleutta, and a detailed note on it by the late Dr. 
Annandale, Director of the Zoological Survey of 
India, is appended. The damage was done by the 
penetration of small bivalve molluses of a recog- 
nised variety into the brickwork of a culvert in the 
Kidderpore dry docks. The molluscs were found 
not only in the mortar but in the brickwork itself, 
which they penetrated for as much as 1 in. to 2 in., 
and would indeed have probably destroyed the 
entire mass but that, apparently through foulness 
of the water arising from impure effluents, most 
of them had died off. They seemed unable to 
attack the bricks except where the blue glaze on 
the surface had been omitted or worn off. The 
burrows were bottle-shaped with the neck at the 
entrance, and in one instance the base of the bottle 
was some 17 mm. as against little more than | mm. 
at the entrance. Ordinarily this bivalve bores in 
wood, though it was found originally in soft argil- 
laceous sandstone. Where it had penetrated, other 
molluses were beginning to’ collect in the holes 
it had made, and if they had accumulated and 
increased, as might have happened, would have 
carried the destruction of the brickwork further by 
breaking down the thin walls between the burrows 
of the original bivalves. 

A summary note by Mr. L. H. Savile, Civil 
Engineer-in-Chief of the Admiralty, describes the 
results of an investigation into defects in reinforced 
concrete structures at Admiralty establishments, 
ascertained in consequence of a defect observed in 
one such structure. The chief remedial measures 
ordered to be taken in future are to use a minimum 
of 24 in. cover for the principal members, the con- 
crete being so proportioned as to give maximum 
density and the aggregate all to pass through a 
3-in. ring, to avoid the use of flat steel stirrups or 
links and overcrowding of reinforcements, to coat 
the surface of the concrete with paint, fuel oil, 
or composition, for preventing the percolation of 
air, water, &c., and to prohibit the use of salt 
water for mixing the concrete. 

A considerable part of the report is devoted to 
notes on various corrosion observations that have 
been in progress and are being continued. Dr. J. 
Newton Friend reports his laboratory observations 
on the corrosion of certain specimens of steel pre- 
pared by Messrs. Hadfields, some in their ordinary 
condition and some mechanically overstrained. 
The results of a year’s exposure to artificial sea- 
water are set out, and compared with those of a 
previous series, in which the same materials had 
been exposed for a year to fresh water alternately 
wet and dry. The results show differences in the 
relative resistance of the several metals to the two 
conditions, and further differences seem to be dis- 
closed on comparing them with other results that 
have already been reported from the river and sea 
tests in progress. Abstracts are given of reports 
by Mr. L. H. Savile; Mr. W. H. Hamer, Mr. A. D. 
Prouse, and Mr. C. E. W. Dodwell, the engineers to 
the authorities concerned, on the steel specimens 
under observation at Devonport, Auckland (N.Z.), 
Colombo, and Halifax (N.S.) harbours. 

A special report by Mr. Ernest J. McKaig and 
Dr. J. N. Friend describes an interesting instance 
of corrosion of iron and steel in a landing stage at 
Weston-super-Mare, which from its completion in 
1908 had shown signs of active corrosion, especially 
in bolts and nuts, and ultimately early in 1922 
showed fracture of weakened members and had to be 
dismantled. The cause of the rapid corrosion was 
not definitely established, but appears to have been 
connected with a slight erosive action of sand about 


sea bed level, which constantly exposed fresh sur- 
faces to corrosive action. The fracture is attributed 
to repeated reversed stresses caused by the impact 
of vessels using the stage. Cracks were thus de- 
veloped which allowed salt water to penetrate 
into the interior of the metal. Specimens of uniform 
steel plates, all rolled from the same ingot, have been 
prepared and coated with various protective com- 
positions under the direction of Dr. Friend, for 
exposure in Southampton by Mr. F. E. Wentworth- 
Sheilds, the Docks Engineer to the Southern Rail- 
way Company. Analyses have been made of the 
pigments, oils, diluents and steel. These will appear 
in a subsequent report with the results of exposure. 

Useful abstracts are given of reports received from 
various American authorities, in particular from 
San Francisco and from Barnegat Bay, N.J., where 
very active attack by a small teredo has been 
observed. Abstracts are also given of biological 
researches on teredos and shipworms. 

Additions have been made to the museum of 
organisms found on exposed timbers, and the 
Committee hope to secure the help of corresponding 
members in enlarging the collection, which is 
carefully catalogued, as complete as possible. 


THE CITY AND SOUTH LONDON 
RAILWAY. 


On Monday last the City and South London 
Railway was again brought into service, being then 
formally reopened after reconstruction which has 
transformed the old pioneer line into what is 
claimed to be the finest underground railway in the 
world. The line is one of great historic interest 
since it was the first tube railway of its kind, and 
the first underground system to employ electric 
traction. The line owed its existence directly to 
Greathead, while Edward Hopkinson was respon- 
sible for the work which made the adoption of 
electric traction upon it feasible, in place of the 
cable system originally planned. 

In his presidential address recently delivered 
before the Institution of Civil Engineers, Mr. Basil 
Mott paid a high tribute to Greathead and recorded 
many interesting points connected with the original 
line, as well as with the work of reconstruction, for 
which Messrs. Mott, Hay and Anderson have acted 
as consulting engineers. At the luncheon which 
followed the opening ceremony on Monday last 
the names of Greathead and Hopkinson were like- 
wise honoured. 

The original City and South London was opened 
in December, 1890. The tubes, with cast-iron 
lining, were 10 ft. 2 in. and 10 ft. 6 in. in diameter 
and the trains were hauled by locomotives, one of 
which now reposes as a relic of historic interest in 
the South Kensington Museum. The station 
tunnels were single tunnels 30 ft. in diameter, 
lined with brick. In the reconstruction the tube 
tunnels have been enlarged to take the standard 
tube rolling stock of the London Underground 
Railways. The new diameter of 11 ft. 8} in. 
brings the line into conformity in this respect with 
the other railways making up the system. Although 
as we have said the original line had tubes 10 ft. 
2 in. and 10 ft. 6 in. in diameter, extensions had 
been built to a diameter of 11 ft. 6 in. In the re- 
construction these have also been rebuilt to the 
present standard, this work having been done by 
hand, with timbering, the old lining being replaced 
with enlarged key pieces. 

For the enlargement of the smaller diameter 
tubes working with shields was adopted, no less 
than 18 shields being simultaneously in operation 
at one period. On curves the tunnels are enlarged 
to 12 ft. and 15 ft. diameter, according to radius. 
For the chief part of the section between Clapham 
and Moorgate the work was carried out without 
stopping the traffic. This involved the use of a 
special type of shield, but the worst complication 
arose from the fact that signalling gear and other 
equipment had to be removed at any point where 
work was in progress, before a start for the night 
could be made. This had all to be restored before 
traffic could be resumed in the morning. Work 
of this kind was necessary at as many as sixty 
points at a time—a fact which will give some idea 
of the organisation necessary. At the stations the 
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old 200 ft. large diameter tunnels have all been 
lengthened to 350 ft., to take the present standard 
length of train. It may be mentioned that on the 
southern section some four-fifths of the excavation 
was carried out with traffic still working. Subse- 
quently, owing to a subsidence, the line was closed 
to traffic and handed over wholly to the work. 

For the handling of the spoil, trains were used 
operated by the old locomotives. The material 
was hauled to the Stockwell depot, where there 
exists a 20-ton hydraulic lift originally installed 
for lowering the rolling-stock into the tunnels. 
This lift handled in all some 62,400 wagon loads, 
covering 95,000 cub. yards of excavated material 
and 14,000 tons of lining segments. 

The work has been carried out under the Trade 
Facilities Act, and has given direct employment to 
a large number of men. At one time 2,000 hands 
were employed on the undertaking, while the in- 
direct employment has been estimated at about 
5,500 men over a period of two and a-halt years. 
British products were used throughout. 

With the completion of work now in progress 
the line will become the longest railway of its kind, 
involving a total of 21 miles, whilst the tube section 
from Golders Green to Colliers Wood will constitute 
the longest railway tunnel (14 miles) in the world. 
The line will ultimately extend from Edgware to 
Morden on the south, and with the new connection 
now in course of construction between Charing Cross 
and Kennington, a new direct route from north to 
south across London will be available, cutting out, 
for those who may desire to avoid it, the detour 
by the City and the Angel. The travel tacilities 
in London will thus be greatly enhanced. 

Concurrently with the underground work, the 
reconstruction of the stations has been taken in 
hand. All of these have been greatly improved in 
the process of remodelling—some have been com- 
pletely rebuilt, while two entirely new ones have 
been constructed. At the new Clapham Common 
station a feature is the installation of an escalator 
of the new cleat-comb type, the first of its kind in 
England, enabling passengers to step directly on to 
the stair, instead of on to a moving level platform. 
The contrast between the spacious escalator and 
station premises and the accommodation and lifts 
formerly provided is very great. No less does 
the rolling-stock contrast with that of the former 
days. The original City and South London pas- 
senger stock was pratically without windows. It 
was argued that as the trains ran always in tunnels 
side lights were a superfluity, and only narrow glazed 
strips a few inches deep ran along each side, the 
upholstered backs of the seats being carried to a 
considerable height up the carriage sides. The new 
stock, on the other hand, is very light and airy, 
with plate-glass side lights capable of being lowered 
some inches. Of course, the conditions now are 
different from those of the original line, as the 
railway when complete will be a surface line for 
some distance at both ends. The new stock is 
remarkably quiet in running, and proves how excel- 
lently the measures for the suppression of avoidable 
noise, have been carried out by the mechanical 
department. 

We may conclude this brief notice of an interest- 
ing work by mentioning that the line has been re- 
opened six months earlier than was expected, and 
with a reference to four of the company’s officials 
whom Lord Ashfield cited, at the luncheon follow- 
ing the opening, as being directly responsible for 
sections of the work, viz., Mr. Z. E. Knapp, director 
of construction ; Mr. A. R. Cooper, chief engineer ; 
Mr. 8. A. Heaps, responsible for the architectural 
features of the work ; and Mr. I. J. Jones, resident 
engineer. 


NOTES. 


Cootine Towers. 

A COMPARATIVELY recent example of the appli- 
cability of ferro-concrete is afforded by its use in 
the construction of cooling towers. The subject 
was dealt with ina paper entitled “‘ Recent Deve- 
lopments in Ferro-Concrete Cooling Towers,” by 
Mr. H. A. Rickwood, read last Monday, at a meeting 
of the Society of Engineers. The author first com- 
paring timber and steel cooling towers from the 


point of view of their life, stated that in France a 
timber shell was generally assumed to last from 10 
to 12 years. In Holland opinion was divided, 
some engineers considering 8 years to be the limit, 
whilst others believed that with care and proper 
maintenance timber towers would last 15 years. In 
this country, the paper stated, 12 to 15 years was 
the life generally relied upon. Efforts made to pro- 
vide cooling towers of more resistant material led to 
them being constructed of steel. The Worthington- 
Simpson towers were of this material, both as regards 
the shell and the interior. They were circular in 
shape, the diameter seldom exceeding 25 ft., the 
height being from 90 to 100 ft. Reinforced-concrete 
had been resorted to for the construction of the 
outer shell as a substitute for steel, and a few 
Worthington-Simpson towers had been built of that 
material on practically the same lines as the steel 
towers. The recent development in the construction 
of ferro-concrete cooling towers referred to by the 
author was due to Professor F. K. van Iterson, 
Director of the Dutch State Mines, Heerlen, and 
Mr. G. Kuypers, Chief Building Surveyor, Amster- 
dam, who have provided them with collecting 
tanks of greater capacity than hitherto usual, with 
a view to improve their working. The towers 
have a base 28 m. (92 ft.) in diameter, their height 
is 35 m. (about 115 ft.), the inside diameter at the 
neck near the top being 10 m. (about 33 ft.). Radiat- 
ing troughs and concentric gutters are built in the 
lower part of the tower. The inlet pipe delivers 
in the centre, the water being carried towards the 
outer part by means of the troughs which feed the 
gutters, the latter being arranged in parallel con- 
centric lines, each of the 8 triangular gutter sectors 
being fed equally. The interior of the shell above 
this bottom filling of troughs and gutters is free 
from all stays and bracings, there being, therefore, 
no resistance to the air draught. The base of the 
shell underneath the troughs and gutters is made 
with circular or triangular openings for the incoming 
air. The new towers are found to work uniformly 
over their whole area and to give complete satis- 
faction from the point of view of cooling efficiency. 


Russper LATEX AND ITs APPLICATIONS. 


It is a curious fact that a good many rubber 
manufacturers of this country had not seen any 
rubber latex, the milky sap as it leaves the tree, 
until the London rubber exhibition of 1922. The 
rubber arriving here had always been in the co- 
agulated condition ; if not coagulated on the spot 
by heat, smoke or acids, generally acetic acid, the 
milky sap coagulated during transport. Yet it 
was known that alkalis and especially ammonia 
would not coagulate the rubber, but preserve it to 
a certain extent ; a patent on the preservation by 
ammonia had indeed been taken in 1853, a patent 
on the use of rubber “in its native state ’’ had been 
obtained by Peel in 1791, and Hancock and others 
had experimented on latex. A few years ago Mr. 
F. Kaye improved the strength of paper by intro- 
ducing latex during the beating process of paper 
making. In 1922 the imports into Europe of latex 
from the Malay and Sumatra districts suddenly 
went up to 1} million gallons, and rubber manu- 
facturers generally became interested in their 
primary raw material. The problems were dis- 
cussed on the 17th ult. at a joint meeting of the 
Institution of the Rubber Industry, and the 
Society of Chemical Industry in connection with a 
paper by Dr. A. van Rossem, director of the 
Government Rubber Laboratories at Delft, Nether- 
lands, on “ Latex, its Chemistry and the Develop- 
ment of its Industrial Applications.”” The 1,500,000 
gallons of latex of 1922, Dr. van Rossem mentioned, 
represented one per cent. of the total rubber 
imports from that district for the year, but the 
figure for this year would be very much smaller. 
The latex had, at Delft, been concentrated by 
evaporation and by centrifugal processes which 
yielded “latex cream” and “skimmed latex.” 
Latex could be vulcanised, the best sulphur carriers 
being colloidal sulphur and ammonium sulphide, 
and it had found applications, especially as a sub- 
stitute for rubber solutions, the solvents of which 
could only be recovered by costly and dangerous 
processes. The waterproofing, by means of latex, 
of paper, leather, threads and tubes, balls, and of 


tarpaulin and cement bags were promising appli- 
cations, and high-pressure steam packings of latex 
had given good results. The concentration of 
latex might prove of advantage, particularly as 
three tons of latex contained two tons of water. 
Dr. van Rossem himself was doubtful whether the 
little rubber contained in latex paper would prove 
durable. But Mr. Kaye mentioned that paper 
samples he had received from the American Bureau 
of Standards had not deteriorated at all in two 
years, and though that question must be left to 
time the many specimens of native latex articles in 
European museums are certainly still in perfect 
condition after decades of exposure. 


ENGINEERING SCHEMES 
PARLIAMENT. 


Tue private Bills to be brought before the session 
of Parliament just opened are still fewer than they 
were a yearago. In part this cessation of activity is 
no doubt to be attributed to the establishment of the 
Electricity Commission which, although its powers 
are less than is in the national interest advisable, 
have done and are doing excellent work in checking 
the multiplication of small and inefficient stations. 
Unfortunately, as matters stand the Commission 
has often to compromise with vested interests or 
local political considerations, and accept schemes 
and arrangements which are not quite the best 
from technical and economic standpoints. The 
only sufferer by the change has been the Parliamen- 
tary Bar which, however, promises to have some 
solace this year in the fact that two great companies 
are promoting conflicting schemes for railway 
development in Nottinghamshire. It is much to be 
wished that the two companies could agree on a 
joint scheme, and so reduce parliamentary costs, 
a form of expenditure from which the community 
reaps perhaps less benefit than ‘many others 
that could be named. In his recent presidential 
address to the Institution of Civil Engineers, 
Mr. Basil Mott pointed out that in the great fight 
over underground tubes for London, in 1900-1902, 
some 100 miles of new construction were proposed 
and only four miles sanctioned. Amongst the 
scheme rejected, through the misapplied ingenuity 
of counsel, there were, Mr. Mott said, many really 
excellent proposals. Economic conditions to-day 
are not such as to warrant these expensive contests. 


IN 


RaAILWAys. 


The two schemes referred to above are promoted 
respectively by the London and North Eastern 
Company and the London Midland and Scottish 
Company. The former propose to construct in all 
over 30 miles of new line in the area lying between 
Nottingham and Retford, passing through Farns- 
field, Boughton, and Houghton. In connection with 
this scheme the Derbyshire and Staffordshire line is 
to be widened in the Gedling area just outside of 
Nottingham. Ina second bill the Company propose 
in addition, the construction of about 1{ miles of new 
line in the Southwell area, and also to widen here their 
Chesterfield and Lincoln branch. It is also proposed 
to construct about 104 miles of new line from 
Gainsborough to Frodingham. In Derbyshire a 
little over a mile of new railway is to be made at 
South Normanton and Blackwell, and the Man- 
chester and Sheffield Railway will be widened at 
Glossop. In Lancashire a new line about 2? miles 
is proposed between Whiston and Tarbock. Powers 
are also sought to divert the Middlesbrough Owners 
Line at Middlesbrough, and to widen Fenchurch- 
street Station in London for about } of a mile. 

The London Midland and Scottish Company in 
their bill propose the construction of 144 miles of 
new line from Retford to Farnsfield, passing through 
Bilsthorpe, Ollerton, and Boughton. There will 
be short branches or junctions at Ollerton, Boughton, 
Edwinstow and Balsworth, and two branches to 
Clipstone Colliery. The total amount of new line 
will be about 23 miles. ; 

The Southern Railway has, of course, very much — 
work in progress under its existing powers. ‘These 
include important station improvements at Victoria, 
and the electrification of long sections of the subur- 
ban railways. It is expected that the Victoria- 
Coulsdon and Victoria—Sutton section will be in 
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operation by next February, and part of the South 
Bastern section, that from Victoria to Orpington, 
by July 1 and the remainder of the electrification 
now in progress will, it is hoped, be completed by 
1926. With so much work in hand, the Companies 
are not launching out into extensive new schemes, 
and the bill they are promoting provides in the 
London area, merely for the widening of the Kent 
House and Beckenham junction line for about 
14 miles and also of the Norwood Spur Line. The 
Kent Coast line is also to be widened at Herne Bay 
for + mile, and the Ryde-Ventnor line between 
Sandown and Shanklin for 13 miles, and another 
clause provides for the construction in the Isle of 
Wight of 24 miles of new railway near Ventnor. 


Tramways, Ligut Ratnways, TROLLEY VEHICLES 
AND Motor OMNIBUSES. 


One of the great difficulties attaching to municipal 
trading ventures has been the fact that if new 
developments render obsolete the methods and 
plans adopted on the assumption that finality had 
been reached, there is great difficulty in scrapping 
the latter. Many municipalities seem to be seeing 
in the trolley vehicle a way out of the awkward 
situation in which their tramway speculations have 
landed them. Whilst proposals for new tramways 
are few and unimportant, many corporations are 
taking powers to run trolley vehicles over existing 
tramway routes, and to abandon the tramways 
where rendered unnecessary by the new services. 
The change is all to the good, as the removal of the 
tails from the street will get rid of a frequent 
source of damage to other vehicles, whilst traffic 
generally will gain by the disappearance of the 
tramcar which is the cause of so much direct and 
indirect obstruction. The local authorities which 
seek powers for making the change above described 
are those at Barrow, Ipswich, West Hartlepool 
and Wolverhampton. Other authorities seeking 
powers to run trolley vehicles, in many cases 
over existing tram routes, are those at Bolton, 
Darlington, Nottingham, Walsall and Wallasey. 
Inseveral cases powers are also taken to run ordinary 
motor buses. Powers for operating this latter 
form of transport are sought by the corporations of 
Rochdale, Hartlepool and Leeds, and the Urban 
District Council of Bedwelty. As already mentioned 
not much is proposed in the way of new tramway 
developments. The London County Council merely 
seek powers for new junction lines in the Lewisham 
and Woolwich area, and the Middlesex County 
Council propose similar work at Acton and Finchley. 
Glasgow Corporation propose the construction of 
about 2 miles of new line mainly in short lengths. 
Leeds also seeks powers for about the same amount 
of new construction, and Liverpool appears to have 
in view considerable extensions of its system. Other 
corporations promoting tramway proposals are 
those of Sheffield, Nottingham, Burnley, Blackpool 
and Wallasey, but all appear to be of quite minor 
importance. It may be added that the Mansfield 
and District Light Railway Company is seeking 
powers to deviate lines No. 3, 4 and 5 of their Act 
of 1920 and to construct additional lines in Mansfield, 
Rufford and Bletchworth. 


Street AnD Roap IMPROVEMENTS. 


Street improvements are for the most part of 
purely local interest, but it may be noted that the 
London County Council are seeking powers to 
acquire land for this purpose in the Strand, whilst 
the Middlesex County Council propose to construct a 
new street at Acton, and to undertake widenings at 
Acton and Finchley, whilst the Air Ministry are to 
construct a new road in substitution for part of 
Plough Lane, Beddington. For the rest it will be 
Sufficient to mention that street improvements, 
‘Many of them extensive, are proposed by the local 
authorities of Blackpool, Barnsley, Bath, Leicester, 
Leeds, Nottingham, Oldham, Oxford, Scarborough, 
Wolverhampton and Wallasey. 

__ Proposals will be brought before Parliament for 
the construction of a number of new bridges. 
Thus, the Glasgow Corporation intend to build a 
new bridge over the Clyde in substitution for the 
South Portland-street Suspension Bridge. At Hull 
_ the corporation seek powers to replace the existing 
North Bridge over the River Hull by an opening 


bridge. The pipes and cables carried by the 
existing structure will be transferred to tunnels 
passing below the river bed. Another opening 
bridge is that proposed by the Port and Haven 
Commissioners of Great Yarmouth, which will be in 
substitution for the existing structure over the 
Yare. A bridge over the Ouse, between Airmyn 
and Howden near Goole, is proposed by the West 
Riding County Council, and the Nottinghamshire 
County Council have plans for a new bridge at 
Gunthorpe in substitution for the existing toll 
bridge there. 


WATER SUPPLY. 


Water supply proposals are of a very humdrum 
character. The Bradford Corporation propose 
the construction of a new dam at Stonebeck Up, 
in connection with their authorised Scar House 
Reservoir, and the Fylde Water Board seek powers 
to enlarge their Stocks reservoir on the River 
Hodden. The Urban District Council of Leek 
propose to construct a ‘‘Swainsmoor’”’ reservoir 
on the river Churnet, and another, the ‘‘ Bigwood ” 
reservoir, by damming the Bigwood stream. 

The Water Board which is responsible for the 
supply of Mid-Glamorganshire are putting forward 
a scheme for impounding the Pwllwy springs at 
Llansannor, and the Schwyll springs at Penybont. 
Another Welsh proposal is that of the Pontypridd 
and Rhondda Water Board for a new service 
reservoir in connection with their Taf Fechan 
supplies. The New Quay Water Company seek 
to construct impounding works on the Mill race 
leading to Rialton Mill and on the river supplying 
the same. In Scotland the Corporation of Kirkcud- 
bright propose to reconstruct the outlet from Loch 
Whinyeon reservoir and to undertake new im- 
pounding works on the Glengap Burn. The 
Wemyss and District Water Board seek powers for 
an impounding reservoir on the Milldeans Barn 
at Kennoway. Water authorities proposing minor 
works such as wells, pumping stations and conduits 
are those of Bexhill, Burnley, Bull Bay, Higham 
and Hundred of Hoo, Mansfield, and Monks and 
Prince’s Risborough, whilst the Corporation of 
Bolton have a scheme for the construction of two 
new service reservoirs, one within the borough and 
the other at Turton. 


Docks, CANALS AND PIERS. 


It is proposed to construct a new wet dock on 
the east sands at Leith, and the Corporation of 
Findochty are also seeking powers for considerable 
harbour extensions, and for deepening the existing 
harbour. The Clacton-on-Sea Pier Company are 
putting forward plans for widening and extending 
the pier. The undertakers of the Aire and Calder 
Navigation propose the construction of about 
4 mile of new canal to form a diversion of the 
existing channel of the Dutch River at Goole. 


ELECTRICITY. 


As already mentioned, electrical proposals are 
exceedingly scanty. The only scheme of any 
importance appears to be a proposal by private 
promoters for the supply of electricity throughout 


| a considerable area in the counties of Bedfordshire ; 


Cambridgeshire and Huntingdonshire. Apparently 
the power station is to be at Little Barford, where 
powers are sought for dredging and cleaning the 
Ouse, from which the supply of condensing water 
is to be derived. ‘‘ Special orders ” for the supply 
of electricity are also sought by the local authorities 
at Preesall, Colne, Ulverston and Hanley, and by 
private promoters at Abingdon, Biggleswade and 
Uckfield. 


MISCELLANEOUS. 


A few gas bills are being promoted, mostly 
in connection with plans for charging by therms 
instead of by cubic feet. Some minor works 
extensions are also listed, and it may be noted 
that the Gas Light and Coke Company propose to 
take over the undertaking of the Brentford Gas 
Company. 

An interesting proposal is that of the Daily 
Sketch and the Sunday Herald, which seek powers 
to lay a 4-in. pneumatic despatch tube from Gough- 
street to Farringdon-street. 


SOMERSET OIL SHALES. 


Every discussion on the future of the fuel re- 
sources brings up alarmists and optimists. Just 
before the war experts seemed almost agreed that 
the oil production and consumption could not be 
maintained at the actual ruinous rate. Such 
considerations were disregarded during the war, 
and since then the consumption has merely increased 
at a still more reckless rate. Yet there is less 
alarm, because the uncertainty of the basis of 
our natural storage estimates, and the possibility 
and need of a better utilisation of our fuels are more 
fully recognised. In dealing, on last Tuesday, in a 
paper by himself and by Mr. H. G. Shatwell, on the 
“Fuel Oil Resources of the Future,” with the 
problems from both these standpoints, Mr. A. W. 
Nash, of the Oil Mining Department, of Birmingham 
University, raised questions of great interest to 
the Institution of Petroleum Technologists. 

Mr. Nash pointed out that all the free petroleum 
had not yet been located, and new fields were 
continually being discovered, even in the United 
States, that speculations as to the likelihood of the 
formation of future oil fields remained vague, but 
not inadmissible as long as we were ignorant about 
the genesis of petroleum, and that the present 
methods of working may leave much more oil in the 
earth than they bring up. The success that oil-sand 
mining had achieved at Pechelbronn justified hopes 
for use of the tar sands of Alhabasca and other 
countries. Destructive distillations made oil shales, 
cannel coals and torbanites, lignites, peat and 
ordinary coal available as sources of fuel oils. The 
development of the enormous oil shale fields of 
Colorado and Utah had only been held back by the 
relative abundance of free petroleum, and oil shales 
were common all over the world. The oil shales of 
Somerset were the subject of a second paper subse- 
quently read the same evening by Mr. Shatwell. 

Having briefly discussed the tar and oil yields 
obtainable from cannel coal, lignites and peats, 
important in some countries, Mr. Nash passed to 
coal as a source of oil supply, to low-temperature car- 
bonisation—the 50 million tons of small coal, waste 
or left underground, might yield millions of gallons 
of oil per year—and to the conversion of coal into oil 
by the hydrogenation process of Bergius and the 
corresponding experiments that they had been 
conducting at Birmingham University. By treating 
various kinds of coal with hydrogen at temperatures 
of about 400 deg. C. and more, under pressures of 
100 atmospheres Bergius had since 1913 been con- 
verting powdered coals into liquids or partly into 
solids, which were more soluble in various reagents 
than the original material was. In order to facilitate 
the reaction Bergius mixed the powdered coal with 
some liquid medium and charged the resulting 
paste into the retorts. This was also found 
advantageous at Birmingham, 

The second paper, on “ The Somerset Oil Shales,” 
in which Mr. H. G. Shatwell, M.Sc., was associated 
with Messrs. A. W. Nash and J. Ivon Graham, 
M.A., concerned the geology and distillation of 
oil shales on which Dr. Forbes Leslie* lectured last 
spring at Birmingham. The samples of Mr. Shat- 
well had been obtained from the north coast of 
Somerset, a stretch of 12 miles between Blue 
Anchor and Kilve (north of Taunton), where black 
and brown shale bands alternate with argillaceous 
lime-stones extending up to three miles into the 
land. The same Lias formations occur on the other 
side of the Bristol Channel, near Penarth, and 
samples from the South Wales oil-shale field, which 
is apparently of wider extension, have also been 
examined by Mr. Shatwell. In Somerset the shale 
bands are thicker, up to 20 ft. thick, than the lime- 
stone ; in South Wales the oil-shales only attain a 
thickness of 5 ft. In both cases quarrying might 
first be applied but mining would soon become 
necessary ; it was doubtful, Mr. Shatwell thought, 
whether the limestone would afford a safe roofing, 
and the base of the cliffs being below high water, 
water troubles might arise. 

The figures of Mr. Shatwell’s proximate analyses 
varied very much ; Professor Brame, who occupied 
the chair in the absence, owing to illness, of Mr. 
Barringer, questioned the values of these “* proximate 
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analyses’ which are still common practice. Mr. 
Shatwell found in the shale oils from Somerset and 
Wales fairly big sulphur content (2 to 4-5 per cent.) 
and very high. carbonates, but little lime. The 
spent shales would hence not give good cements 
unless mixed with much lime. Mr. Hackford 
showed afterwards, however, some cements said to 
be of excellent quality which he had obtained by 
leaving a relatively little oil in the shale. The 
redistillation of his oil shales Mr. Shatwell performed 
in the assay apparatus (electrically heated retort) of 
the Fuel Board and by the steam distillation device 
of Lomax and Remfry; the latter method was 
found preferable, as usual, for oil yield, if the oil 
yields were small (up to 10-4 per cent. maximum 
against 24 per cent. in parallel Scottish shale tests), 
and the ammonia yield were likewise low, at the 
best 7 per cent. against 23 per cent. Bulk tests 
were made with 2 gallons of crude oil from the tanks 
at Kilve. Practically no distillate was obtained 
below 100 deg. C, 2 per cent. passed between 125 deg. 
and 150 deg., 9-3 per cent. up to 200 deg., 24 per 
cent. up to 250 deg., and 44-6 per cent. up to 
300 deg. Almost the whole of the oil was soluble 
in sulphuric acid and consisted therefore of un- 
saturated hydrocarbons. Mr. Shatwell described 
his experiments and tabulated his results, leaving 
members to draw their own conclusions. The 
refined light naphtha was and remained colourless, 
the heavy naphtha was stubborn and dark coloured, 
and darkened still more on standing. The most 
valuable fractions of the shale oil would, according 
to Dr. Leslie’s paper quoted, be the lubricating oils. 
Mr. Shatwell obtained in his small scale experiments 
only traces of wax. 

In the discussion of the two papers Dr. Ormandy 
pointed out that the Birmingham hydrogenation 
experiments did not carry the matter further than 
Bergius had done some years ago. Bergius had 
recently converted 90 per cent. of bituminous coal 
into oils containing 20 per cent. of petrol (boiling 
below 180 deg.), 20 per cent. of Diesel oil and lubri- 
ecants, &c. He had also been successful with 
Mexican asphalts, and with lignite and asphaltic 
oils, both of which compounds Mr. Nash was going 
to study. As regards low-temperature carbonisa- 
tion, Mr. Gordon Pitt criticised the yields of the 
Fuel Board, given by Mr. Nash, as quite inaccurate. 
Mr. Pitt said that he had quite recently obtained 
30 per cent. to 35 per cent. of oil, containing from 
10 per cent. to 20 per cent. of motor spirit, 30 per 
cent. of Diesel oil, &c., by a coal treatment costing 
2s. per ton, and railway engineers had found the 
fuel oil 50 per cent. better than the original coal ; 
the lateness of the hour—there was a long discussion 
—prevented him from substantiating his claims by 
figures, which are to be published in the Journal 
of the Institute. Mr. T. G. King replied that they 
had, at Greenwich, obtained 15 gallons of oil by 
low-temperature carbonisation of bituminous coal, 
and 8 gallons, possibly even 12 gallons, of that oil 
were recoverable as fuel oil ; but he agreed with Mr. 
Nash that many misleading statements had been 
made as to the value of coal as a source of oil supply. 


LABOUR NOTES. 


THE representatives of British organised Labour 
who are at present in Russia to convey the “ fraternal 
greetings” of the Trades Unicn Congress to the 
corresponding body in that country, seem to have 
exceeded the mandate given to the General Council 
by the Hull gathering. They have agreed, to 
the setting up of a committee representing the 
British and Russian trade unions, to work for the 
establishment of world trade union unity. At the 
Hull Congress it will be recalled, Mr. Purcell, the 
President, asked for a mandate to call a conference 
on “unity” to which representatives of the Red 
International Labour Union would be invited, but 
the delegates rejected the proposal and clearly 
indicated that any steps taken in the direction 
suggested should be through the International Federa- 
tion of Trade Unions—otherwise the Amsterdam 
International. A joint committee of British and 
Russian representatives, such as is now apparently 
to be set up, would presumably ignore the Amsterdam 
International, and thereby achieve an object which 
the Moscow International has for a considerable 
time cherished. 

It will be interesting to see how the sectional Inter- 
nationals, such as those of the miners, the textile 


workers, and the metalworkers, regard this new move. 
At the last Vienna meeting of the metalworkers 
the feeling was that until the Russians accepted the 
constitution of that International, they could not 
be allowed to affiliate. The representatives of the 
smaller countries, moreover, spoke rather bitterly of 
the efforts which the “* Reds” were making to destroy 
existing trade union organisations. In this country, 
too, the aim of the R.I.L.U. is avowedly, as has been 
shown more than once in these Notes, to capture the 
unions in the interest of the Moscow International. 
In the latest issue of the Worker, for example, adherents 
to the National Minority Movement—which is, of 
course, the Red International Labour Union under 
another name—are told how to go about the business 
of capturing the unions to which they belong. The 
writer of an article on the front page says :— 

“You must start decreasing that anti-N.M.M. 
majority in your branch—not just by standing up 
and making speeches at branch meetings, but in a 
dozen different ways—ways which will be suggested 
to you by the circumstances of your position. You 
can concentrate cn two cr three of the most intelligent 
members of your branch. Supply them with literature. 
See that each one of them is provided with a copy 
of the programme of the N.M.M. Then see that 
they get the Worker every week fcr a month cr two. 
Pay for it yourself; you can afford the twopence or 
threepence a week. After a month you will probably 
find them eager to get the paper and to pay yeu for it. 
Engage these fellow-members in private discussion. 
Point out the errors and weaknesses of the present 
leadership and tactics of the union. Stress the necessity 
of a militant policy. And then, starting out from your 
own union and its immediate problems, lead them on 
to a realisation of the condition of the whole trade 
union movement and the necessity for its complete 
overhauling.” 

If the “complete overhauling” which is contem- 
plated involves re-organisation in accordance with 
Moscow’s policy, the constitutions of the British 
unions will call for drastic revision at which the 
Chief Registrar may look askance. The average 
British worker will, however, probably see to it that 
the achievement of the “ Red” propagandists in their 
midst falls a good way short of that. 


At the sixth Russian Trades Union Congress, which 
took place in Moscow last month, it was stated that the 
total membership of the Soviet trade unions had 
increased in a year from 4,547,000 to 6,036,000. Of 
that number 61 per cent. were manual, and the rest 
non-manual, workers. The number of women workers 
had decreased from 28 per cent. to 24 per cent., and 
that of juveniles from 3-7 per cent. to 3-1 per cent. 
although there was no absolute reduction of the 
number of women and juvenile members. Only 8 per 
cent. of the manual and non-manual workers were now 
unorganised, these being mostly Soviet and seasonal 
workers. The financial position of most of the unions 
was now, it was stated, quite satisfactory. 

In the three months July-September, 1923, wages 
were 50 per cent. of pre-war; by the corresponding 
period of 1924 they had risen to approximately 72-5 
per cent. The wages of industrial workers had risen 
during the past two years by about 63 per cent. In 
May and June of this year, although there was no rise 
in the nominal value of wages, real wages had risen, 
partly as a result of the introduction of piecework 
and partly because of a fall in the cost of living of 
7 to 8 per cent. It was computed that, apart from the 
municipal and other privileges enjoyed by the workers, 
wages were now on an average about 75 per cent. of 
pre-war. The system of submitting disputes to con- 
ciliation boards and dispute commissioners was stated 
to have proved very successful. The number of 
disputes in 1923-24, as compared with 1922-23, had 
decreased considerably in State industrial enterprises 
but in private enterprises there had been an increase. 
Most disputes were now, it was added, settled by 
arbitration. 

An interesting analysis of the fatalities for a year 
is given in the October Industrial Bulletin of the 
Industrial Commissioner for New York State. Of 
1,780 claims filed for the whole State, 1,058 came from 
the New York City area. The industry classification 
shows that metals, food and wood manufacturing 
caused more deaths than the other manufacturing 
industries. Among the non-manufacturing industries 
the order of numerical importance as regards fatal 
injuries to workers was as follows: construction, 
transportation, service, trade. The cause classification 
shows that falls were responsible for 245 deaths. 
Falls from ladders, scaffolds, and other elevations took 
125 of this number of lives. Of special importance as a 
cause of death, in the opinion of the Commissioner, 
is the great number due to falls on level surfaces 
owing to obstructions and defective surfaces. Forty- 
three deaths were attributed to this cause in the period 


under review. By the expenditure of a comparatively 
small sum of money and the exercise of proper care in 
enforcing safe practices, it is probable, he says, that 
some of these lives could have been saved. All the 
falls from windows reported for the State occurred in 
New York City, and almost all the 16 employees who 
lost their lives in. that manner were window-cleaners. 
The handling of objects resulted in death in 117 
instances in New York City District, in 13 instances in 
Albany District, in 19 instances in Buffalo District, in” 
11 instances in Rochester District, and in 15 instances 
in Syracuse District. The workers killed in this 
manner were struck by the objects which they handled 
or were strained in the course of handling them. These 
accidents suggest the need, the Commissioner says, of 
careful investigation in order to ascertain whether the 
introduction of machinery is feasible. In 20 cases 
death was due to electrocution—9 in the Alban 
District and 11 in the Syracuse District. 


The position of the railway managers on the question 
of the prospective increase of the express enginemen’s 
daily mileage from 140 to 150 has now been explained 
to the executives of the Associated Society of Locomo- 
tive Engineers and Firemen and the National Union 
of Railwaymen. The managers say that they see 
nothing to justify any departure from the decision of 
the National Wages Board or the terms of settlement 
of the January strike or to cause them not to introduce 
the 150 miles basis next month. If, however, the 
representatives of the men desire to submit the matter 
again to the National Wages Board, they will, they 
say, raise no objection. It is understood that the 
unions are agreeable to refer the matter to the Wages 
Board. 


The Ministry of Labour reports a further decrease 
in unemployment of 18,599. The number of unem- 
ployed persons on the registers of Employment 
Exchanges in Great Britain on November 24 was 
1,190,400—909,800 men, 31,400 boys, 220,800 women, 
and 28,400 girls. On November 17 the number of 
unemployed persons was 1,208,999—921,986 men, 
33,222 boys, 224,298 women, and 29,493 girls. As 
compared with the position at the beginning of the 
year, there is a falling off in the total number of 
unemployed persons of 95,423. 


At the fifth meeting of the Committee on Industry 
and Trade, held on November 26, evidence was sub- 
mitted on behalf of the Agricultural Engineers’ 
Association by a deputation consisting of Mr. J. H. W. 
Pawlyn, President of the Association, Sir William 
Tritton, Mr. Herbert Marshall, and Mr. G. E. Rowland. 
On.the subject of remedial measures the deputation 
suggested that such questions as the imposition of 
import duties should be taken out of the region of 
party politics and investigated by impartial experts. 
They considered that wise political action might do 
something to hasten the recovery of the world’s 
purchasing power; at the same time, reduction of 
costs of production was the first need of the industry, 
and this was conditional on a substantial reduction in 
the cost of living. They suggested that the reduction 
of taxation and consequent relief of industry was also 
imperative, and was of more importance than National 
Debt reduction. Those in charge of the industry 
were endeavouring to bring about a reduction of costs 
by improvements in methods of production, but such 
improvements almost invariably meant heavy capital 
expenditure, and fresh capital was hard to get under 
present conditions. Overtime restrictions formed a 
very serious handicap, particularly in view of the 
seasonal character of the industry, and a more reason- 
able attitude on the part of the trade unions would 
be a great help. More whole-hearted co-operation 
between employers and employed was necessary before 
success could be expected, and any scheme for this 
purpose would receive the earnest consideration of the 
employers represented by the deputation. 


The action of the 200 members of the Workers’ 
Union who struck at the Blackwall works of Baldwins, 
Limited, will, no doubt, be regarded in extreme Labour 
circles as an example cf the “strike tactics” which 
Moscow believes ought to be generally adopted. ‘The 
Workers’ Union is, if our memory serves, a party t0- 
the national negotiations which are proceeding on the 
wages question. Yet, they ceased work in this instance 
at a “selected moment ” in support of a local demand | 
for an increase of 10s. per week. At the time of the 
stoppage 150 tons of metal was in a molten state in the 
galvanising baths, and but for the organisation by the’ 
manager of an emergency staff, which succeeded in 
ladling out over 100 tons, the metal would have 
solidified and ruined the tanks. 

The general public, when they hear of incidents of 
this kind, use other words than “ strike tactics” 
to describe what happened. Tho practice is not 
unknown, in other parts of the country, although | 
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most is heard of it in areas where overtime embargoes 
are in force. Moulders have been known to leave 
jobs unfinished, and in danger of ruin, when their 
ordinary day came to an end, and men who have 
carried on for a little longer rather than involve 
their employers in serious losses have been fined by 
their branches for doing so. On the Mersey, a year 
or two ago, shipwrights stopped before they had 
completed the docking of a ship—a highly dangerous 
proceeding, it will be agreed. Other instances in 
other industries will, no doubt, occur to the minds of 
readers. 


The Ruhr Miners’ Unions have decided to give 
notice to end the agreement with their employers 
suspending the eight hours’ day. The agreement will 
cease to be operative on January 31 next, and if a 
stoppage ensues the workers will, presumably, have 
behind them the full force of the Miners’ International. 
The mineowners are, further, refusing to accept the 
wage award of the Arbitration Court, which was 
issued on November 25. This concedes to the men 
an 8-9 per cent. all-round increase of wages, and the 
Unions have formally intimated their acceptance of 
it. The Ministry of Labour may, it is stated, on 
appeal by the unions, declare the award binding on 
both parties. 

A report of the British Commercial Secretary at 
Cologne to the Department of Overseas Trade quotes 
remarkable figures relating to the coal output of the 
Ruhr. In July, August and September, of 1913, 
the daily output of 395,821 workers was 364,157 tons ; 
in the corresponding period of 1921 the daily output 
of 534,607 workers was only 291,439 tons ; in the same 
three months of this year the daily output of 452,735 
workers was 328,201 tons. The explanation of this 
tremendous fluctuation is the difference in working 
Up to the revelution in 1918 the hours per 
day were 83. On November 18, 1918, they were 
reduced to 8; in April, 1919, to 74; and in April, 
1919, to 7. Last December, however, the hours were 
increased to 8 per day, with the result that 452,000 
miners are now producing considerably more coal 
than was raised in the 1921 period by 534,000 miners. 
The survey states that “the re-introduction of the 
7-hours’ shift would be simply disastrous to the 
mining industry.” Based on the foregoing figures, the 
output per month would decrease by 925,000 tons, and 
the loss in one year owing to reduced cutput would be 
about 178 million gold marks. 


A claim for a wages advance of 7s. per week for 
plumbers employed in shipbuilding at Barrow-in- 
Furness has been disallowed by the Industrial Court. 
The decision of the Court was that having “ considered 
all the facts and evidence submitted by the parties, 
we find that they afford no justification for awarding 
the plumbers at Barrow an advance out of step with 
the advances granted to plumbers in other shipyard 
districts or to other similar classes of workers in ship- 
yard trades, and accordingly we find that the claim 
submitted to us has not been established.” 

At York on December 3 the committee appointed 
by the engineering trade unions to support the appli- 
cation for a wage advance of 20s. per week considered 
the report of the smaller sub-committee specially set 
up for the purpose of examining the figures originally 
submitted on behalf of the Engineering and Allied 
Employers’ National Federation by Sir Allan Smith. 
At the close of the meeting it was stated that further 
discussion of the matter had been adjourned until 
December 11 when a full meeting of representatives 
of the unions would be invited to approve a proposal 
that a further conference with the employers should 
be asked for. 


A White Paper has been issued giving a statistical 
Summary by the Chief Registrar of Friendly Societies 
of the operations of registered trade unions in 1922-23. 
The information is given now in order that the par- 
ticulars relating to last year may be available as 
soon as possible, but adjustments may be necessary, 
it is pointed out, in the Chief Registrar’s report for 
1923. The figures reflect the falling-off in trade union 
membership which has been apparent for some time. 
‘At the end of 1923 the number of members was 
4,413,589 ; a year earlier it had been 4,559,167 ; and 
in December, 1920, 6,981,750. The income of the 
Unions from members was 8,086,802. in 1923, 
8,988,8227. in 1922, and 11,315,232/. in 1920. Allow- 
ances from the Ministry of Labour in respect of 
unemployed insurance, &c., amounted to 312,024. 
in 1920, 5,448,721. in 1922, and 2,649,364/. in 1923, 
and income from other sources to 1,372,320/. in 1920, 
1,000,0007. in 1922, and 653,281/. in 1923. At the 
end of 1920 the total funds of the organisations was 
15,974,799, at the end of 1922 10,008,064/., and at 
the end of 1923 10,888,505/. 


ENGINEERING. 


NOTES ON NEW BOOKS. 
A TRHATISE which has reached a fifth edition is its 
own best advertisement, and this is the case with 
Professor H. J. Spooner’s text-book on ‘‘ Machine 
Design Construction and Drawing,” published by 
Messrs. Longmans, Green and Co., at 21s. net. The 
work appears to be intended mainly for the ordinary 
draughtsman, or for apprentices attending evening 
classes, and for the benefit of the latter the opening 
chapters give a great deal of useful information on 
the selection and use of drawing materials and on 
elementary geometry. The characteristic feature of 
the remainder of the volume is the great wealth of 
illustrations of machine and engine details. These are 
accompanied by clearly written descriptions and much 
excellent comment. Special attention has been paid 
to the design of petrol motors. The questions appended 
to the end of most of the chapters will prove extremely 
valuable in enabling the student to test his understand- 
ing of the text, and in addition to these the volume 
includes a representative collection of questions taken 
from papers set in the examinations of the Board of 
Education and of the City and Guilds Institute. 


For prelirainary estimating it is frequently more 
advantageous to have data at hand which, though 
it may not be absolutely accurate, makes it possible 
to arrive at comparative figures, so that the relative 
cost of alternative methods may be studied. Price 
books and collected data are really most valuable 
from this point of view, as they enable engineers and 
others, whose work usually involves the combination 
of efficiency and economy, to determine the most 
likely arrangements from which economy in conjunction 
with satisfactory work might be secured from ten- 
derers. Collected data of this kind, if rightly used, 
may be very serviceable and they possess additional 
attraction if presented in handy form. The latter is 
characteristic of ‘‘ The Civil Engineers’ Cost Book,” 
by Colonel T. E. Coleman (Messrs. H. and F. N. Spon, 
Limited, London; 10s. 6d. net), the volume of over 
300 pages being of the size of a large vest pocket book 
only. This little work has arrived at a fourth edition 
in a comparatively short space of time, which alone is 
proof of the service it renders. In the present edition 
the whole of the original matter has been re-written 
and prices have been brought up-to-date. In addition 
much new matter has been included. The notes 
cover methods of execution as well as costs, and embrace 
a very wide range of subject. A list of contents is given 
at the commencement, but what is of greater value is 
the fact that the notes are arranged under key words 
in alphabetical order, which scheme a good index at 
the back supplements in a very satisfactory manner. 


Cadmium is rare in so far as practically only one 
specific cadmium ore is known, the sulphide or green 
ockite. As a companion of zinc, lead and also copper, 
cadmium is found in many ores, and the metallurgy 
of cadmium is connected with the metallurgies of zine 
and lead. That is hardly sufficient reason, however, 
for opening a book on cadmium with a special 
page: “Summary of the Metallurgy of Cadmium,” 
and making prominent the statement that cadmium- 
bearing ores of zine, &c., have to be treated for the 
recovery of their principal metal to give by- 
products, which, on distillation, electrolysis, &c., 
yield cadmium metal, as Dr. Norman F. Budgen, 
M.Sc., does in his monograph on “ Cadmium: Its 
Metallurgy, Properties and Uses” [London: Charles 
Griffin and Co., Limited, price 21s. net]. The same 
remark might be made with regard to tellurium 
and some platinum metals. But Dr. Budgen’s book 
is very welcome as a monograph, probably the first 
of its kind, on a metal which has so far found little 
application in spite of many attractive properties. 
Professor T. Turner, of Birmingham, states in the fore- 
word that he suggested the subject to Dr. Budgen, 
and that the new research work noticed had been done 
in his department. Dr. Budgen deals with the metal, 
its metallurgy, physics and chemistry, its alloys, 
electro-deposition of cadmium and its alloys, and 
gives in the last chapter a summary of its uses, which 
the recent developments of electrolytic zinc, especially 
in Australia, may help to extend. The book is almost 
overladen with references, which are mostly numbered, 
but sometimes mere bibliographical lists, also of value. 
The one cadmium compound, with which the electrician 
is perhaps most familiar, the amalgam and its some- 
what troublesome behaviour in normal cells, is given 
only one reference, and that not a recent one. 
But that is exceptional. Copper-cadmium trolley 
wires will be quite a novelty to most readers, who 
will generally be interested in the volume. 


When Dr.-Ing. Hans Lorenz, Professor at the 
Technical High School of Danzig, recently started on 
the revised edition of his ‘‘ Technische Mechanik starrer 


Technischen Physik,’ he had 20 additional years of 
experience as lecturer on the subject, and he had become 
convinced that alterations in and additions to his first 
edition of 1902 would not meet his object. Whether 
or not, in deciding completely to rewrite the book, 
he also reversed the arrangement, we cannot say. 
At present his chief divisions are: kinematics of 
plane systems, dynamics of the mass point, statics 
of plane systems, dynamics of rigid systems. He does 
not say at all why he deviates from the traditional 
sequence of statics first and kinetics afterwards. With- 
out giving any definitions, he goes right into the matter ; 
we find gear ratios on page 6 and something akin to 
Minkowski’s “ world lines”’ on page 14. The treat- 
m ent, insufficiently physical, does not facilitate the study 
of a noteworthy book, although practical examples 
are given on many pages and a good index has been 
provided. On another controversial matter the German 
colleagues of Professor Lorenz have more to say. 
Instead of the customary terms for acceleration and 
deceleration, Beschleunigung and Verzlégerung) he 
proposes Anlauf and Ablauf; for angular velocity 
he substitutes Drehwert. Some of his new words 
have the advantage of shortness, but they can hardly 
be recommended on other grounds. Professor G. 
Gehlhoff’s ‘“‘ Lehrbuch der Technischen Physik” is 
a very different book and follows more traditional 
Jines, even in the sections on mechanics, which 
have been contributed by Professor L. Hopf and 
Th. von Karman, well known as original workers 
in the field of aero-dynamics. The first volume of 
this text-book [Leipzig: Johann Ambrosius Barth ; 
price 17-50 gold marks] covers a wide range, and 
deals in its main parts with units and measurements, 
mechanics, acoustics and thermo-dynamics. Professor — 
Gehlhoff himself is director of the Osram Gesellschaft 
of Berlin. Among his collaborators are Drs. W. Hahne- 
mann and H. Hecht, of the Signalgesellschaft of Kiel, 
who contribute the sections on acoustics; Dr. W. 
Meissner, of the Reichsanshalt, who writes on heat 
and thermo-dynamics; Dr. G. Fligel, of the A.E.G. 
turbine works, who contributes the section on prime 
motors working with fluid agents; Dr. R. Becker, 
who discusses the phenomena of explosion; and 
Mr. E. Altenkirch, who has taken the sections on 
refrigeration and liquefaction. Professor Gehlhoff 
speaks of his compilation as a first attempt to present 
the general problems of technical physics ; conciseness 
had to be studied, and some points, ¢.g., the analysis 
between electricity and acoustics, might profitably 
have been developed a little further. Measurement 
by the aid of projection apparatus is not mentioned. 
The references are limited to books, almost all of 
quite recent years. The absence of an index is 
regrettable. 


An enormous amount of attention has been given 
to the question of fixing rates at which electricity 
should be sold, and in no other business is so much 
interest taken in devising systems which are supposed. 
to ensure that each class of customer shall pay a sum 
proportional to the actual cost of serving him. How- 
ever sound this principle may appear, it is no use 
putting it into practice if it is prejudicial to the growth 
and prosperity of the undertaking, as, in certain cases, 
it may well be. If users of electricity are willing to 
pay, say, 8d. per unit for light, and will not pay more 
than ld. per unit for power, it is useless to tell them 
that power should cost more than this in relation to 
light. All rates must be acceptable ones if the under- 
taking is to flourish, and no pedantic considerations 
should prevent any rate being quoted, if its accept- 
ance would be directly or indirectly profitable in the 
long run. Subject to a realisation of this fact, it is 
well that the production cost of electricity for different 
classes of load should be carefully studied and in 
* Hlectricity Supply Costs and Charges’? (London : 
The Electrical Review, Limited, price 2s. 6d. net.) 
Mr. H. M. Sayers, M.I.E.E., has made a very sensible 
review of the main questions involved. For deter- 
mining the effect of various loads on the coal con- 
sumption, Mr. Sayers has adopted the system of 
Parsons lines and has drawn the usual deductions, 
which have several times been pointed out in our 
columns and elsewhere. He does not mention the 
origin of this method and clearly has not studied it 
sufficiently to realise the fact that the Parsons line 
must of necessity pass through the average point, for 
in two of his diagrams he has drawn it in a manner 
which fails to comply with this condition. Further- 
more, the method he gives of checking the correct 
slope of the line provides no check at all, because any 
line whatever which passes through the average point 
must fulfil the conditions he prescribes. The best 
practical check on the position of the line is afforded 
by the consistency of its equation with those relating 
to the water consumed and the evaporation obtained. 
There is also, of course, the exact mathematical 
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method, from which the fact that the line must pass 
through the average point follows as a corollary. It is 
a pity that the author has tripped up in connection 
with a method upon which his conclusions so largely 
depend, but the principle remains sound and the 
method is sufficiently well known to render the error 
comparatively harmless. 


FRENCH NAVAL PLANS. 


Tue French Naval Estimates for 1925, which have 
now been submitted to the Chamber of Deputies, 
amount to 1,300 million francs, or approximately 
15,500,0001. It has been decided, we learn from an 
article in The Times, to carry out naval reconstruction 
in a period of 20 years, the provisions being based. 
upon the Washington Agreements, which have now 
been ratified by the French Government. The cost 
of new construction in 1925 is estimated at 500 million 
francs, which it is anticipated will be the normal 
annual expenditure on new ships, including tenders. 
aeroplane carriers, floating workshops, &c., until, 
the building of ships of the line is resumed in 1932 
as arranged for in the general programme of naval 
construction, the first part. of which was authorised 
by the law of April 18, 1922. This programme 
provides for a French High Sea Fleet of 178,000 
tons of ships of the line; 360,000 tons of light 
surface vessels; 65,000 tons of submarines, or 
90,000 tons of submarines for coastal defence are 
included, and about 150,000 tons of vessels for special 
purposes, such as oil carrying, mine laying, floating 
workshops, sea plane carrying and the shipment of 
submarine supplies. 

In the estimates that have been made, the serviceable 
life of ships of the iine, seaplane carriers and special 
boats has been taken as 20 years, while 17 years has been 
accepted as that for cruisers, 15 years for destroyers 
and 12. years for submarines. The estimated total 
cost of new construction over a period of 20 years 
amounts to about 118,500,0007. Some portion of the 
credits for 1925 is to be allocated for the reorganisation 
of the shipbuilding yards, which during eight years 
of idleness have not been kept abreast of the advances 
made in naval construction. A great sum of mcney is 
also to be spent in increasing the pay of the personnel 
and providing improved conditions. This is essential 
in order that a steady improvement may be obtained 
in the number of volunteers. The report calls atten- 
tion to the urgent need for improvements in the air 
arm of the French Navy and also for the provision of 
liquid fuel storage. 


Contracts. — Messrs. Vickers, Limited, Barrow-in- 
Furness, have received an important order for washing 
trommels for the Rand.—Messrs. Meldrums, Limited, 
of Temperley, near Manchester, have, during the last 
three months, supplied furnaces and stokers for 25 
boilers of various types, 27 destructors ranging from 
the small domestic type to the brick-built cell, three sack 
disinfectors, and 50 units of steam jet apparatus for 
chemical plant. 


Tue Late Mr. THomas McGrecor.—We regret to 
record the death of Mr. Thomas McGregor, of 148, 
Balgray-hill, Springburn, Glasgow, late Works General 
Manager of the North British Locomotive Company, 
Limited. For over half a century Mr. McGregor 
was associated with the locomotive industry and was 
held in high esteem by the above-named firm. He 
retired from work in 1917. Mr. McGregor was 84 years 
of age at the time of his death. 


JUBILEE OF THE YORKSHIRE COLLEGE or ScrENCE.— 
The jubilee of the Yorkshire College of Science and 
the coming of age of the University of Leeds will 
be celebrated from December 15 to December 20 
inclusive. On Monday the 15th inst., the opening 
ceremony will be held in the Great Hall of the College, 
while in the afternoon of that day there will be a recep- 
tion at the Medical School, and in the evening the uni- 
versity dinner will be held at the Town Hall. Some- 
what similar ceremonies will take place on the following 
days, which will include the presentation of congratula- 
tory addresses from universities and learned societies 
and a conversazione on the evening of the 17th inst. 


THE InstiruTion or HeatTING AND VENTILATING 
ENGINEERS.—A paper on ‘‘ Air Washers and Air 
Filters,’ by Mr. H. W. S. Martin, was read at a meeting 
of the Institution of Heating and Ventilating Engineers, 
held at the Engineers’ Club, London, W.C., on the 3rd 
inst. Mr. Martin stated that in any of our large towns 
the necessity for washing and filtering the air to cleanse 
and remove the soot and smoke before passing it into 
a public building was fully recognised. Possibly very 
soon, the health authorities would insist on the smoke 
nuisance being stopped, or at least very greatly miti- 
gated, but until that time came air washers or filtering 
apparatus in connection with a plenum heating and 
ventilating plant for a public building were essential. 
The most desirable conditions for a public building in- 
volved humidity for the air. The short dry cough 
heard repeatedly in a theatre or church was a clear indi- 
cation that the air was too dry. Taking the lowest 
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Norr.--In the diagrams the figures plotted for tin and copper are the official closing cash 
quotations of the London Metal Exchange for fine “foreign”? and “standard” metal respectively. _ 
The prices shown for lead are for English metal, whilst those for spelter are for American metal. 
Middlesbrough prices are plotted for steel plates and rails, and also for hematite and Cleveland | 
pig-iron. The prices given, in the case of steel plates are for ship, bridge and tank qualities, and 
those for steel rails are for heavy sections. The pig-iron prices are for East Coast hematite and 
Cleveland iron, both of No. 1 quality and for home consumption. The price of quicksilver is per 
bottle, the contents of which vary from 70 Ib. to 801b. The price of tin-plates is per box of LC. 
cokes f.o.b. at Welsh ports, but in other cases the prices are per ton. Each vertical line in the, 
diagram represents a market-day, and the horizontal lines represent 11. each, except in the case of 
the diagram relating to tin-plates, where they represent Is. each. 


winter temperature conditions obtaining in England , between those two extremes. It was the medical man who 
and the Home Office humidity regulations for cotton | should determine what was the best standard condition, 
factories, which might be regarded as the maximum|and then the heating and ventilating, engineer -should 
desirable, the degree of humidity to be aimed at Jay | design his apparatus to maintain that condition. = 
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OIL-ENGINE-DRIVEN ELECTRIC SHUNTING LOCOMOTIVE. 


Iie. 1. 


Hig. 3. 


OIL-ENGINE-DRIVEN ELECTRIC SHUNTING 
LOCOMOTIVE. 


Aw interesting electric locomotive, the first of its 
class to be built in America, is illustrated in the 
figures above. It was built jointly by the General 
Electric Company, of Schenectady, N.Y., and the 
Ingersoll-Rand Company, of New York, and has been 
designed for shunting service. 

The machine is equipped with a 300-h-p. oil engine, 
Manufactured by the Ingersoll-Rand Company, 
directly connected to a 200-kw. General Electric 
generator. This plant supplies power to four electric 
motors, one of which is geared to each of the four 
axles. The unit has a total weight of 60 tons, all on 
the drivers. The locomotive has been in use in the 
yards of the Ingersoll-Rand factory at Phillipsburg, 
New Jersey, for about four months. 


Driving Enp of LocomorivE. 


ENGINEERING 


Om ENGINE FROM GENERATOR END. 


The General Electric Company has during the last 
fifteen years constructed a large number of self- 
propelled motor-cars and locomotives using petrol as 
fuel. About 90 equipments have been put into service 
during this period and most of them are still operating. 
In order, however, to take advantage of a low- 
priced fuel in the internal-combustion engine, an 
arrangement was made with the Ingersoll-Rand Com- 
pany to build an engine designed for the use of 
fuel oil and having such characteristics of speed 
and weight as would make it suitable for use in a 
locomotive. 

The unit which has been constructed is a six-cylinder 
engine designed to burn fuel oil, and employing the 
Price system of direct fuel injection. This system 
avoids the use of high-pressure injection and also effects 
a reduction in weight, an improvement in mechanical 
efficiency and an increased simplicity and reliability. 


fia. 2. Direct-CoRRENT GENERATOR. 


The fuel is injected into the various cylinders through a 
distributor by means of a single-acting plunger-type 
pump. The lubricating system is of the continuous 
filtration type, by means of which the oil is returned 
from the crank-case through an oil filter before being 
returned to the system again. 

All parts of the cylinders, cylinder heads and com- 
bustion chambers are water cooled by means of a 
thermostatically-controlled water supply. The water 
from these water jackets passes to a radiator located on 
the roof, and a thermostat maintains an even tempera- 
ture regardless of weather conditions. Sufficient fuel 
can be carried for 48 hours’ continuous shunting service. 
A silencer for reducing the noise of the exhaust is also 
mounted on the roof and, together with the radiator, 
can be seen in Fig. 1. As ordinarily used in shunting 
service, this 60-ton locomotive consumes about 0-43 lb. 
of fuel oil per brake horse-power-hour, Its freedom 
from smoke makes it especially suitable for service 
in cities or other places where such visible fumes are 
objectionable. 

An unusual feature of this design is the use of a 
direct-current generator, supplying current to the 
motors without intervening accelerating resistances. 
This is accomplished by using a differential series field 
on the exciter, which automatically reduces the 
generator voltage with the increase in the amount of 
current drawn by the motors. The speed of the loco- 
motive therefore automatically increases as the load 
is reduced, corresponding to the rise in impressed 
voltage. This control completely eliminates the possi- 
bility of overloading the generator or motors or of 
stalling the engine. The control is so arranged that the 
opening of the throttle by moving the control lever 
increases the engine speed and, at the same time, 
energises the exciter field, which in turn-energises the 
generator field. The generator current passes through 
the differentially-wound series field to the driving motors 
and being opposed to the separately-excited field 
lowers the generator voltage in proportion to the load. 
As the locomotive accelerates, the current passing 
through the differential series field is gradually reduced, 
the generator voltage automatically increases and 
speeds up the locomotive. The main excitation of the 
exciter field is furnished by a storage battery, which also 
supplies control current and the locomotive lights. A 
general view of the generator is given in Fig. 2 and of 
the oil engine in Fig. 3. 


Leacuine Copper Ores.—The Ohio Copper Company 
are successfully winning copper from beds on the bank 
of the Birmingham Canyon which contain only 0-3 per 
cent. of copper. The copper is leached out of the deposit 
by pumping up the drainage water of the mine to the 
surface, and then precipitating the copper. The recovery 
by this method attained 540 tons in the month of June 
last, and the cost is stated to have been only about 
half a dollar per lb. 
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AUTOMATIC AND SEMI - AUTOMATIC 
MERCURY VAPOUR RECTIFIER SUB- 
STATIONS.* 


By G. Rogsrs, A.M.1.E.E. 


Introduction.—Electric supply authorities are being 
required to give a supply of electricity in their out- 
lying areas for domestic purposes wherever it is 
demanded. Rapid development is taking place in 
town planning; building estates are springing up on 
the outskirts of our large cities, and are often far re- 
moved from available sources of supply. Whatever 
means are adopted to give a supply to these areas, a 
large capital expenditure has to be faced, the greater 
part of which is necessarily absorbed in the feeder 
and distribution mains. Since it is impossible to 
estimate the ultimate revenue likely to be drawn from 
the opening up of new districts, it is desirable to keep 
the initial expenditure down to the minimum. It 
would not pay to erect and equip a manually-operated 
sub-station with costly low-tension feeders to supply 
a large thinly-populated area, and in such cases it 
will be found necessary to adopt automatic plant 
requiring the minimum amount of attention and 
labour, and to eliminate low-tension feeders where 
possible. 

It is outside the scope of this paper to discuss the 
advantages and disadvantages of alternating current 
versus direct-current supply, but it may be said that 
where available supplies have a frequency of 40 and 
over, the problem is simple, as distribution on the four- 
wire three-phase system is easy, cheap and flexible. 
The network may be developed where required, by 
means of static transformer sub-stations, and the cost 
of a low-tension distributing system can be kept to a 
minimum. Direct current, however, has distinct 
advantages over alternating current for domestic 
supplies for cooking and power purposes. 

On the other hand, where the supply is generated at 

25 periods, alternating-current supply at this frequency 
is, in the opinion of the author, unsatisfactory for 
domestic purposes, and it becomes necessary to convert 
to direct current or to change the frequency by means 
of frequency changers. Converting by means of 
rotary converters or any other form of rotary plant is 
too expensive for outlying districts, owing to the high 
costs of labour and the skilled attention required. 
Automatic rotary-converter sub-station equipments of 
small capacities will be too expensive. To put down 
one large automatic rotary-converter sub-station at 
some central point and feed out to considerable dis- 
tances by means of low-tension feeders would prove 
very expensive, owing to the large capital that it 
would be necessary to sink in copper. The obvious 
solution is to put down small automatic converting 
sub-stations at points where the load is required, and 
to make them as near as possible comparable with the 
alternating-current distribution mentioned above. 
_ Greater Birmingham had to face the problem 
described above, and after preliminary investigations 
and tests the City Electrical Engineer, Mr. R. A. 
Chattock, decided to develop a system of small auto- 
matic sub-stations equipped with mercury-vapour 
rectifiers of the glass-bulb type. This was a bold 
course to take, since there were not in existence any 
similar type of sub-stations designed to give a three- 
wire direct-current supply. The series of sub-station 
described later in this paper were the first of their 
kind to be equipped in this country. 

The Principal Features of Mercury-Vapour Rectifiers. 

—The mercury-are or mercury-vapour rectifier is an 
apparatus for transforming, statistically, alternating 
current into direct current. The different forms of 
rectifiers now on the market are developments of the 
small glass-bulb rectifier introduced by Mr. Cooper 
Hewitt in the United States some 20 years ago. 
; The non-return valve action of the arc, when operat- 
ing in a vacuum under certain temperature conditions, 
allows the current to flow in one direction only, viz., 
from the anode to the cathode, the cathode bath of 
mercury being the positive pole of the direct current 
circuit.t An anode is provided for each phase of the 
current that is to be rectified. The negative direct 
current pole is coupled to the star or neutral point of 
the three-phase alternating -current transformer through 
a reactance. 

Brown-Boveri Rectifier.—This apparatus has been 
fully described in the technical press and is familiar 
to most engineers. The vacuum in the steel cylinder 
is obtained and maintained by means of a special 
exhaust pump. The extent to which the pump has 
to be used varies with particular sets. The pump of 
the set referred to in this paper has to be used only 


* Abstract of paper read before the Institution of 
Electrical Engineers in London, on November 20. 

} For further particulars, see Electrical Review, 1921, 
vol. lxxxviii, pp. 217 and 251, and ENGINEERING, 1923, 
vol. exvi, pp. 507 and 543. 


once a week when half load is not exceeded, but above 
half load it has to be continually in service. 

In this type of rectifier, after erection it is necessary 
for the anodes to be formed, and the operation of 
forming after the vacuum has been obtained takes 
approximately two weeks. This process consists of 
heating up the anodes one by one by means of current 
passed through them to the cathode. The value of the 
current is gradually increased until something more 
than normal full load has been passed. 

The effect is to eliminate any gases that might be 
given off from the material forming the anodes, which 
gases under working conditions might cause an internal 
flashover or “‘ backfire’? due to the vacuum being 
temporarily destroyed on a portion of the surface of 
the anode. During this process, the pump is kept 
working continuously. Current may be passed from 
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The lower-voltage glass bulbs have a much better 
life than one would expect. Provided a bulb survives 
transit—and very few are damaged—and proves 
satisfactory in service for a few days, its life is extremely 
long. The sealing of the incoming leads has been 
brought to a very high state of efficiency, and bulbs 
are still in service that have been running on load for 
over 8,000 hours—25 per cent. of this period being on — 
full load. The higher-voltage bulbs (460-600 volts) 
also give long service, but experience shows that the 
do not have such a long life as the lower-voltage bulbs. 
The percentage of failures is naturally higher. 

Automatic operation and control of this type of 
rectifier is comparatively simple, and the particular 
cases dealt with in the paper indicate how readily 
they adapt themselves to this purpose. Bulbs are 
now made each capable of giving 150 amperes up to 
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the anodes to the cathode by means of a suitable 
resistance across the direct current terminals of the 
rectifier or better still, by means of some external 
source of supply such as a low-voltage booster. Again, 
if the set has been out of service for more than 24 
hours it is necessary to re-form the anodes; this 
operation takes ahout half an hour and must be done 
by manual operation. This is a drawback to this 
pattern of rectifier, which otherwise lends itself admir- 
ably to a simple form of automatic control. 

Water cooling is adopted for the anodes and for the 
main cylinder, and this method is quite efficient ; 
70 gallons of water per hour are required for the set 
described in the paper. The apparatus has been found 
to be reliable in operation, and the maintenance costs 
are low. Cylinders are now built each capable of 
giving up to 900 amperes (direct current) at 600 volts. 

Hewittic Rectifier—This rectifier 1s of the glass-bulb 
type, the vacuum being permanent. Fan cooling is 
adopted, the fan being placed under the bulb and blowing 
air across it. No special forming has to be done after 
delivery. Bulbs may readily be put into service 
almost immediately on completion of erection. Also, 
no forming is subsequently required, however long the 
bulb has been out of service. This is a very useful 
feature. 
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voltages of 600. By arranging bulbs in parallel any 
capacity of plant may be obtained. When a short- 
circuit occurs in the steel cylinder of the Brown- 
Boveri rectifier or in the glass bulb of the Hewittic 
rectifier when the vacuum fails, it is very severe. In 
both types of plant under the author’s observation, 
however, short-circuits have been few in number, and 
in the case of the glass bulbs for 230 volts no single 
instance of a short-circuit has occurred. 

Automatic Operation and Control, of a 220-kw. Brown- 
Boveri Rectifier Working in Parallel with a Three-wire 
Battery for Balancing Purposes.—This type of mercury 
rectifier has been fully described in the electrical press.* 
This set was first installed for manual operation, but 
later was equipped for automatic control. It is 
connected to a 5,000-volt, three-phase, 25-period 
supply, and gives direct current at 460 volts across the 
outers of a three-wire network. Fig. 1 is a complete 
wiring diagram of the automatic arrangements deve- 
loped step by step until the necessary control was com- 
pleted. The rectifier has been running now with this 
control for over two years, and no trouble whatever 
has been experienced with the set. 

It will be seen that by means of selector switches the 


* Loc. cit. 
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rectifier can be left running continuously on the system 
and, under these conditions, will be automatically 
disconnected from the busbars, in the event of a fault 
or a failure of the e.h.t. supply and restarted as 
soon as conditions are again normal. It can also 
be arranged for remote control from another sub- 
station through pilot wires, in which case the rectifier 
can be started up and shut down at will, and while 
running will be automatically disconnected and 
reconnected in case a fault develops, as in the first 
condition. By the simple addition of a voltage relay 
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is repeated with an “in and out’? movement until 
ignition is obtained. 

_ (6) The coil of this relay is in series with the excitation 
circuit and operates immediately the ignition are has 
been struck by relay (5). When energized, the relay 
shuts down the ignition motor-generator and de- 
energizes relay (5). The rectifier, after this operation, 
is ready for load on the direct-current side, and the 
direct-current breaker (an Igranic reclose circuit breaker) 
will now close and parallel the set to the busbars 
providing that the voltage across the rectifier terminals 
is correct and the direct-current busbar voltage is not 
too high. The closing coil of the direct-current circuit 
breaker is connected through an interlock on relay 
(2) and is also controlled by the adjustable voltage coils 
(7), (8) and (9). 

(10) A series coil which opens the direct-current 
circuit breaker on overload. The operation of this 
coil is limited to three times, after which it remains 
open until reset by hand. (11) A contactor which 
closes the loading-resistance circuit when the direct- 
current breaker opens. (12) A three-phase inverse 
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Fig. 6. 


and a minimum-current relay, or by the addition of 
time switches, the set can be made entirely automatic 
in its operation. 

The operation of the control gear is as follows, the 
action of the relays being described in their proper 
sequence of operation :—(1) A master relay switch 
operated by the secondary of a potential transformer, 
which when energized closes the circuit operating 
relay (2) and, when de-energized due to failure of the 
alternating-current supply, clears the set from the 
alternating-current and direct-current busbars. (2) 
A time-limit relay which, when energized, closes 
contacts operating oil-switch-closing solenoid (3) and, 
when de-energized, closes contacts which operate oil- 
Switch-tripping solenoid (4). An interlock on this 
telay prevents the direct-current breaker from being 
closed or remaining closed when this relay is de- 
energized. Immediately the oil switch closes, the 
pump and the ignition converter start up. (5) The 
ignition relay which, when energized through interlocks 
on relays (54) and (6), closes the ignition arc circuit. 
The action of this relay is delayed 10 seconds to allow 

- the ignition motor-generator to become fully excited. 
(54) If the ignition arc fails to strike, this relay comes 
into operation and de-energizes (5), when the operation 


time-limit overload relay, the operation of which 
shuts down the set. (13) A relay which is operated 
by the action of relay (12) and prevents the oil switch 
being closed until reset by hand. 

For remote control, the supply to relay (2) is pro- 
vided by means of one core of a pilot cable through a 
control switch, and the coil circuit of ignition relay 
(5) is looped through pilot wires to a switch at the 
control sub-station. 

The lamps shown on the control sub-station end 
clearly indicate :—(1) When the oil switch closes or 
opens. (2) When the excitation are is struck. 

The opening or closing of the direct-current circuit 
breaker is indicated by the low-voltage lamp connected 
to two cores of a telephone cable. 

Small Automatic Three-wire Rectifier Sub-stations for 
Outlying Areas, Housing Schemes, &c.—Fig. 2 shows 
an outline map of the Birmingham area, indicating the 
position of the generating stations, the existing 
manually-operated rotary-converter sub-stations and 
the position of the rectifier sub-stations in the outlying 
areas, each having its own distributing network. 

These outlying areas are comparatively thinly 
populated. A 5,000-volt three-phase ring main 
passes through this area, looping into the various 


sub-stations. Connections have also been made to 
other existing ring mains in the area. 

It was decided to commence operations with a 
three-wire unit, having a capacity of 46 kw., the 
transformer supplying the two 23 kw. rectifiers being 
designed for an ultimate load of 92 kw. Two 100- 
ampere 230-volt bulbs were connected in series across the 
outers of the three-wire network, the neutral or third 
wire being connected between them; and later, by 
the addition of two further bulbs of the same capacity 
in parallel, the unit was brought up to its full capacity 
of 92 kw. 

Certain of these sub-stations have already been 
brought up to the 92 kw. capacity, owing to 
the rapid growth of the demand in these areas. 
Fig. 3 shows this development over a period of 12 
months. 

Provision is made in each case for an extension to 
the building when necessary. It is proposed to install 
in the extension a unit having a capacity of 138 kw., 
making the total capacity of each of the small sub- 
stations 230 kw. This extra capacity has now been 
added in several cases and is likely to be enough for 
any particular area. When the full capacity of the 
station has been reached, it is intended to develop areas 
in the district by means of further similar sub-stations. 
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SUB-STATION. 


Fig. 4 shows the general electrical connections in a 
complete sub-station, but does not include the internal 
arrangements of the rectifier. It will be seen that the 
high-tension feeder is looped into the sub-station, the 
oil switches being non-automatic in operation. The 
transformers, on the other hand, are protected by 
overload coils in each phase. Leakage protection is 
also provided by means of a current transformer in 
the “earth” connection of the transformer tank. A 
leakage of 2 to 3 amperes of earth is sufficient to cause 
the main oil switch to open. The current passing 
through the- current transformer operates a special 
relay, which, in turn, closes the trip circuit energised 
from the 230-volt circuit. 

The rectifier itself is equipped with automatic gear 
which, in the event of a failure of the alternating-current 
supply, will strike the ignition are in the bulbs when this 
is restored, and resume the supply to the external 
direct-current circuit. No automatic switchgear is 
provided on the direct-current side. Each connection 
to the distributing network is protected by means of 
fuses. It may be necessary later to equip each of the 
rectifiers with a reclose overload circuit breaker, but up 
to the present it has not been found necessary on the 


small sets. The efficiency and power factor of a 
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92-kw. three-wire rectifier equipment are shown in 
Fig. 5 (a). 

The direct-current voltage of a mercury-vapour 
rectifier is directly proportional to the alternating- 
current voltage supplied to the anodes of the bulb. 
It follows, therefore, that in addition to the voltage 
drop of approximately 5 per cent. from no load to full 
load, there may be variations due to the variations in 
the alternating-current pressure. If, as in this parti- 
cular case, the ring-main feeder is fed from the same 
feeders that supply large power consumers, such 
variations may be fairly large. To meet this, an 
arrangement has been developed to operate the voltage 
regulator automatically. The rectifiers are provided 
with a regulating transformer with a number of tappings, 
and by means of sliding contacts the voltage of the 
supply to the anodes may be varied. 

Fig. 6 is a facsimile of two voltage charts, one with no 
regulation and the other with the automatic voltage 


regulator in service. The electrical connections for 
the complete automatic control of the voltage regulator 
are shown in Fig. 7. 

The operation of the automatic regulator gear is as 
follows :—A voltage relay (1) connected across the 
direct-current terminals of the rectifier closes either of 
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a pair of contacts at predetermined maximum and 
minimum voltage. The relay may be set to operate 
with any degree of closeness required. 

The closing of either relay contacts energises one of 
two solenoids (2), which in turn operate an arm carrying 
a set of contacts (2a). Each arm carries three contacts, 
two of which control the supply to the small operating 
motor (3) and are closed when the solenoid is energised, 
and one contact which short circuits the armature of 
the motor when the solenoid is de-energised. The two 
solenoids are mechanically interlocked so that only 
one can operate at a time. 

Each arm is also equipped with a time-lag (4), which 
prevents the operation of the motor due to a momentary 
change in voltage. The operation of one solenoid 
causes the motor to revolve in the forward direction, 
and the operation of the other solenoid causes the motor 
to revolve in the reverse direction. 

The motor shaft is connected directly to the operat- 
ing spindle (5) of the regulator by means of worm 
reduction gearing. After either of the solenoids has 
been energised by the voltage relay, the motor con- 
tinues to revolve until one complete revolution of the 
regulator spindle has been completed, whether the 
contact of the voltage relay (1) has opened circuit or 
not. At the end of each complete revolution the motor 
armature circuit is opened by means of a contact (6) 
on the spindle. If the contact of the voltage relay 
is still further closed, the motor will continue to make 
further revolutions, raising or lowering the direct-current 
voltage until the said contacts break the circuit. 

End-stop switches (7) open the motor circuit by 
de-energising solenoid (2) at the end of the travel to 
prevent over-running. The supply to the motor is 
so interlocked with the excitation relay (8) of each 
rectifier bulb that a failure of alternating-current 
pressure or a failure of any one bulb opens the motor 
circuit. 

Switches (A) are provided in the voltage relay 


circuits to allow of the operation of the regulator inde- 
pendently of the voltage relay, and switches (B) are 
also provided in the excitation relay circuit to close the 
interlock on any one bulb or pair of bulbs if net in 
service. 

Suitable resistances are provided in the relay and 
operating motor circuits. 

No attempt is made to balance the voltage of the 
two sides, care being taken to balance the external 
load as nearly as possible. It would be possible, how- 
ever, to arrange for independent voltage regulation of 
the two halves of the three-wire set. Some 15 of these 
sub-stations have now been put into service and the 
total kilowatt capacity of the plant installed is approxi- 
mately 1,850 kw. 

Provision is made for earthing the neutral of the 
three-wire system at each of the sub-stations. {In prac- 
tice two or more sub-stations are in parallel through 
the network, the networks being connected solid on 
the neutral and through fuses on the outers. 


(To be continued.) 


MARINE OIL-ENGINE TRIALS. 
(Concluded from page 753.) 

In our last issue we gave a summary of the first 
report of the Marine Oil-Engine Trials Committee of 
the Institutions of Mechanical Engineers and Naval 
Architects, &c., taking the subject as far as the end 
of the sections dealing with shore trials. We continue 
the summary below, dealing with trials at sea. 

The sea trials were carried out on the voyage between 


TABLE XXIII.—Running Conditions—Main Engines. 


Trial . ie I. 
Engine. . Star- Star- 
Port. board Port. board 
Time of first observation 2.03]p.m. 8.50|p.m. 

45 last 6 6.03|p.m. 11.50}p.m. 
Average r.p.m. 127-0 124-8 106-4 104-4 
Fuel notch ae oil). LO 24-9 U5-i 18-6 
Manceuvring dial is 4-0 4-0 4:0 4-0 
Injection air - pressure 933 970 864 914 

Ib. ‘per’ sq. in. (by: 

gauge) 

Engine-room temperature 74 —_ 80 — 

deg. F. 

Barometer, in, of Mercury 29-|66 in. 29-|66 in. 
Temp. of exhaust gases : 
At exit from cylinders 570 602 383 403 
by pyrometer (aver- 
age), deg. F... 35 
At end of exhaust mani- 643 714 450 504 
fold by mercurial 
thermometer, deg. F. 
Taste XXV.—Indicator Cards and Deductions. 
(All Pressures in Lb. Per Sq. In.) 
Trial. af | Abi 
Engine. Star- Star- 
Port board. | Buk board 
Pressure at end of com- 456 445 453 443 
pression. | 
Maximum pressure ok 482 493 486 499 
Pressure at end of expan- 34 36 24 25 
sl1on. 
Mean indicated pressure : 
Cylinder No. 1(forward)} 85-2 97-8 67-9 81:9 
a No. 2 i 87-2 89-9 67-4 68-3 
ag No. 3 ay 85-9 94-2 68-5 68-7 
i No.4 a 84-5 93-4 61:7 73-9 
5 No. 5 on 89-2 97-0 68-4 73°6 
- No. 6 (aft) 83-9 102-3 64:2 78°5 
Average M.I.P. .. sesh) 78020 95°8 66°3 74-1 
Indicated horse-power ..| 1486 1,627 960 1,053 
Total indicated horse- 3,113 2,013 
power 
Mechanical efficiency from| 74-0 77-5 66°5 69-5 
Fig. 25. Per cent. 
Shaft horse-power ral LOO: 1,260 638 733 
Equivalent torque, Ib. ft. | 45,500 |52,900 | 31,500 | 36,800 
rath from Fig. 26 1b.| 45,700 | 52,900 | 31,800 | 37,100 
t. 
*Deduced mechanical effi- | 74:5 77:0 63-0 65-4 
ciency of engines at sea 
per cent. 


* Deduced mechanical efficiency of engines at sea— 
2x mx R.P.M. x torque from characteristic diagram 


33,000 x I.H.P. 


Swansea Docks and the Mersey estuary on April 11 
and 12, 1924. ‘On leaving Swansea the vessel had 
on board 3,000 tons of genéral cargo, which precluded 
the possibility of making any runs upon the measured 
mile. The following is an estimate, furnished by the 
owners, of the weights carried :—Cargo, 3,140 tons ; 
fuel, stores and water, 615 tons. Total, 3,755 tons. 


In this condition of load the draught was 17-4 ft. 
forward and 20-8 ft. aft.’”’ For the fuel consumption 
trials the engine speed was maintained at full speed 
(125 r.p.m.) and normal service speed (105 r.p.m.), 
For the trial at full revolutions the ship speed varied 
from 11-6 to 12-2 knots. For the trial at reduced 


revolutions it was between 10-2 and 10-3 knots. The 
TaBLE XXVI.—Observations at Injection-Air 
Compressors. 
Trial. I. iis ' 
. Star- Star- 
Engine. Port. boards Port. board’ 
Pressures from Indicator 
Cards (lb. per sq. in.) at— 
Low pressure suction «| —7°8 —7:2 | —6:2 ) —4:8 
= x Delivery 40-4 45°5 44-3 | 54-0 
Middle pressure suction .. 27-6 35-1 34:0 44°2 
a ,, delivery 209-3 | 214-5 | 218-5 | 231-6 
High pressure suction. 204°8 207-8 | 213-8 | 226°7 
iS na delivery ../1,018-5 |1,019-7 | 959-2 | 962-7 
Indicated M.E.P. (lb. per sq. 
in.j— 
Low pressure stage 18-1 18-1 20:8 | 22-9) 
Middle pressure stage 84-7 77°3 91-4 | 87-4 
High pressure stage ; 355-0 3820-1 | 345-5 | 320-0 
Horse-power absorbed in 
compressor (I.H.P.) 92-8 86-4 82-6 81:0 


TaBLE XXVIII.—Fuel Consumption—Main Engines 
and Auxiliaries. 


Me Il. 
Trial. 
Lb. Tons Lb. Tons 
per hr. | per day.| per hr. | per day. 

Main engines together 1,061 11-36 630 6°76 
Generator engine. . — 0-30 —_ 0:31 
Auxiliary boiler .. — 2-20* — 2-20T 
Total fuel tons per day .. — 13-86 — 9-27 


* Port boiler only under steam, pressure 113 lb. per square 
inch. 

+ Starboard boiler only under steam, pressure 117 lb. per 
square inch. 


TaBLE XXIX.—Analyses of Puel Oil. 


Filtered Oil— | Unfiltered Oil— 
Test. Engines’ Boilers’ 
Settling Tanks. | Settling Tanks, 
Calorific value (gross) 
B.Th.U. per lb. 19,080 19,110 
Specific gravity at— 
50 deg. F. 0-898 _ 
BS) 35 0-894 0-893 
fates gh 0-890 0-889 
86" a5 0-882 0-882 
Flash point. . deg. F 174 172 
Burning point oF 196 178 
Viscosity (by Redwood 
No. 2 viscometer)— Picea ew: 
¢ ' Trobably more eas’ 
Seconds at 32 deg. F... { thanlewnuel 14 hours. 
TOs s 397 -0* 233 -0* 
150" 95; 53-1 50-7 
200 = ,, 40-1 39°3 . 
Cold test— 
Very viscous at .. 32 deg. 32 deg. 
Semi-solid at .. 23°, 28 deg. to 23 deg. 
Nearly solid at .. L009 14 deg. 
Engler distillation— 
Temperature of first drop 254 deg. 219deg. —~ 
Per cent. Specific |Per cent. Specific 
Fraction 32-302 deg. F. 0-29+ Gravity. 0:30 Gravity. 
302-392 _,, 1-50t 0-882 1:30 0-7 
392-482 ,, 8-30 0-769 8:00 0-777 
482-572 ,, 14:42 0-847 13:35 0-845 
572-662 ,, 45:98 0-842 31-80 0-843 
Residue .. 27-08 — 44-20 = 
Loss nf ae 5 2-43 — 1-05 = 
Water content per cent. 0:22 0-03 
Ultimate analysis, per cent. 
Carbon 3 oe 85-42 86-02 
Hydrogen 12-62 12-94 
Nitrogen. . 0-08 0-13 
Sulphur .. 1:09 0:97 
Oxygen 0-79 0-06 
Impurities .. Slight sediment Slight, fine, 
including black | light-coloured 
specks. sediment. 
Carbon residue and free 
carbon AL 28 3:80 2°82 
Ash .. Ry per cent. 0-01 0:03 
Soft Asphaltum 5 1-40 1-37 4 
Hard asphaltum Pe 0:45 0-36 


—_ 


* The values at 70 deg. F. represent concordant figures, 
but as a true estimation they are unsatisfactory, inasmuch as 
there were stoppages in the flow, due to threads, &c, in 


sample. 


+ The fraction 32-802 deg. F. is low, and the fraction 


302-392 deg. F. is high, as the water did not fall into the cylinder | 
until late. The error due to this may amouat to about 0-2 per | 
cent. 


running conditions for the main engines are given in 
Table XXIII. Deductions from indicator cards taken 
are given in Table XXV for the main engines, and in 
Table X XVI for the air compressor. 
Tables XXVIII and XXIX give, respectively, mel 
fuel consumption and the analysis of the fuel oil. 
“Observations of the lubrication of the maim 
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engines showed that the delivery of the forced lubrica- 
tion pump was 5,330 gallons per hour at a pressure of 
17 lb. per square inch; the supply of oil to all the 
power cylinders was 12} gallons per day and to the 
air compressors 2} gallons per day, when the engines 
were running at 125 r.p.m.” After the tests on shore 
additional lubricators had been fitted. 
Two methods are available for estimating the torque 


bases and averaging, the following figures are obtained 
for fuel consumption reduced to pounds per minute :— 


Trial I. Trial IT. 
Port engine 8-42 4-97 
Starboard engine 9-28 5-54 


“Referring now to the characteristic diagram, Fig. 
21, the torque corresponding to each oil consumption at 


TABLE XXX.—Depvucrions From THRUST AND TORSIONMETER OBSERVATIONS. 


Trial. Up, LUT. 
Shaft. Port. Starboard, Total, Port. Starboard, Total. 
Mean speed, knots : ne (V) 11-90 10-26 
Mean revolutions per minute .. (N) 127-0 124-8 -- 106°4 104-4 _ 
V x 101 . 
yet from trial 0-90 0-916 a 0-927 0-945 _ 
Thrust in pounds (T) — 23,550 — — 16,480 = 
rc 
ve — 161-9 — — 152°3 — 
Steady variation of thrust from mean value, 
per cent. or 5 ae a0 og aa 16 — — 30 _ 
Steady variation of torque from mean value ) +6 +5 — +21 + 24 —_ 
per cent. we ua a ete re —9 — 15 — — 24 — 34 — 
(a) Torque from thrust measurement and 
screw efficiency a en he 47,100 44,600 91,700 34,200 32,200 66,400 
(b) Torque from model resistance and model 
screw efficiency a Be is Ag 39,900 37,900 77,800 26,850 25,600 52,450 
(ec) Torque by measurement at after end of 
shaft .. ore 4 we ae ae 37,640 40,870 78,510 24,170 27,040 51,210 
(d) Torque from characteristic diagram ae 45,500 52,600 98,100 29,800 34,700 64,500 
(e) Torque from indicator cards and mecha- 
nical efficiency from shore trials oe 45,700 52,900 98,600 31,700 37,200 68,900 
Fig.41. ARRANGEMENT OF THRUST MEASURING GEAR. (MICHELL) 
A: Nats slackened on taking thrust record. : 
Thrust block shown thus —-— 


B-Aft cast-iron yoke resting on bearing. 


C.-Forward cast-iron yoke resting on hardwood chocks. 


D.-Temporary cover for bearing. 
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from the main engine data: ‘‘(1) By means of the 
ih.p., using a value for the mechanical efficiency read 
off from Fig. 25. Torques.calculated on this basis are 
shown at the foot of Table X XV, as are also those 
‘obtained by reading off Fig. 26. (2) By the use of 
_ the characteristic diagram, Fig. 21.” 

Fig. 28 shows the rate of oil consumption to be pro- 
portional to the power developed, while Fig. 31 shows it 
to be within the limits of observation a linear function of 
the exhaust gas temperature. Calculating on both these 
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a blade vertical at O°. 


the respective engine speed, may be read directly, and 
the results are given below :-— 


Engine. Trial I. Trial II. 
Torque—Lb. Ft. | Torque—Lb. Ft. 

Port.. oi 45,700 29,800 

Starboard .. 52,600 34,700 


«The torques read off the characteristic diagram agree 


fairly with those calculated from the indicated horse- 
powers developed, as can be seen from Table XXV; a 
result which shows that the shore trials can be assumed 
to give a fair indication of the mechanical efficiency 
of the engines at sea in fine weather. The difference 
between the torques computed from the above obser- 
vations in the engine-room and those calculated from 
readings of the torsionmeters (Table X XX) is due to the 
friction loss, in the thrust-block and at the shaft bear- 
ings, between the engine and the points where the 
torsionmeters were situated; also to experimental 
errors and to departure in mechanical efficiency of the 
starboard engine from that of the port engine. 

«Between the ‘ Moullin’ torsionmeter on the port 
shaft and the engine there were four shaft bearings, in 
addition to the thrust-bearing, and between the ‘ Hop- 
kinson-Thring’ torsionmeter on the starboard shaft 
and the engine there were three shaft bearings in addi- 
tion to the thrust-bearing. Between the above instru- 
ments and the propeller there were two and three shaft 
bearings respectively. The mean values of the torque 
and the percentage fluctuations from the mean are 
recorded for both shafts in Table XXX. To determine 
the mean torque on the port shaft the observed torques 
were plotted on a time-base and the mean ordinate 
taken. 

“The thrust was measured on the starboard shaft 
only. The gear which was purchased from Messrs. 
Michell Bearings, Limited, to suit an ordinary horse- 
shoe type thrust block, with which the vessel is fitted, 
is illustrated in Figs. 41 and consists essentially of a 
pair of yokes connected rigidly together by a pair of 
steel tie-rods, arranged longitudinally, one on each 
side of the thrust-block. The yoke at the aft end of 
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Note to Fig. 42a— 
a. One revolution taken at 123 r.p.m. 
a \ Two consecutive revolutions at 107 r.p.m. 
d. Revolution taken at 96 r.p.m. 

Note to Fig. 42B— 
thrust 
(r.p.m.)? 
“«T” in tons, “ N” in units of 100 r.p.m. 


Curve of to base of revolutions 


the thrust-block was solid, that at the forward end 
being provided with two cylinders containing oil and 
in communication with a hydraulic pressure system. 
The cylinders, which were arranged to be opposite the 
ends of the long bolts upon which the horse-shoe collars 
are carried, were each provided with a ram suitably 
packed to resist high pressures, The pressure was 
generated by means of a small hand-pump; and a 
screw-down, non-return valve was provided between 
the pump and the cylinders in the forward yoke. To 
use the apparatus, the pressure in the hydraulic system 
was raised until the rams pressed against the ends of 
the long bolts. The locking nuts on each side of the 
bearing lugs were then eased away, thereby transferr- 
ing the thrust from the lugs on to the rams and the 
fluid in the system behind them. The movement 
allowed was 0-02 in. each way, but this movement was 
not found necessary, and the thrust measurements 
were taken with the shaft in its correct position. The 
pressure in the system was measured by the elongation 
of a spiral spring actuated by a plunger in a small 
cylinder connected with the pressure system, and was 
recorded on a strip of paper moved by clockwork. 
The pressure was automatically recorded together with 
time in $-seconds, and a further pen gave a contact 
mark when a particular propeller blade was vertical. 

“4 continuous record of the pressure in the hydraulic 
system was taken for short periods, and from these the 
total thrusts are obtained. The position of the cranks 
at any part of the thrust diagram can be located from 
these records. 

‘Typical curves of the variation of thrust through- 
out a revolution are shown in Tig. 42a, and values of 
Thrust 
‘Revolutions2 


per minute are shown in Fig. 42p. The thrust asso- 
ciated with the mean speed and revolutions, for the 


r (=) plotted to a base of revolutions 
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period of each trial, was calculated from the mean 
curve of Fig. 428, at the correct revolutions for each 
trial. The variation of (=) is believed to be due 
to :— 

(a2) Some variation of thrust due to change of resist- 
unce when pitching. 

(b) Variation of revolutions due to different causes, 
the revolutions used in the plottings being those for the 
short period of measurement and not the mean for 
any long period. 

“At low speeds there are three fluctuations per 
revolution, which, owing to the inertia of the fly-wheel, 
&c., gradually diminish in relative importance as the 
r.p.m. increase, but the variations due to the propeller 
blades passing the hull gradually increase, and are 
predominant at the full revolutions. The percentage 
variations from mean thrust are given in Table XXX. 
As the pitches of the propellers when measured were 
found to be exactly the same, the thrusts on the port 
shaft have been obtained from those on the starboard 
shaft, by assuming that the thrusts on the model and 
on the ship will vary in the same ratio for small changes 
of slip. 

o iN model of the ship was tested in the ‘ William 
Froude’ National Tank, at a displacement of 9,400 
tons, and the propellers were also tried under that 


revolutions per minute. In order to bring the starboard 
T r 


shaft 7 values on to the curve of we derived from the 


model, at the ae values obtained from the ship, the 


wake fraction has to be varied from 0-19 in the model to 
0-23 and 0-26 for Trial I and Trial II respectively ; 
that is, the ship wake velocity is some 4 to 6 per cent. 
slower than the model wake. Taking the thrust 
measurement to be correct and using a wake factor 
of 0-25, associated with the screw efficiency of the 
model screws, the torques required to turn the two 
screws, for each trial, are given in line (a) of 
Table XXX. 

“A further estimate of torque can be obtained from 
the effective horse-power deduced from the model 
experiments if the model wake and quasi-propulsive 
efficiency are adopted. The hull resistance has been 
taken as 17 per cent. and 11 per cent., respectively, 
for Trials I and II, above the resistance obtained from 
the naked model to take account of appendage resis- 
tance, &c. On this basis the torques required in the 
shafts are given in line (b) of Table XXX. The distri- 
bution of this power between the two shafts has been 
made on the basis of the power which two similar 
screws would deliver when the revolutions of one 
exceed those of the other, as was the case in these 


TABLE XXXIJ.—Mane@vuvrinG TRIAL. 


2 Pressure in Starting 
Order on Telegraph. ee ee Air pauiles (Ib. per 
Time of quare inch). 
R.P.M. on | Receipt of 
Tachometer. Order. 
Starboard 
No. Direction. Speed. Port Engine. Engine. Before Order} After Order. 
| 
h.m. s. 2 3 
1 Sto _ —_— 8 33 46 Z — — 
2 aNead ae Dead 60 34 3 7 9 520 475 
Slow. 
3 Astern .. Full. 100 34 20 33 28 480 448 
4 Ahead .. Slow 85 34 58 17 aly? 455 420 
5 Astern .. Full. 100 35 24 16 23 425 390 
6 Ahead .. Half. 105 35 51 37 37 405 375 
7 Astern .. Full, 100 36 33 19 20 387 360 
8 Ahead .. Full. 125 36 58 24 24 370 350 
9 Astern .. Full. 100 37 28 16 16 360 330 
10 Stop As _— —_— 37 48 10 12 — — 
11 Ahead .. Full. 125 38 5 20 13 340 325 
12 Astern .. Full. 100 39 28 24 20 360 312 
13 Ahead .. Full. 125 40 56 22 27 362 310 
14 Stop — — 41 28 10 12 — — 
15 Ahead .. Px oi. Slow. 85 41 45 13 13 330 310 
16 Astern .. ate oo aH 60 42 18 19 19 325 295 
17 Ahead .. ti me a 85 42 48 19 17 312 270 
18 Astern .. 0 ore 55 60 43 18 16 Zo* 240* 210* 
19 Ahead .. On oi 5 85 43 50 15 iis} 425 380 
20 Astern .. ae a6 Pe 60 44 20 16 14 385 340 
21 | Ahead .. * " 85 44 50 18 19 345 312 
22 Astern .. ofc 54 5 60 45 20 15 12 325 287 
23 Ahead .. whe aR 55 85 45 48 18 17 295 272 
24 Astern ., a5 me a 60 46 19 33 13 255 225 
25 Stop —_— — 46 58 = i= _ —— 
*In carrying out Order No. 18, the Starboard engine failed to fire when put on to fuel; this caused a drop in 
pressure from 280 to 237 lb. per square inch not shown in the Table. 
condition. The displacement of the ship during the | trials. No allowance has been made in these figures 


trials on the voyage from Swansea to Liverpool was 
7,400 tons, trimmed 3-4 ft. by the stern. The model 
results have been corrected for this change by plotting 


1 lel de 


values of (C) = - 7 
Displacement® x V5 


Ney) 
ment base for a number of similar forms which 
had been tried at several draughts. These gave a 
clear indication of the change with displacement, and 


on a displace- 


a (©) modified in this way has been used for calculating 


the naked effective horse-power. The vessel was 
fitted with twin bossings and rudder, which were not 
fitted to the model, and was two months out of dock ; 
the former would add about 5 per cent. to the resis- 
tance and the latter an unknown amount, the bottom 
being somewhat foul. The wind resistance at the 
higher speed (Trial I) can be taken as an additional 
6 per cent., and in Trial IJ the wind resistance was 
negligible. 

“ Owing to the difference in the draught at which 
the tests of the model were made, and that at which the 
trials of the ship were carried out, a close comparison 
of the model and ship resistances is not possible. 
However, in the sea trials the propellers were working 
under conditions which sufficiently resembled those 
under which the model was tested, to enable a reasonable 
comparison to be made, and the thrust, T, of the screw 

he aN 
and its ve 
with those deduced from the model experiments. 
Assuming that the ship and the model have the same 
wake factor, the slip behind the ship is defined by the 
V x 1014 

‘PAN 
P is the pitch of the propellers in feet, and N is the 


value at any slip, should therefore compare 


value of , where V is the ship speed in knots, 


for any departure in wake factor which the thrust 
data have suggested. 

“ The foregoing results are summarized in Table XXX, 
and for clearness the torques obtained from the engine 
data have also been added. The torques in line (a) 
should agree with the torques in line (6), and those in 
line (c) should exceed these by about 2 per cent., which 
represents the loss in the tail-shaft and journal bearings. 
The torques in line (d) should agree with line (e), and 
exceed those of lines (a) and (b) by the amount necessary 
to overcome the friction of the thrust-block and five 
journal bearings on each shaft. As, during the trials, 
all the bearings and both thrust-blocks were quite 
cool to the hand, the losses in this direction cannot be 
large.” 

Biarting-air consumption trials were made, five out 
of nine reservoirs being employed, the available capacity 
being 350 cub. ft. The number of starts possible on 
one engine, with an available pressure of 490 lb. per 
square inch in five bottles was 26, equivalent to 23 
starts for both engines with all reservoirs in use. 
The average quantity of free air used per start was 
305 cub. ft. The lowest bottle pressure at which the 
engines started up was 160 lb. per square inch. 

Trials were carried out “‘to determine the rapidity 
at which the engines could be manceuvred and the 
ability of the manceuvring air-compressor to meet the 
demands made upon it. The manceuvring air-com- 
pressor was therefore used in charging the reservoirs 
throughout the test. ‘The last ten orders in the series, 
which were given at 4 minute intervals, were followed 
by a period of running ahead to determine the slowest 
speed at which the engines would run satisfactorily. 
The above Table XX XII gives the observations of the 
test as recorded in the engine room. From order No. 1 
to No. 18 five bottles only were used ; for the remainder 
all nine bottles were used. At both Order Nos. 11 and 


12 a period of 1 minute was allowed after full speed 
had been attained, in order that the ship should gather 
way, and to ensure that the next manceuvre should be 
made under average working conditions.” . 

Slow speed tests were made starting with neither 
engine working. In both cases a steady low speed was 
soon reached. In one test the revolutions for the last 
10 minutes averaged 37-0 p.m. for the port engine and 
40-6 for the starboard engine. In another test the 
revolutions during the last 5 minutes run were 33-6 p.m. 
for the port engine and 36-8 for the starboard. 

The report concludes with an acknowledgment of 
facilities and assistance afforded, and with an appendix 
describing the Moulin torsionmeter which formed the 
subject of an illustrated article in our issue of June 13 
last (see page 764). 


SOCIETY OF GLASS TECHNOLOGY. 


A mpEtING of the Society of Glass Technology was 
held in the Coal Gas and Fuel Industries Department 
of the University, Leeds, on Wednesday, November 19, 
1924, the President, Colonel 8. C. Halse, being in the 
chair. Four papers were presented. The first, 
entitled “ Note on the Glasshouses of the Leeds District 
in the 17th, 18th and early 19th Centuries,” by Francis 
Buckley, was purely historic. He stated that John 
Houghton wrote in 1691 that there were then three 
glasshouses in Yorkshire, one near Ferrybridge, and 
two. near Silkstone. They could now identify these 
as the glasshouses at Houghton, Bolsterstone and Silk- 
stone. The only glasshouse actually in or near the 
town of Leeds in the 18th century was known as the 
Engine Glasshouse, and this was probably the factory 
that supplied all the ordinary needs of the town for the 
greater part of the 18th century. The Engine Glass- 
house might have been the present as well as the pre- 
decessor of the famous Hunslet Glass Works, though 
the connection had still to be proved. 

The second paper, entitled ‘‘ A Striking Instance of 
Fireclay Corrosion through the Action of Saltcake,” 
was contributed by Professor W. E. 8. Turner. It 
stated that during the emptying of a glass tank the 
fireclay blocks surrounding the dog-hole in a bottle- 
glass furnace began to swell and to flow, soon after they 
became exposed to the action of the flame, as the tank 
was drained. There was a suspicion that when the 
tank was started a charge of saltcake had been put into 
the dog-hole, under the belief that the blocking of the 
hole would be prevented. After examination it was 
found that the exposed portion of the blocks had 
absorbed saltcake at an early stage in the operation 
of the furnace, and being covered with glass and the 
dissociation temperature very high, the saltcake had 
remained unattacked until contact with the flame 
during the emptying of the tank brought about decom- 
position. 

The third paper, ‘“.A Note on Some Properties of a 
Sandstone Block after Use in a Glass Furnace,” was 
by Mr. H. 8S. Houldsworth. It described experiments 
in which refractory material (Penshaw stone) and glass 
were ground separately until they passed a 100-mesh 
I.M.M. sieve, and were then thoroughly mixed in the 
desired proportions. A little gelatine solution was 
added, and cones were shaped from the mixture. 
These were then heated alongside standard sugar 
cones in a gas-fired laboratory furnace. The results 
obtained indicated that powdered Penshaw stone 
interacted as readily with a soda-lime glass as did 
powdered or good fireclay bricks. Penshaw stone 
developed a close compact structure when used in a 
glass furnace. This tended to hinder the penetration 
of glass into the stone, thus adding to the life of the 
refractory, and pointing to its successful use in furnace 
construction. 

The last paper, ‘‘ The Production of Colowrless 
Glass in Tank Furnaces, with Special Reference to the 
Use of Selenium, Part IV. The Influence of Arsenious 
Oxide,” by A. Cousen, M.Sc., and Professor W. E. S. 
Turner, D.Sc., referred to previous work by the 
authors, which had shown the great influence of 
arsenious oxide in preventing the development of 
colour ina selenius decolourised glass. It was evident 
that some of the effect was due to the action of the 
oxide upon the iron present. In confirmation of this 
fact meltings of a glass batch with addition of various 
quantities of arsenious oxide were made, and the colour 
of the glass was found to be less the more of the oxide 
there was in the batch. This, then, was the first 
important effect of arsenious oxide in decolourising ; 
the second consisted in the suppression of the brown 
selenius colour. From this point of view selenium 
and cobalt oxide were only secondary materials in the 
decolouring process. The pink colour due to selenium 
was developed at the commencement of melting. An 
attempt to replace arsenic by its equivalent of phos- 
phorus in the form of calcium phosphate showed the 
latter substance to have little or no effect upon the 
brown selenium colour. Antimonious oxide used with 
selenium gave a deep bluish green colour. 
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HYDRAULIC OVERHUNG-TYPE PLATE PRESS. 


CONSTRUCTED BY MESSRS. RICE AND CO. 


(LEEDS), LIMITED, ENGINEERS, LEEDS. 


_——— 
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HYDRAULIC BENDING PRESS. 


Tue overhung type of hydraulic plate bender, shown 
in Figs. 1 to 3 above, has recently been constructed 
by Messrs. Rice and Co. (Leeds), Limited, of Neville 
Works, Leeds, for carrying out, in the cold, such 
operations on light metal sheets as putting flanges on 
edges or turning the latter up to form square boxes or 
tanks. The base of the machine is a heavy casting, 
and contains two cylinders in each of which a ram of 
114 in. diameter is accommodated. The rams are 
fixed to and support a movable table which carries 
the steel V-block constituting the lower die, the whole 
being guided throughout the stroke of 10 in. by lugs 
projecting from brackets on the end standards. 
These standards are bolted to the bed, substantial 
gibs being arranged to take the working thrust of 
130 tons applied to them through the upper die and 
high-carbon forged steel top beam. 

This all-steel construction of the beam is adopted to 
permit of sufficient strength being attained with small 
depth, this condition being a necessity to permit of 
the working of sheet metal into boxes of the small 
size of 1 ft. 6 in. side, a primary purpose of the machine. 
The beam hinges on one upright and is locked to the 
other by a bolt. 

A weight carried at the end of an extension of the 

m serves to balance it when swinging. Should 
a plate be inserted between the dies and successively 
bend by pushing it in a number of times it will surround 
the top beam. It may be removed by pivoting the 
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beam round the vertical hinge and taking off the bent 
plate endwise. The press is controlled by means of 


_ the makers balanced piston type working valve, 


actuated by a single lever. In Figs. 2 and 3 the 
yarious constructional details referred to will be 


‘noticed. Plates of any length and up to 7 ft. in width, 
‘can be bent by passing them between the uprights. 


fe CATALOGUES 

- Cowls.—A priced catalogue of revolving cowls for 

smoky chimneys is to hand from Messrs. Ewart and 

Son, Limited, 350, Euston-road, London, N.W.1. 
Centrifugal Pumps.—A catalogue dealing with centri- 

fugal pumps for low and medium heads has come to hand 


rom the Mirrlees Watson Company, Limited, Scotland- 
Street, Glasgow. 


__ Oil.—Messrs. Ragosine and Co., 161, Bow-road, London, 


E., have issued a pamphlet containing notes on the 
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properties and cost of lubricating oils and engine-fuel 
oils. The pamphlet is marked price ls. 


Roller Chains.—The Coventry Chain Company, 
Limited, Coventry, have issued a booklet giving parti- 
culars of heavy roller chains suitable for motor vehicles. 
Practical notes on lubrication, spare parts and tools and 
methods of repair, are also included. 


Fans.—Messrs. James Keith and Blackman Co., 
Limited, 27, Farringdon-avenue, London, E.C., have 
issued a separate catalogue of boosting, exhausting 
and blowing fans with belt, electric or steam-turbine 
drives. Prices are stated and useful capacity tables 
are given. 


Asbestos.—An account of the development of the 
asbestos industry haS been issued in pamphlet form by 
Messrs. Bells United Asbestos Co., Limited, 594, South- 
wark-street, London, 8.E.1. The text, which is reprinted 
from some articles in the India Rubber Journal, contains 
much useful information. 


Electrical Fittings—Circulars describing an adjustable 
arm fitting for carrying an electric lamp, suitable for 
machine tool operators, clerks, draughtsmen, &c., and 
an electrically-heated glue pot without water jacket, have 
been received from Messrs. Purit Specialties Limited, 
Park-street, Birmingham. e 


Condensing Plant.—A catalogue showing condensers of 
the central-flow surface, multiple-jet and barometric-jet 
types, condensate high-lift extraction pumps, and 
Leblanc rotary air pumps and ejectors, is to hand from 
the Metropolitan-Vickers Electrical Company, Limited, 
Trafford-park, Manchester. 


Switchgear—A new edition of their catalogue of 
switchgear for power houses and sub-stations has been 
issued by the English Electric Company, Limited, 
Queen’s House, Kingsway, London, W.C. This edition 
supersedes that of April, 1923, and contains a number 
of new illustrations and diagrams. 


Electric-Light Fittings.—A catalogue of all the necessary 
fittings for lighting streets, works, ships, mines, shops, 
&c., is to hand from the Engineering and Lighting 
Equipment Co., Limited, St. Albans, Herts. A vibration- 


absorbing fitting, which allows the use of gas-filled lamps 
under severe conditions, is dealt with in the catalogue. 


Propellers.—Information as to the most suitable 
propellers for small craft is rather difficult to obtain, 
and Messrs. John I. Thornycroft and Co., Limited, 
Smith-square, Westminster, London, §8.W.1., have 
issued a special catalogue illustrating many forms and 
offering to advise owners on receipt of particulars of the 
boat and engine and of the speed desired. 


Suction-Gas Plant.—A catalogue of suction-gas plants, 
with capacities ranging from 5 to 500 brake horse-power, 


is to hand from the National Gas Engine Company. 
Limited, Ashton-under-Lyne. The construction and 
action of the gas generator and cleaner are clearly 
described. ‘These plants are intended to use anthracite, 
gas coal, coke or charcoal as fuel, and contain numerous 
improvements in detail which facilitate operation and 
reduce repair costs. 


Milling Machine.—A. catalogue received from Messrs. 
Midgley & Sutcliffe, Bradford, of a universal milling 
machine, shows a machine capable of a large variety of 
work with twelve spindle speeds, stepped-pulley belt 
drive, and all the usual facilities. The price is stated, 
and prices are also quoted for machine vice, turntable 
plate, vertical milling bracket, and dividing heads 
made to suit the machine, 


Lathes—We have received from Messrs. George 
Swift and Sons, Limited, Halifax, a catalogue of lathes 
ranging from 10}-in. centres to 204-in. centres, and 
giving a complete general specification and a detailed 
description of the gear box, gears and taper-turning 
attachment, with numerous illustrations. These lathes 
are well designed and equipped for heavy, accurate work 
of a general character, including screw-cutting. 


Portable Pumping Set.—A pumping set, comprising 
a petrol engine and pump mounted on a four-wheeled 
truck, is illustrated in a leaf catalogue received from 
Messrs. J. W. Brooke and Co., Limited, Lowestoft. 
The enzine develops eight to ten horse-power, and the 
pump output is 600 gallons per minute against mano- 
metric heads of 20 ft. or 30 ft. A pulley for driving 
machinery by belt is fitted in addition to the flywheel. 


Mechanical Stokers.—A new edition of their catalogue of 
chain grates with a full description and many illustrations 
of their application to water-tube boilers, has been issued 
by Messrs. Edward Bennis and Company, Limited, 
28, Victoria-street, London, §8.W.1. These grates are 
suitable for use whether the draught is natural, induced or 
forced, or on the balanced system. The whole installation 
including mechanical stokers and coal and ash-conveying 
plant is carried out by this firm. 


Sisal-Hemp Decorticating Machinery.—A catalogue of 
sisal-hemp decorticating machines, issued by Messrs. 
Robey and Co., Limited, Lincoln, is prefaced by a 
general article on textile fibres by Mr. Alfred Wiggles- 
worth. The firm’s decorticator machines are made 
with automatic crushing, feeding and other gear, and are 
capable of dealing with about three tons of fibre in a 
ten-hour day, requiring 60-h.p. for driving ; the dressing 
machine deals with 10 cwt. of fibre per hour, Baling 
machines, pumps, engines, railway equipment, &c., suit- 
able for the industry are also described in the catalogue 
which is of considerable interest. 


High-pressure Turbine Pumps.—The application of 
electrically-driven centrifugal, or turbine, pumps for 
maintaining the pressure in hydraulic services is ex- 
plained in a special catalogue issued by Messrs. Mather 
and Platt, Limited, Manchester, who have supplied a 
number of sets to replace ram pumps. ‘The list of these 
sets shows delivery capacities of 200 to 1,000 gallons per 
minute, maintaining pressures of 400 lb. to 1,500 Ib. 
per square inch, the most usual pressure being about 
750 lb. per square inch, The pressure fluid is supplied 
without violent pulsations, and the catalogue discusses 
means for automatically regulating the power consumed 
by the pumps in accordance with the variations in the 
demand for hydraulic power. The catalogue will be of 
particular interest to engineers in charge of hydraulic 
pressure installations in dock, railway and general indus- 
trial establishments, 


Refrigerating Machinery.—Messrs. Seagers Limited, 
Dartford, Kent, have sent us a copy of their catalogue of 
CO, refrigerating and ice-making machinery, which 
includes a full range of belt-driven, motor-driven and 
steam-driven machines, of both vertical and horizontal 
types, for land and marine service. The catalogue 
explains the principles of mechanical refrigeration, 
giving diagrams of the circulation system and illustrated 
descriptions of the principal mechanical details of the 
plant. Complete refrigerating sets are fully dealt with 
and particulars are given of portable cold stores, open- 
air condensers, gun-metal fittings, brine grids, valves, 
leathers, packings, and pressure and temperature- 
indicating instruments. Compressors for general indus- 
trial purposes requiring the compression or liquefaction 
of gases are also referred to-in the catalogue, with which 
we received a pamphlet reprint of Mr. Henry Brier’s 
paper on pre-cooling read at the fourth International 
Congress of Refrigeration in London, in June last. 


Tur RoyaL TrEcHNICAL COLLEGE, GLASGow.—We 
have received from the Director of the Royal Technical 
College, Glasgow, a copy of the Annual Report on the 
128th Session, from which it is evident that progress is 
being continuously made in this, the oldest technical col- 
lege in the world. From the report we note that Dr. James 
Mackenzie has been appointed Chairman of Governors 
in succession to the late Sir George Beilby, F.R.S., 
in whose memory it is proposed to establish an annual 
award in the Department of Chemistry. During the 
session 1923-24, the total number of students was 
4,816. The greatest development in the work of the 
college is shown in the Departments of Mechanical 
Engineering under Dr. A. L. Mellanby, Chemistry under 
Dr. Thomas Gray, and Electrical Engineering under 
Dr. S. Parker Smith. The recent gifts of plant by the 
leading members of the British Electric and Allied 
Manufacturers’ Association to the Department of 
Electrical Engineering is acknowledged in the report, 
and is a gratifying recognition of the valuable work done 
in this section of the activities of the College. 
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** ENGINEERING ” ILLUSTRATED PATENT 


RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE AOTS OF 1907 AND 1919, 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated. 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word “‘ Sealed ”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


221,010. William Beardmore, Lord Invernairn, West- 
minster, London, and A. E. L. Chorlton, Westminster, 
London. Internal-Combustion Engines. (1 Fig.) June 2, 
1923.—The invention relates to multi-cylinder internal-combustion 
engines operating on the two-stroke cycle of the kind in which 
auxiliary exhaust ports are provided which are uncovered by the 
piston before the main exhaust ports, the exhaust products from 
the auxiliary exhaust ports being adapted to exert an ejector 


v 
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action on the main exhaust products. According to the invention 
a separate passage K leads from the auxiliary exhaust port J, 
of each cylinder to an ejector nozzle L so disposed in the passage 
M leading from the main exhaust port H of one of the other 
cylinders as to exert an ejector effect and thus facilitate and 
expedite the flow from that cylinder of the products of com- 
bustion and the entry into the cylinder of the charge. (Accepted 
September 10, 1924.) 


HYDRAULIC MACHINERY. 


220,231. Ransomes and Rapier, Limited, Ipswich, and 
P. D. Ionides, Ipswich. Sluice Gates. (2 /igs.) January 
25, 1924.—The invention relates to vertically sliding sluice gates 
of the free roller type. The gate comprises a skin plate A 
supported by horizontal girders connected at either end to vertical 
end beams B. 
comprising castings built into the side walls of the channel. The 
rollers D are mounted to roll on the downstream side of the groove 
or casting, engaging on the one hand the downstream flange B1 of 
the end beam and on the other hand a roller path D1 carried by a 
rib D2 formed on the casting. Hitherto, although a shield plate 
such as E has, in some cases, been provided to enclose the lower 
downstream end of the groove, the water of the stream has been 
free to circulate, as shown by the arrows in Fig. 1, in the groove 
and has thus set up vibration in the rollers and their paths. 
According to the invention, not only is the shield plate carried up 
to the full height of the gate and further extended in an upstream 


direction so as to lie close against the web of the vertical end 
beam, as shown at F in Fig. 2, but, in addition, a vertical wall G is 
provided which, together with the shield plate, forms a chamber for 
the rollers and their paths, and thus separates these rollers from 
the open portion of the groove containing the main portion of the 
end beam. Preferably the web of the end beam is somewhat 
extended, as shown in Fig. 2, so that the edges of the shield 
plate F and wall G can be brought close up against this web, 
leaving only a sufficient clearance to permit of the lateral 
movement of the gate. A suitable “‘ washout ’’ opening, which 
may normally be closed, may be formed in the base of the 
chamber. With such arrangement, instead of the water of the 
stream being free to circulate and thus to vibrate and possibly 
damage the rollers, as hitherto, the moving water of the stream 
can circulate only around the main portions of the end beam, as 
will be seen from the arrows in Fig. 2, the shape of the wall G 
and shield plate F facilitating the discharge of such water 


The beams are mounted to slide in lateral recesses - 


downstream, and: minimising any tendency which the stream 
might have to enter the chamber containing the rollers, Since, 
however, the dimensions of the slit or opening into the chamber 
through iwhich the web of the end beam projects, are small 
relatively to the cross-sectional area of this chamber, the 
relatively large volume of water contained in the chamber will 
be undisturbed by any water which may impinge against the 
slit, so that the rollers and their paths always lie in a stationary 
column of water, and thus are protected from vibration and 
damage. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


220,411. H. G. Taylor, Penn, near Wolverhampton, 
and A. P. Smith, Wolverhampton. Jib Cranes. (4 /igs.) 
June 8, 1923.—The invention comprises means whereby a jib 
crane may be arranged to travel and operate when supported 
by a single runway, even though the jib be used for lifting loads 
at a considerable distance to one side of the track. A is a 
runway on the bottom flange of which runs the supporting trolley 
B and from this is suspended the jib crane consisting of a table D, 
cage E, jib F and shorter arm G. At the outer end of the arm F 
is a pulley H over which the lifting cable T passes. At the outer 
end of the arm G are two grooved wheels J, K mounted to turn 
about a common axis, but independently of each other. L is 
a pendulum pivoted to turn about an axis M on the table D and 
provided with a heavy casing N acting as the weight. Within 
the casing N is an electric motor, reducing gear, winding drum 
and a loose grooved pulley. The end of the lifting cable T is 
secured to the winding drum and is wound thereon by the motor. 
From the drum the cable passes up over the grooved pulley K 
and from thence down and around the loose grooved pulley in the 
casing N. From this pulley it passes up over the pulley J and from 


thence over the pulley H and is provided with the usual lifting hook 
on its free end. An electric motor is provided for rotating the 
jib crane in relation to the trolley B. Assuming that it is 
required to lift the load, the motor is rotated in a direction to 
unwind the drum and the hook h to descend to be connected to 
the load. The motor is then run in a direction to wind the 
cable on to the winding drum. Assuming the load has any 
considerable mass, the first effect will be that the pendulum L 
will move outwards, because the weight of the load will produce 
a re-acting force which is greater than the re-acting force of the 
pendulum and consequently the latter will continue to move out- 
wards until the forces become equal, in other words, until the 
pendulum obtains a moment about the point of suspension of 
the crane approximately equivalent to the amount of the load about 
such point. The load will then be lifted while the pendulum 
remains swung out and the jib of the crane will remain approxi- 
mately horizontal. On reversing the drum, the load will be 
lowered while the pendulum still remains in its outward posi- 
tion; but, as soon as the load reaches the ground, further un- 
winding of the drum will allow the pendulum to move back to 
the vertical position. (Sealed.) 


220,440. H. Morris, Loughborough, and J. A. Butter- 
worth, Loughborough. Lifting Hooks. (4 Figs.) July 23, 
1923.—The invention relates to means by which chains are 
attached to lifting hooks. In accordance with the invention, 
that portion of the hook 1 to which the chain 2 is attached, is 
formed with integral projecting portions 8 so spaced as to 


Fig.l Fig.2. 


accommodate snugly between them the terminal link of the chain, 
and with oval or other holes for the passage of a pin 5 through them 
and through the link, which pin serves to retain the link in posi- 
tion, while the end faces 31 of the projecting portions are so curved 
as to conform closely to the shape of the adjacent link of the 
chain. (Sealed.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


220,389. L. Burn, Uppingham, Rutland. Speed Re- 
ducing Gears. (2 Jigs.) May 17, 1923.—The invention 
relates to speed-reducing gears of the type in which the driving 
is effected by means of two cranked arms on one member engaging 
with diametrically disposed slots in the face of a disc on the other 
member. The gearing is, according to the invention, enclosed 
in a casing of which the main body 16 is substantially cylindrical 
and constitutes an oil well wherein the dise 14 rotates. On 
each end of the casing 16 there is provided a smaller portion 
17, 18, respectively, which carry the bearings for the driving and 
driven-shafts 10,15. The driving-shaft 10 is provided with a 
ball-bearing 19 and a roller-bearing 20, and the driven-shaft 
is provided with two roller-bearings 21, 22. The portion of the 
casing 17 containing the bearings for the driving-shaft is pro- 
vided at its upper side with a conduit 23 which communicates 
with the upper part of the cylindrical casing 16, and a similar 
passage 24 is provided extending downwards from the bearing 
and communicating with the lower part of the casing 16. Similar 
passages 25, 26 are provided for the bearings of the driven-shaft 
15. The lubrication of the bearings is effected by the disc 14, 


which, during its rotation, picks up oil from the bottom of the 
casing 16 and scatters it round the upper portion thereof. This 
oil passes by means of the passages 23, 25 to the bearings for the 
two shafts so as effectively to lubricate them, the excess oil 
draining back iuto the oil well through the passages 24, 26, 
respectively, so that a continuous circulation of oil is maintained, 
The casing for the bearings also provides a thrust-bearing for 
driven-shaft 15. The flange coupling 27 for the driven-shaft 
is formed with a sleeve 28 which enters the end of the portion 18 
of the casing and there engages through a nut 29 with a double- 
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thrust-bearing'31. The nut 29 engages longitudinally the end of 
the inner race of the roller-bearing 22, pressing it against the 
flanged sleeve 30 of the double-thrust ball-bearing 31. The 
thrust-plate 32 engages with perforated thrust-rings 33 which 
bear longitudinally against the outer races 34 of the roller- 
bearings 21, 22, and thereby transmit the thrust in either direc- 
tion directly to the casing. The thrust-rings 33 are provided 
with openings to permit the passage of the lubricating oil from the 
channel 25 to the bearing. Anti-friction washers may be pro- 
vided, as at 35, between the disc 14 and the adjacent part of the 
casing. (Sealed.) 


220,975. Daniel Smith, Limited, Wolverhampton, and 
D. Smith, Wolverhampton. Power Screw Presses. (4 
Figs.) April 27, 1923.—According to the invention, a power 
screw press is operated by two or more screws D, each of which 
(or each of the outside two of which) is provided with a disc F 
of a diameter sufficient to cause it to act as a fly wheel to take 
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(220,975) 


the reaction of the pressure. Each of the discs F, F has integral 
therewith a toothed wheel K and coupling the two wheels 
together is a toothed wheel M mounted so as to revolve on 
the bracket E and moving up and down therewith. The dises 
F, F act as fly-wheels so that, at the moment when the pressure 
comes on, the reaction is taken by the discs and is not transmitted 
back through the spur wheels. (Accepted September 10, 1924.) 


MINING, METALLURGY AND METAL WORKING, 


220,457. Cannock Chase Colliery Company, Limited, 
Chasetown, near Walsall, and H. J. Poynton, Hednesford. 
Coal-cutting Machines. (3 Jigs.) August 9, 1923—In 
certain coal-cutting machines a cutter chain is mounted on a 
movable radial arm at one end of the machine, and the hauling — 
gear by which the machine as a whole is moved along the ground 
is arranged at the other end of the machine. The hauling drum 
is operated mechanically from a driving motor through ratchet 
and pawl mechanism, and the radial arm is manceuyred by 
hand-operated ratchet and pawl mechanism, The object of the 
invention is to enable the radial arm to be operated mechanically. 
The body of the machine is indicated by a. The usual radial arm 
and chain cutter are mounted at b, but are omitted from the 
drawing. This arm can be moved around the pivot post ¢ 
by a quadrant or worm wheel d, which is engaged by a worm on 


the spindle e. In carrying the invention into effect, the usual 
hand lever which is mounted on the outer end of the spindle e 
and is used to move the radial arm is shortened or replaced by a — 
shorter lever f. This. lever carries a pawl g which co-operates 
with a ratchet h on the spindle e. To the outer end of the 
lever is attached one end of a link which is further con- 
nected at the other end to a lever 7 mounted transversely across 
the upper side of the machine. The lever 7 is connected by @ 
link Z to the outer end of the lever m which carries a pawl ” 
engaging with the ratchet o on the hauling drum p. As formerly 
this lever m receives its motion from a connecting rod q attached 
to a crank dise which is driven by the main motor on the machine. 
To operate the radial arm the pawl » of the hauling mechanism 
is put out of action, and motion is transmitted from the motor 
through the mechanism above described to the ratchet and pawl 
mechanism of the radial arm. (Seled.) 
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THE EFFECT OF SLIGHT TAPER ON 
SHEAR IN A GIRDER. 


By Professor L. N. G. Fiton, F.R.S., University YY 


College, London. 


Prorussor C. E. Ineuis has shown, in a paper 
published some time ago (‘‘ Some Special Cases of 
Two Dimensional Stress or Strain,” Trans. Inst. 
Naval Architects, vol. lxiv, 1922), how to obtain the 
distribution of stress in a flat tapering cantilever, 
bent in its own plane under a given bending moment 
and transverse force applied at the vertex. His 
formule are expressed in polar co-ordinates, the 
vertex of the tapering piece being the pole, but he 
gives some diagrams showing the distribution of 
shear and normal stress across a plane cross-section 
in special cases. 

Tt so happens that, in the case of small taper, 
Tnglis’s formulz can be shown to lead to singularly 
simple approximations, especially in the case of the 
distribution of shear across a section, and, although 
the deduction of the results is quite straightforward, 
it may not be without interest to give them ex- 
plicitly. Moreover, it may not be unnecessary to 
call attention to the fact that, although Inglis’s 
formule have heen established for a cantilever 
tapering uniformly to a point, the application of 
de Saint-Venant’s well-known principle of equi- 
pollent loads shows that they do in fact provide a 
close approximation to the stress distribution in 
any part of a flat girder in which there is a uniform 
taper and which is free from loads, quite indepen- 
dently of the shape, extent, or state of loading of 
the other portions of the girder, provided only that 
the length of the uniformly tapering part is large 
compared with its height. 

Using the notation of Love’s “ Elasticity,” it is 
easy to show that Inglis’s solution for a tapering 
cantilever whose edges converge to a vertex at O 
(Fig. 1), and subject per unit thickness to a trans- 
verse force #' through O and a couple M), the edges 
A B, A’ B’ being unstressed, is deducible from a 
stress function x, given by 
Mo (sin @ cos 8 — @ cos 2 a) 
- 2acos2a—sin2a 


2a being the angle of taper, and 7, 9 being polar 
co-ordinates referred to O as pole, the initial line 
OX being the axis of symmetry of the tapering 
piece. 

It is easy to verify that this expression for y 
leads, on differentiation, to the expressions for the 
mean stresses in polar co-ordinates given by Inglis, 
on applying the standard formule 


Fré@cos@ 


b 
2a—sin2a 


a (1) 


peeecax «lox: — a) fOr 
iaagee + an fae (= ae): 
aes Oo 3X. 
OL eee (2) 


the notation being that of Love’s “ Elasticity ” 
(3rd edition). 
_ If, however, we write the above expression for x 
in rectangular co-ordinates 2, y referred to O as 
origin and OX as axis of 2, we have 
Mo {x y/(x2 + y2) — cos 2a tan! (y/2x)} 
0 Si : 
2a cos 2a — sin 2a 


+ F 2 tan! (y/z) f 

2a—sin2a 
Applying now the formulz for the mean stresses in 
rectangular co-ordinates, we obtain, by direct 

differentiation, 

af 2 Moxy {(x? + y2) cos2a — 3x? + y?} 

(2 a cos 2a — sin 2 a) (a? + y2)5 

2F ay 
(2 a — sin 2 a) (a? + y?)2 


(3) 


= 02x 
CG = — 
oy? 


(4) 


eye — 2X _ Mo {(e4 — y4) cos 2a — at—yt +6 22 y?} 
D> daddy (2 a cos 2a — sin 2 a) (x2 + y?)5 
2¥F x y2 (5) 
(2 a — sin 2 a) (a2 + y2)2 
7 2 Mo wy {x? — 3 y?2 — (a2 + y2) cos 2a} 
0 x2 (2 a cos 2a —sin 2 a) (x2 + y2)5 


: a 2F yp 
(2a —sin 2a) (22 + y2)2 © 
Consider a cross-section (PP’ in Fig. 1) of breadth 
b, 80 that we write x = cot a, and develop the 
results in ascending powers of a, or tan a, which is 
cae small, neglecting all terms which involve 
powers of tan a than the first, when multiplied 


. 


(6) 


Venant distribution of shear is unaffected by taper. 


by Mg, or than the zeroth when multiplied by F. | statically equivalent to the load on the left of PP’ 
This amounts, as will be seen, to retaining only the | passes through the point of convergence of the 
first approximation in each case, except in that of | tapering edges, then 


where this approximation is of the same order 
as the terms neglected in the other cases. 
The results then take the form 


8 y2 


Se = (12) 


<3 
y= 5 


and the shear is actually zero at the centre and a 


es : ¥ (My = #8 cota) maximum at the edges. 
2 63 (iii) If M = — } Sb cot a, that is, the “ effective ” 
ae 3 Mo tana (3 y2 — be 3F y2 (7) | load acts at one-third of the distance to the point of 
Ferrie eR NOD) eae : 
4 bf 2 63 convergence (this corresponds to the case of a 
yy =0 uniformly tapering cantilever extending to the 


If now S and M denote the total shear and bending vertex and bent under its own weight), then 


moment at the cross section PP’, then, t being the 
thickness of the girder, we have clearly 


F = — S/t; Mo = —M/t —Sbdcota/t . (8) 


Substituting these values into (7) we obtain the 


cy = S/2bt 


or we have a uniform distribution of shear over the 
cross section. 

(iv) If the “effective ” load is at a distance very 
great compared with that of the point of con- 
vergence, M tana may be large compared with S. 
We then have in the limit the case of a tapering piece 
under a constant bending moment (eg., a girder 
simply supported, with symmetrical over-hanging 
loads). In such a case there is a shear 


3 Mtana 

[aor (3 y? — 6?) 
across the section, which is entirely due to the taper. 
Fig. 2 shows the various distributions of shear over 
the section, expressed in terms of the mean shear 
as unit, as the ratio (M tan a)/bS varies from — 3 
to +3. The curves all pass through the points 


y = +b/,/3, shear/mean shear =1. The values 
of (M tan a)/bS are shown against the corresponding 
curves. 

At first sight it appears surprising that the 
maximum shear should, in so many cases, occur at 
the edges, where the shear ought, presumably, to 
vanish. A little consideration, however, shows that, 
if the taper be taken into account, the stress con- 
ditions at the boundary no longer require that 


— 


LY = yy = 0, the correct conditions, say, over the 
edge y = + 6, being 
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“Zy= 22x tana, yy = 2 y tana, 
and the first of these obviously gives (since 
y = b) 

ey = + (M dtan a)/I = — 3 (M tan a)/2 62 #, 


Values of. (She 
' 1 
SQ) ak 


which agrees with the value given by (10) for the 
shear at that edge. 

The above results show that taper, even slight, 
may seriously disturb the de Saint-Venant parabolic 


-6 distribution of shear over a section,-although the 
HKuler-Bernouilli formula for the normal stress 

si remains a good approximation. Formula (10) 

-8 however, provides a simple and easily applied 
correction to the shear over any region in which 

ag -08 -06 -04-02 O 02 04 06 08 10 there exists uniform taper. 
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THE PENANG HILLS RAILWAY. 
(Continued from page 730). 


stresses in terms of the total shear and total bending 
moment at the cross section considered, in the form 


fet a ee SoM uit (9) Havine dealt with the constructional features of 

3 EMULE ATNTET the railway, the permanent way and the rolling- 

ty= Fez? — 9) — 7G Gaz «BY? — &) . (10) | stock, we may now pass to a description of the 
winding engines or hoists, which are of very con- 

yy = Sales Sy ee - (11) |siderable interest. They are of the Whiting type 

I denoting the moment of inertia of the cross section | and are among the first of such gears of anything 


like similar dimensions to be manufactured in this 
country. Their construction, and installation with- 
out any hitch, reflects great credit on Messrs. Robey 
and Co., Limited, of Globe Works, Lincoln, who 
supplied them. As we have already stated, and as 
will be clear from our general description of the 
operation of the railway, there are two winding 
engines, one at the summit and one at the middle 
of the railway. Each operates one section of the 
line, the haulage rope for each section being attached 
to the two cars and led from one car to the other 
over the drums of the engine. The two engines 
are practically identical and in our description it 
will facilitate explanation if we refer to one only. 
Two views of one of the engines are given in 
Figs. 66 and 67 on page 790, while general arrange- 
ment drawings are given in Figs. 68 to 70 on page 
791. Drum details are shown in Figs. 71 to 76 
on page 792, and further views showing one of the 
engines erected in Messrs. Robey’s works are given 


about the neutral axis, as usual. 

(9) shows that, to this approximation, the distri- 
bution of normal stress is the same as that given by 
the usual theory of flexure of straight beams, but 
(10) shows a very remarkable variation in the dis- 
tribution of shear, provided (as very frequently 
occurs in practice) that the bending moment is 
sufficiently large to make (M tan a)/b comparable 
with S. 

The shear distribution is always parabolic, but 
upon the usual de Saint-Venant parabola (given by 
the term in 8) assumed in ordinary engineering 
practice, we have superposed another parabola, of 
different shape, depending only on the bending 
moment, and the resultant shear distribution is the 
sum of the two. 

The following special cases are worth noting :— 
(i). At a point of inflexion M = 0 and the de Saint- 


(ii) If M = — Sbcota, that is, the single force 
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HAULAGE ENGINE FOR THE PENANG HILLS 


CONSTRUCTED RY 


Fia. 66. 


in Figs. 77 and 78 on page 804. The arrangement 
of the haulage will best be followed from Figs. 68 
to 70. It consists of two driving drums, or sheaves, 
each machined to carry three Walker differential 
rings to receive the rope. The drums are mounted 
on separate shafts, one in front of and below the 
other, and are driven in unison by means of cranks 
and coupling rods. It will be noted that in Figs. 
66 and 67 annexed and also in Figs. 77 and 78 on 
page 804, that the two shafts are mounted at the 
same level. This, however, is merely a temporary 
arrangement adopted for convenience during 
erection in the makers’ works. The shafts on site 
are mounted as shown in Figs. 68 and 69. As will 
be seen from these figures, the lower drum, or 
counter-sheave, is mounted so that it runs at an 
angle to the main sheave. The purpose of this 
arrangement is to ensure that the on-coming and 
off-going ropes passing from one sheave to the other 
lead truly in and out of the grooves. As will be 
gathered from the figures the upper rope (Fig. 68) 
leads direct to the main sheave, makes two com- 
plete turns around the two sheaves and on the 
third turn leaves the counter-sheave at a point 
near the bottom and passes over a guide pulley to 
the railway track. 

The main sheave is carried on a steel shaft 11 in. 
in diameter and the counter sheave on a steel shaft 
10 in. in diameter. All the shafts are carried in 
spherical seated bearings, fitted with ring lubrication. 
The sheaves are 12 ft. 6 in.in diameter. The main 
bearing housings, as well as all bearings of the 
driving gear, are cast solid with the bedplate to 
ensure rigid construction. As will be seen from 
Fig. 70, the main drum is driven through triple- 
reduction gears from a 75 brake horse-power electric 
motor driving through a flexible coupling. The 
motor runs at 500 r.p.m. and the gearing reduces 
the speed of the driving sheave to 6-5 r.p.m. for 
the haulage of the lower section, and 8 r.p.m. for 
the haulage of the upper section. As we have 
already pointed out, a higher speed of the cars is 
adopted from the upper section, as it is the longer 


of the two and the two sections, of course, operate 


GENERAL VIEW OF ENGINE FROM 


RAILWAY. 


MESSRS. ROBEY AND CO., LIMITED, ENGINEERS, LINCOLN. 
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Fic. 67. Tue Marx anp CouUNTER-SHEAVES. 


in conjunction. The first reduction is by means of 
a machine cut straight tooth raw-hide pinion and 
mild steel spur wheel, and the second and third 
reductions are by means of cast-steel machine cut 
double-helical wheels. 

The details of the main drums, or sheaves, will 
be followed from Figs. 71 to 76. They are made 
of cast-steel and constructed in halves. The main 
sheave, which is shown in Figs. 71 and 72, is 
provided with a cast-steel brake path and a gear 
ring, on opposite sides, and bolted to the flanges. 
They are centralised by means of turned spigots 


on the sheave. The machined rim of the shea) 
is formed with one fixed flange, and a clampir 
ring is bolted on the opposite side, a rubber packit 
ring being placed between the ring and the fa 
of the spigot. The arrangement of the Walk 
differential rings will be followed from Figs. ' 
to 75. There are five rings, three with rope groov 
and two intermediate plain rings. They are é 
easy fit on the rim of the wheel, so that they @ 
capabie of independent circumferential adjustme 
while the friction between them may be adjust 
by means of the loose flange ring and the rubl’ 
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exceeds 15 per cent. of the normal winding speed ; 
(5) when the ascending car reaches a predetermined 
position at the top ofthe section ; (c) when current 
fails either through the tripping of the main circuit- 
breaker owing to overload, or to interruption of 
supply ; (d) when an emergency switch on the 
central platform is operated by hand. The brake 
operates owing to the opening of the main circuit 
breaker cutting off current from the solenoid. The 
various conditions of operation which we have 
quoted are provided for by an overspeed device on 
the motor, an overwind switch on the track, and 
an emergency hand-operated switch on the driver’s 
platform. 

The winding engine is also provided with an 
automatic electric brake which operates on a 
brake drum mounted on the motor pinion shaft. 
It is operated by means of a weight normally held 
in the off position by an electric solenoid, and is 
applied immediately the main controller is on its 
first rheostatic braking contact. This brake is 
designed to hold a static load 10 per cent. in excess 
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of the maximum possible static load on the haulage 
gear. A similar brake, buf hand-operated, is 
provided alongside this automatic electric brake. 
The two brake drums and brakes can clearly be 
seen in Fig. 66. The hand brake is the one in 
front in the illustration, and its operating hand 
lever can be seen on the platform to the left of 
the figure. These arrangements are also indicated 
in Fig. 70 which shows the hand-brake operating 
connections. 

The purpose of the other two hand levers, 
which can be seen in Fig. 66, will be clear 
from the details given in Fig. 70. The centre 
hand lever controls the reverse controller, and the 
right-hand lever the power brake. Hither the 
automatic electric brake or the hand brake 
is capable of controlling the gear throughout a 
complete trip under conditions of maximum negative 
load—that is, with the down car fully loaded and 
the up car empty. Under these conditions, and 
without the use of any other means of braking, 
it is possible to hold the load in any position 
throughout the trip, and to perform a complete 
trip at a speed equal to the normal hauling speed 
without overheating at the braking surfaces. 

The gear is also fitted with an electrical hand 
brake, which operates by rheostatic control of the 
driving motor when short-circuited through variable 
resistances. This brake is also capable of con- 
trolling the gear throughout a complete trip under 
the conditions of maximum negative load, as in 
the cases of the automatic electric and the hand 
brakes. The resistances are so proportioned that 
the speed may be reduced from normal winding 
speed to creeping speed for examination of the 
ropes. We will refer more fully to the braking 
arrangements later when dealing with the electrical 
features of the railway. 

The whole of the operating and handling gear is 
mounted on a platform which can be seen in several 
of our figures, The control and reversing levers 
are interlocked, so that the control lever cannot be 
moyed from the off position unless the reversing 
lever is in the running position, neither can the 
reversing lever be moved from the running position 
unless the control lever is in the off position, An 
indicator of the dial and pointer type is provided 
and arranged so that the position of the cars in the 
section can be seen at a glance. Means of adjust- 
ment are provided to correct any error on this 
indicator which may arise through rope slip. This 
indicator, in back view, is clearly visible in Fig. 67, 
while it is also shown with its drive from the lower 
axle in Fig. 68. A tachometer, well shown in 
Fig. 66, is also fitted. It indicates the rope speed in 
miles per hour. The operating and control arrange- 
ments provide for every contingency, and it is 
practically impossible for the driver to do anything 
but perform the correct operation for any position 
and circumstance throughout the travel of the 
cars. Any mistake will result in the immediate 
application of the brakes. 

The weight of each loaded car is 9-35 tons and 
each loaded goods wagon 3-44 tons, the empty car 
weighing 5-9 tons and the empty goods wagon 1°5 
tons. The length of rope on the lower section is 
2,954 ft., and on the upper section 3,622 ft. The 
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weight of the rope on the lower section is 5-37 tons 
and on the upper section 6:57 tons. The respective 
rope speeds are 4:28 and 5-25 ft. per second. As 
already stated the rope has a diameter of 1} in. 
This is considerably heavier than was dictated by 
consideration of the load to be dealt with, but was 
determined in connection with the general lay-out 
of the railway, which, as we have already said, results 
in a fairly constant load on the haulage engine. 
A lighter rope would have interfered with this 
aspect of the design. The large factor of safety 
incidentally introduced by the use of the heavy rope 
is naturally a very desirable feature in a funicular 
passenger railway of this type. The motor is of 
75 brake horse-power, but the actual maximum 
horse-power demanded from the motor in the 
normal working of the railway is only about 36 
horse-power. The difference between these two 
figures does not, however, represent the installation 
of surplus and useless capacity, as, when the motor is 
utilized as a dynamo brake, the power demanded 
from it may reach the neighbourhood of its full 
capacity. The small power required in normal 
working is, of course, a very desirable feature from 
the point of view of current consumption and operat- 
ing costs. Of the electrical gear to which we have 
incidentally referred in this description of the wind- 
ing engine, the motors, switchboards and controllers 
were supplied by the British Thomson-Houston 
Co., Limited, of Rugby, and the brake solenoids 
by Messrs. George Ellison, of Birmingham. 


(To be continued.) 


THE DESIGN OF OIL FUEL PIPE 
LINES. 


By W. G. WATKINS. 


THE design of pipe lines for transmitting fuel oils 
depends: on several factors, all of which must be 
considered in order to determine economical lay- 
out and operating. These factors are (1) The 
length of line; (2) configuration of route; (3) re- 
lative positions of storage depot, intake and delivery 
points; (4) varieties of oil to be handled; (5) 
required quantities per day; (6) construction 
costs; and (7) operating costs. The problem 
generally is similar to that presented by a water 
main, but modified on account of temperature 
changes which cause variations in density and vis- 
cosity of oil to a far greater extent than in the case 


of water. ‘Temperature control is, in fact, the key 
note of the problem, and the success or failure 0 
any pipe line will be exactly proportionate to th 
accuracy with which operating conditions are mad 
to conform to the data on which the design is based 
Variations in density are, comparatively speaking 
fairly uniform with changes of temperature, bu 
viscosities vary enormously, and each type of oi 
appears to have its own peculiarities in this respect 
so much so that no rule can be laid down as equall. 
applicable to all oils. For any given case the fric 
tion losses or pressure drop due to the five factor 
first enumerated must be determined, and the othe 
factors then considered with a view to effecting am: 
compromise that may be necessary for ultimat 
economy without sacrificing efficiency. In man 
cases the problem will be to design a pipe line ¢ 
capacity sufficient to deliver a cargo of oil from th 
“tanker” to the storage depot in such period ¢ 
time as will prevent charges arising from “ demu 
rage.”’ This time will depend upon charter arrangs 
ments, but frequently ‘demurrage ” commence 

to run within 48 hours of the ship’s arrival at th 

oiling berth. A “ margin of safety ” should accor 

ingly be provided by designing to discharge the carg 

within 75 per cent. of the time stipulated in charte 

Usually pumping plant and power will be necessar, 

the pumping stations being spaced at distance 

apart relative to the available power, and inte 

mediate heaters being located at such points | 

investigation may determine to be necessary for tl 

class of oil being transmitted. 

Pipes may be of cast iron, cast steel, wrought a1 
lapwelded iron or steel, or other suitable materi 
and should be true in bore and as smooth as possik 
internally. Joints may be socket and spigo 
turned and bored or flanged, if cast, and flang 
or made with screw sockets or screw collars / 
wrought pipes, but whichever are used, care must 
taken to ensure oil tightness under the maximv 
pressures to which they may be subjected. 

In the United States pumping pressures of 8 
to 1,000 lb. per square inch are not unknown, ® 
for pressures of over 300 lb., steel pipes with jou 
of the screw collar type are considered best. Pi} 
should be tested to at least 50 per cent. more th 
the actual working pressure before laying, and, 
practicable, each section of pipe line should 
tested to the full working pressure on completi 
Steel mains should be laid in comparatively W 
trenches, and provision made for contraction 
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leading the pipe from side to side of the trench in 
zigzag fashion. The filling around pipe should beso 
composed and laid as to offer as little resistance as 
possible to the free movement of the pipe line under 
temperature changes, and all definite bends should 
be as free as possible. A firm foundation is essential 
and the trench bottom must be carefully levelled or 
graded to ensure even bearings for the body of the 
pipe. 

In this country high pressures are unusual and 
pipe lines are often of cast iron, designed for work- 
ing pressures up to about 300 lb. per square inch. 
Spigot and socket joints, run and caulked with lead, 
present certain advantages in that they afford a 
means in themselves, of taking up small movements 
due to moderate temperature changes, but they 
should not be used where pressures are likely to 
exceed 200 Ibs. per square inch owing to their 
tendency to “draw,” and, contrary to the prac- 
tice with steel pipes, all definite bends should be pro- 
vided with thrust blocks to prevent’ movement 
at these points as far as possible. Cast-iron pipes 
laid above ground are better flanged, suitable 
expansion joints being provided at intervals, and 
the pipes supported on roller bearings. Tempera- 
ture stresses in the pipe in excess of the elastic 
limit of the material must be avoided. Flanged 
joints may be made with very highly compressed 
asbestos millboard, not exceeding 7; in. in thick- 
ness, completely coated with Fenner’s or similar 
petrol-resisting solution. Care must be taken that 
the coating is not cracked or broken while making 
the joint. Corrugated iron or steel rings coated with 
a metallic cement may also be used, but are some- 
what expensive. The narrow type, fitting inside 
the bolt circle, is both cheaper and more effective 
than the full size rings. To prevent corrosion 
between the flanges the spaces may be caulked with 
metallic cement or lead. Sheet lead may also be 
used but is liable to deformation in handling, and 
isexpensive. Jointing rings must not protrude into 
the interior of the pipe, and care must be taken when 
bolting up, to ensure even pressures all round. It 
is advisable to put the bolts in alternately from 
tight and left hand to eliminate any tendency to 
twist the pipe when screwing up nuts. 

Pipe lines of lap-welded steel have many ad- 
yantages over those of cast iron, being lighter and 
toughen, They have fewer joints and can be put 
together in long lengths at the side of the trench 
and lowered into position, reducing the actual joint- 
ing in trenches toa minimum. Special bends are also 
largely avoided, as pipes can in many cases be bent 
on the job with care in manipulation, and lines can 
be laid in a fraction of the time required for laying 
and jointing cast-iron pipes. The disadvantage of 
a steel pipe is its greater liability to corrosion, but 
this may be largely obviated by coating with Dr. 
Angus Smith’s solution while hot, followed by 
wrapping with rot-proofed roofing paper, which 
again is coated with the solution. A pipe made of 
tustless steel would be a great asset if obtainable 
at moderate cost, and if possessing the flexibility of 
mild steel. The attention of manufacturers is invited 
to the possibility of the production of such pipes. 

Where extremely viscous oils, such as Mexican 
or Trinidad, have to be dealt with in large quantities 
the provision of heat-insulating pipe coverings 1s 
very desirable, but the question of cost must be 
carefully considered. Except in cases where oils 
of the nature named form the bulk of the quantity 
handled, the cost of coverings cannot usually be 
justified. To reduce viscosity generally and con- 
sequently the pumping power required, it is usual 
to employ some form of heater. Each pumping 
Station should be provided with heating apparatus, 
utilising the exhaust steam from pumps, and, where 
stations are far apart, intermediate heaters should 
be installed. Station heaters comprising closed 


steel cylinders fitted internally with headers and 


tubes through which the oil makes two or more 
passes on its way from the receiver to the pumps 
are as efficient and economical as any. The exhaust 
steam from the pumps is made to pass between the 
headers and tubes and the oil is quickly raised to 
any required initial temperature, usually from 100 
deg. F. to 150 deg. F., while passing through the 
apparatus. . 

_ Intermediate heaters are placed at such position 


along the pipe line as are indicated by an investiga- 
tion of the temperature—distance—history of the 
particular oil or oils dealt with. A convenient 
arrangement is a bye-pass manifold of small pipes, 
not less than 3 in. or more than 6 in. in diameter, 
lying at right angles to the main line, carried in a 
brick or concrete flue, through which are drawn 
the heated gases generated by an oil-burning furnace 
at one end. This flue should be of such length that 
the oil travels some 300 to 500 ft. through the small 
pipes while being heated. The oil main itself 
supplies the necessary fuel for the furnace, a suitable 
reducing valve being fitted on the branch for the 
purpose, and with proper air control a practically 
smokeless combustion can be obtained with an 
atomizing burner of the usual type, and the tem- 
perature of the oil may be raised from 25 deg. F. to 
50 deg. F. at these intermediate points. By care- 
ful investigation on these lines the cost of one or 
more pumping stations on long pipe lines may be 
saved. The importance of reducing viscosity and 
maintaining equable temperatures wherever possible 
can hardly be over estimated, as the working costs 
rise rapidly with increasing viscosity. Pipe lines 
should be placed underground at such depth as 
will ensure being unaffected by climatic changes as 
far as this is compatible with ready access for repairs 
or alterations, &c. 

Where practicable, oil pipe lines, of whatever 
type, should be in duplicate, to guard against the 
possibility of a breakdown. These duplicate lines 
should be so arranged as to permit of use either 
jointly or singly, as may be required, in either 
direction. The sizes of duplicate mains should be 
such that their combined areas is equal to at least 
one and a-half times that required for a single pipe 
line discharging a given quantity per hour. It 
must be borne in mind that the friction losses in- 
crease rapidly as the diameter of the pipe decreases, 
and a double pipe line may necessitate increased 
pumping power. Approximate relative figures are 
as follows :— 


Diameter of Relative Frictional 


Pipe. Resistance. 
In. 
16 1:0 
14 1:31 
12 Lorre 
10 2°56 
8 4:0 
6 diel 


From the foregoing it is clear that the friction losses 
increase approximately in inverse ratio to the 
square of the diameter of the pipe, other things 
being equal. 

The valves used must be of the very best materials, 
and the highest quality of workmanship to ensure 
absolute oil tightness under the pressures put upon 
them. 

The body should be of the highest grade of cast 
iron or steel, and all wearing parts must be of gun- 
metal. The type will vary somewhat with size, but 
for mains of 6 in. to 16 in. diameter clear way, the 
split-gate sluice valve as made by any of the firms 
specialising in valves for oil services will be found 
satisfactory. For the higher pressures special modi- 
fications of design may be necessary, as such valves 
are not normally designed for pressures much in 
excess of 400 lb. per squareinch. So far as possible, 
valves on pumping mains should be few and far 
between, and located in such positions as will ensure 
proper control. Reflux and by-pass valves may be 
introduced with advantage near the foot of abrupt 
or steep rises, though these should, wherever possible, 
be avoided, the aim being to maintain even grades 
between pumping stations even if it is impossible to 
do so throughout. 

Relief valves may be required near the delivery 
point. These should be of simple construction and, 
once set, must be certain to come into action when 
required, even if receiving only a minimum of 
attention. 

Air valves may be necessary in very undulating 
country, but so far as possible dips or bumps in 
pipe lines should be avoided, every endeavour being 
made to lay the line at even gradients between the 
pumping stations. 

The filters must be of ample size in order that flow 
may not be impeded. Wire gauze is the usual 
filtering medium, and care must be taken that the 
total area through the meshes is such that no addi- 


tional pressure is exerted on the fittings. They 
should be at least in duplicate to facilitate cleaning 
and to avoid stoppage of pumping. 

The choice of pumps for any particular installation 
requires careful consideration, and depends upon the 
work to be done, whether continuous or intermittent ; 
the nature of oil pumped and the average tempera- 
ture conditions in the pipe line. The design must be 
exceptionally strong and the proportions such that 
for each pound of steam pressure at the boilers an 
effective pumping pressure of 6 lb. to 8 lb. per square 
inch may be realised. Steam pumps in general use 
in American pipe lines are usually either of the crank 
and flywheel type or the direct-acting duplex 
plunger type. The former are more economical in 
general running, but are not so well adapted for 
starting the oil in a long pipe line after a shut down 
as the direct-acting type. 

It is desirable that a period of rest, especially in 
cold weather or with oils of high viscosity, should be 
avoided, every effort being made, once the oil is in 
motion, to keep it moving. It is also advisable, 
where long periods of rest are likely to occur, to 
provide for emptying each section of the pipe line, 
either by gravity at a convenient point or by com- 
pressed air. In either case a storage tank or 
reservoir of sufficient capacity to hold the contents 
of the section should be provided. This should 
preferably be in close proximity to a pumping 


station, and arrangements should be made for 


heating the oil before allowing it to again enter the 
pipe line on resuming pumping operations. Some 
oils, particularly the more viscous varieties, such as 
Mexican or creosote, if allowed to remain dormant 


for any length of time are exceedingly difficult to 


start moving again, and long periods of rest with 


these oils result in the encrustation of the pipes with 


a deposit of a substance not unlike paraffin wax, 
which is very hard to remove except under prolonged 
application of heat. For this reason when pumping 
has to be stopped the complete emptying of the pipe 
line should be effected wherever possible. 

Motor-driven pumps may also be used where 
power is available. Hand-power pumps are so 
limited in action that they need not be considered 
as of practical use so far as pipe lines are concerned, 
but are useful for handling small quantities of oil 
for charging ready use tanks or reservoirs for fuel 
supply to boilers, &c., when power is not available. 

At the risk of being tedious, the importance of 
avoiding large variations in temperature must be 
emphasised. It has been found that in California 
the capacity of a pipe line in the summer is no less 
than seven times its winter capacity. In America 
8 in. diameter pipe lines at 800 lb. pressure are 
common, and are usually reckoned to have a 
capacity equal to from 20,000 to 30,000 barrels per 
day normally. 

A 6-in. line is usually worked at a higher pressure, 
and its capacity is normally 10,000 to 16,000 barrels 
per day (1 barrel equals 35 English gallons, approxi- 
mately). 

(Lo be continued.) 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN extra general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
5th inst. at the Institution Building, Storey’s Gate, 
Westminster, the President, Mr. W. H. Patchell, 
occupying the chair. 


PROPERTIES OF MATERIALS. 


There were two papers submitted to the meeting 
for discussion, and both dealt with the behaviour 
of materials under physical tests. The first was 
entitled: ‘‘The Effect of Low and High Tempera- 
tures on Materials,” and was prepared by Professor 
F.C. Lea, D.Sc. A summary of this paper was first 
presented by the author. The second paper bore 
the title “The Elastic Limit in Tension, and its 
Influence on the Breakdown by Fatigue,” and was 
the work of Mr. J. M. Lessells, B.Sc., of the Westing- 
house Research Laboratory, East Pittsburg, Pa., 
U.S.A. In the absence of the author, Professor 
B. P. Haigh introduced the paper with a few 
remarks explanatory of its contents and aim. Both 
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papers are reprinted in abstract in another part of 
the present issue (see pages 816 and 813). 

The President, in opening the discussion on the 
two papers, which were considered together, 
observed that he had touched upon the subject of 
Professor Lea’s paper in the Presidential Address 
he recently delivered to the Institution, as he felt 
that, in this direction, work was urgently needed. 
He also referred to the fact that one of the first 
Committees formed to consider the strength of 
materials at high temperatures was in being in 
1836 and made its report in 1837. That Committee 
had regarded the prospect of getting materials to 
stand very high temperatures as hopeless. 

Mr. H. J. Tapsel, of the National Physical 
Laboratory, was specially interested in Professor 
Lea’s paper, as he (the speaker) had paid great 
attention to the subject of creep in the course of 
his high temperature work at the Laboratory. He 
was surprised to find that Professor Lea had re- 
marked that he was not aware that any other worker 
had dealt with the subject. A paper had been read 
by Mr. J. H. 8. Dickenson, before the Iron and Steel 
Institute in 1922, and was entitled “Some Experi- 
ments on the Flow of Steel at Low Red Heat,” 
which bore upon the subject, while Professor 
Chevenard, in France, had dealt with the matter in 
the “ Comptes Rendus” in 1920 and 1922 and else- 
where. One or two American investigators had 
also tackled the problem. In testing valve steels 
at the National Physical Laboratory up to very 
high temperatures, the rate of loading was found 
to be an important factor, and further tests on 
various materials, conducted in 1921, showed the 
importance of rate of loading. Creep tests were 
then carried out and some interesting facts obtained. 
The National Physical Laboratory were now 
working on the subject for the Engineering Research 
Board, as could be seen in the programme in the 
Annual Report of the Laboratory for 1923. The 
programme covered tensile, creep, torsion and fatigue 
tests, and impact and hardness investigations. 

In the paper, were given the results of tests of 
comparatively short duration, of a few days or 
even a few hours, and certain curves were shown. 
The speaker had made a number of tests which 
lasted much longer. To some extent he disagreed 
from the views of the author on the form of the 
curves. His own curves showed that the creep 
did not necessarily become constant within a few 
hours or a few days ; the creep only tended to show 
a constant rate after, perhaps, several weeks. In 
one test, in which a failure occurred in 79 days, the 
creep did not attain an approximately steady rate 
until 30 days after commencement of the test. In 
another case, when the test piece was left for 142 
days, the creep had not even then attained a 
truly constant rate, although the elongation had 
reached 11 per cent. on the test piece. Early 
in his paper, Professor Lea remarked of his tests 
that the technique used in connection with them 
was novel, but in Professor Chevenard’s papers it 
would be seen that the method he used was the same 
as that of Professor Lea. The straight lines 
of Professor Lea’s graphs were really fictitious ; 
they would not be straight if the tests were con- 
tinued long enough and the graphs would be found to 
be curved at first, then to continue almost straight 
for a long time and then to show a further curve. 
This action was typical. If Professor Lea intended 
to take the slope of the curve where the stress became 
more or less steady, he must conduct long period 
tests. In the case of the 142 days test the speaker 
had mentioned, the stress was never constant. At 
the National Physical Laboratory the procedure 
was to explore thoroughly the behaviour of the 
creep over long-extended intervals on one or two 
materials, not short-time tests on a number of 
materials. From the tests made they had been 
able to estimate loads in the same way as Professor 
Lea, which, put on the test piece, would not cause 
fracture although allowed to remain on for a con- 
siderable length of time and at any given tempera- 
ture. This load, divided by the original cross 
section, they called the limiting creep stress of the 
material. 

It was stated that in one test the author was able 
to control the temperature by + 5 deg. Without 
any particular control of the heating, the furnaces 


used by the speaker were subject to + 10 deg., 
but he had managed to find a simple device to 
control the temperature to + 2 deg. The greatest 
variation, in the early morning in his case, was when 
the battery began to run down. During the night, 
when most of the load was put on the battery, 
a variation of 10 deg., such as might have been 
obtained by Professor Lea, would, in some cases, 
with specific load and temperature, cause an in- 
crease in the rate of creep of from 5 to 10 
times. He was inclined to think that the varia- 
tion in rate of creep shown in the figures in the 
paper might be due to alteration in the furnace 
temperature. It was necessary to keep the varia- 
tions of temperature very small. Towards the close 
of the paper Professor Lea said that tests were 
required on the effect of low temperature on im- 
pact. At the National Physical Laboratory several 
series of impact tests had been made on steels at 
low temperature, and the results had been con- 
tributed to the Aeronautical Research Committee. 

A curve was given by Professor Lea which 
showed the fatigue ranges at various tempera- 
tures, and he asked Professor Lea if the figures 
used for that curve were those given in the paper. 
Did the author consider that there was sufficient 
information given in the tables with which to draw 
the curve ? At the National Physical Laboratory 
it was considered absolutely necessary when doing 
fatigue tests to run at least one test at a stress 
just below the fatigue range, in order to check the 
range estimated. He had run one test for 10 or 
12 million reversals, in order to make sure that 
the estimated fatigue range obtained was correct. 

Mr. Tapsel then asked Professor Lea whether when 
referring to “energy of blow” he meant energy 
absorbed by the material. Professor Lea had said 
in this connection that the “height of rebound” 
could be observed, but did not say that the obser- 
vation had been utilised in any way. Further, 
on the subject of hardness tests, the author had 
frequently referred to the area of indentation, but 
the speaker could not find any suggestion of whether 
the projected area of indentation was considered. 
He asked if Professor Lea had any experience of 
furnaces with nickel chrome alloy tubes. These 
furnaces could be worked at higher temperatures 
than the others, and had no tendency to buckle. 

Sir Henry Fowler, referring to the question of 
the effect of shock on material subjected to low 
temperature, expressed himself as glad to hear that 
information on that most important point was in 
existence, and hoped that before long it would 
be made available to engineers. Great as the 
interest of the papers had been, he felt distressed 
to think that with high temperatures it was neces- 
sary to work with such a comparatively small 
load. In asking for information on shock, he was 
aware that he was asking too much. He was 
somewhat doubtful whether engineers were not 
being too richly fed on these subjects. When 
attending the meetings of the British Association, 
he had been invited to go and see a tremendous 
series of tests being carried out. Dr. Haigh had 
put forward, for Mr. Lessells, a point in relation 
to fatigue. It was to be understood that if the 
elastic and yield-points were close together the 
fatigue range could be increased. Did he mean, 
at the same time, that the duration of the fatigue 
test and the millions of repetition stresses which 
were required could be increased? The speaker 
also remarked that Mr. Tapsel had referred to a 
79-days test, and also to one of 142 days. He 
shuddered to think of having to wait for the produc- 
tion of locomotives until the material could be 
got through, if such figures had to be included in the 
specification. 

Professor H. P. Philpot emphasised one point 
made by Professor Lea, but not dealt with in the 
paper by Mr. Lessells. Professor Lea had pointed 
out the importance of starting with material in a 
known condition of heat-treatment for the tests. 
The speaker believed that a great amount of the 
difficulty experienced in understanding the results 
of such tests arose from the fact that so many tests 
were made on material in an unknown condition. 
Mr. Lessells, in his paper, had observed, under the 
heading “‘ Internal Stress,” that all previous remarks 
referred only to materials of a similar structure 


and did not include heat-treated materials. He 
wanted to know what were the materials of similar 
structure which were not heat-treated. Materials 
which were of similar structure surely needed to 
be brought to that similarity by some sort of heat- 
treatment before the tests were commenced. Mr. 
Lessells practically excluded any heat-treated 
material from his view. The speaker would there- 
fore feel doubtful about accepting any of the con- 
clusions drawn in the paper, based apparently 
on material in unknown conditions in regard to 
structure. 

Mr. H. Gough, of the National Physical Labora- 
tory, said that Mr. Lessells’ paper dealt with the 
most complicated problems of repeated stresses ; 
the extent to which primitive elasticity contributed 
to fatigue breakdown. Apparently, the object of 
the paper was to show that the effect of these 
primitive conditions was very large, and yet could 
be easily expressed by a simple formula. If, at 
the same time, it could be established that the 
formula was correct, he felt that the author had 
conferred a real boon upon engineers. On the other 
hand, should the formula at any time prove to be 
wrong, a great risk to engineers was involved ; 
there would be a tendency to take a simple formula 
and attempt to work out all sorts of unjustified 
deductions. The relationship between the various 
factors, as expressed by Mr. Lessells, meant that 
the endurance limits in a material in two states was 
directly proportional to the ratio of their ultimate 
strengths and elastic limits and inversely propor- 
tional to the yield stresses. From that it was 
obvious that if a material in two states preserved 
largely unchanged the ratio of yield stresses to 
elastic limit, it did not matter what the yield 
stress was or what the elastic limit was, so long as 
the ratio was the same. The safe range with 
Armco iron under reverse stresses exceeded the 
range of the static yield stresses by 100 per cent., 
the actual value being + 12-6 tons per square inch. 
The limit of proportionality agreed very closely — 
with the yield stress. Taking a piece of that steel 
—practically pure iron, 0:2 carbon—and loading 
it in a tensile machine to a stress of 15 tons per 
square inch, it was found that this was also the 
yield stress ; there would be no limit of propor- 
tionality. According to Mr. Lessells’ formula, that 
should have had a tremendous effect on the fatigue — 
rate. It had no effect at all; the fatigue limit 
was still + 12-6 tons per square inch. 

Referring to the paper, it would be found that 
the materials on which Mr. Lessells based his formula 
consisted of one material in the rolled, the annealed 
and the normalised condition. If the material 
had been taken through a critical point it had — 
certainly been heat-treated, so that the author 
was in the extraordinary position of basing a formula 
upon heat-treated material, and then stating that it 
did not apply to heat-treated material. An air- 
hardened nickel-chrome steel in the fully hardened 
state, after tempering to different temperatures, 
showed the following results :— 
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Mr. Lessells’ formula could not strictly be applied 
to this test. In three cases there was no yield 
point. On the other hand, academically speaking, 
the yield point could be set close to the ultimate 
strength. Applying the formula and using the 
tensile properties of the fully tempered material, 
the calculated endurance limits for the other states 
were :— 


Calculated | Experimental Error 


Value. Value. (per Cent.) 
Fully hardened +12°3 +43°5 —72 
200°C. ote +41°3 +46°5 ei! 
400°C. +47°0 +39 


+33'8 | 


If, on the other other hand, the endurance limits 
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of these materials were calculated assuming a 
constant value of endurance ~ ultimate tensile, the 
maximum error was 25 per cent. Considering the 
ease of a cold-worked material, after normalising 
the calculated value of the strained material, using 
Mr. Lessells’ formula, was + 10-8 tons per square 
inch, and the experimental value of the endurance 
limit was + 13-8, exactly as for the unstrained 
material. If the specimen were put into an impact 
tester, the tester would show that something was 
wrong with the steel. The speaker pointed out 
that although the fatigue properties of any steel 
were very important, yet anyone designing a 
machine to fatigue properties was asking for trouble, 
as shock-resisting properties, not brought out in 
a tensile test, had to be considered. 

It was important to engineers to discuss the real 
efiect of plastic strain on the fatigue range. To 
illustrate this point, the speaker exhibited on the 
sereen a view showing the influence of plastic 
strain on the micro-structure of Armco iron. A 
large amount of slip was noticeable. Deformation 
was not, however, observed on every crystal. 
The specimen had been subjected to 40 million 
reversals of stress. The microstructure of the same 
iron was shown when tested to 250 million reversals. 
If a specimen were tested by a large number of 
repetitions over the range of stress and were re- 
moved from the repeated stress machine and broken 
in tension, the ultimate strength would be found 
to have increased. Definite corroboration of that 
had been obtained from the laboratories at Illinois. 
With the Brinell test it would be found that the 
hardness number had gone up. The first effect 
of slip, therefore, was to strengthen the material. 
Examination of the slide showed that while some 
areas were much deformed others were free 
from any change. The speaker believed that 
Mr. Lessells’ contention that plastic deformation 
under a range of stress was going to have the 


effect of reducing the fatigue range, was entirely | 


wrong. He wondered if it was generally recognised 
that the employment of high working stresses was 
only possible as a consequence of the strengthening 
effects of slip. Whatever precautions were taken 
in design, surface effects, scratches, and dis- 
continuities of surface occurred. If materials of 
construction were really elastic the effect of dis- 
continuities, &c., would be considerable. What 
actually happened was that with slip the material 
became locally strain hardened and a safer re- 
distribution of stress was set up. He maintained, 
therefore, that at the present time slip was one of 
the best friends of the engineer. Mr. Gough then 
went on to refer to the results obtained by 
Professor Bairstow, which were published in the 
“Proceedings of the Royal Society,’ in 1910. 
Professor Bairstow had agreed that from an engi- 
neer’s point of view fatigue strength was controlled 
to a much greater degree by the ultimate tensile 
strength than by the primitive elastic properties. 
Speaking on the subject of the deflection method 
referred to in the paper, he said that in discussing 
strain methods it should be remembered that the 
system was originated by Dr. J. H. Smith, of 
Belfast. Atthe National Physical Laboratory they 
had investigated the method and had happened to 
evolve a method by which Dr. Smith’s system could 
be applied to the Wohler test. He agreed with Mr. 
Lessells that the deflection method had limitations. 

Professor B. P. Haigh observed that what was 
lacking in Mr. Lessells’ paper was fully made up 
in the paper by Professor Lea ; the two presented 
different points of view of the same problem. He 
felt that it would be commonly accepted that the 
most important part of Mr. Lessells’ paper, from 
the standpoint of practical men, was that relating 
to the deflection method of finding the fatigue 
limit. If that method could be relied upon to 
give the fatigue limit in 30 minutes or an hour, 
the fear expressed by Sir Henry Fowler would be 
dispelled, and the test would be invaluable. Mean- 
time, decision must be reserved on the question 
of reliability, as there was reason to doubt whether 
it would always give the same result as a long- 
continued fatigue test. Supposing the fatigue test 
to be determinable by one method or another, 
what value was to be placed on the results ? 
Whatever expectations they might have had some 


years ago, small hope must now be left that the 
fatigue test alone really gave a measure of the 
relative safety and strength of different materials 
subject, say, to alternating stress. In motor cars 
for instance, the interchangeable parts, having the 
same fatigue limit in tension and the same ultimate 
strength, showed different endurances in practice. 
Mr. Lessells had suggested that account should be 
taken of the yield point and elastic limit. The 
speaker had followed up that point during the 
past few years. The stress calculated by a simple 
formula, or determined by optical methods as 
developed by Professor Coker, required qualification 
before they were compared with the fatigue limit. 
The qualification was still uncertain, but it had 
been shown that different metals varied very 
widely in the ratio that must be allowed as a factor 
of safety. In metals of ductility a low factor of 
safety sufficed ; without ductility a much higher 
factor was required. The fatigue limit alone was 
not sufficient as was demonstrated by actual test 
under good conditions. The factor of safety could 
easily vary in a 2 to 1 ratio in metals likely to be 
used under fatigue conditions. For this uncertain 
factor it was advisable to look to “ creep,’ which 
Professor Lea had brought to the attention of 
members. Creep might occur not only under static 
stresses, and accelerated by the action of rise of 
temperature, but at ordinary temperatures under 
alternating stresses. In a British Association 
paper published by the speaker about 18 months 
ago, it was shown that two metals might have 
almost the same ultimate tensile strength, fatigue 
limit, yield point and elastic limit, but might 
differ enormously in creep. It was also there shown 
that these metals might differ in the Izod shock 
test figures. He did not know of any two tests 
which agreed so well in their conclusions as the 
Izod test and the hysteresis tests which he 
had been carrying out at the Naval College at 
Greenwich. So far as he had gone, he had found 
that when a metal had a low Izod value it had 
a low primary hysteresis, and in practice an un- 
certain and short life. A high Izod figure appeared 
desirable not only where there was a real chance 
of shock, but also under conditions where shock 
would not occur but where there was a danger 
of fatigue. 

Professor Lea agreed with Mr. Gough that the 
optical method of obtaining the fatigue limit was 
open to criticism, although for a normalised mild 
steel in good condition he thought that the method 
did indicate fairly accurately the fatigue limits 
for equal plus and minus stresses. Equal plus 
and minus stresses in fatigue work were not, he con- 
sidered, of the greatest importance to engineers. 
He then proceeded to reply to the discussion so 
far as it concerned his paper. Dealing, first, with 
Mr. Tapsel’s remarks, he felt that some of the work 
done by Mr. Tapsel had been better done than the 
work carried out at the Universities, where the 
conditions were difficult. With regard to one of Mr. 
Tapsel’s criticisms, the speaker feared that he had 
not expressed himself as he had intended. He 
had used the word ‘‘ phenomenon” in connection 
with creep, and added that he did not think the 
point had been referred to before. He had meant 
the phenomenon fitting a particular stress at a 
particular temperature ; that was the phenomenon 
which the test obviously referred to. He was still 
not sure that this phenomenon had been referred 
to elsewhere. Fairbairn had carried out investiga- 
tions on the creep of girders in the ’forties of last 
century, and Lord Kelvin had also frequently 
referred to it. Scientific literature for the last 
fifty or sixty years showed many references to the 
idea of creep. At a particular temperature, how- 
ever, there was a particular stress above or below 
which there would be continuous creep or not 
continuous creep. He trusted that he had not 
misled anyone. : 

With regard to Mr. Tapsel’s reference to the 
graphs, some of the curves produced in the speaker’s 
experiments showed a very similar shape, indicating 
that the creep increased markedly in rate after a 
certain number of days. In his paper there was 
given the history of a piece of material over 34 
days. Possibly he had been led astray by the fact 
that between 15 and 25 days the rate of creep was 


nearly constant. Afterwards, as Mr. Tapsel had 
suggested, the rate increased very rapidly. That, 
however, did flot quite touch the point of the paper. 
He felt that the technique used did give the tempera- 
ture viscosity stress with considerable accuracy ; 
the method might be arbitrary, but it seemed to 
work. If the stress at which the material was 
loaded at a particular temperature was above the 
temperature viscosity stress, the creep would be 
fairly constant for a considerable time, and, as 
shown in the paper, would then increase very 
rapidly. He also admitted that much additional 
work was required before any finality could be 
reached. He had taken stresses below the values 
given in the table, and had worked specimens 
for a long time and found that they had not really 
crept any further. As stated in the paper, an 
apparatus had been designed which it was hoped 
would render the ordinary testing machines un- 
necessary. A number were made, so that specimens 
might be kept loaded, it was hoped, for a long time. 

On the question of temperature referred to by 
Mr. Tapsel, it was stated in the summary of the 
paper that when working in the neighbourhood 
of certain temperatures, change of temperature 
was far more important than change of stress. 
The factor of safety was the matter to think about. 
A change of temperature of 25 per cent. was far 
more serious than a change of stress of 25 per cent., 
or even 50 per cent. and in some cases of even 100 
per cent. A point he wanted to bring out was this, 
that at far greater ranges of stress than those which 
caused continuous creep, the material could be 
subjected to many millions of repetitions. He 
agreed with Mr. Tapsel that it was necessary to 
run for, at least, 10 millions, a point he had been 
emphasising for a number of years. At less than 
10 millions he believed that the fatigue range would 
not be obtained. The figures given in the paper 
were given to show that it was possible to run at an 
extraordinary range of stresses above the creep stress, 
and with a very large number of repetitions, with- 
out the material failing. He was inclined to think 
there was no real fatigue range above a certain 
temperature, but he could not, on that occasion, 
submit his reasons. Fracture did, apparently, occur 
when working long enough above a particular 
temperature, and he was not at all sure, in connec- 
tion with Mr. Gough’s figures, whether a specimen 
at 700 deg. C. or 800 deg. C. could be run with as 
many as 500 million repetitions without fracture. 
With regard to the energy given in the blows, this, 
he thought, was really the energy of the hammer. 
The “‘rebounds”’ obtained above certain tempera- 
tures were found to be rather small. He was quite 
sure that the ‘‘energy”’ given in the paper as the 
actual energy of blow was estimated by the height 
of fall of a given mass. 

The President terminated the proceedings by 
calling for votes of thanks to the authors of the 
papers and to Professor Haigh, and made announce- 
ments of the forthcoming meetings. 


2-8-8-2 TYPE SIMPLE MALLET LOCOMOTIVE 
FOR THE CHESAPEAKE AND OHIO RAIL- 
ROAD. 


Tue Mallet system of articulation has, as a rule, 
been associated with the compound principle, this having 
been the arrangement originally devised by the in- 
ventor. On certain occasions the system has been 
adopted for four cylinder simple locomotives, the most 
notable example having been the large 2-8-8-0 engine 
built by the Pennsylvania Railroad in 1919. A similar 
cylinder combination has been adopted recently for a 
class of 25 large engines, built forthe Chesapeake and 
Ohio Railroad, at the Schenectady Works of the 
American Locomotive Company, whose London 
offices are at 26, Victoria-street, Westminster, S.W. 1. 
These engines are being used for coal traffic through 
the Alleghanies, between Clifton Forge, Va., and 
Hinton, W. Va., a distance of 80 miles, in which grades 
up to 1:14 per cent. are encountered in one direction, 
and a maximum grade of 0-57 per cent. extends 
for 18 miles, in the other, Over this section these 
engines are hauling behind them trains of from 4,000 
to 5,000 tons, at speeds of about 17 miles per hour. 

The engines are not the largest Mallets in use, nor 
are they even as large as the Pennsylvania locomotive 
just referred to, but they constitute a departure in 
that it is the first time a large class of high pressure 
engines of this type has been built for road service, 
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while they are a good deal larger than the Mallet | 4 cwt., and the tractive effort works out at 103,500 Ib., engines, from which a number of interesting points 
compounds previously used by the C. and O. Rail-| the total weight of the engine being 252 tons 4°5 cwt., | emerge. The general view given in Fig. 1, Plate. 
road, and a great deal more powerful. With four| and plus tender in working order, 346 tons 1°5 cwt. LXXXI, conveys an idea of the great length in- 
cylinders 23 in. in diameter by 32 in. stroke, and a| We are able in our two-page Plate LXXXI with| volved in such machines. The total wheel base. 
boiler pressure of 205 lb. they can develop no less than | this week’s issue of ENGINEERING, and above and on| (engine and tender) works out at 97 ft. 94 in., the 
3,902h.p. The weight on the driving wheels is 219 tons | the opposite page, to give illustrations of these unusual| greatest of any locomotive so far built. At the 
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Same time an idea is gathered of the boiler dimen- 
sions. The top of the chimney is 15 ft. above the rail 
level, and the boiler, centred at 10 ft. above the rail 
level, is so large as to permit of the use of a steam 
dome no more than 5$ in. high, although this is not 
situated on the largest diameter. The general elevation, 
Fig. 2, we shall refer to immediately, and leaving for 
the moment the drawings in Figs. 3 to 10, relating to 
the boiler, we may state that Fig. 11, page 796, gives a 
half elevation of the rear end of the engine, Fig. 12 
being a half section taken through the cab. In Figs. 
13 and 14 are given, respectively, a half section 
just ahead of the throat sheet looking to the rear, and 
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one looking towards the front. These are taken 
at the second axle of the rear group of driving 
wheels. The next half sections, Figs. 15 and 16, are 
taken just ahead of the back pair of cylinders, and at 
the trailing drivers of the front group. Figs. 17 and 
18 are half sections between the trailing and main 
drivers of the front group, looking backwards and 
forwards. Fig. 19, above, is taken at the leading 
driving wheels, looking to the rear and Fig. 20 slightly 
further ahead, looking to the front. The series is 
completed by Figs. 21 and 22, the former being a half 
section through the smoke box and the latter a half 
front end elevation. 
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Figs. 23 to 25, on this page, again refer to the boiler ; 
we propose illustrating further features of this engine 
in a subsequent issue. 

The steaming capacity of the locomotive may be 
imagined from a consideration of the boiler dimensions 
The fire-box has a length of 18 ft. at the foundation ring. 
and a width of 8 ft. 11 in., giving room for a grate 
measuring 14 ft. by 8 ft. 0} in., in front of which is a 
section separated from the grate by a Gaines arch. 
The grate area, being reckoned at 112-29 sq. ft., is the 
largest, we believe, in use. Ahead of the firebox there 
is a combustion chamber (Fig. 3), while the length 


between tube plates is no less than 24 ft. The largest 
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ring of the boiler barrel, 7.e., that ahead of the throat 
sheet, is 104 in. (8 ft. 8 in.) in outside diameter. The 
barrel tapers towards the front end, where it is 93% in. 
in diameter, the main reduction being by means of a 
taper course just ahead of the dome. The thickness 
of the barrel plates is 48 in. for the two front rings, 
the next two being 1 in., while the last is 14; in. in 
thickness. The firebox shell, sides and wrapper plates 
are 3 in. thick, and the back head 4 in. The firebox 
is built up of 3-in. steel plate, with a -{;-in. tube sheet. 
The firebox seams are welded as shown in the detail 
attached to Fig. 24. This applies to the side seams 
and the seams joining the firebox and combustion 
chamber, at which latter connection allowance is made 
for expansion by means of a corrugation illustrated in 
Figs. 6 and 7. Fig. 8 shows the riveting of the longi- 
tudinal seam in the largest barrel course, and Figs. 9 
and 10 give details of the outside and inside throat sheet 
joints. The firebox, as mentioned above, is fitted with 
a Gaines arch, the position of which may be seen in 
Fig. 2; this is set about 3 ft. back from the front leg. 
The water spaces are large, being 6 in. at the front, 
where the leg is a very short one, and 5 in. at the 
sides and back, measured at the mud ring. The fire- 
box is stayed with flexible and hollow stay bolts. 
The boiler contains 60 tubes, 54 in. in diameter and 
278 tubes 24 in. in diameter. The sixty superheater 
elements provide surface of 1,885 sq. ft. The fire box 
is fed by means of a Duplex stoker. 

The bar frames of both the main and front units 
are 5 in. thick. The boiler is fixed to the main frames, 
and supported by a stretcher at the fire-box, and 
saddle at the cylinders. A stay plate is also fitted 
at the back of the fire-box. Over the articulated 
frame the barrel receives support in three places. 
One of these is between the first and second pairs 
of drivers, the next between the second and third 
pair, and the third between the third and fourth pair. 
All these allow for lateral movement, and in addition 
the front one provides spring support as shown in 
Fig. 19, to take up vertical movement. Between the 
two supports is a centring arrangement, spring con- 
trolled (see Fig. 18). Liners are fitted inside the 
barrel where the castings for these supports are located. 


(To be continued.) 


MARINE OIL-ENGINE TRIALS. 


At a meeting of the North-Western Branch of the 
Institution of Mechanical Engineers, held in Man- 
chester, on Thursday, December 4, the first report 
of the Marine Oil Engine Trials Committee of the 
Institutions of Mechanical Engineers and Naval 
Architects, which we reprinted in abstract in our 
issues of November 28 and December 5, was presented 
by Mr. S. B. Freeman. Before the discussion, which 
followed the presentation of the report, Mr. Dempster 
Smith said that Mr. Charles Day had intended to be 
present at the meeting, but, unfortunately, he had had 
to go to Glasgow. He had, however, contributed some 
written observations, which he (Mr. Dempster Smith) 
would read. 

In the course of his observations, Mr. Day, after 
congratulating the Committee on the report, said that, 
referring to Fig. 20 of the paper, it was to be regretted 
that the series of tests for any given torque was made 
over such a limited range. For instance, the test at 
full speed was limited to full torque. With land engines 
which ran at a constant speed, it was, of course, neces- 
sary to take tests from zero up to full torque at full 
speed. Had that been done in the present case, com- 
parisons with land engines could have been very fully 
made. 

The indicator diagrams of the Report showed that 
the fuel settings had been intentionally made to give 
a rise of pressure during combustion, and in test A.15, 
that rise was given as from 461 lb. to 606 lb. per square 
inch. A rise of pressure such as that was very bene- 
ficial from the point of view of fuel economy, but it 
meant that all parts of the engine must be made much. 
heavier than if the rise of pressure were avoided. 
The curve, Fig. 23, which was given of the fuel per 
brake horse-power, hardly appeared to be fair to the 
engine as the curve showed 0-45 lb. as the lowest con- 
sumption, whereas one of the tests showed only 0-425 Ib. 
It was interesting to note from Fig. 25 that the highest 
M.E.P. obtained was 98 lb. per square inch. The 
highest mechanical efficiency shown was 78 per cent., 
whereas on page 72 an efliciency of 79-8 was given. 

From Fig. 28 it appeared that the compressor ab- 
sorbed about 7 per cent. of the total i.h.p., but it must 
not be overlooked that a large proportion of that was 
returned owing to the compressed air passing to the 
main cylinders. The outlet. temperature of the cooling 
water at full load was about 128 deg. F. That high 
temperature was favourable from the point of view of 
fuel consumption, but was lable to cause deposits in 
water jackets with many waters. 

The interest of the thermal balance-sheet, Table XTX. 


would be increased if the figures were, in addition, 


expressed as percentages. The percentages for test 
A.15 worked out approximately as follows :— 


Per 

cent. 
Brake horse-power 31 
Compressor _.... eee ie 2 
Friction a oa sa 5 
Jackets 11 
Manifold 10 | 38 pe 
Heads 12 + Li 
Pistons e oye es Bars ot 
Air compressor jackets ene 2) 
Exhaust 24 


The fuel consumptions of the four trials at full torque 
ranged from 0-425 to 0:455 and averaged 0-445. That 
was a high fuel consumption for a large 4-stroke cycle 
engine, and was not as good as was obtained from 
even quite small Diesel engines. Taking the best 
results given in the Report for each torque and com- 
paring those with the results of an independently- 
observed test of a 200 brake horse-power 4-cylinder 
engine—4-stroke cycle, the comparison was as follows : 


Sycamore 200 b.h.p. 
engine. engine. 
Full load 0-425 0-408 
}-load 0-469 0-416 
4-load 0-517 0-466 
4-load 0-708 0-56 


In connection with that comparison, he ought to 
point out that the engine compared with it had a 
maximum pressure in the cylinder of quite 100 Ib. 
less than that occurring in the Sycamore engine, and 
that the circulating-water temperature was considerably 
lower. Again, it was interesting to compare the results 
obtained on the Sycamore with those given in the 
Engineer for February 3, 1922, in reference to a test by 
Professor A. Rosborg and representatives of Lloyd’s 
Register of the 1,600 brake horse-power Nobel engine 
now on the motor-ship Zoroaster. 


M/S Sycamore. M/S Zoroaster. 


Type ... four-stroke two-stroke 


cycle. cycle. 
Number of cylinders 6 4 
Cylinder diameter .... 24-4 in. 19-8 in. 
Stroke a Nes 2 oo 4am. eA faiui 
Rated brake horse-power.... 1,250 at 125 1,600 at 100 
r.p.m. r.p.m. 

Brake horse-power on test 1,232 at 123 1,752 at 105 

selected r.p.m. r.p-m. 
M.E.P. lb. per square inch.... hilt) 99 
Mechanical efficiency 79-8 83 
Fuel consumption per brake 

horse-power, full torque 0-425 0-41 
Do., three-quarter torque.... 0-469 0-412 
Do., half-torque < 0-517 0-42 
Thermal efficiency, brake 

horse-power basis es 31-1 34-6 
Total weight of engine and 

flywheel .... i ... 450 tons. 175 tons. 
Weight per brake horse- 

power 900 Ib. 225 Ib. 


Mr. Day thought it would be of interest to members 
to know from those comparisons how much the two- 
stroke cycle engine had been developed in recent years. 
He trusted it would be possible for an equally complete 
series of tests to he made of an engine of that type. 

Mr. Byrne said he ought to begin his remarks with 
an analysis of the table given by Mr. Charles Day. 
Firstly, he had noticed the weight per brake horse- power 
was 900 lb. That was wrong; it ought to be 400 lb. 
And then, in regard to the other table given by Mr. Day, 
the fuel consumptions could not be compared at all, 
because the Sycamore engines were at various loads 
and also varying rates, whereas the 200 brake horse- 
power engines were at constant rates. The conditions 
were therefore absolutely different, and not comparable. 

With regard to the maximum pressures, it would be 
noticed that a very high maximum pressure of 600 Ib. 
per square inch was obtained on Test 15, and it had 
been found that the fuel consumption then was very 
big—about 0-44 lb. per brake horse-power. They 
had dropped the pressure, and the result was that the 
fuel consumption immediately dropped to 0-425. 
Actually now the Sycamore was running at about 
550 lb. maximum pressure. It would be noticed that 
the machinery weight and the general specification of 
the Sycamore was very substantial. His firm had 
made certain that the reliability of those first two vessels 
should be absolutely unassailable, and they had 
followed that policy throughout. 

With regard to the fuel consumption, they had 
tried to lower it and had spent about six weeks of 
very hard work, as probably Mr. Freeman would 
know. They had tried all sorts of things—changed 
piston-rings, slackened bearings, and had altered the 
fuel valves; and they could not with low maximum 
pressures produce a fuel consumption below that 


shown—0:425. They had now tried four engines of 
that type, and were convinced that that was the fuel 
consumption of the engine. Incidentally, there were 
other builders on the North-east coast who had thought 
that they got 0-431, but actually found that they got 
less when they analysed matters very carefully. Mr, — 
Freeman had made some remarks with regard to piston- 
rings. They had started with those engines with a 
lapped form of piston-ring, and thought they could im-— 
prove the results by having diagonal rings, but they 


'} had obtained no better results. They had, however, 


obtained no worse results. They found out that they — 
had to have an ample axial clearance of the ring. 
They had also found that it did not really matter what 
joint they had, they could not get a scrap of difference — 
in the fuel consumption. They gave the ring about 
0-004 in. clearance. Most land practice was very 
much less than that. 

With regard to fuel consumption on the boats at sea, 
the Sycamore had completed two round trips—a dis- 
tance of about 2,500 miles—and the fuel consumption 
was 114 tons. The fuel consumption of the main 
engines was exactly as it was in the shops, and that 
was with a fully loaded ship. 

Mr. Butterworth said that, with regard to piston 
rings, he thought it had long been known in land 
practice that no matter how the gap was cut down 
no marked difference was obtained in the leakage, 
and on practically all land engines of that type they 
were using diagonal gaps at the present time. He 
said they had come to the conclusion that the increased 
efficiency Mr. Byrne had obtained was due to the fact 
that the gases escaped past the piston rings, and, owing 
to the piston rings being slack, the gases got behind 
the rings and packed the rings out, thereby securing a 
more gas-tight joint on the cylinder wall. 

Professor Stoney said he was essentially a steam 
man, and would like to put in a word for steam. The 
ordinary installation of a boiler and engine on board 
ship had no economiser; sometimes there was @ 
small air heater, but the condensers were cramped 
so that the vacuum was generally rather poor in — 
comparison with land practice, and, on top of that, 
accurate measurements were scarcely ever made of 
the steam consumption, or oil and coal consumption, 
so that marine engineers, as a rule, were very much 
at sea as to what the actual efficiency of their engines 
was. They took indicator diagrams, but those were 
generally taken just after the fires were cleaned, and 
the results obtained were often very much out of 
proportion. 4 

He happened to have the figures of the tests of a 
liner of 16,400 tons, 17 knots and 12,500 h.p., with 
double-geared turbines. The steam pressure was 
220 lb. and the superheat was 100 deg. F.—about 
normal. She took 10-05 Ib. of steam per shaft horse- 
power and 0-876 1b. of oil. The oil was 19,000 B.Th.U. 
The overall! efficiency of the engines was only 67 per 
cent. The boilers also showed only 67 per cent. What 
were the reasons of that? Firstly, they had only 
a vacuum of 28-3 in., with a sea temperature of 57 deg. 
On land, with that water temperature, they should get 
28-9 in., and Professor Stoney thought that if they did 
not use the enormously wasteful steam-driven auxi- 
liaries that were common, and had electrically-driven 
auxiliaries, they should get 73 instead of 67 per cent. 
There was also no reason why the superheat should 
not be raised to 200 deg. That would reduce the 
consumption of oil with the steam boilers to 0-73 lb. 
A boiler on land in a power station with 67 per cent. 
efficiency would be looked upon as ridiculous. Boilers 
on land with good economisers, air heaters, Wc., 
gave from 84 to 88 per cent. The tests on the Barton 
boilers were over 88 per cent. At sea, by proper 
arrangements, they should get boilers of 80 per cent. 
That would reduce the oil per shaft horse-power to 
0-61 lb. Another thing was intermediate feedheating ; 
that should, in fact, take another 5 per cent., which 
would make the oil per shaft horse-power 0-58 Ib. 

In the Report it would be found that the oil per 
shaft horse-power was 0-55 lb. on the Sycamore. 
A steam installation properly put in would have only 
5 per cent. more oil consumption than the Sycamore. 
The weights on board the Sycamore were very large. 
The total amounted to under 3 h.p. per ton. One 
could get down very much lighter than that with suit-_ 
ably constructed marine engines and boilers, and he was 
of opinion that if one put in the extra weights neces- 
sary to get real economy and took accurate readings 
of the water, of the oil and of the torsionmeter, s0_ 
as to get the actual consumption, and worked as 
in a power station on land, one would get with a 
steam installation very close to the results obtained 
on the Sycamore. Accurate tests and accurate 
measurement were the only means of finding out how 
to cut down consumption ; these had not been applied 
at sea with regard to steam. 

Another thing he wished to draw attention to was — 
the complicated mass of pipes, pumps, &c., at very 
high pressure required with Diesel engines. He had. 
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counted the,number of nuts that there were in a 
cylinder on the Sycamore as it lay in the shops, without 
including the holding-down bolts. He had counted 
26 nuts, and of those 8 could not be got at Avithout 
dismantling something else. The result was conclu- 
sive; before a Diesel could really become a thoroughly 
practicaly proposition it would have to be simplified 
and made so that if could be easily worked and looked 
after. 

Mr. Mohn, referring to Table XIX, said that in 
Test 15, the amount of heat that went to the jackets was 
18,400 B.Th.U., and to the manifold 17,100 B.Th.U. : 

that did not seem to be in proportion. Looking at the 
temperatures, it would be found that a drop in tem- 
perature between the cylinder and the manifold was 
only about 38 deg. Turning to the question of the 
weight of the engines, he would ask if with two engines 
of 1,250 h.p. 24 tons of flywheels were required for 
marine work? Personally, he had experience with 
some 1,500 h.p. engines, and the flywheels were just 
about the same. A weight of 20 tons for the lubricating 
oil system also seemed unreasonable. The lubricating 
oil in the svstem was 14 lb. : 

With regard again to Table XIX, on the last test 
there was no heat going to the jackets at all, either for 
the manifold or the pistons. It seemed from that that 
the tests had been started too soon, and that the engine 
had not been working properly when the test had been 
started. The lubricating oil consumption of the engine 
given for the shop tests seemed a very good result, but 
the consumption taken at sea was not very good. 
For the power cylinder it had gone up from 3:1 to 64, 
and from the air compressor just about the same. 

Mr. Kersey referred to the power taken by the air 
compressor. He stated that in one:.case-9 per cent. 
of the total brake horse-power developed by the engine 
was expended in driving the. compressor. In Trial 
No. 2 of Table XXVI it amounted to 13 per cent. of 
the total brake horse-power, that would be otherwise 
usefully expended on the propeller shaft. That seemed 
to him to be something of an argument for conducting 
the experiment. It seemed very obvious that the 
horse-power expended in solid injection would be 
considerably less than 9 per cent. of the total brake 
horse- power. 

Referring to Fig. 29, what seemed to him somewhat 

"remarkable was that the friction torque appeared to be 
diminishing as the speed increased. He was not sure 
whether that was common experience. It seemed to 
him to require some explanation. Hither the friction 
must be reduced, owing probably to reduced load on the 
pistons reducing the friction of the piston rings in some 
way, or the viscosity of the oil must be reduced by an 
increased temperature, which did not appear to be 

probable in that case with a comparatively small 
increase of speed, or there must be a somewhat thicker 
oil film reducing the coefficient of friction. He was not 
quite sure whether all these effects could be produced 
by increasing the speed, but he would like to have 
further information. Obviously, the relation could not 
hold for more than a very small range of speed. Ifit did, 
by speeding up the engine sufficiently, friction could 
be eliminated altogether, which was quite out of the 
question. Another thing that struck him as rather 
extraordinary was that the slopes of those lines were 
different. This diagram showed at } torque a rate of 
diminution of 120 lb. ft. compared with a decrease 
at } torque of 76. With } torque the diminution was 

60, and appeared to be the same on full torque. 
That rate of diminution seemed to vary almost inversely 
as the torque. } 

He would like to mention the exhaust gas analysis. 
He thought that they might have a very considerable 
amount of confidence in the results as given. It was 
fairly well known that there was a definite relation 
between the exhaust percentage, the CO, percentage, 
and the CO percentage. That could be expressed in 
the form of an equation. It was very useful to have 
some sort of check as to the relation that should occur 
between the three. Using that particular equation, 
he found that the results were very consistent, and it 
was also possible to estimate the percentage that should 

_ be added to the CO, in order to bring it up to the correct 
amount. That. again, agreed with the formula used. 
Therefore, he thought that they might have a very 
large amount of confidence that the exhaust gas 
analyses were at least reasonably correct. It was not 

desirable that they should have to make corrections of 
that kind, but he thought it was worth while just 

‘mentioning that that appeared to be consistent. 

_ Mr. Orton said that the first thing that had struck 

him was with regard to the weight, and he would 

Suggest that the reason why Mr. Charles Day had given 
900 lb. per horse-power was that he perhaps meant the 
total weight of the machinery, and they were thinking 
about the weight of the engine itself. On the other 
hand, he might have divided that figure of the weight 

_ of the engine by 1,250 instead of 2,500. The actual 

_ weight per horse-power of the engine itself and flywheel 

» Was 400 Ib. All the same, all engine makers must 


recognise that 400 lb. was an enormous figure per 
horse-power, although it was not by any means unusual. 


-It was perhaps interesting to make a little comparison 


with an aeroplane engine which got its horse- power 
at the rate of 1-4 Jb. per brake horse-power; this 
showed what a lot they had yet to learn about Diesel 
engines. 

The high maximum pressure had also been referred 
to in some of the indicator diagrams. That point had 
struck him also. It had always been taken in Diesel 
engine practice that one did not get any increase of 
pressure during combustion, and that had always been 
thought ideal. During the last few years, however, 
there seemed to have been a tendency to try to get that 
increased maximum pressure from the beginning of 
combustion, and there was no doubt at all that doing 
that did bring down the fuel consumption. In the 
particular case to which Mr. Byrne had referred, he 
(Mr. Orton) thought that it would have been better to 
have the compression pressure higher. He noticed it 
was rather lower than that usually adopted on normal 
Diesel engines. If they were going to have higher 
pressures at all, why not put them on to compression ? 
In that way, they could get equally good fuel con- 
sumptions. 

There was one point of interest about the diagram 
for fuel consumptions (Fig. 23). It would be noticed 
on looking at that diagram that the line of fuel con- 
sumption per indicator horse-power had a very con- 
siderable curl up at the low torque end. That was 
rather curious. In Diesel engines on land the fuel 
consumption per indicator horse-power was always 
better at low loads than at high loads, owing to very 
much better access of oxygen and improved conditions 
for combustion. In this case, the tendency was shown 
right down to half rate torque; and when one got to 
the lowest figure, + torque, a very great curl up was 
shown. He could not see any reason why it should be 
so, and had come to the conclusion that there might be 
an error in that figure, and would very much like to 
know if that were so. 

In Table XVIII, which referred to mechanical and 
thermal efficiencies, the figures on the bottom line were 
interesting. These were related to volumetric efficiency, 
and he took it that they had been estimated from the 
exhaust gas analysis, and supposed that they were 
accurate within a reasonable degree. The CO, would 
probably not make very much difference. If dne lost 
on it with CO,, it would not affect the estimate of the 
weight of air taken in, since he thought that the 
molecular weight of CO, was not very different from 
that of the average of the acids, and, in any case, it 
only amounted to about 5 per cent. for the total. The 
figures might be taken as right. They had struck him 
as being very much lower than would be accepted in a 
normal Diesel engine. Might not some reason be found 
for that low volumetric efficiency ? Obviously, the 
space between the main valve and the deflector valve 
was lost space for the beginning of the suction stroke. 
That space was full of exhaust gases, and there were two 
such spaces, so that those volumes would amount to 
about 5 percent. They had quite an appreciable effect 
on volumetric efficiency, and they might bring those 
figures up to something more like what one would have 
expected from a normal two-valve type engine. He 
wondered if that point had been gone into as part of 
the investigation, because that particular feature was, 
of course, a speciality of that particular type of engine. 
Probably, when one was testing another type of engine 
later, similar figures with which to compare them might 
be obtained, which would give valuable information 
about the relative value of that system of exhaust. 

Mr. Wright Baker said thete was just one measure- 
ment he would like to query, and that was the measure- 
ment of the exhaust gas temperature. In some 
experiments on petrol engines fitted with thermo-couples 
and with exhaust gas column, the exhaust gas column 
always gave exhaust gas temperature higher than those 
given by the thermo-couple. At the same time when 
the exhaust gas column showed the temperature to be 
falling, the thermo-couple showed the temperature to be 
rising. He did not know whether there were any 
similar comparative results on a larger engine, but it 
would be interesting to know. 

Mr. Bevan said there were two points in the paper 
that he would like to draw attention to. One was in 
connection with Fig. 31, connecting exhaust gas 
temperature and fuel per minute. It had struck him 
on looking at the diagram that some of the points 
appeared to be a long way from the line passing through 
the majority points. In Table XII of exhaust gas 
temperatures and in Trial A.5, the temperatures given 
for the cylinders showed a very considerable difference 
between the cylinder at the forward end, No. 1, and 
cylinder No. 5, from 500 to 647 deg. At the same time 
the average temperature for all the cylinders was 583 
by the mercury thermometer and 598 by the electric 
pyrometer. and in all the other cases the readings 
by the mercury thermometer were higher than those 
by the pyrometer. It seemed to him that it might 


possibly indicate that the trial had been carried out 
before the conditions had settled down. 

There was one other point in connection with the 
indicated mean pressures, The mechanical efficiency 
which one would expect from the running down test 
would be higher than the normal, because in the 
cylinder in which the fuel was not injected the com- 
pression pressure would still be acting on the top of 
the piston, and a certain amount of indicated work 
would be done by that compressed air, thus leading 
to a higher mechanical efficiency than for the engine 
running under normal conditions. That suggested 
that the indicated thermal efficiency as given for most 
of the trials from the normal indicator diagrams was 
too high, and pointed to the fact that the indicator 
gear was not of the best. If one took the figures as 
given, 98 lbs. per square inch for the normal indicator 
gear, and 101 per square inch for the more elaborate 
gear, and compared those for Trial 15 of Table XVIII, 
in each case the indicated mean pressure was given as 
91-9 lbs. per square inch, the correction, taking into 
account the new gear, would amount to about 99 Ibs. 
per square inch, and give a mechanical efficiency of 
73°5 as against 79-8, 73-5 comparing very well with 
the 73-2 obtained by the cutting out test. 

Mr. Harrison said that a question had been asked 
regarding the relative merits of the solid injection 
system and the independent pump system. Un- 
doubtedly, the successful working of the multi-cylinder 
heavy oil engine depended to no small degree on the 
ease with which the amount of fuel could be distributed 
to the various cylinders, so that the power developed 
in each cylinder bore a correct relation to the total 
power developed by the engine, but his experience 
was that the common line system lent itself much more 
readily to that distribution than the independent pump 
system. He had been fortunate enough to take to 
sea one of the first boats that was ever fitted with the 
common line system. That boat’s engines were made 
with a pump of sufficient capacity to supply to the 
engine about double the amount of fuel that it would 
ever require, and the surplus fuel was allowed to 
discharge whilst the relief valve discharged the pres- 
sure. That was a most unfortunate arrangement, 
and gave anything but satisfaction. The pressure 
fluctuated so much that most unsatisfactory running 
resulted. But when that difficulty had been over- 
come, the engines in service proved themselves to be 
the best type that were ever put in a submarine boat, 
and all boats that were fitted then with independent 
pumps were to some extent converted. Those pumps 
were coupled together. He did not think there was 
any question as to which system was the better one 
in practice. It was so much easier to distribute the 
power equally between the various cylinders. 

A question had been asked about the weight. In 
those particular engines the weight was from 60 to 
80 lbs. per brake horse-power against the 300 to 400 
lbs. mentioned. In that case the speed was about 
1,100 r.p.m. The engines had run to the greatest 
satisfaction of everyone concerned, after the initial 
difficulties of fuel consumption had been overcome. 


Contract.—The Relay Automatic Telephone Co., 
Limited, of Marconi House, Strand, London, W.C. 2, has 
received an order from the Minister of Posts and Tele- 
graphs, Berlin, to supply private branch automatic 
exchange apparatus, constructed to the same specification 
as the relay installations supplied to the British General 
Post Office. 


Locomotives For Ecypr.—The Egyptian State Rail- 
ways are advertising for five passenger engines for the 
Luxor-Assuan line. The gauge of this line is 3 ft. 6 in. 
The Commercial Secretary at Cairo reports that the 
adjudication of these engines takes place in Egypt on 
January 13, 1925, and that the total cost estimated on 
the last supply price is approximately 20,000/.E delivered 
in Egypt. Specifications can be obtained from the 
Inspecting Engineer, Egyptian and Sudan Govern- 
ments, Queen Anne’s-chambers, Westminster, S.W.1. at 
the price of 10s. each, 


EXHIBITION OF COLONIAL AND Forrricn PropuctTs 
At Lausanne.—Under the patronage of the Swiss 
Government, an International Fair of @olonial and 
Foreign Products is to be held at Lausanne, between 
June 27 and July 12 next year, in conjunction with the 
annual Swiss Food Fair. Exhibits will be classified 
under six main headings: Agricultural and sea food 
products ; other agricultural and sea products ; horti- 
cultural products; forest products and _ industries ; 
mineral products; and colonial arts and crafts. Owing 
to its central position in Europe on the main Con- 
tinental railway routes, Lausanne is an admirable site 
for an exhibition of this character, and the clientele 
built up by previous Lausanne fairs should ensure a 
large attendance of buyers. The Department of Over- 
seas Trade is of opinion that the Fair should offer a good 
opportunity to British firms dealing in food products 
and raw materials. Full particulars as to the space 
available can be obtained on application to the Fair 
Committee, 2 Rue Pichard, Lausanne. 
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THE MOTOR LAUNCH “INVERMIRA.” 


A very serviceable and seaworthy motor-launch 
recently designed and constructed by Messrs. Harland 
and Wolff, Limited, of Liverpool, for Messrs. Andrew 
Weir and Co., Limited, is illustrated in Figs. 1 to 10 on 
this and the opposite pages. The boat, which is intended 
for use off the coast of Venezuela, has an overall length 
of 55 ft., a breadth of 10 ft. 9 in., a moulded depth of 
5 ft. 84 in., and a maximum load draft of 4 ft. 6 in. 
She is constructed of steel, with a teak deck, all 
exposed woodwork being also of teak. The launch is 
fitted with an oil-engine, but in addition is cutter 
rigged, so that in favourable weather she can be 
navigated without the engines. The sail arrangements 
are shown in Figs. 1 to 3. A section of the vessel is 
given in Fig. 4. The propelling plant consists of 
a Gardner four-cylinder engine of the semi-Diesel 
type, capable of developing 96 brake horse-power 
at 370 r.p.m., and situated centrally in the boat. 
Immediately forward is the fuel pump and compressed- 
air equipment. Overhead a service tank carries 33 
gallons of fuel, reserve fuel tanks being situated at 
engine room floor level. Good head room is available 
in the cabin, which is provided with sleeping accom- 
modation. The furniture consists of a sideboard, 
crockery lockers, table, lockers for bedding, and all 
conveniences. The cabin is well ventilated by two 
cowls. A stairway leads up to the main deck just in 
front of the steersman’s shelter. The latter is fitted 
with sliding windows and portable chart tables. In 
the fore-peak, fresh-water tanks and a chain locker are 
fitted. Aft of the engine, there is a water-cooled 
silencer, from which the exhaust pipe passes to the 
stern of the launch. The hull has three watertight 
bulkheads, and the after compartment, which is entered 
through a large hatch, is fitted for carrying stores or 
light cargo. 

A plan of the main deck is given in Fig. 5, on which 
the positions of the paraffin and fuel oil filling pipes are 
shown. Two towing posts are fitted to each side of 
the deck, a slip towing hook being fixed at the after 
end of the engine casing. A number of folding seats 
are also provided, and a small dinghy is carried. 
In Fig. 6, which is a plan just below the main deck, 
further details are shown. The main fuel tanks have 
a capacity of 470 gallons of fuel, sufficient to operate 
the launch for three days. The paraffin tank carries 
a supply of 50 gallons of oil, while 20 gallons of lubri- 
cating oil are provided for in a small tank situated at 
the port side. The series of cross-sections, Figs. 7 to 10 
indicate the lateral disposition of the fittings of the 
vessel. The speed of the launch is 10 knots, and 
after satisfactory tests had been carried out in the 
Mersey, she proceeded under her own power to Glasgow, 
whence she is to be shipped to her destination. 
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THE MEASUREMENT OF THE PRESSURE 
OF THE WIND ON STRUCTURES.* 


By Tuomas Ernest Stanton, C.B.E., D.Se., F.R.S., 
M.Inst.C.E. 


Tue present Report is the third section of the in- 
vestigation on wind-pressure commenced at the 
National Physical Laboratory in 1903. The first 
Report? described experiments in a wind-channel on 
small-scale models of structures and gave information 
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on the relative effect of the form and distribution of IS 7822) 
the solid surfaces of structures. The second Reportt 
was devoted to tests in the open air on plates and 
model roofs and girders up to 100 sq. ft. in area, and 
showed that the effect of the difference in size between 
these structures and the small-scale models used in 
the wind-channel tests was practically negligible, 
provided the velocity of the wind was uniform in a 
direction perpendicular to its direction of motion. 
The third Report deals with the effect of the lateral 
variations in velocity of actual winds, and describes 
the determination of the mean pressure of the wind 
on the high-level footway girders of the Tower Bridge 
and the relation of this mean pressure to the pressure 
at a reference point in the surface of the girder. It is 
shown that for bridges of spans up to 250 ft., the effect 
of the lateral variation in velocity of the wind is not 
sufficient to admit of any considerable reduction in the 
wind-pressure factor on this account, and the con- 
clusion is reached that until further experiments have 
been made on still larger structures, of spans exceeding 
2,000 ft., wind-pressures should be calculated from the 
records of anemometers on the site and on the assump- 
tion of a velocity of wind uniform over the whole 
structure. An illustration is given of the calculation 
of a wind-pressure factor on the lines recommended. 


THE LATE MR. ROBERT DUNCAN. 


WE regret to record the death on December 4, at 


senior partner of the firm of Messrs. Ross and 
Duncan, of Whitefield Works, Govan. Mr. Duncan 
was born on October 5, 1850, and at the age of 
seventeen entered on a five years’ apprenticeship with 
Messrs. Alexander Chaplin & Co. at Cranston Hill 
Engine Works, Glasgow. At the completion of this 
period, during which he gained experience in the shops 
and drawing office, he studied at Glasgow University, 
securing the certificate of proficiency in civil engineer- 
ing and mechanics at the end of 1874. Further expe- 
rience gained in the course of the following eighteen 
months as a draughtsman on locomotive work and on 
the design of plant for sugar factories was a preliminary 
to his commencing business in partnership with Mr. W. 
Ross at Hyde Park Street Engine Works, Glasgow. 
This partnership, however, was dissolved in 1880, 
after which year Mr. Duncan carried on the business 
on his own account, removing in 1883 to Whitefield 
Works. Here the design and construction of steamers, 
together with propelling machinery, has been carried 
on until the present time. The engines built ranged 
up to 700 i.h.p., and were supplied to the British 
Admiralty, the Crown Agents for the Colonies, and 
foreign governments. Mr. Duncan took a very keen 
interest in engineering developments from the industrial 


* An abstract of a paper to be read before the Insti- 

tution of Civil Engineers on Tuesday, December 16, 1924. 
+ Minutes of Proceedings Inst.C.H., vol. clvi, page 78. 
{ Lbid., vol. clxxi, page 175. 


Logieaston, Bridge of Allan, of Mr. Robert Duncan, ! 
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as well as the technical standpoint, and was a member 
of the Institution of Naval Architects, the Institution of 
Engineers and Shipbuilders in Scotland, and the 
Institution of Civil Engineers. In 1906 he successfully 
contested Govan as a Conservative and entered the 
House of Commons. He represented that constituency 
until the dissolution in 1910. 


Puysicat Soctety Exursrrron,—The annual exhibi- 
tion of the Physical Society of London and the Optical 
Society, which is to be held on January 7 and 8, 1925, 
at the Imperial College of Science and Technology, 
Imperial Institute-road, South Kensington, London, 
will be open in the afternoons from 3 to 6, and in the 
evenings from 7 to 10. Mr. F. Twyman will give @ 
lecture on ‘‘Some Experiments with Interferometers,” 
at 4 p.m., on January 7, and at 8 p.m. on January 8. 
Mr. C. F. Elwell will lecture on “ Talking Motion Pic- 
tures,” at 8 p.m., on January 7, and at 4 p.m., on 
January 8. These lectures will include demonstrations. 
Over fifty firms are exhibiting scientific apparatus. 
Admission will be by ticket only. Invitations have been 
given to the Institution of Electrical Engineers, the 
Institution of Mechanical Engineers, the Chemical 
Society, the Radio Society of Great Britain, the Réntgen 
Society, and the Faraday Society, and members should 
apply to the secretary of the Society to which they belong 
for tickets. Others interested should apply to Professor 
A. O. Rankine, Hon. Secretary of the Physical Society; 
at the Imperial College of Science and Technology. 
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MOTOR LAUNCH 


“INVERMIRA.” 


CONSTRUCTED BY MESSRS. HARLAND AND WOLFF, LIMITED, LIVERPOOL. 


(For Description, see opposite page.) 
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New Brivce Over tHe Tyne.—At the meeting of 

the Newcastle City Council on Wednesday, December 3, 

it was agreed to accept the tender of Messrs. Dorman, 

Long and Co., Limited, of 571,225l. for the construction 

of a bridge connecting Newcastle and Gateshead. The 

accepted tender was the lowest submitted, the highest 
being 743,938/. 


Dovstz-Actine DinsEL ENGINES.—The production of 
13,500 shaft horse-power from only two six-cylinder 
Burmeister and Wain four-stroke double-acting Diesel 
engines in the recently launched Swedish-American Line 
motorship Gripsholm, indicates that a distinct advance 
on existing marine oil engine practice has been achieved. 
By adopting a new method of piston cooling, permitting 
higher working speeds, and the double-acting principle 
it has been found possible to obtain over 1,100 h.p. 


The cylinders 
The 
Gripsholm was built by Sir W. G. Armstrong, Whit- 


from each cylinder of these engines. 
are 33 in. in diameter, the stroke being 59 in. 


worth & Co., Limited, of Newcastle-on-Tyne. The 
vessel, which is built to the highest class in Lloyd’s 
Register, is 17,000 tons gross and has a length of 550 ft., 
a breadth of 74 ft., and a depth of 42} ft. from the 
bulkhead deck, and will constitute the first motor-driven 
passenger and mail ship in the North Atlantic trade, 
Sir J. H. Biles and Co., of London and Glasgow, acted 
as consulting engineers to the owners. 


Ture INSTITUTE oF PaTreNTEES.—Arrangements have 
been completed whereby members of this Institute in 
any part of Great Britain and Ireland may obtain free 
legal advice on any matter appertaining to patents, 
designs, or trade marks. This advice can be given either 


by correspondence or by personal interview. Arrange- 
ments have also been completed to enable members to 
have a cursory search made at the Patent Office, regarding 
any invention. This search has been divided into two 
classes; (1) A cursory search for the fee of 10s. 6d., for 
which will be submitted to a member numbers and dates 
of specifications to which he should refer before going 
ahead with his invention. (2) A more extended search 
for the sum of 1 guinea, for which a member will receive 
numbers and ‘dates of specifications appertaining to the 
inventions, together with the report. In each case the 
number of years which the search has covered will be 
stated. In view of the extreme cheapness of the latter 
service, the Institute reserves the right to accept or refuse 
any request for a search under the above conditions, 
The address of the Institute is 44, Great Russell-street, 
London, W.C. 1. 
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CALCIUM-CHLORIDE BREATHERS FOR 
TRANSFORMERS. 


ty order to prevent the insulating properties of the 
oil used in transformer tanks from being impaired by 
the absorption of moisture from the atmosphere, 
various expedients have been adopted to stop the free 
access of air to the surface of the oil. It is customary, 
for instance, to install a so-called conservator vessel 
above the level of the transformer tank and connect it 
to the latter by means of a pipe. With this arrange- 
ment the transformer tank is kept completely full 
and air can only reach the smaller surface of oil in 
the conservator vessel, so that there is less liability for 
it to pick up moisture. Moreover. any moisture that 
may be absorbed by the oil is deposited in the con- 
servator vessel and does not reach the transformer 
tank. A further improvement was the provision of 
“breathers” in connection with the conservator 
vessel, and containing a desiccating chemical such 
as calcium chloride. The object of the latter was, of 
course, to extract the moisture from the air which 
passed through the breather into the conservator 
vessel as the oil in the transformer tank contracted 
after the load on the transformer had been reduced 
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(885/) 
or thrown off. This arrangement, although a distinct 
improvement, suffered from the fairly obvious drawback 
that the chemical drying agent was in direct contact 
with the external atmosphere at all times, so that its 
desiccating properties were rapidly exhausted in the 
useless extraction of moisture from the air of the 
compartment in which the transformers were installed. 

To retain the advantages of the calcium-chloride 
breather while avoiding the drawback just referred to, 
Messrs. Ferranti, Limited. of Hollinwood, Lancashire, 
have recently introduced a form of breather the design 
and construction of which are illustrated in the accom- 
panying engraving. Its special feature, which will 
at once be apparent from the figure, is the provision of 
an oil seal through which the air drawn into, or expelled 
from, the conservator vessel must pass, but which 
effectively cuts off communication between the calcium 
chloride and the external air at all other times. The 
chemical is thus only called upon to absorb the moisture 
from the comparatively small quantity of air entering 
the apparatus, so that it remains in a serviceable 
condition for a long period. Another important point 
is that the liquid resulting from the absorption of 
moisture by the calcium chloride drains from the 
latter into the oil seal, collecting at the bottom of the 
latter and eventually escaping through the overflow 
pipe shown in the illustration. This, of course, serves 
to maintain « constant level of oil in the sealing 
chamber. 

The breather referred to is connected by the pipe 
shown at the top of the illustration to the upper part 
of the conservator tank. Its construction can be 
followed from the figure with but little explanation, 
but it should, perhaps, be mentioned that the air 
enters between the rim of the oil-seal chamber and 
the inner edge of the flanged bottom cover of the 
calcium-chloride chamber, passing through the appar- 
atus in the direction indicated by the arrows. The 
flanged-bottom cover also secures the oil seal, and 
by unscrewing it and removing the latter, access is 
obtained to the running nut holding the calcium-chloride 
container in position. By removing the running nut 


the container can be withdrawn, recharged, and replaced 
in a few minutes. It should, perhaps, be mentioned, 
in conclusion, that Messrs. Ferranti have applied for a 
patent in connection with the breather described 
above. 


NOTES FROM SOUTH YORKSHIRE. 
SHEFFIELD, Wednesday. 

Iron and Steel.—As compared with a month ago the 
position in this area undoubtedly shows signs of improve- 
ment, and current indications give rise to the hope of 
more prosperous conditions in the New Year. The steel 
trade continues to experience mixed times. While some 
sections are operating at full capacity, others find an 
outlet only for three or four days’ production a week. 
One of the busiest branches is that engaged in the manu- 
facture of all classes of railway material. The outlook 
generally in this section is particularly bright considering 
that, in addition to the advent of business on home 
account, overseas schemes in connection with transport 
development are taking a definite shape, and if local 
makers can suitably arrange quotations there is no 
reason why they should not benefit. Several firms in this 
area have received contracts from the London and North 
Eastern Railway Company, for the construction of 
railway goods wagons which will find continuous employ- 
ment for some time ahead. Makers of shipbuilding steel, 
marine castings and turbine parts do not report such 
robust conditions, but state that the position is slowly 
improving. The demand for automobile steel and fittings 
tends generally to expand, and though business on over- 
seas account is very limited, home consumers are inclined 
to take increased tonnages. In the implement and 
machinery sections business is mainly confined to the 
Dominions. Colliery development continues apace and is 
responsible for makers of pit head gear, and haulage and 
winding equipment, experiencing busy times. The tool 
trades are doing better on both home and foreign account. 
The Colonies are taking increased supplies of engineers’ 
and general tools, garden implements and excavating and 
road-making appliances. Builders are calling for general 
ironmongery, rain-water pipes, concrete and mortar- 
mixing machines. 

South Yorkshire Coal Trade——An improvement is 
noticeable in the position all round, and most classes of 
fuel are in better demand. The active demand by home 
consumers for best steams is maintained, but the amount 
going away for shipment continues below normal. 
Cobbles and nuts are steadily strengthening, while slacks 
are in a better position. Considering the time of the 
year house coal is far below the seasonal level, and hopes 
of an improvement before Christmas are not bright. 
Foundry and furnace coke are in better request, and gas 
coke continues a good market. Quotations: Best 
branch handpicked, 32s. to 35s. ; Barnsley best Silkstone, 
26s. to 28s.; Derbyshire best brights, 27s. to 32s. ; 
Derbyshire best house, 24s. to 26s.; Derbyshire best 
large nuts, 22s. 6d. to 25s. ; Derbyshire best small nuts, 
14s. to 16s. ; Yorkshire hards, 20s. 6d. to 23s. ; Derbyshire 
hards, 20s. 6d. to 22s. 6d.; rough slacks, 9s. 6d. to 13s. ; 
nutty slacks, 8s. 6d, to 10s. 6d. ; smalls, 4s. to 6s. 6d. 


THE Roya Sanirary Instiruve.—The subject given 
for essays in competition for the Henry Saxon Snell Prize 
of this Institute in 1924 was ‘“ Improvements in the 
Sanitary Conditions of Underground Dwellings and 
Small Underground Workshops.” Eleven essays were 
received, including one from Canada. ‘The Council have 
awarded the prize of fifty guineas and the silver medal 
of the Institute to Mr. E. Thomas Swinson, M.R.San.1. 
Two of the other essays showed considerable merit, and 
the Council have cecided to recognise this by making a 
supplementary award of a bronze medal of the Institute 
to each of the writers, Mr. Edward E. Barks, A.R.I.B.A., 
and Mr. F. R. Jelley. 


Tur Sun Losiye Mass.—According to the doctrine 
of relativity, mass and energy are convertible terms, 
and a star which is radiating energy away in the form 
of light is therefore steadily losing mass. In an article 
which appeared in a recent issue of Nature, Dr. J. H. 
Jeans, Sec. R.S., calculates that in this way the sun 
is losing mass at the rate of about 4 million tons per 
second, As a consequence the sun’s attraction on the 
earth is steadily diminishing. In another 1} billion years 
(taking the English definition of a billion as a million 
million) the sun will have only nine-tenths of his 
present mass and the earth’s orbit will have expanded 
by one-ninth and the year be prolonged to 451 days. 
The above view accords, it is pointed out, with the 
fact that the luminosity of a star seems to depend on 
its mass alone. Sirius has 2} times the mass of our sun 
and 36 times his luminosity. He cannot maintain this 
rate of radiation indefinitely and Dr. Jeans states 
that some day the rate will have fallen to that of our 
sun of to-day. At the same time, Sirius will have 
lost so much of his present mass in the form of radiation 
that he will only be as massive as our sun now is. 
Dr. Jeans suggests that by far the greater part of the 
energy now being radiated away from the various 
fixed stars, is derived from what he calls sub-electronic 
stores of energy. By this is meant such energy which 
would be liberated if, for example, the single electron 
of the hydrogen atom were able actually to fuse with 
the positively charged nucleus, thus annihilating both. 
If such stores of energy are being drawn upon, he con- 
cludes, that the evolution of the cosmos, as we now know 
it, may have taken more than a million million years, 
and that consequently planetary systems like our own 
may be fairly freely distributed in space, instead of 
being the exceedingly rare exception which previous 
mathematical investigations have indicated as probable. 


NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLESBROUGH, Wednesday. 

The Cleveland Iron Trade.—Transactions in Cleveland 
pig-iron are on only a moderate scale, but such is usually 
the case about this season of the year. Supplies are 
not over-plentiful. Makers have practically no stocks 
to draw upon, and they are not particularly pressing 
business as they are generally well sold. Export sales 
are still difficult to negotiate, but one or two parcels 
have been disposed of for despatch to destinations 
abroad, Quotations show next to no movement. 
No. 1 is 87s.; No. 3 g.m.b., 81s. 6d. to 82s.; No. 4 
foundry, 8ls.; and No. 4 forge, 80s. 


Hematite-—Sales of East-coast hematite are rather 
less readily arranged, but recent fairly good business 
has improved the statistical position, as substantial 
withdrawals from stocks have been essential to meet 
requirements. Producers, however, have still large 
undisposed-of accumulations at their yards, and they 
are anxious to liquidate these by further sales. Home 
needs are confidently expected to expand, and hope is 
entertained of improved demand for overseas shipments. 
Thus the outlook is rather cheering. Nos. 1, 2, and 3 
are 88s. 6d.; and No. 1 is put at 89s. 


Foreign Ore.—Imported ore is difficult to dispose of, 
but sellers are very disinclined to make price concessions. 
Market rates are based on best rubio at 22s. 6d. e@.if. 
Tees, but, whilst consumers hold the view they could 
buy on lower terms, there are sellers who ask 23s. and 
even more for best rubio, 


Blast-furnace Coke.-—Durham blast-furnace coke is in 
rather better request, but supply is considerably more 
than ample, and good average qualities are still on sale 
at 25s. delivered here. 


Manufactured Iron and Steel.—Generally trade in 
finished iron and steel is quiet, but in one or two branches 
a moderate business is passing, whilst demand for 
galvanised corrugated sheets is heavy, and sales of 
black sheets are on a much improved scale. Common 
iron bars are 12/. 10s.; iron rivets, 14/.; packing 
(parallel), 8/7. 10s.; packing (tapered), 11/. 10s.; steel 
billets (soft), 82. 10s.; steel billets, medium, 9/.; steel 
billets (hard), 91. 10s.; steel boiler plates, 137. ; . steel 
ship, bridge and tank plates, 9/. 15s.; steel angles, 
91. 10s.; steel joists, 92. 10s.; heavy steel rails, 97. ; 
fish plates, 12/7. 10s.; black sheets, 121. 5s.; and 
galvanised corrugated sheets, 18/. ; 


PrrsonaL.—The Directors of the London and North 
Eastern Railway have appointed Mr. J. Miller to be 
Engineer of the North Eastern Area, York, in suc- 
cession to Mr. C. G. Bengough, who will retire at the 
end of the present year. Mr. C. J. Brown, who is at 
present Engineer for the Great Northern and Great 
Central sections, is to assume control of the engineering 
work of the Great Eastern section in addition to his — 
present duties. Mr. F. G. Randall, Assistant Divisional 
Superintendent, Liverpool-street, has been appointed Dis- 
trict Superintendent, Southern District, Great Eastern 
Section, in succession to Mr. G. Keary, who is retiring.— 
Mr. J. M. Morton has been appointed Repair Works 
Manager to the Shipbuilding and Engineering Works 
of Messrs. Cammell Laird and Company, Limited, at 
Birkenhead. . 


A New ENGINEERING PocKET-BOooK.—We have re- 
ceived a copy of a new engineering pocket-book, entitled _ 
“Engineering Workshop Notes and Data,” compiled 
by Messrs. E. and F. E. Pull. It is really a pocket-book 
in point of size, its 124 pages with limp covers only 
making a small volume measuring 4 in. by 3 in. by about 
a quarter of an inch thick. The book contains all the 
usual workshop data in a form conyenient for reference. 
Its pages, with the exception of the index, are reproduc- 
tions of hand-written tables, diagrams, &c., and though 
well done, are not so easily legible as if the matter had 
been set in type. The pocket-book is published by 
Messrs. Crosby Lockwood and Sons, at the price of — 
2s. 6d. net. 


Horse-Power Ratine or Motor Cars.—On Wednes- 
day last, the 10th instance, the Parliamentary Secretary 
to the Ministry of Transport, Lieut.-Col. J. T. C. Moore- 
Brabazon, M.P., received a deputation from the Royal 
Automobile Club, the Society of Motor Manufacturers | 
and Traders and the Automobile Association on the 
subject of the revision of the existing formula for the 
horse-power rating of motor cars. Sir Arthur Stanley, 
who introduced the deputation, urged that a Select 
Committee of the House of Commons should be appointed 
to consider again the possibility of a motor-fuel tax, 
but Col. Moore-Brabazon stated that this question could 
not be re-opened by his Department at present. A 
request was then put forward for information as to 
whether, in considering a revision of the horse-power 
rating formula, a 20 per cent. reduction in the revenue — 
now obtained from motor cycles and vehicles taxed on 
a horse-power basis might be aimed at. To this Col. 
Moore-Brabazon replied that when a reduction in 
taxation was possible, the class of vehicles referred to, 
up to and including those of 25 h.p., should be regarded 
as having the first claim to a reduction in taxation up to 
20 per cent. He could not hold out any hope of an 
early reduction in taxation, but the Committee, in- 
considering the revision of the horse-power formula 
might. frame their proposals on the basis of the above 
recommendation, which was that of the Departmental 
Committee on the Taxation and Regulation of Road — 
Vehicles. : ; : = 
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NOTES FROM THE NORTH. 
Guasaow, 

Scottish Steel Trades.—The state of Wet oocel bade of 
Scotland is not very cheery at the moment and little 
movement is now expected this year. Producers are all 
looking forward to January in anticipation of a buying 
movement coming on then, but it is very doubtful if 
such will take place, as it is most probable that any 
improvement in trade will be gradual and such expansion 
will be more satisfactory in every way. When it comes 
. . I 
meantime there is great difficulty in securing speahiabras 
for plates and sections, and mills are not being constantly 
employed. Makers of black sheets, both the light gauges 
and the galvanised sorts, continue busy, and although 
the bookings have not been so heavy of late, the tonnage 
on order is considerable. The future is being looked 
forward to with some confidence, as some markets are 
very bare of supplies. There is not much demand for the 
heavier gauges, and plant is intermittently employed. 
Prices all round keep steady and the following are the 
market quotations :—Boiler plates, 13/. per ton; ship- 
plates, 91. 15s. per ton; sections, 97. 10s, per ton; and 
sheets, (; to } in., 127. per ton, all delivered Glasgow 
stations, 


Malleable Iron Trade.—There has been no change for 
the better in the position of things in the West of Scotland 
malleable-iron trade and new business is still very scarce. 
In the re-rolled steel branch of the industry much difficulty 
is being experienced in picking up orders, and keen cuts 
have to be made to secure almost anything. The quota- 
tion for “‘ Crown” bars is unchanged at 12/. per ton, 
delivered Glasgow stations. 


Scottish Pig-iron Trade.—In the Scottish pig-iron trade 
the amount of fresh business passing is not very heavy, 
but the demand shows signs of improving. While the 
output is limited the stocks on hand can meet the current 
demands and still leave something over. It is fully 
anticipated that the beginning of the new year will 
witness a larger turnover. The home trade is not 
placing many orders at present, and quite a lot of the 
tonnage booked recently was merely for covering purposes, 
Prices are steady and are quoted as under :—Hematite, 
41. 15s. per ton, delivered at the steel works; foundry, 
iron, No. 1, 4l. 15s. per ton, and No. 3, 4/. 10s. per ton, 
both on trucks at makers’ yards. 


Scottish Pig-Iron Shipments.—The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, December 6, amounted to 2,345 
tons. Of that total 2,245 tons went overseas and 
100 tons coastwise. For the corresponding week of 
last year the figures were 682 tons to foreign destinations 
and 142 tons coastwise, making a total shipment of 
824 tons. 


Large Contract for Glasgow.—The Glasgow firm of 
Messrs. Duncan, Stewart and Co., Limited, engineers, 
has secured a large contract, amounting to about one 
million pounds sterling, for two new beet-sugar factories 
in England. These two refineries, which will cost about 
500,000/. each, are to be built at Kidderminster and 
Spalding, and will be similar to the one the firm has 
erected this year at Nottingham for the same owners. 
It is anticipated that by September next the new fac- 
tories will be ready to make white refined sugar. The 
bulk of the machinery will be manufactured in this 
country at the firm’s works, and is estimated at about 
90 per cent. of the total. The buildings will be steel- 
framed. The chairman of the sugar concern is Lord Weir, 
and Lord Invernairn, Sir John Baird, and Sir Ernest 
Jardine are directors, while the managing director is 
Mr. Talbot-Crosbie, Mosely, Kidderminster. 


Clyde Shipbuilding.—Messrs. D. and W. Henderson 
and Co., Meadowside, Partick, have secured three new 
contracts as follow :—One is a cargo steamer of about 
8,000 tons deadweight for Messrs. Maclay and McIntyre, 
Glasgow, while the others are two cargo steamers for the 
Southern Railway Company. These latter vessels are 
to be similar to the two steamers Tonbridge and Minster, 
which Messrs. D. and W. Henderson built recently for 
the same owners. Messrs. Harland and Wolff, Govan, 
have received orders from Messrs. Elder, Dempster 
and Co. to build six barges for employment on the firm’s 
West African manganese-ore trade. 


BULLETIN oF THE ASSOCTATION TECHNIQUE MARITIME 
br AERONAUTIQUE—The 28th bulletin of this important 
French Association, which has just been issued, contain 
a full report of the Session held in June last reprinting 
the papers in full, together with the discussions on them. 
The papers relate to naval architecture and marine 
engineering as applied to warships and merchant vessels, 
and several of them deal with aeronautical subjects. 
A report of the last general meeting of the Association 
The volume is obtainable from the offices 
of the Association, 7, Rue de Madrid, Paris; price 64 
francs, post free. 


_Atpum oF British Arrcrarr.—aA recent special 
issue of our contemporary The Aeroplane takes the 


form of an album of illustrations of aircraft of the 


heavier-than-air type constructed by British manu- 
facturers. Attractive’ photographs, representing the 
best products of each firm, have been reproduced by a 
photogravure process in order to show that the machines 
selected are of good appearance as well as of high 
efficiency. In most cases full-page illustrations, measur- 
ing 10 in. by 6} in., are given, and the illustrations are 
usually accompanied by specifications and other ex- 
planatory matter. The album, which contains 64 pp., 
is published by the Aeroplane and General Publishing 
Company, Limited, 14, Bream’s Buildings, London, 
E.C.4, and its price is 2s. 6d. 


; 
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NOTICES OF MEETINGS. 


Tue Instirution or Mercuanican ENGINEERS.— 
To-night, at 7 p.m., at Storey’s Gate, S.W. 1. Informal 
Meeting. ‘‘ Boiler House Control Apparatus,” by Mr. 
R. 8S. Whipple. Monday, December 15, at 7 p.m., 
Graduates’ Meeting. ‘‘ Some Aspects of Works Manage- 
ment, with a View to Cutting Costs of Production,” by 
Mr. E. Gordon Davies, B.Sc. Friday, December 19, at 
6 p.m. General Meeting. Second Report of the Wire 
Ropes Research Committee. 


THe Junior Institution or ENnarinpErs.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W. 1. ‘‘ Fluid 
Transmission Gears,” by Mr. H. G. Bouly. Friday, 
December. 19, at 7.30 p.m. Lecture: “‘ Aircraft in Japan 
—Preceded by a Few Experiences of the King’s Cup 
Race, 1924,’’ by Colonel the Master of Semphill. 


Tse Instrturion or Propuction ENGINEERS.— 
To-night at 7.30 p.m., at the Engineers’ Club, Coventry 
Street, W. 1. ‘‘ Heavy Machine Tools,” by Mr. C. D. 
Andrew. 


Tue Norrx or Eneuanp Iystirure or MINING AND 
MecHantoaL ENGInnrERS.—Saturday, December 13, at 
2.30 p.m., in the Lecture Theatre of the Institute, New- 
castle-upon-Tyne. ‘‘ The Choice of an Efficient Fan or 
Ventilator for a Mine,” by Mr. Joseph Parker, B.Sc. ; 
“*The Application of Airscrews to Mine Ventilation,” by 
Mr. F. A. Steart (communicated by Professor Henry 
Briggs, Ph.D., D.Sc.); ‘‘ An Experimental Study of Fan 
Evasées,”’ by Professor Henry Briggs, Ph.D., D.Se., and 
Mr. J. N. Williamson, B.Sc. 


Tue Mintne Institute or Scornanp.—Saturday, 
December 13, at 3 p.m., at the Royal Technical College, 
George-street, Glasgow. Discussion on (a) ‘‘ Some Uses 
of Hydraulic Stowing,” by Mr. Richard Kirkby; (0) 
“Some Problems of Indian Coal Mining,” by Professor 
D. Penman, D.Se.; (¢) “‘ Problems of Mechanical Coal 
Mining,” by Mr. Sam Mavor; (d) “ Experiments on the 
Flow of Air in Mines,” by Professor D. Penman, D.Sc., 
and Mr. J. 8S. Penman, B.Se.; (e) ‘‘ Efficiency of Safety 
Lamps,”’ by Messrs. James Cooper and D. Davidson. 


Tue British CoLD STORAGE AND IcE ASSOCIATION.— 
Monday, December 15, at 5.30 p.m., at the Engineers’ 
Club, Coventry-street, W. 1. ‘‘ Heat Transmission,” 
by Mr. A. G. Clausen. 


Tue INstiruTIoN oF Cryin ENGINEERS : NEWCASTLE- 
UPON-TyNE AssocraTiIon.—Monday, December 15, at 
7.30 p.m., in the Lecture Theatre of the Mining Institute, 
Neville Hall, Newcastle-upon-Tyne. ‘‘ Main Drainage 
of the Heaton and Walker Districts of Newcastle-upon- 
Tyne,” by Mr. P. G. Pattison. 


THE BraprorD ENGINEERING Socrety.—Monday, 
December 15, at 7.30 p.m., at the Bradford Technical 
College. Lecture: ‘‘ Water Purification,” by Mr. H. W. 
Coulson. 


Tue InstirurE or TRANsPoRT.—Tuesday, Decem- 
ber 16, at 5.30p.m., at the Institution of Electrical 
Engineers, Victoria Embankment, W.C. 2. Lecture— 
«Considerations Affecting Running Costs of Modern 
Commercial Road Vehicles,’’ by Mr. H. B. Osler. 


Tue InstrruTIon or Cryin Enarverrs.—Tuesday, 
December 16, at 6 p.m., at Great George-street, S.W. 1. 
Ordinary Meeting. Paper to be submitted for discussion : 
“Report on the Measurement of the Pressure of the 
Wind on Structures,” by Mr. Thomas Ernest Stanton, 
D.Se., F.R.S., M.Inst.C.E. Wednesday, December 17, 
at 6 p.m. Students’ Meeting. Paper: ‘‘ Mangahao 
Hydro-Electric Power Station,’ by Mr. Harold Charles 
Reeves, B.Sc. 


Tue ILLUMINATING ENGINEERING Socipry.—Tuesday, 
December 16, at 7 p.m., at the Lighting Service Bureau, 
15, Savoy-street, Strand, W.C. 2. ‘* Further Particulars 
and Demonstrations of Recent Advances in Electric 
Lamps and Lighting Appliances, based on the Report 
presented at the Opening Meeting on November 18 (with 
Special Reference to Shop-Window Lighting).” 


Tue Socimry or Guass TEcHNoLOGY.—Wednesday, 
December 17, at 2.30 p.m., in the Physical Chemistry 
Theatre, University College, Gower-street, W.C. 1. 
Special General Meeting. To consider Revised Constitu- 
tion and Rules. Ordinary Meeting. ‘‘Some Notes on 
Standard Burettes,” by Mr. H. V..E. Renn. Discussion 
of: (a) ‘“ Alumina-Silica Minerals in Glasshouse Pots 
and Tank Blocks,” by Mr. W. J. Rees, B.Sc., F.1.C. ; 
(b) “ The Present Position of the Glass Industry in North 
America,” by Professor W. EH. 8. Turner, DiScx-s (Ga ok 
Striking Instance of Fireclay Corrosion through the 
Action of Saltcake,”’ by Professor W. E, 8. Turner, D.Sc. 


Tue Royat MrerroroLocicaL Socirry.—Wednesday, 
December 17, at 5 p.m., at 49, Cromwell-road, South 
Kensington, 8.W. 7. ‘‘ The Problem of Warm Polar 
Climates,” by Mr. C. E. P. Brooks, M.Sc. ‘* Winds and 
Temperature in a Dry Atmosphere,” by Sir Napier 
Shaw, F.R.S. 

Tur Newcomen Society.—Wednesday, December 17, 
at 5.30 p.m., in Prince Henry’s Room, 17, Fleet-street, 
B.C. 4. ‘*The Development of the Cylinder Boring 
Machine,” by Mr. E. A. Forward. \ 


Tur Rapro Society or GREAT Brirarn.—Wednesday, 
December 17, at 6 p.m., at the Institution of Electrical 
Engineers, Victoria-embankment, W.C. 2. Lecture: 
‘““ Photo-Electrics,”” by Mr. C. F. Elwell, M.I.E.E. 


Ture ASSOCIATION OF ENGINEERING AND SHIPBUILDING 
DRAUGHTSMEN, BIRMINGHAM AREA.—Wednesday, De- 
cember 17, at 7.30 p.m., at the Queen’s College, Paradise- 
street, Birmingham. Lecture: “ The Design of High- 
Speed Alternating Current Generators,” by Mr. W. Sharp. 


Tur INstiruTion oF WELDING ENGINEERS.—Wednes- 
day, December 17, at 8p.m., at Caxton Hall, West- 
minster, S.W.1. ‘Thermit Welding,’ by Mr. Cecil 
Leigh, F.I.C., and Mr. Alfred Scott, M.I.Mech.B. 


Tue INstTITUTION oF CrviL ENGINEERS : BIRMINGHAM 
AND District Assoctation.—Thursday, December 18, 
at 6 p.m., at the Chamber of Commerce, Birmingham. 
“Contract Arrangements for Laying Reinforced Concrete 
Foundations in Tilbury, Housing Scheme,” by Mr. A. 
Muir White. 


THe InstirvuTIon or ELEcTRIcAL ENGINEERS.— 
Thursday, December 18, at 6 p.m., at Savoy Place, 
Victoria-embankment, W.C. 2. Ordinary Meeting. 
** Speeding up the Telegraphs: a Forecast of the New 
Telegraphy,”’ by Mr. Donald Murray. 


Tae Nortu-Hast Coast INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS.—Friday, December 19, at 7.30 p.m., 
at Bolbec Hall, Newcastle-upon-Tyne. ‘Theory of 
Longitudinal Bending of Ships,” by Mr. J. Lockwood 
Taylor, B.Sc. 


NOTES FROM THE SOUTH-WEST. 


Carpirr, Wednesday. 

The Coal Trade.—To-day it was definitely announced on 
the Cardiff Coal Exchange that the Egyptian State Rail- 
ways had allocated their orders for the delivery of 200,000 
tons of Monmouthshire and second Admiralty large coals 
delivered c.i.f. at Alexandria over the first five months 
of next year. The order has been split up between 
two firms, Messrs. Watts Watts & Co. Limited, Cardiff, 
securing 150,000 tons at 34s. 1ld. and Messrs. Wm. 
Milburn and Co., Newcastle, 50,000 tons at 34s. 8d. 
Meanwhile the coal market generally has developed a 
steadier feeling and some of the idle pits have been 
restarted. Contractors are lifting the balances of this 
year’s contracts with the result that the quantity of coal 
coming on to the market has been restricted, and salesmen 
have been able to hold out more firmly for their prices 
which are on the basis of 27s. 6d. to 28s. for best Admiralty 
large, 23s. to 25s. for Monmouthshires and 12s. and 17s. 
for ‘smalls, according to quality. Official returns have 
now been issued by the Mines Department of the Board 
of Trade relating to the output, cost of production, pro- 
ceeds and profits of the mining industry in the quarter 
ended June last. The return is of particular interest as 
it includes two months working under the new wages 
agreement which has resulted in the closing down of so 
many pits. So far as South Wales is concerned it is 
shown that the output was reduced from 12,444,480 tons 
in the first’ quarter of this year to 11,546,880 tons in the 
second quarter, and that the quantity commercially 
disposed of was lowered from 12,430,106 tons to 11,364,946 
tons. The average price secured was also reduced from 
21s. 10°66d. per ton to 21s. 5-83d., but the net cost of 
production was increased from 19s. 8-42d. per ton to 
20s. 11-38d. which resulted in a reduction in profits from 
2s, 2-24d. to 6-45d. per ton. The following comparison 
of production in the two quarters will be interesting :— 


Quarter ended 


March. June. 
Per ton. Per ton. 
a d, Ss. d. 
Wages 13 2:59 14 4-18 
Stores, ete. 3 mae 2 9-85 2-10-21 
Management, salaries, 
repairs, ete. 3 0-49 oe 66 
Welfare Fund 0 1-10 0 1-09 
Royalties 0 8-82 0 8-45 


The number of persons employed was reduced from 
225,464 to 221,580, and the shifts worked from 15,377,131 
to 14,473,659, while those lost, which could have been 
worked, were lowered from 1,336,438 to 1,184,765. The 
output per man per shift was reduced from 16-19 ewts. to 
15:96 cwts. and the earnings increased from 9s. 9-14d. 
per ton to 10s. 5-84d. 


Tron and Steel Trades.—Exports of iron and steel goods 
from South Wales were reduced from 15,628 tons to 
13,781 tons in the past week. Of the total, tinplates 
amounted to 5,127 tons against 9,111 tons, blackplates 
and sheets to 3,377 tons against 2,267 tons, galvanized 
sheets to 2,132 tons against 3,055 tons, and other iron 
and steel goods to 3,145 tons against 1,195 tons. The 
question as to whether the tinplate stabilisation scheme 
is to be continued for another twelve months is to be 
discussed by tinplate manufacturers this week. The 
minimum price of tinplates at present is 23s. 6d. per box. 


Power AtcoHoL rRom SucaR BeET.—We understand 
that a deputation from the British Power Alcohol 
Association, a body affiliated to the British Empire 
Producers’ Association, has been received by the Minister 
of Agriculture. The deputation urged that the proposed 
subsidy of 19s. 6d. per ewt. on sugar produced from beet 
grown in this country, should be extended to the sugar 
content of beet used for the production of power alcohol, 
the chief points made being the importance of the beet 
crop to the agricultural industry and the need for an 
alternative to petrol as a motor fuel. It was pointed 
out that foreign countries were initiating large schemes 
for the development of power alcohol, the United States 
being included among the number in spite of the fact 
that the largest supplies of petrol were in the possession 
of that country. Expert opinion was also quoted to the 
effect that if the cost for beet were just sufficient to make 
the sugar industry pay its way at the present price for 
sugar, power alcohol could easily compete with petrol 
at the average post-war price. It was suggested, how- 
ever, that the diminution of supplies, coupled with the 
anticipated increase in demand, was likely to lead to 
higher prices for petrol in the future. 
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HAULAGE ENGINE FOR THE PENANG HILLS RAILWAY. 


CONSTRUCTED BY MESSRS. ROBEY AND CO., LIMITED, ENGINEERS, LINCOLN. 


(For Description, see Page 789.) 


Fig. 77. View FRoM COUNTER-SHEAVE END 


Fie. 78. ViEw From Drivina PLATFORM SIDE. 
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MOTOR VEHICLE SUSPENSION 
SYSTEMS. 


Every branch of engineering work has problems 
peculiar to itself, and in the case of automobile 
engineering one of the most difficult of these is the 
question of suspension. The factors involved in a 
solution of this question are exceptionally complex, 
and can never be completely expressed mathematic- 
ally, since one of the fundamental elements—the form 
of the road surface, is infinitely variable. Even 
though it were possible to obtain a mathematical 
expression to cover the more commonly occurring 
road faults, such as an isolated pot hole or an 
approximately regular wave formation, the normal 
suspension system of a car is so complex that an 
equation expressing all the variables takes the form 
of a bi-quadratic with four imaginary roots. It 
has been found by a system of trial and error that 
the most satisfactory suspension is a system con- 
taining either two or three vibratory elements with 
a single resultant periodicity. In the simplest 
case the car body is mounted on two springs in 
series, the tyre and the spring proper, at each end, 
and if the car is fitted with a shock absorber of the 
helical spring type in addition, the rear suspension 
consists of three springs in series. Of these, only 
the shock absorber spring gives rise to simple 
harmonic motion, as both the leaf springs and tyres 
contain a damping element, and additional dampers, 
in the form of friction shock absorbers, are frequently 
fitted to both the front and rear springs. Finally, 
if the problem is considered from the point of view of 
the passenger rather than the body, a still further 
complication is introduced by the springs contained 
within the cushions. It is not surprising that under 
these circumstances car designers have preferred 
to arrive at spring and tyre proportions by a system 


of trial and error rather than by attempting to reach 
the correct dimensions by calculation, and it is not 
casting any reflection on such designers if we state 
that very few of them would be capable of following 
the mathematical consideration of the simplest case 
that could be stated. 

Although it is clear that the final solution must 
always come from the experimenter in such a case 
as this, it is a mistake to assume that no good 
result can ensue from mathematical investigation, 
as the latter may frequently serve as a broad guide 
to the direction in which experimental work may be 
carried out to the greatest advantage. The most 
profitable results are likely to ensue from a sym- 
pathetic liaison between the mathematician and 
the experimenter. There are two ways in which 
a mathematical problem which is incapable of 
complete solution may be dealt with, the first being 
to make certain assumptions which render the 
problem as a whole amenable to treatment, while 
the second is to deal more completely with each part 
of the question separately, without attempting to 
retain the mutual dependency of the various factors. 
Both these methods are capable of yielding useful 
results so long as it is realised that the solutions are 
subject to the same limitations as the original 
statement of the problem. The advantages of 
mathematical investigation within recognised limits 
is clearly brought out in two papers which have 
been read recently before the Institution of Auto- 
mobile Engineers. The first of these, entitled 
“Principles of Vehicle Suspension,” was read by 
Mr. H. 8. Rowell last session, and in this paper the 
suspension system is considered as a whole. The 
assumptions that are made to simplify the mathe- 
matical treatment are clearly stated, and there is 
no doubt that the results obtained. if given the 
reasonable interpretation that we have suggested, 
will be of considerable service to the designer. The 
second paper to which we have referred is that read 
last Tuesday by Mr. A. Healey on “The Tyre as 
part of the Suspension System,” and this paper 
offers an example of the more complete investigation 
of one particular part of the suspension problem. 
Particular attention has been directed to the tyre 
problem recently by the extensive adoption of 
balloon in place of high pressure tyres, and the 
reasons underlying the change over are little under- 
stood, either by the motoring public in general, or 
by engineers in particular. Mr. Healey’s paper 
thus appears at an opportune moment. Apart 
from a consideration of the tyre as a unit in the 
suspension system, the author throws an interesting 
light on several considerations arising in relation 
to the tyres, and makes a number of important 
deductions which should be helpful alike to the 
designer and to the user. The reason for the 
superior tractive qualities of low pressure tyres 1s 
clearly explained, and that for the superiority of a 
broken tread over a plain one on a surface which is 
liable to. produce skids, is also dealt with. Among 
other very practical deductions, it is shown that 
unless the low pressure air in the case of a balloon 
tyre is confined in an appropriately small casing it 
has no advantage over high pressure air, and that 
it is quite futile to change over to a larger tyre and 
depend on the lower inflation pressure (per se) to 
give additional comfort. 

The average motorist is mainly interested in the 
tyre question from the point of view of comfort, 
and assuming that he can obtain an improvement 
in this respect by changing his existing tyres for 
others, he is interested in knowing what relation the 
increased comfort obtained will bear to his running 
costs. The question of the form of motion which 
constitutes comfort or otherwise is one for the 
physiologist, and it is doubtful whether such a 
conception can ever be expressed in mathematical 
terms, as it appears not only to vary with the indi- 
vidual, but also to some extent to be a matter of 
usage in any particular case. As an example, it is 
generally found that when a person has become 
used to any particular driving position, he feels 
that all other positions are relatively uncomfort- 
able. There is fairly general agreement, however, 
that, as regards imposed motions, the two main 
sources of discomfort in acar arise from anything in 
the nature of jarring, or of pitching with a frequency 
either above or below fairly well-defined limits. 
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Mr. Healey deals with both these points in some de- 
tail, and this will no doubt be regarded by many as 
the most interesting part of his paper for the reasons 
that we have already stated. Jarring is defined as 
a momentarily high acceleration, independent of 
the amplitude of the movement, and this defini- 
tion is generally accepted within the limits of the 
movements imposed upon a person riding in a 
vehicle. Two sets of curves are given in the paper 
showing the actual vertical movement of a car body 
when being driven over a transverse rut in an other- 
wise good road surface, the records being obtained 
with an instrument of the seismograph type. The 
two sets of curves were taken on a vehicle fitted 
with ordinary and balloon tyres respectively, and 
bring out the striking result that whereas the actual 
displacement was approximately twice as great 
with the low pressure tyres, the acceleration was 
approximately half that obtained with the ordinary 
tyres. 

As we have already stated, it is extremely difficult, 
if not actually impossible, to determine the natural 
period of a car body from theoretical considera- 
tions, as it is in this investigation that natural 
frequencies and damping factors of all the units in 
the suspensiou system enter. Fortunately, the 
actual determination of the pitching period in any 
given case offers no difficulties, and the effect on 
this period, of substituting low pressure for ordinary 
tyres, can be studied from actual examples. The 
general effect of the larger tyres is to lower the period 
of vibration, and this may have the effect of either 
increasing or decreasing comfort, depending upon 
whether the natural period of vibration in the case 
of the original tyres was near to the maximum or 
to the minimum limit of comfort. The author 
points out a further interesting effect that results 
from the change of tyre. When the car body is pitch- 
ing the axle is executing a corresponding vibration 
of smaller amplitude, and the efiect of the softer 
tyres will be to increase the axle movement and to 
reduce the spring deflection. As the damping 
coefficient is much larger in the case of the springs 
than in that of the tyres, the damping efiect as a 
whole is reduced, and the pitching perseveres for a 
longer period. 

The question of the relative economy of balloon 
and high pressure tyres is not dealt with in the 
paper, and it is probable that it can only be deduced 
as a result of extended experience of the two types. 
The author quotes experimental results showing 
that the low pressure tyre consumes more power on 
both rough and smooth roads, but this is only one 
item in the comparison of costs. Others are the 
relative first cost of the tyres themselves, the life 
of the two types, and the probable reduction in 
maintenance charges of mechanical parts due to the 
reduction in the inertia forces to which they are 
subject. 


IRON AND STEEL SCRAP. 


THE working up of scrap in open-hearth steel 
manufacture dates from the introduction of the 
open-hearth furnace. It started first in the acid 
type of furnace, about fifty years ago, and has 
continued since to form an important proportion of 
the charge of the basic furnace also, one main 
difference being, as is well known, the latitude given 
in the percentage of phosphorus in the material 
forming the original charge in the basic furnace. 
Since scrap has formed from the very commence- 
ment one of the essential elements in the making up 
of an open-hearth furnace charge, it is somewhat 
surprising to find that there should be any necessity 
for a reminder to the effect that ‘‘ scrap is not just 
scrap, but a by-product of the several manufacturing 
industries and of the country as a whole. As such, 
it should be properly ‘ fractionated ’ and, sent to its 
appropriate reservoir.” 

The statement we have here quoted is contained 
in a paper on “ Iron and Steel Scrap,” by Mr. E. J. 
Lowry, read before the American Iron and Steel 
Institute, at New York, on October 24. The paper 
sets forth in detail the evils attendant upon the 
indiscriminate use of scrap. Amongst the evils to 
which attention is drawn are those traceable to 
sulphur, an element which is liable to be added to 
the metallic bath following the use of scrapped boiler 
tubes having lime and sulphate incrustations, or 


motor-car tyre rims to which parts of the rubber 
tyre fabric still adheres. 
chromium, nickel, copper and other alloys leads to 
increased cost in working the heat, or produces red 
shortness, or, again, gives a poor finishing surface to 
the steel produced. Further, scrap heavily rusted, 
or burnt scrap is not an economical material to use, 
dirty scrap also adds to the cost of steel manu- 
facture. 
trouble in other directions. 
prejudicial effects which follow the use of the wrong 
class of scrap, or of inferior scrap, in the open-hearth 
furnace, and one object of Mr. Lowry’s paper is to 


for sale may be said to be of greater value than the 
ordinary run of steel scrap, and dealers are most 
probably sufficiently aware of the higher price it 


seller. 
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Steel scrap containing 


Galvanised and tinned scrap causes 


Such are some of the 


“enlighten the consumer, the producer and the 


seller of iron and steel scrap” in this matter. 


Another statement of the author’s is to the effect 


that the largest proportion of the scrap used for the 
making of new steel proceeds from the steel mills 
themselves ; 
therefore, not one which 
in any way. The figures the author gives in this 
connection are interesting to record. The total 
annual tonnage of scrap produced in the United 


the scrap difficulty alluded to is, 
concerns those mills 


States, taking ten-year averages, amounts to 


25,000,000 tons ; of this quantity, 13,000,000 tons 
remain within the confines of the steel mills them- 
selves for remelting purposes, whilst 12,000,000 tons, 
consisting of railway, industrial, motor-car and 


country scrap, with a relatively small quantity of 


imported material. constitute the quantity which 
appears annually on the market. 


The major part of the alloy steel scrap available 


commands to set it apart to be disposed of to 
advantage. In regard to the highly-corroded scrap 


and that which contains extraneous substances, 
such as sand, earth or cement, this is frequently met 


with in deliveries of old railway material, pot 
sleepers, tramway rails, &c. When this class of 


scrap is offered the dealer generally stipulates that 


he will listen to no complaint concerning it when 
once the sale is effected, a stipulation which implies, 
as a matter of course, that the scrap is not above 


suspicion from the point of view of its cleanness, and 


one that should act as a warning to the prospective 
purchaser. In practice, information as to the 
purity of scrap is not always essential to the 
The consumer, in other words, the steel- 
maker, can be trusted to use the right article. 
The risk, as far as he is concerned, lies in the 
possibility of a proportion of unsuitable material 
finding its way into a charge, but in well-con- 
ducted steelworks this risk is generally negligible. 
In regard to the producer, if his industries yield as a 
by-product iron, ordinary steel, and alloy steel 
scrap, he can be relied upon so to “ fractionate ”’ 
it that he may obtain for the better sort the higher 
price quoted in the market. 

One of the objects of the paper is to advocate a 
new and more concrete specification covering the 
different grades of scrap utilised in the steel and 
iron industries of the United States. since the speci- 
fications now in force no longer meet present-day 
requirements. It is difficult for us to enter into this 
question of classification as it appears to apply to 
that country’s practice exclusively. IJts main object 
is an economical one, to point out that “ the increas- 
ing use of scrap in the iron and steel industry pro- 
motes the conservation of our natural resources ; 
every ton of scrap utilised in the manufacture of 
steel saves for posterity a definite amount of raw 
material which will remain as our legacy to future 
generations.” The 25,000,000 tons of scrap shown 
anbe available in the United States per annum, 
calculated on ten years’ averages, do not appear to 
include any old warship scrap ; the author through- 
out his paper makes no mention of this important 
“source”; it would yield scrap of a high quality, 
and clean, while a proportion of it would be directly 
serviceable without remelting. Several of these 
warships have been sunk at sea in target practice or 
otherwise, instead of being broken up. 

A very serious loss to the industry of the whole 
world is that connected with the tinplate industry. 
The manufacture of tinplate year by year for use in 
food preservation alone absorbs an amount of steel 
which in some instances is comparable with and in 
others superior to that consumed in stzel products 


which are very much heavier, indeed, per unit 
article. Practically the whole of this tinplate is 
valueless when once it has served its original 
purpose ; both the tin used in its manufacture and 
the steel sheet become waste material. 
an economical means of effectively dealing with 
all this material is forthcoming, the resultant 
saving 
to the 
salved 
tinned 
dance, 
hearth furnace, the tin affecting the qualities of the 
steel, as stated by the author. 
amount of de-tinned scrap has a deleterious effect on 
steel, as was pointed out by Messrs. Whiteley and 
Braithwaite in a paper they recently read before 
the Iron and Steel Institute. 
at least the scrap problem is a very compli- 
cated one. 


When 


will be found to be out of all proportion 
seeming insignificance of the articles thus 
for further utilisation. Unfortunately, 
scrap. of which there is such an abun- 
cannot be utilised as such in the open- 


Even a certain 


In this connection 


THE ITALIAN NAVAL MANCEUVRES. 
Tr has only recently been possible to collect details 


of the naval manceuvres which were carried out in 
the Central Mediterranean by the Italian Navy, 
during the autumn of this year. 
problem was to test how far communications could 


The strategical 


be maintained between Italy and North Africa, in 


the teeth of opposition from an opponent roughly 
equal in strength. The details were as follows: An 
~attacking, or red, force, consisting of two battleships, 
thresh cruisers, thirteen destroyers and about 
six submarines was assembled at Port Empedocle, 
in Southern Sicily ; a defending force, of practically 
the same strength, though weaker in destroyers and 


submarines, was assembled at Port Augusta, and a 
convoy of six merchant vessels was collected at 
Tobruk in Cyrenaica. The business of the “ blue” 
force, under Admiral Lovatelli, was to meet the. 
convoy, and bring it safely to Syracuse ; and of the 
“red? force, under Admiral Conz, to stop them 
from doing so. 
The manceuvres started at midnight on August 21 ; 
and the opposing Admirals made the following dis- 


positions : (1) Admiral Lovatelli ordered the convoy 
to leave as soon as manceuyres began, and to steer 
for 300 miles in the direction of Zante. 


He arranged 
that it should be met at sea, during the 21st, by a 
flotilla leader and four destroyers ; and, during the 


following day, by himself and the battleships. 


Admiral Lovatelli posted one detachment of sub- 
marines off Zante, with orders to attack all vessels 
which attempted to use the west coast of Greece 
for re-fuelling ; and another in the Malta channel, 
with orders to attack his opponent as he took his 
fleet through it. (2) Admiral Conz detached one 
submarine off Tobruk—the convoy’s port of depar- 
ture—placed a light cruiser between Crete and Cape 
Matapan, to report the convoy if it made a detour 
round Eastern Crete; and sent a division of 
destroyers to patrol south of Malta. 

Both admirals sailed as soon as the manceuvres 
began: Admiral Lovatelli for his convoy rendez- 
vous : Admiral Conz for a point about 100 miles to 
the north-west of Benghazi. The movements of the 
“blue” fleet and its convoy were simply those of 
the original plan: the junction was efiected at 
10 a.m. on the 22nd at the point selected ; after 
which the force steered north-west towards Zante 
until 8 p.m., and then made for Syracuse, which it 
reached on the 25th. It remains to be seen how 
Admiral Conz missed the objective assigned to him. 

The submarine off Tobruk sighted the conyoy 
when it sailed, and after dogging it for some way, 
reported its course and speed during the early hours 
of the 22nd to Admiral Conz, who was then some. 
two hundred miles to the south-east of Malta. He 
continued his course towards Benghazi until the 
report was confirmed and, at 8 o’clock, being 
convinced that it was making towards Taranto, 
turned to the north-eastwards to cut it off. In 
this he was nearly successful, for he passed very 
close astern of it during the night of the 22nd, 
about twelve hours after it had joined up with 
Admiral Lovatelli; and about two hours after it 
had turned westwards for Syracuse. Admiral 
Conz was, however, unaware of his opponent's 
presence and held on for Zante where he fuelled. 
His fleet was, however, so harassed by the sub- 
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submarines which “Admiral Lovatelli_ had “placed | 


there that he got under way again at 8 a.m. on the 
23rd, and divided his fleet over three lines of search 
spread out towards the gulf of Taranto. Naturally, 
these detachments found nothing, as the “ blue ”’ 
fieet was making for Syracuse. Admiral Lovatelli 
reached Syracuse during the early morning of the 
25th ; but not without loss ; for 10 miles off the 
harbour mouth one of his battleships was success- 
fully attacked by a submarine. The result of these 
exercises was, therefore, that communication was 
successfully maintained between Southern Italy 
and North Africa and that the attempt to disturb 
it failed. Can it, however, be said, that the 
manceuvres prove absolutely that Italy’s sea com- 
munications with the eastern Mediterranean are 
secure against an attack from an adversary.of ap- 
proximately equal strength? Hardly; and for 
the following reasons. 

The supposition behind the exercises was obvi- 
ously that France and Italy were at war ; and that 
Italy was attempting to keep her communications 
with the Black Sea and Suez open. Now if these 
two countries were actually at war, it is probable 
that Italy would be able to get coal and iron from 
Central Europe across her land frontiers ; but her 
supplies of oil and corn from Southern Russia and 
Rumania, would have to be carried in convoys 
sailing at regular intervals. It would be quite 
impossible for either side to protect, or attack, 
the weekly convoys from the eastern Mediter- 
ranean with their whole naval forces; and the 
operations would of necessity be carried out on 
quite a different plan from the one which formed the 
basis of the recent manceuvres. The French would 
obviously try to maintain very strong cordons of 
submarines in the Greek islands and to the south 
of Crete; and would reinforce them at critical 
times by cruiser raids. The main fleets could 
hardly be expected to put to sea every time an 
Italian convoy sailed. If, therefore, the Italian 
staff had wished to devise an exercise which really 
represented the strategical problem of defending 
the country’s overseas supplies, they should have 
given Admiral Lovatelli the duty of protecting at 
least four convoys sailing successively, and at 
regular intervals from more than one neutral 
harbour. A spasmodic operation like the one 
described predicates a return to eighteenth century 
conditions, when convoys sailed once or twice a 
year. Modern commerce is fluid, and perpetually 
moving ; and methods of defending and attacking 
oceanic trade routes have altered accordingly. 


THE SMITHFIELD SHOW. 


THE Smithfield Club Show, which is popularly 
associated with the exhibition of the fat cattle 
‘dedicated to Christmas festivities, has also been for 
many years a recognised occasion for the display of 
agricultural machinery and implements. It is well 
that this should be so because, not only do the manu- 
facturers bring their products under the eyes of 
practical agriculturalists, but an opportunity at the 
same time is offered to the merchants and exporters 
of the Metropolis to inspect the various machines 
with the least expenditure of time and trouble. 
‘The show, which opened last Monday at the Royal 
Agricultural Hall, Islington, and closes to-day, is the 
124th of the series, and differs in no essential respect 
from the Smithfield Shows of many years past. The 
cattle, sheep and pigs change as individuals, but the 
types remain, and the same is largely true of the 
machinery exhibits. Certain tendencies of agri- 
cultural machinery have, however, been noticeable 
for some years, and it is possible that a direct 
comparison of the exhibits at Islington this year 
with those of ten or twenty years ago would show a 
‘greater difterence than might at first be thought to 
exist. 

The time is not long past when the portable steam 
engine, consisting of a horizontal open type engine, 
mounted on a locomotive boiler on wheels, was the 
universal source of power for such farmers as had 
their own thrashing tackle. When such tackle 

_ was hired, as it usually was, the motive power was 
Supplied by a traction engine, which also served to 
: haul the thrashing machine, elevator, &c., from farm 
to farm. The traction engine persists, and many 
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examples were to be seen at Islington, notably on 
the stands of Messrs. Marshall Sons and Co., Limited, 
Chas. Burrell and Sons, Limited, Wallis and Stevens, 
Limited, 
William Foster and Co., Limited, and other well- 
known makers of this class of plant, but the portable 
steam engine of the old type seems to have com- 
pletely vanished. 
as the encroachment of the internal-combustion 
engine leaves room for agricultural steam plant, is 
to be found in the 20-35 brake horse-power portable 
engine of the Sentinel Wagon Works, Limited, of 


Clayton and Shuttleworth, Limited, 


A likely successor to it, in so far 


Shrewsbury. This is a combination of the vertical 


boiler of the company with a totally-enclosed steam 
engine, both constituents being similar to those 
employed on the well-known Sentinel steam wagons. 
The parts are mounted on a channel frame with 
wheels, so that the plant can be hauled to where it is 
to be used. The firebox consists of a vertical steel 
cylinder with spiral grooves pressed in the sides. 
The tubes, which are all straight and similar, are 
arranged like the straight lines which can be drawn 
on the surface of a hyperboloid, their ends being 
expanded into the sides of the corrugations. 


The 
whole structure is strong, simple and rigid, the 


tubes can he easily inspected and cleaned when the 
firebox is withdrawn from the boiler shell, and no 


tube joints are exposed to the fire. A competing 


type of portable plant, employing an internal- 


combustion engine, was shown by Messrs. Marshall, 
Sons and Co., Limited, of Gainsborough. The engine 
used was of the firm’s horizontal, two-stroke, hot- 
bulb design, rated at 16 brake horse-power. Any 


crude oil could serve as fuel and the whole plant was 
simple and robust. 


Except for the two engines mentioned we did not 


notice any other portable engine, in the ordinary 
sense of the word, at the show. 


Messrs. Drummond 
Brothers, of Guildford, exhibited their “ Willing 
Worker” oil engine arranged in portable form in 


combination with a saw for outdoor work, and several 


other firms showed small combination sets for 


pumping, &c., which were more or less portable, 


but the place of the simple prime mover of 20 to 
30 brake horse-power on wheels, seems to have been 
largely taken by the agricultural tractor. This, 
however, has not been so much in favour during the 
last few years, as it was during the war when horses 
were dear to buy and to keep, and it may be that 
the portable engine, whether worked by steam or 
oil, will regain some of the ground which it has lost. 
There was not, we believe, a single example of a 
stationary steam engine at the show, but stationary 
oil engines of all sorts and sizes were to be seen. 
Messrs. Blackstone and Co., Limited, of Stamford, 
showed a very nice-looking, single-cylinder, hori- 
zontal engine of their cold-starting, spring-injection 
type, rated at 55 brake horse-power. We illustrated 
a similar engine in connection with the Wembley 
Exhibition, and described in detail the mechanism 
by which the fuel is injected in a manner entirely 
independent of the speed of the engine. Another 
large horizontal, cold-starting engine, rated at 
42 brake horse-power, was shown by Messrs. Ruston 
and Hornsby, Limited, of Lincoln. This also was 
of the airless-injection type, and was guaranteed to 
start at once from the cold condition in any weather 
and to run on the cheapest fuel oils obtainable, 
with a consumption of about 0-42 Ib. of fuel per 
brake horse-power-hour. Messrs. Tangyes, Limited, 
showed a 47 brake horse-power engine of the same 
general type, but with details, of course, of their 
own special design. 

Of other types of fixed oil engine, the two-stroke 
hot-bulb type was represented by a vertical single- 
cylinder engine of 50 brake horse-power on the 
stand of Messrs. Marshall, Sons and Co., Limited, 
while a smaller horizontal engine working on the 
same system was shown by Messrs. Clayton and 
Shuttleworth, Limited, of Lincoln. The smaller 
engines to run on petrol or paraffin, or either, were 
too numerous for individual mention. It is pleasing 
to see that British makers appear to have gained a 
a predominant position in the market for the small 
hopper-type engines, producing a far more attractive 
article than the imported engines which held the 
field almost exclusively a few years ago. Messrs. 
2uston and Hornsby, Limited, Messrs. Bamfords, 
Limited, of Uttoxeter, The Wolseley Sheep Shearing 


the type. 
Messrs. Boulton and Paul, Limited, of Norwich, also 
exhibited a selection of their small engines, combined 


Machine Company, Limited, all showed such engines, 


and many other manufacturers have also developed 
Messrs. Petters, Limited, of Yeovil, and 


in some cases with pumps, dynamos, &c., to make 
self-contained units. 
Cable ploughing tackle was exhibited by Messrs. 


John Fowler and Co., Limited, and Messrs. J. and H. 


McLaren, Limited, both of Leeds. The latter firm 
showed a motor windlass for hauling the plough, 
while Messrs. Fowler showed both steam and motor 
tackle. It is generally recognised that where deep 
cultivation is necessary, especially where land has 
to be broken up on a large scale in new countries, 
the cable system is practically the only means of 
doing the work effectively. The Fowler motor tackle, 
with 70 brake horse-power engines, finds particular 
favour in countries where good water and fuel are 
not readily available, and also where local legislation 
handicaps the use of steam plant by requiring the 
employment of certificated engineers to have charge 
of steam boilers. Messrs. Fowler also showed one 
of their light four-furrow anti-balance ploughs with 
self-cleaning mouldboards and revolving knife 
coulters, suitable for working in conjunction with 
either of the cable engines referred to. This plough 
will cut four furrows 10 in. deep and 14 in. wide at 
each traverse. Other ploughs were to be found 
on the stands of Messrs. J. and F. Howard, Limited, 
of Bedford, Ransomes Sons and Jefferies, Limited, 
Ipswich, Ruston and Hornsby, Limited, 8. C. Darby, 
Wickford, Essex, and others. Messrs. Ransomes, 
Sims and Jefferies, Limited, showed a new imple- 
ment called a“ grass rejuvenator.” In general 
construction it bore a certain resemblance to a 
horse-hoe or cultivator, but the tines were replaced 
with flat metal shoes about 3 in. wide, with up- 
turned fronts. Immediately behind each shoe was a 
knife coulter with adjustment for depth. The pro- 
gress of the shoes would flatten down the grass and 
the coulter following would cut into the turf and 
presumably “ rejuvenate’ it by admitting air and 
moisture to the roots. 

Windmills were exhibited by Messrs. John Wallis, 
Titt and Co., of Warminster. and E. and H. Roberts, 
Limited, of Stony Stratford. Refrigerating machinery _ 
was, as usual, shown in the entrance arcade, all the 
well-known firms in this line, such as Messrs. J. and 
E. Hall, Limited, of Dartford, John Kirkaldy, 
Limited, of 101, Leadenhall-street, E.C.3, Ernest 
West and Beynon, Limited, of Belvedere-road. S8.E.1, 
and others. There was thus an ample variety of 
mechanical refrigeration plant for purchasers to 
select from, and an equal choice of cold storage 
chambers and other apparatus for the preservation 
of perishable foods. 


THE REPAIR OF WATERLOO BRIDGE. 


THE question of the best course to pursue with 
regard to the repair of Waterloo Bridge was con- 
sidered by the London County Council on Tuesday 
last, when a report of the Special Committee on 
Thames Bridges was taken. The Special Committee 
report reviewed recent events which have had a 
bearing on the question, and especially referred to 
a deputation received by them, and fepresenting 
the Society for the Protection of Ancient Buildings. 
This deputation laid great stress upon the national 
importance of preserving Rennie’s bridge, and their 
engineer, Mr. H. H. Dalrymple-Hay, M.Inst.C.E., had 
put forward a scheme by which it was considered 
a “safe, permanent and economical remedy ” was 
provided. In view of the widespread interest 
taken in the repair of the bridge and the preservation 
of its original character, the Special Committee 
deemed it advisable to secure some verdict which 
would command general assent, and to this end 
they suggested that the assistance of the Council of 
the Institution of Civil Engineers might be enlisted 
with a view to considering whether “it would be 
practicable and reasonable to underpin all, or some 
of the piers, so as to render the bridge permanently 
safe and to enable it to be restored to its original 
form.” 

A resolution from which the foregoing words 
are quoted was proposed at the Council meet- 
ing on ‘Tuesday, and, on it being explained 
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that it would involve no delay, since the repairs 
cannot be undertaken before the completion of 
the temporary bridge next summer, the proposal 
was adopted. This step has been taken because 
to use the words of the report, the Council of the 
Institution ‘‘ represents practically the whole of 
the engineering skill and experience in the country.” 
Quite apart from an expression of opinion as to 
how the Council might deal with such a reference, it 
may not be out of place to point out that that body 
represents all branches of engineering, including, 
other than civil and construction work, for instance, 
electrical engineering, shipbuilding, &c., while two 
of its eminent members—Mr. Basil Mott, President, 
and the late Sir Maurice Fitzmaurice, a former 
President—have already, as engineers experienced 
in such works, placed their views before the Council 
in an official consultative capacity. 


THE CARDIFF ENGINEERING 
EXHIBITION. 
(Concluded from page 769.) 

Tue Cardiff Engineering Exhibition, which closed 
on Saturday last, contained many examples of the 
various types of electrical appliances which are used 
extensively in the modern practice of mining. 
Trolleys and other current collectors for haulage 
locomotives were the outstanding examples on the 
stand of Messrs. Brecknell, Munro and Rogers, 
Limited, of Bristol. A spring-controlled .panto- 
eraph-type of collector, suitable either for use in 
main-line electrification or for haulage locomotives, 
was shown, which attracted a great deal of attention 
because of its easy movement combined with the 
certainty of its continuous contact with the overhead 
wire. The Harland Engineering Company, Limited, 
of Manchester, and Messrs. J. H. Holmes & Co., of 
Newcastle-on-Tyne, showed various types of switch- 
gear. One exhibit of the latter-mentioned firm 
consisted of a unit-type ironclad switchboard with 
bus-bar chamber and three feeders of different 
capacities, each having an interlocked switch and 
fuse. This switchboard was completely enclosed in 
a cast-iron casing having machine-faced joints, to 
ensure that it was flame-proof and therefore suitable 
for use in fiery mines. Another example of switch- 
gear for mines on the same stand, was of the oil- 
switch draw-out type, with a no-load and three 
overload releases. In this equipment all the 
movements were interlocked to make it completely 
fool-proof. The live parts were enclosed in cast-iron 
or welded-steel casings, with effective joints to make 
them flameproof. Electric motors of both’ the 
alternating and direct-current types were also 
exhibited by the same firm. 

The British Electric Plant Company, of Alloa, 
showed the application of their standard types of 
electric motors to pumping and to ventilation. 
Among the various examples shown there was a 
22-h.p. squirrel-cage motor which was designed for 
duty under very damp or dusty conditions. Although 
totally enclosed, this motor had channels cut through 
the stator laminations through which air from 
outside was forced, to keep down the temperature. 
As the air used for cooling did not come into contact 
in any way with the electrical parts of the motor, 
the dangers that might otherwise be experienced 
were completely eliminated. Messrs. Blackstone 
and Co., Limited, of Stamford, in addition to the 
exhibition of their well-known oil engines of the 
cold-starting type, showed an unchokable pump 
driven by a “ Bull” electric motor. This pump 
works on the centrifugal principle and has a wide 
impeller, so that it can pass fibrous solids, sacking 
and other such matter, which might occasionally 
be found in the water. To prevent the possibility 
of grit getting into the bearings, a water connection 
is provided to the neck-bush, in which water 
is run under pressure. When abrasive materials 
are suspended in the water the greatest wear 
takes place on the side walls, where the water leaves 
the impeller. At these points the metal of the pump 
is made very thick, and a renewable cut-water 
block made of steel is fitted, which is quickly 
and easily replaceable. The Uskside Engineering 
Company, Limited, of Newport, Mon., also showed 
pumping plant, their exhibit consisting of a three- 
throw ram pump with rams of 43 in. diameter and 


8-in. stroke. 


This was driven by a 9-h.p. motor 
made by the Electric Construction Company. In 
this pump the barrels and valve-boxes form a 
single casting, mounted on side frames of rolled 
steel. The slipper type of guider is fitted. The 
drive from the electric motor, which is also mounted 
on the side frames, is taken through two sets of 
spur gearing, one at each side of the frame, to the 
pump crankshaft. 

Chain driving is now finding extended applica- 
tion in cases where large powers must be transmitted. 
For the purpose of demonstrating the movements 
of the components of their inverted tooth chain for 
this duty, Messrs. Hans Renold, Limited, of Burnage 
Works, Didsbury, Manchester, exhibited a chain 
designed to transmit 500 h.p., which was driven 
slowly by a small motor to facilitate examination. 
This chain had three strands, each of 7-inch width 
and ran on wheels of 17 teeth and 68 teeth at 6-feet 
centres. The Coventry Chain Company, Limited, 
of Coventry, showed many views of heavy chain 
drives in works and, in addition to displaying 
examples of the links of their many types, exhibited 
the use of chain drives in gear boxes for motor car 
and general engineering transmission systems. 

Mining engineers have many problems to consider 
in connection with winding and haulage by ropes, 
especially in cases of inclined haulages where many 
unfortunate accidents have occurred. A type of 
wire rope for winding, which is rapidly gaining the 
appreciation of the mining public, is composed of 
strands of keystone formation, built up of a series 
of round wires. In this form of rope the triangular 
core is made up of circular wires which do not 
break up—a source of unseen weakness in earlier 
types—and the construction results in a very 
flexible rope. This type as well as many others, 
was exhibited by Messrs. John and Edwin Wright, 
Limited, of Birmingham. Locked coil ropes were 
shown, which are free from the tendency to spin 
and have a smooth outer surface. For the best 
types, the wires are not made up from layers 
alternately to the right and left throughout 
the rope, but have all the inner layers laid 
in one direction and the outer one only in the 
opposite way. Incline haulage ropes, as they 
frequently rub the floor or roof, are subjected to 
considerable wear. For this reason a high factor 
of safety must be used and Messrs. John and Edwin 
Wright, Limited, showed examples in which this is 
obtained by the adoption of a compound flattened 
triangular strand. 

Stone dusting, to reduce the possibilities of coal- 
dust explosions, is a process which may be carried 
out cheaply and effectively if hand distribution is 
replaced by a mechanical process. Messrs. Oldham 
and Son, Limited, of Denton, Manchester, having 
recognised this, designed an automatic dusting 
machine which may be taken through any of the 
mine roadways, where rails are laid. It is provided 
with a sloping hopper made up of steel plate and 
welded. This is mounted above a fan and air pipe 
with nozzles, on a wheeled truck. As the machine is 
hauled along the roadways, motion is taken from 
the axles of the truck through chains and a gear box 
to the fan, which has a cast-aluminium impeller. 
The air passed from the fan meets the dust at the 
nozzle and throws it into the air, from which it falls 
in a very regular way, not only on the floor, but 
also on ledges. A reciprocating agitator, fitted with 
a special dust web, which prevents clogging, assists 
the motion of the stone dust to the nozzle. This 
agitator gets its motion from a crank and connecting 
rod mechanism from the second shaft of the gear 
train used for the drive to the fan. Provision is 
made to distribute dust when the machine is sta- 
tionary by rotating a simple hand lever. A clutch 
in the transmission system makes possible the 
disconnection of the fan, and thus the machine may 
be moved about quite freely, from place to place 
in the mine, without distributing any dust. 

For many years the subject of underground 
lighting has received consideration. A new outlook 
has been manifested since the perfection of the 
electric battery lamp, which is now in common use 
in many mines. The exhibition at Cardiff afforded 
an indication of what is now available to the mining 
engineer in this respect, for lamps of the Oldham, 
Ceag and Wolf types were shown by their makers. 
The provision of general lighting in a mine involves 


the consideration of many other problems. Armoured 
eables must be used for the distribution, because 
they are subjected to many possible injuries. 
Wiring with armoured cables usually involves the 
severing of the armouring at every point in the 
system. That this is a very undesirable thing, 
and introduces many possibilities of dangers, 
which the use of armoured cables was intended 
to avoid, will be readily seen by anyone who 
appreciates the conditions. It was for this reason 
that the Central Electrical Company (Nottingham), 
Limited, of 25, Clumber-street, Nottingham, intro- 
duced the system of fittings and wiring which is 
known as the Clifton continuity lighting system. 
By this method the armouring of the cables is 
preserved uncut, as well as the conductors. At 
the various fittings the armouring is pulled to 
each side, and each half is retained at the side of 
the plug by means of metal clamps which are 
held together by screws. The exposed insulation 
is then cut and the uncut conductors are taken 
through clamps to the plug at each side. 
communication with these clamps are the plug 
connections. As the service fittings are adaptable 
for fuse, switch or lighting fittings, and are enclosed 
in a casing which is flame-proof, and to which the 
cover or plug fitting is held by a simple locking 
device, it will be appreciated that this continuity 
wiring has much to recommend its use. 

Before closing our report on this Exhibition 
we should call attention to the lubrication problems 
which face the mining engineer. In collieries 
machines, whether on the surface or underground, 
work under conditions in which dangers arise 
from the presence of coal dust and other foreign 
matter. It is for that reason that the design of 
the lubrication system must be considered from 
the standpoint of providing for the total exclusion 
of anything which will impair the running. Not 
only are the conditions exceptional in this respect, 
but if efficiency is to be maintained, and economy 


in working obtained, the oils used must be selected 


with care. Messrs. W. B. Dick and Co., Limited, 
of 26, Grosvenor-gardens, London, showed by the 
exhibits on their stand that they appreciate the 
conditions, and have attained a great measure of 
success in the processes of blending to obtain a 


suitable lubricant for every specific purpose and 


service with mining plant. 

Weldless tubes, shown by the British Mannesmann 
Tube Company, Limited, of Newport, Mon., in 
great variety, have now been introduced in the 
form of telescopic pit props and are finding growing 
popularity. Attention should also be directed to 
the successful work of Messrs. Edward Le Bas and 
Co. of Dock House, Billiter-street, London, in mak- 
ing malleable pipe fittings, 100 examples of which 
are shown connected together in the way they 
were when subjected to a test pressure of 3,000 Ib. 
per square inch without any indications of leaks. 


New Pruans ror British InpustRizs Farr.—Owing — 


to the proposed re-opening of the British Empire Exhi- 
bition, the Department of Overseas Trade has decided 
to suspend the London Section of the British Industries 
Fair until 1926, as a temporary measure. Arrange- 


ments have consequently been made by the Birmingham _ 


Chamber of Commerce to organise sections in their Fair 


for industries which have hitherto exhibited, and would 


ordinarily exhibit, in London, provided adequate support 
is secured. The British Industries Fair at Birmingham 
will be held from February 16 to 27, those dates having 
been chosen as most suitable by means of a referendum 
to the exhibitors themselves. Applications for space 
should be made at once to the General Manager, 
British Industries Fair, the Chamber of Commerce, 98 
New Street, Birmingham. 


James Warr’s WorxsHor.—It is pleasing to note 
that Major Gibson Watt has presented to the Science 
Museum, South Kensington, the contents of the attic 


workshop of James Watt at Heathfield Hall, Hands- ~ 


worth, near Birmingham. The famous engineer lived 
here from 1768 until his death in 1819. Following this 
period the workshop remained closed for some forty 
years, after which it was shown to visitors from time to 
time. The estate on which it stands has now been sold 


In 


and will be built on. so that the house will probably be 


pulled down. The museum authorities, however, are 
to reproduce the present attic and place the furniture 
and machine tools in it in the same position occupied 
in the Heathfield Hall room since the death of Watt. 
The room will be on the ground floor of the new museum 
building and will be near the two Boulton and Watt 
engines built in 1788 and 1797 at present preserved 
in the museum. 
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Brassey's Naval and Shipping Annual. 
ALEXANDER RICHARDSON and ARCHIBALD HurRp. 
1925. London: William Clowes and Sons, Limited. 
[Price 25s. net.] 
To a nation, whose first line of defence is its navy 
and which is dependent upon its export trade for 
the provision of food from overseas for its people, 
it is essential that accurate and authoritative 
statements should be readily available on the 


many vexed questions which are concerned. For 


thirty-six years “ Brassey’s Naval and Shipping 


Annual ” has fulfilled the requirements on subjects 
of naval interest and has been extended to cover 


merchant shipping questions in the last few years. 


The new volume which has just been published 


shows the same characteristics of thoroughness in 
treatment of the various questions, on which the 
reputation of this standard reference book has been 
built up. Nothing comparable is elsewhere available, 
and, therefore, everyone who desires to be well- 
informed upon the vital questions of to-day, 
relating to the various navies or the merchant 
services, cannot neglect to peruse its contents and 
study the views of the many eminent authorities 
who contribute the various chapters. 

The outstanding naval questions of the present 
time are the future of the light cruiser, in view of the 
provisions of the Washington Agreement, the relation 
of air power to sea power and the construction of 
naval bases to facilitate the protection of the distant 
parts of the Empire. On the mercantile marine 
side, there are many matters of importance that 
demand attention, such as the progress of the 
motorship, the reconstruction of the German mercan- 
tile marine and the united action of shipowners, 
and the trading community in discouraging acts of 
flag discrimination. On these and many other 
subjects, “‘ Brassey’s Annual ” provides information 
in contributions by men of established reputation, 
in which the issues are studied from various angles, 
so that clear and accurate deductions may be 
based upon them. 

The work, as has now become the usual practice, 
is divided into sections, of which the first deals with 
naval affairs. Commander C. N. Robinson, R.N., 
has contributed an important chapter to this 
section dealing with the “Naval Forces of the 


British Empire,” which is a regular feature of 


‘ 


any particular school of naval thought, but gives 


may be conflicting. 


the book, while Lieut.-Commander A. Colquhoun 
Bell, R.N., has provided an article on “ Foreign 
Navies,” and the editors, Sir Alexander Richardson 
and Mr. Archibald Hurd, discuss ‘‘ Comparative 
Naval Strengths.” It has been the contention of 
many leaders of public opinion outside the naval 
services as well as some naval authorities, that the 
only effect of the Washington Agreement has been 
that the great naval powers have given up the com- 
petitive building of capital ships and concentrated 
on the accelerated construction of light cruisers. 
Indeed, a chapter in this year’s “‘ Brassey’s Annual” 
on the “New Light Cruiser Programmes of the 
Powers,” by Captain Dudley W. Knox of the United 
States Navy, shows this outlook. In this article he 
says, “ Whatever gains may have been made by 
the Washington Conference towards alleviating the 
burden of armaments, and allaying war-provoking 
international suspicions, is being rapidly lost through 
the great programmes of cruiser construction.” 
That this view of the situation is not well founded is 
shown quite clearly by the editors, who discuss the 
programmes of the British Empire, the United States 
Japan, France and Italy. On the evidence available 
the deduction is based that in 1928 all the powers 
except Japan will be weaker in cruisers than they 
were ten years ago. The close examination of the 
information provided in the articles of Commanders 
Robinson and Colquhoun Bell confirms the views 
of the editors. From the statements already made 
it will be evident to all that “ Brassey’s Annual” 
does not provide merely the hide-bound views of 


freely of the opinion of authorities, although they 
American naval policy is 
discussed by Rear Admiral A. P. Niblack, U.S.N., 
while Sir George Thurston deals with the important 
subject of “Light Cruisers,’ and Capitaine A. 
Delpierre gives information on the same subject 


Edited by Sir 


from a French standpoint, and contends that France 
should not build any more cruisers, but should 
concentrate on submarines and aircraft. 

The co-operation of aircraft in naval operations 
is dealt with in two chapters, the first of which on 
“The Navy and its Fleet Air Arm” is unsigned, 
while the other is provided by Air Commodore 
EK. A. D. Masterman, C.B., who discusses “‘ The 
Commercial Airship as a Reserve for the Navy.” 
In dealing with the relationship of the air fleet to 
naval vessels the author of the first article shows an 
intimate knowledge of the questions involved in 
the dual control of the two services, which must 
collaborate in times of war. Strong claims are made 
for the control by the Navy of its own air arm, in 
order that complete co-operation in any engagement, 
free from every form of misunderstanding may be 
obtained. The airship may prove to possess great 
advantages in travelling over vast ocean spaces for 
days at a time as compared with a cruiser, but for 
economic reasons it is almost imperative to look to 
the commercial airship to demonstrate this. It 
has been the aim of Air-Commodore Masterman to 
provide what information is available on these points 
and to formulate conclusions of great interest to the 
nation upon them. 

The Navy cannot operate without bases, where 
necessary fuel and stores may be obtained, and where 
if necessary some types of repairs may be effected 
or replacements made, and it is essential that such 
bases should be available at places which serve in 
ensuring the safety of the wide spread components 
of the British Empire. The Singapore scheme has 
now been reconsidered, and it is intended to complete 
the originally contemplated base. At such a time 
as this when there are controversies on the question 
of distant naval bases it is refreshing to find such a 
valuable and comprehensive treatment as is found 
in the chapter by Commander C. H. N. James, R.N. 
The Naval section of “ Brassey’s Annual” is 
completed with an article on “A Well Balanced 
Fleet’ contributed by Capt. E. Altham, C.B., 
and one on “The Naval Career’ by Commander 
C. N. Robinson, RB.N., in which full information is 
provided for those who intend to join the service. 

Sir Westcott Abell contributes the first article 
in the Merchant Shipping Section, in which he 
discusses the economic position in the maritime 
countries, the decisions of the International Shipping 
Conference and the progress of merchant fleets. 
No more exhaustive presentations of the shipping 
and shipbuilding situations has so far been pre- 
sented. The influences of the rebuilding of the 
German mercantile marine is discussed by Sir 
Westcott in this chapter, and another contribution 
of the same subject is provided by Dr. Leisler Kiep 
of the Hamburg-America Line. This is among the 
most important chapters in the book, as it gives, for 
the first time, an authoritative statement on what 
merchant ship developments are being made in 
Germany. The effect of state-owned vessels upon 
private shipping enterprise in the United States of 
America is clearly stated by Sir Westcott Abell, 
and will prove informative reading to all who are 
interested in sea-borne trade. That flag discrimi- 
nation is a source of much trouble, and an obstacle 
to the development of overseas trade, cannot be 
gainsaid. A complete discussion of the questions 
involved is given in a contribution by Mr. Charles 
Tennyson, deputy chairman of the Federation of 
British Industries. Another trade restricting 
obstacle is presented by the limited facilities avail- 
able at some British ports. Recently an investiga- 
tion was conducted by the Chamber of Shipping, 
and the Chairman of the Committee, Sir Frederick 
Lewis, has provided an able exposition of their 
conclusions, which indicated that about 20,000,0001. 
was being spent to improve the ports. 

The article on ‘“‘ Marine Machinery in 1924,” by 
Mr. James Richardson, is naturally devoted almost 
entirely to the progress made with internal-com- 
bustion engines. In this contribution the new 
types of engines are referred to, and thus it serves 
as a useful indication of the trend of design. 
Mr. John Anderson examines recent proposals for 
the improvement in the equipment of merchant 
vessels dealing with the contra-propeller, the 
Flettner rudder, the Macgregor liquid brake for 
rudders, and the use of electro-hydraulic cranes 
in place of winches. Safety provisions and 


emergency appliances also receive attention among 
other matters in a well-written chapter. In many 
parts of the world it is necessary to transport goods 
and passengers in ships of shallow draught. That 
the design problems involved in the provision of 
suitable craft have been solved, is shown by examples 
of British construction chosen for reference by 
Mr. Charles Cooper in his able article on the subject. 
Wireless direction-finding is discussed from the 
point of view of practical results in a contribution 
by Captain H. F. Towler. Other chapters of the 
new edition deal with ‘‘ Refrigeration,” the “ Port 
of Liverpool,” contributed by Mr. Thomas Rome, 
and “The History and Work of The Worshipful 
Company of Shipwrights,” by Mr. E. A. Ebblewhite. 

The characteristic ship profiles and plans and 
statistical information, which are a valuable 
part of the book, have been brought thoroughly up 
to date. To say that this is merely a new edition 
of an old work would be completely erroneous, 
for ‘‘Brassey’s Annual,’ with its distinctive 
features of treating every new development and 
providing information on naval and merchant 
shipping policy is, in truth, an absolutely new 
production every year. This volume, appearing at 
a period when many old ideas are giving place 
to new, is an essential reference book for all who 
are concerned in any way with questions relating 
to naval affairs, shipbuilding, shipping, marine 
engineering and general export trade. 


Mechanical Road Transport. 
M.1I.Mech.E., London. 
21s. net.] 


RECENT events have tended to bring home to the 
public that effective transport is vital to the nation’s 
prosperity. The solution of the problem of im- 
proved facilities lies essentially with the engineer, 
but as effective measures in this direction involve 
the expenditure of large sums of public money, it 
is desirable that a knowledge of the problems 
involved should be as widely spread as possible. 

In his book on ‘‘ Mechanical Road Transport,” 
Mr. C. G. Conradi has been successful in bringing 
together an astonishing amount of information on 
matters appertaining to all forms of road transport, 
and although the work has been compiled primarily 
for engineers, much of the information given should 
be read without difficulty by those whose technical 
knowledge is limited. In this connection we can 
fully endorse the conclusion given in a short fore- 
word by Dr. Hele-Shaw to the effect that “the 
book is written in such an attractive manner and 
is so well illustrated throughout, that while it is 
pleasant and instructive reading for those who 
devote their whole time to road transport, it forms 
an excellent text book for younger men (and 
women) who are adopting this branch of engineer- 
ing as their profession, or are embarking on the 
commercial side of the motor industry.” It might 
be thought from this quotation that the book was 
rather in the nature of a popular treatise than a 
technical work, but it actually forms a happy 
combination of both. Even engineers who possess a 
fairly wide knowledge of the more technical side 
of transport will find a fund of useful information 
on the technique of design of various types of 
vehicle. 

After a short historical review, the author deals 
in turn with roads and road resistance, horse trac- 
tion, power required for traction, fuels, and a com- 
parison of the types of motor vehicles available. 
Steam, petrol and electric vehicles are then described 
in some detail, and the work concludes with chapters 
on petrol-electric combinations, tramways and 
*buses, special types of vehicles, loading and un- 
loading devices, tyres, working costs, and driving 
instructions. A number of useful appendices are 
given comprising the various Acts governing motor 
traffic of all sorts, the comparative weight of 
materials commonly carried on industrial vehicles, 
a list of British Standard Specifications and Reports 
applicable to road traction engineering, and a list 
of Government publications relating to transport. 
It will thus be seen that apart from the more purely 
descriptive chapters relating to the various types 
of vehicle in use, the work as a whole forms a most 
valuable book of reference on all matters apper- 
taining to transport. 

Turning to the contents in rather more detail, it 


By C. G. Conrant, 
Macdonald and Evans. [Price 
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was perhaps to be expected that in view of the author’s 
unrivalled knowledge of electric vehicles, some bias 
would be noticeable in favour of this particular 
form of transport. If such a bias can be detected, 
we must admit that the case made out in this 
respect is entirely convincing. It is difficult to 
criticise when we have nothing but admiration for 
the exceptionally able way in which the author has 
presented a mass. of information which in other 
hands might have become a tedious compendium 
of facts, but we feel that the chapter on roads 
might have been extended with advantage, and that 
if it was considered desirable to retain the book at 
its present length, a somewhat less detailed descrip- 
tion of the ordinary petrol vehicle would have 
sufficed, as this information is very readily avail- 
able elsewhere. The direct relation between the 
design of the road and that of the vehicle which 
it is intended to carry cannot be stressed too 
strongly, and progress is unduly retarded at the 
present time by the lack of co-ordination between 
those responsible for road construction and those 
responsible for vehicle design. As a result, we have 
the road designer constantly endeavouring to 
evolve a construction which will stand up to exist- 
ing traffic conditions, of which advantage is imme- 
diately taken by the vehicle designer to introduce 
a heavier type of vehicle which will in its turn 
destroy the new surface. It would appear that a 
liaison is necessary similar to that existing between 
the permanent way and locomotive departments of 
a railway, where it is clearly recognised that a 
locomotive which will destroy the existing track, 
however efficient it may be as an isolated proposi- 
tion, is uneconomical in the widest sense. ; 

The chapter on the petrol-electric vehicle forms 
quite the most admirable treatment of this difficult 
subject that we have seen, but the advantage of 
this form of transmission from the point of view 
of increasing the ton-miles per gallon in certain 
cases deserves even stronger emphasis. We would 
advise readers of this portion of the book to also 
make themselves familiar with Mr. Murphy’s paper 
on “The Misuse of the Internal Combustion 
Engine,’ which appears in the Proceedings of the 
Institution of Automobile Engineers for 1923-4. 

Upon the whole the illustrations are excellent, 
but some of them, as, for example, the curves given 
in Chapter IV, might with advantage have been 
reproduced to a somewhat larger scale. As a 
final point we might mention that Fig. 32 is dis- 
figured by some 172 part numbers to which no 
reference is made in the text. 


LETTERS TO THE EDITOR. 


“THE RISKS OF ACCIDENTS.” 
To THE Eprror or ENGINEERING. 

Str,—Your recent comments on a particular stat- 
istical investigation into the Risk of Accidents are, 
I venture to think, not directed from the correct view- 
point. I do not propose to discuss this statistic other 
than to say that it is rather a short one of its kind 
(N= 116) and consequently weak. 

Your criticism, and also in some degree that of your 
correspondent, Mr. Roper, appear to deplore that the 
various factors differentiating one worker from another 
are not taken sufficiently into account, and to require 
that all such factors shall be considered before the 
statistic (I use the word to include the mathematical 
analysis of the compilation) is made. This, however, 
is putting the cart before the horse. This form of 
statistic is precisely the same as those included in the 
generic name “‘ chance.’’ Now there is no such thing 
as chance when all the factors are known. Chance is 
a word which is used to comprise all the factors of an 
event which we agree to consider intangible. If we know, 
for instance, all the factors of and affecting a certain 
horse—all his anatomical and physiological equations, 
the effect of temperature, wind, colour, lighting, the 
noise of the crowd, the waving of a handkerchief, and 
a million or so internal and external factors, we should 
know precisely where he would be at a given moment 
in a given race. But we don’t, and so men bet on the 
event. There is no absolute chance in tossing a penny 
if we know all the factors of the toss. Similarly, in 
physics and engineering we have “ coefficients,” the 
** probable ’”’ values of a thousand factors of which we 
are happily in ignorance, thus enabling us to use a 
simple formula instead of one which would fill a book 
and take 4 lifetime to apply. 

So, in an investigation of accidents or any other 


statistical subject, the first thing to do is not so much 
to sort. their figures into sub-classes, but to make a 
comprehensive survey. Having done this we discover 
either a tendency in some direction, or possibly a lack 
of any tendency. Some sorting is, of course, usually 
necessary, but this is primarily confined to the obviously 
known variables. 

Now, the object of any statistical investigation, apart 
from it as a recreation, is to unmask tendencies, an 
operation which comes after and not before. For 
example, you published some years ago the approxi- 
mate curve of chance on gauging a certain line of 
machine work. The logical outcome of that curve 
would have been to discover the reason for the dis- 
tribution, and scotch it as far as possible. The attempt 
would, in all probability. have been (and may have been 
for all I know) successful in more ways than one. 
But had it been known precisely why any given article 
was 0-002 in. out, the statistical data would be des- 
troyed prenatally. 

So, we return to the statistic of accidents. If the 
result of analysis show no tendencies, it teaches us 
nothing, and so far is valueless; if it show some 
tendencies then we may begin to inquire, what is the 
cause, to discriminate and look for the remedies. 
Possibly, as you properly suggest in other words, it 
may be found that all the significant variables are known 
in a large number of the events, in which case a small 
statistic may be emasculated and the first deduction 
wrong. Publication is not necessarily premature 
although it may be dressed in such a form as to be 
dangerous. Otherwise, that is the very purpose of the 
analysis, be the statistic small or large ;. although in 
the latter case it is generally found that the result. still 
holds true. Insurance rates are based on such so far 
as practicable. 

Yours faithfully, 
ALEXANDER JUDE. 
Belliss and Morcom, Limited, Ledsam-street Works, 
Birmingham. December 8, 1924. 


“THE WHITWORTH SCHOLARSHIPS.” 
To tHE Epiror or ENGINEERING. 

Str,—In reference to Mr. A. D. Ottewell’s letter in 
last week’s issue of ENGINEERING, and also to your 
leading article, I would suggest that Mr. Ottewell has 
rather missed the point. His letter gives one the 
impression that only dockyard apprentices are eligible 
to compete in the examinations for Whitworth awards. 
This, of course, is not so. Criticism, if any, should 
be entirely from the point of view of percentage of 
awards, and not of percentage amount or value of the 
awards. If apprentices from some of the private 
manutacturing and industrial concerns can win 21 
per cent. of the awards, then, with a slightly higher 
standard attained by themselves, they should be 
capable of obtaining more. 

Whilst admitting that, owing to the excellent system 
of training of apprentices in the dockyard establish- 
ments, the apprentices therefrom do have an advan- 
tage, it does not follow that they should be barred 
from competing, and it would be decidedly unfair 
to make special stipulations and regulations for Dock- 
yard apprentices to compete under, against other 
competitors. 

There are exceptions, but generally the Dockyard 
apprentice, after finishing his four years’ course at the 
Dockyard school (entailing the most severe competition 
and hard study, apart from his practical work), has to 
take a year’s evening course at the local technical 
college to prepare him for the Whitworth Scholarship 
examination. I suggest that, although it would be an 
excellent idea (as advocated in your reply, sir, to 
Mr. Ottewell’s letter) for the employers to take a hand 
in the training of their youths—yet I suggest that it is 
up to the youths themselves (and evening classes at 
technical schools and colleges are quite within their 
reach) to work hard, as the dockyard apprentice has 
to do, to ensure attaining the necessary theoretical 
standard to enable them to compete on an equal 
footing with the Admiralty-trained apprentice. 

I would conclude, sir, by submitting to you that 
it is in this theoretical knowledge, rather than the 
practical, that they are lacking, and, further, that if 
the value of the awards (and the awards themselves) 
were as well known amongst apprentices generally as 
they are amongst Dockyard apprentices, then the 
competition from the former might be more vigorous 
in years to come. 

Yours faithfully, 
J. Hector Macponaup, 
Whitworth Scholar, 1919, Portsmouth Dockyard. 
10, Luton Road, Bournbrook, Birmingham. 
December 3, 1924. 


To THE Eprror ov ENGINEERING. 
Sir,—Your correspondents seem to be under great 
misapprehensions with regard to the training of 


out. 
only those fortunate enough to have mental endowments 
rather above the average are able to take advantage 
of such an advanced and intensive course of study as 
that provided in Royal Establishments. 
not permitted to retard the general progress and the 
pace is that of the fastest. 
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apprentices, in H.M. Dockyards. I speak as an ex- 
apprentice, and more particularly for Portsmouth 


Yard, although I believe that conditions in other 
yards are the same. 


It is quite true that the apprentices are weeded 
It is obvious, if the curriculum be studied, that 


The unfit are 


The syllabus is vocational and is yery much removed 


from that of the Whitworth and Royal Scholarship 
examinations—it was even more so under the old 
regulations, when the record of success for the Dock- 
yards was as great as at present. 
is very rigidly adhered to, and apart from the acquire- 
ment of a sound technical education, the only immediate 
object at. all studied is the gaining of Admiralty 
Cadetships in Naval Construction, in which competition 
there is great inter-port rivalry. Candidates from the 
Dockyards for Whitworth Scholarships have always 
been obliged to study for the examination privately 


This school syllabus 


from books. The new Whitworth syllabus, if it has 


done anything, has lowered the standard and, conse- 
quently, made it more difficult for the highly-trained 


Dockyard apprentice to. achieve a success, since his 
field of competitors is vastly widened. 

It is puzzling to think of any source of obtaining 
back papers for examinations not equally open to any 
one else. To my knowledge, no Dockyard candidate 


has obtained any such papers unless it be from ex- 


candidates—certainly he has not obtained them through 
his school. i 

The period of coaching at the expense of practical 
work is not very large. Of the 47 working hours per 
week, the apprentice spends 6 hours at school—in 
addition, 6 hours of his own time are devoted to 
evening attendances. For ten weeks of the year the 
schools are completely closed. 

In conclusion, the importance and class of the 
work undertaken by H.M. Dockyards is sufficient proof 
that their mechanics, in spite of education, are as 
competent in that capacity as their outside contem- 
poraries. 

Tam, Sir, Yours faithfully, 
ALBERT H. CouzEns. 
Union Society, University College, London, 
Gower-Street, W.C. December 8, 1924. 


'TWO-CYLINDER COMPOUND STEAM 
TRACTION ENGINE. 


A new model of steam traction engine which 
Messrs. Marshall, Sons and Co., Limited, of Gains- 
borough, have recently introduced, is shown in the 
figure opposite. Messrs. Marshalls’ have, of course, 
built traction engines for very many years, and their 
products in this, as in many allied directions, are 
known over a large part of the world. Even in such 
an established article as a Marshall traction engine, 
however, useful modification is possible, following the 
improvements in material and the general engineering 
advance which recent years have shown, and the 
engine we illustrate represents an entirely remodelled 
and modern design. Every component throughout 
the machine, including the boiler, is built strietly to 
gauge, and templates and interchangeability is guaran- 
teed by the makers.. New parts from stock will drop 
into place without bedding or fitting. This is a 
convenience under any circumstances, but is likely 
to be particularly appreciated in the case of road- 
side repairs following accidental breakdowns, while 
its value in some of the more remote parts of the world 
to which traction engines penetrate requires n0 
emphasis. 

The machine, which is built of various capacities, is 
fitted with a compound two-cylinder engine, the two 
cylinders which are made in a single casting being 
steam jacketted. The steam is distributed by balanced 
piston valves of cast-iron, with cast-iron rings. Work- 
ing liners are fitted both to the cylinders and valve 
chests. The starting valve is placed on the top of the 
cylinders to ensure dry steam, while a by-pass valve 
is provided, so that high-pressure steam can be ad- 
mitted to the low-pressure cylinder for starting purposes, 
and for temporary increase of power when the machine 
is ascending steep inclines or crossing difficult ground. 
The piston-rod stuffing-boxes are fitted with metallic 
packings of the labyrinth type, which remain steam 
tight without any soft packing. The crossheads are of 
malleable cast-iron with adjustable slide blocks, and 
the guides are of cylindrical design. The connecting- 
rods are of wrought-iron, turned and polished, and 
are fitted with adjustable gun-metal bearings at each 
end. The crankshaft is made from a single ingot; 
it runs in self-oiling bearings. A governor of the 
Pickering type is driven by belt from a pulley on the 
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crankshaft, and operates direct on the equilibrium 
‘throttle valve. The crankshaft carries a wide fly-wheel 
which may be used to drive external machinery hy 
belt. The link reverse motion is of the “radial” 
type, in which only one eccentric sheave, one strap 
and one rod per cylinder are necessary. 

The boiler is of the locomotive multi-tubular type, 
with one longitudinal seam in the barrel, and with a 
fire-hbox of Messrs. Marshalls’ well-known cambered. 
erown type. The boiler front piate is reinforced by 
a steel T-section stiffener, and the smoke-box tube 
plate is strengthened by a transverse corrugation. 
The usual boiler mountings are fitted. A steel tender 
is bolted to the extended horn plates of the boiler 
fire-box. The lower part of this tender, below the 
footplate, forms a water tank and the upper part 
a coal bunker. A geared-down feed pump is fitted; 
this runs at half the speed of the engine, and a 
water lifter with 26 ft. of wire-armoured suction hose 
is fitted to the back of the tender. 

The transmission gearing is arranged to give road 
speeds of 2 and 4 miles an hour, the gear wheels being 
‘of cast-steel. The differential is arranged on the 
_four-pinion system, with locking pins, and enables 
the engine to travel round sharp curves, preventing also 
undue wear on the wheels and damage to the roads. 
The rear axle is of large diameter and has four machine- 
cut key-ways, two for securing the winding drum 
centre and two for the bevel wheel of the differential 
gear. The axle can be withdrawn without removing 
the tender. The winding drum carries 50 yards of 
Steel wire rope, and a swivelling guide pulley is fitted 
to enable the rope to be worked over a wide radius 
without shifting the position of the engine. The 
hind wheels are made from T-steel hoops, specially 
tolled for the purpose, with mild-steel spokes and cast- 
‘steel bosses. A screw brake is fitted, acting direct on the 
back axle. The brake strap is lined with Ferodo. The 
front wheels are of similar construction to the rear 
wheels, but have cast-iron bosses and steel over-tyres. 
The steering gear is of the worm and chain type, as 
ean be seen from the figure, the front axle being carried 


on a steel fore-carriage. The machine can, if required, 
be fitted with a feed-water heater, injector and addi- 
tional water tank, also with a fuel rack around the 
top of the tender when wood is to be carried as fuel. 


Tur BRITISH ACETYLENE AND WELDING ASSOCIATION. 
—At a meeting of the British Acetylene and Welding 
Association in the Old Colony Club, Aldwych, London, 
on Thursday, December 4, when Mr. C. J. Quirk presided, 
a lecture was delivered by Mr. H. J. Gough, of the 
National Physical Laboratory. After describing the 
nature of alternating stresses, reviewing early experi- 
mental work and discussing the effects of their action, 
the lecturer showed how fatigue phenomena varied 
with the range of the loads, their mean value and the 
periodicity of the alternations. He then showed what 
deductions could be made from fatigue tests, which were 
of service in engineering design, but emphasised the 
necessity for knowledge of the shock-resisting properties 
of the material, such as could be determined by the 
Izod test, in addition to the information available from 
the fatigue tests. 

THe Late Mr. Rosert PortoK.—The funeral tool 
place on the 22nd ult. at Barrow-in-Furness of Mr. Robert 
Pollok, a noted engineer associated with the shipbuilding 
industry on the Clyde, and elsewhere, for many years. 
After completing his education at Glasgow High School, 
Mr. Pollok served his apprenticeship with Messrs. 
Hannah, Donald, and Wilson, Limited, of Paisley. At 
the age of 21 he became chief draughtsman to Messrs. 
A. McMillan and Son, of Dumbarton, subsequently 
attaining the position of assistant manager with this 
firm. Later he was appointed manager of the Clydebank 
Shipyard of Messrs. John Brown and Co., Limited, 
which position he held for ten years. During this 

eriod the important work undertaken by the company 
included the construction of the Lusitania for the 
Gunard Line. In 1911, Mr. Pollok joined the staff of 
Messrs. Vickers, Limited, at Barrow-in-Furness. During 
the following year he became shipyard manager, which 
post he held until he retired in 1921. During the war 
years he specialised in submarine construction. Mr. 
Pollok, who was 65 years of age, was a member of the 
Institution of Naval Architects and of the Institution of 
Engineers and Shipbuilders in Scotland. 


LABOUR NOTES, 


Av the Hull Trades Union Congress, it will be 
recalled, a resolution was passed calling on the General 
Council to deal with the situation created by the 
multiplicity of trades unions and the conflicting 
methods of organisations which are being followed. 
According to “ The Labour Press Service,” the reso- 
lution was interpreted by some trade unionists as a 
mandate for the framing of a scheme of organisation 
by industry, and by others as a confused and self- 
contradictory declaration in favour of two incompatible 
methods of industrial organisation. Its terms were 
certainly contradictory. The General Council, how- 
ever, interprets it, the Labour movement is now semi- 
officially informed, ‘‘ as a mandate for the production 
of a scheme for promoting, wherever possible, the 
amalgamation of unions in the same industry or service, 
and where this proves impossible, for any good reason, 
for the federation of existing unions on a firm and 
workable basis.” The General Council hopes, it 
seems, to be able to frame a policy which “ will 
promote amalgamation and the united front, without 
doing violence to the craft or occupational principle 
on the one hand, or the large-scale organisation by 
industry on the other hand.” The problem is stated 
to be not so difficult as it appears to be at a first glance. 
The truth is, however, as every experienced trade 
unionist knows, exactly the opposite. The problem 
looks much easier to solve than will be found to be 
the case when the General Council settles down to 
its task. 


An official report submitted to the Russian Textile 
Workers’ Congress stated that. the Textile Workers’ 
Union now has a membership of 515,000, an 
increase of 26-9 per cent. since 1922. About 97 
per cent. of the workers in the textile trade are 
organised, and of the total number of members 
68 per cent. are employed in the cotton industry, 
14 per cent. in the wool industry, and 18 per cent. 
in the flax industry. In round figures 27,000 textile 
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workers are unemployed. Wages, which on the 
average were 6 roubles 43 kopecks (pre-war roubles) 
in 1922, had risen to 19 roubles 11 kopecks in July, 
1924. The union, it was added, had co-operated with 
the administrative authorities of the textile industry 
in carrying out the concentration of the industry, 
and as a result it had been possible to work the 
factories to their full capacity and reduce considerably 
the cost of production. 


Members of the Building Trades Unions are unlikely 
to be pleased with a letter which is printed in the 
“Monthly Report’ of the Boilermakers’ and Iron 
and Steel Shipbuilders’ Society. The writer of the 
communication—a Hull member of the boilermakers’ 
organisation—discusses the question of alternative 
materials for houses in “ the broadest sense,’ and 
arrives at the conclusion that there is something to 
be said for steel. He records his “* appreciation of the 
untiring efforts’ of his “‘ friends and comrades of the 
building industry in their keen desire to satisfy the 
great need of the long-suffering and patient com- 
munity.” But regarding the housing position in the 
aforesaid ‘‘ broadest sense,’’ he is compelled, he says, 
“to give a little consideration to the question of 
substitute materials—materials hitherto not customary 
in the production of houses—to meet this urgent 
and long overdue reform.” He believes there are 
“ sreat possibilities resultant upon the recent experi- 
ments in iron and steel at Messrs. Weir’s and Messrs. 
Beardmore’s, of Glasgow.’’ While he is prepared to 
admit that the success of the new system of con- 
struction “‘ greatly depends upon the weight of public 
opinion in its favour,” he ‘reluctantly recognises,” 
he says, that its ‘‘ progress may be somewhat retarded 
by old prejudices and traditions, as was the case when 
iron and steel were introduced into the shipbuilding 
industry.” 

The writer of the letter goes on to suggest that 
members of the Society should give careful considera- 
tion to the new system “‘ with a view to establishing 
its practicability and relieving the acute distress which 
at present prevails amongst many thousands of our 
fellow-citizens.” ‘‘ Secondly,” he says, ‘‘ we should 
press for the introduction of this system in all municipal 
housing schemes and on all public bodies catering for 
the welfare of the community under the heading of 
housing.” 


The ‘explanations ”’ which have followed the news 
about the agreement between the British Labour 
Delegation in Russia and representatives of the Russian 
trade unions leave matters pretty much as they were. 
The conditions on which the Russian trade unions will 
merge themselves in a new World International include 
the adoption of the “ principles”? of the Red Inter- 
national Labour Union by all the other adhering bodies, 
and that, as most representative British workers are 
aware, is exactly what these other organisations are 
strongly disinclined to do. In the speech which he 
delivered in the Congress M. Tomski made that perfectly 
clear. He said :—‘‘ Our trade unions in the U.S.S.R. 
are a basic part of the Red International of Labour 
Unions. It must be understood that our trade unions 
consider as binding on themselves all the decisions of 
the Red International of Labour Unions, which decisions 
are ours. That is why we, who have under- 
taken these measures for closer contact between the 
trade unions of the U.S.8.R. and those of Great Britain 
cannot—and it must be distinctly understood that we 
cannot—forget for one moment our solidarity with 
those trade union organisations of Germany, France, 
Ozecho-Slovakia, Italy, the Balkans, Poland, and other 
countries which are struggling in complete agreement 
with our ideas.” 

The trade union’ organisations mentioned by M. 
Tomski—those of Germany, France, Czecho-Slovakia, 
Italy, the Balkans, &c.—are Communist bodies whose 
avowed aim is, like that of the corresponding group 
here, to destroy the existing unions. At more than 
one of the sectional Internationals—notably that of 
the Metal-workers—that has frequently been stated, 
occasionally with considerable bitterness. The effect 
therefore, of such a joint Russo-British effort to con- 
solidate the forces of the world’s organised labour 
may. therefore, easily be, British trade unionists should 
note, to split the movement from top to bottom. 

In his speech at the recent Detroit Convention of the 
International Association of Machinists, Mr. J. T. 
Brownlie, the president of the Amalgamated Engi- 
neering Union, explained his own and his organisation’s 
attitude towards the Russians. “I stand,” he said, 
“for the admission of the Pan-Russian Metal Workers 
into the International Metalworkers’ Federation, and 
I have always done so, but only on the specific under- 
standing that they accept the constitution of the 
International Metalworkers’ Federation, obey its rules, 
and work in unison with the other national organisa- 
tions affiliated thereto. As I told our Russian 


friends whom I met in Vienna on July 27 and 28, 
giving these specific undertakings does not debar them 
from exercising their legitimate right to influence the 
decisions and policies of the Federation in accordance 
with the recognised procedure of democratic assembly. 
The question was left in abeyance. They wanted our 
Constitution altered, Mr. Chairman. They wanted 
the constitution of the Amsterdam International 
altered.” From these observations of one who has 
endeavoured to negotiate with the Russians it is fairly 
clear that the kind of unity which Moscow desires is 
not likely to prove attractive to British trade unionists. 


The official unemployment figures for the week 
ending December 1 show an increase in the number of 
idle men and women, and a decrease in the number of 
idle boys and girls. According to the Ministry of 
Labour, 910,100 men were on the registers of Employ- 
ment Exchanges in Great Britain on December 1, as 
compared with 909,960 on November 24. The number 
of women on the registers on December 1 was 221,800, 
as compared with 220,832 on November 24. The 
number of boys decreased from 31,397 on November 24 
to 31,000 on December 1. and the number of girls from 
28,403 on November 24 to 27,300 on December 1. 
The total number of unemployed persons on December 1 
was 1,190,200; on’ November 24 it was 1,190,592, 
and on December 31, 1923, 1,285,623. 


Acting on the instructions of branches, the exe- 
cutive Council of the Boilermakers and Iron and Steel 
Shipbuilders Society have asked for a conference with 
the Shipbuilding Employers Federation to discuss an 
application for a wages advance of 10s. per week. An 
Industrial Court award issued in June restored to the 
boilermakers, in common with the other shipyard 
trades, 7s. per week of the 10s. per week taken off 
early in 1923. The claim of the ironworkers’ organi- 
sation is that the balance of the 10s. should now be 
restored with an addition of 7s. per week. An 
argument used in support of the claim is that the cost 
of living is higher than it was when Sir William 
Mackenzie issued his award. The cost of living is 
certainly higher, but arguments founded on it can easily 
be carried too far. They can be carried to a point at 
which the shipbuilding industry would be brought 
absolutely to a standstill. It is also urged on behalf 
of the men that the state of the trade has sufficiently 
improved to warrant the increase of wages demanded. 
The shipyards of the country are, admittedly, busier 
than they were, but that improvement is largely due, 
it should be noted, to the lower labour costs on which 
it was possible to estimate after the 1923 reduction. 
Moreover, in the case of much of the work booked and on 
the whole of the work in progress, the contracts have 
been taken at practically the cost of materials and 
labour. If the demand for an increase of wages is 
pressed a two-fold very undesirable effect will be to 
involve many shipbuilding firms in heavy losses, and at 
the same time enormously increase unemployment. 
Regarded as tactics, the move seems to be singularly 
unhappy. Few demands for higher wages can ever be 
put forward by an organisation with unemployment 
as high as that indicated by the present figure for the 
Boilermakers’ Society. 


A writer in a Labour publication asks when the 
Government intends to ratify the Washington Con- 
vention on the 48 hours’ week. Other countries are, it 
is stated, waiting for Britain to act in the matter. 
People who are intimate with industrial conditions 
abroad are not, however, quite so optimistic about the 
attitude of these “‘ other countries” as this authority 
seems to be. There is, as a matter of fact, no reason 
to believe that the moment after this country ratifies 
the Convention all its rivals in other parts of the world 
will follow the example. On the contrary, itis becoming 
clearer every day that most of them intend to retain 
for as long a time as possible their present working 
weeks. In these circumstances, the proper course to 
follow in the interest of British industry and British 
labour is only to ratify on the understanding that every 
other party to the bargain does so unconditionally at 
the same time, and that the Convention comes into 
force on the same day in every contracting country. 
It would be foolish to ratify as an example to others. 


On December 10 the terms of the National Union of 
Railwaymen’s new programme were officially com- 
municated to the railway managers. In respect of the 
salaried staff, the N.U.R. and the Railway Clerks’ 
Association jointly propose that the minimum for all 
classes shall be increased by 101. a year, and the period 
in which a man may reach the maximum in his parti- 
cular class he reduced from four years to one year. 
The solution suggested of the “‘ stagnation ’’ difficulty 
is that a man who has been in his particular class for 
two years shall receive the minimum of the class next 
above, and after serving a further two years the 
maximum of that class. Alterations are also proposed 


in the payment for night duty and increases are desired 
for women and girl clerks. 

For the traffic or conciliation grades, including 
employees at docks, but excluding shopmen and men 
employed in power houses and stores departments, 
increases—most of them on basic rates—are asked, 
ranging from 10s. per week up to nearly 20s. No 
alteration in the operation of the sliding scale is pro- 
posed. At present, however, the sliding scale benefits 
only a comparatively small proportion of the men, the 
majority of the grades having already reached the 
base line. 


The men on the London Underground, Metropolitan 
and Electric Railways are included in the new pro- 
gramme. For locomotive drivers and motormen, a 
flat rate is demanded of 16s. per day. Current weekly 
wages range from 4/1. 10s. after six years down to 
3l. 12s. For firemen and assistant motormen a flat 
rate of 12s, 6d. per day is required; existing rates 
range from the minimum drivers’ rate after eleven 
years to 21. 17s. per week. Under the current agree- 


ment, the mileage basis of payment for drivers and 


firemen is 140 miles per day. It is proposed in the new 
programme that it shall be 120 miles for surface men 
and 100 miles for underground men, no man to work 
more than 840 miles in a week. All miles worked over 
the stipulated figure are to be paid on the basis of 
15 miles per hour, but the mileage is to be limited as 
nearly as possible to 120 per day. 


In respect of porters a new minimum of 31. 3s. 
per week is demanded for London and one of 3/. per 
week elsewhere. Grade I porters at present get, 
including the sliding scale bonus, 2/. 9s. per week, 
and Grade II porters 2/. 7s. per week. The object 
of the proposals affecting signalmen is said to be to 
bring the original scheme more into line with modern 
requirements. Under the current agreement the base 
rates for signalmen range from 31. 15s. per week to 
21. 8s. per week for passenger boxes, and from 31. 12s. 6d. 
to 21. 8s. for goods boxes. The standard rates pro- 
posed range from 4/. 18s. in London and 41. 10s. else- 
where to 3/. 3s. and 31. according to class. A flat rate 
of 41. per week is demanded for skilled men in railway 
shops; 31. 10s. per week is asked for semi-skilled 
men, and 3/. per week for unskilled men. The grading 
of skilled mechanics is to be abolished, and the new flat 
rate for skilled men is to be applied to all who have 
been five years at the trade. For machinists base 
rates of 41. and 31. 16s. per week are proposed, and 
increases are also asked for men employed in power 
houses. 


For the traffic grades a revision of working condi- 
tions is proposed as well as a readjustment of wages. 
The working week is not materially to be altered, 
except in certain grades—such as goods and cartage 
men, permanent way men and signal and telegraph 
department staff—where a working week of 44 hours 
is proposed. The present working week is one of 48 
hours. A six hours’ day is asked for signalmen in 
boxes where the work is very heavy. Night duty 
payment is to operate from 6 p.m. to 6 a.m., instead 
of 10 p.m., to 4 a.m., and the rate is to be time and 
a-half, instead of time and a-quarter. The new over- 
time rates demanded are time and a-half, between 
6 a.m. and 6 p.m., and double time between 6 p.m. 
and 6 a.m. Other important proposals include a 12 
days’ instead of a six days’ annual holiday, the inclu- 
sion of meal times in the eight hours of duty, pensions 
at 60 years of age for all grades, and the application 
of the guaranteed day and week to all grades who do 
not at present enjoy it. 


Tur FreRRANTIANS.—The date for the next re-union 
of old Ferrantians has now been fixed for Wednesday, 
December 17, at the Hotel Cecil, London. Dr. S. Z. 
Ferranti will be the guest of the evening, and the Chair 
will be taken by Mr. H. W. Kolle. It was originally 
announced that Mr. C. H. Wordingham, C.B.E., would 
preside, but owing to illness, this will not be possible. 
There has been a considerable response from Ferrantians 
in all parts of the country, but the Hon. Secretary, 
Mr. W. E. Warrilow, 40. Mildred-avenue, Watford, 
would still like to hear from further Ferranti men 
whose attendance would be welcomed. 


THE InstiruTion oF AUTOMORILE ENGINEERS.—The 
annual dinner of the above institution, which as usual 
was very successful, was held at the Connaught Rooms, ~ 
London, W.C. 2., on the 19th ult. In distinction from 
the practice of many of the technical institutions, the 
Institution of Automobile Engineers admits ladies to its 
annual dinner. This procedure makes the event a very 
definite social function. In the present case the ladies’ 
element extended even to the speeches, an excellent and 
amusing reply to the toast of ‘‘ The Guests ”’ being made 
by Lady Parsons. The speaking throughout was above 
the level to which one igs accustomed, and particularly 
would we mention the contributions of Dr. Ormandy, 
the President, and Mr. W. J. Tennant. 
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THE ELASTIC LIMIT IN TENSION, AND ITS 
INFLUENCE ON THE BREAKDOWN BY 
FATIGUE.* 


By J. M. Lessetts, B.Sc. 


(a) Introduction.—The degree of influence which the 
elastic properties of materials exert on their actual 
breakdown by fatigue does not appear to receive the 
attention which the subject warrants. 

The paper is divided into five sections as follows :— 
(6) Apparatus. (c) Method of Procedure. (d) Ten- 
sion and Fatigue. (e) Endurance by Deflection. (f) 
Conclusions. 

(6) Apparatus.—The apparatus used is described 
as follows:—({1) Tensile Testing Machine.—This 
machine is 100,000 lb. capacity, and represents the 
standard equipment of T. Olsen and Co., Philadelphia. 
It is part of the equipment in the research laboratory 
of the Westinghouse Company, and is of a beam type. 

(2) Tensile Test-Piece.—The test-piece used is shown 
in Fig. 1. It was designed by the author, and differs 
from the American standard test-piece in that the 
radius at the neck was made larger in order to eliminate 
excessive stress concentration. 

(3) Fatigue Testing Machine—This was originally 
made by T. Olsen and Co., Philadelphia, re-designed 
with provision for heavier ball-bearings and the appli- 
cation of a lubrication system. Fig. 2 shows the 


Fig.1. 
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Fig. 3. 
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the maximum stress is nearly uniform over 1 in. of 
length. 

(5) Deflection Apparatus.—The apparatus shown in 
Figs. 4 and 5, was designed by the author, being 
modelled on the original apparatus built and used at 
the National Physical Laboratory, Teddington. It 
consists essentially of a stand carrying a vertical scale 
graduated in inches, a telescope, and a lamp in the 
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Fig.7. TENSILE TEST. 
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Machine as modified. In this type of machine the 
Main spindle is driven by gearing from an electric 
motor. This spindle is hollow and a test-piece can 
be fixed in each end of the spindle by means of tapered 
sleeves. The load is applied to the test-piece through 
ball-bearings, which fit on the end of the test-piece. 
Tt will be appreciated that when the test-piece was 
fitted into this machine and loaded and the machine 
set in motion, the material of the test-piece was sub- 
jected to reversals of stress. The speed is 1,300 r.p.m. 
(4) Fatigue Test-Pieces.—The test-piece used is 
Shown in Fig. 3. The taper of test-piece is such that 
_* Paper, abridged, read before the Institution of 
Mechanical Pde on Friday, December 5, 1924. 
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form of a point source of light. A rack and pinion 
was embodied in order that this lamp could be moved 
vertically over the scale provided. By this arrange- 
ment the lamp filament could be moved over the scale 
so that its reflection in the mirror attached to the test- 
piece could be seen in the telescope for different angles 
of inclination of the mirror. 

(c) Method of Procedure.—{1) Tensile Tests.—In 
conducting the tensile tests, the testing machine and 
test-piece described were used. The test-piece was 
mounted in the machine and a small load of 20 Ib. 
applied. An Ewing extensometer set for 2 in. gauge 
length was then attached. to the test-piece. The 
machine was then set in motion so that the head 


The load and extension were recorded for succes- 
sive extensions of 0-002-in. until a total of 0-Ol-in. 
extension was reached. The extensometer was then 
removed and the speed of the machine increased to 
0-58 in. per minute until fracture occurred. The total 
elongation and reduction of area were next measured 
and recorded, from which percentages were calculated. 
The elastic stage was then plotted to scale, using 
stress in lb. per square inch as ordinate and extension 
in inches as abscissa. A characteristic diagram 
obtained in shown in Fig. 7. The proportional limit 
described herein as the elastic limit was taken as that 
stress on this diagram at which extension ceased to 
be proportional to applied load. The yield-stress was 
taken as that stress corresponding to an extension of 
0-01 in. It will be observed that the ratio of yield- 
stress to elastic limit defined the shape of the initial 
stage of the tensile test diagram. ° 

(2) Fatigue Tests—In conducting the fatigue tests a 
minimum of six test-pieces was necessary for each test. 
The first test-piece was assembled in the machine and 
the load was calculated corresponding to a stress of 
75 per cent. of the ultimate stress in tension, which 
value was obtained from the tensile tests. 'The machine 
was then set in motion and weights added to the end of 
the test-piece by increments of 5 lb. until the requisite 
load was obtained. The reading of the revolution 
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counter at which this load was reached was then taken. 
After fracture was obtained the reading of the counter 
was again taken and the total cycles of stress, obtained 
from the difference of these counter readings, recorded. 
The second test-piece was then assembled as before, but 
the load was reduced from the value used in the previous 
case. The total cycles of stress to fracture were again 
recorded. This was again repeated on the remaining 
test-pieces, the load being gradually reduced on succes- 
sive pieces until it was found that fracture could not 
be obtained although running from 20 x 10° repetitions. 
Since the machine was designed to run at 1,300 r.p.m., 
this last test had to be run continuously for 11 
days. The cycles of stress and corresponding stress 
values were plotted as shown in Fig. 8. The curve 
obtained was hyperbolic in form, and seemed to be 
asymptotic to a horizontal line drawn parallel to the 
horizontal base line. Accepting the hypothesis 
advanced by many previous investigators, it was 
assumed that if the material safely withstood 20 x 10° 
cycles of stress without failure, it would withstand an 
infinite number of such cycles. This stress value was 
therefore taken as the endurance limit. 

(3) Deflection Fatigue Tests—The apparatus des- 
cribed in (b) (5) was used in conjunction with the 
fatigue-testing machine and test-piece. A test-piece 
was mounted in the machine and the mirror screwed in 
the end. This mirror was then adjusted by the screws 
provided, so that the plane of the mirror was at right 
angles to the axis of the test-piece. The machine 
was then set in motion, and the lamp so adjusted on 
the scale that the image could be observed in the 
telescope. The reading on the scale was then recorded. 
A load of 5 lb. was then applied to the test-piece, and 
the lamp moved down until the filament was again 


was moving at the rate of 0-04-in. per minute, | visible in the telescope. This was then repeated for 
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consecutive 5 lb. increments until the load was such 
that the endurance limit had been exceeded, as evi- 
denced by the high temperature attained by the test- 
piece. These readings of load were then expressed as 
stress and plotted with the corresponding deflections. 
A typical curve is shown in Fig. 9. It will be noted that 
a point on the curve is reached at which deflection 
ceases to be proportional to load. This point has been 
called the endurance limit of the material by certain 
investigators at the National Physical Laboratory. 
These deflection tests can be made in approximately 
30 minutes ; it will, therefore, be appreciated that such 
a test would be truly valuable if always reliable. The 
present work imposes decided limitations on its use 
however. 

(d) Tension and Fatigue-—Attempts have been 
made to show that the endurance limit or true elastic 
limit is related to the ultimate stress in tension alone. 
By concentration on one steel, certain results are 
given here to show that the endurance limit value, 
while being related to the ultimate stress in tension, is 
largely influenced by the two factors: (1) Internal 
stress as measured by the relative position of yield 
stress and elastic limit and (2) microstructure. Carbon 
content may have a bearing also on the final value, 
but from the data discussed it will be seen that this 
may be small. 

(1) Internal Stress.—The state of internal stress 
in a material can probably best be indicated by con- 
sidering the position of the elastic limit relative to 
some other value, such as the yield stress. To illustrate 
a material was taken of the following analysis :— 
C., 0-37; Mn., 0-59; Si. 0-036; S., 0-035; P., 
0-013. In bar form 2} in. diameter and 42 in. in 
length this was annealed by heating to 850 deg. C. 
holding for 30 minutes and cooling in the furnace, and 
was normalised by heating in a similar manner but 
cooling now took place in the air. The results for the 
three states are given in Table I :— 


TaBiLe I.—Tensile Test Results. 


Ratio 
q Elastic | Yield- | Ulti- |Elong- | Reduc-| y 

Treatment. | Timit. | Stress. | mate | ation. | tion. == 
Stress. ELL. 

Lb. per| Lb. per| Lb. per} Per Per 

sq. in. | sq. in. | sq.in. | cent. cent. 
Rolled .| 30,000 | 36,300 | 75,700 | 31-4 49-0 1-20 
Annealed .| 34,700 | 87,000 | 68,700 | 32-3 48-0 | 1:07 
Normalised ..| 34,725 | 39,450 | 76,800 | 31-0 48-6 | 1:13 


For the annealed state of the material in which 
the internal stress must be a minimum, the ratio of 
yield-stress to elastic limit is also a minimum. This 
means that the smaller the internal stress becomes, 
the more does the elastic limit approach the yield- 
stress, and in a well-annealed material these values 
appear to coincide. Again, provided the ultimate 
stress remains constant, the lower the ratio of yield- 
stress to elastic limit, the higher will the endurance 
limit become. A low elastic limit value means a low 
endurance limit value. Table II gives the values of 
the endurance limits for the three states. It will be 


TaBLE II.—fatigue Test Result. 


Endurance Limit. 


State. 
By experiment.| As calculated. 


Rolled 28,000 28,000 
Annealed 28,600 28,500 
Normalised 29,300 30,000 


noted that the endurance value for the annealed 
material is higher than that for the rolled material, 
although thé ultimate stress in tension has been reduced 
from 75,700 lb. per square inch to 68,700 lb. per square 
inch by annealing. On the other hand, the endurance 
limit for the normalised state has been increased 
to 29,300 Ib. per square inch. These changes appear 
to be explained by the reduction in the ratio of yield- 
stress to elastic limit due to a reduction in the internal 
stress existing in the material. In order to apply 
these results in practice the following theory has 
been developed. If x,, F,, f, and &, represent respec- 
tively the ratio of yield-stress to elastic limit, ultimate 
stress in tension, the endurance limit and the ratio f,/F, 
for one particular state and 2, F,, f. and k, similar 
values for a second state, then :-— 
sal 
i) ap eel Sie eae raeley (1) 

Hence, if the endurance limit and tensile test data for 
one state be known, the endurance limits for other 
states can be calculated from the tensile test values 
for these states. 


Applying equation (1) for the three states of the 
material the results obtained are shown in the right 
hand of Table If. All previous remarks refer only 
to materials of a similar structure. 

(2) Microstructure.—The effect of microstructure can 
at once be shown by referring to the experimental 
values, Tables IV and V, obtained from the same steel 
oil-quenched in water from 850 deg. C. and tempered 
to give the recorded Brinell hardness. 


TasBLE IV.—Tensile Tests Results, 


| | | 
Brinell i | ti 
No. | Hard- | Blastic| Vield- | Ul | pong. Redue-| etl 
ness | Limit. | Stress. ation. | tion. | —— 
N. Stress. | | KE. 
0. | | 
| | 
| | 
Lb. per} Lb. per| Lb. per| Per | Per | 
sq. in. | sq. in. | sq. in. | cent. | cent. | 
4 207 64,000 | 69,460 |105,460] 21-8 | 56-1 | 1-08 
6 248 68,000 | 80,000 |116,800} 16-4 | 40-9 | 1-185 
TaBLe V.—Fatigue Test Results. 
No. Endurance Limit. No, Endurance Limit. 


4 51,000 Ib. per square 6 


52,000 lb. per square 
inch, i 


inch, 


In this case the ratio of endurance limit to ultimate 
stress has been increased to 0-48 and 0-44, resptc- 
tively, whereas for the annealed state previously con- 
sidered this ratio was 0-415, which shows that this 
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ratio depends on the microstructure of the material. 
Applying equation (1) again and basing the calculation 
on results for state No. 4 the endurance limit for 
state No. 6 becomes 51,400 lb. per square inch, instead 
of the experimental value of 52,000 lb. per square 
inch. 

(e) Endurance Limit by Deflection Method.—This 
method of determining the endurance limit by means of 
deflection has been described in section (b) (5). Some 
results obtained by this method of testing are given in 
Table VI. The stainless iron was of the following 
analysis:—C., 0-085; Mn., 0-310; P., 0-014; 
S., 0-024; Si, 0-05; Cr., 14-3. This was heated to 
760 deg. C. and cooled in the air, the size being ? in. 
diameter by 10 in. long. The pure nickel was of the 
following analysis and was tested as forged :—C., 
0-065; Si, 0-108; Fe., 0-08; Ni., 99-7. 

The 3 per cent. nickel was taken from a large forging 
of the following analysis:—C., 0-30; Mn., 0-53; 
P., 0-018; S., 0-047; Si. 0-195; Ni, 3-12. This 
was heat-treated as part of the forging by normalising 
at 800 deg. C. The 33 per cent. nickel was of the 
following analysis :—C., 0-35; Mn., 0-45; P., 0-013; 
S., 0-025; Ni., 3-4. The material was in plate form 
70 in. diameter by 24 in. thick, and was normalised at 
840 deg. C. and tempered at 730 deg. C. 

Referring to Table VI, it will be seen that it can be 
divided into two parts by a horizontal line drawn below 
the seventh test. All materials above the line have 
elastic limits in tension higher than the endurance 
limit as found by deflection method, and this deflection 
result is observed to be in good agreement with the 
endurance limit as found by the long tests recorded in 
column 4. On the other hand all materials below this 
horizontal line have their elastic limits below the value 
of the deflection endurance limit, and this latter is 
observed not to be in good agreement with the results 
of the long-time tests. The case of the non-ferrous 
material is no exception to this statement, because 


these materials being cold worked have an artificially 
raised elastic limit. The extent to which this deflec- 
tion endurance limit can be misleading is seen from the 
case of the 3 per cent. nickel steel. In this case the 
deflection method indicates an endurance limit of 
46,800 Ib. per square inch, whereas the true endurance 


TasLtE VI.—Fatigue Test Results. 


Endurance Limit. 
Material. | State. | Elastic 
Short 
Long Method. Method. 
Lb. per Lb. per sq. Lb. per 
sq. in. inch. sq. in. 
0:37 carbon Rolled 30,000 28,000 30,400 
a Annealed | 34,700 28,500 30,800 
s Normalised | 34,700 29,800 30,800 
Heats 64,000 51,000 52,000 
5 ifreated 68,000 52,000 55,000 
73,000 58,300 61,000 
34 nickel .| Normalised | 52,750 45,000 44,000 
Stainless iron y 28,000 40,000 48,000 
Pure nickel..| As rolled | 16,000 Fractured at 40,000 
39,600 Ib. per 
sq. inch after 
1,323,000 cycles. 
“sj . 30,000 Not broken at 43,000 . 
43,000 lb. per 
sq. inch after 
3,245,000 cycles. 
3 pe rene Normalised | 31,500 30,000 46,800 
nicke 
Copper Rolled 22,500 Fractured at 24,000 
19,800 lb. per 
sq. inch after 
1 x 106 cycles. 
Phosphor a 52,000 Fractured at 51,000 
bronze 36,000 Ib. per 
sq. inch after 
608,900 cycles. 
Brass Se 5 26,000 Fractured at 34,000 
27,000 lb. per 
sq. inch after 
1:3 x 106 cycles. 
Brass Annealed 9,500 | Not broken after | 18,000 
4 x 106 cycles at 
18,000 Ib, per 
sq. inch. . 


value was 30,000 lb. per square inch, the elastic limit 
in tension being 31,500 lb. per square inch. Referring 
to the case of the brass the endurance limit by deflec- 
tion was 34,000 lb. per square inch, but fracture 
occurred at 27,000 lb. per square inch after 1-3 x 108 
cycles of stress with an artificial elastic limit in tension 
of 26,000 lb. per square inch. This material on being 
annealed, gave.a deflection endurance’ limit of 18,000 Ib. 
per square inch, and yet did not fracture when 
stressed at 18,000 Ib. per square inch for 4 x 108 cycles, 
the elastic limit in tension being 9,500 lb. per square 
inch. 

It is felt that the results recorded are comprehensive 
enough to advance the conclusion that, unless the 
position of the elastic limit in tension be considered, 
this deflection method has decided limitations. 

(f) Conclusions.—On the basis of these discussions, 
it is felt that the importance of the elastic limit in 
tension has been established, and that all fatigue tests 
must be analysed with the tensile test results as a back- 
ground. 

The importance to the designing engineer of the 
proper interpretation of the physical tests cannot be 
over-estimated if the development of high-speed 
machines during the next decade equals that which has 
taken place in the last one. 


Export TRADE TO THE UNITED StatEes.—Mr. J. Joyce 
Broderick, the Commercial Counsellor to His Majesty’s 
Embassy at Washington, is at present on an official 
visit to this country, and will be in attendance at the 
Department of Overseas Trade from December 8 to 
December 12 inclusive for the purpose of interviewing 
British manufacturers and merchants interested in 
export trade to the United States of America. Such 
interviews will only be given by appointment and all 
applications, quoting the reference 5518 T.G., should 
be addressed to the Comptroller-General, Department of 
Overseas Trade, 35, Old Queen-street, London, 8.W.1. 


Tue Royat InstirutTion.—The before-Haster lecture 
arrangements at the Royal Institution have just been 
issued. Of the lectures of engineering interest, general 
courses will begin on Tuesday afternoon, January 13, 
at 5.15, when Professor A. Fowler will commence @ 


course of two lectures on the ‘“‘ Analysis of Spectra”; 


on succeeding Tuesdays there will be two lectures by — 


Professor E. N. da C. Andrade on the ‘‘ Evolution of the 
Scientific Instrument,” and two by Professor A. 8. 
Eddington on the ‘‘ Internal Constitution of the Stars.” 
On Thursday afternoons, at the same hour, beginning on 
January 29, Sir William Bragg will give four lectures on 
the ‘‘ Properties and Structure of Quartz ” ; Dr. Leonard 
Hill two on the ‘Biological Action of Light”; and 


Mr. T. Thorne Baker two on ‘‘ Chemical and Physical — 


Effects of Light.’? Four Saturday lectures will be given 


by Sir Ernest Rutherford on “‘ Counting of the Atoms.” © 


The Friday evening meetings begin on January 16 with 
a discourse by Sir William Bragg on the ‘‘ Investigation 
of the Properties of Thin Films by Means of X-rays.” 
Succeeding discourses will probably be given by Sit 
Ernest Rutherford and others. 
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10-H.P. FOUR-CYLINDER MARINE PETROL MOTOR. 


CONSTRUCTED BY MESSRS. J. W. BROOKE AND CO., LIMITED, ENGINEERS, LOWESTOFT. 
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10-H.P. FOUR-CYLINDER MARINE MOTOR. 


Tue study of the design and construction of any 
type of engineering plant with a view to retaining the 
characteristics of reliable running and efficient action, 
and yet introduce such modifications as are dictated by 
the desire to make mass production a possibility. is 
always profitable, not only to the manufacturer but 
also to the user. Endeavours of this type deserve 
commendation, for the ultimate result is not only the 
cheapening of the product, but the consequent exten- 
sion of its use and continuously increased output, 
which results in giving employment to a greater 
numberof workmen. No excuse is, therefore, necessary 
for calling attention to a new 10 horse-power marine 
petrol engine put upon the market by Messrs. J. W. 
Brooke and Co., Limited, of Adrian Works, Lowestoft, 
the design of which has been considered from these 
standpoints. The marine motor in question, which is 
illustrated by Figs. 1 to 3 above, is a four-cylinder 
power unit of good design, in the production of which 
the cost have been so much reduced as to make its 
sale, including bronze tail-shaft and three-bladed 
propeller, at 1007. a commercial proposition. As will 
be seen when the components are described, great 
simplicity of construction has been obtained, and this, 
combined with manufacture on a multiple production 
basis in batches of 50 sets, is the means by which the 
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economies in manufacture have been effected. It must 
not be taken, however, that because the design is 
simple little consideration has been paid to the subjects, 
important to the user, of low fuel consumption and 
reliability, for the engine at full load uses 6 pints of 
petrol per hour and silent, flexible and reliable working 
have been demonstrated. 

The engine has four cylinders of 23-inch bore and 
4-inch stroke, and it works on the four-stroke cycle. 
All the cylinders and the top half of the crank-case are 
parts of the same casting. The cylinders are bored out 
two at a time, and are afterwards ground to size. Valve 
and tappet guides in this casting and all the various 
holes are drilled in a multiple machine with the use of 
jigs. The camshaft is made of low carbon steel and 
is ground from the forging. After case-hardening, the 
cam profiles are accurately ground. ‘The crankshaft 
is made from 3 per cent. nickel steel. In grooves 
cut in the cast-iron pistons there are accommodated 
four rings, three are at the top, while the other is used 
as a gudgeon pin retainer. The connecting rods are 
simple steel stampings, in which die-cast white metal 
bearings are provided. To keep out foreign matter 
the valve mechanism is enclosed by a light steel cover, 
which can be quickly removed for such purposes as 
adjusting the tappets. 

For lubrication purposes a detachable pump is 
driven from an eccentric on the camshaft and draws its 
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oil supply from the sump. The delivery is carried by 
an. outside pipe through a sight feed to the timing gear 
from which it drains back to the troughs in the crank- 
case, into which dip the projections on the connecting 
rods to cause the splash lubrication of the general 
moving system. An oil limit indicator is provided on 
the filling pipe, which extends to a height above the 
level of the cylinder heads, and serves as a vent for the 
crank chamber. A gear-type pump driven from the 
end of the camshaft, circulates the cooling water, which 
it delivers direct into the jacket at the aft cylinder. On 
the starboard side of the engine there is a carburettor 
or paraffin vaporiser connected to an inlet manifold, 
which is in one piece with the cylinder casting and is 
jacketed by the exhaust system. On the other side 
there is a British-made magneto driven by a shaft from 
the timing wheels, which are made of steel and fibre. 

The crankshaft drive is carried through to the gear 
box, where there is a reverse gear of the epicyclic type, 
the operating lever for which is placed in a very acces- 
sible position for easy handling. There are alternate 
steel and copper plates on the ahead clutch system, and 
a convenient method of adjusting the expanding pawls 
is provided. In this a castellated nut is used, the 
turning of which takes up the wear equally on all three 
pawls. The adjustment of the astern equipment is 
outside the gear box, and is easily accessible. It will be 
noted from the illustrations that the chain of the 
starting system is completely enclosed. These complete 
engine sets, with the standard propellers provided, 
have now been installed with success in many different 
types of motor boats, ranging from runabout launches 
to small cabin cruisers. 


STANDARDISATION OF COLLIERY REQUISITES.—A meet- 
ing of the British Engineering Standards Association 
Sectional Committee on Colliery Requisites has recently 
been held in London under the chairmanship of Mr. Evan 
Williams, the President of the Mining Association of 
Great Britain, principally to report progress made since 
the inception of the work in June last. Reports, together 
with detailed recommendations, were presented from the 
six regional committees which have now been fully 
constituted and have held meetings. These regional 
committees meet at Birmingham, Cardiff, Glasgow, Man- 
chester, Newcastle, and Sheffield’ A questionnaire for 
light rails, which is being drafted with the assistance and 
co-operation of the regional committees, is to be circu- 
lated to the mines in this country to enable the Sectional 
Committee to obtain particulars to assist them in dealing 
with this subject. A report is being prepared in South 
Wales regarding electrical apparatus which should be 
simplified and will be considered by each regional com- 
mittee before the proposals contained therein are sub- 
mitted to the Sectional Committee ; in this connection, 
the co-operation of the Association of Mining Electrical 
Engineers is expected to be helpful. Realising the import- 
ance to the mining industry of the quality of the materials 
used, it has been decided to set up a national sub-com- 
mittee, drawing its members principally from each of 
the regional committees, to consider this important 
subject, and make recommendations as to the materials 
for which specifications should be put in hand. It has 
also been decided to set up a national sub-committee 
on steel arch girder supports as well as on black nuts, 
bolts and rivets. The question of the requirements of 
the mines for wire ropes was also considered, and it is, 
understood that the fully representative British Engineer- 
ing Standards Association Committee already in exist- 
ence, is to give this matter early attention. 
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THE EFFECT OF LOW AND HIGH 
TEMPERATURES ON MATERIALS.* 
By Prorsssor F. C. Lea, D.Sc. 


Tue effect of temperature on the properties of metals 
is now recognised as being of the greatest importance 
to mechanical engineering. The tests dealt with in 
the paper include :—Statical tests at temperatures 
ranging from — 80 deg. C. to 1,000 deg. C, in testing 
machines of the ordinary character to determine 
elastic properties, breaking strengths, and other data 
generally obtained by tests at ordinary temperatures. 
The investigation of the effect of time upon metals 
loaded with known stresses. What may be called 
creep phenomena have been investigated, and the 
stress at various temperatures at which the creep in 
time becomes zero, or does not become zero, have 
been determined. Hardness tests determined statically 
and dynamically at various temperatures. Repetition 
tests at temperatures varying from 15 deg. C. to 
800 deg. C. in a machine giving 2,000 cycles of stress 
per minute. These tests include ranges of stress of 
various magnitudes at differing mean stresses. 

Low-Temperature Tests.—The low-temperature tests 
were carried out in a Riehle 100-ton testing machine 
with the apparatus shown in Fig. 1. The apparatus 
consists of a Duralumin tube which can be connected 
rigidly to the lower crosshead of the testing machine. 
The specimen is connected rigidly also to the cylinder 
and to the top crosshead of the machine, as shown in 
Fig. 1. By means of Amies dials arranged outside 
the apparatus it was possible to obtain load-strain 
diagrams as shown in Fig. 2. The only point in taking 
these diagrams was to determine as accurately as 
possible the limit of proportionality and the yield- 
stress. No attempt has been made to obtain exact 
values of the modulus of elasticity, although this 
would not be very difficult. There is very little change 
in the modulus with the range of temperature referred 
to in Fig. 2. 

The changes in tensile properties as between 15 deg. C. 
and — 65 deg. C. are not very great; impact tests 
show a greater change. 


TaBLe I.—Composition of “«K” Steels. 


K. 1—Hot-rolled medium carbon steel. 
K. 2\Hardened and tempered steel. 
K. 3.—Nickel-chrome caSe-hardening steel. 
K. 4.—High tensile steel. 
K. 5.—High tensile steel annealed. 
No, 1.—Carbon steel. 
No, 2.—Carbon steel. 


_— Ce Chr. Ni. Mn. Si. 8 135 
Per Per Per Per Per Per Per 
cent. | cent. | cent. | cent, | cent. | cent. | cent. 
Ket 0:65 a — 0:80 _ —_ =_ 
K. 2 0:35 | 1:00 1} —_— _ = = 
K. 3 0:15 | 0-25 43 —_ — — _ 
K,4 0:35 | 0-60 34 _ _ = = 
K. 5 0:35 | 0-60 3t _— —_— = = 
No, 1 0-14 | — — 0:68 | 0:19 | 0-040) 0-045 
No. 2 0:32 — _— 0-58 | 0:22 | 0-052) 0-049 


Elastic and other Properties of Certain Steels from 
15 deg. C. to 500 deg. C._—The tests to be now described 
have been carried out in a 10-ton testing machine by 
Messrs. Buckton, which has hand as well as electrical 
power drive. For the work to be described the hand 
drive has proved very useful. 

Eatensometer.—For elastic measurements the extenso- 
meter shown in Fig. 4 was used. The gauge length is 
2 inches. The bars and the adapters were made of 
tungsten steel. The kmife-edge rockers rested in 
two-plate Vees. The elongation is measured on both 
sides of the specimen. One scale and telescope is 
used for both mirrors. For calibration the blocks at 
the lower ends of the inner bars were removed and a 
micrometer attached. The yield stress of the materials 
was measured by the extensometer and taken at the 
stress at which the permanent elongation is ;}, in. 

In Figs. 5 and 6 are shown plotted the load strain 
curves for various temperatures for two steels, par- 
ticulars of which are given in Table I. It will be 
seen that for the 0-65 per cent. C. steel a considerable 
change takes place in the limit of proportionality 
between 200 deg. C. and 300 deg. C., but the limit of 
proportionality given by these curves is not by any 
means a fixed limit, as it can be raised artificially by 
‘‘ overstressing ”’ in tension. 

Ultimate Strength, Yield-Stress, d&c., of Various 
Steels.—Static tests on 0-14 and 0-32 Carbon Steels 
at various Temperatures—The compositions of the 
steels are shown in Table I, Nos. land 2. At ordinary 
temperatures the strength of the steel depends entirely 
upon the condition as delivered from the works or 
whether normalised after receipt. The following show 
results of tests at ordinary temperatures of 0-32 carbon 
steel and 0-14 carbon steel normalised at the laboratory 
after receipt. 


* Paper, abridged, read before the Institution of 
Mechanical Engineers on Friday, December 5, 1924, 


0-32 Carbon Steel.—Normalised at laboratory after 
receipt. Ultimate strength, 35-4 tons per square 
inch. Normalised at works, 36:4 tons per square 
inch. Reeled bar as delivered from the works, 41-8 tons 
per square inch. Specimen quenched in thick oil 
from 870 deg. C., 49-4 tons per square inch. Specimen 
quenched in water from 870 deg. C., 89-7 tons per 
square inch. 

0-14 Carbon Steel.Normalised at works. Ultimate 
strength, 30-6 tons per square inch. Normalised at 
laboratory, 28-9 tons per square inch. Reeled bar 


Fig.1. APPARATUS USED FOR TENSILE TESTS 
al LOW TEMPERATURES 
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HIGH TEMPERATURE EXTENSOMETER 
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as delivered from the works, 33:4 tons per square inch. 
Reeled bar normalised at laboratory, 29-6 tons per 
square inch. Specimen quenched in water from 
890 deg. C., 48-5 tons per square inch. 

These tests indicate the desirability of knowing the 
exact conditions of these steels before comparing 
them with the tests at definite temperatures. The 
effect of temperature is very much influenced by the 
presence of small impurities. The strength tempera- 
ture curve for the 0-32 carbon steel reeled bar appar- 
ently passes through two maximum points :—(1) At 
150 deg. C. and the other at about 300 deg. C. The 
normalised bar increases in strength slightly up to 
330 deg. C. 

Experiments on COreep.—The author puts forward 
the following hypothesis that at each temperature 
there is a particular stress below which the metal 
may be temporarily viscous—that is, it continues 
to deform under a continuously applied stress, but 
that with time the viscous material solidifies and the 
rate of creep diminishes to zero. Above this stress 


the material continues viscous* and with time will 
finally fracture. The curves drawn in Fig. 13 were 
obtained from a test of a mild steel specimen. The 
specimen was loaded in the testing machine and 
allowed to yield. By means of an extensometer the 


* The use of the term viscous is not above criticism. 
For true yiscosity the rate of creep under the applied 
stress should be uniform. This is not actually so, even 
in the case when the stress is sufficiently high to cause 
fracture ultimately. 


“creep”’ of the specimen was observed while loaded 
at 16-92 tons per square inch. After 70 minutes the 
creep ceased, and the creep-time curves became 
parallel to the axis of time. The specimen was then 
loaded to 17-11 tons per square inch, and after 
80 minutes the creep again ceased. Other stresses 
were applied, and in Fig. 13 it will be seen that at 
all stresses applied, which are below the actual 
breaking stress, the creeps finally cease. 

As another illustration the following tests of a 
specimen of 0:32 carbon steel at 350 deg. C. and 


0-14 AND 0-32 CARBON STEEL. 
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Fig.6. ALLOY STEEL K2. 


C-0:35 per Cent. Chr =7 per Cent. 
Nt-1-25 per Cent. Dt 0:375 Iruch. 


Stress on Origural Area, 
Tons per Sq.Inch. 


(3840.0) — Strain ¢ggg Inch per Inch, mone” 
of a mild steel specimen dead loaded are of in- 
terest. 

Tests on Specimen of 0:32 Carbon Steel at 350 deg. C.— 
Diameter of specimen 0-376 in. Time of commence- 
ment of test 4.34 p.m. Date, April 4. Stress* 
22-5 tons per squareinch. ‘This stress and temperature 
remained constant until 4.30 p.m. on April 9, when 
creep had apparently definitely ceased. A total creep 
of something like 1-8 mm. had taken place in this 
time on a length of 4in. The stress was then increased 
to 24-25 tons per square inch ; by 2.23 p.m. on the 10th 
there was practically no creep. This indicates that 


* Stress is equal to load divided by original area of 
the specimen, 
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whatever slip had taken place during the previous 
loading had definitely hardened the material, and 
that it will thus stand a higher stress without creep. 
The stress was now raised to 26-09 tons per square inch 
and up to 10.40 a.m. on April 11 the creep was 
0-18 mm., but the creeping had ceased. The stress 
was now increased to 27-89 tons per square inch 
and at 11.40 a.m, on the llth the specimen had 
crept 0-2 mm., but at 11.40 a.m. on the 14th the 
creeping had ceased, The stress was then increased 
to 29-66 tons and a creep of 0-20 mm. took place in 
four hours, but ceased by 10.40 a.m. on the 15th. 
The stress was then increased to 31:46 tons per 
square inch and a creep of 0:5 mm. occurred, but 
the creep had definitely ceased by 9.45 a.m. on the 16th. 
The stress was then increased to 33-3 tons per square 
inch. A creep of 1-5 mm. took place in six hours, 
the creep had apparently ceased. The load was then 
increased to 34-1 tons per square inch, and the 
specimen increased in length 0-6 mm. and the creeping 
was continuous for 14 ‘hours. The load was then 
increased to 35:02 tons per square inch, and the 
specimen broke in 25 minutes. This can be compared 
with 42 tons per square inch for static tests at this 
temperature. The actual breaking strength at this 
temperature is probably 34 tons per square inch. 

Creep Test of Specimen of Mild Steel at Ordinary 
Temperatures.—Long time test of specimen, 0-2-in. 
initial diameter (dead load), All stresses are measured 
on the original area—that is, the area at the time 
when a given load is supplied. A specimen about 
0-2-in. diameter was loaded by dead load on March 11 
with a stress of 14 tons per square inch. In 24 hours 
there was no perceptible creep. An increase of the 
stress to 15-81 caused no perceptible creep. The 
area of the specimen was then diminished, and the 
stress increased to 19-8 tons per square inch, at 
which stress a very perceptible elongation took place 
and creep continued quite perceptibly for three 
hours after the application of the load. From 10.30 
a.m. on March 19 to 12 noon on April 4, the creep 
was, however, not more than 0:02 mm., and from 
April 4 until the 11th no further creep at this stress 
had taken place. The stress was then increased to 
25-82 tons per square inch until 12 noon on April 16. 
After the elongation which took place as the load 
was applied from zero, there was no perceptible 
elongation during 100 hours. The load was removed, 
the specimen reduced to 0-155-in. diameter, and then 
the load was increased gradually to 28:3 tons per 
square inch; there was no creep in two hours. The 
load was then increased to 29-2 tons per square inch, 
and a very slight creep took place in 22 hours, but 
the creep ceased. Gradually increasing the load to 
31-09 tons per square inch in 10 minutes caused no 
perceptible creep until 31-09 tons per square inch 
was reached. For half a minute this load was held, 
and then a very slight creep of =}y mm. took place 
in a few seconds, followed by creeping at a rate of 
0:7 mm. per second until the specimen fractured. 
A specimen of the same steel, 0-625-in. diameter, 
was broken in an ordinary testing machine ; the 
yield-point was 19-5 tons per square inch, and the 
breaking strength 30-2 tons per square inch. These 
tests indicate very clearly that what is generally 
called the breaking stress at ordinary temperatures 
is approximately the load, divided by the original 
area, which will cause continuous creep, and show 
at least that this stress can be approached very nearly 
without continuous creep taking place. 

The final breaking stress, as might be expected, 
was a little larger in the case of the specimen broken 
very gradually than in the specimen broken in the 
ordinary way. At the present time the author has 
a further specimen in a testing machine, which has 
been loaded continuously, and at gradually increasing 
stress, for several months. This is now carrying a 
load greater than that which originally would have 
broken the specimen. aA: 

Table IV shows the final results of other preliminary 
tests carried out at 600 deg. C. and 700 deg. C. on the 
steels indicated in the figures and details of which are 
given in Table I. The specimens were raised to the 
given temperatures, and then loaded gradually until 
at the given stress a very definite creep was observed, 
The stress was then kept constant and the elongations 
recorded at certain intervals. 

These tests indicated that the time taken was not 
long enough, and that at even lower stresses the steels 
might probably have broken. The following test was, 
therefore, carried out. A specimen, K2, was heated 
to 525 deg. C., and then loaded with 3 tons per square 
inch (Fig. 16). A very slow creep took place. After 
three days the current was accidentally cut off, On 
reheating and reloading the creep ceased on the 4th 
day. The stress was then raised to 4 tons per square 
inch, but no creep at this stress occurred. ‘The stress 
was then raised to 6 tons per square inch, the tem- 
peratures being maintained constant within a range of 
plus and minus 5 deg. C. The elongation was very 


small indeed, and apparently finally ceased. The 
stress was then raised to 7 tons per square inch. A 
creep of very definite magnitude now occurred, and 
readings were taken every two or three hours. On 
the 30th day the elongation was about 11 per cent., 
when, due to some unforeseen circumstance in the 


As already remarked the elongation is not always 
continuous and in this test it took place in spurts, 
followed by a partial recovery as though slipping and 
sticking were taking place, like a body moving on a 
rough inclined plane. 

Tests at Constant Stress and Varying Temperatures.— 
A specimen of the steel K3 was loaded with 5 tons per 


Taste IV. square inch and the temperature gradually raised until 
eis (Ap miss at 770 deg. C., and, at the end of four hours, fracture 
o ep educ- i 
ture Steel | Stress and | Blonga-| tion Time took place. ee creep took place when the tem- 
of Mark. | Breaking | tion of of Test. | Perature was 610 deg. C. The elongation per cent. 
Test. Stress, Area at fracture was 67:2 per cent., and the reduction of 
area 94:2 per cent. The effect of time is again illu- 
ees Tors. pay Per a strated in Table V. aes ae 
: sq. in, cent, cent, | Hrs. min ‘0 be continued. 
600 K2 7:2 38 85°5 4 23 ( o ) 
600 K3 6-0 63 95-5 5 15 ; 
600 K4 72 62°5 91°8 3 20 
Soe SF pee ae geet 264 20 PETROL DRIVEN RAIL CAR WITH 
700 K4 2-71 65 92-0 6 10 ALi ‘FOUR-WHEEL DRIVE.‘ 
om use cG1 55 87-8 bento In order to facilitate the maintenance of the over- 


head construction of electric railways and tramways 
it is usual to provide self-propelled vehicles which can 
travel rapidly to any point with men and material 
when the line is dead, the vehicles being designed so 
as to afford an elevated working platform when desired. 
A vehicle of this kind has recently been ordered by the 
Norwegian State Railways from the Four Wheel Drive 
Lorry Co., Limited, of Slough, and it is interesting as 
an example of the application to railway work of the 
system of drive developed by the makers for road 
traction, We illustrated the Four-wheel Drive lorry, 
and gave drawings of its transmission gear, in our 
issue of December 7 last year, on page 705, so that there 
is no need again to describe the design of the mechanism 
in detail. The new vehicle, the chassis of which is 
illustrated on the next page, is of the F’.W.D. passenger 
type, but of shorter length and wheelbase and fitted 
of course, with flanged railway wheels. The wheels are 
334 in. diam. and of standard gauge. The wheelbase is 
10 ft. 4 in. long, the length of the vehicle over buffers 
is 24 ft. 10 in. ; over headstocks 21 ft. 10 in., and inside 
dashboards 19 ft. 8 in. Its overall width is 7 ft. 8 in. 
The weight of the chassis is approximately 53 tons, 
and the tanks will carry 18 gallons of cooling water 
and 17 gallons of petrol for the engine. 

Power is furnished by a four-cylinder vertical engine 
of the usual lorry type, with a cylinder bore of 44 in., 
and a stroke of 54 in. This will give 54 brake horse- 
power, and at normal revolutions will propel the rail-car 
in either direction at speeds of 54, 74, 15 or 30 miles 
per hour, according to the gear in use. The four 
speeds in the gear box are of the constant mesh type 
engaging by dogs, all gears and shafting being fitted 
with ball or roller bearings. All the driver’s controls are 
duplicated, so that the vehicle can be driven equally 
well from either end, and care has been taken that all 
control movements are absolutely symmetrical. Gear 
changing is effected by a gate mechanism with a link 
and lever device which enables the gear to be changed 
from either end of the vehicle. To effect this a straight 
link is pivotted at its centre to a lever mounted on the 
striking-gear shaft of the gear box. The outer ends of 
this link are connected one to each change speed gate, 
and the end connected to the neutral or dead end of the 
car acts as a fulerum for the link when it is operated 
by the driver at the other end. Reversing is effected 
by a separate lever acting through a similar device. 

Two independent brakes are fitted. The hand-brake, 
of the pull-on ratchet type acts on a drum at the back 
of the gear box, and thus, through the transmission gear 
to all four wheels. A Westinghouse air brake acts 


Fug. 13. CREEP TEST ABOVE ELASTIC LIMIT 
MILD STEEL AT /5°C. EXTENSION-TIME RELATION, 


0:002 Inch. 


Extenston -2 Inches 


(6640.E.) 


Fug. 16. TESTED AT 525 DEGS. CENT. 
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Nu 1-25 per Cent. 
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(8840. F) Time tr Days. ‘woineensc” | directly on drums on all four of the wheels. Air for this 

brake is supplied by a small compressor driven by a 

Tani V. chain from the front end of the reverse gear-box. The 

suction valve is controlled by the air pressure, so that 

Tempera- | Ultimate | Elonga-| Reduc- | Time of | First when the air reservoir is full, the valve is held open, and 

tanecrTest| Stress, | tion, | tionof | ‘Test. | Creep. |the compressor runsidly.. Two reservoirs are provided, 

See one for the brakes and one for the whistle, delivery to 

the two is simultaneous, but a non-return valve is 

Tons per Per Per Tons per | fitted in the brake reservoir, so that if the whistle 

Deg. C sq. in. cent, cent. | Hrs. min. | sq.in. |yeseryoir is exhausted no air can be drawn from the 

bo gh an ee Page | 20:88. | beak i hereas the whistle reservoir will 
700 2-27 88 92-3 10 30 3.97 | brake reservoir, whereas whis 

0 to 770 5-00 67:2 | 94-2 3 10 5-00* | supply the brake reservoir when the pressure in the 

(constant) latter is low. This is arranged, of course, to ensure 


that the air brakes are always available. A conductor’s’ 
emergency valve is provided at each end of the vehicle, 
by which the air brakes may be applied at reduced 
pressure, but cannot again be released by the con- 
ductor. When, however, the conductor’s valve is 
shut off, the brakes are again under the control of the 
driver and may be released by him. A separate brake- 
operating cylinder is provided for each wheel, these 
are mounted directly on the spring carriages, and 
connected to the stationary part of the chassis by 
flexible tubes. 

The frame of the rail car is of rolled steel channels, 
10 in. deep by 3} in. flange width, with buffer beams 
and cross members rigidly connected by means of 
large gusset-plates. The engine and gear-box are 


* Ata temperature of 610 deg. C. 
+ Limit of proportionality. 


power circuit, the temperature was raised to 560 deg. C. 
The load was run off, the temperature adjusted, and the 
load again applied. The specimen broke on the thirty- 
fourth day with a final elongation of 34-5 per cent, and 
reduction of area of 53-8 per cent. The bar was natur- 
ally oxidized rather badly. The fracture was rugged 
and cracks were starting near to the point of fracture. 
With a test carried out in the ordinary way the breaking 
stress at 500 C. was 28-5 tons per square inch and the 
elongation was 22 per cent., and at 525 deg. C. the 
breaking strength was 25 ton per square inch. It is 
seen from these tests that the time effect is all important. 
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PETROL-DRIVEN RAIL CAR WITH FOUR-WHEEL DRIVE. 


CONSTRUCTED BY THE FOUR-WHEEL DRIVE LORRY COMPANY, 


LIMITED, ENGINEERS, SLOUGH. 


carried on a sub-frame. The springs are of the semi- 
elliptic type mounted on special spring carriages 
resting on the axle spring seats. The springs, by this 
means, are transferred to the outside of the wheels, 
increasing the spring centres from 3 ft. 51 in. to 6 ft. 
63 in. Large gilled-tube radiators are fitted at each 
end of the car. The water circulation is from the 
top of the engine to the top of the rear radiator, from 
the bottom of rear radiator to the top of the front 
radiator, and thence down through that radiator and 
through a centrifugal pump to the engine. To control 
the temperature of the radiator louvred shutters are 
fitted; these may be adjusted from the driver’s seat. 
This is necessary as the vehicle is to be used in a cold 
climate and may, of course, be standing for a consider- 
able time during repair work. 

To start the engine a C.A.V. starting and lighting 
set is fitted, the accumulator being placed between the 
frames. The vehicle will haul a normal load of 40 
or 50 tons, but much more than this can be handled in 
emergency. 


THE THERMAL EFFICIENCY OF STEAM 
ENGINES.* 


Standards of Comparison in connection with the 
Thermal Efficiency of Steam Engines. 


By Captain H. Riart Sankey, C.B., C.B.E., R.E. (ret.) 


Introductory Notes —The ‘‘ Heat Engine and Boiler 
Trials Tabulation Committee,” appreciating the fact 
that the present standard of comparison needed 
development to render it applicable to re-heating and 
feed-heating cycles which have been adopted com- 
paratively recently, asked the author to prepare the 
following short memorandum on the subject with a 
view to discussion at a joint meeting of the Institutions 
represented on the Committee. 

The question of a standard of comparison for steam- 
engine efficiencies was first prominently brought 
forward by Willans in 1888, in his paper ‘‘ Economy 
Trials of a Non-condensing Engine.”+ The matter 
was developed in Reynolds’ paper, “ Triple-expansion 
Engines and Engine Trials}; in Willans’ paper, 
“Steam Engine Trials”§; and in a paper by the 
present author entitled “ Thermal Efficiency of Steam 
Engines.”’|| 

As a consequence of this, in March, 1896, The 
Institution of Civil Egineers appointed a Committee, 
under the chairmanship of Sir Alexander Kennedy, 
to determine a standard of comparison for steam 
engines. The standard proposed by the Committee 
was the Rankine cycle, a definition of which will be 


* Paper read at a joint meeting of various Institutions 
at the Institution of Civil Engineers on Thursday, 
December 11, 1924, at 6 p.m., in connection with Com- 
mittee on Tabulating the Results of Heat Engine and 
Boiler Trials. 

{ Minutes of Proceedings Inst. C.E., vol. xciii, page 128, 
and vol. xcvi, page 230. 

{ Ibid., vol. xcix, page 152. 

§ Ibid., vol. exiv, page 2. 

|| Lbid., vol. exxv, page 182. 


found in that Committee’s Report,* and this was 
subsequently adopted. Incidentally, it is interesting 
to note that the term “‘ Efficiency Ratio ”’ was “ coined ”’ 
by this Committee. 

Since that time the practice of heating the feed- 
water by live steam abstracted from the engine during 
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expansion, known as “ bleeding,” has been developed, 
resulting in considerable economy, but to this case the 
Rankine cycle does not apply. The practice is also 
adopted of re-heating the steam after a partial expan- 
sion, a process which can be repeated once or more, 


* Tbid., vol. exxxiv, page 287. 


after which the steam is expanded to the back pressure, 
but it would be stretching the definition to apply 
it to this case. Further, these feed-heating and 
re-heating cycles can be combined, and the question 
arises, can a standard of comparison be defined that 
will meet all cases ? 

Suggested Definition of Standard.—It is submitted 
that if, in the definition referred to above, the sentence : 
“ Beyond that point expansion takes place adiabatically, 
doing work until the pressure in the cylinder is equal 
to the back pressure against which the engine is 
working,” be extended, the definition would apply to 
all cases. (The point referred to is the ‘“ point of 
cut-off” at which supply of heat from the boiler ceases, 
(see point H, Fig. 1). 

The development proposed is as follows* :-—‘‘ Beyond 
that point expansion takes place adiabatically, doing 
work until any desired pressure is reached, when the 
steam is re-heated at constant pressure to any desired 
temperature whence adiabatic expansion takes place ; 
such re-heating process can be repeated as often as 
desired. Finally, the steam is expanded adiabatically 
until the temperature of saturation corresponding to the 
boiler pressure is met. From this point either adiabatic 
expansion continues doing work until the pressure in 
the cylinder is equal to the back pressure against which 
the engine is working or the steam is expanded so 
that a portion of the heat is transferred to the feed- 
water in such a manner that at every temperature 
the amount of heat so transferred is equal to the increase 
in water heat at that temperature until the pressure 
in the cylinder is equal to the back pressure against 
which the engine is working.” 

In practice, the following main cases occur resulting 
from the omission of one or more of the factors of the 
comprehensive definition :— 

(1) Saturated steam with simple adiabatic expan- 
sion to the back pressure. 

(2) Superheated steam with simple adiabatic expan- 
sion to the back pressure. 

(3) Superheated steam with one or more re-heats 
with final adiabatic expansion to the back pressure. 

(4) Saturated or superheated steam with feed-heating 
expansion to the back pressure. 

(5) Superheated steam with one or more re-heats 
and final feed-heating expansion to the back pressure. 

The thermal efficiency of any heat-engine is defined 
as the ratio of the heat utilised as work to the heat 
supplied, and in the case of the standard of com- 
parison just defined these two heat quantities can be 
determined by formulas, but even in the simplest 
cases these formulas are very cumbersome and the 
calculations are lengthy. 

For practical purposes, the thermal efficiency can 
be obtained approximately by the use of the Mollier 
chart while, if greater accuracy is desired, calculations 
can be made in conjunction with steam tables, and 
in order to ensure the correct sequence being followed 
a rough sketch of the @¢ kind is advisable. This 
method is illustrated in the following two examples, 


* The full definition of the Rankine cycle as amended 
to suit modern conditions will be found at the end of 
these introductory notes. 
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in which Callendar’s Fahrenheit steam tables have 
been used, the 6¢ sketches being shown in Fig. 2. 


Conditions. 


Admission pressure 
Admission superheat 
Back pressure 


EXAMPLE I. 


250 Ib. per sq. in. abs. 
160 deg. F. 
0°5 lb. abs. 


The ¢@ sketch for this example is shown by the 
full lines in Fig. 2. 
From the tables it is found that the total heat at 


Exampne IT. 


Conditions.—These are the same as in the first 
example, with the addition that the steam is expanded 
to 100 lb. abs. pressure, and is then re-heated to 100 
deg. F., after which it is expanded to a back pressure 
of 0-5 lb. per square inch abs. This addition is 
shown by the dotted lines in Fig. 2. 

The first expansion is along the adiabatic EF and F 
is at 100 lb. abs. pressure. The temperature at F 


TABLE I. 
ue 2. 3. 4 5. 6. he 8. 
Ratio— 
ent rar ek ae Heat wee na oe Standard 
te ‘ ea ea’ Nflicienc cienc cle. 
No. Description of Cycle. Temperature | Supplied| Utilized. of J of Gavear oy eb ie Clea. 
Deg. Fahr. Standard. Cycle. T.E. Carnot 
Cycle. 
B.Th.U. per Lb. | Per cent. | Per cent. Per cent. 
NON-CONDENSING. 
Admission pressure 120 lb. per sq. in. abs. Saturation temperature 341-1° F. 
Back pressure 15 Ibs. per sq. in. abs. Back pressure temperature 213-0° F. 
ul Saturated .. aa Ac 341-1 1014-1 152°8 15:07 16-00 94-18 
2 | Superheated 100° F. 441-1 | 1069-1 | 164-2 15-36 25-32 60-65 
CONDENSING. 
Admission pressure 120 Ibs. per sq. in. abs. Saturation temperature 341-1° F. 
Back pressure 0-5 lbs. per sq. in. abs. Back pressure temperature 79-5° F, 
3 Saturated .. ha ae Sa 341-1 1147-7 338-2 29- 2-67 : 
4 | Superheated 100” F. Be ee) Maer. asosen | sea te ete 40-15 74-19 
uperheated 100° F. Expanded to 100° F. tem- 441-1 1254-8 377°1 30:05 : 4- 
perature drop. Reheated 100° F. : Puig ese! bat 
6 Superheated 100° F. Expanded to 100° F. tem- 441-1 1305-2 394-1 30°19 40-15 75:19 
perature drop. Reheated 100° F. Expanded 
to 100° temperature drop. Reheated 100° F. 
in Saturated and feedheating Ae aie aa 341-1 882-8 288-5 32-67 32-67 100-0 
8 Superheated 100° F. and feedheating .. ey. 441-1 937-8 308-5 32-93 40-15 82-21 
9 Superheated 100° F. Expanded to 100° F. tem- 441-1 989-9 327°5 33-08 40-15 82-39 
perature drop. Reheated 100° F., and feed- 
heating. 
10 Superheated to 700° F, total temperature SH 700-0 1334-9 420°6 31-51 53°51 58-89 
CONDENSING. 
Admission pressure 250 Ibs. per sq. in. abs. Saturation temperature 401-2° I, 
Back pressure 0-5 lb. per sq. in, abs. Back pressure temperature 79-5° F, 
11 Saturated .. ne <€ 401-2 1162°3 383-7 33°01 37-37 88-33 
12 Superheated 160° F. rs ~~ a os 561-2 1254-7 422-8 33°70 47°19 71:46 
13 Superheated 160° F. Expanded to 100 Ibs. abs. 561-2 1307 +7 443-3 33°90 47-19 71°84 
pressure, 
14 Superheated 160° F. Expanded to 100 lbs. abs. 561-2 1366-2 464-1 33-97 47-19 71-99 
pressure. Reheated 100° F. Expanded to 
50 lbs.abs. pressure. Reheated 100° F. 
15 Saturated and feedheating aN as 401-2 833-4 311-4 37°37 37°37 100-0 
16 Superheated 160° F. and feedheating.. 561-2 925-8 350°7 37-88 47-19 80-27 
17 Superheated to 700° F. total temperature 700-0 1327-7 462-1 34-80 53-51 65-04 
CONDENSING. 
Admission pressure 500 Ibs. per sq. abs. Saturation temperature 468-6° PF. 
Back pressure 0°5 lb. per sq. in. abs. Back pressure temperature 79°5° F. 
18 Saturated .. a és 468-6 1174:8 425-9 36-25 41-91 86-47 
19 Superheated 240° F. ‘fe ie we = 708-6 1320-0 495°8 37-56 53°85 69°75 
20 Superheated 240° F. Expanded to 240° F. tem- 708 °6 1445-9 556°5 38:49 53-85 71-48 
perature drop. . Reheated 240° F. 
21 Superheated 240° F. Expanded to 240° F. tem- 708°6 1564-6 613-8 39-23 53°85 72°85 
perature drop. Reheated 240° F. Expanded 
to 240° F. temperature drop. Reheated 240° F. 
22 Saturated and feedheating Aa Rc ae 468-6 771-0 323 °2 41-91 41-91 100-0 
23 Superheated 240° F. and feedheating .. an 708-6 916-2 393 +1 42-91 53°85 79-68 
24 Superheated 240° F. Expanded to 240° F. tem- 708-6 1042-1 453°9 43°56 53°85 80-89 
perature drop. Reheated 240° F. and feed- 
heating. 
25 Superheating 240° F. Expanded to 240° F. tem- 708-6 1207-2 515°3 42-69 53°85 79-28 
perature drop. Reheated 240° F. Expanded 
| to saturation and feedheating. 
MISCELLANEOUS. 
26 | Admission pressure 700 lbs. per sq. in abs. Ad- 700-0 1305-0 | 506-°7 38-83 53-51 72-57 
mission temperature 700° F, Back pressure 
0-5 lb. per sq. in. abs. Simple expansion to 
back pressure. a 
27 | Admission pressure 1,200 lbs. per sq. in. abs. 569-7 1184:8 | 475-0 40-09 47-57 84-28 
Saturated. Simple expansion to back pres- 
sure 0-5 1b, per sq. in. abs. ; 
28 Benson cycle—Initial pressure 3,200 Ibs. per sq. 800-0 1331-0 563°6 42-34 57-20 74:03 
in. Expanded by throttling to 1,500 Ibs. per 
sq. in., then superheated to 800° F.—then 
simple expansion to back pressure of 0°5 lb. 
per sq. in. abs. 
29 | Gas-engine. Compression ratio 5-5 2,700 17,300 | 6,830 59ND 83-56 47-2 
30 | Oil-engine. Compression ratio 12-0 3,000 19,000 | 10,000 52-6 84-97 61-9 


the point E is 1302-1 B.Th.U. per lb., and that the 
water-heat at A is 47-4 B.Th.U. per lb. Hence the 
heat supplied per Ib. is 1302-1 — 47-4 = 1254-7 
B.Th.U. 

The heat rejected is represented by the area AGga. 
From the tables the entropy at G is 1:6348 and at 
A, 0-0920 ; hence the length AG is 1-6348 — 0-0920= 
1-5428, 

_ The absolute temperature at A at 0-5 lb. per square 
inch absolute pressure is 539-1 deg. F.; hence the 
area AGga, i.e., the heat rejected, is 1-5428 x 539-1— 
831-9 B.Th.U. 

_ Consequently the heat utilised is 1254-7 — 831-6 
= 423-1 B.Th.U. Finally, the thermal efficiency is— 


423°1 


——_— = 33-70 per cent. 
1254°1 


has to be found, and this can be done by the formula : 


te (2F)3/3 — 1020-8 (a) = 826-2. 
Pp 250 


The saturated temperature at 100 lb. abs. being 
787-3 deg. F., the superheat at F is 826-2 — 787-3= 
38:9 deg. F. 

The steam is now re-heated along FH and the 
temperature increased 100 deg. F. The heat required 
for this process can be found in interpolation from the 
steam tables, thus at 88-9 deg. superheat, it is 1212-79 
and at 138-9 deg. superheat, it is 1265-83. Hence the 
heat required to re-heat along FH is 1265-83 — 1212-79 
= 53:0 B.Th.U. 

The next step is to find the heat rejected, and for 
this purpose the entropy GK is found by interpolation 


E 


from the steam tables to be 0-0605. Asin the previous 
example, the entropy at G is 1-6348, and at A 0-0920 ; 
hence, the length AK is 1-6348 + 0-0606 — 0-0920 = 
1-6034, and the heat rejected is 1:6034 x 539-1= 
864-39 B.Th.U. 

The heat supplied up to the point E is the total heat 
at KE, less the water heat at A, or 1302-1 — 47-4= 
1254-7 B.Th.U., to which must be added the heat for 
re-heating from F to H, namely, 53:0 B.Th.U. as found 
above. Hence the heat supplied is 1307-7 B.Th.U., 
and the heat utilized is 443-3 B.Th.U., and the thermal 
443-3 
1307-7 

A tabular method of making these calculation is 
given in Appendix I. 

A number of cases have been worked out and are 
collected together in Table I. The steam data have 
been taken from the enlarged Callendar Steam Tables 
(Fahrenheit units).* 

In the Benson cycle (item 28) steam is generated at 
the critical temperature (706 deg. F.) at a pressure of 
3,200 lb. abs. The steam is then expanded by 
throttling to a pressure of 1,500 lb. abs., after which 
it is re-heated to a temperature of 800 deg. F. Adia- 
batic expansion then takes place to the back pressure 
(6-5 lb.) in the case worked out. 

For comparison the thermal efficiency of a gas-engine 
and of an oil-engine have been worked out. 

Column 3 gives the highest temperature in each case, 
and Column 7 gives the Carnot cycle working between 
this temperature and the exhaust temperature (539-1 
deg. F. abs. in the case of the condensing engines). 

It will be noted from Column 8 that the ratio of the 
thermal efficiency of the standard to that of the 
Carnot cycle varies to a large extent, proving (if proof 
were necessary) that the Carnot cycle is unsuitable 
as a standard of comparison. 

In Table IT (page 820), some cases given in Table I (in 
which Callendar’s steam tables were used) have been 
repeated and compared with the same cases worked 
out, using Marks and Davis’ and Goodenough’s tables. 
It will be seen that the disparities in heat supply and 
heat rejected at the lower pressures are small, but 
increase as the pressure increases, reaching in one case 
as much as 4:6 per cent. for the heat supplied and 6-2 
per cent. for heat utilised. The disparities in the 
thermal efficiencies are, however, small, the greatest 
being about 0-7 per cent. 

Experiments to determine steam constants more 
accurately are in progress in the United States of 
America, under the direction of Dr. Davis, and under 
the auspices of the American Society of Mechanical 
Engineers, while in this country Professor Callendar 
and the B.E.A.M.A. are similarly engaged, and are 
in correspondence with the America investigators. 
Subject to any fresh values that may emerge from 
these experiments, it would appear that the thermal 
efficiency of the standard of comparison can be obtained 
with sufficient practical accuracy by the use of any of 
the three steam tables compared above. 

The definition of the Rankine cycle as adopted by a 
previous committee, but amended to accord with the 
modern developments referred to in this paper, is 
given in full below :— 

It is assumed that all the component parts of the 
steam plant are perfect, and that there are no losses 
due to initial condensation, leakage, radiation, or con- 
duction, and that there is no clearance in the cylinder. 
The feed-water required is taken into the boiler at 
the exhaust temperature, and its temperature is 
gradually raised until that corresponding to saturated 
steam is reached. Steam is then formed at constant 
pressure until dry saturated steam is produced, after 
which, if the steam is to be superheated, heat is added 
at constant pressure and at increasing temperature, 
until the required temperature of superheat is reached. 
The steam is introduced into the cylinder at constant 
pressure, displacing the piston, and performing external 
work equal to the absolute pressure multiplied by the 
volume swept through by the piston up to the point 
of cut-off. 

Beyond that point expansion takes place adiabatic- 
ally, doing work until any desired pressure is reached, 
when the steam is re-heated at constant pressure to 
any desired temperature whence adiabatic expansion 
takes place; such re-heating process can be repeated 
as often as desired. Finally, the steam is expanded 
adiabatically until the temperature of saturation corre- 
sponding to the boiler pressure is met. From this point 
either adiabatic expansion continues doing work until 
the pressure in the cylinder is equal to the back pres- 
sure against which the engine is working, or the steam 
is expanded so that a portion of the heat is transferred 
to the feed-water in such a manner that at every tem- 
perature the amount of heat so transferred is equal to 
the increase in water-heat at that temperature until 
the pressure in the cylinder is equal to the back pres- 
sure against which the engine is working. The steam 


efficiency is 33-90 per cent. 


* Published by Edward Arnold (1924). 
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is then completely exhausted from the cylinder at 
constant pressure corresponding with the lower limit 
of temperature, work being done on the steam by the 
engine during exhaust, equal to the absolute back 
pressure multiplied by the total volume swept through 
by the piston. The steam is thus removed from the 
cylinder and the cycle is complete. 


APPENDIX I. 

‘TABULATION FOR CALCULATING THE THERMAL EFFICIENOY OF A 
STANDARD STEAM ENGINE OF COMPARISON. 
EXAMPLE 1. 

Conditions. 

(NotE.—The letters refer to the 6 4 sketch, Fig. 2.) 
Admission at point E. Pressure, 250 1b. per square inch abs. 


Temperature, 160 deg. F. superheat. 


Exhaust at point G. Pressure, 0:5 1b. per square inch abs. 


Item : How Obtained 
Ra) Particulars. fariGalcniiteds Result. 
1 Entropy at G From steam tables .. 1-6348 
2 Entropy at A ..| From steam tables .. 0-0920 
3 Difterence of entropy | Item:(1) — item (2) 1-5428 
G 
a Temperature at G ..| From steam tables ..} 539+1 
5 Heat rejected Item (3) x Item (4) 831-9 
6 Total heat at E From steam tables ..| 1,302-1 
7 Water heat at A From steam tables .. 47-4 
8 Heat supplied Item (6) — Item (7) | 1,254:7 
9 Heat utilised ..| Item (8) — Item (5) 422-8 
10 Thermal efficiency ..| Item (9) + Item (8) 33°7 
EXAMPLE 2. 
Conditions. 


(Note.—The letters refer to the 6 # sketch, Fig. 2.) 
Admission at point E. Pressure, 250 1b. per square inch abs. 
Temperature, 160 deg. F. superheat. 
Reheating expansion to 100 Ib. per square inch to point F. 
Superheating 100 deg. F. to point H. 
Exhaust at point K. Pressure, 0:5 lb. per square inch. 


Item ‘ How Obtained 
No. Particulars. ori@aleniated! Result. 
1R Abs. temp. at E From steam tables ..| 1,020-8 
2R Abs. pressure at F ..| From conditions 100-0 
3R Abs. temp. at F From Tr = 826-2 
Tr (z 3/18 
Pr ) 
4k Abs. saturated temp. | From steam tables ..| 787:3 
corresponding to 
pressure at F 
5R Superheat at I Item (3R)—Item (4R) 38:9 
6R Heat required to | From steam tables .. 53-0 
superheat from F 
to H 
7R* | Difference of entropy | From steam tables .. 0:0606 
GK 
1 Entropy at K Entropy at G@ from 1-6954 
steam tables + 
Item (7R) 
2 Entropy at A. ..| From steam tables .. 0-0920 
3 Difference of entropy | Item (1) — Item (2) 1-6034 
AK 
4 Temp. atG .. From steam tables ..| 539-1 
5 Heat rejected Item (8) x Item (4) 864°4 
6 Total heat at E From steam tables ..| 1,302-1 
7 Water heat at A From steam tables .. 47-4 
8 Heat supplied Item (6) — Item (7) | 1,307-7 
+ Item (6R) 
9 Heat utilised ..| Item (8) — Item (5) 443°3 
10 Thermal efficiency ..} Item (9) + Item (8) 33°9 


* Ttems (1R) to (7R) to be repeated for each re-heat and the 
results to be taken account of in Items (1) and (8). 


CATALOGUES. 


Electric Switches.—The Electric Construction Company 
Limited, Wolverhampton, have sent us a specification 
and priced list of their press-button switches. 


Electric-Light Fittings—A priced catalogue of several 
types of lanterns for gas-filled electric lamps is to hand 
from the Foster Engineering Company, Limited, Wimble- 
don, London, 8.W. 


Belting.—Messrs. William Walker and Sons, Limited, 
Bolton, have sent us a priced catalogue of machinery 
of belting in leather, cotton, hair, balata and other 
materials. Much useful information has been embodied 
in the text of the catalogue. 


Switchgear.—An interesting publication, of 64 pages, 
4to, compiled by Messrs. A. Reyrolle and Co,, Limited, 
Hebburn-on-Tyne, consists entirely of reprints of articles 
from the technical Press dealing with their switchgear. 
Full illustrations accompany the articles. 


Air Compressors.—The catalogue of air compressors 
issued by Messrs. Robey and Co., Limited, Lincoln, deals 
very exhaustively with both vertical and horizontal types 
in a wide range of capacities. It also contains a good 
selection of useful technical tables relevant to the subject. 


Transformers.—The English Electric Company, Limited 
Queen’s House, Kingsway, London, W.C., have issued 
a new edition of their catalogue of transformers for 
single and three-phase systems of the usual frequencies. 
Several types are illustrated, including those suitable 
for outdoor and mining service. 


Valves.—The Steam Fittings Company Limited, West 
Drayton, Middlesex, have issued catalogues of two 
valves: one a combined stop and pipe-isolating valve 
for boilers, and the other a flow-meter valve with recorder 


THE THERMAL EFFICIENCY OF STEAM ENGINES. 


TABLE II. 
1 2 | 3 | 4 | 5 | 6 
Thermal 
Maximum 
Efficiency 
Item Paar Tempera- Heat Heat 
No. Description of Cycle. ture Supplied. | Utilised. Ste 
deg. F. | 
| Cycle. 
B.Th.U. per Lb. Per Cent, 
CONDENSING. 
Admission pressure 120 lbs. per square inch abs. 
Back pressure 0-5 lb, per square inch abs. 
iy Callendar a6 / 841-1 1147-7 338-2 29-47 
2 }| Saturated ato ats oe Marks and Davis .. 341-3 1141-9 335-8 29-41 
3 Goodenough 341-3 1143°8 336-7 29-44 
4 Callendar fy 441-1 1202-7 358 -2 29-78 
5 +] Superheated 100° F. Ao 54 ae Marks and Davis .. 441-3 1196-4 355 +6 29°72 
6 J Goodenough 441-3 1199-1 357-0 29°77 
CONDENSNG. 
Admission pressure 250 1b. per square inch. 
Back pressure 0-5 lb. per square inch. 
4 Callendar .. 6 401°+2 1162°3 383-7 33-01 
8 Saturated Marks and Davis .. 401-0 1153-0 379-9 32-93 
9 | Goodenough de: 401-1 1153-0 380°2 82-97 
10 Callendar . on 561-2 1254-7 423-1 33-70 
11 Superheated 160° F. oa Ag are Marks and Davis .. 561-0 1246-1 418-8 33°61 
12: J Goodenough 561-1 1257-0 429-3 34-15 
13 Superheated 160° F. ahs Callendar x 561°2 1307-7 443-3 33-90 
14 Expanded to 100 Ib. pressw Marks and Davis .. 561-0 1297-4 438-5 33-90 
15 Reheated 100° F. ne Goodenough 561-1 1301-5 440°7 33°86 
CONDENSING. : 
Admission pressure 500 lb. per square inch. 
Back pressure 0-5 lb. per square inch. 
16 Callendar Ay) «-| 468°6 1174°8 425-9 86+25 
17 Saturated Marks and Davis .. 467-3 1162-3 419-7 36-11 
18 5) Goodenough 467-2 1154-2 416-7 36-11 
19 Callendar .. re -| 708-6 1320-0 495-8 37°56 
20 | Superheated 240° F. Marks and Davis .. 707°3 1309-0 488-0 37°28 
21 J Goodenough 707-2 1312-3 492-5 37°53 
22 Superheated 240° F. oo Callendar i -| 708-6 1445-9 556-5 38-49 
23 i Expanded to 240° F. drop Marks and Davis .. 707°3 1428-8 546-1 38 +22 
24 J| Reheated 240° F. AS Goodenough 707-2 1440-0 553-6 38°44 
CONDENSING. 
F Back pressure 0-5 1b. per square inch. 
25 Admission pressure 700 lb. per square inch, Callendar . 700-0 1305-0 506-7 38°83 
26 Temperature 700° F. get AG ah Goodenough 700-0 1293-4 501°3 38°76 
27 Admission pressure 1,200 Ib. per square inch f Callendar 569-7 1184°8 475-0 40-09 
28 Saturated .. .. ts ie 6 Goodenough 567°:7 1132-1 447°+5 89-53 


suitable for steam, water, air or gas. A leaflet on steam 


economy has also,come to hand. 

Foundry Supplies.—A catalogue of oils, plumbago and 
fluxes for use in the processes of casting iron, brass, 
aluminium, &c., has been issued by Messrs. Beecroft and 
Partners, Limited, St. Peter’s-close, Sheffield, with 
useful notes on the practical advantages of such pre- 
parations. 

Electrical Fittings —A new edition of their general 
descriptive catalogue for contractors has been issued by 
British Insulated and Helsby Cables, Limited, Prescot, 
Lancs. This catalogue is very complete within its 
range and covers not only important material, but 
also the small accessories which the contractor must have 
to complete the work. 

Well Sinking.—A recent issue of the technical periodical 
published by Messrs. Sulzer Brothers (of Switzerland), 
whose London address is 31, Bedford-square, W.C., gives 
a very full account of the well-boring operations at the 
Somerford station of the South Staffordshire Water- 
works Company for which Messrs, Sulzer provided the 
engines for the main pumps and auxiliary plant. 

Fans, Blowers, &c.—From the James Keith and 
Blackman Company, Limited, 27, Farringdon-avenue, 
London, E.C. 4, we have received a general catalogue 
of their specialties, containing sections devoted to 
volume fans, air-blowing and exhausting fans, smiths’ 
hearths, gas-blowing .and exhausting fans, hot-water 
supply boilers; rotary air or gas compressors, high- 
pressure gas fittings, and soldering and welding outfits, 


Engine Indicators.—A. description of the ‘‘ Farnboro ”” 
electrical indicator, which is suitable for all types of 
engines at all speeds, including aero engines in flight, has 
come to hand from Messrs. Dobbie, McInnes and Clyde, 
Limited, 57, Bothwell-street, Glasgow. This catalogue, 
which contains prints of actual diagrams, will be found 
of considerable interest to engineers. Other catalogues 
received from the firm describe the Hopkinson optical 
indicator and several other indicators which they 
manufacture. 

Pulverised Coal.—The Fuller system of firing with 
pulverised coal, which has had considerable success in 
the United States, is the subject of a special catalogue 
issued by Messrs. Babcock and Wilcox, Limited, 
Farringdon-street, London, E.C. 4, who have acquired the 
sole licence for making the machinery and apparatus. 
The catalogue describes the machinery by which the coal 
is prepared, by crushing, pulverising, cleaning and drying 
and the magnetic separator for removing iron scrap. 
The burner, feed pipes, pumps and fans are also described, 
and much useful technical information is given. 


Electrical Plant.—Four new catalogues have come to 
hand from the Metropolitan-Vickers Electrical Company, 


Limited, Trafford Park, Manchester. These deal with 

induction regulators for one, two and three-phase cir- 
cuits up to 15,000 volts, with hand or motor control or 
full-automatic control; large vertical induction motors 
of the squirrel-cage and slip-ring types, ranging from 
50 h.p. to 1,000 h.p. and up to 11,000 volts; and hori- 
zontal and vertical alternators designed for driving by 
hydraulic turbines. All these catalogues are fully 
descriptive with ample illustrations and much tehnical 
information. 


Textile Machinery.—A catalogue of exceptional interest, 
describing all the necessary machinery for cotton manu- 
facture subsequent to weaving, has reached us from 
Messrs. Mather and Platt, Limited, Manchester. Suc- 
cessive sections deal with the machines and apparatus 
for singeing, brushing, bleaching, boiling, electrolysing 
mercerising, drying, printing, ageing, soaping and dyeing 
and also with machines for mangling, starching, calen- 
dering, stentering, weft straightening, damping, beetling, 
&e. In addition to illustrations and short descriptions 
of the machines, under these headings, the catalogue 
contains a list of other publications dealing more elabo- 
rately with each type of machine. 


Losses or Mrrcuant Surpprye.—According to stat- 
istics just issued by Lloyd’s Register of Shipping, the 
world’s losses of merchant shipping during the quarter 
ended June 30 last, amounted to 116,055 gross tons, 
comprised in 80 vessels. Great Britain and Ireland 
lost 14 ships, making 29,988 tons, during the period, 
but the latter figure is only 0-16 per cent. of the total 
tonnage owned in this country. In the case of the 
United States, the losses amounted to 14,481 tons 
(12 ships), the proportion of the total American tonnage 
lost being a little less than that for Great Britain, viz., 
0-1l percent. Japan lost 0:28 per cent. of her merchant 
tonnage during the quarter under review, the losses 
including seven vessels with an aggregate tonnage of 
10,719. For Italy the losses amounted to 10,294 tons, 
or 0-36 of the total tonnage, and the corresponding 
figures for France and Germany were 8,152 tons (0:23 
per cent.) and 6,795 (also 0-23 per cent.). In proportion, 
the heaviest losses during the quarter were sustained 
by the British Dominions, the 13 ships making 17,493 
lost by them, amounting to 0-63 of the total Dominion 
tonnage. The above-mentioned figures include steamers, 
motor ships, and sailing vessels of 100 gross tons and up- 
wards, but the totals exclude cases of breaking up, con- 
demnation, &c., which are not known to be consequent 
upon stress of weather, &c. If such cases are included, 
the total losses for the whole world amount to 404,128 
tons comprised in 198 vessels. 
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GEAR-TOOTH TESTING —II.' 
By JosrrH Horner. 


A REFINEMENT that is introduced into several 
of the later gear-testing machines is that for testing 
the accuracy of the involute curves. Teeth may be 
correctly spaced and of equal thickness, and the 
pitch circles concentric with the bore, while the tooth 
profiles vary from a true involute. It is the detec- 
tion of the last error which is provided for in a ma- 
chine made by the Illinois Tool Works, of Chicago, 
U.S.A. It is based on the principle that the 
curve is produced by the unwinding of a string from 
a cylinder—the base circle. The circle is represented 
by a disc, and the tangential cord by one edge of a 


adjusted and tightened. The gear is then turned 
until the face of a tooth acts on the contactor, and 
turns the indicator pointer through about one-half 
a revolution. The gear and the base disc are then 
locked together with a nut on the stud. The 
tangent block is rolled on the base disc to cause the 
contactor to follow the involute curve of the tooth. 
The movement is transmitted through the multi- 
plying lever seen below to the pointer of the indicator 
at the right. If the involute curve is accurate the 
pointer of the indicator will not be deflected. Such 
close limits to accuracy are not easily obtained, 
but it is found that a variation of a fraction of 
one-thousandth of an inch is not noticeable in the 
running of the gears. Deflections may be recorded 


on a diagram. 


D will both rotate in the same direction, and rela- 
tive motion will only occur if the motion imparted 
by the gears differs from that produced by the discs 
and band. Such irregularities can only be due to 
inaccuracies in the gears. A multiplying mechanism 
records on a diagram any relative movements that: 
occur between the inner and outer shafts. Fig. 12 
is a diagram taken from a pair of wheels accurately 
ground. The curve is uniform. In Fig. 13 each 
tooth shows sharp variations as it comes into and 
leaves engagement. Each radial displacement 
recorded by the ‘pencil indicates a variation in 
angular velocity ratio of the wheels which occurs 
when two particular teeth are in contact. It 


corresponds in the case of high speed gears, with 


additional loading on the teeth, and changes in 


Fia. 10. 


_—_—_ 


S 


flat block on which an indicator is mounted, termi- 
nating in a contactor point located in the plane of 
the tangent. 

Fig. 10 shows the appliance testing the tooth 
profile of a spur gear. The base disc is seen behind 
the gear, with a wire that lies in a groove in its 


periphery. The diameters of the discs used are } 


governed by the number of teeth, the pitch, and the 
pressure angle. The base diameter is equal to the 
pitch diameter, multiplied by the cosine of the 
pressure angle. The depth of the groove is equal 
to one-half the diameter of the wire or band used. 
The edge of the indicator block has a groove of the 
same depth as the groove in the disc. This allows 
the tangent to roll directly on the base disc, and by 
having one-half the wire in each element, no slip- 
ping takes place from bending of the wire. 

\ base disc suitable for the gear having been 
‘Selected, this and the gear are placed on the stud in 


the table of the machine, and the wire bands are 
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The Saurer machine, by Sulzer Brothers, of 
Bedford-square, London, is shown by Fig. 11 above. 
Tt tests the running accuracy of a pair of gears, 
but a supplementary appliance is employed to 
measure the distance from the profile of one tooth 
to that of the next. The action of the machine is 
based on the fact of uniform angular velocity being 
transmitted between two discs representing the 
base circles of a pair of gears, by means of a flexible 
band. In the machine, ground discs are connected 
with a crossed steel band, and are mounted on the 
arbors that carry the gears under test. In Fig. 11, 
the shaft A carries one of the gears B, and has a 
ground steel disc at C.. The second gear D is 
mounted on a hollow shaft, which is free to move 
relatively to an inner shaft carrying the other ground 


disc EB, that is connected with a crossed steel band to 
the disc C. When motion is imparted by the move- 
ment of the band, the inner shaft carrying the disc 
EB, and the outer shaft that carries the gear wheel 


soucey, Jal. 


the angular momentum of the two shafts. These 
changes can only be minimised by the production 
of teeth with the highest degree of accuracy. 
Mention has been made in the previous article 
of the unsatisfactory character of measurements 
which take note of tooth thicknesses, and tooth 
spaces alone, without taking account of the distances 
to adjacent profiles. The Sulzer instrument for 
measuring tooth to tooth distances is shown by 
Fig. 14 on page $22. Measurement is taken along 
the common normal to the two profiles, along which 
contact takes place. The necessary adjustments 
are effected with a screw and quadrant. Contact 
is made with a fixed plane surface against one 
tooth and a movable ball against the other. This 
apparatus was evolved from a series of tentative 
schemes of measurement. The first tested tooth 
spaces, by the insertion of a ground cylindrical 
mandrel in a space, and the gear was rotated to 
bring the mandrel under a dial indicator. This 
was repeated for all the teeth and the readings were 
compared. This rendered the gaugings independent 
of the outside diameter, but they told nothing 
respecting the accuracy of the pitch. Then a 
method of measurement followed, to include tooth 
thickness and adjacent spaces. Two ground man- 
drels were located in the spaces, and on one an 
arm was clamped carrying a dial indicator, and this 
arm with the indicator was swung past the second 
mandrel, the maximum reading being noted. A 
comparison could thus be made between the centres 
of adjacent tooth spaces. Then the prototype, Fig. 
15 of the instrument in Fig. 14 was designed. The 
two mandrels were replaced by two ball arms, one 
being fixed, the other movable, on a pivot, and acting 
through a series of levers on the plunger of the dial 
indicator. Comparisons could thus be made of the 
distances between the centre lines of the tooth 
spaces. Ball arms of various sizes could be fitted, 
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in order to measure distances at different heights of 
the teeth. Readings could be taken to 1/1,000 mm. 
The difference between this and the later instrument 
shown in Fig. 14 is that this, instead of measur- 
ing centres of tooth spaces deals with those profiles 
along the common normal where contact takes 
place. If these profiles and spaces are accurate, 
the running will not be affected by a moderate 
amount of backlash. If the teeth have as much as 
0:4 mm., or 0°8 mm. play, this will be safer in 
view of the tendency of the gears to heat and to 
expand during case-hardening. Some clearance is 
better than running the risk of their jamming. 

The gear tooth comparator by W. E. Sykes, of 
Slough, measures the degree of uniformity in tooth 
thickness, in pitch, and inaccuracy in profile. Its 
basis is the rack tooth, which is represented by the 
hardened steel gauge in Fig. 16. Fig. 17 shows the 
instrument measuring a tooth thickness, and Fig. 
18, two tooth spaces. Having the comparator set to 
a vack tooth, it will gauge all teeth of the same 


thickness, pressure angle, and addendum. Instead 
of gauge blocks, a master gear can be used. Having 


the dial set at zero for a correct tooth thickness, a 
tooth thicker or thinner will cause the indicator 
to show plus or minus, corresponding with the 
height to which the tooth rises between the jaws. 
With jaws for 144 deg. pressure angle teeth, each 


division on the dial indicates 0:0005 in. 


Fic. 16. 
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Fie. 20. 
capacity of the instrument ranges from 12 d.p. to 
1 d.p., or from } in. to 3 in. circular pitch. 
Referring to Fig. 17, it is seen that the jaws of 
the instrument have a tangential bearing on the 
tooth. The movable jaw to the right is set so that 
the ends of the jaws come between the pitch circle 
and the bottom of the tooth. The precise location 


The | 


being used to test a gear on a machine, the second 
is the same mounted on a stand for the inspection 
of the teeth subsequent to machining. The teeth 
are embraced between a fixed and a movable jaw, 
corresponding with the flanks of a rack, while a 


, 


is not important. The plunger of the indicator is 
set approximately central between the jaws. 
After having been set, the tightening of the knurled 
lock nuts follows, and the instrument is ready to 
be applied to the teeth. This takes no account of 


Fie. 14. Pre? 15: 
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Hie. 18. 


Fie. 19. 


lara Cie itis ee ee 


= 


Hie. 21. 


movable finger to the right is brought into contact 
with the outside of an adjacent tooth. Contacts 
take place along the line of action, and readings 
are made on a dial gauge. x 
In all the foregoing examples spur gears only 
have been the subjects of test. In the case of 
spiral gears, bevel gears, and worm gears the pairs 
are simply run together at their correct pitch 


the concentricity of the rim with the bore, which 
must be assured by other means. It is stated that 
the instrument will indicate appreciably on the 
hand of the dial variations of tooth thickness of 
1/10,000 in. 

Figs. 19 and 20 illustrate an Odontometer by 
the Pratt and Whitney Company, of Hartford, 
Conn., U.S.A. The first figure shows the instrument 
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Fig. 7. OIL FUEL. DENSITY CHART. 
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Fig. 2. CHART FOR CONVERSION 
OF READINGS ON S.G.HYDROMETER 
INTO WEIGHTS PER CUBIC FEET. 
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Fig.3, VISCOSITY CHART N°1, 


Fig.4. VISCOSITY CHART N22. 
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Fig.6. CHART FOR CONVERSION OF 
VISCOMETER READINGS INTO 
ABSOLUTE ENGLISH UNITS. 


Fig.5. VISCOSITY CHART N°3. 
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Fig 8. OIL FUEL. CHART SHOWING RELATION 
OF Yu & #/oFOR TIMES OF 36 TO 3600 SECS 
ON N°I REDWOOD VISCOMETER. 
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Scale for Dotted Lines 


diameters, and the meshing of individual teeth is 
noted. Several of these instruments are manu- 
factured. Worm threads can be tested in a machine 
shown in Fig. 21, and made by Messrs. David 
Brown and Sons (Hudd.), Limited. After the 
threads of the worm have been tested, its wheel 
ean be brought into mesh, for which suitable 
radial and vertical adjustments are provided, and 
any inaccuracies in their engagement be noted. ‘The 
worm is first tested with the dial indicator seen at 
the extreme right. The worm is mounted between 
centres, and the indicator brought over it, with the 
pointer set to zero. A spherical ball gauge of 
Suitable size is set between the vertical spring 
plunger of the dial indicator, and the space between 
two worm threads. As the worm is revolved, in- 
accuracies in the threads will be transmitted to the 
pointer of the dial. A space too wide or too narrow 
will be denoted by the movement to one side or 
the other of the zero mark. The pressure angle is 
tested with a protractor plate, seen at the extreme 
left.- The knife edge of the protractor is placed 
along the side of the worm thread on the linear 
section, and the angle is read off on the scale. 


Instirurion or Pusric Ligurine Encrnenrs.—The 

Council of this Institution have selected Mr. C. S. 

? Shapley of Leeds as President for 1925-26. The Leeds 

City Council at their last meeting decided to entertain 

the Institution on the occasion of its second annual 

meeting at a date to be fixed, and a committee has been 
 &ppointed to make the necessary arrangements, 
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THE DESIGN OF OIL FUEL PIPE 


LINES. 
By W. G. WATKINS. 
(Continued from page 793.) 

Tux object of the present article is to indicate the 
main considerations underlying the design of pipe 
lines, and the series of charts accompanying this are 
for the purpose of facilitating the necessary calcu- 
lations. The aim has been to render the various 
steps as easy as possible, and the formule adopted 
are in all cases reduced to the simplest possible 
expressions. Generally, the information contained 
in the Report of the National Physical Laboratory 
on Tests made on Fuel Oils, has been made use of 
for the construction of the various charts indicating 
density, viscosity and “streamline” flow, and for 
the calculation of pressure drop under “ turbulent ” 
conditions a modified formula has been used giving 
results per mile run of pipe line, which, for most 
pumping problems, is a more convenient unit than 
that usually adopted. It has been found that 
within a certain limited range of pipe diameters the 
pressure drop conforms approximately to an exceed- 
ingly simple relation of viscosity and diameter and 
for preliminary calculations, the constants arrived 
at will be found very useful. but they are applicable 
only for “streamline ” flow and for the diameters 
stated, and in all cases the results should be checked 
either by the diagrams or by special calculations 
where the case is beyond their scope. 


The main factors controlling the design are: 
(1) the length of the line ; (2) required capacity of 
line per hour, or day; (3) proposed diameter ; 
(4) topographical conditions of proposed route ; 
(5) oil or oils to be handled and their physical 
properties; (6) pressure required at pumps ; 
(7) distribution of pumping stations. 

Conditions 1, 2, 3, and 5 will determine the fric- 
tional resistance, and from thence the pressure 
gradient (or drop) along the line from station to 
station. 

As the physical conditions of the oil do not 
remain uniform, owing to falling temperature 
during the run from station to station, the hydraulic 
gradient will not be straight but curved, for as the 
temperature falls the viscosity increases, and with 
the change in viscosity the friction coefficient “ f”’ 
will show constantly changing values. So long as 
the conditions of flow are unchanged, 7.e., either 
continuously ‘streamline’ or continuously “ tur- 
bulent,” the value of “ f”” will continuously increase, 
with a corresponding steepening of the hydraulic 
gradient. If, however, the conditions should 
change, during the passage of the oil between 
stations from ‘“‘ turbulent” to “‘ streamline” as a 
consequence of increased viscosity, ‘‘f”? may show 
an increase in the first place, followed by a sudden 
drop on the change taking effect, and afterwards 
a further continuous increase as the oil cools still 
more under “streamline” conditions. The actual 
hydraulic grade line will, therefore, be more or less 
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complex, according to the temperature-distance- 
history of the oil under consideration. 

Jt is usual, however, to assume an average 
temperature for the run, based on observations of 
temperature variations of similar oils and conditions, 
and in this case the hydraulic grade line becomes 
straight. For preliminary calculations, at any 
rate, the adoption of this method has certain 
advantages. 

For most pumping problems it is convenient to 
use the mile as a unit of measurement, and in order 
fav 
ie 
gradient in pounds per square foot per foot of line 
into pounds per square inch per mile of pipe line, 
the above expression is divided by 144 and multi- 
plied by 5280. D is reduced to inches by multi- 
plying by 12, and the expression then becomes 
440 f o v2 

d2g 
where Pm = pressure gradient (or drop) in lbs. per 

sq. in. per mile of line. 
f = coefficient of friction. 
o == density in lbs. per cub. ft. 
d = diameter of pipe in inches. 
»v = velocity in feet per second. 
g = gravity = 32-2. 


to transform the value of P= = pressure 


Pm = A 


For any given case it is necessary in the first 
place to determine the value of the density of the 
oil; this is usually arrived at in this country by 
the use of a specific-gravity hydrometer. In 
America the Baumé hydrometer is more generally 
used. The specific-gravity hydrometer gives the 
specific gravity in relation to distilled water, and 
the corrections for variations in temperature should 
be carefully made. The average values of specific 
gravity for several kinds of oil are given in Fig. 1, 
while Fig. 2 gives the weights per cubic foot for 
any value of specific gravity applicable to fuel oils. 
This value of density is indicated throughout these 
notes, and on the figures, by the symbol co. 

In passing, it may be noted that the Baumé 


Fig.10.01L FUEL.PRESSURE DROP IN LBS.PER 
SQ.IN.PER MILE AT A VELOCITY OF | FOOT 
fond SEC. “STREAMLINE CONDITIONS. 


Fig71.0iL FUEL.PRESSURE DROP IN 
14"PIPE IN LBS. PER SQ.IN. PER MILE 
FOR VELOCITY OF I FOOT PER SEC. 

“STREAMLINE” CONDITIONS. 


Let «; = density o at 60 deg. F. 
c= % at working temperature t¢ 
121-2 — 2 
Then a =a, — ="! (¢ — 60 deg. B 
1 15 ae g-) 


The viscosity, symbolised by p in these notes and 
figures, is determined by running off 50 c.c. of the 
oil at the stipulated working temperature through 
one or other of the various types of viscometer, 
noting the time taken to effect complete discharge 
and then calculating the value of the relation 


Redwood I (English) “ = -0000028 ¢ — 20388 
o 
» Il¢ ‘» )#= -0000291 ¢ = aaa 
o 
where u = Viscosity in English units. 
o = Density in lb. per cubic foot. 


t Time on instrument, in seconds. 


(See Figs. 6 and 7 ‘Conversion of , Viscometer 


Readings.”) 'To determine the value of f in Equa- 
tion A it is necessary to establish the relation 


Fig. 9. 
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Dv o/u f Dvo/u i Do o/u f Dvolu f 
10,000 0:032 25,000 0:0249 50,000 0:0208 100,000 0-018 
12,000 0°0304 30,000 0°0238 60,000 0:02 150,000 0°0168 
14,000 0-0292 35,000 0°0228 70,000 0:0195 200,900 0:0158 
16,000 0:028 40,000 0:°0219 80,000 0-019 250,090 0-015 
18,000 0:-0271 45,000 0:°0213 90,000 0:0185 300,000 0°0144 
20,000 0-0264 


. FIG.11 ENLARGED 
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Fig.1Z OIL FUEL. PRESSURE DROP 
IN 14°PIPE. LOWER PORTION OF 


Fig.13. OIL FUEL. PRESSURE DROP 
FOR TURBULENT FLOW IN 
. 14° PIPES, 


s / 9 98 
SS 
& 
3 8 Ss Le 
3 S : 
5 b 
p 9 Se Nu 
8 5 
3 Nf \/ 3 E g 
é 72) 
: > e 3 
S 3 
gs S rs ‘yo 
eS 
3 8 2 
3 < 2 y 
= § i = & 8 
: : N 
8 Qs 56 
) 
: 5 $ 
Z BZ g4 
Q g : 
1 g 2 Y 
a 
0 ate. Q eae ; 
oO 70 20 30 40 50 60 70 30 50 70 30 110 7130 130 30 70 y, 130 150 0 7 i Zz 3 4 5 6 
Pressure Drop in Lbs. per Sg Inch per Mile Temperature, Degrees Fahrenheat Temperature, Degrees Fahrenheit Velocity in Feet per Second 


(8745 0) 


hydrometer is made in two types; one is called 
the “light Baumé ” and the other “‘ heavy Baumé.” 
The former is suitable for most oils (which are of 
less than 1-000 specific gravity), the latter being 
used for liquids heavier than water. The relation 
between Baumé degrees and weights per cubic foot 
is given by the following formula :— 
_ 8736 
130 +B 

where B = gravity in degrees on Baumé scale. 

As the density varies somewhat with changing 
temperature, it is useful to know the average rela- 
tion between density at a standard temperature, 
usually taken at 60 deg. F. and at any specified 
working temperature. If possible, this should 
be determined by actual test, but may be calcu- 
lated from the following empirical formula, which 
agrees closely with the changes observed in American 
petroleum oils. 


“ _ Viscosity 
a Density 
viscometer used. 

Figs. 3, 4, and 5 give the viscosity values in 
absolute English units (foot-pound-second) for 
various oils in general use, while Figs. 6 and 7 


by the formula appropriate to the 


give the numerical measure of viscosity S for any 


observed times of outflow for the various visco- 
meters named, for times up to 10,000 seconds. 


From the value of . thus determined the value of 


p can be ascertained by multiplying by co. 

The following formule will serve for converting 
the results of viscometer readings into absolute 
English units (foot pounds second) :— 


Saybolt (American) “ = -000002374 — -00194 
a 

Engler (Continental) * = -000001584 — ae 
o ae 
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“ and Fig. 8 gives this relation over a wide range, 
cvering all likely cases. 

Having determined 7 from Fig. 8 we are now in 
Dvoe 


a position to ascertain the value of 


where 
D = Diameter of pipe in feet. 
v = Velocity of flow in feet per second, 
From the result of this, f may be found in Fig. 9 
. : Dove 
above the point corresponding to the value of —— 


* It should be noted that for streamline conditions the 
value of *‘f’’ to be inserted in Formula A, can be read 
direct from the diagram, but for turbulent conditions 
the effect of the roughness of the pipe surface in contact 
with the oil has to be taken into consideration. For 
new pipes an addition of 10 to 20 per cent. will usually 
be sufficient, but for old pipes or badly aligned lines 
an addition of anything up to a maximum of 100 per 
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It is known that streamline flow in a fluid breaks 
down and becomes eddying or turbulent for a 
critical value of the velocity which makes the 


Dove : hee =e 

approximately equal to 2,500, and 
= ee ‘Var iia 
we give below, in tabular form, the critical velocities 
of flow in pipes from 6 in. to 16 in. diameter for 
values of & varying from 25 to 10,000. 


quantity 


Oil Fuel. 
Critical Velocities in Pipes 6 in. to 16 in. Diameter. 


Diameter of Pipe in Inches. 


Value of 
o 
BK 6 8 10 12 14 16 
25 200-0 (152-0 |120-0 {100-0 86-2 76-0 
50 100-0 76-0 60-0 50-0 43-1 38-0 
100 50-0 38-0 30-0 25-0 21-55 | 19-0 
» 200 25-0 VOAL 15-0 12:5 10-8 9-5 
300 16-67 | 12-6 10-0 8-33 | (7-12 6-3 
400 12-5 9-5 7°56 6°25 5-39 4-75 
500 10-0 7:6 6-0 5-0 4-31 3°8 
600 8-33 6°31 5-0 4°16 3:6 3:16 
700 ‘ 7:14 5-4 4:3 3°57 3:08 PAST 
800 6-24 4-74 3°75 3:12 2°7 2°37 
900 5-54 4-21 3°33 2:77 2°39 2-1 
1,000 5-0 3:8 3:0 2°56 2-15 1:9 
2,000 2°5 1-91 1°56 1°25 1-08 0-95 
3,000 1-67 1-26 1-0 0-833) 0-712) 0-63 
4,000 1-25 0-95 0-75 0-625) 0-539) 0-47 
5,000 1-0 0-76 0-60 0-5 0-431] 0-38 
6,000 0-833} 0-63 0-5 0-416) 0-36 0-31 
7,000 0-714) 0-54 0-43 0°357| 0°308) 0-27 
000 0-624) 0-47 0-375) 0-312} 0-27 0-23 
9,000 C-554| 0-42 0-33 0-277| 0:239) 0-21 
10,000 : 0:50 0-38 0:3 0:25 0-215, 0-19 


Norr.—The “‘critical velocity” is the point at which the 
character of flow changes from ‘‘streamline”’ to “ turbulent,” 
and is expressed in feet per second. 


Above table is calculated from Dv 2 = 2,500, where 
pb 


D = Diameter of pipe in feet. 
» = velocity in feet per second. 
o = density of oilin Ibs. per cubic foot. _ 
» = absolute viscosity of oil in English units. 
Of the remaining Figs., 10 to 12 inclusive, give 
the calculated pressure drops in lbs. per sq. in per 
mile of pipe line for pipes of 6 in. to 16 in. diameter 
under “streamline” conditions at a velocity of 
1 ft. per second, from which the relative pressure 
‘drop at any other velocity which still maintains 
“streamline ” flow may be calculated by simple 
multiplication, since for streamline conditions the 
pressure drop varies directly with the velocity. 
For “turbulent” conditions Fig. 13 has been 
calculated for certain oils and velocities in 14 in. 
pipes up to about 5 ft. per second, but similar charts 
for other sizes may be easily prepared. “7 
It may perhaps be of interest to point out that 
the results of calculation from the formula given 
herein, for the range of sizes selected (6 in. to 16 in. 
diameter) under streamline conditions do not 
appreciably differ from that obtained from the 
following approximations. 


P= a where P = pressure drop in Ib. per sq. in. 


per ft. lin. when v = 1 ft. per sec. 
d = Diameter of pipe in inches. 


and Pm = ss where Pm = press drop per mile, 


streamline flow, at velocity of 


1 ft. per sec. 
Simplifying these expressions we arrive at the 
following :— 
Pm = p» 20-6 lb. per sq. in. in 16 in. pipes when » = I ft 
per sec. 
27-0 lb. per sq. in. in 14 in. pipes when v= 1 ft. 
per sec. 
@ 36°5 lb. per sq. in. in 12 in. pipes when vy = 1 ft 
per sec. 
# 52-8 lb. per sq. in. in 10 in. pipes when v = 1 ft 
per sec. 
 82°5 Ib. per sq. in. in 8 in. pipes when v = 1 ft. 
per see. 
pw. 146-67 Ib. per sq. in. in 6 in. pipes when v = 1 ft. 
per sec. 


This is an exceedingly useful series of approxima- 
tions, since they enable a choice of size to be made, 
for preliminary design, that should be within a 
little of that finally decided upon. 


(Lo be continued.) 


‘ent. may be necessary. Only experience and first hand 
knowledge of the condition in which the pipe line 
Operates can assist the designer in this direction. It 
is usually better to calculate tho Pm by inserting the 
value of f as read on diagram and then add the per- 
entage increase to the Pm found. 


methods, such as hot galvanising, electro-galvanising 
and sherardising. 
to the fact that many, if not most, of the published 


without any figures as to the thickness of the zine 
coatings. 


bath, the fluxing and purity of the zinc, and the size 
galvanising the thickness of zinc depends on time and 


current density, and in the case of sherardising on 
temperature, time and the condition of the zinc 


original process carried about 2 oz. per square foot, 
but by the present methods employed the weight 
of zinc is reduced to 14 oz. and even less. 
thickness of the coating is, however, not the only 
thing to be considered. Much also depends on the 
physical condition of the zine covering, whether it 
is porous, evenly distributed, free from impurities 
and from small blemishes or patches where the zinc 
has not taken. 


test, is still extensively used, although it is very 


‘| unreliable for zinc coatings applied by the electro 


‘| deposited copper, retarding the action of the copper 
_|sulphate in the subsequent dippings. A more 


and 80 ¢.c. of water, or 2 lb. of salt and 1 gallon 
of water), with an air pressure of 6 Ib. or 7 lb. per 
square inch, so that a very fine mist is produced. 
The compressed air is passed through glass wool or 
cotton plug, and then through water to remove 
any dust and to saturate the air with water vapour, 
which prevents concentration of the salt solution 
and crystallisation of the salt on the tips of the 
atomiser. A baffle plate is used to prevent the salt 
spray from blowing directly against the test pieces. 
The samples, after being washed to remove all 
grease, are placed in the spray box in a vertical 
position on the glass rod or strips. They are 
removed from the bath every 24 hours, washed with 
water, using a moderately stifi brush, and, after 
drying, are carefully examined for the presence of 
red or yellow iron rust. The first appearance of rust 
indicates the conclusion of the test; valuable 
information may be obtained by continuing the test 
and observing the extent of the corrosion produced 
by longer exposure. 

Professor Walker has introduced a lead acetate 
test to determine the weight of zine coating for a 
given area, the solution being composed of 3 Ib. of 
commercial lead acetate in 1 gallon of distilled water, 
to which is added 1 oz. of litharge. The zinc is 
dissolved by immersion in the solution and the loss 
ascertained by weighing. Walker’s soda test for 
porosity consists of placing the zinc-coated iron in a 
hot, strong solution of caustic soda ; if the coating 
is perfect no gas is evolved, but if the iron or steel 
is exposed or there is any small hole or crack, a stream 
of hydrogen bubbles is evolved. 

Mr. C. L. Campbell has devised a simple apparatus 
for measuring the amount of hydrogen generated 
from a known area of zine coating, using a standard 
acid solution. A sharp maximum is reached in a 
few minutes, giving the resultant of all the different 
factors which make for rapid dissolution of the 
zinc, such as impurities in the zinc, cracks, or 
perforations. A modification of the method applied 
to sheets as described by Mr, A. S. Cushman, 
consists of attaching a ring and a small cylinder to 
the surface to be tested by means of modeller’s 
clay or similar material. The cylinder is closed with 
a rubber cork, fitted so that strong hydrochloric acid 
can be run in with a little ammonium chloride to 
attack the exposed zinc. The resulting hydrogen is 
measured and the corresponding zine calculated, the 
attacked area being measured by a planimeter. 

For everyday works’ practice the sulphuric acid 
test is probably the best, as giving both the thickness 
of zinc and evenness of distribution. In the case of 
electro-zincing the structure and quality of the zinc 
coating can be readily determined with a magnifying 
glass. 


METHODS OF TESTING GALVANISED 
IRON. 


By SHERARD CowPER-COLEs. 


Mvo# confusion prevails as to the relative value 
of zinc coatings applied to iron and steel by different 


This uncertainty is largely due 
figures and reports give the results of corrosion tests 


In hot galvanising the thickness of the 
zine coating depends on the temperature of the 


of the crystals or spangles. In the case of electro- 


powder employed. Sheets hot galvanised by the 


The 


The copper-sulphate test, also known as Preece’s 


unreliable and depends much on the manipulation. 
The test consists of dipping the zine-coated steel 


: 
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into a saturated solution of copper sulphate for 
1 minute at 60 deg. F., and then washing under 
running water or wiping with a clean cloth; the 
l-minute dippings are continued until the zinc is 
penetrated and a bright red deposit of copper 
obtained. The thickness of zine coating is 
approximately determined from the number of 
dippings by means of the diagram above. The test 
is based on the fact that the copper precipitated on 
a zine surface is a dark, loose powder, and on the iron 
or steel a bright-coloured deposit. The writer has 
seen this test carried out in large works under most 
unsatisfactory conditions, the same copper sulphate 
solution being used for a large number of immersions, 
instead of fresh solution for each immersion, and 
the test piece being wiped with a rag not free from 
grease; this gives an erroneous reading, as the 
slightest film of grease has a tendency to retard the 
action of the copper sulphate. This test is quite 


NOTES ON NEW BOOKS. 


THERE are many aspects from which modern electric 
power practice may be viewed, but it comes rather as 
a surprise to find a book devoted to the description of 
circuit diagrams only. Sucha book has, however, been 
published by The McGraw-Hill Publishing Company, 
Limited, London, entitled “‘ Electrical Machinery and 
Control Diagrams,” by Terrell Croft, price 15s. There 
are some 500 odd diagrams included in the volume, 
and it is claimed that they represent more or less 
completely all the apparatus which is used in modern 
electric power practice, with the exception of electric 
railways, telephone and lighting circuits. In the 
frontispiece are presented the standard electrical- 
diagram symbols which have been adopted by all the 
manufacturers who are members of the Electric Power 
Club of America, and these have been used throughout 
the book. In the first section of the book, diagrams 
of connections of both A.C. and D.C. generators are 
given; other divisions deal with the connections of 
transformers for various ratios of voltage and phase 
changes. Diagrams illustrating the various connec- 
tions for rotary converters, motor generators, &c., are 
also given, including an example of an automatic sub- 
station. Only such supplementary text is added as is 
necessary to explain the diagrams. We find it difficult 
to believe that there can exist any large demand for a 
book of this description, but engineers requiring infor- 
mation of the kind will find almost every kind of 
diagram included in the volume. 


or sherardising processes, as the deposits of zinc have 
a more or less matt surface, which holds some of the 


simple and reliable method is to use a dilute solution 
of sulphuric acid. The strength of solution recom- 
mended by C. F. Burgess is 3-2 per cent. solution 
of pure sulphuric acid. As soon as the zinc coating 
is dissolved gasing ceases, thus enabling the evenness 
of the coating to be readily observed. 

The salt spray test as devised by the Bureau of 
Standards, Washington, is a useful comparative test 
specially for ships’ fittings, or galvanised iron work 
subjected to salt spray. The test is made in a 
stone box, with a cover, and glass supports for the 
samples. The stone box is inclined so that drops 
of solution collecting on the cover will run down to 
the edge instead of dripping on to the samples. 
The solution employed is 20 per cent. by weight of 
commercial sodium chloride (20 grammes of salt 


We have several times (vide, our issues of December 8, 
1916, and June 24, 1921) commended the volumes on 
“A System of Physical Chemistry,” which Dr. William 
Mc.C. Lewis, M.A., Brunner Professor of Physical 
Chemistry, at Liverpool, has contributed to the Text- 
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Books of Physical Chemistry, edited by the late Sir 
William Ramsay and Professor F. G. Donnan, of 
University College. The third volume of the third 
edition of this work now before us [London: Long- 
mans, Green & Co.; price 15s. net] deals exclusively 
with the ‘‘ Quantum Theory.” Planck, when proving, 
in 1901, the impossibility of an equipartition of energy 
in the spectrum, had spoken of a “ quantum hypo- 
thesis’; with the successful application of his con- 
ception of definite energy quanta to radiation, and 
subsequently to other physico-chemical phenomena 
the term “‘ quantum theory’ became general. Pro- 
fessor Lewis regards the theory as a new modified 
system of statistical mechanics. In Sir William 
Brageg’s words, ‘‘ Planck’s hypothesis is not so much 
an attempt to explain as a focussing of all the difficul- 
ties into one so that, if this master difficulty is over- 
come, a number of others melt away.” But the posi- 
tion of the quantum theory remains to a certain 
extent undefined, and the exact physical significance 
of the quantum of energy vague. When Professor 
H. A. Lorentz lectured on radiation last year 
(ENGINEERING, June 8, 1923, page 718) he exemplified 
the difficulties of the conception by a few numerical 
data. To produce interference a single quantum 
should have a length of at least 50 em. and a diameter 
of 250 em. or, with Michelson interferometer experi- 
ments, even of 5 m. One cannot visualise such a 
quantum. The consideration would further indicate 
that a quantum could not be concentrated, whilst if it 
were not, no single electron could absorb its energy 
in the way in which it was actually proved to absorb. 
For these and other reasons Lorentz, with other lead- 
ing physicists, hopes for some interweaving of the 
undulatory and the corpuscular theories, and Professor 
Lewis, in this volume, examines recent researches 
primarily with the object of testing the validity of the 
quantum theory. The treatment thereby becomes 
less systematic and more detached than in his other 
volumes. The different sections stand indeed a little 
too much by themslves, not only in the appendices, 
in which the author, Mr. J. Rice, Mr. A. McKeown and 
Mr. R. O. Griffith, deal with definite researches of 
Einstein, Sommerfeld, Kratzer and others, but also 
in the chapters of the volume on the energy contents 
of solids and of gases, on atomic and molecular struc- 
ture, on physical changes in homogeneous and _hetero- 
geneous systems and on the energetics of the ionic 
crystal lattice. A somewhat detached consideration of 
the quantum conception seems to be almost unavoid- 
able at present. In his noteworthy second report of 
this spring to the Physical Society, Mr. J. H. Jeans 
only dealt with * Radiation and the Quantum Theory.” 
On the other hand, most recent physical problems are 
admitted to have become less obscure by the application 
of the quantum theory ; they ought to help to elucidate 
the nature of the quantum itself. 


Much of the literature on impact problems is too 
mathematical for the engineer. The foundations of 
the laws were laid by Galileo and by Huygens; the 
recent better-known formule of Hertz are more 
frequently quoted than his paper on the contact 
between solid elastic bodies is read. The perusal of 
this paper—as of cognate papers—is indeed very 
difficult, or was so until Féppl’s lectures on technical 
mechanice presented the subject in a simpler garb. 
The book by Dr.-Ing. Franz Berger, of Vienna, on ‘“* Das 
Gesetz des Kraftverlaufs beim Stoss’’ (Braunschweig : 
Friedr. Vieweg und Sohn ; price 9 marks) is a theoretical 
and largely experimental study of impact phenomena, 
and does not restrict itself, as the title seems to indicate, 
to the energy relations. His colliding bodies are pairs 
of rigid pendulums swinging about the same axis, 
and he records their movements over scales by the 
aid of pointers and instantaneous spark photography. 
His formule express the duration of contact as a 
function of the velocity of impact and the deformation 
and distance traversed as functions of that velocity 
and of the time. His pendulums are fitted with 
elastic buffers, and he likens a colliding body and its 
molecules to a railway train, the carriages of which 
are so coupled that the elastic buffers always remain 
in contact. When an engine crashes into such a train 
simply with its mass energy, the phenomena are those 
of pure impact. When the engine is further propelled 
by steam, the impact becomes complex. 


The literature on blast furnaces giving the result of 
the experience of British technical men, all actual 
makers of pig iron, and dealing both with the theory 
and with the practice of economical iron manufacture, 
is very detailed and complete. The very first paper 
in the proceedings of the Iron and Steel Institute 
was one by Sir Lowthian Bell, on “* The Development 
of Heat and its Appropriation in Blast Furnaces of 
Different Dimensions,” read in 1869. This and sub- 
sequent works on the subject by many specialists have 
always been considered as constituting standard works. 
Among the more recent papers on blast furnaces, read 
and discussed before the Institute, we may mention 


the one by Clements on “ British Blast Furnace 
Practice,” read in 1920, and that by A. K. Reese, on 
“The Bases of Modern Blast Furnace Practice,” 
contributed in 1922. None of these important con- 
tributions is referred to in “ Combustion in the Gas 
Producer and the Blast Furnace: A New Theory,” by 
Dr. A. Korevaar, lecturer in industrial chemistry at 
the University of Leiden, Holland, a book recently 
issued by Messrs. Crosby, Lockwood and Son, London 
(price 15s, net), The economical manufacture of pig 
iron has been of late years greatly hampered by the 
increase in the impurities found in the coke, the ash 
content probably playing the greater part ; impurities 
in the iron-stone have also contributed much in 
complicating the ironmaker’s task. Owing to these 
impurities many well thought-out theories must fall 
to the ground. In his book, the author develops a 
new theory of combustion, leading to the formulation of 
the law of “heat compression,’ and by ‘heat com- 
pression’’ the author means obtaining in the fur- 
nace conditions resulting in the zone of combustion 
having a smaller volume and a higher temperature. His 
theory shows that when such conditions are reached in 
a furnace he can produce a higher temperature with 
equal fuel consumption, or conversely, produce a 
definite temperature with a lower fuel consumption. 
He then states: ‘‘The importance of this theory is 
that it shows that the fuel economy gained by means 
of better combustible fuel, hot blast and the other 
factors dominating combustion is all due to the law of 
“heat compression,” which is at the bottom of all the 
different ways of diminishing fuel consumption. This 
was quite unknown to the present day.” The author 
has given a very clear exposition of his deductions. 
His book will no doubt be read with interest by British 
manufacturers, whose expressions of opinion concern- 
ing it would probably prove interesting. 


The compilation of a fifth edition of a textbook on 
engineering structures in iron, after the lapse of many 
years since the fourth edition, is not an easy matter as 
arule; particularly is this so, when the fifteen years 
intervening between the two editions cover the war 
period. Much of the need for war structures has gone ; 
economy in materials and in labour has become a more 
pressing consideration, and though the principles of 
construction remain unchanged, much new experience 
has been gained, and the mere bringing of a book up- 
to-date is not sufficient. Professor Max Foerster, of 
the Dresden Technical High School, might perhaps 
have re-written more of the fifth edition of his 
“* Hisenkonstruktionen der Ingenteur- Hochbauten”’ [ Leip- 
zig: Wilhelm Engelmann; price 45 gold marks], but 
references to the last few years are not on the other 
hand scarce. The bulky volume of 1,320 pages 
copiously illustrated, is offered as a text book 
for use at technical high schools and in practical 
engineering, and as a supplement to the Handbuch der 
Ingenieurwissenschaften. It deals with steel as a 
material, and with riveting and bolting ; with columns 
and girders, and in particular with roof structures, 
frame work and stairways. A good feature of the 
treatment is that examples are worked out. 


The material advantages to be secured by the adop- 
tion of well-devised schemes for town building and 
extension, to which it is convenient to apply the term 
“Town-planning,” are admitted on all hands. The 
creation of healthful homes, ample open spaces in 
parks and playgrounds, the preservation of amenities of 
site, and the provision of a system that secures adequate 
and economical transport, will have the approval 
of all, rendering the advocacy of proposals directed to 
these ends unnecessary. But that is not the view of 
Mr. H. V. Lanchester, who, in “Zalks on Town Plan- 
ning,’ (London: Jonathan Cape, price 4s. 6d.) appears 
to be forcing an open door. His object, if correctly 
understood, is not to exhibit the details of a proposed 
scheme, to demonstrate how approved suggestions may 
be carried out practically, or to indicate the means 
for providing all the necessary machinery for sub- 
stituting a new system that will displace the errors 
of the past, but apparently to urge on the public the 
desire for creating improved and agreeable surround- 
ings. He would present such an enticing picture of the 
science of town planning that new disciples will be 
found, eager to claim the realisation of far-reaching 
schemes, plausibly and ably urged. The arguments are 
enforced or illustrated in a series of imaginary conversa- 
tions, which seems a rather clumsy way of calling 
attention to his views. The dramatis persone include 
a man in business, whose part is to put the questions 
that the author wishes to answer through the mouth of 
a professor of History and Sociology: a mechanical 
engineer who may be supposed to represent the prac- 
tical side in the debates, and an artist, who may be 
regarded as a supporter of zsthetics. These four dis- 
cuss many things besides town planning, and when the 
cloven hoof of Communism appears rather near the 
surface, the Professor, who does most of the talking, 
thinks it necessary to declare his faith by asserting 


that ‘‘ he is not out for land nationalisation,” and claims 
that while he “does not make a god of property, it 
does not seem necessary at the moment to go for any- 
thing like confiscation.” The book is not uninterest- 
ing, since it gives the views of one who has thought 
much of the matter, who‘places communal interests 
far above private enterprise, and would remodel our 
towns by improving the methods of the past. 


The growing scarcity of lumber in most European 
countries has not resulted in driving the destructive 
distillation of wood to the other continents, but rather 
has obliged the distiller to perfect his methods, and 
to utilise his products to the fullest extent. The old 
charcoal burner would feel bewildered in a modern 
wood distillery, where the charcoal is indeed the 
bulkiest but by no means the most valuable product. 
The latter comprise acetone, acetates and acetic acid, 
ether, methyl alcohol and formaldehyde, &c. The 
formaldehyde in particular has acquired considerable 
importance of late as raw a material used in the prepara- 
tion of various insulating materials. To produce these 
compounds requires competent engineers and chemists, 
all the more as the difficulties of the collection and trans- 
portation of the raw material frequently lead to the 
erection of the factories in remote districts. Mr. G. 
Dupont, Professor at Bordeaux, has brought the subject, 
which had been somewhat neglected by authors of late, 
up to date in his small volume on “ Distillation du Bois” 
(Paris: Gauthier-Villars & Cie; price 25 francs), He 
is connected with the Institut du Pin, in connection 
with which he has been lecturing on wood distillation to 
chemists and engineers. He gives notes on the uses of 
the products, but does not, of course, deal at length with 
the many condensation products of formaldehyde. 


So many advances and refinements have now been 
made in the methods of workshop measurement that 
the subject is one which demands a more extended 
treatment than that which is summarily allotted to it 
in books dealing with machine shop practice. The 


war was a great awakener and quickening force in all - 


that concerned systems of gauging, because parts of 
munitions had to be distributed among many shops, sepa- 
rated by hundreds of miles, and prepared for assembly 
without correction. It was then that gauging systems 
were introduced in many shops fer the first time. 
habit, once acquired, became established. It is now 
common for components to be prepared in a finished 
condition in several independent plants, all contribu- 
tory to the final assembling. This can only be accom- 
plished by the help of proper gauging systems. 
subject has now become so wide, and so many different 
types of apparatus are concerned, that the average 
shopman may at times find it difficult to keep properly 
in touch with the subject. To such men ‘‘ Workshop 
Gauges and Measuring Appliances,’ by L. Burn, 
A.M.I.Mech.E., A.M.I.E.E. (Sir Isaac Pitman & 
Sons, Ltd.; price 5s.), should appeal. Though 
modestly offered to apprentices and students, it will 
prove of value to all who are interested in the subject 
of which it treats. Not the least of its reeommenda- 
tions is that it is a handy book of reference, containing 
tables—20 in number—that relate to standards of 
measurement, gauges, and limits. 
to be kept on the desk for ready reference. The 
book contains seven chapters, commencing with 
units of measurement and terminating with limits and 
fits. 
those of screw threads chiefly—are not described, but 
the subjects that are treated are dealt with in a satis- 
factory manner. 


A New Liqui Enamet.—aAccording to an_ article 
published in Chemical and Metallurgical Engineering 
the American Dupont Company are introducing a new 
enamel which can be applied cold, and is claimed to 


The: 


The 


It is a useful book — 


Some of the later refinements in measurement— ~ 


give results equal in appearance to stoved enamels. — 


The material, which has been called Duco enamel, has 
a nitrocellulose base, and is so fluid at ordinary tem- 
peratures that it can be sprayed on the surfaces to be 
treated by the ordinary pneumatic sprayers. The 
special characteristic of this enamel is that the nitration 
of the cellulose is kept between 11 per cent. and 
11-8 per cent. If these limits are exceeded the product 
becomes too viscous for convenient use. 


Usrs or Copanr.—tn a paper read before the Sociéte 
des Ingénieurs Civils in Paris, M. L. Guillet stated that 
the addition of cobalt to steel and other metals in n@ 
way improved their mechanical qualities, but rather 
the reverse. 
which contained from 10 per cent. to 40 per cent. of 
the metal, with a little tungsten or chromium, or both, 
were three times as good as the best ordinary magnet 
steels. It was claimed that an addition of 3 per cent. 
to 5 per cent. of cobalt to high-speed tool steels was an 
advantage, but the claim was not universally accepted. 
Cobalt plating was much superior to nickel plating. 
The baths could be more concentrated, and heavier 
currents employed, so that good coatings could be 
obtained in a few minutes. 


On the other hand, cobalt magnet steels 
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ELECTRIC 


CONSTRUCTED BY THE A.1. 


Fig. 10. 


the end of the seam is reached. The weld is then com- 
plete. From 2 ft. to 10 ft. can be welded per minute. 
The outstanding feature of the machine is that the 
heating of the weld is intermittent, effected by means 
of an arrangement of two coils of separate alternation, 
the secondary windings being in series. By this 
means the duration of welding heating can be accurately 
controlled at any point. The arrangement is patented 
and permits of a wide variation and control in the 
rate of heating by the current and the intervals 
between successive periods of heating. Tests up to 
609 lb. per square inch have been stood by welds 
of seam-welded drums. 


Welds | Welds | ,potual 
Description of Work. per per Time i: 
Hour. B.0.T.U Se 
cs 
Secs 
Corner weld for steel sashes 120 80 4 
Knife blade, stainless steel, 
butt welded to shank .. 240 60 3 
Cycle rim section, butt . 
welded ne ee 36 300 150 3 
Motor cycle belt rim, butt 
weld ate 2 3 80 120 4 
Copper bars and steel rod 
welded to hardened steel 
block without drawing 
the temper Ae %: 200 160 2 
Mild steel bar, 2} in. by 
2 in. T welded to mild 
steel bar, 14 in. diameter. . 80 30 5 
C.I. valve head, welded to 
special steel stem.. i 80 30 4 
M.S. bar, & in. diameter, 
welded to the edges of 
mild steel bar, 24 in. by 
gin. a 50 a 120 60 6 
Wire mesh guard, spot 
welded to 1 in. by } in. 
M:S. strip .. ic 58 250 120 3 
Rivets heated and closed in 
ball bearing cage .. i 360 600 1 
H.S. steel lathe tool welded 
to M.S. shank ae 33 80 30 4 
Spot weld, # in. added 
thickness .. BO iD 60 15 8 
Motor car tyre rim butt 
welded eS i te 120 40 5 


An interesting and useful extension of the principle 
of electric welding is afforded by the electric rivet 


heater of which a type built by the A.1 Company, is 
illustrated in Figs. 12, 13 and 14. The machine is 
almost self-explanatory. The rivet is held between 
electrodes, which are easily renewable. The electrodes 
are pressed together by a spring and are opened to 
insert and withdraw the rivets by means of foot treadles. 
The machine shown in Figs. 12 and 13, has three sets 
of electrodes and three treadles, so that three rivets 
may be heated at a time. That shown in Fig. 14 is 
intended for two rivets. The rate of heating may be 
controlled since it is not desirable that it should be 
too rapid, as this might lead to overheating and scaling 
of the surface before the inside is properly heated 
through. 

The descriptions and illustrations we have given will 
convey a good idea of the excellent series of electric 
welding machines constructed by the A.1 Electric 
Welding Appliances Company, but probably an even 
better idea of the value of the machines in the work- 
shops will be obtained from the accompanying table, 
which gives some of the remarkable times and outputs 
which can be obtained from them in practice. 


PHYSICAL SOCIETY OF LONDON. 


Av the Meeting of this Society held on November 
14, 1924, at the Imperial College of Science, with 
Mr. F. E. Smith, F.R.S., in the Chair, a demonstration 
illustrating “‘ An Electrical Method of Producing Vowel 
Sounds and its Application to Wireless Telegraphy”’ 
was given by Dr. W. H. Eccles, F.R.S., and C. F. A. 
Wagstaffe. The apparatus shown represented wireless 
sending and receiving stations. It was devised to 
test a proposed method of communication in which 
the electric waves transmitted could produce easily 
recognisable chords at a suitably equipped receiving 
station. It was thought that chords would be more 
easily recognised than simple tones, and that vowel 
sounds would be the most easily recognised of chords. 
The ideal aimed at in this method of communication was 
that an operator at one side of the ocean should con- 
verse with an operator at the other side by means of a 
language made up of vowel sounds (somewhat like the 
Hawaiian language), the sounds being produced by 
pressing keys. Any ordinary language could be 
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converted immediately into this telegraphic language 

by a code wherein each consonant was represented by 

a definite pair of vowel sounds. Currents of acoustic 

frequency need not appear at any stage earlier than 

in the telephones of the receiving operator. Broadly, 

the method was as follows:—At the transmitting 

station the pressing of a key produced immediate 

electrical oscillations of frequencies 100,800 and 101,300, 

and waves of these two frequencies were radiated. 

At the receiving station the waves produced corres- 

ponding oscillations, and these were combined with a 

locally generated frequency of 100,000 cycles per 
second in the well-known “heterodyne ”’ manner, 80 
as to produce currents of frequencies 800 and 1,300. 
In order that these should together simulate the vowel 
sound ah, a current of voice frequency, say, 250 cycles 

per second, was superimposed in a suitable way; 
this might be done either before the oscillations leave 

the sending station or after they reached the receiving 

station. Hach method had given good results with a 

variety of vowels, made up by taking Paget’s table of 

vowel constituents. 

Sir Richard Paget said that the Demonstration 
proved conclusively that effects of the kind described 
could actually be obtained. He would suggest experi- 
menting with the simplest form of electrical sound- 
producers on the lines followed by Mr. J. Q. Stewart, of 
the Western Electric Company of America, in the 
testing of telephone receivers. In such apparatus 
low-frequency resonant circuits were employed and 
the necessity for heterodyning was avoided; and if, 
as he believed, consonant sounds consisted of not more 
than four components, it should not be difficult to” 
synthesise ordinary speech in a telephone. Such 
apparatus would not, of course, be applicable directly 
to telegraphy, but would be of considerable theoretical 
interest. 

A paper on “‘ The Dielectric Properties of Mica” was - 
read by Mr. D. W. Dye, B.Sc., and Mr. L. Hartshorn, 
A.R.C.S., B.Sc., D..G. In this paper two methods used — 
for determining the dielectric constant of thin sheets of 
mica were described and the errors discussed. The 
results of measurements on more than 170 sheets of mica — 
were given. The samples tested included best clear 
mica, ruby, green and brown in colour, stained and | 
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bounding the air-gap. In regard to the question7of 
uniformity of the specimens, it would be of interest -to 
know whether the particles of possible foreign inclusions 
were large enough to be put in evidence by optical 
tests. 

Mr. G. L. Addenbrooke said that in his early work he 
had had some trouble with air bubbles, but had found 
that, under a pressure of 2 in., mercury would fill up 
any corner. He personally had used an average 
pressure of 4 in. or 5 in., and given the container a few 
sharp knocks to shake the mercury into the corners. 
Was the mica used by the authors dry? Any damp- 
ness would have a considerable effect on the power 
factor. Under a microscope mica was distinctly seen 
to be laminated, and it might contain air films. All 
such points were, however, of subsidiary interest ; 
it was particularly interesting to see the uniformity of 
the results obtained by the authors for a great variety 
of specimens, because he had always suspected that the 
lack of uniformity in the behaviour of mica condensers 
was to be attributed to other causes than variation 
of the specific inductive capacity; he had been kept 
back from pressing this view publicly by the great 
variation to be found in the values given in tables of 
physical constants, a variation which was now shown 
to be erroneous. It was worth mentioning that Post 
Office engineers assumed an all-round value of 6-6 for 
the purpose of their specifications. He hoped that 
the paper, besides clearing up the doubt as to the 
constancy of the specific inductive capacity of mica, 
would call attention to the general necessity for going 
over the accepted values of such constants again. 
Existing tables took no account of the power factor. 

Mr. A. Campbell, in a communication, said that the 
paper removed most of the uncertainty which existed 
regarding the dielectric constant of mica. One of the 
main difficulties lay in the very small thickness of the 


material which had to be tested ; to obtain moderately 
accurate results the aid of the most refined metrology 
had to be called in. He used the air-gap method in 
1906, but the formula he employed was incorrect 
(due to an algebraical slip). The error was not noticed 
at the time, as with the particular dimensions used it had 
very little effect on the results. It was difficult to account 
for the systematic differences shown by the two methods. 
They were possibly due to the effect of surface moisture 
enlarging the effective area in the mercury electrode 
method. This might be investigated by using solid 
or liquid paraffin at the joints or by working in a 
desiccator. The results given for dielectric losses 
clearly indicated that in making high-class condensers 
the very best mica must be selected. 


GAS BLOWING ENGINE PERFORMANCE. 


THE question of the reliability of large modern hori- 
zontal gas engines has often been under discussion and 
the relatively small use made here of this class of machine, 
compared, say, with its popularity in Germany has 
frequently been the subject for comment. At the 
First World Power Conference the prominent position 
oceupied, as regards power production, by this prime 
mover, in certain countries, was a notable feature of 
some of the foreign contributions, and it is gratifying 
to be able to off-set this accumulation of facts from the 
Continent, by experience with such machines in our own 
country. 

In the illustration on this page we show a view of the 
interior of the power station of the works of the Barrow 
Hematite Steel Co., Limited. The station contains 
altogether six large horizontal slow-speed gas engines, 
of which five were built by Messrs. Galloways, Limited, 
of Manchester. Two of the five are coupled direct to 
direct current generators, while the other three are 
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fitted with blowing cylinders for the supply of air to the 
blast furnaces. ‘The engines are of the tandem double- 
acting four-cycle type, the power cylinders heing 1,150 
mm. (45:27 in.) in diameter and of 1,300 mm. (51-2 in.) 
stroke. The two driving the generators run at 94 r.p.m., 
the yenerators being of 1,250 kw. capacity. The engines 
supplying air to the blast furnaces run at 85 r.p.m. and 
develops 1,650 brake horse-power. All use blast furnace 
gas, cleaned on the Halberg-Beth process, reference to 
which has been made on several occasions im 
ENGINEERING. 

One of the three blowing engines was lately opened 
up for inspection, after being in service for no less than 
77 weeks without internal examination. Before being 
stopped it was necessary for the engine to run for a while 
at 25 r.p.m., which low speed it maintained quite satis- 
factorily, the efficiency of the engine being in no way 
impaired by the long period of service mentioned. ‘The 
subsequent examination revealed no evidence of defects. 

As regards piston rings, all twelve were intact, and 
only one was fixed in its groove, but this one for only 
one-third of the circumference. Wear had been so slight 
during the period that only six of the rings required 
renewal The liners of both cylinders were in perfect 
condition ; the wear was found to have been very small, 
and the surface excellent and highly polished. The 
same was the case as regards the piston rods, and the 
rod packing rings merely required cleaning and re- 
assembling. The amount of carbon deposit was small ; 
even the valves were not very dirty; otherwise their 
condition being excellent. As regards the working 
parts a slight adjustment of the bearings was all that 
was found to be needed. 

Another of the blowing engines had, at the time of the 
laying oft of the engine above referred to, completed some 
75 weeks of service without being stopped for examina- 
tion. As a result of the excellent condition of the one 
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inspected, it has been decided to extend considerably the 
period for the second, which is consequently not being 
laid off at present. These long periods of service and 
the excellent state of conditions revealed, are eloquent 
testimony as regards the reliability of this type of 
machine when well constructed, and well run. 


LETTERS TO THE EDITOR. 


SKIN FRICTION IN AERONAUTICS. 
To tue Eprror or ENGINEERING. 

Srr,—With reference to your article “‘ Skin Friction 
in Aeronautics” (ENGINEERING, November 28, page 
742), relating to the paper read by Professor 
Bairstow at the Royal Aeronautical Society on Thurs- 
day, November 13, may we be allowed to make some 
remarks on the statement that in the experiments 
earried out at the Aerodynamical Laboratory of the 
Delft Technical High School a glass plate was used with 
a rounded leading edge. 

As Professor Prandtl has already mentioned (‘ Erge- 
bnisse der Aecrodynamischen Versuchsanstalt zu 
Gottingen I,” page 136, footnote), a plane surface with 
a rounded leading edge will give rise to the turbulent 
state of motion in the first part of the boundary layer ; 
creat care was taken in the experiments referred to to 
sharpen the leading edge of our glass plate as well as 
possible, and thus to avoid the turbulence in the first 
part of the boundary layer. This was done by grinding 
and polishing the plate to the form shown in the 
accompanying figure. 

The effect of various forms of the leading edge was 
studied, and it was found that the shape used in the 
experiments was highly satisfactory. At low values of 
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Reynolds’ number a good agreement with the theory of 
Blasius was found, but once the critical value of R 
was passed, turbulence set in. This experimentally 
determined critical value proved to be higher than one 
would expect from the experiments on the resistance 
of the flow through tubes, which leads to the supposition 
that the leading edge of our glass plate cannot haye had 
much influence on the flow in the first part of the 
boundary layer. 

The lateral spreading of the air in the neighbourhood 
of the glass plate was investigated by determining the 
velocity distribution in the channel by means of a 
Pitot tube. 15 cm. behind the glass plate ; no trace of 
lateral flow could be detected. Moreover, the velocity 
distribution in the boundary layer was measured at the 
middle of the height of the glass plate, 150 cm. from 
the leading edge, and also 15 cm. above ; both velocity 
curves obtained in this way were identical, the mutual 
differences between the values of the velocity of the air 
at equal distance from the surface did not exceed 1 per 
cent. As Mr. Southwell has already remarked, this 
can be explained by the suspension of the plate in the 
channel; as a simple calculation had shown, the air 
could in our case find no way with less resistance than 
along the plate. Therefore, we were led to suppose 
that lateral spreading is not involved. 

The pressure drop along the glass plate was deter- 
mined separately by means of a Pitot tube; as ex- 
pected the velocity of the air outside of the boundary 
layer along the plate was higher when the distance from 
the leading edge was greater. In the evaluation of the 
experimental results this effect was taken into account 
and a fair agreement between the resistance of the glass 
plate calculated from the known velocity gradient at 
the surface and from the loss of momentum in the 
boundary layer was obtained in this way. 

Yours faithfully, 
B. G. v. D. HuacEe ZYNEN. 


[Norn.—We regret that in commenting on Professor 
Bairstow’s paper we did not define the shape of the 
leading edge of the glass plate referred to more accur- 
ately. The dimensions given by Professor Bairstow 
in the paper itself are in exact agreement with those 
reproduced on the sketch above, which should remove 
any misunderstanding as to the shape of the leading 
edge which may have arisen from our reference to it as 
“rounded.” —Ep. E.] 


LONDON UNIVERSITY B.Sc. DEGREES IN 
ENGINEERING. 

To vrHE Eprror oF ENGINEERING. 
_ Str,—It would appear desirable that candidates for 
the above who enter for Honours and are not successful 
in obtaining them, but who reach such a standard 
as to be recommended by the Examiners for a Pass 
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degree, should be permitted, if they so desire, to sit at 
any subsequent examination as ordinary candidates, 
with a view to obtaining Honours. ‘The difference in 
outside life between the value of’an Honours and that 
of an ordinary Pass degree is very great, and it appears 
hardly fair that an Honours candidate should, on 
account of his having been recommended by the 
Examiners for a simple Pass, be penalised by being for 
ever afterwards debarred from trying to obtain Honours. 
If it is not considered practicable to allow the Pass 
degree to be awarded to Honours candidates on the 
understanding that such candidates may afterwards 
try as often as they please to obtain Honours, it would 
appear that the candidates should at least be given the 
option of refusing acceptance of the Pass degrees for 
which they have been recommended. In this way they 
might retain the right to try again, as often as they 
choose, to obtain Honours. 

The matter is one of considerable importance, 
especially as the majority of the graduates (at any rate 
amongst the External men) will not proceed beyond the 
B.Sc. degree, and would be satisfied with that degree 
if Honours could be obtained. I feel that a welcome 
change for Honours candidates in the Regulations 
would be one that would enable the candidates either 
(a) to accept and retain the Pass degree, with freedom 
to try at any time subsequently for Honours under the 
same conditions that would exist if they did not already 
hold the Pass degree, or (6) definitely to refuse accept- 
ance of the Pass degree which might perhaps be offered 
on each occasion to an Honours candidate who reached 
the Pass, but not the Honours standard. Ifa candidate 
finally decided (perhaps after several unsuccessful 
attempts to attain Honours, followed possibly by 
refusals of a Pass) to accept a Pass recommended by 
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the Examiners, then his decision might be held to be 
irrevocable. In this case the degree would date from 
the year of acceptance, the candidate’s. previous 
refusals of a Pass definitely ruling out the earlier dates. 

An advantage in allowing a student re-entry to the 
examination, under either of the two alternatives 
mentioned, is that he would retain the incentive to 
work. The qualification of Honours would, in general, 
be of much greater value to him in many ways than a 
mere Pass. In fact, the possession of the latter, 
with all hope of a higher B.Sc. success permanently 
withheld, would probably put a stop to the further 
studies of many ordinarily earnest and ambitious 
students. In certain professions, such as, for example, 
teaching, the permanent possession of a Pass B.Sc. 
degree in Engineering, with no hope of being allowed 
to take Honours, might well prejudice the prospects of 
the holder as compared with those of others who have 
managed to obtain Honours. Such a person may see 
students pass their Matriculation and Intermediate 
examinations and then proceed to take Honours at the 
Final, whilst he himself has, of necessity, to sit idly 
by because he cannot, being saddled with the Pass 
recommended by the Examiners when he attempted 
Honours, again enter the examination in an effort to 
obtain Honours. 

Apart from the question of re-entry to the examina- 
tion as it affects Honours candidates who have been 
recommended for a Pass, I see nothing against all Pass 
degree men, even those who entered the examination 
as candidates for a Pass and not an Honours degree, 
being allowed as many re-entries to the examinations 
as they care to make, subsequent to obtaining the Pass 
degree, in an attempt to obtain Honours. A man may 
have taken a Pass degree in order to obtain a University 
qualification at the earliest possible moment. Such a 
man may afterwards study and perform such work as 
will give him a reasonable hope of being able to pass 
with Honours. It is difficult to imagine that any 
harm would be done even if he failed at the examina- 
tion, whereas if he succeeded his prospects in life might 
thereby be greatly improved. 

Yours faithfully, 
PRACTICE AND THEORY. 

London, December 13. 


THE FLETTNER ROTOR SHIP. 
To tHe Eprror or ENGINEERING. 
Sir,—The circulation principle of fluid reaction, as 
applied to wings and to the Flettner “rotor” ship, 
may be demonstrated very simply and convincingly 
by a modification of the Robin’s pendulum, exhibited 
by Benjamin Robins, F.R.S., to the Royal Society, in 
1756. (‘ New Principles of Gunnery,” London, 1761.) 
A sheet of foolscap is rolled into a cylinder, and the 


overlapping edges gummed. Two paper clips are 
bent into the shapes (1) and (2) as shown in the 
accompanying figure, and the upper clip is rolled 
between the thumb and forefinger, using both hands 
alternately (3). 

The pendulum is swung (1) without rotation, (2) with 
rotation to right, and (3) with rotation to left. 
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The behaviour of the pendulum under the three 
different conditions is most perplexing to the un- 
initiated. It is, of course, completely explained by 
the circulation theory. 

The effect was rediscovered by Professor Magnus, of 
Berlin, in 1852, and is. generally called after him; 
but, in justice to its original discoverer, might fairly 
be called the Robins’ effect. 

IT am, &c., 


London, December 9, 1924. A. R. Low. 


«<THE WHITWORTH SCHOLARSHIPS.” 
To THE Epitor or ENGINEERING. 

Str,—The probable reason why most of the Whit- 
worth scholarships go to dockyard or shipyard 
apprentices is that there are certain “‘ plums” open to 
these boys as a reward for excellence in schoolwork. 
There are no such definite incentives in ordinary 
commercial engineering establishments, and because 
of this the cleverest boys from the elementary schools 
(the usual recruiting ground for the artisan class) 
are not encouraged by their teachers or parents to 
enter the engineering trade. So far as one’s experience 
goes the very few who win these awards from ordinary 
establishments make what haste they can to get a 
teaching or official appointment, and an acquaintance 
with the managements of many shops in one of the 
most important engineering areas in Great Britain 
reveals among them but two Whitworth scholars, 
and they elderly men. Obviously this is not what 
Whitworth intended, and one supposes that employers 
who regard the distribution of the scholarships as a 
valuable indicator of the relative quality of the 
apprentices in the various establishments will, in 
time, insist on some standard of theoretical knowledge 
in candidates for promotion. 

Yours, &c., 


Stockport, December 15. FIrrer. 


To rue Eprror or ENGINEERING. 

Sir,—Mr. Ottewell’s letter on this subject is 
attracting very interesting expressions of opinion from 
various quarters. Perhaps the most correct: view so 
far has been given by Mr. Thomas, although he leaves 
us to formulate the obvious deduction : that a man who 
did not sit for an examination may have, and often has, 
a greater technical value than one who has devoted 
his time to the required study and has been successful 
in passing. Every works manager who has engaged an 
assistant on the faith of academic qualifications alone 
has found this to his cost. 3 

Tf [remember rightly, the late Sir Frederick Bramwell 
in one of the addresses he delivered some twenty 
years ago disclosed the fact that he never sat for an 
advanced examination, and it may be correctly surmised 
that, had he sat, he would have failed ; among other 
things he boasted that he had never learned the cal- 
culus. The late Dr. S. P. Thompson, when consulted 
by a student who wished to enter the engineering 
profession as to the advisability of taking a degree, 
told him that a degree would be of no use whatever ! 

The writer may have been specially unfortunate in 
the men with whom he has been brought in contact 
in the course of technical business intercourse, but his 
experience is such that he heartily endorses this opinion, 
and considers an Honours B.Sc. degree or a Whitworth 
Scholarship, if they are one’s only qualifications, of com- 
paratively little value. The latter is the higher quali- 
fication only because it carries with it a guarantee of a 
sound practical training, which the former entirely 
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lacks. An academic distinction, obviously, cannot 
spoil a good man, but it is only a final coat of varnish 
on an otherwise well-built structure—‘ for the look 
of the thing.” The writer would be seriously handi- 
capped if he exchanged his practical experience for the 
highest academic distinction in the world. 

To reform our examination system is hopeless. Let 
us, therefore, learn to appreciate their results at their 
true value and judge our men according to a different 
standard. Opinion will vary widely as to what this 
standard should be. On one extreme, we find Professor 
H. H. Turner, who asserts that mathematics (the only 
“exact ”’ science a knowledge of which can only be 
tested by examination) fits one for any emergencies, 
including that of dealing with an Arab camel-driver 
who is shamming sick. (Presidential Address to the 
Mathematical Association, 1910.) The other extreme 
may be found in the credit attached to the Fellowship 
of the Royal Society, admittance to which is solely 
based on achievement, academic distinctions having 
no weight at all. 

The fault with nearly all University graduates is 
that they have not a single original idea in their heads. 
Clearly a man cannot both study to pass examinations 
and labour to produce results useful to his fellow men. 
The two kinds of work are entirely antagonistic, but 
the man who has produced some useful piece of research 
or co-ordinated the work of others in a manner adapted 
to the advancement of knowledge, and has succeeded 
in presenting his work to the world, gives infinitely 
more serious guarantees as to practical ability, 
endeavour, perseverance and ‘“‘ grit,” than if he had 
won a whole array of diplomas. Such a man could 
hardly have gone through a practical training without 
acquiring the ability of adapting himself to new calls 
that’may be made upon him. 

When the writer wants to judge of the technical 
value of a man, he does not trouble as to his degrees, &c., 
he inquires what the man has produced. A good paper 
read at a Students’ Engineering Society, a mere article 
of value in a technical publication of repute, carries 
much more weight, and, when all is considered, justly so. 

I beg to sign myself—although well aware of the 
inferences that may (and will) be drawn therefrom— 

Nor a B.Sc. 

London, December 15, 1924. 


DUTCH EAST INDIES TRADE. 


THE state of trade in the Far East is of the greatest 
importance to England on account of our own 
possessions there and also because of our dependence 
on foreign trade for existence. Of the various 
commercial customers with which we have to deal, 
the Dutch possessions, by reason of their natural 
wealth, prosperous history, and insular position, occupy 
a prominent position in our markets—a position which, 
unfortunately, does not appear to have been advancing 
of late’ years. Throughout the East, as well as the 
West, the period following 1920-21 has been one of 
acute business depression when the keenest price- 
cutting has taken place between different manu- 
facturers in an effort to secure orders. A good 
idea of conditions in the East may be obtained 
from the Report on the Economic Situation of the 
Netherland Kast Indies for the year preceding July, 
1924, compiled by Mr. H. A. N. Bluett and published 
by the Department of Overseas Trade, 35, Old Queen- 
street, London, 8.W. This report indicates that a 
definite improvement in export trade was maintained 
throughout the period under review. The production 
of crude oil for 1922 increased to 2,382,398 metric tons, 
compared with 2,351,508 for the preceding year. 
Among metals, tin was sold at prices yielding high 
profits, the quantity exported for the year 1922-23 
amounting to approximately 30,000 metric tons. 
During 1923 gold and silver to the value of nearly 
460,0001. were also exported, largely to the United 
States, while the manganese ore shipped totalled 3,947 
metric tons. Coal produced in 1922 amounted to 
1,031,936 metric tons, while the figures available for 
the succeeding year indicate a substantial increase. 

Corresponding to this recent improvement in the 
export trade of the Indies, the imports have substan- 
tially increased. In particular, a better demand for 
machinery now exists, stocks held over from the over- 
importation of 1920-21 having been now assimilated. 
Electrical and hydraulic machinery are urgently 
required for power stations and town lighting. Sugar 
factories, five of which are being built during 1924—25, 
are also in need of plant. An increasing demand 
is apparent for mechanical equipment for tea 
and coffee estates, the supply of which is entirely 
in British hands. As a direct result of the im- 
proved financial position of the States, the Govern- 
ment are expected to place orders for locomotives and 
rolling stock in the immediate future. Road rollers 
and small oil engines are, at present, much sought after. 
In metal manufactures such as plates, bars and galva- 
nised sheets, Great Britain secured orders for barely 


31 metric tons out of a total of 508 metric tons imported 
during 1923, Germany supplying 151 tons. Again, from 
January to May, 1924, out of total imports of 588 
metric tons of metal goods, Germany supplied 360, 
while Britain provided only 13 metric tons. Of 
sheets, bars and rods, &c., imports from Belgium have 
shown a steady increase during the past three years, 
the figures for the first five months of each year in 
1922, 1923, and 1924 being 1,373, 2,273, and 7,658 
metric tons, respectively. Further, Germany is rapidly 
displacing this country as the principal supplier of 
copper manufactures, comparative figures of imports 
for the current year being 153 and 81 metric tons, 
respectively, up to the endof May. The United States 
is superseding this country as the supplier of zinc sheets, 
a state of affairs of very recent occurrence. 

The greater earning capacity of agricultural estates 
has resulted in the creation of a better demand for 
motor-cars, imports to Java and Madura in 1923 
totalling 2,676, against 1,502 in the year 1922, while 
for the current year imports to the end of May reach 
1,019 cars. The demand is for American, Canadian, 
and Italian cars principally. The position of Great 
Britain in this market appears to be almost hopeless, 
only 12 cars having been imported in 1923 and eight 


in the first half of this year. 


Despite the failure of the anticipated recovery in 
ocean-going shipping to materialise in 1923, there was a 
pronounced improvement in local shipping in the Archi- 
pelago, an increasing supply of cargo being much in 
evidence during the last months of 1923. Freights 
from the Dutch East Indies to Europe were increased 
for different products in 1923 and again during this 
year, those for the reverse journey being slightly 
reduced. Railway electrification is now being pro- 
ceeded with on certain routes, and it is expected that 
the service on the new electric railway, Meester Cor- 
nelis—Tandjong Priok, will be inaugurated about the 
present time. The Oebroeg hydro-electric installation 
which derives power from Tjitjatih River, where a 
maximum of 70,000 h.p. will be generated, is now 
nearing completion. The South Sumatra Railway 
branch line from Moeara Enim has been extended to 
Lahat, and this section was opened for traffic in May, 
1924. For the year July, 1923, to July, 1924, ten 
locomotives of the Mallet type were ordered by the 
Colonial Office at the Hague, six of which have been 
delivered. Road improvement is a feature in Java 
and the outer islands at the present time, giving rise 
to a considerable demand for cement, &c. 


THE LATE MR. STEPHEN HARDING TERRY. 


THE death of Mr. Stephen Harding Terry occurred 
on December 15 at Upcott, Seaton, Devon, after 
a brief illness. The deceased gentleman, who was 71 
years of age, received his scientific education at King’s 
College, London, and from 1872 until 1875 served a 
pupilage with Messrs. Aveling and Porter, of Rochester. 
Later he was engaged with Messrs. Clayton and 
Shuttleworth, of Lincoln, with which firm he gained 
experience in drawing office and field work. At 
the beginning of the year 1880, Mr. Terry com- 
menced work with the Local Government Board as 
an Assistant Engineering Inspector, and in 1884 was 
promoted to the rank of Inspector, a position which 
he held for five years. During these years he got out 
type drawings for standard sewerage and water 
supply arrangements, and reported on every kind of 
work carried out by the local authorities under the 
Public Health Act. At the conclusion of this period 
he became a managing partner in the firm of Messrs. 
King, Masterman and Terry, having large works 
situated in Staffordshire and engaged in the con- 
struction of large steam and hydraulic cranes, colliery 
winding and pumping engines, waterworks require- 
ments, and petroleum storage tanks. The firm pro- 
vided steam cranes for the Belfast Harbour Commis- 
sion and the Belgian State Railways, as well as gas and 
water supply plant at Audley. Further, an electric 
light station at Woking was equipped by them. 
For some 20 years Mr. Terry practised as a consulting 
engineer, advising on work in connection with gas, 
water, and heating, forced draught and ventilation 
of ships, petroleum storage and refuse destruction. 
In conjunction with Sir Fortescue Flannery, he de- 
vised and patented the universally adopted system 
of petroleum ship ,ventilation. A member of the 
Institution of Civil Engineers, the Institution of 
Mechanical Engineers and the Institution of Marine 
Engineers, Mr. Terry contributed many papers to 
different societies and numerous letters to this journal. 


THE Catcurta EnEectric SuppLy CorRPoRATION 
Limrrep.—For the nine months preceding September 
30, 1924, the Calcutta Electric Supply Corporation 
Limited, sold 61,764,926 units, compared with 49,041,435 
units for the corresponding part of 1923. 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel—The recent improvement in South 
Yorkshire trade has been maintained, and business 
generally in raw and semi-finished steel products is slowly 
expanding. Forward buying tends to become more 
prominent, but the majority of consumers find it neces- 
sary to take a record of their stock before committing 
themselves to actual business. Prospects in all depart- 
ments of the steel trade are considered bright, while 
the lighter sections are in a stronger position. There 
is a steady flow of contracts, and following those placed 
by the London and North Eastern Railway Company 
with local makers of goods wagons comes the informa- 
tion that the London, Midland and Scottish Railway 
Company are embarking upon a reconstruction scheme 
to cost 14,000,0007. It is expected that firms in this 
district will benefit, but whether directly or indirectly 
it is not known. Colliery enterprise is responsible for 
the placing by the Blackwell Colliery with a local firm a 
contract for one of the largest batteries of modern by- 
product coke ovens in the country, which comprises a coal 
washery plant capable of washing 75 tons of coal per hour 
and storage and drainage bunkers of 2,000 tons capacity, 
as well as a by-product coke oven battery with 40 
regenerative ovens. With other additions the total 
cost of the plant is placed at about 200,000/. Ship- 
building steel fails to make any headway but automobile 
steel makers report big increase in output. Railway 
departments are busily engaged, and with big railway 
developments pending in this and other countries there 
is no reason why the future should not be viewed with 
optimism. The Colonies are transacting a big volume 
of trade with implement and machinery makers, while 
home users are buying a little more freely. In the tool 
trade an improvement is noticeable. Contracts have 
been booked by makers of files both on home and foreign 
account, and the Dominions are calling for increased 
supplies of implements and general engineer’s tools. 
Business in tool steel shows signs of expanding. Buying 
is not only confined to home purchasers but Continental 
users are inclined to re-enter the market. 


South Yorkshire Coal Trade.—The amount of business 
passing fails te attain a normal level. The only really 
active line is in best steams, for which there is a strong 
call on home account, while increased tonnages are 
going away for shipment. Cobbles, nuts and slacks 
are reviving, but are far from satisfactory. House coal 
continues to disappoint, and though a slight improve- 
ment is reported, merchants have difficulty in disposing 
of stocks. Foundry and furnace coke maintain their 
recent improvement. Gas coke is firm. Quotations: 
Best branch hand-picked, 32s. to 35s.; Barnsley best 
Silkstone, 26s. to 28s.; Derbyshire best brights, 27s. 
to 32s.; Derbyshire best house, 24s. to 26s.; Derby- 
shire best large nuts, 22s. 6s. to 25s. ; Derbyshire best 
small nuts, 14s. to 16s. ; Yorkshire hards, 20s. to 22s. 6d. ; 
Derbyshire hards, 19s. 6d. to 22s.; rough slacks, 9s. 6d. 
to 12s.; nutty slacks, 8s. 6d. to 10s. 6d. ; smalls, 4s. to 
6s. 6d. 


Tue Late Mr. M. L. Haty.—We regret to record the 
death of Mr. Martin Luther Hall, which occurred at his 
residence, Spring Bank, Smallshaw, Ashton-under- 
Lyne, on the 10th inst. The deceased gentleman, who 
was 67 years of age, was the Managing Director of 
Messrs. Joshua Heap and Co., Limited, of Oldham-road 
Engineers’ Tool Works, Ashton-under-Lyne. 


IMPROVEMENTS AT HoLyHEAD,—It is proposed to in- 
crease the lairage at Holyhead, to enable considerabl 
larger shipments of cattle to be made from the Irish 
ports to Holyhead than at present. In anticipation of 
the time when the L.M.S. mail steamers will be able to 
arrive at the inner harbour, instead of at the Admiralty 
Pier, as at present, the station at Holyhead is also to 
be greatly improved. 


Compounps oF Hetium.—It has hitherto proved 
impossible to induce helium, argon, or any other of the 
“noble gases ’’ to enter into chemical combination. In 
a recent issue of Nature however, Mr. J. J. Manley, 
of the Daubeny Laboratory, Oxford, states that under 
certain conditions, and in the presence of an electric 
glow discharge, mercury and helium combine to form a 
mercury helide, which is a stable compound and not 
readily decomposed save at or above a bright red heat. 


ENGINEERING Lock-our In Breterum.—In order to 
put an end to the series of small strikes which have been 
taking place recently in Belgium, the Constructional 
Engineering Federation has decided to proclaim a general 
lock-out in Brabant on December 14 in the event of their 
continuance. Should this lock-out fail to produce the 
desired effect, it will be extended to include the whole 
country. The metallurgical industry as a whole will not 
be affected, however, the lock-out being confined to the 
mechanical engineering industry. 


Propucrion or IRoN anp STeEL IN NOVEMBER.— 
The production of pig-iron in November amounted to 
583,500 tons, compared with 586,400 tons in October, a 
slightly higher daily rate. The number of furnaces in blast 
increased by two during the month of November to 173. 
Included in the production of pig iron were 197,500 tons 
of hematite, 178,800 tons of basic, 150,300 tons of foundry 
and 31,700 tons of forge metal. The output of steel: 
ingots and castings amounted to 672,800 tons, compared 
with 678 tons in October and 645,000 tons in September, 
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NOTES FROM CLEVELAND AND THE 
NORTHERN COUNTIES. 


MippLEsBRovuGcH, Wednesday. 

The Cleveland Iron Trade.—Extreme quietness charac- 
terises business in Cleveland pig-iron, but inactivity is 
usual at this dull period of the year, and hope is enter- 
tained that a fair amount of brisk trade will be ex- 
perienced as soon as the Christmas holidays are over. 
The statistical state of the Cleveland pig-iron branch is 
very healthy. Producers have practically no stocks, but 
some accumulations at makers’ yards must now be 
looked for with the approach of the time when con- 
sumers close down their works for the holidays. Makers 
are not pressing sales, and merchants are not at all keen 
to make price concessions to secure orders. No. 1 Cleve- 
land is 86s. 6d.; No. 3 g.m.b., 81s. 6d.; No. 4 foundry, 
80s. 6d.; and No. 4 forge, 80s. 


Hematite.—Stocks of hematite are still considerable, 
and likely to increase a little in the near future, but with 
the turn of the year requirements promise to be such as 
will more than absorb the anticipated enlarged output. 
For the time being quotations are easy. Nos. 1, 2 and 3 
East Coast brands are round about 88s., and No. 1 is 
put at 6d. above mixed numbers. : ; 


Foreign Ore-—Imported ore is slow of sale, and definite 
quotations are not easily fixed. Unloadings against con- 
tracts, however, are on a fairly good scale. Sellers base 
quotations on best rubio at 22s. 6d. c.if. Tees. 


Blast-furnace Coke.—There is improved demand for 
blast-furnace coke, and though supplies continue ample, 
values are stiffening. Durham good average qualities 
are fully 25s. delivered to consumers in this district. 


Manufactured Iron and Steel.—The outlook in the 
manufactured iron and steel industries is regarded as 
better. Fairly good business is looked for in railway 


material, and constructional steel and galvanised sheet 


makers are heavily sold. Common iron bars are 121. ; 
iron rivets, 14J.; packing (parallel), 10/.; packing 
(tapered), 112. 10s.; steel billets (soft), 87. 10s.; steel 
billets (medium), 9/. ; steel billets (hard), 97. 10s. ; steel 
boiler plates, 13/.; steel ship, bridge and tank plates, 
91. 15s.; steel angles, 91. 10s.; steel joists, 97. 10s. ; 
heavy steel rails, 9/.; fish plates, 12/.; and galvanised 
corrugated sheets (24-in. gauge, in bundles), 17/. 10s. 


Tur Soctmty or ENGINEERS (INCORPORATED).—At 
the annual general meeting of the Society of Engineers, 
held at 17, Victoria-street, London, S.W. 1, on 
December 8, it was announced that the President’s Gold 
Medal, presented for the most meritorious paper read 
during the year 1924, had been awarded to Mr. James 
Jackson for his paper on ‘‘ Development of Methods for 
the Collection and Disposal of House (Domestic) Refuse.” 
The Bessemer Premium was secured by Mr. H. A. 
Rickwood for his paper on ‘‘ Recent Developments in 
Ferro-Concrete Cooling Towers.” 


New Roxiine-Stock ror tHe L.M. & 8S. Ramway.—A 
considerable proportion of the 14,000,0002. which the 
London, Midland & Scottish Railway propose to spend 
on their recently announced programme of extensions 
and renewals will be allocated to locomotives and rolling- 
stock. Provision has been made for the building of 
some 235 new locomotives, of which 220 are to be large 
passenger and freight engines and 15 smaller passenger 
locomotives for special routes. The most costly item in 
the programme, however, is the construction of wagons, 
of which no fewer than 30,000 are to be built. A large 
number of these will be for the conveyance of coal and 
minerals, and it is to be hoped that the company will 
take advantage of the opportunity to adopt a modern and 
An expenditure 
of nearly 5,000,0007. on new coaches provides for the 
building of 2,591 passenger coaches, mostly of the vesti- 
bule and corridor type. Forty new kitchen cars are to be 
constructed, each capable of furnishing 250 meals at one 
sitting, a capacity four times that of the ordinary 
dining-car kitchen. New refrigerator cars and hygienic 
cattle cars are also to be built. 


Surppuinpinc By Messrs. HarbaAnD AND WOLFF, 
Lomrep.—The tonnage returns issued by Harland and 
Wolff, Limited, show that during the year 1924, for 
the third year in succession, they have launched over 
100,000 tons of shipping, with over 88,000 i.h.p. This 
is a notable record in a time of depression such as the 
shipbuilding industry has been passing through. The 
work at Belfast included some of the largest vessels 
of the year—the Statendam (28,500 tons) and the Minne- 
tonka (22,000 tons). During the year the motor vessel 
Lochmonar was completed, and considerable progress 
made with the mail and passenger vessels for the Royal 
Mail Company and Union-Castle Line. It may be 
mentioned that these latter vessels are the largest 
motor vessels under construction. A number of motor 
vessels for the Bank Line were completed at the Govan 
yard during the year. In addition to the new con- 
struction at Belfast, several large repair and overhaul 
operations were carried out, including those of the White 
Star liners Olympic (46,400 tons) and Homeric (34,300 
tons), the latter vessel having been arranged for oil fuel 
urning while in the hands of the firm. The R.M.S.P. 
ss. Araguaya was also extensively overhauled and im- 
proved by them at Belfast, and besides other work of 
an important: character they have in hand the repairs 
of the ss. Bardic, of the White Star Line, and the 
reconstruction of H.M.S. Caroline. The last-named ship 
is being fitted out as a training vessel for use in 
the Naval Volunteer Reserve. 


NOTES FROM THE SOUTH-WEST. 

Carpirr, Wednesday. 
Trade of Welsh Docks.—In the eleven months ended 
November, the import and export trade of the South 
Wales docks, according to returns of the Great Western 
Railway Company, amounted to 37,188,969 tons, or 
3,868,679 tons less than in the corresponding’ period of last 
year. The reduction was entirely due to a diminished 
export trade, brought about by the depression in the 
coal trade. Exports alone amounted to 31,661,860 tons, 
a reduction of 4,075,736 tons, but imports at 5,527,109 
tons were increased by 207,057 tons, the returns being 

as follow :— 
Jan. 1 to Nov. 30. 


1923. 1924. 
Exports. Tons. Tons. 
Coal and coke ... 32,972,405 28,736,989 
Patent fuel aie ak 823,169 893,446 
Tron and steel rails and iron- 
work 423,071 293,312 
Tinplates 542,843 640,078 
Cement sists 59,060 60,192 
Grain and flour 121,228 125,858 
Oil “65 ead cor 654,541 771,081 
General merchandise ... 140,541 140,806 
Ballast ... 738 98 
Totals 35,737,596 31,661,860 
Imports. 
Iron ore oars sais 1,109,757 1,053,687 
Copper and other ores 60,018 120,512 
Tron and steel ... 466,350 797,299 
Timber and deals 209,000 273,334 
Pitwood and mining timber ... 1,376,810 1,177,902 
Grain and flour 484,104 524,253 
Oil ane BRC oe 915,089 935,920 
General merchandise ... 609,467 538,041 
Building sand ... 87,154 101,739 
Ballast ... set 2,303 4,422 
Totals 5,320,052 5,527,109 


Exports of coal and coke were reduced by 4,235,416 
tons, and those of iron and steel rails and ironwork by 
129,759 tons, but shipments of patent fuel were increased 
by 70,277 tons, of tinplates by 97,285 tons, and of oil 
by 117,540 tons. Imports generally were greater, that 
of copper and other ores being increased by 60,494 tons, 
iron and steel by 330,949 tons, and grain and flour by 
20,831 tens. The total trade of each of the ports was 
lower, that of Cardiff falling from 10,452,420 tons to 
9,618,582 tons, Penarth from 3,233,380 tons to 2,846,691 
tons, Barry from 10,058,418 tons to 8,891,604 tons, 
Newport from 7,384,315 tons to 6,392,333 tons, Swansea 
from 6,927,739 tons to 6,762,005 tons, and Port Talbot 
from 3,001,376 tons to 2,677,754 tons. 


The Coal Trade.—As most collieries are booked up till 
the end of the year and working is more regular than for 
some weeks past, prices generally are steadily upheld 
for all classes of large coals, though smalls are more easily 
stemmed, which is due to an increasing output in conse- 
quence of an increased production of large coal. A month 
ago best small coals, without large, were firm at l’s., 
but if taken in conjunction with large could be secured 
at ls. 6d. to 2s. less. At present, however, best smalls 
are steady at 16s. to 16s. 6d., whether taken in conjunc- 
tion with large or not. Best Admiralty large coal is 
steady at 27s. 6d., with Monmouthshires from 24s. to 
25s. 

Tron and Steel.—Exports of iron and steel goods last 
week totalled 22,920 tons, the largest quantity for some 
weeks past, compared with 13,780 tons in the previous 
week. Shipments of tinplates and terneplates totalled 
10,884 tons, against 5,127 tons ; black plates and sheets 
7,038 tons, against 3,377 tons ; galvanised sheets 3,539 
tons, against 2,132 tons ; and other iron and steel goods 
1,460 tons, against 3,145 tons. 


Sunruurtio Actp Prant.—At a meeting on Wednesday, 
December 3, of the Liverpool Engineering Society, when 
the President, Mr. Ralph E. Gibson, M.Inst.C.E., occu- 
pied the chair, Mr. C. S. Imison, M.A., delivered a lecture 
on “Sulphuric Acid Plant.” In this he described the 
various stages and alternative methods of working in 
the manufacture of this valuable chemical and referred 
to the construction of the component items in the 
complete plant. 


TRIALS OF THE SS. “ SkEGNESS.’’—On Saturday, Decem- 
ber 13, a series of trials was successfully run in Belfast 
Lough, with the ss. Skegness, built by Messrs. Workman, 
Clark and Co., Limited, Belfast, for Sir William Reardon 
Smith and Sons, Limited, Cardiff. She is a shelter-deck 
type vessel with top-gallant forecastle and has a length 
of 415 ft., a beam of 54 ft., anda gross tonnage of 
4,570 tons. The ship was built to the requirements of 
the British Corporation for their highest-class B.S.* 
“with freeboard.’ In this vessel, special arrangements 
have been made for the carriage of grain and general 
cargoes, five large holds being equipped with very 
complete loading and discharging arrangements. Water 
ballast, or oil fuel, can be carried in the double bottom, 
and when required, a cargo hold has been constructed 
to serve as a deep tank for ballast or oil fuel. The 
machinery, which was also constructed by Messrs. 
Workman, Clark and Co., Limited, consists of a vertical 
surface condensing triple-expansion engine taking steam 
from three multitubular cylindrical boilers, arranged to 
burn either coal or oil. On the conclusion of the trials, 
the vessel left for the Bristol Channel to load cargo. 


.months of the year. 


NOTICES OF MEETINGS. 


Tur InstrrurTIon or MEcHANICAL ENGINEERS.—To- 
night at 6 p.m., at Storey’s-gate, S.W.1. General Meet- 
ing. Second Report of the Wire Ropes Research 
Committee. 


Tue Junior InstrrurTion or EnGineErs.—To-night 
at 7.30 p.m., at 39, Victoria-street, S.W.1. Lecture : 
* Aircraft in Japan ” (preceded by “‘ A Few Experiences 
of the King’s Cup Race, 1924”), by Colonel the Master 
of Semphill. 


NOTES FROM THE NORTH. 
GuLasaow, Wednesday. 

Scottish Steel Trade.—No feature of any importance 
has been noticeable in the steel trade of Scotland during 
the past week, and with no expansion in general trade, 
dullness prevails all round. The demand for material 
is not expected to amount to any heavy tonnage this 
year now, and consumers are only specifying for their 
immediate needs, and they are generally not much. The 
shipbuilding industry has been doing fairly well of late, 
but the unfortunate thing from the steelmaker’s point 
of view is that a great deal of foreign steel has been 
used here. The Continental prices have been very cheap, 
but a hardening up has taken place and that is all in 
favour of the home makers. At the present moment, 
however, the outlook is not very encouraging, and there 
is a fear that the year-end stoppage of the works will 
be of a prolonged nature. This will probably not be the 
case with the black sheet makers, who are mostly well 
booked into the spring months for the lighter gauges 
and are now busily employed. Galvanised sheets have 
been the subject of good inquiry, and as stocks abroad 
are on the small side, it is anticipated that some good 
orders will be forthcoming for delivery in the early 
Prices are keeping steady and the 
following may be taken as the current quotations for 
the home market :—Boiler plates, 13/. per ton; ship 
plates, 97. 15s. per ton ; sections, 9/. 10s. per ton ; and 
sheets, ;; to } in., 127. per ton, all delivered Glasgow 
stations. 


Malleable Iron Trade.—In the West of Scotland 
malleable iron trade no improvement of any kind falls 
to be noted. Dealings are very few in number and 
small in tonnage, and all that consumers seem to be 
ordering is just sufficient to tide them over in the mean- 
time. The outlook continues to be most uncertain, but 
perhaps a turn for the better may take place with the 
beginning of the new year and, indeed, all are looking 
forward with much hope. In the re-rolled steel branch 
things are still quiet, and any business passing is eagerly 
sought after but quotations require to be very keen. 
The price of “Crown” bars is unchanged at 12I. per 
ton delivered Glasgow stations. 


Scottish Pig-Iron Trade—In the Scottish pig-iron trade 
there has been little change during the past week. 
Business has been on the small side, but inquiries are 
fairly good and there are hopes of a broadening out in 
the near future. Deliveries to home consumers are not 
very heavy at present, as few are desirous of accumulating 
stocks towards the end of the year and only immediate 
requirements are being ordered. Prices show no change 
and are as follow :—Hematite, 4/. 15s. per ton, delivered 
at the steel works ; foundry iron, No. 1, 4/. 15s. per ton, 
and No. 3, 4J. 10s. per ton, both on trucks at makers’ 
yards. 


Scottish Pig-Iron Shipments——The shipments of 
Scottish pig-iron from Glasgow Harbour for the week 
ended last Saturday, December 13, amounted to 2,189 
tons. Of the total, 2,022 tons went abroad and 167 tons 
coastwise. For the corresponding week of last year 
the figures were 1,391 tons to foreign destinations and 
105 tons coastwise, making a total shipment of 1,496 tons. 


The Holidays.—Arrangements for the duration of the 
holidays at the end of the year are not yet finally com- 
pleted, but it is expected that, in the majority of the 
shipyards on the Clyde, they will be from Wednesday 
December 31, to Thursday, January 8. In the local 
steel and iron works it is anticipated that a longer spell 
will be general, and it is very possible that ten days will 
be the minimum with the majority of the works 
completely closed for a full. fortnight. Everything will 
depend on how specifications come in within the next 
ten days or so. 


Tur Nortu-West Mipuanps Exscrriciry District. 
—The Electricity Commissioners provisionally deter- 
mined in September, 1920, that parts of the Counties of 
Chester, Derby, Shropshire and Staffordshire should be 
united for purposes of electricity supply, into an area 
under the name of the ‘‘ North-West Midlands Electricity 
District.” They failed, however, to secure agreement 
as to the exact area to be included, and were compelled 
to exclude certain portions, the remainder being recently 
organised under the title of the West Midlands Elec- 
tricity District. It is now proposed that the greater 
part of the excluded area should be constituted into a 
district of its own under the name of the ‘‘ North-West 
Midlands Electricity District. The proposed new district 
will include Stoke-on-Trent, Congleton, Market Drayton, 
Newcastle-under-Lyme, Stafford and other towns in the 
neighbourhood. Before establishing this electricity 
district, the Commissioners will hold an inquiry, and all 
interested parties are invited to submit schemes on or 
before February 28, 1925, to form the basis of the inquiry. 
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GEARED TURBINES FOR THE SS. 


CONSTRUCTED BY THE AKTIEBOLAGET 


Fra. 1. 


Cosmic Iinurey.—In a lecture on_ radioactivity 
recently delivered at Paris by M. Jean Becquerel, the 
speaker stated that the energy of the radioactive bodies 
formed only an insignificant fraction of the total energy 
stored in the universe. According to Einstein’s theory 
of relativity, all energy, whatever its form, possessed 
mass, and inversely every mass represented a quantity 
of energy equal to the product of this mass by the 
square of the velocity of light. It followed. therefore, 
that each gramme represented in the latent state an 
energy which, if wholly usable, would suffice to raise 
a weight of 30 millions tons to the top of the Eiffel Tower. 
The energy liberated by a gramme of radium in 1,750 
years was very large, but was less than one-thousandth 
part of the total energy stored in a gramme of any 
matter whatever. 


IMPREGNATION OF TrmBER.—In order to facilitate 
the impregnation of wood with preserving chemicals, 
holes are pricked, or drilled, into the timber to a depth 
of an inch or so, Machines for this purpose were con- 
structed about twenty years ago by F. Becker, of 
Vienna, and various processes have since been developed, 
especially in Austria and America. When the impregna- 
tion is to be limited to the lower end of a pole to be 
fixed in the ground, it can be effected by portable 
machines such as the Haltenberger and Badermils 
machines used by the Hungarian telegraph depart- 
ment. In some types needles are utilised, in others, 
drills or knives. In the Kobra impregnating process 
of a Kissingen firm, the needle is elliptical in section 
and hollow, and the hole made is filled with the required 
chemical as the needle is withdrawn ; the impregnation 
thus takes place somewhat as the poisoning through 
the hollow tooth of a snake. The perforations weaken 
the timber, of course ; but experiments made in Canada 
and Hungary agree that the strength will by suitable 
machinery not be reduced by more than a fraction of 
one per cent. The advantage of the treatment is a very 
material gain in time and a much more efficient impreg- 
nation, because the preservative is really introduced into 
the resinous fibre, which would resist soaking even in vacuo, 
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STANDARDS OF THERMAL EFFICIENCY. 


Ly his May lecture to the Institute of Metals last 
spring, Dr. F. W. Aston observed that it was more 
important that a theory should be simple than that 
it should be exact. Similar considerations are 
probably sufficient to justify the popularity of the 
§ @ diagram as a means of estimating the heat 
available for workin a pound of steam. It has long 
been known, however, that an isentropic expansion 
of wet steam is impossible, and that the heat really 
available below the saturation line is less than the 
temperature-entropy diagram or the usual Mollier 
chart would suggest. The total magnitude of the 
error no doubt is as yet somewhat uncertain, it 
may be large or it may be small, but, as Mr. George 
Sampson said about the under-petticoat, “‘ we know 
it’s there.” Repeated experiments have, in fact, con- 
clusively shown that a nozzle fed with “dry but 
saturated ” steam has a greater discharge than is 
theoretically possible when calculated in the usual 
way, and the anomaly has been traced to a delay in 
condensation and consequent supersaturation of the 
steam—a phenomenon which, it is interesting to 
note, was indicated as possible by Clerk Maxwell in 
his little text-book on “ Heat,” published in 1880. 
Although such an expansion is thermally unstable, 
it may, nevertheless, be isentropic, but this isen- 
tropic line will not be as long as that indicated on 
the usual Mollier chart for wet steam. Moreover, 
when a certain limit of expansion is reached, mois- 
ture separates out, with an accompanying rise of 
temperature, increase of entropy, and loss of avail- 
able heat. So far we are on certain ground, and it 
is possible to calculate the minimum possible loss 
due to the sudden and copious condensation of 
steam at the Wilson line. This particular loss is 
smaller, the higher the pressure at which the 
saturation line is crossed, and is thus least in adia- 
batic expansions. It is accordingly not large in 
any of the cases considered in Capt. Sankey’s 
clearly written paper on “‘ Standards of Comparison 
in Connection with the Thermal Efficiency of Steam 
Engines,” which was reprinted on page 818 of our 
last issue. ‘Thus, with steam supplied at 120 Ib. 


per sq. in. and at a superheat of 100 deg. F. the 
saturation line is crossed at a pressure of about 
52 Ib. per sq. in., and the Wilson line at a pressure 
of about 32 lb. per sq. in. If at this line thermal 
equilibrium is restored, and the expansion subse- 
quently continued isentropically to the exhaust 
pressure of 0-5 lb. per sq. in., the heat available 
below the saturation line will be only 1-8 B.Th.U. 
less than if the expansion had been isentropic 
throughout. As a matter of fact, however, there 
are very strong grounds for concluding that the 
losses due to supersaturation do not end at the 
Wilson line. In Wilson’s original experiments, 
made as far back as 1897, he found that when the 
expansion was continued beyond this limit the 
moisture came down 'on additional fresh nuclei 
instead of depositing itself on the droplets already 
formed, although these numbered something like 
10° per lb., and thus presented an enormous surface 
theoretically available for condensation. There is 
no reason for supposing that steam acts differently 
in an actual steam turbine, and the total loss of 
available heat in an ideal turbine using steam 
saturated at 200 Ib. absolute and expanding adiaba- 
tically to a 28 in. vacuum, may quite possibly be 
of the order of 8 per cent. 

This fizure leads to estimates of turbine efficiencies 
which have been repeatedly verified by comparison 
with actual test figures; but the large loss of 
available heat, above mentioned is still lacking 
confirmation by direct experiment. Until results 
thus derived have been published, it is perhaps just 
as well to accept at least provisionally existing 
methods of estimating available heat. 

It is, however, very desirable that there shall be 
a general agreement as to details, and it seems 
improbable that builders and contractors will agree 
to Capt. Sankey’s suggestion that where progressive 
feed heating is adopted, the number of stages 
in the process shall. be considered as infinite, 
whereas, there is little probability, for commercial 
and mechanical reasons, that turbines will be 
“bled” for feed-heating purposes, at more than a 
very limited number of points. Contractors are 
pretty certain, therefore, to base their own 
estimates of available heat on the feed-heating 
cycle they actually use, and unless the committee 
concedes this point it seems possible that their 
recommendations may fail to secure unanimous 
support. What the committee have done is to 
recommend two difierent standard cycles of com- 
parison, one for application to turbines with no 
feed-heating arrangements, and the other for 
turbines with such arrangements. In the latter 
case, aS we have said, the ideal condition of an 
infinite number of heating stages is assumed. The 
contractor who does not adopt feed heating, there- 
fore, has his product compared with a perfect 
machine working on the same cycle as that at 
which he is aiming, whereas the one who seeks to 
obtain any part of the higher efficiency which feed- 
heating permits, has to compare his machine with 
one working on a practically unattainable cycle. 
The better turbine therefore will show a lower 
efficiency ratio than the other, which is certainly 
not as it should be. The committee could obviate 
this difficulty by requiring that all turbines, whether 
using feed heating or not, should be compared 
with the full feed-heating cycle, so that a manu- 
facturer would disregard progressive feed-heating 
at his own risk. This would be more logical than 
the proposals of the committee, although it is still 
open to the objection that manufacturers might 
decline to do it. 

Mr. Kearton in his contribution to the 
discussion on Capt. Sankey’s paper last Thursday 
indicated one possible method of securing the 
ideal standard of progressive feed heating. It 
involved the compression by mechanical work of 
the steam withdrawn for feed heating. Such a 
procedure, as he observed, is, of course, not free 
from objection on the practical and mechanical side. 

In principal the method would correspond 
to the following cycle: assuming the steam 
to be initially saturated, it is expanded in a 
non-conducting cylinder down to the condenser 
pressure. The exhaust valve is then opened and 
part of the steam condensed. Before the end 
of the return stroke, however, the exhaust valve 
is closed, and the condensed steam returned 
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to the cylinder. The stroke is then completed, by 
adiabatically compressing the mixture of steam and 
water. If the point of closing the exhaust valve is 
correctly chosen, the result will be that at the end 
of the stroke the steam will all be condensed and 
the clearance will be completely filled with water 
at the initial temperature. It can then be re- 
evaporated and the cycle begun anew. Such a 
cycle would have the same efficiency as the Carnot 
cycle, which is, of course, not the only theoretically 
perfect cycle. Though no cycle can have a higher 
efficiency than the Carnot cycle there are others 
equally good ; of which the earliest devised seems 
to have been that adopted by Stirling as the basis 
of his regenerative hot air engine. 

Assuming that an agreement can be reached 
as to how available heats are to be calculated, the 
additional question arises as to what use is to be 
made of the results. The common practice is to 
estimate turbine efficiencies as the ratio of the heat 
value of the work actually done to the available 
heat. The efficiency ratio thus determined is, 
however, far from satisfactory as an indication of the 
relative merits of turbines operating under different 
conditions. A water turbine which shows on test an 
efficiency of 82 per cent. is undoubtedly superior to 
another which can only attain 80 per cent. efficiency, 
but we cannot say that a steam turbine giving 
on test an efficiency ratio of 82 per cent. is 
necessarily of better design than one, which, tested 
under different conditions (though perhaps with 
the same thermodynamic head as_ ordinarily 
estimated), shows an efficiency ratio of only 80 per 
cent. It is this fact which makes it important 
that some satisfactory method of determining the 
heat available below the saturation line, should be 
devised. This would make efficiency ratios some- 
what more comparable inter se, but would not 
eliminate all the objections to the use of these 
ratios as a criterion for appraising the merits of 
different designs of turbine. 

This will readily appear, if we consider the ideal 
case of two turbines operated with a perfect gas and 
expanding down to zero pressure. It can be shown 
that in these circumstances both will have an 
efficiency ratio of unity, whatever the stage 
efficiency may be. The relative friction losses per 
stage might be twice as great in the one case as the 
other, yet, as stated, both would have unit efficiency 
ratio, though the stage efficiency of the one might 
be, say, 60 per cent. and of the other 80 per cent. 

The above considerations are sufficient to show 
that to take the efficiency ratio as a standard 
for comparing turbine performances is somewhat 
analogous to constructing a tape measure of elastic. 
If nothing better were available, such a tape might 
prove fairly useful in the hands of one who 
thoroughly understood its peculiarities, but would 
be well calculated to mislead the inexpert. Turbine 
designers, of course, are thoroughly conversant with 
the real significance of an efficiency ratio, and when 
comparing tests made under different conditions 
correct the recorded efficiency ratios by certain 
empirical coefficients. 

Apart from questions of reliability the station 
engineer and the consultant are mainly concerned 
in the British Thermal Units expended per kilowatt 
hour. Weshould, however, be sorry tosee areturn 
to the early practice in the recording of steam 
turbine tests, in which, in general, only the figures 
of interest to possible customers were published, 
and it was exceedingly difficult to get data of any 
technical value or interest. It would seem, however, 
sufficient if steam conditions both above and below 
the governor valve were recorded, and the vacuum 
at the condenser. With these and the steam rate 
per “indicated ” kilowatt the ‘“‘ expert in the art,” 
can readily work out a true figure of merit which is, 
as indicated above, only very imperfectly represented 
by the efficiency ratio taken per se. 


FUEL OIL FOR MARINE ENGINES. 


WirHovut wishing to question that “there are 
still some burning topics in connection with oil,” 
as Mr. Sterry B. Freeman put it in a paper on 
‘Fuel Oil for Marine Internal-Combustion and 
Steam Engines,’ read at’ Newcastle-upon-Tyne 
before the North East Coast Institution of Engineers 
and Shipbuilders on the 12th inst., we would submit 


that the fuel oil problem is too much considered as 
singular and with too little regard to historical 
parallels and the time factor. Few technical inno- 
vations would have survived the infant stage, if 
their complications had fully been appreciated 
from the outset. The difficulties adjust themselves 
because they create new needs which indirectly 
strengthen the new industry. Nobody realised 
what electric light and power meant, when the first 
electric lamps began to glow and the first electric 
motors to revolve. Within a few years, however, 
the old rivals, gas for light and coal for power, 
felt the beneficial influence of the competitive 
stimulation, and there is no reason why oil and coal 
should not both prosper in healthy competition. 

Automobiles have become possible because fuel 
oils are available, and oil mining is profitable because 
automobiles want the oil. Mr, Freeman seemed a 
little alarmed because the United States have 
already to import oil from Mexico. That, however, 
is a question of reciprocal trading. If the average 
daily production of each American well is only 
four and a half barrels, the fact proves that too 
many wells have been drilled rather than that the 
actual fields are exhausted. Even if wells appear to 
be exhausted, so far as present methods of petroleum 
mining are concerned, it is quite realised that a 
good deal of oil is left underground. There the 
time factor comes in, to which Mr. Freeman did 
not refer. Much of the oil was probably not 
formed at the spot from which it is brought up. 
When the drilling and pumping, which enabled the 
gas to escape and the water to accumulate, are 
stopped, more oil—possibly newly-formed—may 
find its way into the old layers. This suggestion 
may, of course, be an idle speculation. New fields 
are still being discovered every year, and if the 
assessment of the world’s oil supply cannot be 
completed for many years, this does not mean 
that any assessment is futile. In any case the 
vast deposits of oil shales and tar sands still await 
exploitation. It is true that the Scottish oil shale 
industry could not thrive were it not for the 
by-products of the oil, but Canada, to take an 
example, wants oil; her oil shales and tar sands 
may help to build up a chemical industry before the 
oil industry develops ; the country will profit in 
either case. 

The shipbuilder has to make up his mind whether 
to design for coal or for oil-fuel ; to equip generally 
for either would, for the present, be too expensive. 
The itinerary of the ship is an important considera- 
tion. At present a steamer is more likely to find 
coal stores than to find oil tanks in remote ports ; 
that will change with time. Mr. Freeman tacitly 
barred the use of crude oil as fuel. He distinguished 
between ‘“‘engine fuel,” the distillation product, 
suitable for Diesel engines, and “boiler fuel,” the 


distillation residue, without vetoing alternative 
uses. 
As regards engine fuel, he pointed out the 


engineer would like to know what kind of oil he is 
taking on board. Unfortunately, the oil-supplying 
companies will not guarantee more than “a good 
merchantable oil,’ because they have to replenish 
their storage tanks with oil from different tank 
steamers. Mr. Freeman’s general specifications for a 
Diesel engine oil would be : specific gravity, between 
0-83 and 0-92; flash point, 150 deg. F.; ash, not 
more than 0-05 per cent. and free of iron or silica ; 
asphalt, less than 5 per cent. ; water, not to exceed 
1 per cent. ; solidification point, below 21 deg. F. ; 
gross calorific value, over 18,500 B.Th.U. ; viscosity 
sufficiently low to admit of fuel pumping at 40 deg. F. 
He did not expect much trouble from the ordinary 
sulphur contents of the oil, which would not damage 
the valves, because the sulphuric acid formed would 
not be condensed, though it would corrode the 
silencers and exhaust pipes. Much of the damage 
attributed to sulphur he considered due to the 
hard asphalt, which carried the sulphur and which 
gave rise to hard coke deposits. 

Mr. Freeman’s remarks on water in the oil, its 
viscosity, and on the handling of the oil, were more 
important than his average and ultimate analyses 
and notes on oil refining. Water was best separated 
out of boiler fuel in settling tanks which should be 
deep and of small horizontal area ; when changing 
over from one tank to the other, the suction valve 
on the second tank should be opened before the 


valve on the- first tank was closed, lest air 
be drawn into the pipes. When an emulsion 
had been formed, oil should be heated to at 
least. 170 deg. F. (that is higher, than the now 
admissible flash-point of 150 deg. F.), but then a 
danger might arise that any hot water drawn off 
might discharge explosive vapours into the engine- 
room. Water got into the oil from the cellular tanks 
in the double-bottoms which were also used as ballast 
tanks. Viscous oils had to be heated for circulation ; 
cellular tanks required 1-5 sq. ft. of heating surface 
per ton of oil. The complete draining of the tanks 
was almost impossible with viscous oils. The 
expansion of the hot oil had to be allowed for, being 
about 1 per cent. per 25 deg. F. Water in engine 
fuel oil was best separated in centrifugal apparatus. 
Legislation and the classification rules have added 
to the difficulties of the advocates of oil fuel on ship 
board. ‘To be classed, a ship using oil has to satisfy 
special conditions as to structural tests, drainage, 
ventilation, manipulation of valves from deck, and 
fire-protection, including foam-producing installa- 
tions, and some of the requisite appliances, Mr. Free- 
man states, are subject to rapid depreciation. 
Finally, fuel-oil prices are rising, partly owing to 
financial manipulation. As oil prices rise, coal 
prices go down, and thus a check is put. on 
the wasteful use of oil which certainly should be 
suppressed. The coal and oil-fuel problems will 
be solved together; the solutions are yet in the 
laboratory stage, but the future is promising. 


LONG-DISTANCE BEAM-WIRELESS 
COMMUNICATION. 


In the early days of the use of wireless tele- 
graphy the marked efiects of daylight on the pro- 
pagation of the waves was observed and attempts 
were made to find at what wave-lengths the 
disturbing actions were a minimum. Senator G. 
Marconi, in delivering his inaugural address on 
Thursday, December 11, as Chairman of Council of 
the Royal Society of Arts, referred to the fact that 
he first observed the effect in February, 1902, when 
experimenting with messages between the Poldhu 
station and a ship at sea. The results of these 
tests were conveyed to the Royal Society at a 
meeting in June of the same year and showed that 
although it was possible to receive messages at 
night up to a distance of 2,000 miles, failure was 
experienced during the daytime even at a range of 
700 miles. Endeayvours to overcome this difficulty 
were at once made, and Senator Marconi subse- 
quently discovered that much longer wave-lengths 
than those used in the tests, 2,000 metres, would 
work quite as well by day as by night for trans- 
mission between England and America. For the 
purpose, wave-lengths of 10,000 metres or more 
were resorted to, and although very little experi- 
mental work was done with short waves it was uni- 
versally accepted that, while they gave good results 
over long ranges at night, they were incapable of 
covering long distances during the daytime. Rapid 
progress was then made in the development of the 
non-directional wireless system making use of 
long wave-lengths and the results of investigations 
being immediately applicable to practical purposes 
on this system, it soon became the standard method 
of working. 

Once the long wave-length system was estab- 
lished in favour, greater concentration was made 
on work to obtain directional wireless transmission 
and later to study the efiects of working with short 
wave-lengths. It will be obvious to all that send- 
ing out waves in all directions, though valuable 
for naval and marine purposes, as well as for broad- 
casting, was singularly wasteful when messages 
had to be conveyed between fixed stations in a 
country, or between the component parts of a 
widespread empire. The first experiments in direc- 
tional wireless were made by Senator Marconi in 1896 
and described by the late Sir W. Preece in Sep- 
tember of that year to the British Association and 
also by Senator Marconi the next year to the Royal 
Institution. Some progress was made in the suc- 
ceeding years, but it was not until recent work 


showed the value of short wave-lengths for wireless — 


transmission, that the system entered into the 
realm of practical application. 
pean War investigations were started with short 
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wave-lengths and have continued since then. The 
results obtained in these tests were described by 
Mr. C. 8. Franklin in a paper read before the Insti- 
tution of Electrical Engineers in April, 1922, and by 
Senator Marconi to a joint meeting of the American 
Institution of Electrical Engineers and the Institute 
of Radio Engineers at New York in the early 
summer of the same year. As the experiments 
made in 1920 by Capt. H. J. Round between Chelms- 
ford and Southend, using a wave-length of 100 
metres, were so successful, two stations were erected, 
at Southwold and at Zandvoord on the Dutch coast, 
and were used for further work which proved 
completely successful with a power of about 1 kw. 
Extensions to Norway followed in 1921 and mess- 
ages were sent a distance of 700 miles, when loud 
and constant signals were received during the night 
and also during the day when the barometer was 
low. It was during this experimental work that 
the curious night distortions of telephone signals 
were observed, the major cause of which was more 
recently discovered by Captain H. J. Round in 
his experimental work on broadcasting. 

In the spring and summer of the year 1923, the 
steam yacht Elettra was used for further work, 
and the short waves used were found not only 
suitable for covering long distances by day and 
greater ones at night, but the transmission were 
found to be completely reliable even over large land 
areas and ranges of mountains. In the last twelve 
months the work has been extended to cover world- 
wide ranges between Poldhu, Montreal, New York, 
Rio de Janeiro, Buenos Ayres, and Sydney. In 
this work great success was obtained, including the 
first telephonic communication with Australia, 
when the sending station used only a power of 
20 kw. The signals were received with great 
strength at New York, Rio de Janeiro, and Buenos 
Ayres during the time when darkness spread over 
the whole, or the major part, of the great circle 
track separating these places from Poldhu, but 
no signals at all were received when the same 
space was all, or practically all, illuminated by the 
sun. This limitation of the period of working to 
practically the hours of darkness constituted a 
disadvantage, but the economic advantages com- 
bined with the reliability and the possibility of 
working at far greater speeds than are possible with 
high-powered, long wave-length working, convinced 
Senator Marconi that the older method was doomed 
to be replaced by the short-wave-beam system, 
and proved an inspiration for further work. It is 
on this system that the stations proposed for the 
British Post Office, which are now in course of 
erection, and those in the principal Dominions and 
far distant countries are to be worked. 

More recent work with wave lengths of 92, 60, 
47, and 32 metres showed that the daylight range of 
practical communications over long distances 
‘Imereased very rapidly as the wave-length was 
‘Teduced. With transmission at 32 m. messages 
were received all day at Beyruth from Poldhu, 
2,100 miles distant over mountainous land, while the 
92-metre waves could not be picked up at Madeira, 
a distance of 1,100 miles over the sea. Investiga- 

tions conducted two months ago showed that 
transmissions between Poldhu and Sydney and 
other distant places were possible at a wave-length 
of 32 m., with the expenditure of only 12 kw., 
and for 234 hours every day. It was also found 
that messages could be conveyed from Britain to 
New York, Rio de Janeiro, and Buenos Ayres while 
the spaces intervening were exposed to daylight. 

The importance of this recent work in wireless 
transmission cannot be over-stated. Low power 
_ consumption, low capital costs and running expenses, 
the characteristics of the new system of short wave- 
_beam transmission, should make possible the reduc- 
tion of telegraph rates for long-distance communica- 
tion, in addition to making commercially remunera- 
tive the establishment of wireless transmission to 
the smaller outposts of the Empire. The serious 
problems of financing high-powered stations for the 
old method of working have now disappeared, and 
it is no longer necessary to have high powers, such 
a8 the 1,000-kw. plant which is being installed at 
Rugby and those of the newly equipped stations at 
Ea Ayres and in the Union of South Africa. 
} 


Such stations will soon prove uneconomical and 


comparatively inefficient for long-distance work. 
It is interesting to note that in this phase of develop- 
ment the technical side of the work has far outpaced 
the theory, and we are still far from possessing 
anything approaching exact knowledge of the 
conditions governing the propagation of these 
waves through space. Reflectors of economical 
and practical dimensions are only efficiently appli- 
cable when short waves are used, and seem to be 
essential for ensuring the carrying out of commercial 
high-speed transmissions. Their use diminishes 
fading, and thus increases the margins between 
which the received signals can be read. A new era 
has been opened for wireless telegraphy as the 
result of this recent experimental work, and all who 
have contributed to it are deserving of the gratitude 
of the people of the whole civilised world. 


THE 1923 TRAFFIC CENSUS. 


THE seven-day traffic census of the principal 
Class I roads in Great Britain, taken by the Ministry 
of Transport in August 1922 and published earlier in 
the present year, revealed information of so much 
value alike to road engineers and road users that_it 
was decided to take a similar census of the principal 
Class II roads in August, 1923, the results of which 
have now been published. The census of both 
classes of roads is to be repeated at regular intervals, 
and on these occasions it may perhaps be found 
possible to take the census of both classes over the 
same period in each district, so as to exhibit a 
simultaneous picture of the whole state of traffic. 
The distinction between the two classes of roads is 
that Class I, of which there are about 24,000 miles 
out of about 178,000 miles under the control of 
highway authorities, is intended to include the main 
traffic arteries, and Class II, in which there are 
about 14,500 miles, includes the next most important 
highways. The rating of these roads comes up for 
revision every year, and the distinction is not merely 
academic, as Class I roads receive ‘from the Road 
Board a contribution of 50 per cent. of the cost of 
their upkeep, while Class IT receive 25 per cent. An 
appendix shows how the figures of mileage of both 
classified and unclassified roads are made up. 

In this, as in the Class I census, London and 
County Boroughs were excluded, leaving about 14,000 
miles of Class II roads for examination, and the 
traffic at 3,393 points on these was enumerated for 16 
hours a day during seven days in August, chosen in 
each district so as to exclude occasions of abnormal 
traffic. The vehicles were divided into 17 classes 
in addition to tramcars and pedal bicycles and cattle, 
sheep and pigs, and handearts and barrows, con- 
ventional approximate weights for each class being 
used in calculating the tonnage over each point. 
A table shows the number of census points in each 
of the 61 English and 32 Scottish districts (mostly 
counties) over which the roads under-examination 
ran, and distinguishes 12 grades of traffic density, 
mentioning for each density the percentage of 
vehicles that were motor-driven. A second table 
shows for 108 typical Class II roads chosen all over 
the country the maximum, minimum, and average 
density of traffic (tonnage), together with the 
percentage of motor vehicles in each figure, and the 
number of points along the road at which observa- 
tions were made. A third table gives a complete 
summary of the data in regard to two of the roads, 
each about 40 miles long, defining the position of 
each census point, the width and surface of the 
carriage way, and the weather on the census date, 
the data being divided under motor cars and motor 
cycles, heavy motor vehicles and trailers, and horse- 
drawn vehicles, and expressed both as weights and 
as numbers. Similar records are now available for 
almost all Class I and Class II roads, and can be 
consulted at the Ministry of Transport, Roads 
Department, 7 Whitehall Gardens, or at the offices 
of the Divisional Road Engineers in Birmingham, 
Exeter, Leeds, Cardiff and Edinburgh. An appendix 
gives a specimen of the traffic records on which the 
census of Class IL roads was prepared, one such 
being taken for each point ; but for some reason no 
summary is given of these point records, from which 
the distribution of the traffic among the individual 
classes of vehicles might have been seen. 

A third appendix gives the number of road vehicles 
in Great Britain licensed in 1923, distributed over 


15 groups of vehicles, with a note of further mis- 
cellaneous receipts, which bring the income of the 
Road Board from Great Britain to upwards of 
13,000,000. The fourth appendix consists of six 
maps showing, for districts of about 30 miles 
square in different parts of Great Britain, all the 
Class I and Class II roads with the census points 
and the tonnage on each, enabling the two classes 
to be compared for density of traffic. These are on 
a smaller scale than the Ministry of Transport Road 
Maps, which show on the scale of half-an-inch to 
the mile all the Class I and Class IT roads in distine- 
tive colourings with their identifying numbers. 
A final appendix gives two charts comparing for 
12 districts where the data are available the traffic 
of 1923 with that of 1912-14. 

Inspection of the tables discloses some interesting 

results. About three-fifths of the census points in 
England and Wales; and about five-sixths in 
Scotland, showed densities of traffic below 500 tons 
a day ; about the same figures, substituting 1,000 
tons for 500 tons, had been found with Class I roads. 
The highest density on Class IT roads found at a point 
in the Willesden district was over 11,000 tons a day. 
Only 12 per cent., however, of census points on 
Class II roads carried over 1,000 tons a day, as 
against 36 per cent. on Class I roads. The Class IT 
roads show, on the other hand, a higher percentage 
of horse-drawn traffic than the Class I, and the 
report suggests that a still higher percentage would 
be found on the unclassified roads. Though pedal 
bicycles are not included in the average tonnages, 
they happen in the specimen census-point record 
to weigh more than half as much again as the 
motor-bicycles, and in numbers form from one-fifth 
to three-fifths of the enumerated vehicles on both 
Class I and Class II roads, reaching the higher 
percentages in the neighbourhood of populous 
districts, and in the neighbourhood of London, 
dropping sharply outside a radius of 40 miles. 
| The charts comparing traffic before and since the 
war are hardly numerous enough to suggest general 
conclusions. Some roads show enormous increases ; 
at a point near Wednesfield, for instance, the tonnage 
has been multiplied almost five-fold, and the per- 
centage of motor-driven vehicles has increased from 
55 to 94, though the absolute amount of horse- 
drawn vehicles has not fallen appreciably. The 
table of road vehicles licensed in Great Britain in 
1923 is not pleasant reading when the sort of 
figures are remembered that a similar return for 
the United States would show, where more than 
12 times as many vehicles are on the register. 


GERMAN SUBMARINE DESIGNS. 


Proressor Oswald Flamm has recently pub- 
lished a paper in the Marine Rundschau, under 
the title of “The Problem of Large Submarines.” 
As his name has been connected with this very 
difficult question for a number of years ; and as he 
has up till now, maintained an impassive silence 
upon his inventions and designs, his article is of 
the greatest interest. He deals with what is 
known as the “capital ship controversy’ very 
shortly: “The proper view to take is that the 
battleship, battle cruiser, small cruiser and torpedo 
boat will not disappear, at all events in any fore- 
seeable time; but it must. also be admitted that 
technical progress will shortly give submarines a 
position which they do not at present possess in the 
hierarchy of weapons of war.” The problem 
of increasing a submarine’s fighting power hinges 
on the essential question of stability. “‘ Heavy 
artillery and torpedo tubes can be mounted in 
barbette on the deck ; armour plates can be fitted to 
the deck and the sides; stores of mines can be 
stowed inboard; in fact, all requirements which 
involve putting heavy weights in the upper part 
of the ship, can be complied with ; but only if the 
vessel possesses sufficient stability.” 

Designers have hitherto striven to increase a 
submarine’s stability by two methods: (i) they 
have endeavoured to lower the position of the centre 
of gravity; and (ii) they have tried to raise the 
position of the centre of buoyancy: both have very 
grave disadvantages. If the first method is 
adopted, masses of heavy material have to be put 
low down in the body of the submarine ; when these 
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are added to counteract the weight of heavy artillery 
and armour fitted to the upper deck, above the 
centre of buoyancy, they add so much to the dead- 
weight in the boat, that her displacement tonnage 
increases uneconomically. These extra tons of 
ballast have to be paid for out of sea-keeping 
capacity, that is, at the expense of fuel supply. 
The second method involves an exactly opposite 
procedure. If attempted, water-tight, hollow 
chambers are placed high up in the boat, and masses 
of wood or cork are fitted to the upper deck. 
“ Construction on these lines has the disadvantage 
of increasing weight and of using inside space to 
no effective purpose.” Apart from this, the increase 
of general buoyancy compels a corresponding 
increase in the size of the flooding chambers. . . . 
There remains an alternative method: that of so 
shaping the hull (i) that the total space it occupies is 
available for useful qualities, (ii) that, on submerging, 
its displacement rapidly increases, and (iii) that, in 
all critical periods of diving, the metacentric height 
is sufficient. 

If the boat is constructed with the ordinary 
circular cross section, these requirements are not 
attainable in a large submarine, for the following 
reason. The structural strength of the hull at a 
constant depth, has to be made proportional to the 
diameter of the submarine : it follows, therefore, 
that, if the boat is large, the requisite peripheral 
strength can only be obtained by making the 
outer structure very heavy; and if the boat 
becomes really large this structural weight soon 
reaches an unmanageable | figure. 

Professor Flamm’s solution had better be described 
in his own words: ‘‘ the problem, it seems, can only 


be solved by giving the boat a cross section, made 
up of three circles, which are described round the 
sides of a triangle with its apex upwards (see 
diagram).* It is easy to understand, that, if the 
triangle, the radii, and the positions of the centres 
of the circles are correctly calculated [lit. selected], 
there will not only be a maximum of stability 
but the stresses along the base of the triangle, due 
to hydrostatic pressure, will be reduced to nil. 
As the component parts of the cross section are arcs 
of circles, the radii of which are smaller than the 
radius of the circle which would circumscribe the 
whole cross section, it follows that the structural 
strength of the hull required along these separate 
circles is less than would be required if the cross 
section were one single circle, with the consequence 
that very great strength is not necessary. 

Professor Flamm designed three boats on these 
lines; the first, with a displacement of 1,443 tons, 
carried 134 tons of deck armour; the second a 
submarine cruiser of about 7,067 tons had 614 tons 
of deck and side armour, about 500 tons of heavy 
barbetted and lighter guns, and deck torpedo 
tubes ; the third, a minelaying cruiser of 7,734 tons 
carried a thousand mines on the mine deck over the 
pressure-resisting part of the hull. In each case the 
diving stability diagram showed extraordinarily 
good figures, although no ballast of any kind was 
allowed for in the calculations. 

Professor Flamm admits that it might be asked 
whether the military value of these large submarines 
justifies their construction. He considers that they 
may be compared with the British monitors off the 
Flanders coast. “If an armoured submarine with 
heavy artillery engages other ships with her deck 


*In the diagram attached to Professor Flamm’s paper 
the triangle was equilateral. He none the less used the 
term “apex upwards,” “Spitze nach oben liegenden 
Dreiecks,” showing that in his own particular designs 
the triangle was isosocles. He gives no clue at all as 
to the proportion between the lengths of the base and 
the side which he found most suitable. 


awash, she is barely visible at long ranges. and can 
attack the unprotected parts of larger vessels, and 
keep them effectively under fire. It has to be allowed 
that a chance shot may put the submarine out of 
action ; but the war on the Flanders coast, showed 
how rarely hits could be obtained even by stationary 
forts ashore. More than that, a large submarine’s 
heavy torpedo armament ought to protect her 
from an attack at close range. The military value 
of the large submarine minelayer consists in her 
high speed, and her exceptional radius of action. 
She can be independent of the shore for many 
months ; so that nobody can discover her zone of 
operations when once she has left her base.” 

Professor Flamm maintains that the British “‘ X ” 
class, now being built, do not overcome the defects 
of which his own designs are free. They have 
heavy deck guns; but they carry 250 tons of 
ballast as a compensation. ‘This useless dead- 
weight necessarily lowers speed, radius of action, 
and running costs ; but, if this kind of construction 
is adopted, there is always the chance that, when 
the boat submerges in a seaway, the enormous 
moment of inertia of the upper mass, and that of the 
compensating ballast, placed lower down, may put 
her in danger. A boat’s rolling period increases 
with an increased moment of inertia ; it may, there- 
fore, happen that the righting moment no longer 
suffices to bring the boat back to an even keel, if 
she has been rolled to a certain angle owing to her 
moment of inertia. This danger becomes acute 
when a boat is at the critical phase of submerging, 
that is, when the centres of buoyance and of gravity 
coincide.” He adds the interesting remark that 
the British Admiralty has known every detail 
about his designs since 1919. 


NOTES. 
THe HARBOUR oF TRIPOLI. 


THE captains of the port of Tripoli, the Signori 
Adelchi Moltedo and Paolo di Bartolomeo have 
recently published an instructive study upon the 
actual condition of Tripoli harbour, and its future 
possibilities. The development of the Guinea 
coast under French and British rule, and the effort 
to make the upper Niger more navigable, have 
robbed Tripoli of much of its commercial import- 
ance. For centuries it was the debouching point 
of three great caravan tracks, along which thousands 
of African slaves, and a large proportion of such 
central African products as ivory, ostrich feathers, 
amber and skins were carried. The slave trade has 
disappeared, and goods from the upper Nigeria 
and the lake Chad district now go south instead 
of north. The present shipping traffic figures for 
Tripoli are not encouraging. The number of entries 
is practically the same in 1923 as it was in 1902. 
The quantity of goods brought into the country 
has, it is true, increased fourfold; but this is 
because so much military equipment, and building 
material for public offices has been carried across 
it since the occupation. During the same period 
the export figures have fallen off from 67,000 tons 
to 26,000 tons. The chief reason for this decline 
is that, in 1902 esparto grass was the chief article 
of export; during the last twenty years wood 
pulp has steadily displaced this in papermaking 
processes. The future of Tripoli thus depends 
solely upon the development of the hinterland. If 
agriculture in the country prospers, the exports 
of sansa (crushed olive pulp), and various other 
native products, which find an easy market in the 
Mediterranean, may yet be considerable. The 
authors show how adversely the lack of good harbour 
accommodation is affecting the trade of the Italian 
colony. Not one of the other harbours—Zuara, 
Sliten, Homs or Misurata—gives shelter from all 
winds. The result is, that, as Tripoli is the only 
port of refuge, loading and unloading operations 
are frequently interrupted at the minor harbours, 
as small craft have often to put to sea on a change 
of wind, and the whole Tripoli coasting trade suffers, 
in consequence, from high working costs and insur- 
ance charges. The Italians have, as is well known, 
built a long protective mole from Spanish fort, 
along the Sibun Shinel shoals, and are developing 
the wharfage in the south-western side of the har- 
bour, on either side of the ‘‘ Pasha’s Castle.” The 


protective mole faces an unbroken stretch of 500 
miles of water in a direction N15°W (true) ; and one 
of 200 miles in a direction N24°E (true). It was 
found, when the work commenced, that a heavy 
sea coming in from either direction raised waves 
about 17 ft. high, with a velocity of about 48 ft, 
per second, and that the mole would have to resist 
a pressure of 18 tons per square metre at the water 
line, and 6 tons per square metre at the top edge 
of the masonry. The principal weakness in the 
present organisation of the port is the slowness with 
which cargoes are lifted ; for as the authors justly 
point out the real “ coefficient of a port’s capacity ” 
is the amount which can be loaded or unloaded in 
a certain period of time. At the present moment 
steamers can only take in or discharge about 60 tons 
in a working day, and sailing vessels a good deal 
less. The present wharfage is, moreover, in- 
sufficient ; during the year 1923 about 13,000 tons 
of import and export goods were lifted, and of 
these, some 4,500 tons were dealt with by lighters, 
It is, however, expected that the new wharves in 
the south-western part of the harbour will make 
good the deficit, as, when finished, they will give 
about 880 metres of additional quay space, with 
a yearly capacity of 214 tons per metre of wharf. 


BELGIAN COAL-MINING AND METALLURGY. 


Information concerning the coal-mining and iron 
and steel industries of Belgium during the first six 
months of the present year is contained in a report 
recently issued by the Comité des Forges de France. 
The coal output was 12,298,810 tons, for 149 
working days, as compared with 11,127,700 tons 
during the same period of last year, for 145 working 
days. An interesting feature of the output during 
the first six months of the present year is that the 
monthly figure gradually fell from 2,182,530 tons 
in January to 1,848,040 tons in June last. The 
average monthly output is 2,049,800 tons for the 
period under review, as against 1,854,600 tons for 
the first six months of 1923, and 1,903,400 tons 
for the year 1913; this shows a very satisfactory 
improvement. Coke production reached a total 
of 2,151,280 tons in the first six months of 1924, 
as compared with 1,966,480 tons for the corre- 
sponding period of last year. The monthly average 
for the first half of the present year is, therefore, 
in round figures, 358,500 tons, which is far above 
the monthly average, 293,600 tons, for 1913. 
Coal briquettes were manufactured to the amount 
of 1,010,790 tons as against 987,040 tons during 
the first half of 1923. The iron ore imports rose 
from 3,387,958 tons for the first half of last year 
to 4,259,041 for the first six months of the current 
year, by far the greater proportion coming from 
France, namely 3,859,550 tons. The imports of 
manganese ore were for the first half of last year 
79,757 tons, and for the first half of this year 
116,416 tons, of which about 64,000 tons came 
from India and 25,000 tons from Egypt, the latter 
figure being more than double the imports from 
Egypt during the corresponding period of 1923. 
Very satisfactory figures are also given for the 
pig-iron production during the period under con- 
sideration ; this amounted to 1,368,180 tons, the 
average monthly production exceeding that of 
1913 by 21,000 tons. The production of steel ingots 
and castings was 1,414,280 tons, as against 1,051,180 
tons during the first half of last year. All these 
figures, which are in metric tons, show the coal 
and iron and steel industries to be in a healthy 
condition. ‘ 


Bauxite AND ALUMINIUM IN THE UNITED 
STATES In 1923. : 


Owing to the increased demand for products from 
bauxite, particularly aluminium and abrasives, 
the bauxite industry of the United States improved 
decidedly in 1923 over 1922. The bauxite pro- 
duction of the country, which had diminished 
since 1921, increased to 522,690 long tons, valued 
at 3,156,610 dollars, and was thus a little larger 
than in 1920, though not of quite so high a value. 
The most striking feature about the bauxite imports 
was the predominant share of British Guiana, 
which last year shipped nearly 10,000 tons of 
bauxite per month, mostly via Gulf ports, to the 
United States. British Guiana, which had hardly 
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exported at all before 1917, and also Dutch Guiana, 
promise to become the most important sources 
of bauxite for America. In value the exports 
from the United States of bauxite, 78,560 tons, 
were slightly greater than the much larger imports, 
because they consisted chiefly of concentrates of 
an average value of 6 dollars per ton; more than 
twice that figure had occasionally to be paid. For 
the manufacture of refractories and chemicals 
increasing use is being made of crude clay. The 
diaspore clay from Missouri is a hydrated alumina 
occurring in scales or foliated masses and utilised 
chiefly for abrasives. The aluminium metal in- 
dustry absorbed three-quarters of the minerals. 
The number of automobiles built in the United 
States rose in 1923 to a little above four millions, 
and every car required about 100 lb. of aluminium. 
The Shenandoah airship was built of 17 S alloy, 
consisting of aluminium with 4 per cent. of copper 
and 0-5 per cent. of magnesium and manganese. 
Castings of high silicon-aluminium alloys are 
coming into favour. Aluminium cables for electric 
power transmission had a length of 125,000 miles, 
and 85,000 miles of these cables were reinforced 
with steel. The world’s aluminium production, 
we further see from the “ United States Geological 
Survey Paper I: 3,” on bauxite and aluminium in 
1923, has greatly changed since the war. Austria 
had disappeared from the producing countries, the 
productive areas formerly Austrian, now belonging 
to Yugoslavia and Italy. In Germany large works 
are working at one-fifth capacity, and the country 
has had to import aluminium from Switzerland ; 
French bauxite production also decreased, though 
the country continued to export to the United 
“States. Canadian aluminium works exported in 
1923 more than four times as much metal to the 
United States as in 1922. 


THe French High Navat ComMMAND. 


_ A French decree, which cancels about ten pre- 
vious laws and orders, has just been published in 
the Journal Officiel. It completely re-organises the 
French naval command and contains some important 
‘provisions. The executive head of the French 
Navy is henceforward to be the chef d’état major ; 
he is to hold the rank of vice-admiral, and is, in 
the words of the decree, “‘to take charge of opera- 
tions at sea, in conformity with the instructions 
of the Minister, and the general wishes of the 
Government.” Immediately subordinate to him 
are the commanders-in-chief of the Mediterranean 
and Atlantic Squadrons, who command all the 
squadrons, patrols, fixed and mobile defences within 
their commands. The Atlantic region is, evidently, 
considered to be more important than the other, 
doubtless owing to its long coast line, and the 
weakness of the naval forces which are stationed in 
it. The organisation is therefore strengthened by 
a “commander-in-chief of the Atlantic coast line,” 
who acts as an “inspector general of all naval 
forces intended for the defence of the coast.” 
There is no analogous command in the Mediter- 
‘ranean area. These three commands exist both in 

_ peace and war ; but, on mobilisation, special officers 
_ will be appointed to command all the patrol forces 
in the Channel, the Atlantic and the Mediterranean. 
It might have been thought that these would have 
taken orders direct from the rue Royale; but they 
are directly subordinated to the commanders-in- 
chief of the Atlantic and Mediterranean Squadrons. 
These arrangements complete the organisation of 
_ the naval forces afloat. Under the old system, 
_ which was in force before the present decree was 
published, the coast line was divided into four 
coastal areas, called the maritime frontiers, placed 
under the charge of vice-admirals with their head- 
quarters at Dunkirk, Lorient, Marseilles and 
_ Algiers. These commands are now suppressed ; 
and six maritime prefects take over the duties 
_ which were formerly assigned to the commanders 
of the maritime frontiers. Within his area, the 
maritime prefect has charge of all naval dockyards, 
and is, in addition, responsible for defending the 
shore line against a “ floating, disembarking, or 

_ landed enemy.” The coast of the prefectures is 
_ divided into sectors; and, in each, a naval officer 
3 takes command of the coast defence. These officers 
of sectors are, in their turn, commanded by a naval 
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officer of flag rank to whom the maritime prefect 
delegates the executive command of the coast 
defence. The idea which dominates the entire 
system is evidently the one expressed in Monsieur 
Georges Boussenot’s report, previously described 
in ENGINEERING: the French Navy is not, in itself, 
strong enough to make armed landings impossible 
on the northern and western coasts, and a special, 
amphibious organisation is necessary to meet the 
danger. The new decree also re-constitutes the 
“Conseil Supérieur de la Marine”; a consultative 
body which, though it has not got the constitutional 
position of the British Board of Admiralty, is none 
the less an important part of the French naval 
command. MHenceforward, the Conseil is to be 
composed of: the Minister of the Marine, the 
chef d’état major, the commander-in-chief of the 


Atlantic and Mediterranean Squadrons, the com- 
mander-in-chief of the Atlantic coast line, and a 


vice-admiral specially appointed by the Minister. 


The Government and the naval executive are still 
free to disregard, or over-rule, advice given by the 
Conseil; but no decision can be taken with regard 
to naval programmes, general organisation, coast 
defence, the characteristics of units to be laid 
down, including airships and aeroplanes, battle 
tactics, or the extension or suppression of dock- 
yards, unless this powerful naval committee has 
first been consulted. 


Tue University or Lmeps. 


The Yorkshire College, which was founded in 
1874, and was for long a constituent college of the 


Victoria University, was granted a separate charter 
as the University of Leeds in 1903. This year is, 
therefore, the jubilee of the foundation of the 
college and the twenty-first anniversary of its 
constitution as a University. 
recognised by the holding of a series of functions 
this week, which served as the means of reunion 
of many former members of the staff and students. 


The occasion was 


A thanksgiving service was held in the Leeds 
Parish Church on Sunday last, when the Arch- 
bishop of York officiated. On Monday morning 
the Chancellor, His Grace the Duke of Devonshire, 
K.G., with the members of the Court, senate, staff 


and students of every year since the foundation 
of the college, assembled in the Great Hall. 


After 
the opening proceedings a series of short addresses, 
mainly reminiscent, were given by past and present 
members of the University. Sir Dugald Clerk, 
D.Sc., who was a member of the staff in 1874, 
delivered the first of these addresses. In the after- 
noon a reception was given in the Medical School, 
and in the evening the University Dinner was held 
in the Town Hall. The Right Hon. the Earl of 
Balfour, K.G., proposed the toast of “the Uni- 
versity of Leeds,” at the dinner in a speech in 
which he urged the recognition of the true aims 
of a University. Addresses of Congratulations from 
the Universities of the Empire and from learned 
societies were presented on Tuesday morning, 
when there was a reception in the Town Hall by 
the Chancellor. Colonel Kitson Clark gave an 
interesting lecture on the foundation and early 
history of the Leeds Philosophical Society at a 
display of historical and scientific exhibits in the 
Hall of the Society in the evening. Other cere- 
monies included the presentation of many honorary 
degrees and visits to the various departments of 
the University, to give the visitors the oppor- 
tunity of gauging the progress that has been made. 


Explosion HazArps INCIDENTAL TO THE UNWATERING 
or Coat Mtves.—Several cases having recently been 
reported of explosions occurring in coal mines, while 
the mines were being unwatered or very soon after the 
unwatering, L. D. Truey, of the United States Bureau of 
Mines, investigated whether any special danger would 
arise when water that had been standing against the face 
of the coal for some time was suddently removed, either 
by natural drainage or by mechanical means. The 
cases so far examined do not justify the general state- 
ment that there will always be an accumulation of gas 
whenever water backs up under a head into mine workings, 
but extreme care should certainly be exercised when 
an area is entered from which a considerable amount of 
water has been removed, especially when that water has 
been under a high head. Approved closed lights should 
alone be used in such areas, at any rate until a careful 
search for explosive gas has been made by means of a 
flame safety lamp. 


THE LATE MR. F. J. PLATT. 


AN engineer who contributed largely to the modern 


development of internal-combustion engines, not only 
for power supply in works, but also for aeroplane 
propulsion, Mr. Francis James Platt, died at his 
residence, 20, Woodchurch-road, West Hampstead, on 


December 1. He was born in 1869 and was the son of 
the late Mr. James Platt, M.Inst.C.E., of Gloucester. 

After leaving Cheltenham College, at the age of 17 
years, Mr. Platt entered the works of Messrs. Fielding 
and Platt, Limited, Gloucester, and after the study of 
the practice of engineering in many of the shops, he 
became a student at Owen’s College, Manchester. On 
the completion of his studies, he returned: to the works 
and superintended the erection of many large plants. 
He then entered the design side of the organisation, 
was made assistant manager in 1894, and chief draughts- 
man in 1897. During this period he superintended the 
construction of a large hydraulic shipyard gantry for 
Messrs. Harland and Wolff, Limited, of Belfast. In 
1898 Mr. Platt became a partner in the firm. 

On the death of Mr. J. Humpidge, of the Dudbridge 
Tron Works, Limited, near Stroud, through the bursting 
of a flywheel in 1903, Mr. Platt replaced him as manag- 
ing director. Under the new control the company made 
many interesting developments, and were among the 
pioneers in the construction of aeroplane engines. The 
report of the Naval and Military Aeroplane Engine 
Competition, 1914, shows that the firm was awarded 
three prizes of 1001. for engines of the Salmson radial 
type which they built. One of these engines, a 200-h.p. 
set, seems to have been the first of so large a power 
constructed in this country. The active career of Mr. 
Platt came to a sudden close at the commencement 
of the moulders’ strike in 1919. On the day of the 
commencement of the strike he was delivering an 
address to the workmen when he collapsed through a 
seizure. Soon after this the business at Stroud was sold, 
and when Mr. Platt had sufficiently recovered to resume 
work, he opened an office in Westminster and practised 
as a consultant. He was a Member of the Institution 
of Mechanical Engineers and a past president of the 
Gloucester Engineering Society. 


LABOUR NOTES. 


Ir the more important trade unions, which have 
clearly defined their attitudes on the subject, are as 
good as their words, there will be trouble in Germany 
over the ratification of the Washington Hight-hours’ 
Day Convention. A number of them have expressed 
their intention to press for ratification, and they have 
been assured, in most cases, of the support of the 
sectional Internationals to which they belong. The 
central committee of the Association of German Indus- 
trial and Commercial Undertakings has formally 
pledged itself to resist ratification. At a meeting in 
Berlin, on December 10, under the presidency of 
Herr Granz von Mendelssohn, a resolution was passed 
in which the Association put on record its refusal to 
ratify on the ground that the Convention “not only 
offers no advantage whatever to German economic life, 
but will only be increasingly harmful and dangerous 
to it.’ ‘The German people,” the resolution goes 
on to declare, ‘“‘ must retain full freedom in regard to 
the number of hours they work per day, so that they 
can at all times ensure their existence and fulfil their 
obligations. So long as the burdens of the war are 
placed almost wholly on the back of the German people 
the latter cannot submit in regard to the length of time 
they work to the control of the countries that are 
competing with them. 

Whether the German trade unions, backed by the 
other national organisations with which they are 
associated, are strong enough to oblige the employers of 
their members to ratify, remains to be seen. In view 
of this avowed attitude of hostility by so strong a body 
of foreign employers it would, obviously, be foolish of 
Great Britain to ratify. The stock argument here is, 
of course, that if we ratified, all the other parties 
to the Convention would follow the lead ; but the like- 
lihood is greater, human nature being what it is, that 
the example they would follow would be that of 
Germany. We adhere to the view that if there is to 
be ratification it ought to be general and unconditional, 
and that the law ought to be given effect simultane- 
ously in all countries. 


The United Society of Boilermakers and Iron and 
Steel Shipbuilders is not now, of course, a unit of the 
Engineering and Shipbuilding Trades Federation, but 
when the Lifton House executive decided to apply 
for an increase of wages it was regarded as a foregone 
conclusion that the Federated Trades would eventu- 
ally follow the lead. They have now, as a matter 
of course, resolved to do so, and as their example is 
most unlikely to be lost on the other unfederated 
trades the negotiating committee of the Shipbuilding 
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Employers’ Federation will have its time pretty fully 
taken up with conferences in the New Year. The 
argument that the state of trade justifies the increase 
demanded should not take much time to dispose of 
if the representatives of the men have not forgotten 
Sir William Mackenzie’s award on the last reference. 
In the course of that award—which was issued as 
recently as June 6 last—Sir William said that in an 
endeavour to keep the industry going the employers 
had entered into contracts without thought of profit 
and in some cases with the certainty of direct loss. 
On 59 contracts on new work completed by members 
of the executive committee of the Shipbuilding Em- 
ployers’ Federation since June, 1922, the sum of 
233,000/. had been lost, and on 83 contracts on new 
work not yet completed it was estimated that, on the 
basis of the continuance of the present wages, there 
would be a loss of 785,000). These figures were 
startling, Sir William said. The yards being only 
partially employed, the employers had incurred further 
liabilities. It was not to be understood that these 
contracts were a speculation which turned out badly ; 
they were undertaken in many instances with a view 
to keeping the industry alive. There was, it was added, 
no parallel in the history of the industry to the current 
depression. 

On the showing of the foregoing figures, further 
heavy losses must have been incurred on contracts 
in progress at the time the award was made. Nor 
between then and now has there been a sufficient 
improvement in ship prices to off-set the increase 
awarded. These are statements which anybody can 
verify for themselves by studying the published records 
of new tonnage prices. The effect of a wages increase 
of 10s. per week—which would mean approximately 
an addition of 10s. per deadweight-ton on an ordinary 
cargo vessel—must, therefore, be to check any tendency 
which the industry is showing towards revival. 


As was expected, the representatives of the engineer- 
ing trades unions, who met at York last week, for the 
purpose of considering the further steps which should 
be taken in support of the application for an advance 
of wages, decided to seek another conference with the 
Engineering and Allied Employers’ National Federa- 
tion. The expectation is that such a conference will 
take place early in the New Year. How far the sub- 
committee of union representatives, which was 
appointed to deal with Sir Allan Smith’s figures, has 
carried its investigations, is not known outside the 
circle most intimately concerned ; but it is tolerably 
clear that unless the statistical summaries given by 
the chairman of the employers’ management committee 
are convincingly demonstrated to be wrong, the argu- 
ments in favour of an advance of wages will have no 
substantial foundation. 


A decline of 8,354 in the number of unemployed 
persons is officially recorded for the week ending 
December 8. According to the Ministry of Labour, the 
number of unemployed men on the registers of Em- 
ployment Exchanges in Great Britain decreased from 
910,162 on December 1 to 907,700 on December 8, 
the number of unemployed boys from 30,990 to 29,400, 
the number of unemployed women from 221,805 to 
218,800, and the number of unemployed girls from 
27,297 to 26,000. The total number of unemployed 
persons is 1,181,900, as compared with 1,190,254 on 
December 1, 1924, and 1,285,623 on December 31, 1923. 


The Ministry of Labour Gazette states that employ- 
ment showed little change, on the whole, during 
November. There was a considerable further im- 
provement in the cotton industry, but a marked decline 
in the tinplate trade. In other industries the changes 
recorded were generally slight. Among the 11,500,000 
workpeople insured against unemployment under the 
Unemployment Insurance Acts in Great Britain and 
Northern Ireland, the percentage unemployed at 
November 24, 1924, was 11, compared with 11-1 at 
October 27 and with 11-5 at November 26, 1923. 
Among the members of those trade unions from which 
returns were received the percentage unemployed was 
8-6 at the end of November, 1924, compared with 8-7 
at the end of October, 1924. 

Employment was good, on the whole, in the steel 
sheet, brick, carpet, and jute trades, and with most of 
the skilled operatives in the building trade. It was 
fairly good in the silk trade, with millsawyers, and in 
most branches of the printing trade, and fair in the 
furnishing, leather and pottery trades, and in certain 
sections of the metal trades. In the coal-mining 
industry it was still slack ; at iron and steel works and 
in the engineering and shipbuilding trades it continued 
bad. In the industries for which statistics are available 
the changes in rates of wages reported during the month 
resulted in an aggregate increase of about 50,000/. in 
the weekly full-time wages of 690,000 workpeople, and 
in an aggregate reduction of about 3,500/. in the weekly 
wages of over 60,000 workpeople. During the eleven 


completed months of 1924, the changes reported to the 
Department have resulted in net increases equivalent 
to over 580,0001. in the weekly full-time wages of 
2,850,000 workpeople, and in net reductions of nearly 
64,0001. in those of 500,000 workpeople. In the 
corresponding period of 1923 there were net reductions 
of nearly 480,0001. in the weekly full-time wages of 
3,000,000 workpeople, and net increases of nearly 
170,0001. in the weekly wages of 1,200,000 workpeople. 

During the first 11 months of 1924 the stoppages 
of work owing to trade disputes reported to the 
Department have involved approximately 597,000 
workpeople as compared with 386,000 workpeople 
involved in the first 11 months of last year. The 
aggregate duration of the stoppages in January to 
November, 1924, has been about 8,223,000 working 
days, as compared with about 10,535,000 days in 
the corresponding period of 1923. 


Until the question of the mileage basis for enginemen 
is adjusted it is unlikely that much progress will be 
made by the railway managers in their consideration 
of the new programme submitted by the National 
Union of Railwaymen and the Railway Clerks’ Asso- 
ciation. Until the proposals have been analysed by 
those who are most competent to carry out such a 
task it would be idle to frame an estimate of the 
probable cost to the railways—and eventually, of 
course, to the community—of the men’s demands ; 
but whatever the cost may eventually be found to be, 
it is certain, on the face of things, to be heavy. It is 
assumed that the programme will go in due course 
to the National Wages Board. A large part of it 
may, but complications appear to be inevitable over 
the shopmen’s claims. There is no provision in the 
Act of 1921 for dealing with the shopmen, whose 
claims—which are championed by both the craft 
unions and the unions of semi-skilled and unskilled 
men, as well as by the National Union of Railwaymen— 
must, in the event of failure to agree, be referred to 
the Industrial Court which has already heard many 
references affecting workers belonging to these par- 
ticular classes. 


In November the membership of the Amalgamated 
Engineering Union increased from 244,451 to 244,473. 
A decrease was recorded in the number of unemployed 
persons, but the percentage is still high, viz., 7-95. 
In the course of a retrospect, Mr. Brownlie, the 
President of the Union, says that the payment of 
Donation Benefit is receiving the earnest consideration 
of the Executive Council, who are hopeful that, with 
improving financial resources and a revival in trade, 
this benefit will again, to some extent, be paid to 
members during the coming year. Whether it is paid 
or not will, however, depend upon the efforts of 
members in the workshops. The Council earnestly 
appeal to the members, individually and collectively, 
to do all that is possible to restore the prestige of the 
union to its former level by enrolling all eligible 
workmen as members, and thus enable the organisation 
speedily to secure a much-needed advance in wages 
to operative engineers. 


In the “ Monthly Report’ of the United Society 
of Boilermakers and Iron and Steel Shipbuilders, 
the General Secretary states that there was a little 
improvement in trade in November. Many members 
of the organisation are finding employment, although 
in many cases the jobs are of short duration. Members 
“sioning the books” at the end of November 
numbered 20,673 as compared with 21,467 at the 
end of October. The expenses for October were 
102,719J. 12s. ld.; in November they amounted to 
95,3741. 15s. 10d. 

Mr. Samuel Gompers, who has died in his 75th 
year at San Antonio, not only founded but, as 
president, built up the organisation which the world 
knows as the American Federation of Labour, Unlike 
the Knights of Labour, which it superseded, the 
Federation of Labour was an alliance of separate 
trade unions, and that fact, no doubt, more than any 
other, explained its rapid rise. Mr. Gompers was its 
first president, and every year thereafter, with a 
solitary exception, he was re-elected to the high office. 
He never had any sympathy with Socialism. On the 
contrary, he rarely neglected an opportunity publicly 
to condemn it. On one occasion he summed up his 
opinion of Socialists tersely in these words, “ Economic- 
ally, you are unsound; socially, you are wrong; 
industrially, you are impossible.’ For the greater 
part of his life he was strongly opposed to the 
formation of a Labour Party in American politics, 
preferring to bring the influence of the Federation 
to bear upon the Republicans or the Democrats as 
expediency suggested. Latterly, however, his views 
on the subject seem to have undergone a change. 
At any rate, both he and the American Federation 
of Labour were associated with Mr. Johnston of the 


International, Association of Machinists, and other 
prominent trade unionists, in the support of Mr. La 
Follette’s candidature for the presidency of the United 
States—which is generally regarded as American 
Labour’s début in politics. Mr. Gompers, who did 
much fine work during the war, was widely esteemed 
for his sincerity, and he was always loyal to the highest 
ideals of organised Labour. 


Whatever view the General Council of the Trades 
Union Congress eventually takes of the action on 
the unity question of its delegation to Russia, the 
rank and file of British organised labour are bound 
to be sore on one point. Whether the Amsterdam 
International—in other words the International 
Federation of Trades Unions—holds together or goes 
to pieces, is probably not a matter which gives them 
much real concern. The suggestion that as a pre- 
liminary to world trade union unity British organisa- 
tions should scrap their existing constitutions and 
adopt that of the Third International—otherwise 
the Red International Labour Union—is practically 
certain, however, to be resented, no matter what 
view of the matter is taken in the movement’s high 
places. These constitutions are not, in the majority 
of instances, arbitrary affairs drawn up for the most 
part by theorists. They have been evolved through 
years of practical experience in the organisation of 
workers by workers themselves who strongly believe 
in them. World trade union unity is, no doubt, 
extremely desirable, and Mr. Purcell and his colleagues 
did not err in trying to promote it. But if the com- 
promise which they had in their minds when they 
made their reported arrangement with Moscow involves 
the radical departures indicated in Russian messages, 
from the established principles of British Trade 
Unionism, they have erred grievously in their inter- 
pretation of the views of their own rank and file. 


ConTRACTS.—Messrs. George Green and Co., Foundry 
Engineers and Contractors, of Keighley, are this month 
shipping a complete foundry iron melting outfit for the 
new works of the Portuguese State Railways, at Lisbon. 
The plant consists of one of the firm’s ‘‘ Eeonomic ” 
cupolas fitted with drop bottom and receiver, large self- 
contained charging platform with roof, direct coupled 
motor fan for supplying the blast, a l-ton electric lift 
and sand and coal dust mills, &e.—Messrs. Clayton 
Wagons Co., Limited, of Lincoln, have just made their 
first delivery of cars to the London and North Eastern 
Railway Company in connection with a contract secured 
by the Lincoln firm recently. 


INsTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
ScorLanp.—A comprehensive collection of papers is 
included in the Transactions of the Institution of En- 
gineers and Shipbuilders in Scotland for the sixty-seventh 
session, 1923-24, just published. A contribution on 
auxiliary machinery for Diesel-engined vessels, by Mr. 
Archibald Rennie, gives evidence in support of the use 
of electricity in place of steam as a means of operating 
such machines. In a paper on pipe bending by 
machinery, Mr. C. R. H. Bonn investigates the theory 
of tube bending and gives details of a machine suitable 
for work on cold-drawn steel pipes. The sliding cylinder, 
double-acting, two-cycle Diesel engine is discussed by 
Mr. J. C. M. Maclagan, while Mr. Frank R. Blair examines 
the Board of Trade Regulations as affecting merchant 
shipbuilding. 


ACCIDENTS In UNITED States Mptat Mivngs, 1923.— 
According to the statistics of the Department of the 
Interior of the United States, the metal-mining industry 
employed, in 1923, 123,279 men, or 17 per cent. more than 
in the previous year: and the volume of their work, 
amounting to 36,559,805 man-shifts, represents an 
increase of 25 per cent. The number of work days 
was 297, against 276 in 1922. The death-rate was the 
lowest recorded, namely, 3-01 per thousand men em- 
ployed, calculated on a standard of 300 work days, but 
the injury rate continued to rise to 275. The number of 
killed was 367, that of injured (¢.e., incapacitated for a 
day or longer) was 33,563; the highest fatality rate of 
recent records was 4:45 in 1911. The reduction in 
fatality cases was striking in the iron and in the gold 
and silver mines. The main causes of accidents were 
falls of roof or side, haulage plant and explosives. 


Ciry AND GurLps oF Lonpon IystirutTe.—A careful 
analysis of the results of the various examinations held 
throughout the world during the session 1923-24 by the 
Department of Technology of the City and Guilds of 
London Institute, is contained in a report issued from the 
office of the Department, 29, Roland-gardens, London, 
S.W. 7. Compared with the preceding year the number 
of candidates for examination in technical subjects in 
Great Britain and Ireland decreased from 8,707 to 8,578, 
while the percentage of successful candidates decreased 
from 68-1 to 65:4. A feature of the year was the 
extension of examination facilities to the Government 
Technical School at Insein, Burma, for the first time, and 
the formation of a centre at Madras, India, under the 
authority of the Principal of the Government Trade 
School. Further, candidates were examined at Kigoma, 
East Africa; Abbassia, Egypt ; and Mauritius, amongst 
other less-known localities, thus testifying to the value 
of the certificates of the Institution. 
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GEARED TURBINE MACHINERY FOR 
THE SS. “DROTTNINGHOLM.” 


Ir is common knowledge that in the early days of 
turbine ship propulsion certain sacrifices had to be 
made, both in propeller efficiency and in turbine 
efficiency, in order to secure a rate of shaft revolution 
which would not be excessively high for the propeller 
or excessively low for the turbine. The difficulty of 
effecting a reasonable compromise in this matter, was 
the greater the slower the ship. It followed, therefore, 
that direct-driven turbine propellers were out of the 
question for cargo boats, and that, even in the case of 
the intermediate transatlantic steamers, running at but 
moderately high speeds, the turbine offered few, if any, 
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advantages over the reciprocator. Nevertheless, thanks 
to the enterprise of our shipping companies, a certain 
number of this class of steamship were equipped with 
steam turbines. One notable example was the 
ss. Virginian which was launched by Messrs. Alex. 
Stephen and Co, Linthouse-on-Clyde, in 1905, and 
supplied with direct coupled turbine machinery by 
the Parsons Marine Steam Turbine Company, Limited. 
This vessel gave satisfactory service for many years, 
but was sold in 1918 to the Rederi Aktiebolaget 
Sverige-Nordamerika, Gothenburg, who, in view of 
the great progress made in marine engineering since 
the launch of the boat, determined to replace her 
original machinery with geared turbines, and also to 
equip the boilers for the use of oil fuel. The contract 
for the new turbines was let to the Aktiebolaget de 


Lavals Angturbin, Stockholm, in June, 1921, The 


trials were run in May, 1922, and the ship has since 


been in regular service to New York. 


the sets of gearing. 


some improvement in propeller economy. 


remains much as before (see Figs. 9 and 10). 


Fig. 12. 
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pressure turbine, which exhausts into two low-pressure 
turbines, each of which drives a wing shaft. The old 
condensers have been retained, and, as before, the 
low-pressure exhaust pipes are led away from the top 
of the turbine casing, and not below, as is now generally 
practicable when geared turbines are being fitted 


ab initio. 

Anend view of the high-pressure turbine is represented 
in Fig. 3, and a longitudinal section in Fig. 4. As will 
be seen, this turbine has six simple impulse wheels, 
1-05 meters in mean diameter, the first of which works 
with partial admission. The designed speed is 2,400 
r.p.m. or about eight times as great as that of the direct 
coupled turbines, with which the ship was originally 
fitted. 

The steam from the main steam valve enters a 
nozzle-valve chamber. Part of it passes directly to 
the permanently open nozzles in the lower half of the 
casing, and the remainder through hand-operated valves 
in the upper half of the casing, by means of which an 
overload of 20 per cent. can be taken. The number of 
nozzles in use is adjusted according to the speed of the 
ship. The diaphragms between the wheels are of cast- 
iron and are slightly dished to increase their rigidity. 
The diaphragm packings are of the elastic type, being 
capable of yielding should the shaft whip for any 
cause.’ They are assembled with no initial clearance 
but allowed to wear their own in actual running. 
The main glands are carbon packed. The designed 
maximum discharge pressure from this turbine at 
full load is about 30 Ib. per square inch, and, 
as shown in Fig. 4, a whistle is provided which 
sounds a warning should the pressure here (which, 
of course, is that of supply to the low-pressure 
turbines) exceed 32 lb. per square inch. The thrust 
block is of the ordinary multi-collar pattern, which is 
adequate as the axial load is very small. Anemergency 
governor of the usual spring-loaded bolt type is provided, 
as shown in Fig. 3. Should the speed become exces- 
sive, the end of the bolt protrudes and trips the pawl 


shown, thus releasing a spring-loaded valve on the oil- 


A general view of one of the new turbines is repro- 
duced in Fig. 1, page 834, whilst Fig. 2 shows one of 
; The main features of the new 
equipment will, however, be most easily grasped by 
reference to the illustrations given on Plate LX XXII. 
The three-shaft arrangement, characteristic of the 
original plant, has been retained, but the speed of the 
propellers has been reduced from 300 to 200 r.p.m. 
The propellers have also been increased in diameter, 
as much as the spacing permitted ; and this has led to 


The general arrangement of the machinery room 
The 
central shaft is, as formerly, driven by a single high- 


pressure line. When this valve opens, the oil pressure 
is destroyed, and the valves supplying steam both to 
the high-pressure and to the low-pressure turbines are 
automatically closed by their relays. 

An ordinary governor is also fitted. This is of the 
ingenious de Laval type, in which the weights pivot 
about knife edges and are held in place by springs, 
all bolts being dispensed with. 

As will be seen in Fig. 9, the high-pressure pinion 
is located at the very top of the reduction gear-box. 
This pinion is of the double-helical type and is shown 
in position in Fig. 6. The propeller-thrust block is 
fitted at the forward end of this gear-box and is of 
the Michell type. A shaft extends from it underneath 
the high-pressure turbine to its forward end (see Fig. 4), 
and drives there a tachometer and a revolution 
counter. A direction indicator is also fitted here, 
showing whether the propeller is revolving ‘“‘ ahead ” 
or ‘‘astern,’’ and there is also an indicator which 
shows the axial position of the thrust collar. 

A section through one of the low-pressure turbines is 
represented in Fig. 5, which shows that an astern turbine 
is provided within the same casing as the ahead turbine. 
The latter has six wheels, ranging in mean diameter 
from 145 cm. at the high-pressure end to 140 cm. at 
the last wheel. The steam is supplied from the high- 
pressure exhaust through oil-controlled valves, which 
open and close in unison with the main steam valve 
to the high-pressure turbine. A hand-operated over- 
load valve is fitted as shown in Fig. 5, by which the 
first wheel can be by-passed. The exhaust steam from 
the auxiliaries enters the low-pressure turbine at the 
first compartment, where the designed pressure is 
7 lb. (gauge). The reverse turbine consists, it will 
be seen, of one velocity compounded wheel, followed 
by a simple impulse wheel. The velocity wheel is 
constructed in two parts, with the object of reducing 
weight and facilitating heat treatment of the steel. 

The pinions driven by the low-pressure turbines are 
situated on one side of their respective gear-boxes, as 
indicated in Fig. 9. A section through them is repro- 
duced in Fig. 7, and one through the main spur wheel 
in Fig. 8. In this case the tachometer, revolution 
counter, and indicators are mounted directly on the 
gear-box, as indicated. As in the case of the high- 
pressure gear, the reduction ratio is 12 to 1, the turbines 
running at 2,400 r.p.m. and the shaft at 200, at which 
each propeller shaft transmits 3,000 h.p. 

The manceuvring gear, with but slight modifications 
has been retained in the new arrangement. A steam 
separator has been added, and connections have been 
made to the various oil-pressure-operated valves. The 
condensers, which have each a cooling surface of 
8,250 sq. ft., have been retained, but have been moved 
nearer to the hull. The wet-air pumps and the Parsons’ 
vacuum augmentors have been replaced by two-stage 
steam ejectors for the air, and by centrifugal pumps for 
the condensate (see Fig. 11). Each condenser has both 
one steam-turbine-driven and one motor-driven pump, 
the latter being used for ordinary running. A section 
through the air ejectors is reproduced in Fig. 12. Three 
ejectors of the two-stage type are provided, one ejector 
being used as stand-by for both sides. The stand-by 
ejector is simpler in design, and is less economical 
than the others, the intermediate condenser shown 
in Fig. 12 being omitted. The ejectors are all of the 
Westinghouse-Leblanc pattern, but the special arrange- 
ment of intermediate condenser shown in the figure 
is due to the A. B. de Lavals Angturbin. The main 
condensate is used to cool the steam-air mixture from 
the first stage by means of the small surface condenser 
shown. Only the condensed ejector steam is passed 
into the main condenser; whilst the cooling medium 
that has absorbed the heat of the ejector steam is 
taken direct to a supplementary tank which discharges 
to the hotwells. By this arrangement the heat loss in 
the intermediate condenser is only a fraction of that 
of a jet condenser. The mixture from the second stage 
of the ejector is also led to the supplementary tank, 
wherein the steam condenses and the air passes off. 

The steam-driven auxiliaries exhaust into a closed 
system, the back pressure being 7 lb. per square inch. 
The feed-water heater and the low-pressure turbines 
are connected to this closed system. When the emer- 
gency governor operates the surplus steam from the 
closed exhaust is admitted to the condensers. As long 
as any auxiliary steam is available, the pressure in 
the closed exhaust system remains at a predetermined 
and practically constant value. The glands of the 
main turbines are, as already indicated, sealed with 
steam from this closed-exhaust system, and provided 
the necessary minimum quantity of steam is available, 
the sealing of the turbine glands is independent of all 
manceuvring operations. : 

The oil supply system is entirely new, and is much 
larger than the original, since the geared machinery « 
uses a larger quantity of oil. Two Weir-type oil pumps 
have been installed, together with two emergency 
gravitation tanks. 

The new turbines, with their gears and auxiliary 
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machines, weigh 50 tons less than the machinery re- 
placed. The steam consumption is reduced; only 
7 boilers (total heating surface 24,000 sq. ft.) are 
required, instead of the 9 boilers (total heating-surface 
30,800 sq. ft.) required previously. The gain in space 
has been utilised for two settling-tanks, and for the 
oil-burning auxiliary machinery. As fuel is now 
carried in the double-bottom, it has been possible to 
extend the refrigerating-compartment and the accom- 
modation. 

Results calculated from readings of the steam 
pressures made on the trial runs show that the high- 
pressure turbine developed 3,998 shaft horse-power, 
and the low-pressure turbines together 6,040 shaft 
horse-power. Readings taken with an optical torsion- 
meter applied to the centre shaft showed a horse-power 
of 3,987. 

During the trial runs it was found that the admission 
valves, through which auxiliary exhaust-steam passes 
to the low-pressure turbine, were not working properly. 
It was discovered later that on account of a defective 
shut-off valve, the surplus steam from the heater 
escaped, through a safety-valve, to the funnel. Modifi- 
cations of the connections between the condensers 
and the air-ejectors made an improvement of ~-in. in 
the vacuum. The guaranteed maximum horse-power 
of 10,800 has now been exceeded. 

A comparison of the fuel consumption figures is 
interesting. With the original machinery, about 
2,400 tons of coal were consumed for a single journey 
made at a mean speed of 14-2 knots. After the ship 
was re-engined the oil consumption amounted to 
950 tons at 16-3 knots mean speed. Assuming that 
5 tons of oil were equal to 8 tons of coal, and reducing 
the consumption figures to the same speed, the net gain 
shown is 50 per cent. It has been possible to verify 
this. During one run the ship on leaving New York 
had the side propellers damaged by striking a heavy 
piece of timber. The injury caused to the port 
propeller was slight and did not prevent it being used, 
whereas the condition of the starboard propeller made 
it necessary to shut down this low-pressure turbine for 
the journey. The circumstances were thus rather 
unfavourable ; nevertheless the oil consumption was 
still only about 50 per cent. of the corresponding coal 
consumption with the old machinery at the same speed, 
the weather conditions being practically the same. 


LARGE-POWERED ROLLING MILL DRIVES. 


THE obtaining of suitable drives for heavy sheet 
rolling mills is not free from difficulty because the 
powers required are large and whatever means may be 
adopted must give the desired speed for the rolls. 
Electric motors have many advantages over other 
sources of power for the driving of almost every type 
of machinery and it is natural, therefore, that endea- 
vours have been made to apply the method to this 
particular case. That successful work is being done 
in this direction is well known, and during a recent 
visit to the works of Messrs. Scott and Hodgson, 
at Guide Bridge, near Manchester, we had an oppor- 
tunity of seeing an excellent example of such applica- 
tion. At that time-there was in course of completion 
an electric driven gear for a rolling mill drive and a 
heavy flywheel for use on the Hgner system to balance 
the load on the electric motor, which otherwise would 
be subject to violent changes in the demand for power. 

The gear drive will at first be used to transmit 
the power from an electric motor of 2,000 brake horse- 
power made by the Metropolitan-Vickers Electric 
Company, Limited, but has been designed to deal with 
much greater powers, with which it probably will be 
used later on. Actually it has been designed to deal with 
normal loads of 5,000-h.p. overloads up to 10,000-h.p. 
and occasional peak loads of 15,000-h.p. From this 
it will be gathered that the gear is among the largest 
ever constructed for its purpose in this country. The 
pinion and gear wheel were manufactured for the 
builders by The Power Plant Company, Limited, of 
West Drayton. From the electric motor, which runs 
at 245 r.p.m., the drive is taken by a shaft 16 in. diam., 
on which the pinion and two flywheels of 16 tons each 
are assembled. The large gear wheel is about 17 ft. 
diam. and 4 ft. width of face and has teeth of the 
double-helical type. A barring motor of 50-h.p., 
running at 575 r.p.m., is part of the equipment and 
drives the barring pinion through double-reduction 
gearing. This is put into action immediately before 
the main motor is started, and when the speed of the 
pinion-shaft attains a higher value than that obtained 
from the barring motor, an automatic disengaging 
gear throws the latter out of action. Lubrication is 
obtained from separate pumps for the bearings of the 
pinion shaft, those of the wheel shaft and for the 
spraying of the wheel teeth. For the high-speed shaft 
of the gear, oil is supplied at a pressure of 150 to 200 lb., 
and is forced into the bearings below the centre line 
of the shaft at one side and passes through wide shallow 
grooves. By this system, a film of oil of =4,-in. thick- 


32-TON FLYWHEEL 


FOR ILGNER SET. 


CONSTRUCTED. BY MESSRS. SCOTT AND HODGSON, LIMITED, MANCHESTER. 


ness is maintained under the shaft and keeps it float- 
ing. The bearings of the main shaft, which is 24 in. 
diam., are lubricated on the ordinary pump-circu- 
lated system. As the sumps for the bearing oil and 
for that for spraying the helical teeth of the gear are 
separate compartments, oils of suitable characteristics 
for each service may be used. On each end of the main 
shaft wobblers are formed for use in coupling to those 
of the rolls. 

There are many and valuable advantages to be 
derived from the use of the kinetic energy of a rotating 
flywheel to meet momentary but excessive demands 
on any source of power, such as an electric motor. 
This system has been applied to rolling mill drives, 
and also to colliery winding. Messrs. Scott and 
Hodgson, Limited, have constructed many heavy 
flywheels for this purpose, and one was in course of 
completion on the occasion of our recent visit. An 
illustration of a typical flywheel for the same service 
is shown in the figure above. This example has 
a weight of 32 tons and is a built-up and bolted 
structure. The lubrication and brake systems are 
identical with the one at present in the works. 
The flywheel, now approaching completion, is made 
with a spider forced on to the shaft and with the rim 
formed of two side rings connected together by a 
spigot joint. By this method of construction wheels 
of up to 60 tons to 70 tons may be built, but the 
weight of \the one we are concerned with is 35} tons. 
It has a diameter of 12 ft. and runs at 600 r.p.m. 
The shaft is 14 in. in diameter, and is accommodated 
in bearings 28 in. in length. 

The type of layout will be seen from the illustration. 
The bedplate at each side forms the oil sump and 
contains a strainer and a cooling system, by means 
of which the oil temperature may be reduced by the 
circulation of cold water in pipes. On each side of 


the flywheel there are two oil pumps, the first on! 


each side having a*direct drive from an electric motor 
for use in starting, while the others are belt driven 
from the flywheel shaft. These pumps are of the 
geared type, and are capable of maintaining an oil 
pressure of 150 lb. to 200 lb. Here, as in the 
case of the pinion drive previously mentioned, the 
shaft is kept floating on an oil film, and it is for 
the purpose of creating this at the start that the 
motor-driven pumps are necessary. A feature of 
interest is the brake suspended below the flywheel 
and operated by means of the hand wheel seen in 
the illustration. This brake has a heavy steel band 
lined with Ferodo. Jn actual use care has to be 
taken to absorb the energy of the rotating flywheel 
very gradually, and consequently a stopping period of no 
less than a quarter of an hour is suggested as a minimum. 
The brake is of such strength as is requisite to make 
possible the lifting of the flywheel from the bottom 
pedestal steps so that the bearings may receive attention 
whenever necessary. It is of interest to note to what 
a degree of precision the balancing of these wheels is 
carried. When it is stated that such a weight as 
4 oz. will make a wheel weighing 35} tons turn until 
the added load is at the bottom of the wheel, the 


Stay 


degree of approach to absolute balance will be appre- 
ciated. 

In the same works on the occasion of our visit 
there was also in process of construction an electric 
winding engine for a colliery. The drive for this is 
taken from an electric motor of 250 h.p., running at 
730 r.p.m., through a double helical gear, giving a 
final speed of 66 r.p.m. Post brakes of the usual 
type, operated by compressed air, are fitted, but an 
entirely new overwinding and overspeed gear of a 
purely mechanical type, recently designed by the 
makers, is installed. This gear, by means of which the 
desired speed, at every stage of operation is obtain- 
able, we hope to describe when the equipment has 
heen completely tested out at work. 


GAUGE TESTING AT THE NATIONAL PHysIcaL LABORA- 
Tory.—A pamphlet giving particulars of gauge-testing 
work carried out in the Metrology Department of the 
National Physical Laboratory has just been issued by 
that Institution. The Laboratory undertakes the 
checking of end gauges, cylindrical gauges, taper gauges, 
profile gauges and templates, position gauges and screw 
gauges, and the pamphlet mentions, in most cases, the 
limits of accuracy laid down for such gauges. If found 
to be within, the prescribed limits, a certificate is granted 
and the gauge is stamped with the well-known approval 
mark of the Laboratory. The verification of gauges 
made to special limits is also undertaken at Teddington, 
as also is the calibration and testing of measuring 
machines and gauge-testing appliances for the use of 
manutacturers and others. The fees charged for the 
work, which will come into operation on January 1 next, 
are mentioned in the pamphlet, copies of which are 
obtainable from the Director, National Physical Labora- 
tory, Teddington, Middlesex. 


Junion Instirution or Enemverrs.—On Friday, 
December 12, Mr. H. G. Bouly, B.Sc., read a paper on 
‘Fluid Transmission Gears,’’ in the course of which he 
remarked that all fluid transmission gears that had 
proved successful up to the present time used oil as the 
transmitting agent. Experiments had, however, been 
carried out with a view to developing steam and com- 
pressed air gears, and some results might be published 
shortly which would be very interesting. The three 
well-known types of gear, namely, the Hele-Shaw, the 
Williams-Janney, and the Lentz, all made use of oil 
as the working fluid, and although differing as to the 
method of obtaining the final result, they could all 
three be said to have a common basis. They all em- 
bodied a pump by means of which the working fluid 
was put under pressure and transmitted to some kind 
of motor, where this pressure was converted into useful . 
work. The use of oil kept friction to a minimum, and 
therefore gave a very high efficiency, while the apparatus 
would continue to work without wear for an almost 
indefinite period. After describing in detail the prin- 
ciples of the three types of gears, the author remarked 
that the application which was of greatest interest at 
the present time was that to locomotive work. The 
reason that internal-combustion engine locomotives 
had not largely been made use of had been that great 
difficulty had been experienced in finding a suitable 
mode of transmitting the power of the engine to the 
wheels. It was confidently expected that a complete 
solution to the problem would be found in a gear of one 
of the types mentioned. 
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THE COLLET FOLDING BOAT. 


A COLLAPSIBLE boat, to be of real use, must be 
buoyant and stable, especially in a seaway, and in 
addition to being light and easily rigged or folded 
from the deck or cockpit of the smallest yacht, must 
be capable of being readily stowed into a small space. 
In the boat here described the first of the foregoing 
conditions is fulfilled by having it in the form of a 
Norwegian “ Pram ” dinghy, and from a little distance 
it cannot be distinguished from one. However, it has 
more wholesome bilges and a greater depth than most 
Pram dinghies commonly seen. 

The 7-ft. model has a beam of 3 ft. 7 in. and a depth 
of about 18 in. With an average person inside it 
draws 5 in. of water, so that it is possible to step out 
dry shod when landing on the most shelving beach. 
This size will carry three grown-up people at a pinch, 
and it is possible for one person alone to stand on the 
extreme outboard edges of the floor boards without the 
boat capsizing. It can easily be rigged or collapsed 
single-handed on the smallest yacht in something like 
3 minutes, and has without difficulty been unrigged on 
the diminutive counter of a 2-ton cutter whilst she was 
being sailed at sea with the lee rail awash. It has 
been tested in various localities and under all sorts of 
weather conditions for the last two years and proved 
to be efficient. 

The boat consists of four units, viz.: the skin, the 
transoms and the thwartships expanding frame, all of 
which are detachable from one another. But it could 
also be made to consist of but two units, namely, the 
skin and a combination of the transoms and expanding 
frame. The four units will be easily distinguished in 
the views of the boat in various stages of assembly 
given in Figs. 1 to 4 above. The skin is constructed so 
that it can be rolled up, and for this reason consists 
solely of canvas and a number of light longitudinal 
strakes of wood, which are placed in pairs—inside and 
out. There are eleven pairs of these strakes, as shown 
in Fig. 1, the canvas being clamped between the inner 
and outer members of each pair, which are secured to 
one another by screws only, for purposes of repair, 
This unit can, therefore, be laid out approximately flat 
or rolled up into a straight parcel. 

The transoms and expanding frame are secured to 
the gunwale strakes of the skin, which are of a much 
heavier section than the others, by special hook and 
eye fittings. The transoms are in addition locked to 
the middle, or keel strake when in position. The 
thwartship expanding frame consists of two similar 
panels of wood of the same shape as the transverse 
section of the boat. Their top edges are hinged to 


SKIN READY TO RECEIVE EXPANDING FRAME. 


ExpanpDING FRAME AFTER ERECTION. 
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one another, and the pins of the hinges are formed into | 


hooks which engage the gunwale strake fittings. Their 
bottom edges are connected with a light tackle. These 


panels are cut away in the middle to accommodate the 
rower’s seat, which rests on both panels and is hinged 
to one of them. The floor boards are also hinged to 
the expanding frame and with it form one unit. These 
arrangements will be clearly followed from Figs. 2 to 4. 

To erect this boat the expanding frame is opened 
right out, on top of the unfolded skin, and its hooks 
made to engage the gunwale fittings; this can be 
accomplished without effort whilst the frame is in the 
cpen position. The floor beards are up to this stage 
kept folded against the panels by means of wooden 
buttons, but they are now opened out and the bottom 
edges of the frame drawn tegether by means of the 
tackle until the canvas is quite taut, the panels by this 
time making an included angle of about 45 deg. 

When collapsed the skin rolls up into a perfectly 
straight parcel equal in length to that of the boat and 
7 in. or so in diameter. The other units form, in their 
bag, a parcel 6 in. in thickness, its other dimensions 
being the beam and depth of the boat. 

The 7-£t. model weighs about 50 lb., this weight being 
dependent upon the kinds of wood and canvas used. 
For special purposes, such as a seaplane tender or life- 
boat, for instance, it would be possible to keep the 
weight down to something like 35 lb. Apart from the 
advantages claimed for this boat in its stability, 
buoyancy and carrying capacity for overall length, 
stowability and lightness, the ease and rapidity with 
which it can be rigged and folded from the deck or 
cockpit of a small yacht, is a feature of great value. 
The boat is likely to show good lasting qualities, owing 
to the protection given to the canvas by the outer 
strakes, and the ease with which the wooden strakes of 
the skin can be replaced when worn out or broken. The 
self-adjusting properties of the expanding frame make 
it as easy to rig the boat in wet weather as in dry. The 
boat is due to and is the patent of Mr. F. J. Collet, of 
Old Bursledon, near Southampton. 

——_——————————————————— 
or Arr.—The rectification method 
has for some time been employed 
to separate all the various constituents of air. 
According to a paper by Mr. L. D. yoldsmith, 
published in World Power, these constituents distil over 
from liquid at the following temperatures: oxygen at 
90 deg. absolute, argon 87 deg. absolute, nitrogen 
77 deg. absolute, neon 27 deg. absolute, helium 4 deg. 
absolute, krypton 121 deg. absolute, and xenon 164 deg. 
absolute. The air is in fact the only source from which 


‘© RECTIFICATION ” 
applied to spirits 


these rare gases, except helium, can be obtained on a 
commercial scale. 
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Tar Boat witH TRANSOMS IN PLACE. 


THE EFFECT OF LOW AND HIGH 
TEMPERATURES ON MATERIALS.* 
By Proressor F. C. Lea, D.Sc. 
(Concluded from page 817.) 


Oreep and Rate of Creep—The results obtained 
indicated the serious difficulty of finding the real ulti- 
mate breaking stress of a piece of metal. Returning 
for the moment to Fig. 16 it will be seen that at certain 
stresses the creep gradually became zero, while at other 
stresses it did not become zero. In curves drawn from 
tests of steel containing 0-32 per cent. of carbon, and 
in which the vertical ordinates are elongations and 
abscisse time, it was noticed that at certain stresses 
the elongation time curves at constant stress became 
parallel to the axis of time; in others, not. The rate 
of creep which appears for several hours to - be 
constant, can be measured by the slope of these 
lines, and if from these curves stress-rate of] creep 
curves are plotted, as in Fig. 20, these curves cut, or 
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become tangent to the axis of stress at some particular 
stress. This is at least very approximately the stress 
below which the material will solidify with time, under 
stress, but above which it continually creeps. The 
stresses at which the rate of creep curve touches the 
axis of stress may be called the tv stress (fw) or tem- 
perature viscosity stress. 

Some particulars of the order of creep are given in 


* Paper, abridged, read before the Institution of 
Mechanical Engineers on Friday, December 5, 1924. 
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Table VI. Values given in the Table are in certain 
cases only averages, but are generally the final rate of 
creep which the material settles down to after a certain 
time. In Table VII are summarised certain results 
for four classes of steels. 

TWEE Al Maximum Load 


Stress = ee 
Original Area 


NICKEL-CHROMIUM-MANGANESE ALLOY. 
ist Specimen. 
Temperature, 600 deg. C. Total time under load, 170 hours. 
Maximum load, 22 tons per square inch. Reduction of area 
16-5 per cent. Elongation, 15 per cent. 


Observed Rate of Creep. 


At 12 tons per square inch 0-00018 inch per hour. 
» 4, » 0-0009 » ” 
» 16 ,, 3 0-0009 ” 3 
» 18 ,, ” 0-0015 ” ” 
» 20 ,, . 0-006 » ” 
22° 3; 35 0-070 % BS Fractured. 


At 14 tons per square inch the time that would be required to 
elongate the specimen 10 per cent. would be over 1,100 hours. 


2nd Specimen. 

Temperature, 600 deg. C. Total time under load, 150 hours ; 
time at 20 tons per square inch, 13 hours; at 22 tons per square 
inch, 45 minutes. Maximum load, 22 tons per square inch. 
Elongation, 15 per cent. Maximum stress, 22 toms per square 
inch. 

Observed Rate of Creep. 


At 14 tons per square inch 0-0000342 in. per hour. 
oy we) 0-00 


” ” Bt ” 


” 0-006 » 
a 0-06 


ee) 
see Be ,, Increasing to 
0-182 in. and then fracture. 
3rd Specimen. 

Temperature, 500 deg. ©. Total time under load, about 250 
hours. Maximum load, 34 tons per square inch. 


Observed Rate of Creep. 


At 5 tons per square inch, nil. 
», 10 ” ” 
11-14 ,, ; rn 
14 ; as for 18 hours nil. 
16 9 ” 34 5, 3s 
18 - ty ae 0-0001 in. per hour. 
», 19 9 ” 318, 0-00013 ,,  ;, 
Shut down for 2 days. 
Observed Rate of Creep. 
For 20 tons per square inch for 234 hours 0:00015 in, per hour, 
» 22,4, ” » 16¢ ,, 0-000178 ,, ” 
F ” » 4% 4, 0°00024 ,, ” 
5 9 Ay Loe 53 (OF 000255.8755 be 
” Pe Oe OC O00G ” 
” ” ay thd », 09°000604 _,, , 
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Furnace left on during week-end, specimen was found broken 
on arriving Monday morning. 


0:14 Per CENT. CARBON STEEL. 


1st Specimen. 

Temperature, 500 deg. ©. Total time under load, 49 hours. 
Elongation, 20 per cent. Reduction in area, 64 per cent. 
Maximum stress, 25:3 tons per square inch. 


Observed Rate of Creep. 


At 2 tons per square inch, nil. 
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2nd Specimen. 

Temperature, 400 deg. C. ‘Total time under load, 98 hours. 
Elongation, 22 per cent. Reduction in area, 65-5 per cent. 
Maximum stress, 31-2 tons per square inch. 


Observed Rate of Creep, 


At 4 tons per square inch 0:00009 in, per hour to nil, 
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0:32 PeR CENT. CARBON STEFL. 


Temperature, 500 deg. C. Total time under load, 52 hours. 
Elongation, 20 per cent. Reduction in area, 64 per cent. 
Maximum stress, 25-3 tons per square inch. 


Observed Rate of Creep. 


At 2-6 tons per square inch, no creep. 
ee 9 © 0-002 in. down to 0-0002 in. 
per hour. 
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Significance of these Results—The importance of 
these results in connection with vessels under pressure 
at high temperatures will be apparent. A mild steel 
at 400 deg. C. will be perfectly safe up to 14 tons 
per square inch, but if the temperature is maintained 
at 500 deg. C. the failing stress with time is less than 
4 tons per square inch. At 6 tons per square inch it 
would take very many days before the creep was 
sufficient to cause serious trouble. The importance 
of preventing the temperature rising 25 per cent, is 
much greater than the stress rising by the same per- 
centage. 


TABLE VII.—Showing the Stress, at Various Tem- 
peratures, Above which Creep is Continuous. 


Temperature. Stress. Remarks. 


0-14 per cent, Carbon Steel. 


deg. C Tons per sq. in. 
230 33 a 
350 28 No creep during 40 hours 
at 27 tons per sq. in. 
400 14 = 
500 4 = 
600 1 = 
0-32 per cent. Carbon Steel. 
350 3 — 
400 18 — 
500 6 = 
600 2 — 
0-45 per cent. Carbon Steel. 
400 25 to 30 — 
500 9 —- 
600 3 == 
700 1 — 
0-75 per cent. Carbon Steel. 
400 30 = 
500 16 = 
600 6 -- 
700 2 — 


Special alloy steels containing 
25 per cent. nickel and a fairly 
large percentage of chromium. 

500 uu 


8 to 20 — 
600 16 
700 9 to 11 — 
800 6 


Plotting the Results obtained from Ploitings of Tension 


BG ie oN" 
Tests.—A parabola of the form ie 1— (5) 5 


0 

which it is suggested by Sutherland that T should be 
the melting temperature of the metal, 9 the tempera- 
ture of the test, and E, the modulus at absolute zero, 
can be made to fit the experiments with a fair degree 
of accuracy. Our experiments indicate that the 
temperature T lies somewhere between 1,200 deg. C. 
ann 1,600 deg. C. The value of E) varies between 
13,500 and 14,000 tons per square inch for these steels, 
but it may be lower for steels cold worked and heat 
treated in certain ways. The serious difficulty about 
obtaining a correct law for the variation of the modulus 
E, partly arises from the fact that steel is a variable 
material, according to the temperature at which it is 
tested. 

The elastic properties depend also upon the method 
of arriving at any given temperature. In the 
limit, at zero stress, the value of the modulus of 
elasticity may become zero only when the material 
becomes fluid or is melted. The experiments on 
creep and viscosity distinctly indicate that at each 
temperature there is some limiting stress at which 
there is “solidity,” and T is the temperature at 
which “‘ solidity’ in this sense entirely breaks down. 

The Effect of Repetition Stress on Materials at High 
Temperatures.—lf the material is subjected to rapid 
fluctuations of stress first in tension and then in com- 
pression, mild steel and alloy steels are capable of 
resisting very high ranges of stress for verv many 
millions of repetitions without fracture. For example, 
a specimen of 0-06 carbon steel at 400 deg. C. indicated 
a distinct limit of proportionality at not more than 
6 tons per square inch. At 16 tons per square inch a 
very large amount of permanent set was produced 
in the material. At 390 deg. C., however, a specimen 
subjected to repetition stress withstood over 14 million 
repetitions at a range of stress of 31-2 tons (+ 15:6), 
and afterwards stood many more millions of repetitions 
for a range of stress equal to 36-5 tons per square 
inch without fracture, and even at a temperature 
of 530 deg. C. the specimen withstood many millions 
of repetitions with a range of stress of 15 tons per 
square inch. A number of results are given in 
Table VIII. 

As other interesting examples, the results obtained 
from specimens of 0:32 carbon steel at a temperature 
of 479 deg. C., subject to repetition stress in one 
direction with a mean stress of 15 tons per square inch 
and a range of stress of 23-0 tons per square inch may 
be considered. One specimen ran 694,000 repetitions 
with an elongation only of 14 thousandths of an inch 
before fracture. An alloy steel specimen of the 


in 


com position— 
C. Lie ein. 5. Pa NL. Cr. 
0-3 0-17 0:4 0:02 0:02 3:6 0:6 per cent. 


ran 12,392,000 reversals before fracture with an 
elongation of 8 thousandths of an inch and a range of 
stress of 40 tons per’square inch, 10 tons compression, 
and 30 tons tension at a temperature of 480 deg. C. The 
tests, when the stress is always in one direction, are 
of the greatest interest. If the stress is above a certain 
range, the specimen creeps in the machine and con- 
tinuously elongates, but if the range of stress is below 
a certain amount the creep does not increase 
indefinitely. 

In the case of the repetition stresses, they are being 


Taste VIII.—K 4 Steel. 
| 


Speci- Half 
men Temp. | Stress | Reversals. Remarks. 
No. Range. 
MCh Tons per 
sq. in. 
1 510-9 |422-01 106,000 | Stopped 21 hrs. 
—_— +22-49 | 2,902,000 | Broke. 
2 625 +21-28 36,000 | Broke. 
3 566 +19-95 | 2,536,000 | Stopped 2 mins. 
— — 4,054,000 | Broke. 
6,590,000 | Total. 
— +20-:46 | 1,668,000 | Broke. 
4 728:2 |+20-1 108,000 | Broke. 
5 724-6 |4+17-76 | 1,241,000 | Broke. 
6 727-1 |418°3 3,675,000 | Broke, Stopped several 
times for 2 mins. 
7 729-5 |422-85 38,000 | Broke. 
8 294 +23-29 20,000 | Broke. 
9 290-2 |+19-96 | 2,840,000 | Stopped 2 hrs. 10 mins. 
— — 5,742,000 | Broke. j 
9,602,000 | Total. 
10 301°1 +20°63 692,000 | Broke. 
11 291°6 |+20-39 | 1,145,000 | Stopped 12 mins, 
= — 1,827,000 | Broke. 
2,972,000 | Total. 
12 542 +20-:01 | 1,790,000 | Broke. 
13 637-5 1419-2 2,302,000 | Broke. 
14 538-6 |+19-76 | 1,761,000 | Stopped 2 hrs, 42 mins, 
—_— —- 1,376,000 | Broke. 
3,137,000 | Total. 
By 761 +19-05 22,000 | Broke. 
16 136-5 |+20°95 518,000 | Stopped 10 mins. 
-— — 928,000 | Broke. 
1,446,000 | Total. 
aly) 768 +17°6 i 1,112,000 | Broke. 
18 775-2 |+418-22 425,000 | Broke. 
19 771°5 |+417-02 | 1,397,000 | Broke. Stopped 2 mins. 
several times. 
20 869-3 | 413-6 708,000 | Broke. Stopped 2 mins, 
a number of times. 
Fig .23 . IMPACT MACHINE (BRINELL). 
4 Scale%. 
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made at the rate of 2,000 cycles per minute, and there 
is therefore no time, especially when the stress is 
reversed, for the creep phenomena to operate in any 
marked degree. 

Hardness of Metals at High Temperatures.—The 
methods used in the author’s experiments consisted of 
(1) Static tests with a Brinell bal! at 10 mm. diameter. 
(2) A dynamic test by means of the apparatus illus- 
trated in Fig. 23, in which a Brinell ball is connected 
to the hammer H. This hammer is connected to a 
slider S which moves between the two vertical columns 
C. In order to diminish friction to a minimum V- 
groove. pulleys, P, are centred on the slider S. B can 
be fixed in any suitable position along the column C. 
A small plunger p is pressed out from B under the 
spring g. The small end of the plunger enters the 
hole / on the slider S. On tapping the lever L, the 
slider 8 is immediately released. 

The specimen consists of a small cylinder located 
by the anvil A at the bottom of the furnace shown in the 
figure. This anvil can be insulated if needs be by a 
hard insulating material from the base of the apparatus. 
The furnace consists of a steel tube T wound with 


DEc. 19, 1924.] 


ENGINEERING. 


845 


ni-chrome wire insulated with slag wool. A small 
tube is inserted through the insulating material, so 
that a thermo-couple can be introduced to touch the 
specimen. The specimen being brought to any tem- 
perature, the slider is allowed to drop from any suit- 
able height, and, after the blow, is immediately with- 
drawn. The height of rebound can be observed. A 
special pair of tongs is used to draw out the specimen, 
or in the case of steel specimens a magnet can be used. 
The diameter of the indentation has been measured in 
the ordinary way. 

Static Tests.—A series of static tests on various metals 
were carried out with loads varying from 200 to 3,000 
kg. Plotting area of indentation against load in kilo- 
grams, nickel-chrome steel, 0-65 carbon steel, and dura- 
lumin, for example, gave straight lines; the curve for 
delta metal consisted of two straight lines; the in- 
clination of the lines to the axis of load for steel speci- 
mens was very much smaller than those for duralumin. 
Plotting load against the Brinell No. ““ H”’ the points 
lay about curves, which were very nearly straight 
for loads above 1,500 kg. Static hardnesses were 
now taken at varying temperatures. These are shown 
in Fig. 24. 


Fig. 0. 


DYNAMIC HARDNESS. 
VARYING TEMPERATURES. 
ALLOY STEELS. 


Martel, Hardness Number. 


Dynamic Tests—Dynamic tests were made for | 


various heights of fall, or in other words, for varying | 


energy of blow using an impact blow. Martel has 
suggested that the hardness number is the work 
required to produce unit volume of indentation. This 
gives a different hardness number from that produced 
by the method of Brinell, In order to determine some 
relationship between the impact instrument and the 
static method of Brinell, a series of tests were performed 
at normal temperatures on various materials including 
carbon and nickel-chrome steels, ‘“‘ Armco” iron 
phosphor-bronze, gun-metal, brass, delta metal, 
duralumin. Brinell 
a Johnson standard machine. In the impact machine 
for these tests a blow of 0-716 kg. was used. The 
results are shown in Table IX. Comparative results at 
other blows have been determined. Plotting the log. 
Brinell number against log. of diameter, the points 
lie approximately about a straight line having the 
equation H= 5,706 d — 2-93. Plotting the diameter 
of the impact against the Brinell diameter, the points 
lie approximately about a straight line. Varying the 
energy of impact and plotting energy of blow against 
diameter of indentation, a series of curves were obtained 
of the form 
d = CE", 
d diameter of impact, 

energy of impact. 
For the duralumin C = 4-88 and 7 = 0-286, 
the delta metal C = 4:25 and n = 0-343, 

> °K2 steel. C = 3:42 and n = 0-376. 

The hardness numbers as obtained from the energy 
of the blow are plotted in Fig. 24. It will be seen that 
the curves are similar in form to the Brinell number 
curves of the same Fig.; but the maximum hardness 
occurs at a lower temperature and at a lower tempera- 
ture than the maximum tensile strength. 

This very brief account of the hardness results has 
been added to show that up to a temperature of 500 deg. 
C., the hardness curves, whether obtained statically or 
dynamically, give indications of the tensile strengths 
as obtained in the ordinary way, but they do not give 
indications of the temperature-viscosity stresses, neither 
do they give any indication of the form of the curve 
for repetition ranges of equal plus and minus values. 

Summary.—The results obtained show that for 
each of the steels tested there is at each temperature 
a stress which, if exceeded, will cause continuous 
creep. For vessels or elements of machines that are 
subjected to stress in one direction, this “ creep” 
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numbers were first obtained in | 


stress is the stress with which the working stress should 
be compared to obtain the factor of safety.* For a 
steel containing 0-14 per cent. carbon, the creep 
stress is slightly higher than at ordinary tempera- 
tures. As long as the temperature of working is below 
300 deg. C. the factor of safety is not very different 
from the usual value, obtained by dividing the break- 
ing strength cf the steel by the working stress. At 
a temperature of 400 deg. C., for a working stress of 
6 tons per square inch, the ratio of “creep” stress 
to working stress is only 2-33. A vessel would with- 
stand a pressure producing a stress of 14 tons per square 
inch for a very long time without fracture. At a 
temperature of 500 deg. C. the “creep” stress is 
reduced to 4 tons per square inch, and thus the factor 
of safety, if sufficient time is allowed and the working 
stress is maintained at 6 tons per square inch, has become 
less than unity. An increase of 25 per cent. in the 
working stress at 400 deg. C. (673 deg. C. abs.) will 
only diminish the factor of safety from 2-33 to 1-93 
whereas an increase in the temperature of 15 per cent., 
reckoned on a basis of absclute temperature, while 
keeping the pressure constant, diminishes the factor 
of safety from 2-33 to less than unity. 
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Taste IX.—Comparison of Static and Dynamic 
Hardness. 


Energy of Blow = 0-716 kgm.-metre. 


Static Load = 3,000 kg. 

d = Diam. 

Brinell of Dynamic 

Metal. No. H. Log. H. Indentation. 

og. 
Brass .. Ad 126 PA 0-563 
Muntz Metal .. 107 2-029 0:602 
Delta 107 2-029 0-602 
Gun-metal eC 95 1-978 0-624 
Phos, Bronze .. 116 2-064 0-591 
34 te Be 112 2-049 0-580 
“Armco ”’ Tron 99 1-996 0-591 
K1 A 4 207 2°316 0:477 
K2 aa 255 2+407 0-470 
K3 a 217 2+336 0-491 
K4 i = aaa —_ 

K5 AG 212 2-326 0-491 
Dural, A 217 2-336 0-462 
2.0 OB 217 2-336 0-477 
SKS. 179 2-253 0-519 
Mild Steel 179 2-253 0-505 


The control of temperature, when materials are 
subjected to temperatures of more than, say, 350 deg. C. 
is thus more important than the control of pressure. 
For high-pressure boilers and superheaters, of mild 
steel, the factor of safety for temperatures of 800 deg. 
F. (427 deg. C.), for a continuously applied stress of 
6 tons per square inch is only about two, but this is 
clearly ample provided the temperature is not exceeded. 

The effect of temperatures below normal temperatures 
down to — 80 deg. C., is clearly not important as far 
as tensile strength is concerned. Tests are required, 
however, on the effect of low temperatures cn impact 
values. 

The results of the tests on materials at high tem- 
eratures, subject to repetition stresses, show that 
of rapidly repeated stresses of 
magnitudes far greater than the creep stress can be 
applied without risk of fracture. These results throw 
important light on the possibility of materials heating 
after slipping, and indicate that viscosity plays an 
important part in the behaviour of materials subject 
to rapid repetitions of stress at high temperatures. If 


Pp 
very many millions 


* The term is used in the usual way as the ratio of the 
direct stress to the direct working stress. 


the fluctuations of stress are small and the stress is 
always in one direction the conditions approximate 
more and more to the statical condition, and further, 
if the time of application in one direction is not very 
small the time factor becomes of great importance 
and failure may occur. 


AUTOMATIC AND SEMI - AUTOMATIC 
MERCURY VAPOUR RECTIFIER SUB- 
STATIONS.* 


By G. Rocrrs, A.M.I.E.E. 
(Concluded from page 784.) 


Automatic Booster Rectifier Substation for Feeding into 
Existing D.C. Networks.—Many supply undertakings 
are now finding their existing direct-current feeders 
from the generating stations and rotary substations 
overloaded on the peak. Many of these feeders have 
been run out to considerable distances, with the result 
that when loaded up there is a big drop in voltage, 
necessitating the use of special boosters. The use of 
boosters is very inefficient, and to deal satisfactorily 
with large currents and big voltage-drops involves 
boosters which are very expensive pieces of apparatus. 
To deal with the load, it becomes necessary either to 
lay new feeders or to build and equip new substations. 
One method of solving this problem was described in a 
papert read before the Institution by Mr. P. J. Robin- 
son, of Liverpool. This method was to instal auto- 
matic rotary converter substations feeding direct into 
the net work at points of low pressure, and so to relieve 
overloaded feeders. 

It was necessary to relieve the load on four existing 
low-tension feeders in the Central City district, and 
an examination of the estimated cost of three possible 
methods of dealing with the problem of overloaded 
feeders and bad pressures showed a considerable saving 
in favour of the mercury-vapour rectifier equipment. 
It was decided to erect four small substations, each 
equipped with mercury-vapour rectifiers, having a 
capacity of 276 kw. (that is, 600 amperes at 460 volts), 
feeding across the outers only, at a point in the network 
suitable for relieving the overloaded feeders and for 
improving the voltage. Each unit is made up of 
four 150-ampere bulbs (two per transformer) connected 
in parallel. In each case the overloaded feeder was 
1 sq. in. in cross-section, and the rectifier substation 
was therefore capable of taking up approximately 
half-load on the peak. The plant in each of these 
substations is designed to be entirely automatic in 
its operation. 

Fig. 8 shows the main connections and the protective 

gear provided for each 276 kw. unit. The e.h.t. 
supply to each transformer is controlled by means of 
a hand-operated oil switch provided with overload 
coils in each phase. These switches are normally 
left closed. The supply to the pair of transformers is 
controlled by an electrically-operated oil switch, also 
provided with overload protection. The direct-current 
circuit breaker is provided with overload protection 
and recloses after a definite time interval when the 
overload condition is removed. 
The method of starting up and shutting down the 
set as required is comparatively simple, and follows 
the practice adopted for automatic rotary converters. 
It is, however, much simpler and requires a much 
smaller number of relays. The diagram of connections 
is shown in Fig. 9. 

The figure shows (1) A master relay energised from 
a potential transformer across the high-tension supply 
which allows the following sequence of operations to 
take place only if the alternating-current supply is 
normal. When the alternating-current supply is 
normal, contacts (1a) are open. When closed the 
operation of relay (2) is prevented. 

(2) A voltage relay which opens contact (2a) when 
the voltage across the direct-current feeder falls to 
a predetermined value. The opening of contact (2a) 
de-energises (3) a time-delay by inserting the high 
resistance (3a) in the relay coil. The contacts (3b) 
now close after a time interval (adjustable up to 
5 minutes) which energises (4) a contactor solenoid, 
causing the contact (4a) to close, which in turn closes 
the main oil switch supplying the transformer by 
energising (5) the closing coil of the oil switch. 

(6) An auxiliary switch which closes when the oil 
switch closes and which short-circuits the resistance 
(3a), again energising the time-delay (3). The contacts 
(36) open and the contactor (4) is de-energised, opening 
the closing coil circuit. The transformer or trans- 
formers supplying the rectifier bulbs are now charged 
and the bulbs will tilt and strike the are by the 
operation of the starting relays. 

As soon as the excitation arc has been struck in all 
bulbs, the contacts (7) close. These contacts (one 


* Abstract of paper read before the Institution of 
Electrical Engineers in London, on November 20. 
+ Journal I.E.E., 1923, vol. lxi, page 417. 
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for each bulb) are in series, and can be short-circuited 
by means of a switch in order that one or more bulbs 
can be cut out if not required. 
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self-contained. Its function is to parallel the rectifier 
bulbs to the direct-current feeder supply. It is in 
the positive pole, the negative pole of the rectifier 


being connected to the 
feeder negative through a 
knife switch and fuse. Its 
operation is as follows :— 
The controlling coil (9), 
when energised, closes con- 


NO 2 set 


tacts (9a). This short cir- 


550 volts. The Selly Oak end of the existing route 
was about 23 miles from the nearest manually-operated 
rotary sub-station, and it was from this sub-station 
that the existing route received its supply. 

Very heavy traffic was to be expected on this route at 
holiday times and at week-ends during the summer, and 
it was necessary to provide plant and feeder cables 
capable of dealing with a half-minute service of cars. 
In addition to this holiday load, however, which would 
occur on only a comparatively few days in the year, 
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(8) A solenoid relay is now energised and the contacts 
(8a) close, which in turn energise (9) the controlling 
coil of the auto-reclose circuit breaker. This circuit 
breaker is an Igranic reclose circuit breaker which is 


operating coil (10) which closes the circuit breaker (11). 
The closing of the circuit breaker opens contacts (10a) 
and (106), which de-energise the controlling coil (9) and 
the relay (8) respectively. 

The operating coil of the breaker is also interlocked 
through contacts (6a) with the high-tension oil switch. 

The voltage relay now comes into operation and 
adjusts the rectifier voltage to the particular setting of 
the relay. (The connections of the voltage regulator 
are shown in Fig. 7.) 

A further relay (12), a maximum-current relay, 
comes into operation when the full load is exceeded, 
and operates to lower the voltage. 

The direct-current circuit breaker is set to operate 
on overload, reclosing after a definite time interval 
provided that the excessive overload conditions are 
removed. 

When shutting down and when the load falls to a 
predetermined value, relay (13), a minimum-current 
relay operated from a shunt in the feeder circuit, opens 
its contacts (13a) and de-energises (14) a time-delay 
relay by inserting resistance (14a) in the coil circuit. 

After a definite time interval, contacts (14b) close and 
energise (15) the trip coil, which causes the main high- 
tension oil switch to open. 

The auxiliary switch (6a) opens when the oil switch 
opens and causes the direct-current circuit breaker to 
open. 

YMs0 the opening of the direct-current circuit breaker 
closes the auxiliary contacts (lla), resetting the time- 
delay relay (14) by short-circuiting the resistance (14a). 

The rectifier is now disconnected from the high- 
tension busbars, and the direct-current positive circuit 
breaker is disconnected from the direct-current feeder, 
and the set will start up again when the direct-current 
voltage of the feeder falls low enough to operate the 
low-voltage relay (2), subject to the alternating-current 
pressure being normal. 

A typical load and voltage curve over a period of two 
days is shown in Fig. 10. 

Semi-Automatic Traction Sub-Stations.—An extension 
to the Selly Oak Overhead tramway route from Selly 
Oak to Rednal and Rubery, a distance of approximately 
5 miles (see Fig. 2), had to be supplied with current at 


Outgoing DC. 
feeders 
existing net work 


DIAGRAM OF CONNECTIONS FOR AUTOMATIC CONTROL OF 
OnE 276-Kw. 


Two-WIRE RECTIFIER SET. 
a Miles 


1%, 


eo 
(a) 


‘oral . 
4 MPI ada rao 
D.C.Feeder arrangement One substation 


1% 


(6) 


SP FP: EPR EP 
Rednal—{}--EF-- 


YY el ee at sles 
D.C,Feeder arrangement Two substations 


i 


: ge 
4 Longbridge[_] Northtie 
Rubery > 
oe 


Ito Tal 


8825.) oy eT 


Fic. 11. D.C. Feeder Arrangement. Final. 


Three Sub-stations. 


there was a certain amount of rush traffic at certain 
times of the day. It will be clear, therefore, that for 
the greater part of the day and year a big proportion of 
the plant necessary to deal with the rush traffic would 
be idle. 

It was obviously impracticable to supply the new 
route by means of new feeders run out from the existing 
sub-station, owing to the high cost involved. To build 
and equip a new manually-operated rotary sub-station 
somewhere on the new route would also have been 
prohibitive in capital and running costs. It was clearly 
a problem which admitted of only one solution, namely, 
automatic or semi-automatic plant which would require 
the minimum of labour and running charges. 

After much consideration and comparison of the costs 
of various types of plant, it was decided to put down’ 
ultimately three sub-stations, one at Selly Oak, one at 
Northfield, and one at Longbridge. Each of these 
sub-stations has plant installed of a total capacity of 
660 kw., making a total of 1,980 kw. for the three sub- 
stations. 

Fig. 11 (a) shows the feeding arrangements when the 
Northfield sub-station was put in service. Fig. 11 (b) 
shows the second position when the Selly Oak sub- 
station was put into service, and Fig. 11 (c) shows the 
complete scheme with the three sub-stations and the 
feeder arrangements from each sub-station. It will be 
seen that the negative return feeder is connected to the 
rails immediately outside the sub-station in each case. 
This arrangement enabled the cost of the direct-current 
traction feeder system and also the rail voltage drops 
to be kept to a minimum, without undue expenditure on 
negative feeders. 

The plant decided upon was the mercury-are rectifier 


of the glass-bulb type. Each sub-station is equipped 
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with eight rectifier bulbs, each giving 150 amperes at 
550 volts. Each pair of these is supplied from one 
transformer, making use of the six phases of star-wound 
three-phase secondary windings. The complete unit 
of 660 kw. capacity consists of four transformers, each 
supplying two bulbsin parallel. This arrangement gives 
great flexibility, since it is possible to run with any 
In the event of one 
transformer breaking down there is till 75 per cent. of 
the plant available for service. 

The high-tension supply to the sub-stations is 25- 
period, three-phase, at 5,000 volts. The high-tension 
switchgear used is the same type as that used in the 
three-wire lighting stations. 
into a common positive busbar through Igranic reclose 
circuit breakers. The positive busbar is connected to 
the control panel for the low-tension traction feeders 
by means of cable. Each low-tension traction feeder 
is controlled by means of an Igranic reclose circuit 
breaker through a disconnecting switch of the knife 
pattern and a choking coil. This arrangement of 
control is shown in Fig. 12. 

The control of this sub-station is only semi-automatic, 
it being the practice to leave the necessary number of 
sets running to supply the ordinary load and to switch 
in additional sets when required for extra load. The 
transformers are protected by means of series overload 
coils in the high-tension switchgear. Further pro- 
tection for the transformers is obtained by means of a 
leakage relay placed in the earth circuit of the trans- 
former. A small leakage of 2-3 amperes to earth from 
the transformer windings is sufficient to open the main 
oil switch. 

The series overload coils are fitted with a time lag, 
which is so adjusted that in the event of any trouble on 
the direct-current side of the plant the low-tension 
switches would have a chance of operating first. 

The low-tension secondary connections from the 
transformers to the rectifiers pass through special three- 
phase oil circuit breakers, also fitted with a time lag. 
The direct-current Igranic circuit breaker in each 
rectifier gives further automatic protection in that it is 
designed to operate on overload and will reclose when 
the overload condition has been removed. 

The main automatic features, however, are on the 
outgoing feeders themselves. The circuit breakers 
controlling these feeders are arranged to open instantly 
on a predetermined overload and will reclose after a 
definite time interval, providing that the overload con- 
ditions have been removed. These switches act 
perfectly and operate on overload or external short 
circuit before any of the other protecting gear in circuit 
with the supply can operate. In the event of an over- 
head wire breaking down, the circuit breaker controlling 
the supply to that particular section will open and will 
not close again until the “earth” has been removed. 
Instantly the wire has been removed from the ground, 
the circuit breaker closes and the overhead wire is again 
made alive. Special instructions in this connection 
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have been issued to the Tramway Department for the 
protection of their men. 

In the event of a failure of the high-tension supply 
pressure, no switches will operate in the sub-station 
except the low-tension feeder and rectifier control 
switches if the station is isolated from any other supply, 
and when the high-tension supply is restored the sets 
will automatically be started up and the supply restored 
to the direct-current feeders. This arrangement has up 
to the present worked perfectly satisfactorily, and every 
part has functioned correctly. 

The power factor and efficiency of the traction 
rectifiers are shown in Fig. 5 (c). It will be seen that 
the efficiencies obtained are comparable with the 
efficiencies of rotary converters. 

Sites and Buildings.—It is not a very difficult matter 
to obtain a suitable site for a comparatively small 
building on the outskirts of a city. Land belonging 
to the public authorities should first be exploited for 
possible sites; quite a fair percentage of the sub- 
stations in Birmingham are erected on Corporation 
property belonging to other departments. Some are 
erected in the school playgrounds, and others in the 
grounds belonging to the Water Department. Failing 
a suitable site to be mutually arranged with other 
departments in this manner it is possible, owing to 
the absence of noise from plant of this type, to buy 
or lease a small site, particularly when an area is 
being developed for building purposes. 

Tn the city itself, however, a suitable site is often 
very difficult to obtain, and it may be necessary to 
adapt an old building or to build on an irrecular-shaped 
site for the purpose of housing the rectifier plant. 
Some ingenuity and patience has to be exercised 
in this respect. The principal requirements of a 
site are suitability of access for plant and cable 
ways. 

In designing buildings for this particular class of 
work, it must be borne in mind that simplicity, 
cheapness and freedom from fire risks must be the 
principal factors. There will be no attendants in 
these stations, and it is not necessary to have any 
idle floor space in the building. The plant does not 
require any lifting tackle, the transformers being 
mounted on wheels. 

In most cases the question of appearance of the 
building and its relation to surrounding property in 
residential areas has to be considered. Many of the 
substations described in the paper had to be specially 
designed from an architectural standpoint to suit the 
wishes of the owners of surrounding property, and 
of course, in every case to satisfy the city surveyor. 
Further, the bye-laws relating to buildings have to be 
observed, and it is therefore wise to put the design 
of new buildings of this kind in the hands of a good 
architect who will arrange to satisfy the many interested 
parties. ; 

: The peculiar light from the bulbs, and the flicker 
due to the rotating arc, make it advisable to prevent 


any direct light from the substation being seen 
outside. One way of doing this is to provide V-shaped 
louvres in the walls of the substation. 

A suitable cable trench to bring in the necessary 
cables and suitable drainage from the roof for storm 
water must be provided. 

Usually, a single-floor building is most suitable, but 
where the ground space available is small, a two-storey 
building can be readily adapted for this purpose, the 
transformers being placed on the ground floor, and the 
rectifiers and switchgear on the first floor. 

Conclusion.—The author makes no claim that the 
type of rectifier substation described in this paper is 
complete or in final form, but takes the view that in 
each case an attempt has been made, with some 
success, to develop and use new plant for special ~ 
purposes, to the end of reducing costs of develop- 
ment. 

Attempts have been made to discriminate in each 
case the automatic features essential for the successful 
operation of the gear. It is possible to carry auto- 
matic control to almost any extent of completeness, 
but this only adds to the complexity of the switchgear 
and also increases the cost. 

The author would like to express his indebtedness 
to Mr. R. A. Chattock, the city electrical engineer, 
for his kind permission to publish the information 
contained herein, and to his assistants, Mr. Thurman 
and Mr. Deeming, for their help in preparing the 
various diagrams included in the paper. 


BROWETT-LINDLEY 150-H.P. FOUR- 
CYLINDER VERTICAL GAS ENGINE. 


As an example of a gas engine working on the 
four-stroke cycle, which is of the enclosed vertical 
type and has a well-designed lubrication system, 
we illustrate on this page and on page 848 a four- 
cylinder engine made by Messrs. Browett, Lindley 
and Co., Limited, of Sandon Works, Patricroft, 
Manchester. This firm has had considerable experience 
in meeting the requirements of gas engine users, for 
they have designed and built engines for direct coupling 
to electric generators since the earliest days of the 
electrical industry. In Fig. 1 the engine is shown 
directly coupled to an electrical generator of 100 kw. 
capacity made by the Lancashire Dynamo and Motor 
Company, Limited. Though this is a common service 
to which these engines are put. they are also built 
for driving centrifugal and plunger pumps and air 
compressors, and as the source of power for the 
machines in workshops. 

This gas engine was designed to give 150 brake 
horse-power, and runs at a speed of 428 r.p.m. 
The cylinders have a diameter of 12 in. with a stroke 
of 11 in. ‘It is built on a substantial cast-iron bed 
constructed on the double-girder system, and pro- 
viding support for the four bearings of the crankshaft. 
On top of the bed there is bolted a frame, which 
forms the support for the cylinders, and is provided 
on both sides with doors of ample size to ensure 
freedom of access to the working parts. As the base 
and frame are divided near the crankshaft centre line, 
it is possible to lift the crankshaft out vertically. 
This is an advantage where engine-room space is a 
serious consideration, as it is necessary, when engines 
are arranged so that the shaft must be taken out 
horizontally, to provide additional space for the 
purpose. The cylinders are cast with their water 
jackets, and are fitted with loose joint rings to relieve 
any possible strains due to temperature actions. 
Cleaning holes are available in the walls of the jackets 
to permit access to every part. When the joints are 
made in the process of assembly of these engines 
a water pressure of 100 Ib. per square inch is used 
to test the jackets. 

After the pistons of this engine are rough turned 
they are annealed to relieve all strains, and are then 
finished to size by grinding. For the connecting rods 
mild steel forgings are. used, and these have the small 
end of eye-form, with a phosphor bronze bush, and 
a big end of the marine type, with gun-metal bushes 
lined with white metal. The crankshaft is of Siemens- 
Martin forged steel, with the throws cut from a solid 
block. It is increased in diameter and given a long 
bearing support near the flywheel and the coupling 
flange is forged solid with it. 

At the side of each cylinder casting, provision is made 
for the accommodation of the valves. The exhaust 
valve is made of chilled cast iron, but the inlet one has 
a steel spindle, which is first screwed into a cast-iron 
head and then riveted over. The inlet valve is located 
above the exhaust one and is housed in a removable 
box and guided by a piston type of collar. When the 
inlet valve is withdrawn sufficient clearance is available 
for the remoyal of the lower valve for inspection or 
cleaning. For the operation of the valves, motion is 
taken from case-hardened steel cams on a shaft 
enclosed within the frame of the engine. By means 
of hardened rollers, fitted in guides of the piston type, 
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supply g1 and the air or gas under pressure supply g2 are clearly 
shown in Fig. 2 as is also the vertical orifice h2 leading air or gas 
under pressure from the supply-pipe hereafter referred to. 
Extending across the base y, and at right angles to the conical 
passage yl, is the inlet leading from any external source of 
air or gas under pressure ; the unwanted length of the passage 
being plugged by a screw Al. h2 is the vertical orifice from 
the inlet # in the base piece y, and into which leads the end of 


“ ENGINEERING ” ILLUSTRATED PATENT 


RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 


in each case; where none is mentioned the Specification is not 
illustrated. ; 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies - Specifications may be obtained at the Patent Office, Sales 

sanch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘* Sealed” is appended. 

ey person ‘may, at any time within two months from the date of 

advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


221,024. Ride, & Bell Limited, Misterton, and G., Bell, 
Retford. Apparatus for Removing Coke from Retorts. 
(7 Figs.) June 15, 1923.—The invention relates to apparatus 
for removing coke from a battery of super-imposed series of 
retorts. A frame 1 is mounted on wheels 2 running on rails 3 
disposed parallel to the battery of retorts. An endless band 
conveyor 4 for transporting live coke is carried around drums 5 
and 6 mounted in a framework 7. This conveyor framework 
7 comprises guide walls at the sides of the upper surface 
of the conveyor, as seen clearly in Fig. 2. The end of the 
framework 7, which is adjacent to the retort mouthpieces 8, is 
guided in a substantially vertical path |by means of rollers 
mounted on the framework and engaging guides 10 provided 
by vertical members of the frame 1. This end of the framework 
7 is supported by a chain 11 passing over pulleys 12 and 


the air or gas under pressure pipe 3, which joins the fuel{pipe 
at A4 (see Fig. 1). j is the inlet pipe through which the hot 
gases pass into and through the usual conical diffuser or 
atomizer-vaporiser j1, which diffuser is arranged within the 
connection to the engine. j2 is a subsidiary pipe leading from 
the diffuser to a jacket j3 arranged around the fuel supply pipe 
e for the purpose of warming the pipe, when desired, and j4 
are perforations in the jacket to allow of the escape of gas. 
(Accepted September 10, 1924.) 


221,157. <A. H. Moss, Misterton. Internal-Combustion 
Engines, (4 Figs.) March 3, 1924.—The invention relates to 
devices for admitting an auxiliary supply of air to the fuel mix- 
ture in the induction pipe leading from the carburettor to the 
cylinder of an internal combustion engine. The device comprises 
a body 1 having a boring 2 adapted to form part of the induction 
passage leading from the carburettor to the cylinder of an internal 
combustion engine. The body 1 comforms in outline to the 
flanges by which the induction pipe is bolted to the carburettor 
and is intended to be fitted in place between these parts by mean 
of bolt holes 3. The body 1 is formed with a recess 4 entirely 
surrounding the part of the induction passage constituted by the 
boring 2, the recess 4 thus forming an enlargement of the induc- 
tion passage from which it is separated by a partition 5 having 
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jet-producing apertures, as shown more clearly in Fig. 3, for 
causing a fine sub-division of the air flowing through it. If 
desired, the partition 5 may be in the form of fine wire gauze or 
it may be in two parts separated by a sufficiently narrow space 
to produce a jetlike or spraying action on the air passing from 
the recess 4 into the part of the induction passage represented by 
the boring 2. The recess 4 is continued at 6 to an opening 7 to 
the atmosphere and this opening 7 is controlled by a valve 8, 
which is preferably spring-controlled as indicated at 9 and is 
conveniently contained in a casing 10 having air inlets 11 
protected by wire gauze 12. The valve 8 is normally closed by 
its spring 9 and is controlled by hand from the driver’s seat by 
means of a Bowden wire 13. The casing 10 may be integral with 
the body 1 or, as illustrated, may be a separate fitting screwed 
to the body. (Sealed.) 


LIFTING AND HAULING APPLIANCES. 


220,588. Thomas Smith and Sons (Rodley), Limited, 
Rodley, Leeds, and E. Fawcitt, Rodley, Leeds. Jib Cranes. 
(3 Figs.) April 15, 1924.—The invention relates to jib cranes 
fitted with separate drums, 7.e., one for hoisting the load and 


connected to a winding drum 13, whereby this ‘end’ of the 
framework may be lifted or lowered to the level of the retort 
mouthpiece from which it is desired to discharge coke. The 
other end of the conveyor framework 7 is suspended from 
the main frame 1 by means of links 14. The links are pivoted 
to the framework 7 co-axially with the rollers 6 at this end, 
the roller bearings 15 being extended to provide journals 
for the links 14. Thus the common axis of the rollers 6 and 
framework 7 is supported by the links 14, and is defined by the 
spindle of the rollers 6. The conveyor 4 is driven from a motor 
17 carried on the main frame 1, by chain gear, one of the chain 
wheels 18 of such gear being keyed to the spindle of the rollers 
6 carrying the conveyor, and another 19 is mounted co-axially 
with those pivots 20 of the links 14 which are carried by the 
main frame. (Sealed.) 


221,143. J. Thomas, Llanganoyd, near Bridgend, and 
W. Harding, London. Carburetting Apparatus. (4 Figs.) 
January 24, 1924.—The invention relates to carburetting ap- 
Sead and vaporizers for internal combustion engines. Accord- 

g to the invention, the apparatus is provided with a hand- 
operated tapered cock inserted in the base thereof and provided 
with two passages controlling, respectively, the admission of 
liquid fuel and air or gas under pressure, whether hot or cold, 
to a common nozzle for the purpose of imparting a greater 
velocity to the fuel jet and also for giving a quicker and a more 
thorough vaporization of the fuel issuing from the jet. @ is the 
carburettor casing ; b the main air inlet ; c the connection to the 
engine on the induction side; and d the conventional throttle 
valve; e¢ is the petrol supply pipe, and el the passage leading 
therefrom into the jet pipe ; f is the main petrol jet pipe and fl 
the jet nozzle which is detachable for purposes of cleansing or 
jet changing. In carrying out the invention, the base piece 
of the carburettor is provided with a horizontal conical passage 
yl in which there is arranged a hand-operated tapered cock g 
provided with two passages adapted to control, respectively, the 
fuel and the air or gas under pressure, the passage gi being 
that for the fuel supply and g2 that for the supply of the air or 
gas under pressure. The different relative positions of the fuel 


one for raising and lowering the jib. According to the invention, 
the rising and falling jib 1 is provided at its outer or free end 
with an extension member 8 sliding on it and carrying the hoist- 
ing rope pulley 9 and held up by means of a wire rope 10 


wound on to a drum or drums 11 driven by the luffing motion, 
the drum or drums 11 being so proportioned to the luffing drum 
or drums 4 as to cause the rope 10 to lower or raise the jib 
extension member 8 when raising or lowering the jib in such a 
manner as to ensure horizontal traverse of the load. (Sealed.) 


221,160. J. Hughes, Tonyrefail, and D. L. Thomas, 
Cardiff. Hoisting Devices. (1 Fig.) March 17, 1924,— 
The invention relates to movable hoisting devices and parti- 
cularly to devices of the type in which a vertical adjustable crane 
post is mounted on a vehicle and is adapted to rest on the ground 
for the purpose of obtaining stability. The tram a is provided 
with the ordinary draw-bar 6. A detachable bracket ¢ provided 
with a depending angle plate d and carrying a hand-operated 
winch e, is hung on one end of the tram a. The bracket ¢ is 
secured to the draw-bar b by a shackle f and a serew-threaded 
bolt g. To the other end of the tram is secured a tubular 
pillar # having a base j to rest on the ground and a flange 
*& at its upper end. ‘The pillar is secured to the upper part 
of the tram by a clamp J, an angle plate m being bolted 
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to the clamp 7. The pillar hk is secured to the lower part 
of the tram by a clamp m secured to the draw-bar b by a pin 
passed into the shackle hole in the draw-bar. Telescopically 
arranged in the tubular pillar % is an extensible member 
p on which is mounted a head-piece g provided with a pulley 
y and a pin s. From the pin s is suspended a pulley block ¢ 
and a fall block wu, the latter capable of being connected to 
any article to be moved, lowered or handled. Clamped on 
the pillar % is an arm carrying a rope guide pulley w. A rope x 
passes around the pulleys 7, ¢, w and w to the winch e. The 
arrangement of the rope in its mode of conduct to the winch, 
namely, in right-angled disposition, creates a downward vertical 
pressure on the pillar in the operation of the appliance, which 
pressure tends to consolidate the pillar in a vertical position 
and obviate canting. (Sealed.) 


MINING, METALLURGY AND METAL WORKING 


220,670. M. McC. Bidder, Leeds. Cutting’ Metal. (3 
Figs.) February 23, 1928.—The invention relates to apparatus 
for use in cutting metal by means of flame from a burner which 
is guided by a roller co-operating with a track formed on a tem- 
plate. Flame-cutting apparatus, according to the invention, 
comprises a carrier @ provided with a flame cutter p, withione 
or more guiding rollers d mounted to turn about vertical axes, 
and also with roller or ball castors n whereby the carrier a can be 
supported by and caused to travel freely in any desired direction 
over a former A having a plane upper surface and a’guiding edge. 
This is shaped to suit the shape of the cut to be made in a metal 
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plate B by the flame cutter p and against it the guiding 
rollers @ can be constrained to travel when the apparatus is in 
use. In order that the guiding rollers d shall, in all positions of 
the carrier a, be held closely against the guiding edge of the 
former A they may be made of magnetic material and be adapted 
to constitute magnetic rollers, so that the rollers will be kept in 
close contact with the periphery of the former A by magnetic 
attraction. The flame cutter p consists of a nozzle, as usual, 
arranged with its axis in alignment with that of the guiding roller 
d. The former A is made separate from the carrier a and from 
the plate or work B to be cut, but may, in some cases, be supported 
by or connected to the latter. (Scealed.) 


221,066. J. Lithgoe, Rawnscliffe, Wakefield and J. Lin- 
neker, Micklefield, near Leeds. Coal-Cutting Machines. 
(3 Figs.) August 2, 1923——The invention relates to coal-cutting 
machines of the type used for heading, boring, tunnelling or 
drilling, and known generally as heading machines, the machine 
comprising a rotating power driven cutter bar having a longi- 
tudinal feeding motion and power driven gear by which the 
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cutter bar may be slewed round a transverse or vertical axis. 
According to the invention, the slewing gear from the power 
drive of the cutter bar is arranged for a quick return on reversal. 
The machine embodying the invention comprises a motor B, 
usually an electric or compressed air motor, driving through 
gearing 61, fi a cutter arm or bar C carrying cutter picks ec, the 
motor and gear being enclosed within a metal frame or box A 
carried on a movable trolley. The body of the machine is 
arranged to slew around a substantial centre post E, the cutter 
bar therefore describing an arc of a circle when being slewed 
from side to side. The cutter bar is moved forward into the 
cut independently of the slewing gear, and the slewing operation 


(227,066) 


is effected by a separate gear set. In a convenient construction 
of slewing gear, a worm f, on a splined shaft F, which drives the 
cutter arm spindle, with freedom for axial movement of the 
latter, drives a worm wheel G, carrying a crank g connected to 
a rocking member H having a pawl engaging a ratchet wheel A. 
On the shaft 42 of this ratchet wheel /# is a pinion 43 gearing 
(for the relatively slow slewing movement) with an intermediate 
wheel J ; this meshes with a spur wheel 71 on a shaft 7 carrying 
the main pinion L gearint with a large externally-toothed 
stationary gear wheel K on the slewing post and carried by the 
trolley, the intermediate wheel being displacable into gear with 
a high speed wheel for reverse. (Sealed.) 


MOTOR ROAD VEHICLES. 


220,712. R.E. Tompkins, Wolverton. Sliding Windows. 
(3 Figs.) May 23, 1923.—The invention relates to spring drum 
gears for actuating sliding windows. According to the inven- 
tion, a spring-operated drum 5 is flexibly connected with the 
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window 1 and a lock or latch 20 engages and holds the drum 5 
inoperative. The lock or latch 20 when actuated releases the 
drum 5 and brake gear then becomes operative being rendered 
so by the lock or latch driving mechanism. (Sealed.) 


221,035. E.R. Foden, Sandbach, and Fodens, Limited, 
Sandbach. Six-wheel Road Vehicles. (3 Figs.) June 22, 
1923.—The invention relates to the six-wheel type of motor road 
vehicle having the trailer platform supported by the longitudinal 
frame members of the trailer, which frame members form the side 
rails of the platform. The longitudinal frame members a of 
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the trailer serve as the side rails which carry the trailer platform. 


The longitudinal members @ are of the usual channel section 
Within the channels are fixed *‘ L’’ shaped wooden members 

on to which the platform ¢ is secured. The longitudinal fram 
members are stiffened by cross girders d at the parts which com 
over the front and back axles. The cross girders at the fron 


carry a saucer-like parte having a flange around its upper edge 
and a gap in the base. The saucer-like part seats in a corres- 
ponding saucer’ f carried by the rear end of the motor chassis 
portion of the vehicle. A further saucer-like part g is placed 
within the upper saucer and springs A are provided to hold the 
saucers in frictional contact with one another. A guide is 
provided for the saucer e carried bythe front portion of the 
trailer, which can have universal movements relatively to the 
motor chassis to adjust itself to any irregularities in the road 
surface transmitted to the trailer rear wheels, whilst being 
efficiently propelled from the motor chassis. (Sealed.) 


PUMPS. 


221,164. Swan, Hunter & Wigham _ Richardson, 
Limited, Walker, Newcastle-on-Tyne, F. Rowntree, 
Monkseaton, and P. Belyavin, Jesmond, Newcastle-on- 
Tyne. Automatic Valves. (6 Figs.) March 28, 1924,— 
The invention relates to an improved construction of automatic 
valve for use with pumps. The invention relates to a valve 
of the flexible plate type and comprises a stop plate and a seat 
plate for the flexible valve plate and a distance piece separating 
the stop and seat plates and provided with recesses which receive 
the ends of the flexible valve plate. Guides on the stop plate 
for the ends of the flexible plate may extend into the recesses. 
A is the flexible valve plate, three such plates being indicated 
in the construction of valve illustrated. B is the slotted 
seat plate having the slots 6 corresponding to the three 
valve plates A, but substantially narrower and shorter than 
the valve plates. ¢ is the stop plate. D is the distance-piece 
inserted between the edges of the stop plate c¢ and the seat 


plate B, the two plates and distance piece being secured together 
by screws which screw into the seat plate as indicated in Fig. 1. 
The stop plate ¢ is formed with three stop members between 
and outside which are the slots cl through which the air from the 
valves escapes, the stop member ¢ being cast in the form of 
ribs extending across the stop plate. The distance piece D is 
in the form of a frame having a Jarge open space giving free 
passage for the air and provided with three pairs of recesses d 
which accommodate the ends. of the three corresponding valve 
plates A. The ends c2 of the stop members ¢ project, as shown in 
Fig. 1, into the recesses d and hold down the ends of the valve 
plates, while the under surface of the members ¢ is of arched form 
corresponding to the outline taken by bending up the flexible 
valve plate A by fluid pressure from below, so that when a valve 
plate is pressed up sufficiently far to meet the lower surface of 
the stop ¢ it follows closely the form of the stop surface and is 
supported at all points. (Sealed.) 


220,028. John Morris and Sons, Limited, Salford, 
Manchester, J. Morris, Salford, Manchester, and F. 
Morris, Salford, Manchester. Fire Engine Pumps. (2 Figs.) 
May 1, 1923.—The automatic priming delivery and back-pressure 
valve forming the invention for use with turbine pumps on fire 
engines, comprises a casing A, a valve guide e¢ arranged therein, 
an automatic direct lift back-pressure valve B adapted to be held 
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closed by the pump vacuum during priming and opened by the 
pressure of the water when lifted, and a slide valve D controlled 
by a rack and pinion D1, d on the delivery side of the automatic 
back-pressure valve B to shut off water and a handle on the 
pinion spindle to operate the slide valve. When the pump is 
stopped the valve B automatically drops upon its seating and 
water seals the pump, obviating the necessity of repriming the 
pump during short stoppages. (Sealed.) 


RAILWAYS AND TRAMWAYS. 


219,762. The English Electric Company, Limited, 
London, and C, E. Fairburn, London. Vehicles for Use on 
Rail Traction Systems. (2 Figs.) May 10, 1923.—The 
invention deals particularly with the provision of braking power 
on electrically-driven trains which are not provided with con- 
tinuous brakes, for instance, in goods traffic. In accordance 
with the invention, an electrically-operated braking vehicle is 
provided separate from the driving vehicle or electric locomotive 
and it has means for applying, during the running of the vehicle, 
motive power for operating a brake system on the said vehicle, 
this sytem being a compressed air or vacuum system. 1 is the 
air reservoir, 2 the brake cylinder, 3 the emergency valve of known 
type, 4 the safety valve, 5 and 6 the usual emergency and train 
pipes leading from the valve 3 to the brakesman’s controlling 
valve 7 of known type, and 8 a pipe connecting the valve 7 to 
atmospheric pressure through an exhaust muffler 9. In well- 
known manner if it is desired to apply the brakes suddenly and 
fully, the valve 7 is moved so as to connect the emergency pipe 
5 to atmosphere and this causes the emergency valve 3 to 
connect the air reservoir 1 to the brake cylinder 2, whereby the 
brakes are applied. Tf, on the other hand, it is wished to apply 
the brakes gradually and with varying. force, the valve 7 is 
moved so that it gradually connects the train pipe 6 to the emer- 
gency pipe 5, and this causes a gradual admission of air under 
pressure from the reservoir to the brake cylinder. Any known 
modification of this part of the controlling apparatus may b2 


employed, and the air reservoir 1 and the associated parts may 
be adapted for vacuum working if desired. In acéordance with 
the invention, the motive power is obtained by arranging a 


current collector 10 on the vehicle, and thereby supplying current 
to an electric motor 11 which drives a compressor or vacuum 
pump 12, associated with other parts of the power brake mech- 


anism and control gear on the vehicle. (Sealed.) ; 


218,765. H. W. S. Husbands, Stamford Hill, London. 
Automatic Couplings. (5 igs.) April 18, 1923—The 
invention relates to automatic couplings of the wrist action type 
and has reference to couplings in which the head portion B 
comprises three claw-like members C each haying a cam surface — 
adapted to engage the corresponding cam surface on an identical 
and opposite head when the two couplings come together, whereby 
each head is partially rotated against the action of a spring, so 
that the hook or claw-like portions engage and lock the two 
couplings together. A wrist action coupling, according to the 
invention, comprises a draw-bar A connected to the vehicle 
and provided with both buffer and draw springs, having a coupler 
head B with three projecting hook or claw-like members C thereon 
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and a universal joint between the head and the draw-bar, so 
constructed as to enable the head, even prior to being coupled, 
to rock in any direction upon the bar A without rotating relatively 
thereto. Means are provided for releasing the coupling from 
either side of the vehicle and for holding the coupling in a dis- 
engaged position, as, for example, for use in shunting, and 
preferably some flexible power transmission device, such as a 
Bowden wire mechanism, is employed for this purpose. Further, 
besides constituting a single central buffer and combined coupling _ 
for the two vehicles, in some cases if desired, the steam or brake 
train pipes and electric conductors may be so mounted on the 
coupler head as to be automatically coupled when the two 
opposite vehicles come together. (Sealed.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


219,790. Henry Wilson and Co., Limited, Wapping, 
Liverpool, and H. Foden, Wallasey, Cheshire. Liquid 
Fuel Burners. (1 Fig.) June 28, 1923.—The invention has 
reference to liquid fuel burners of the type in which liquid fuel 
is supplied by a pipe into a tube or conduit from which it falls 
by gravity and is carried or atomised by a swirling current of 
air, which is forced past the falling liquid and projected from the 
end of the tube or conduit. In a liquid fuel burner according 
to the invention, the fuel is delivered and falls by gravity on to 
an open plate 5 at a point at or near the restricted or throat 
part of the air delivery duct 10 so that the liquid fuel is subject 
to the action of the whole body of the air passing through the 
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duct. The plate 5 is preferably of a twisted or helical form 
so as to impart to the air in its motion through the apparatus 
a whirling motion. The pitch of the helical plate 5 is long 
and extends both in front of and behind the end of the oil pipe 1 
which is at the top of the main mixing and atomising conduit — 
or tube, and the plate 5 is supported by a stem or rod 8 from 
a cap 7 fastened to the front end of the body of the 
apparatus. Where it passes through this cap the stem is threaded 
so that it can be screwed in and out and: adjusted as required, 
This hollow end of the body of the apparatus, and the helica 
plate in the centre of the mixing tube, are in line, (Sealeds) 
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turbines either of the horizontal or vertical-shaft 


- mounted. The vertical shaft carries a water-cooled 
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TESTS OF HYDRAULIC TURBINES 
THE LAWACZECK TYPE. 

By Prorsssor A. H. Greson, D.Sec., M.Inst.C.£. 

In September of the present year the writer had 


the opportunity of carrying out a series of tests on 
a number of hydraulic turbine runners in the testing 


OF 


calibrated for different heads and openings by 
means of the measuring tank, so that individual 
tests may be carried out very quickly and yet with 
a high degree of accuracy. The surface levels of 
the forebay and of the tail water are measured 
directly by means of floats. The maximum available 
head is approximately 3 m. 


The other three were Lawaczeck runners, 460 mm. 
in diameter, designed respectively for low, medium, 
and high speeds. These runners, while giving 
good results at moderate specific speeds, are specially 
well adapted for use in high-speed, low-head units. 
They have relatively few vanes—ranging from 
four upwards. Two of the runners tested are 
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Fig. 4. DIAGRAMMATIC SECTION OF 
fe FRANCIS TURBINE. 
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station of Messrs. Aktiebolaget Finshyttan, Finn- 
shyttan, Sweden. 

This testing station was established in 1904, and 
has since been in constant use. During recent 
years very extensive series of tests have been carried 
out, tending more especially to the development of 
low-head runners of high specific speed. The firm 
has recently undertaken the development of runners 
of the Lawaczeck type, and is now engaged in the 
manufacture of two turbines using such runners 
for the Swedish Government’s hydro-electric station 
at Lilla Edet. These turbines are, in point of size, 
the largest yet constructed in any country, the 
runner diameter being 6 m. (19 ft. 8 in.), and they 
will develop 10,000 h.p. under the mean available 
head of 6:5 m. 

The testing plant can be used for experiments on 


types. The general arrangement with vertical-shaft 
turbines is shown in Fig. 1. Water is supplied from 
a canal to an open forebay in which the turbine is 


brake drum at its upper end. A Prony brake is 
used, the weight of the brake band, blocks, and 
arm being supported by long thin wire cables 
suspended from the ceiling. The tail water is 
discharged through a sluice gate, and this discharge 
is caught in a scoop, by which it may be diverted 
for a measured time into a large calibrated measuring 


tank, so that all measurements of volume are on a 


volumetric basis. The sluice gate has been carefully | 
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EFFICIENCY CURVES FOR 4 VANE LAWAC ZECK 
| RUNNER I METRE DIAM. 

UNDER A HEAD OF _| METRE. 

SPECIFIC SPEEDS IN ENGLISH UNITS. 
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Four runners were tested by the writer. One of 
these was of conventional Francis type (Figs. 3 and 
4), having a maximum diameter of 500 mm. and a 
specific speed of about 255 in metric units under 
conditions of maximum efficiency, and of 274 at 
maximum load. The corresponding figures in 
English units are 57-5 and 62. 


Fig. 6. 


shown in Figs. 5 and 6, and, diagrammatically, in 
Fig. 7. 

The details of these various runners are as 
follows :— 


Number of ea pSnerisa 
Runner. 
Guide Metric Foot 
Vanes. | vanes, Units. Units. 
Francis 14 16 - 255 err , eu 
Lawaczeck I 11 32 235 53 
Lawaczeck II 9 32 400 90 
Lawaczeck IIT oe 4 32 600 135 


Each runner was mounted as a vertical-shaft unit 
in an open setting and was tested over a wide range 
of speeds and gate openings under a head of approxi- 
mately 8 ft. The main results of the tests are 
given in the next page. - 

It will be noted that the maximum efficiencies 


852 


ENGINEERING. 


[Dec. 26, 1924. 


are in every case very high, especially for runners 
of such.small diameter. The comparison between 
the performance of the Francis runner and that of 
the Lawaczeck runner of approximately the same 
specific speed is of interest as showing that the latter 
type, although essentially a high-speed runner, is 


Efficiency at 
Specific |— pest 
Turbine. Speed. | Pee 
i Fi Full ciency. 
R.P.M. Load. | Load, | Load. 
Francis .. 57°5 | 82-6 | 89:0 | 78°6 | 39:3 
Lawaczeck I 53 80°0 | 85°7 | 76°0 89°0 
Lawaczeck II 87'5 | 75-0 | 85-6 | 81-0 87°0 
113 70°6 | 83°2 | 85°0 es 
123 67:5 | 80-5 | 86°0 ‘i 
Lawaczeck III 134 64:5 | 77°5 | 84°5 87°2 
157 _— _— 83°3 84°8 
little inferior to the conventional type over the 


range from one-half to full gate at moderate speeds. 
The good performance of the four-vaned high-speed 
runner over a considerable range of speeds and 
loads, as indicated in Fig. 8, is worthy of note. It is 
of interest to mention that this runner is very 
similar to the 6 m.-diameter runner now being 
constructed for Lilla Edet. 


THE PENANG HILLS RAILWAY. 
(Concluded from page 792.) 

Berore concluding our description of this very 
interesting work, we propose to refer in rather more 
detail than we have yet done to the electrical 
arrangements which have been installed in connec- 
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the load travelling down the hill is heavier than 
the load coming up. 

The most interesting features of the gear, which is 
shown in Fig. 79, are concerned with the braking 
arrangements. It will be realised, of course, that 
the various brakes fitted in connection with the 
haulage-engine, and indicated in this figure, are 
quite independent of the brakes on the cars 
themselves. We briefly mentioned the various 
haulage-engine brakes when describing the engines, 
but in order to give a properly connected account 
of the electrical arrangements it will be well to 
refer to them again here. In each engine room 
there are four brakes—the hand brake, the solenoid 
brake, the emergency brake and the dynamo brake. 
The purpose and duty of the hand brake we have 
already fully dealt with and need not treat of it 
any further here. The solenoid brake which 
operates on a brake drum on the motor pinion shaft, 
as already described, comes into action when No. 1 
controller is moved to the off position or if the 
main circuit breaker opens. The emergency brake 
is of the post type, as already described. It acts 
direct on the main drum and is thrown into action 
by a falling weight released by a solenoid. The 
brake comes into action when the main circuit 
breaker trips. The dynamo brake, operated from 
No. 2 controller, acts by the utilisation of the 
weight of the descending car (when that exceeds 
the weight of the ascending car) to drive the motor 
as a dynamo. When the descending car is fully 
loaded and the ascending car empty, it is: found 
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that a braking current of 100 amperes generated 


Fig.79. BACK VIEW OF PANEL. 
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that if one of them is not in proper commission 
the breaker cannot be closed to start the engine. 
The difterent methods of protection may be classed 
as: (1) emergency ; (2) overspeed ; (3) Car No. 1 
overrunning its stopping-place; (4) Car No. 2 
overrunning its stopping-place ; (5) braking over- 
load ; (6) low-voltage release ; (7) motor overload. 

The emergency protection allows of the driver 
shutting down the plant instantly in case of neces- 
sity. It consists of a switch on the driving platform 
which, when opened, breaks the circuit of the 
no-volt release coil of the breaker. The overspeed 
device is fixed at the end of the motor-armature 
shaft, and comes into operation if the motor speed 
rises above a predetermined maximum. It would 
come into operation in the event of a heavy descend- 
ing car running away. ‘The overrunning protection 
is the same for both cars, but each car has an 
independent track switch. This double-switch 
arrangement is necessary, since should a car have 
tripped the circuit-breaker it would be impossible 
to close it again unless there was some method of 
allowing the car to descend but not to ascend. 
The arrangement consists of special contacts on the 
reversing controller which are so arranged that they 
short-circuit the tripping switch of the descending 
car, leaving the ascending car to trip the cireuit 
breaker should it overrun its stopping-place. The 
arrangement will best be understood by reference 
to the individual cars. For instance, should Car 
No. 1 overrun, then the circuit-breaker can only 
be kept closed when the controller is in the correct 
position to drive this car in a downward direction. 


~—_— Arrows show Direction of 
Movement of Hand Lever. 


Controller N°1. 


amps. 

20 Amp. Fi ‘use| 
Driver's An 
Emergency Swi 
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(6448.0) 
tion with the operation of the haulage engines, and 


also to the signalling system of the railway. Each 
haulage engine is provided with gear of which a 
diagram is given in Fig. 79, above. This 
gear controls the 75 h.p. 500 volt D.C. interpole 
motor which operates the engine and also the 
various electrical braking arrangements. <A switch- 
board, indicated at the upper left-hand corner of 
Fig. 79, contains a double-pole isolating switch 
and a double-pole circuit breaker. This breaker 
has an auxiliary tripping arrangement to which we 
shall refer later. The circuit beyond the breaker 
bifurcates, one limb connecting to the motor 
controllers and the other to the brake solenoids. 
These arrangements are indicated in the figure, 
from which it will be seen that there are two con- 
trollers, one of which controls the direction of 
running of the motor and the other the speed. 
This second controller can be used for braking by 
reversing its direction of motion, and it is this brake 
which is used for controlling the engine when 
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in this way will bring the cars practically to rest 
from full speed, while a current of 50 amperes will 
keep them travelling at about the correct speed. 
The current generated, and consequently the speed 
of the cars, can be regulated with ease by the con- 
troller. The energy is dissipated in heating heavy 
grid resistances. Apart from its convenience this 
method of braking has the great advantage of saving 
continual wear on brake blocks. 

The gear shown diagrammatically in Fig. 79 


covers not only the switchgear and controllers, but 
also the various protective devices which have been 
installed in connection with the winding engines. 
All these devices operate in connection with the 
main circuit-breaker, and either cause it to open 
or prevent it from being closed. The effect of the 
opening of the breaker is to apply the emergency 
and solenoid brakes as previously described. The 


safety devices have been worked out in great detail, 


and there are seven methods of opening the breaker, 
of which five are arranged in series in such a way 


Should the controller be moved to such a position 
that it would drive the car still further past its 
correct stopping-place, then the breaker would at 
once open. The arrangement ensures that, should 
a car overrun from any reason, then no power can 
be applied to it except to cause it to move in the 
opposite direction—that is, downwards. 

The protection, which we have called “ braking 
overload,” is to some extent a protection against 
misjudgment on the part of the driver. It would 
only come into operation should the speed become 
too high and the driver suddenly apply the dynamo- 
brake too rapidly. This would cause a very heavy 
current to flow and cause the overload coils to 
trip the breaker, resulting in the application of the 
brakes and the bringing of the cars to a standstill. . 
The low-voltage release is an obvious and well- 
known form of protection which comes into opera- 
tion in case of the power-supply failing. The 
motor-overload protection is also common in 
many applications, and would come into operation. 
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‘should a fault occur on the motor. It has a further 
definite duty in this case, however, and protects 
the motor, rope, and winding engine should the 
driver on a car apply his hand brake during the 
normal running of the railway. Other protective 
features of the gear consist in the interlocking of the 
two controllers so that it is impossible to reverse 
Controller No. 1 until the power controller No. 2, 
has been brought to the off position. A final 
ible source of trouble lies in the driver leaving 
his controllers in some running position and closing 
the circuit-breaker after it has opened for some 
reason, ‘This he cannot do until he has brought his 
reversing controller to its off position. If the con- 
troller is not in that position, the breaker will not 
stay closed. As we have already mentioned, the whole 
of this control gear was supplied by the British 
Thomson-Houston Company, except the brake sole- 
noids which were supplied by Mr. George Ellison. 
The railway is operated from the Penang electric 
supply. An 11,000 volt 3-phase line has been carried 
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to a substation on the top of the Hill, where the 
current is converted to the necessary D.C. supply for 
the railway. Step-down transformers give an A.C. 
supply for distribution on the Hill. The cables 
supplying the Hill run up the railway itself and can 
be seen in some of the illustrations which accom- 
panied the earlier part of this description, On the 
lower section there are two A.C. cables run inside the 
track hanging on the sleepers. On the upper 
section there are three cables, since the D.C. cable 
feeding the middle winding engine has also to be 
accommodated on this section. These are run on 
brackets at the side of the track supported from the 
holding-down bolts of the sleepers. The earthed 
return wire from the middle station is run along the 
rail and held in place by clips attached to the sleepers. 
The cars are lighted by 100 ampere-hour batteries, 
‘complete spares being provided so that one set may 
be charged while the others are in commission. 
| Our final illustrations, Figs. 80 and 81 on this 
page show the signalling arrangements. The gear, 
which is of quite special type, was supplied by 
_ Messrs. Tyer and Co. It will be realised that both 
cars on a section of this railway are started simul- 
_ taneously by the driver of the haulage engine who 
_ ¢amnot see the operations of the cay’ men. In the 
arrangement adopted the driver exchanges both 


ae 


bell and visual signals with the. stations, but the 


gears are so interlocked that the driver cannot 
despatch the “ starting ” signal until he has received 
the “ready ” signal from both stations. Signalling 
boards of the type illustrated in Figs 80 and 81 are 
fixed in the engine room and on both station plat- 
forms. 
plate with four holes with magnetically controlled 
shutters behind them. 
the shutters are fixed at the back of the signal board, 
and current passes through each coil in turn first 
in one direction by the operation of the various 
instrument switches, and then in the opposite direc- 
tion by the operation of a master switch which has 
the eftect of returning all switches to clear. 


As will be seen, each board consists of a 


The coils which operate 


The method of operation is as follows : Just before 
the correct starting time, the haulage-engine driver 
depresses his switch which gives the warning signal 
‘time ” and rings a bell in both stations. He con- 
tinues to give this signal at intervals until the station 
master at the lower station answers by depressing 


his switch which rings a bell at the upper station 
and in the engine room and gives the signal “ lower 
The 
station master at the upper station then gives the 
The driver 
then having received his “‘ ready ”’ signal from both 
stations gives his starting signal which again rings 
a bell at both stations and gives the “starting ” 
He then starts his 
The signals are returned to clear by 
the cars, the connection being made by track 
switches which are arranged so that the signals can 


station ready” on all three instruments. 


same signal to the two other positions. 


signal on all three instruments. 
engine. 


only be returned to clear by the ascending car. 
The track switches are spaced at intervals along 
the track, and, apart from their duty in returning 


the signals to clear, they operate a warning bell 


fixed above the control platform in the engine- 
room. ‘The first warning bell is given by the fourth 


track switch, which is situated about 30 ft. below 


the station. This gives the driver warning to 
stand-by. The second warning signal is given by 
track switch No. 3, which is placed in such a 
position that the driver should apply the brakes 
at full power when the signal is given. Should 
he fail to do so the car will strike the overwind 
safety device and automatically apply the emer- 
gency brake as before explained. 

In addition to this signalling system, the railway 

is equipped with two telephone systems. The 
first, the service telephones, connects the various 
stations to the two engine rooms. The other, 
the track telephone system, is quite independent 
from the service telephones, The track telephone 
wires are carried on poles adjacent to the track 
and are installed to permit of speaking from a 
car to the engine-house in the event of trouble 
either to a car or the track. The method of using 
them is very simple. If a car conductor has 
trouble and wishes to stop the car he does so by 
joining the two wires together by means of a brass 
fork at the end of a pole. This rings a bell 
on the engine-room telephone. The engine driver 
then stops the haulage, and the conductor by 
hooking his fork on to the wires so that the two 
arms of the fork cross the two wires and make 
connection with the engine room. 
In concluding our account of this very interesting 
railway, we should say that a paper dealing with 
it was read by the engineer, Mr. A. R. Johnson, 
before the Engineering Association of Malaya, in 
September, 1921, and a further paper dealing 
with the electrical equipment was read by 
Mr. Thomas Rogers, A.M.I.E.E., before the same 
association on December 16, 1923. We are 
indebted to both of these papers for assistance in 
the preparation of this description. We should 
also mention that Messrs. Preece, Cardew and 
Rider acted as consulting engineers in connection 
with the electrical equipment of the railway. 


THE DESIGN OF OIL FUEL PIPE 
LINES. 
By W. G. WATKINS. 
(Concluded from page 825.) 

To illustrate the use of the foregoing, the 
following examples are given :— 

(1) Required, the size of main capable of delivering 
400 tons of Mexican oil per hour, at a distance of 


four miles from pumps, with an average temperature 


of 100 deg. F. Pressure at pumps not to exceed 


200 lb. per square inch, and velocity not to exceed 
6 ft. per second. 
Fig. 1 gives 8.G. of Mexican oil at 100 deg. F. 
19205 
Fig. 2 gives weight per cubic ft. 8.G. 0-929 = 
58 Ib. say. 
2240 


From the latter, “3g «= 38-62 cub. ft. per ton, 


which multiplied by 400 = 15,448 cub. ft. required 
to be passed per hour. Dividing by 3,600 we obtain 
a figure for Q = 4:3 cub. ft. persecond. The limit- 
Laue 
6-0 
12 in, diameter pipe meets 


ing velocity, v, being 6 ft. per second a 
0-72 sq. ft. area of pipe. 
this condition. 

The viscosity 2 of Mexican oil at 100 deg. F. = 
0-371 (Fig. 5) hence the flow at 6 ft. per second 
must necessarily be streamline, and from Pm = p 
x 36:5 x 6 = 81-249 lb. per sq. in. per mile, which 
multiplied by distance = 4 x 81-249 = 324-996 
Ib. per sq. in., which does not comply with the 
specified limiting pressure at pumps. (We obtain 
the same result approximately by inspection of 
Fig. 10, where for a value of » = 0-371 the pressure 
drop in 12 in. diameter pipe per mile is 13-6 when 
v = | ft. sec., and hence 13:6 X 6 X 4 = 326-4 
Ib. per square inch.) 

By further inspection of the same figure we see 
that in a 14 in. pipe the pressure drop is 10 lb. per 
square inch per mile run when v = 1 ft. sec. and 
as the area of a 14 in. pipe is 1-07 sq. ft. the required 


“ = — = 4-018 ft. per second, and there- 
fore the pressure drop for the distance quoted = 10 
< 4-018 x 4 = 160-72 lb. persquareinch. Check- 
ing this result by our approximate table we have 
p27 x 4-018 x 4 = 161-5 lb. per square inch, 
which is within reasonable limits of accuracy, any 
error being on the side of safety. 

Checking again by reference to Figs. 11 and 12, 
we find that for Mexican oil at 100 deg. the pressure 
drop in 14 in. pipe is shown as about 10 lb. per 
square inch per mile, giving a total pressure drop of 
160-72 1b. per sq. in. We may therefore safely take 
14 in. as the requisite size, seeing that the average 
temperature in the length under consideration was 
given in the problem. 

If, however, the initial temperature at the pumps 
is the only factor known, then we require to know, 
at least approximately, the temperature-distance 
history of the oil or oils in question. Data on the 
subject are very scarce, but from observations made 
by the writer, the fall of temperature of Mexican 
oil in a 14 in. pipe line appears to vary from 3 deg. 
to 5 deg. F. per mile run, when flowing at a velocity 
of between 3 ft. and 4 ft. per second. If, therefore, 
we take the higher figure as the worst case likely 
to occur in our pipe line, we obtain the following 
approximate temperature—distance—history :>—At 
pumps, say, 100 deg. F., at 1 mile, 95 deg. ; at 2 
miles, 90 deg.; at 3 miles, 85 deg., and at the 
4th mile, 80 deg. F. From these figures the average 
for the Ist mile is 97-5 deg. with » = 0-41; for 
the 2nd, 92-5 deg. with » = 0-52; for the 3rd, 
87-5 deg. with p = 0-68 and for the 4th, 82-5 deg. 
with » = 0-96, thus very materially increasing the 
pressure gradient, and the corresponding pressure 
drop, at a velocity of 4-018 ft. per second becomes 
45-2 lb., 57:25, 73, and 94-4 lb. per square inch 
for the Ist, 2nd, 3rd and 4th miles respectively, 
or a total of, say, 270 lb. per square inch for the 
4 mile run. Mexican oil is of course, peculiarly 
susceptible to temperature changes, and is by far 
the most difficult to cater for, unless the temperature 
can be kept at 100 deg. F. or over. It would seem 
that for this and similar oils either the pumping 
stations must be comparatively close together, or 
intermediate heaters must be introduced every few 
miles. If this is impracticable, then the initial 
temperature at pumps must be in the vicinity of 
140 deg. or 150 deg. F. ; 

Other oils do not appear to show such great vari- 
tions in temperature, and, further, are not affected 
to nearly the same extent so far as viscosity is 
concerned. Reference to Figs. 3, 4 and 5 will make 
it clear that in the case of Scotch shale oil a change 
of 10 deg. F. does not increase the viscosity by 
more than 0-003 in the worst case; Borneo by 


velocity 
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0-005; Kimmeridge shale by 0-07; Texas by 
0-064; Trinidad by 0-63, while Mexican between 
60 deg. F. and 50 deg. F. increases in viscosity 
no less than 4:50. It should be noted, too, that 
Persian oil shows very rapid increases in viscosity 
as the temperature falls below 70 deg. F. and 
between 50 deg. F. and 40 deg. F. rises from 0+ 26 
to 2:08, an increase of 1: 82. 

From the foregoing, and particularly by inspec- 
tion of the figures above referred to, the import- 
ance of careful regulation of the temperature will 
be more clearly realised. It is hoped that further 
observations will enable definite values to be 
assigned for the temperature drop in pipe lines, for 
most of the fuel oils in common use, and, in the 
meantime the writer will welcome any information, 
based on actual observations, that may be avail- 
able. 

The following formula has sometimes been used 
to connect temperature change to distance :— 


where T = Temperature of air, earth, mud or water 
surrounding the pipe. 
to = Original temperature of oil. 
¢t = Temperature of oil at distance 7. 
2 ” ” Yi. 
A known length of line for which & is known. 
Any distance along line. 


t= 


y = 

From this if we know the length of run y, and the 
final temperature ¢, at this point; the original 
temperature ¢, and the temperature T, the rate of 
temperature change with distance may be calcu- 
lated, and the hydraulic gradient line or curve deter- 
mined therefrom, but the formula must be used 
with caution as the phenomena presented by head 
losses in pipe lines are not well established or 
understood. Further and exhaustive investiga- 
tions into the heat losses in oil pipe lines are 
imperative to enable the changes in vicosity to be 
accurately forecasted and thus permit of the utmost 
economy in design. 

The use of a gradient line as described above is 
probably best explained by an example, and the 
data assumed are as follow :— 

1. Diameter of line, say, 12 in. 

2. Length of line, say, 100 miles. 

3. Required capacity of line, 360 tons per hour. 

4, Effective pressure at pumps, 750 Ib. per square 
inch. 

5. Oils to be handled, Persian, Borneo, Texas. 

6. Working temperature, average, 60 deg. F. 

In such a case we must base our calculations on 
the oil having the highest viscosity at the specified 
working temperature. Inspection of Fig. 3 shows 
that Borneo oil at 60 deg. has a viscosity value of 
0-0086, while Fig. 4 indicates a value of 0-114 for 
Persian and 0-1185 for Texas. We therefore take 
Texas as the basis for our investigations. 

From Fig. 1 we see that the density of Texas oil 
at 60 deg. is about 0-916 8.G. and Fig. 2 shows that 
the weight per cubic foot is 57-2 lb. =o. The 
required capacity being 360 tons per hour, the rate 
of discharge per second must be equal to 


360 360 
= = . s b S. 
60 x 60 3600 0:10 tons or 224 lbs. and 


Q, which gives us 


224 
o 


99 


= 3-9 cub. ft. per second 


57-2 
s= (A) 
The area of a 12-in. pipe being 0-7854 sq. ft., 
Q = 3:9 
mane ee OV ee eS eed Ci ea: 
then EGE 4-96 ft. per second or, say, 


A 
5 ft. per second, is the required velocity. 
Deva_1x5xb7'2 

0-1185 

= 2412 indicating a case on the border line between 
streamline and turbulent. As we are dealing with 
comparatively mobile oils, to be on the safe side, 
it will be better to treat this as a case of turbulent 
Doo 


Fromthe foregoing the value of 


flow, and from Fig. 9 we see that for a value of " 
between 2,400 and 2,500 the value of f = 0-044. 
Then by formula A :— 

440 fo v2 _ 440 x 0°044x57:2X 5 x 5 
d 2g Ta Peay 


Pm = 


= 35°82 lbs. 

or say 36 lbs, per sq. in. per mile. 
Checking by the formula given in the National 
Physical Laboratory’s Report on Fuel Oils, 1914, 


v2 


ofh = 4p. 5 
having only one-fourth the value given in Fig. 9 
and L and d are in feet, h being head of oil in feet, 
4x 0°01] x 5280 x 5 x & ht 
we get Tag a = 90-2 ft. which 
multiplied by 0-397 lb. (the weight of a column of 
12 cub. in. of oil) = 0:397 X 90-2 = 35-82 lb. 
per square inch per mile, which is in agreement 
with our previously obtained result. 

It should be noted that had we decided to treat 
the case as one of streamline flow, the result would 
have been considerably lower, since Fig. 10 shows 
that for a value of p = 0:1185 the Pm at 1 ft. per 
second in a 12-in. pipe is about 4-3 lb. per square 
inch, or the total at a velocity of 5 ft. per second — 
21-5 lb. per square inch per mile. The nature of 


Dvo 


where f is a coefficient of friction 


flow when so close to the limiting value of 2,500 


is, however, so extremely likely to fluctuate between 
streamline and turbulent that it is wise to take the 
case giving the higher pressure drop. A further 
reason for the procedure adopted in this case is that 
with the less viscous oils the flow at 5 ft. per second 
is undoubtedly turbulent. 


Head of Oil in Feet 


of the ground the closer together will the pumping 
stations be placed, when pumping up hill, the 
reverse being the case when the crest is passed and 
the pipe line is falling in the same direction as the 
flow. It may be found that the end of the line does 
not coincide with the final position found. In this 
case a slight revision of values may be necessary, but 
it is easily got over either by adjusting the positions 
of the pumps, varying the temperature of the oil, 
increasing or decreasing the pumping pressure, or 
in some other way dictated by circumstances. 
With the completion of the diagram, the problem 
may be considered to be solved, so far as the actual 
diameter of the line and location of pumping stations 
is concerned. Before finally deciding on our scheme, 
however, the question of annual costs should be gone 
carefully into. These costs will naturally fall under 
two headings: (1) Fixed charges, which will be pro- 
portional to first cost, and comprise interest on 
capital expended, sinking fund repayments and the 
like ; and (2) operating costs, depending on the duty. 
to be done and the price of labour, fuel, lubricants, 
and materials for upkeep and repair, heating, &c. 
It will be found that a change in diameter of pipe 


(8745 E.) 


The effective power of our pumps being 750 Ib. 
per square inch, obviously the extreme range of these 
will be given by the relation 

Pressure at Pumps 


: Pp 750 
Pressure drop per mile _ 


Pm 36 
20-8 miles = horizontal range of pumps. 

If we now convert the pumping pressure into 
equivalent head of oil we can construct the hydraulic 
grade line. We therefore divide Pp by the weight 


of a column of oil 1 in. square by 12 in. in height 

750 
Gyan 1,900 ft. : 
as a right-angled triangle to any convenient scales, 
on a base equal to 20-8 miles, we obtain a diagram 
such as Fig. 14. 

In this case we have assumed that the temperature 
will remain constant throughout the run, which is 
within the bounds of probability for the conditions 
stated. From this it follows that the density and 
viscosity also remain constant, so that the grade 
line is straight. 

If the pipe line is laid on undulating ground, as 
usually happens, it is advisable to extend the base 
line of the grade diagram to some convenient dis- 
tance in excess of that actually corresponding 
to the pumping pressure, as indicated in the 
figure. The reason for this procedure will appear 
later. 

We then set up a profile diagram along the route 
of pipe line giving heights above datum. ‘This is to 
the same scales as the grade line has already been 
drawn, and it is to be observed that this is not a 
section of heights plotted against horizontal dis- 
tance, but of heights relative to distances on pipe 
line. 

We will assume that the section is as in Fig. 15, 
A being the first station and X the last. If we now 
cut out in stiff card, to form a template, the grade 
line previously calculated, we have a ready means 
of arriving at the requisite positions for other 
pumping stations. The base line of the template 
is kept horizontal throughout the operations, and 
the template is adjusted until the 1,900 ft. mark 
coincides with the zero point at A, as indicated by 
dotted lines. The point B where the hypotenuse of 
the triangle cuts the profile gives the position of the 
second pump station. The process is repeated by 
placing the 1,900 ft. point at B, and finding C and 
soon. It will be obvious that the steeper the slope 


approximately, and plotting 


NOTE: In Practice these Diagrams should be drawn 
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to as large Scales as possible. 


line will affect (1) and (2) in opposite directions. An 
increase of size will increase (1) and decrease (2), 
while the opposite effect is realised by a decrease in 
the size of carrier. Generally speaking, the most 
economical scheme will be found round about a size 
of carrier that will enable the necessary duty to be 
done at a velocity of 3 ft. to 4 ft. per second. This 
implies large diameter pipes and fittings, with low 
working pressures, or, alternatively, if high pressures 
are employed, fewer pumping stations and inter- 
mediate heaters. 

Each case must necessarily be worked out on the 
basis of the probable conditions obtaining at the 
time of execution, as nearly as can be estimated 
from the market rates at time of design. 


SCIENTIFIC RESEARCH IN THE 
FRENCH NAVY. 


BErore the war scientific research in the French 
Navy was carried on by a number of committees, 
attached to the gunnery, torpedo and signalling — 
schools ; but by an administrative order for which 
it is difficult to find a reason, they were suppressed 
on mobilisation in 1914. Submarine warfare gave 
them a new existence, though in an altered form. 
Between 1916 and the armistice several ministerial 
decrees constituted new committees, but it was 
not until July, 1921, that all bodies and committees 
concerned with scientific research in the French 
Navy were given a definite organisation. The centre 
of the system is the Centre d'Etudes de Toulon, 
which is an amalgamation of the research com- 
mittees on coastal artillery, optics and telemetry, 
mines and depth charges, and submarine detecting 
mechanisms, and a co-ordinating body for those 
other committees which cannot be centralised 
under it. 

The latter are the committees on wireless 
telegraphy, submarines, fleet gunnery, and fleet 
torpedo work. The two last must, of necessity, be 
accommodated in sea-going ships, and the cruisers 
Pothuau and Thionville have, in consequence, 
been allocated to them. {he head of the Centre 
@ Etudes is a post captain, who has under him a — 
number of civilian scientists and naval officers. 
The work of co-ordinating the investigations of 
those committees which are not immediately 
attached to the Centre d’EHtudes is carried out by 
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allowing the captain in charge to correspond direct 
with the commanders-in-chief afloat, with the 
admiral in charge of the training squadron, and 
with all bodies and naval units which are either 
carrying out work of a scientific or quasi-scientific 
kind. 

The Centre d’Etudes has paid great attention 
to collecting information upon the work which is 
being, or has already been, carried out on scientific 
problems. The problem of making a running biblio- 
graphy of scientific investigation has been given 


"much consideration, but it will probably be quite 


impossible ever to collect all the results of contem- 
porary research. Practically the whole field is, of 
course, covered by a number of scientific journals. 


The Centre d’ Etudes has got together all the periodi- 


cals which publish the results of modern research, 
and has catalogued the lists into a subject card 
index, A naval commander is in charge of this “ ser- 
vice de documentation,” and it is his duty to ensure 
that all officers or comntittees doing research work 
are at once notified if work is being done elsewhere 
on their subjects. The. library and card index of 
the Centre d’ Etudes are public ; even foreign officers 
may visit it if they wish. The laboratory seems 
to be singularly well equipped, and contains about 


a dozen special salles de recherches. At the beginning 
of this year it was investigating over 60 scientific 
problems which had been referred to it by the 
officers of the fleet or the other committees. 


THE FOWLER STEAM WAGON. 


As manufacturers of traction engines for about 
three-quarters of a century, Messrs. John Fowler and 
Co. (Leeds), Limited, of Leeds, have an unsurpassed 
knowledge of the requirements of steam-driven road- 
vehicles, and their experience in this connection has 
been turned to account in the steam-wagon which 
they are now manufacturing. The wagon in question, 
which is illustrated in Figs. 1 to 3, above, is designed 
to carry a load of 6 to 7 tons easily up a gradient of 
1 in 6, and if fitted with a trailer will haul 10 to 12 
tons up a gradient of 1 in 10 on good average roads. 
The standard body is 14 ft. 6 in. long by 6 ft. 9 in. 
wide, with a wheelbase of 11 ft. and a wheel track 
of 6 ft. 9 in. The overall length of the vehicle is 
20 ft., the maximum height is 8 ft. 8 in., and it will 
turn in a radius of 21 ft. The minimum road clear- 
ance is 12 in. 

The boiler is always one of the most interesting 
features of steam road vehicles, and the design evolved 
by Messrs. Fowler & Co. is clearly shown in Fig. 1. 


It is built entirely without stays, so that no trouble 
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can occur due to breaking or leakage of stays, and their 
absence promotes freedom of circulation. The tube- 
plates of the firebox and smokebox are pressed to a 
spherical shape so that they are self-supporting and 
do not exert any tension on the tubes, which are ex- 
panded into them. The water-level is well above the 
upper ends of the tubes, so that the latter are always 
submerged and are thus protected from overheating. 
There is, moreover, no risk of the crown of the fire- 
box or the tubes becoming uncovered with water and 
overheated when the vehicle is working on a hill, and 
thus one of the dangers of the locomotive type of boiler 
is eliminated. The belt round the top of the boiler 
gives a large evaporating surface at the water-level, 
and also a large steam space, two features which tend 
to prevent priming when the boiler is forced. The 
provision of the belt has also the further effect of 
increasing the volume of the water at the water-line, 
so that the sudden fluctuations in water level which 
are often a source of anxiety to drivers are minimised. 
The boiler is fired through the central vertical shoot, 
which passes through the smokebox. Surrounding 
this shoot in the smokebox is a superheating coil 
which takes steam from the steam-belt and delivers 
it to the engine in a superheated condition. The 
boiler is fed by a slow-running pump driven from 
the transmission gear and arranged for use whether 
the vehicle is running or standing. An injector and 
water-lifter are also provided. The boiler has a grate 
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VERTICAL DUPLEX OIL-FUEL PRESSURE PUMP. 


CONSTRUCTED BY 
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area of 3:8 sq. ft., a heating surface 
of 85 sq. it., and a superheater surface 
of 21 sq. ft. 

A compound Vee-type engine is 
fitted, with cylinders 42 in. and 7 in. 
diameter by 8 in. stroke. The engine 
is placed under the driver’s seat. It is 
quite accessible and asbestos lagging 
prevents the heat causing discomfort 
to the driver. Both cylinders are fitted 
with piston valves and work on a 
common “‘ big-end,”’ giving the shortest 
and stiffest possible design of crank- 
shaft. The bearings of the crankshaft 
and big end are of-the roller type 
to minimise friction and eliminate the 
necessity for attention. The exhaust steam is passed 
up the chimney, but is previously heated in a chamber 
surrounding the fuel shoot, so that it escapes invisibly 
instead of in a dense white cloud. The arrangement 
also acts as an efficient silencer and furthermore pro- 
motes a steady and uniform blast so that sparks and 
smoke are not projected from the chimney. 

The gear-box, which forms an integral part of the 
crank-case, gives three running speeds, so that the 
full power of the engine can be exerted at all speeds 
of the vehicle. The fast speed allows the vehicle to 
travel at 12 miles or more per hour without running 
the engine unduly fast, while the slow emergency 
speed is invaluable when the wagon in in a difficult 
place. Power is transmitted to the back axle by an 
overtype worm drive, totally enclosed and running in 
oil. This will run for months without the replenish- 
ment of the oil or other attention, and the arrange- 
ment gives a good ground clearance. 

A section through one of the front wheels is given in 
Fig. 3. The stub axle, as will be seen, is pivoted about 
a line passing through the wheel track, the construction 
being very strong mechanically and also enabling the 
wheel to be steered with the smallest effort. The front 
wheels are 3 ft. in diameter with single tyres, and the 
back wheels 3 ft. 5 in. in diameter with twin tyres. 

The Fowler steam wagon is fitted with either a 
platform or a box body, to suit requirements. It is also 
supplied with a tipping body, to tip endways, to either 
side, or all three ways, the tipping mechanism being 
either hydraulically or screw-operated. The water tank 
carries 160 gallons of boiler-feed water, which suffices 
for a long run owing to the efficiency of the superheated 
steam engine. Six cwt. of coal can be carried in the 
bunkers. The lubrication of all working parts is auto- 
matic, the mechanical cylinder lubricator being the only 
one requiring daily attention. The driver is provided 
with a comfortable seat with a clear view of the road. 
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All controls are arranged for easy handling and this, 
together with the simplicity of firing, makes it easy for 
one man to handle the wagon under all circumstances. 
A foot control, like the accelerator pedal of a motor-car 
is fitted to regulate the supply of steam in addition to 
the hand control. 


VERTICAL DUPLEX OIL-FUEL PUMP. 


THE extended use of oil as a fuel for marine boilers has 


led to the development of pumps suitable for handling. 


oils of the heaviest and most viscous natures. For such 
work the direct-acting reciprocating steam pump might 
at first sight appear to be less well adapted than pumps of 
the centrifugal or rotary types, giving a fairly uniform 
flow, but the convenience which the reciprocating pump 
possesses of being driven by the direct application of 
steam pressure makes it likely to hold the field against 
the rotary types for a long time to come. The illus- 
trations above show a vertical duplex pump for the 
delivery of oil under pressure to the burners. The 
makers, Messrs. Worthington-Simpson, Limited, of 
Newark-on-Trent and Queen’s House, Kingsway, 
W.C. 2, have supplied a good many pumps of this type 
for steamship work, the equipment of a large liner 
requiring four or more. The steam cylinders are 
43 in. diameter and the pump cylinders 3 in. diameter, 
the piston stroke being 6 in. Such a pump will deliver 
32 tons of heavy Mexican fuel oil per hour against 
pressures up to 150 lb. per square inch. It is suitable 
for steam pressures up to 250 Ib. per square inch, and 
works at a normal speed of 27 double strokes per 
minute. An adjustable relief valve, clearly shown in 
the photograph, serves to by-pass the delivery back 
to the suction in case of excessive pressure, such as 
would otherwise occur were the burners shut off without 
stopping the pump. The pump body is of cast iron, 


the liners and pistons being of the same material, 


MESSRS. WORTHINGTON-SIMPSON, LIMITED, ENGINEERS, LONDON. 


Fig. 4. 


although bronze can be used throughout should this 
be advisable on account of the nature of the oil. Piston, 
valves are fitted to the steam cylinders, the ordinary 
Worthington-Simpson duplex valve motion being used. 
The pump, complete with its air vessel, gauge, Xc.. 
makes a neat: and compact arrangement which has 
been found eminently satisfactory in practice. 


WIRE ROPES RESEARCH. * 


| Second Report of the Wire Ropes Research Committee. 


Prepared for the Committee by the Reporter, 
Dr. W. A. ScoBLE. 


Introduction.—After undergoing some amount of 
reconstruction the committee resumed its activities 
in 1919. A preliminary report was published in 
1920.t It was decided to limit the main tests, at 
the commencement, to the bending of a wire rope by 
passing it repeatedly on and off a pulley which reversed 
its direction of rotation. The size of the ropes for 
the initial tests was fixed at l-in. circumference. It 
was decided to deal with ropes each made of wire 
of the same tensile strength, but of various constructions 
and to test these on pulleys of different diameters and 
under several tensions for each pulley. 

The Material.—The uniform quality of material 
adopted is specified as ‘special acid patent steel” 
of 70 tons per square inch to 80 tons per square inch 
ultimate tensile strength, and this was used in wire of 
two diameters, (a) 0-021 in. (with an analysis C, 0-36; 
Mn, 0-605; S, 0-042; Si, 0-240; P, 0-053 per cent.),. 
specially obtained in two bundles from the mills, and 
(b) 0-036 in. from the ropemaker’s stock. Messrs. 
Bullivant and Co., Limited, Millwall, presented to 
the committee ropes specially made of this material 
for tests. 

Under test the 0-021-in. wire was found to have a 
tensile strength of 84 tons per sq. in., and to give 
64 turns on a length of 8 in, Autographic load 
extension diagrams determined the elastic limit at 64 
and the breaking stress at 86 tons per sq. in., with 
an elongation of 1-6 per cent. at fracture. The — 
larger wire showed when tested a tensile strength of 
85 tons per sq. in., and gave 87 turns on an 8-in.. 
length. All the wire was black. : 

Test Ropes.—Particulars of the specimens supplied 
by Messrs. Bullivant are set out in Table I. 

Apparatus for Repeated Bending over Pulleys.—The 
machine employed for the repeated bending tests 1s 
shown diagrammatically in Fig. 1, and its general 
arrangement can be seen from the semi-plan photo- 
graph, Fig. 3. The apparatus consists of a driving 


* Presented at the Meeting of the Institution of 
Mechanical Engineers on Friday, December 19, 1924. 
+ Proceedings, I.Mech.E., 1920, page 835. 


in addition to the bending fatigue, 
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shaft, DS, belt driven by a motor. The crank C at 
one end of this shaft oscillates the rocking shaft RS 


through a connecting rod CR, and rocking lever RL. 


The driving pulleys DP, which are keyed to the rocking 
shaft, are of greater diameter than the largest test 
pulley. The rope under test, TR, is fastened by 
clips L to a driving rope DR, which causes it to move 
to and fro over the test pulley TP, this arrangement 
being used in order to reduce the length of test rope 
required. 


TABLE I. 
Nos 

1 | 6x12 x 0-021 | Lang’s lay, fate eel 
2 | 6x12x 0-021! Ordinary lay. | Ditto. } 
3 |6x19x0:021' Lang’s lay. eer e 12 over 6 
4 | 6 x19 x 0-021 | Ordinary lay. fe Ditto. 

. Strand of 6 x 0-036 
6 6x 6x 0-036 Lang’s lay. { on core wire of 0 -038 

1ron. 

7 |@x 7x 0-036] Lang’s lay. {Pipes ninG-ons val 
8 |6x 7x 0-036 | Ordinary lay. Ditto. 


The test pulley rotates freely on a pin in a tension 
fitting having a calibrated spring S bearing on a fixed. 


| wires of adjacent strands. 


on a pulley, and leads to short contacts between the 
The greater tension carried 
by a complete rope intensifies the pressures at the 
contacts, which produces an increase of wear at the 
Aa where the strands touch the pulley and each 
other. 

A million bends were taken as the limit for the 
endurance. The bend referred to was a complete 
cycle, the specimen being bent from the straight on 
to the pulley and back again to the straight. The 
test results for the repeated bendings of a single wire 
of 0-021 in. diameter over pulleys of various sizes are 
plotted in Fig. 4. The number withstood increased 
when larger pulleys were used, and the yield was in 
consequence smaller. The effect of direct tension was 
inconsiderable when a small pulley was used. 


“ENGINEERING” 
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Fie. 2. Swati MacHINE USED FOR SINGLE WIRES AND STRANDS. 


bracket B, and an adjusting screw and nut to enable 
any desired tension to be put on the rope and indicated 
by the spring S. The weight of the spring partly 
balances that of the pulley which is also supported 
by the tension of the rope. In the small machines 
used for single wires and strands, Fig, 2, the screwed 
adjusting rod R is given a fairly long bearing to enable 
it to move freely in the bracket B. In the larger 
machines used for the tests of complete ropes, the 
adjusting rod passes through. a clearing hole in the 
fixed bracket B, and, when necessary, the weight of 
the pulley is supported by rollers R’ mounted in 
ball bearings. As the cable sometimes stretches at 
the commencement of a test and again when it begins 
to break up, and as such stretching, by reducing the 
compression of the spring 8, diminishes the tension in 
the rope, a closely-set electrical contact is arranged 
so that any stretch causes it to close and ring a bell 
when the tension can be re-adjusted immediately. 

Repeated Bending of Wires and Strands.—lt was 
suggested that an attempt should he made at an analysis 
by which it would be possible to separate the destructive 
effects of outside wear, wear between the wires, and 
bending fatigue. With this object in view tests have 
been made on single wires and strands taken from, 
as well as on, complete ropes. 

The outside wear of single wires is not likely to be 
serious, so that bending fatigue should be the most 
important cause of failures, although, if the wire 
twists, the plane of bending is changed and the result 
may be affected thereby. Stranding the wire introduces 
the possibility of internal wear between the wires, 
also the length of 
the actual bearing of each wire on a pulley is reduced, 
causing outside wear to be more important than with 
single wires. Laying up the strands into cable still 


further decreases the bearing length of individual wires 


It was estimated that a wire of this size would be 
stressed to its tensile yield-point when bent over a 
pulley of 4-7 in. diameter. On pulleys smaller than 
this the number of bends required to produce fracture 
was less than 100,000, and on 5-in. and 6-in. pulleys 
the numbers of bends were of this order when the 
calculated stress was in the region of the yield-stress 
of the material. Contrary to expectations, it was 
found that at greater tensions an increased number of 
bends was necessary to produce fracture. 

Results of Tests on Strands.—The results of the tests 
on strands are shown plotted in Fig. 4. 

The curious phenomenon mentioned above was not 
repeated with stranded wires, and it is clear that either 
some new factor which did not apply to the single wire 
entered into these tests, or that some irregularity in 
the single-wire tests vitiated this result. In each 
case the tension carried by a strand for a given number 
of bends was greater on a large than a small-diameter 
pulley, and the number of bends required to produce 
fracture on a given pulley increased as the tension 
was diminished (Tig. 4). 

Comparing the behaviour of the strands tested, 
that from Cable 1, consisting of 12 wires round a 
hemp core, gave the best results, the seven-wire 
strand (six on one) was next, with the completed strand 
from Cable 3 (19 wires, 12 on six on one) last, which 
was not found to be capable of carrying any appreciable 
tension on any pulley of less than 11 in. in diameter, 
and even then only carrying a load of 16 lb. on a 
wire which had a breaking load, in direct tension, 
of 65 Ib. The strands represent the first stage in the 
development of a rope. 

Considering their behaviour from another point of 
view, the ‘“‘ 12-wire on hemp core”’ strand needed an 
8-in., the 7-wire (central core of 19-wire strand) a 
9-5-in., and the 19-wire an 11-in. pulley to withstand 


one million bends under a tension of approximately 
one-quarter of its breaking strength. These are in 
order of merit, and the calculated stress in the materials 
of the three strands, including full bending stress, 
required to break them at a million bends were 58, 
49, and 45 tons per square inch respectively (Fig. 5), 
all of which are below the yield-stress of the wire, 
namely, 64 tons per square inch. 

It was clear that considerations other than the tensile 
and repeated bending stresses must be taken into 
account, of which the most important appeared to be 
the action of the pulley on the wire. In these tests 
the wear at the contacts between the wires and pulley 
was negligible. The remaining factors were the lateral . 
pressure on the wire at contact with the pulley, with 
an alteration of structure of the wire caused by the 
relative movement of the wire on the pulley under the 
lateral pressure. 

Single wires of 0-036 in. diameter confirmed the 
curious repeated bending results recorded for the 
0-021-in. wire, particularly the increased numbers of 
bends under greater tension, obtained on all the pulleys 
used. The curious way in which units of strands will 
“hang on” and improve the endurance until complete 
fracture occurs is well illustrated by one test of the 


MAcHINE EMPLOYED FOR THE REPEATED 
Benpina Trsts of CABLES. 


Fia. 3. 


7-in. by 0-036-in. strand on the 14-in. pulley under 
a tension of 50 lb. :— 


No, | ‘ 
of |148,287)244,377|267,965 318,460 s16,044]840,109 382,931 
Bends. Z l 
Wires’ |] z 
oe, > 2 3 4 5 6 7 
broken| J ’ | Cone 
plete 
| | fracture. 
Repeated Bending Tests of Completed Cables.—The 


results obtained from repeated bending tests of complete 
cables over pulleys are given in the Report, the 
stress due to tension being calculated by dividing 
the total tension on the rope by the cross-section area 
of the wires forming it (neglecting the iron core in 
Cable 6) and the bending stress obtained from the 
formula Ed/D without reduction factor. 


E = Young’s Modulus. 
d = diameter of wire. 
D = diameter of pulley. 


Although the former Report showed that reduction 
factors as low as one-third have been recommended for 
use in this formula, for comparative purposes no 
factor was here used ; nevertheless the total calculated 
stresses at failure were below the yield-stress of the 
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wire. After test the broken or damaged cables were 
carefully examined. 

After it had been decided to use grooved pulleys 
and to lubricate all ropes, a cable was soaked in cylinder 
oil of medium consistency for at least twenty hours 
before it was used, and it was kept oiled under test. 
In the case of Cable 1 only one specimen was lubricated,* 
and lubrication appeared to be somewhat beneficial. 


Fig. 4. REPEATED BENDING OF WIRE ROPES 


COMPARISON OF SINGLE WIRES-AND STRANDS. 


———. Single 0-021 Inch Black Wire. 84 Tons 


19x 0-021 Inch Strand. 120n 6 on7. 


12x0-021 Inch Strand,round Hemp Core 
7x0021 Inch. 6over7. Centre of 19 Wire Strand. 


Discussion of these results presents many difficulties 
as they may be treated from many points of view, but 
the following points are indicated :— 

(1) Strands formed on a hemp core in a Lang’s lay 
rope gave the best results, and this superiority was 
more marked on large than on small pulleys, while 
Lang’s was no better than ordinary lay for the ropes 
of 19 wire strands. 

(2) The fractions of the breaking 
tensions in these Cables, 1 to 4, 
necessary to cause failure after one 
million bends on the 14-in. pulley 
were, approximately, 4, 4, >, and 4 
respectively, yet this pulley had a 
diameter three times that which was 
calculated to give yield point stress 


OVER PULLEYS. 
per Sg inch 
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indicating superiority of Lang’s over ordinary lay. 
On the 14-in pulley, No. 6 carried the highest load, 
indicating an advantage of the soft core under severe 
bending conditions, while (allowing for the slightly 
larger pulley used for No. 8) Nos. 7 and 8 showed that 
there was not much difference between Lang’s and 
ordinary lay in the 6 by 7 construction on this size of 
pulley, where stresses due to bending were apparently 
responsible for fracture. 

The smallest pulley used with these ropes. was of 10-in. 
diameter. On this the advantage of the soft core was 
maintained, while ordinary lay, about equal to Lang’s 
under high loading and short life conditions, became 
decidedly superior thereto at the “ greater endurance ” 
end of the curves. The total stresses on the wires 
produced by the direct tension and the bending were 
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STRESS AND BENDS TO FAILURE. 
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x 719x021 Inch. 
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No. 1 Cable. 6 x 12 x 0-021 im, 84 tons per sq, in, It should be noted that although the stresses plotted Effect of Size of Wire.—On the 14-in. pulleys the large 


Lang’s lay. Black wire. Hemp cores in strands and rope. 


No. 2 Cable. 6 x 12 x 0:021in. 84 tons per sq. in. 
Ordinary lay. Black wire. Hemp cores in strands and rope. 


No. 3 Cable. 6 x 19 x 0-021in. 84 tons per sq. in. 
Lang’s lay. Hemp core to rope. 
No. 4 Cable. 6 x 19 x 0:021in. 84 tons per sq. in. 


Ordinary lay. Hemp core to rope. 
Here also the use of pulleys with grooves fitting the 
cable markedly improved the endurance. With the 
ordinary lay Cable 2 the advantage of the correct 
groove was not so evident. Unexpectedly, the lubrica- 
tion of the rope reduced its endurance. 

The results obtained from all the cables of 0-021 in. 
diameter wire are plotted in Figs. 8 and 9. 


* Additional tests were made after the Report was 
commenced. 


in Fig. 9 include the full bending stress for the wire; the 
stress values which cause failure at one million bends are 
all below yield-stress. In general, this stress thus 
carried for one million bends is greater on small than 
on large pulleys (which may indicate that the bending 
stress has been given too much weight in the method 
of calculation), being 46-47 tons per sq. in. for the 6-in ; 
about 32 tons for the 10-in.; and 26-28 tons for the 
14-in. pulley, results which are consistent except for 
Cable No. 1 on the 14-in. pulley, which carried 38 tons 
per sq. in. 

The wire and strand tests had indicated that pulleys 
of 14 in. or less in diameter were too small to carry 
Cables 6, 7 and 8, and this appeared to be confirmed by 
the behaviour of the entire ropes. On the 17-5-in. 
pulley Rope No. 7 was superior to No. 6, even on 2 
tension per wire basis, showing the soft core to be a 
disadvantage ; while No. 8 was worse than either, 


wire cables were superior to small wire ones under long 
endurance conditions, while on pulleys having a dia- 
meter suitable for the wire diameter, they were im- 
mensely so. The large wire cables failed rather badly 
on 10-in. pulleys, thus giving another indication that 


the critical diameter for cables of 0-036 in. wire is in 


the region of 14 in. 

Progress of Failure : Broken Wires in Rope.—In the 
hope that some evidence would be obtained which 
would help to decide when the borders of safety were 
being reached, the progress of failure of the test speci- 
mens has been noted. Two parts of each loop of cable 
were under test, that is, that running on and off at’ the 
top of the pulley, the other at the bottom, and in one of 
these portions the broken ends (two ends indicating one 
broken wire) were counted at intervals and recorded 
against the bends which had taken place. No intelli- 
gible conclusions appear to be possible from these tests 
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and the data are included in the Report for those who 
may be interested. The behaviour of a cable seems 


to depend on its construction and the severity of the 
treatment it receives. 


@) The results for Cable No. 7 were low, because | pressure which caused each to indent the other, thus, 
e specimen broke at one side of the pulley, but | by the indentation produced, indicating their hardness. 


The Distribution of Broken Wires.—It was thought 
that helpful evidence might be obtained by observing 
the positions of the wires in the cable as they broke. 
No general law can be found relating to location of the 
wire fractures. 

The Determining Features which Caused Fracture.—In 
the broken ropes the types of fractures noted were : 
(1) the inclined break indicating brittleness caused by 
repeated bending, and (2) the cup-cone “ tension ” type 
of failure. Brittle fractures were found in every rope 
examined, thus indicating that bending was an impor- 
tant factor in the cause of failure. 

Discussion of Other Destructive Effects.—(a) Small 
Wire Cables, Nos. 1, 2, 3 and 4. (1) On Small 
Pulleys, 6-in. diameter—The calculated maximum 
stress, that is, direct tensile stress plus the full 
stress due to bending, was from 46 tons to 48 tons 
per square inch, Fig. 9, which is well below the yield- 
stress in simple tension. Although the relative move- 
ments of the strands were greater on smaller than on 
larger pulleys, the nicking caused by one strand on 
another was small to negligible in Cables 1, 2 and 3, 
and 4 alone showed appreciable effects of the internal 
working of the rope. Comparison with the results 
obtained from these cables on larger pulleys shows that 
the 6-in. pulley was too small for normal working with 
any of them, as it permitted only a small tension to be 
carried by the specimen. 


(2) On 10-in. Pulleys——The maximum total stress 
which permitted great endurance was reduced to about 
32 tons per square inch. No. 1 cable showed an amount 
of outside wear medium to large, and serious nicking 
by strand on strand, each of which causes localised 
many of the wire fractures. No. 2 cable showed con- 
siderable nicking and small to medium outside wear 

~when unlubricated, but each of these effected the failure 
of the wires. Lubrication of the cable reduced both, 
but the wires were broken after the same number of 
bends, whether lubricated or dry, at 540 lb. tension, 
and after less bends when lubricated under a tension of 
360 lb. From this it appears that, while lubrication 
reduces the wear both at the pulley and between 
strands, it also reduces the friction between the wires 
and thus reduces the tension which can be carried by a 
broken wire. Each broken wire means a greater loss 
of strength in a lubricated than in a dry cable. This 
cable showed greater endurance on a correctly grooved 
pulley than on one with a large groove. It seemed that 
the pressure of the wire on the pulley or on another wire, 
combined with the direct. tensile and bending stresses 
produced fracture. Rope No. 4 on a 10-in. pulley at 
a tension of 400 lb. indicated that at low tensions the 
lateral pressure on the wire was not so important since 
the wire fractures were not confined to the regions of 
outside wear. 

(3) On 14-in. Pulleys.—The wear of the wires was 
considerable in Cable No. 1, which was apparently 
weakened by this cause, but no such result was noticed 
in Cables Nos. 2, 3 and 4. 

Maximum Tensile Stress Carried.—Cable No. 1 was 
superior in this respect to the other three which were, 
approximately, equal. This feature increased with the 
increase of size of pulley. 

Effect of Lay.—The cable of Lang’s lay, with a fibre 
core to the strand, gave the best results on the large 
pulley, although, exceptionally, the 19-wire strand of 
this lay showed no superiority over one of ordinary lay. 

(b) Thick Wire Cables, Nos. 6, 7 and 8.—These 
cables were all of 6 by 7 construction, No. 6 having 
a core wire of 0-038-in. iron to each strand (Lang’s 
lay); No. 7 and 8, 0-036-in. wire throughout ; No. 7, 
Lang’s; No. 8, ordinary lay. The comparisons were 
intended to show the effect of the soft wire core and the 
difference between Lang’s and the ordinary lay. 


(1) On 10-in. Pulleys The maximum tensile 
stresses for the three cables were nearly equal at, 
approximately, 51 tons per square inch :—(a) The soft 
wire core did not, apparently, improve the cable ; 
(b) Lang’s lay did not appear to be superior to the 
ordinary lay. 

Wear of Wires.—The nicking of strand on strand 
was negligible, probably because the tensions used 
were very small indeed. Outside wear was small or 
medium for Cables Nos. 6 and 7, and less for Cable 
No. 8, although this was the only rope on which it 
localised the fractures of the wires. This indicates 
that the maximum tensile stresses for the Lang’s lay 
cables were below the yield stresses owing to an 
unequal distribution of tension among the wires when 
the cable was bent over the pulley or that at low 
tensions on small pulleys the cable does not bed 
properly in the groove, and thus secure the full benefit 
of the longer bearing which Lang’s lay should give. 

(2) On Medium-sized Pulleys: Wear of Wires.— 
Nicking of wires was small in each case and outside 
wear only medium in amount. It is worth while 


showed little damage on the other; a check test, 
at a tension of 840 lb. made subsequently, 
confirmed this. (c) The low results given by Cable 
No. 8 appear to show the advantage of Lang’s lay, 
as in this case the wires fractured at the point of 
maximum outside wear. 

The maximum tensile stress for No. 5 Cable was 
45 tons compared with 41 tons per square inch for 


Cable not-on: Pulleys 


Cable on 11-In, GroovediPulley. 


Cable on 6-In. Pulley. 


Fie. 21. Recative MovyEMENT oF STRANDS OF A 
Rork WHEN PASSING OVER A PULLEY. 


No. 8. The soft wire core on No. 6 was nicked and 
broken, and its use seemed to be of little, if any, 
advantage. : 
(3) On 17-5-in. Pulleys—The maximum tensile 
stress for No. 7 increased to 51 tons per square inch 
when used on this pulley. 

External Wear.—Cable No. 8 showed greater wear 
of wires and nicking, and this accounted for its inferior 
behaviour, in this case showing the superiority of 
Lang’s lay cable, particularly without a soft core to 
the strand. 


Tae HARDENING oF Wire By Repratep BENDING. 
Hardness Tests.—Indentation tests showed that 
repeated bending produced a distinct hardening of 
the wire, and that the degree of hardening was greater 
as the tension on the wire when undergoing repeated 
bending, was increased. A method recently described 


Torsion Tests of Wire.—After repeated bending, 


torsion tests of wire gave the following results on a 
2-in. length :— 


Turns. 
Piece broken out of Cable No. 7, 10-in. 
pulley, 600 Ib. tension, after fracture 
(wire had broken in two places) bee 24 
Piece broken out of Cable No. 6, 10-in. 
pulley, 600-lb. tension, after fracture 
(wire had broken in two places) sen copa 
Piece broken out of Cable No. 8, 14:65-in. 
pulley, 3-ton tension, after fracture 
(wire had broken in two places) , 22 
Single 0-036-in. wire broken on 12-in. 
pulley, tension 50 lb. 
(1) Length next to fracture... has 1 
Oyen er Ne (T) 17 
(3) os 3 (2) coe: 26 
(4) rp sa (8) oe ae 23 
(5) 3 ,, fracture (other 
piece) ets 3 
(6), (Sg te ee eee cs 
7 x 0-036-in. strand of Cable 7, 12-in. 
pulley, tension 140 lb. All brittle 
fractures, slight outside wear. Core 
wire slightly nicked at a few places. 
Appreciable marks of bearing on core 
and of outer wires on each other. 
Core wire near fracture er 21 
3 piece next to above 21 
Outer wire near fracture 4 oe alee 
Strand 12 x 0-021 on hemp core, 5-8 
in. pulley, tension 180 1b. Brittle with 
two tensile fractures. Medium, uniform, 
outside wear. Lengths next to fracture 3, 20, 2 


From these results it appears that the hardening of 


the wire only becomes apparent in a torsion test after 
it has been bent as a single wire or strand. Brittleness 


was evident from some of the results, but it was local 


in the cables, and, therefore, not shown by torsion 
tests on 2-in. lengths taken from between fractures. 


It appeared that some sections of the wire were more 


subject to brittleness under repeated bending than 


others. 

Effect of Bedding.—Cable No. 8 was run on an 18-in. 
pulley lined with raw hide, and its improved behaviour 
illustrates the benefit to be derived from the softer 
bedding; therefore, showing that the low results 
obtained on the 17:5-in. steel pulley were due to 
intense pressures on a short bearing length. 

The Relative Movement of the Strands of a Rope.— 
Dr. H. 8. Hele-Shaw, when Chairman of the Committee, 
suggested that the relative movements of the strands 
of a rope should be studied as it passed on to and left 
the pulley. 

In order to do this a portion of rope was blackened 
up to a section normal to its axis. Photgraphs 
were then taken of the rope, Fig. 21, looking down 
on it, in its groove, the rope tested in this way 
being one of 6 by 19 ordinary lay. From the photo- 
graphs it will be seen that the movement of a strand 
with respect to that next to it varied from abou thalf a 
wire diameter over an 11-in. pulley to one wire diameter 
for the 6-in. pulley. The diameter of the wire is about 
one-fifth of that of the strand and one-fifteenth that 
of the rope. 

Summary.—Single wires tested by repeated bending 
over pulleys gave unexpected results, standing more 
bends under greater tension. 

The calculated stresses in strands, at which they 
endured a million bends, were, taking the full bending 
stress, 58 tons per sq. in. for 12 by 0-021 on hemp core, 
49 tons per sq. in. for 6 on 1, and 45 tons per sq. in. 
for 19 wires, 12 0n6on1. The yield stress of the wire 
was 64 tons per sq. in. From this it appears that the 
bearing pressure between the wire and pulley is im- 
portant in the case of strands. 

Lubrication of a cable was slightly beneficial in one 
case when the conditions were severe and the cable had 
a short life, but generally lubrication reduced the life 
of a rope. A correctly grooved pulley gave a longer 
life to a Lang’s lay cable than it had on a large score 
pulley, but the benefit was not so marked with an 
ordinary lay rope. ; 

A hemp core to a strand proved an advantage, parti- 
cularly when associated with Lang’s lay. A pulley 
diameter of about three times that which gave the 
yield stress in a single wire bent over it was required 
to differentiate fully between the cables of 0-021-in. 
wire. The calculated stress, tension and bending, 
which permitted a large endurance, depended on the 
pulley diameter, but it was always well below the yield 
stress of the wire. , ; 

Lang’s lay showed no advantage with the 19-wire 
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strand. A soft core wire in the 7-wire strand proved 
a disadvantage on a large pulley. Lang’s was better 
than ordinary lay for the large wire cables on a large 
pulley, but there was little difference on the smaller 
pulleys. The large wire cables worked at a higher 
calculated stress than the 0-021-in. wire ropes, but it 
was below the yield stress. The larger wire cables 
were superior if the pulley diameter was adjusted to 
that of the wire. 

The useful life left in a rope cannot yet be predicted 
in general terms from a record of wire breakages. If 
the working conditions be specified, it might be possible. 
The work done in moving a cable round a pulley 
bears no relation to the endurance. 

The occurrence of brittle wire fractures in all test 
specimens showed that bending fatigue was an im- 
portant factor in the failure of all ropes over pulleys. 

Wires fractured most frequently at contact with the 
pulley or where adjacent strands touched. Only on 
very large pulleys, which permitted a rope to carry 
a high tension for a considerable number of bends, 
were the wires so worn that the reduction of their 
sectional areas appeared materially to assist fracture. 


Junior Institution or ENGINEERS.—Dr. Alexander 
Russell has been elected President of the Junior Institu- 
tion of Engineers, of 39, Victoria-street, London. S.W.1, 
for the session 1924-25. His inaugural address will be 
delivered at the Royal Society of Arts on Wednesday, 
January 7, 1925. 
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2-8-8-2 TYPE SIMPLE MALLET LOCOMOTIVE 
FOR THE CHESAPEAKE AND OHIO RAIL- 
ROAD. 
(Concluded from page 798.) 


THE adoption of four high-pressure cylinders, instead 
of the more general arrangement of compounding, some- 
what complicates the steam distribution. In the usual 
Mallet design, high-pressure steam has to be led only to 
the cylinders on the main frame, whence low-pressure 
steam is taken through a flexibly-jointed pipe to the 
low-pressure cylinders on the articulated frame. In the 
present instance, high-pressure steam has to be deli- 
vered to the cylinders on both the main and articulated 
frames, and provision also has to be made for the 
exhaust from both sets. The arrangement of piping 
is as follows :—From the high degree header in the 
smoke-box, a large branch is led down on each side 
and taken out through the smoke-box side plating, 
as shown in Fig. 36. From this point, on each side 
a 92-in. steam pipe runs back to the steam chest of the 
rear cylinders. In a similar manner the exhaust from 
each of these cylinders is carried forward to the smoke- 
box in 9%-in. pipes, just underneath the steam pipes. 
Sections of these pipes are shown in Figs. 15 to 20, 
while the arrangements a¢ the front end are weil shown 
in Figs. 21 and 22, on pages 796 and 797 of our 
issue of December 12. 

From the two main steam pipes steam is supplied 


to the steam chest of the back pair of cylinders and! 


“ENGINRERING:” - 


also to a central chamber in the saddle (Figs. 15 and 
16), and from here it is carried forward through a 
single pipe fitted with flexible joints to the cylinders 
on the articulated frame, where it is branched, and 
the steam delivered to separate passages leading to the 
front steam chests. The exhaust from these cylinders 
is carried to the smoke-box and blast pipe through 
two pipes fitted with flexible joints. Figs. 26 and 27 
—which show the two exhaust pipes from the back 
cylinders, and the main steam pipe leading to the 
front cylinders—will! assist in making the arrangement 
clear though they are actually given to bring out 
other points to which we shall refer below. 

Reference to Figs. 15 and 16, page 796 ante, will 
show that the rear cylinder castings are not sym- 
metrical, the joint being to one side of the centre line. 
This enables the joint for the steam pipe to the front 
of cylinders to be kept central and directly above the 
articulation pivot, without being traversed by the joint 
between the cylinder castings. 

The four cylinders, which are all 23 in. by 32 in., 
are fitted with piston valves with 1 in. outside lap, 
no inside lap, and }-in. lead in full gear. The 
piston rods are 4} in. in diameter, the pistons being 
fitted with snap rings. Reversing is by Alco type EB 
power reversing gear, the valve gear being of the 
Walschaert type. An interesting feature in connec- 
tion with the supply of steam to the cylinders is the 
introduction of dampers in the exhaust pipes of the 
rear cylinders and main steam pipe to the forward 
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cylinders. This arrangement is illustrated in Figs. 
26 to 34, opposite. These dampers are for use in the 
event of either set of engines slipping, and by means of 
them it is possible in the one case to raise the back 
pressure temporarily, and in the other to diminish the 
supply of steam so that either engine can be controlled 
from the cab to arrest slipping in starting or at other 
times. The dampers used in the pipes are shown in Figs. 
32 to 34, Fig. 32, being a projected elevation of a 
damper in its diagonal position in the pipe. The 
dampers are mounted on horizontal trunnions, a 
stuffing-box being provided on one side of the pipe 
through which the spindle is carried to the control 
gear. The latter consists of a single-acting air cylinder 
shown best in Figs. 28, 29 and 31. Fig. 30 is a detail 
showing the holes for the bolts fixing it to the pipe 
boss. The piston of the air cylinder has a piston rod 
in the form of a short bar rounded at both ends. One 
end rests in a conical seat in the piston and the other 
in a small pocket on a short double-ended lever on the 
throttle spindle. The opposite arm of this lever is 
under adjustable spring pressure, the latter being pro- 
vided to re-open the damper on the air control cock 
being switched over to exhaust. 

The drawings of the smoke-box show the engine to 
be furnished with two chimneys in a single casting. 
Each is 17 in. in diameter, long petticoat extensions 
being fitted to permit of low blast pipes. The engines 
are fitted with feed water heaters placed horizontally 
in front of the smoke-box, as shown in Fig. 2, on Plate 
LXXXI, given with our issue of December 12. The 
photograph reproduced in Fig. 1, is a view of one of the 
first three engines which were not so fitted. The feed 
is normally delivered to the boiler by two 93 in. by 
64 in. by 10 in. Westinghouse single-cylinder direct- 
acting pumps, placed on the side of the boiler. The 
two pumps on the smoke-box front are for the air- 
brake. The feed pumps draw from and deliver to a 
single line of pipe, in parallel, but the steam end of one 
pump is controlled by the other. The latter has the 
usual rocking valve gear; the second pump obtains 
its steam through pipes leading from ports uncovered 
by the piston of the first pump cylinder. The arrange- 
ment provides for the pumps working out of phase, 
instead of simultaneously, and a more uniform supply 
to the boiler results. Hancock injectors are also 
provided as stand-bys on the right side of the engine. 

The driving wheels are 57 in. in diameter, the cast 
steel centres being 50 in. in diam. The leading wheels 
are 30 in. in diam. and of the rolled steel type. They 
are fitted in an “Economy” pony truck. The 
trailing wheels, 42 in. in diam. and with cast-steel 
centres, are arranged in a “ Delta ” trailing truck, with 
outside journals, cast-steel frames and inverted heart- 
shaped radial bearers. This type of trailing truck was 
fully illustrated in ENGINEERING, vol. exvi, page 27. 
The arrangement can be fairly well understood from 
Figs. 2, 11 and 12 of our issue of December 12. 

The tender is of the cylindrical tank type, and has a 
water capacity of 12,000 gallons and can carry 13°5 
tons of coal. The tank is carried on an underframe 
of cast steel and the bogie frames are of similar material. 

The drawgear arrangements and pipe connecticns 


between the tender and engine are shown in Figs. 37 
to 39. The main drawgear at this point consists of two 
bars, 72 in. by 43 in. in section. 

The chief particulars of the locomotive and tender 
are given in tabular form below :— 


Locomotive :— 
Cylinders, four, diameter 23 in, 
as stroke sare er ek. 
Wheels, driving, diameter ... 57 in. 
sy leading 30 in. 
* trailing ise 42 in. 


114 in. by 13 in, 
11 in. by 13 in. 
64 in. by 12 in. 


Journals, main drivin: 
5 other coupled 
9 leading bogie 


oA trailing bogie 8 in. by 14 in. 
Boiler, largest diameter 8 ft. 5% in. 
Length of tubes 24 ft. 
Firebox length 18 ft. 

» width ood cee) Sate, Lin. 
Combustion chamber length 5 ft. 9 in. 
Tubes, 2} in. diam. ... pap | watts) 

: 54 in. diam. ... 60 
Heating surface tubes . 5,976 sq. ft. 
os » firebox and 
combustion 
chamber 467 sq. ft. 
A total 6,443 sq. ft. 
Superheating surface 1,885 sq. ft. 


112-29 sq. ft. 
205 lb. per square inch. 


Grate area 
Working pressure 


Weel base, driving 42 ft. 10 in. 
Br > rigid 15 ft. 9 in. 
» total 58 ft. 1 in. 


219 tons 4 ewt. 
14 tons 5-5 ewt. 
18 tons 15 ewt. 
252 tons 4:5 cwt. 


Weight on driving wheels ... 
,, leading truck 

BS ,, trailing truck 
engine, total... 


” 


” 


Tender :— 
Tank capacity 10,000 gallons. 
Coal aa 13-4 tons. 
Wheels, diameter 34 in. 
Wheel base 28 ft. 1 in. 


Weight, two-thirds loaded ... 93 tons 17 ewt. 
Locomotive and Tender :— 
Wheel base, total 


Weight, total 


LETTERS TO THE EDITOR. 


THE WHITWORTH SCHOLARSHIPS. 
To tHe Eprror or ENGINEERING. 

Srr,—Several of your correspondents desire informa- 
tion as to H.M. Dockyard schools, and their apparent 
connection with Whitworth scholarships. Some genius 
at the Admiralty nearly a century ago discovered 
(what our modern psychologists are now finding out 
by elaborate tests, and what every teacher knows 
after a few months’ service) that the mentality of a 
crowd of boys of the same age may be represented 
by numbers, say, — 50, 0, +50. For nearly 90 
years the dockyard schools have been worked on 
the basic idea of an original sifting of applicants for 
apprenticeships, followed by intensive training and 
constant weeding-out until the ‘ plus-fifties ” only 
are left. 

In more detail, each dockyard annually selects from 


109 ft. 3% in. 
346 tons 1-5 cwt. 


the local elementary schools by competitive Civil 
Service Examination (say) 100 apprentices to the 
various trades engaged in engine and shipbuilding. 
Selection of trade is allowed according to position on 
the examination list. Each apprentice attends school 
a few hours per week. After four years’ training 
the 100 are weeded by examination down to say two 
or three apprentices. These are given a more advanced 
course at Greenwich, or Keyham, with ultimate 
employment as naval engineer, constructor or electrical 
engineer. The Whitworth scholars, now proving of 
such interest to your readers, come from the 97 or 98 
“not wanted’ by the Admiralty. 

The dockyard schools do not exist for the purpose of 
training Whitworth scholars. The scholarships are 
open to anyone possessing the necessary technical and 
educational qualifications—wherever they may reside. 
The schools have produced regularly over this long 
period—trom elementary schoolboys—a succession of 
famous ship and engine designers ;_ Whitworth Scholars 
and Exhibitions with Royal and National Scholarship 
winners, in numbers out of all proportion (as you 
point out in your leading article) to the populations 
of these few towns. 

Is this system of technical training really as good 
as the results indicate ?—and if so, why hasn’t it been 
adopted elsewhere ? are questions that may be asked. 
First of all the Admiralty appear to be well satisfied 
with the scheme, and if the apprentices, for whom they 
have no high appointments, are good enough to annually 
sweep up scholarships open to the whole country, 
there cannot be much wrong with the system. 

The second question demands more careful enquiry 
and perhaps tactful answering. The opinion of the 
writer—who has been advocating for a number of 
years in educational publications the more general 
adoption of the Dockyard school system—is that the 
fault lies mainly with our engineering firms. These 
have failed to realise that in their local elementary 
schools and their workshops are numbers of wasted 
“ plus-fifties ” the best latent engineering material 
in the world. 

The President of the Board of Education, on Satur- 
day last, at Epsom, said that :—‘ The value of the 
trained mind in many industries is not recognised . . . 
and that the greatest educational advances are made 
where the development of the school system has been 
clearly related to the industry or business of that 
area.” 

The history of the greater number of these highly 
qualified ex-apprentices is that after the dockyard 
shop and school training, a scholarship is held at 
South Kensington and a diploma obtained. This is 
followed by unsuccessful attempts to obtain employ- 
ment in engineering with position and emoluments 
suitable to their qualifications. Some few obtain this, 
but the remainder find themselves “up against it ” 
and drift into occupations where very often only a mere 
fraction of their technical knowledge is used. 

If this kind of thing is to continue there is no purpose 
in any inquiry into the reasons for the success of the 
Dockyard schools. The scheme is one of the few 
successful applications of the much talked-of ‘* educa- 
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tional ladder.” Very popular on political platforms, 
but extremely difficult to erect! If British engineer- 
ing wants men of a higher calibre, this system will 
provide them. Carried out logically it would mean 
that no one should be given the opportunity of receiving 
an education in engineering at an Institution supported 
by public funds unless of proved ability. Can anyone 
—however optimistic—dare to hope any scheme of this 
type will be adopted ? 

Putting “tact ” on one side, the truth is that there 
is no demand for these men from such a source as 
the dockyard draws from and there is not likely to 
be. The higher posts in engineering are as much a 
““class-preserve ”’ as in the medical and legal professions. 
It is a disgrace to a country that has produced so 
many famous engineers from humble beginnings, but 
itisafact. Itis almost as difficult for an ex-elementary 
school boy to enter the Institution of Civil Engineers 
as to become a doctor or lawyer. 

It must be borne in mind that, however desirable, 
all the good qualities of the dockyard schools could 
not be successfully transplanted to any soil. There 
is nearly a century of atmosphere—success, tradition 
and hereditary influences—behind the schools. Any 
big industry or group of the same kind could, however, 
start a training scheme for their own and their 
employees’ benefit on the dockyard model. 

In reply to several points raised by your correspon- 
dents, the apprentices attend at school on two after- 
noons a week only, in workshop hours, and three 
evenings in their own time. Those ‘‘ weeded-ont ” 
are not discharged. They carry on in the workshops 
on “school afternoons.” They get their opportunity 
and benefit by the education they have received. 

There is no connection between the Admiralty and 
the Board of Education. The Whitworth papers are 
not set to suit dockyard apprentices. The papers are 
framed by people who know what an engineer’s 
education should be. The apprentices are given this 
education. 

The Geometry Paper—mentioned by one corre- 
spondent—does not favour the apprentices at all. 
In my time (and probably now) this was one of the 
many subjects not dealt with in the schools. The few 
hours per week spent at studies are obviously in- 
sufficient for the varied, extensive and difficult 
curriculum. 

Further classes are attended at the local technical 
schools and an immense amount of homework and 
private study has to be carried out. 

This four years’ combined workshop and school 
course is one of the most gruelling ordeals a youth 
can be asked to undertake. It means nearly full-time 
in the workshop, in addition to a course of study 
exceeded at few technical colleges. It is a tremendous 
test, mentally and physically. 

In addition, up to fairly recently, the Dockyard 
curriculum was so entirely different from the Board 
of Education Examinations that we had to go through 
distinctly different courses for examinations in appar- 
ently the same subject. 

One sympathises with Whitworth aspirants who 
do not live in dockyard towns. They should agitate 
for better educational facilities. I hope the few facts 
I have given will enable them to realise that the 
Whitworth and other scholarships are not “ thrown 
at’ the apprentices. Critics of the scheme have 
called it “ brutally efficient’? and “narrow.” One 
can only reply that British engineering has to meet 
with ‘brutal’? competition from abroad, and the 
Humanites won’t help us very much in the struggle. 
Any apprentice with sufficient ‘‘ savvy ” to get through 
his dockyard and college course with distinction can 
usually hold his own in other activities than that of 
engineering. 

If engineering firms will voice a demand, the muni- 
cipal technical schools all over the country can supply 
the men, provided the teachers are given the material 
and allowed to use the dockyard school methods. 
The dockyard school teachers do not work on students 
of all ages, all types, all shades of ability, the sole 
qualification of most of them being the ability to 
pay a fee. The British are naturally the finest 
engineers in the world. At present we only use a 
microscopic portion of our talent. 

F. G. Srrep. 
London, 8.W. Dec. 16, 1924. 


THE REMUNERATION OF TECHNICAL MEN. 
To THe Epiror oF ENGINEERING. 

Srr,—In your issue of the 12th inst. you published 
an advertisement from the Royal Aircraft Establish- 
ment at Farnborough, who want an assistant engineer 
with the qualifications of a University degree, and works 
and drawing office experience, offering to such a man a 
salary of 31. a week, plus Civil Service bonus. 

It must come as a shock to the engineering profession 
that this is what the Government has to offer in the 
way of salary to a highly trained and experienced 
member of that profession. We have taken the matter 


‘up with the Air Ministry, and have drawn the attention 


of the Institution of Aeronautical Engineers and the 
Royal Aeronautical Society to it. 

Ordinarily, the two last-mentioned bodies do not, we 
understand, concern themselves with salary questions, 
but the action of the Air Ministry is so derogatory to 
the standing of the profession that we think all bodies 
having the interests of engineering at heart would do 
well to indicate to the Government their opinion of the 
deplorable action of the Air Ministry. 

Faithfully yours, 
RicHaRD HAzueron, Secretary. 

Society of Technical Engineers, 

102, Belgrave-road, London, 8.W.1. 
December. 19, 1924. 


THE LATE MR. W. LANGDON-DAVIES. 


Iv is with deep regret that we record the death in 
his 58th year of Mr. Walter Langdon-Davies, which 
occurred on Saturday, December 6, at 103, Inchmery- 
road, Catford. He passed away after many months of 
great suffering, and although he underwent a series of 
operations, they proved unavailing in arresting the 
progress of his malady. He will be long remembered 
for his pioneer work in the development of single- 
phase alternating current motors and for the design 
of many electrical devices having characteristics suited 
to the requirements of exceptional services. 

He was born in Hong Kong, where his father, Mr. 
Charles Langdon-Davies, the inventor of the Phonopore 
system of signalling and many telegraphic devices, was 
Superintendent of the Bullion Office. After receiving 
his education at Dover College and the Royal School of 
Mines, Mr. Langdon-Davies joined his father in the 
development of his inventions and later devised the 
single phase motor with which his name is associated. 
This motor was manufactured by the Langdon-Davies 
Motor Company, which later became Brittain’s Electric 
Motor Company, but was started for the express purpose 
of producing the new motor. In 1905, Mr. Langdon- 
Davies went to Vancouver and was for some years on 
the staff of the British Columbia Electric Railway 
Company. He returned to this country early in the 
European War and became associated with Mr. Alfred 
Soames in the design of special generators and trans- 
formers for use in electric are welding, and by their 
efforts great progress was made in devising machines 
for this service. The best known appliance resulting 
from this combination was the Davies-Soames magnetic 
clutch, which is interposed between a motor and a 
generator and is caused to slip automatically to a 
greater or less extent to meet the power requirements 
for welding. For the development of this and their 
other inventions the firm of Daysohms, Limited, was 
founded. Mr. Langdon-Davies was a Member of the 
Institution of Electrical Engineers. 


A DirricuLty EXPERIENCED IN SCANDINAVIAN TRADING. 
—The Federation of British Industries have addressed 
a letter to the President of the Board of Trade on the 
subject of the taxation of commercial travellers 
entering Norway, Sweden and Denmark. In this letter 
it was pointed out that although the representatives 
of Scandinavian firms can come to this country without 
hindrance, the British representatives going to Denmark, 
to take an example, have to pay an initial licence of 
400 kr. and supplementary ones of 200 kr. The raising 
of the fees in Norway is at present under consideration. 
The Federation hopes that the Government will make 
a strong protest against these impositions. 


TRIALS OF THE ss. ‘“AntTrNOoUS.’ —Successful trials were 
made with the ss. Antinous in Belfast Lough on 
Thursday, December 18. This vessel was built for 
the New Egypt and Levant Shipping Company, Limited, 
of London, by Messrs. Workman, Clark and Co., 
Limited, of Belfast. She is of the shelter-deck type, 
415 ft. in length, and has a gross tonnage of 4,560 and 
a deadweight of 8,400 tons. She was constructed to 
the requirements of Lloyd’s Register of Shipping for 
their highest classification + 100 A.1., and is propelled 
by a triple-expansion steam engine, all machinery being 
built by Messrs. Workman, Clark & Co., Limited. There 
are five holds and complete shelter ’tween decks, arranged 
for the carriage of grain and general cargoes, and modern 
loading and discharging equipment has been installed 
on the vessel. : 


Contracts.—The Manchester Corporation Tramways 
have placed an order with the General Electric Company, 
Limited, for 24 40-h.p., standard box-frame, self-venti- 
lated, interpole type tramway motors.—The Bedford 
Engineering Company, Crane Builders, of Bedford, have 
received an order from the India Store Department 
for two electric “ Goliath ” 60 ft. span travelling cranes 
of 5 and 15 tons capacity.—The condensing plant for the 
10,000 kw. turbo-alternator to be installed at the Poplar 
Power Station will be of the contraflo high vacuum 
type, supplied by Messrs. Vickers, Limited, of Barrow-in- 
Furness.—The Chile Exploration Company of New York 
have accepted the tender of Messrs. Thos. W. Ward, 
Limited, of Sheffield, for the supply of 20,000 ft. of 8-in. 
diameter steel screwed and socketed piping to be shipped 
to Antofagasta. 


THE AUTOMATIC TELEPHONE SYSTEM AT 
YORK. 


THE automatic telephone system, working on the 
Strowger system, which the Automatic Telephone 
Manufacturing Company, Limited, of Liverpool, made 
and installed for the Post Office at York, was put into 
service on Saturday, November 15. ‘This installation 
replaced the old magneto and central battery exchanges, 
and the only parts of the system that still need the 
services of operators to make and take out the connec- 
tions are the trunk switchboards and certain of the 
outlying sub-exchanges. At present, the capacity of 
the automatic exchange is 1,700 lines, but there are 
facilities provided for extension to an ultimate capacity 
of 2,100 lines. 

The Strowger system used in York is of the four-digit 
type, employing primary rotary line-switches with 
final selectors mounted on the back of the line-switch 
units. The automatic exchange is on the ground floor 
of the Post Office building, which adjoins the Guildhall 
of the City. The line-switch units are erected in three 
parallel rows of five units each, and a fourth row of 
two units. These line-switches are mounted on shelves 
each of which accommodates ten switches, and the 
shelves are erected in groups of five on gates, which 
may be swung out to permit access to the cables. Over 
the gates there is a fuse panel with alarm fuses, through 
which current is supplied to each section of line- 
switches and to the signals of the unit, There is at the 
line-switch side a terminal assembly, where the out- 
going primary trunks and the incoming final selector 
trunks terminate. Mounted on the reverse side of each 
line-switch unit there are two shelves, each of which 
has a capacity of eight final selectors. The banks of 
these final selectors are multiplied together, allowing 
any switch access to any of the lines terminating at 
the banks. An individual fuse panel, provided with 
alarm fuses, through which the current is fed to the 
final selectors is at the left of each shelf. On top of 
each line switch unit there is mounted a line inter- 
mediate distributing frame where the incoming line 
and meter cables terminate. On this frame the final 
selector banks are jumpered to the line-switches. The 
group selectors are mounted separately on two selector 
trunk boards. The selector rack is a substantial steel 
structure with accommodation for 240 switches, 
arranged in two bays of 120 switches each, and these 
are subdivided among six shelves. Hach shelf is self- 
contained, and can be added to the rack when required. 
To provide for increase of traffic or removal for testing, 
switch jacks are provided on these shelves. 

The other equipment of the York switchroom com- 
prises a two-bay repeater rack, a main distributing 
frame, a link distributing frame and a three-bay meter 
rack, equipped with instruments which register effective 
calls only. The main batteries are in duplicate, and 
consist of two sets of 25 chloride cells of 9 elements 
in lead-lined boxes. Each battery has a capacity of 
486 ampere-hours when discharged at the nine-hour 
rate, but the boxes will accommodate sufficient extra 
plates to give a discharge of 702 ampere-hours, and the 
extra space is at present occupied by lead displacement 
tanks. An enclosed ventilated shunt-wound motor 
operating on the 460 volts direct current supply, 
drives directly a shunt-wound dynamo with an output 
of 100 amperes at 57 volts to serve for the changing 
of the cells. The voltage regulation which is procurable 
ranges from 50 to 68 volts. 


Biruminovs Roap ConsTRucTION.—We are informed 
that the Asphalt Road Association, of 40, Broadway, 
London, S.W.1, is undertaking a considerable amount 
of research and technical work in connection with the 
use of bitumen in road construction, the object being 
to arrive at satisfactory standard specifications and the 
standardisation and simplification of sampling and 
testing methods. In addition, the study of sub-bases 
and of aggregates for use with bitumen is receiving 
attention as well as the question of relative costs. It is 
intended to place the information secured at the disposal 
of highway engineers and the co-operation of road 
officials is invited. These may join the body as associate 
members. 


SrrEeEt-TRAFFIC IN _ BERLIN.—Londoners, notoriously 
enjoying good regulations for the street traffic though 
they have sometimes reason for grumbling, cannot expect 
to find much novelty in the new traffic regulations 
recently introduced in Berlin. Tramways are con- 
sidered obsolete for the central districts of Berlin, as 
of other cities. but to abolish them would involve heavy 
financial sacrifices; their replacement can only be 
gradual. The number of spots where carriages must 
not stop has been considerably increased, but in some 
parts, as near the Potsdamer Platz, it is difficult to 
find parking facilities. Certain streets may only be 
traversed in one direction, and turning is forbidden in 
them. The public should cross streets only at certain 
corners or spots, otherwise claims for compensation in 
cases of accidents may be rejected. No rule has been 
made as to slow traffic keeping close to the kerb. 
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THE ROYAL METEOROLOGICAL SOCIETY. 


Ar a meeting of the Royal Meteorological Society 
held on Wednesday, the 17th inst., at the Society’s 
Rooms, 49, Cromwell-road, 8. Kensington, Mr. C. J. P. 


Cave, M.A., President, occupied the chair, when a paper 


entitled “The Problem of Mild Polar Climates,” by 
C. E. P. Brooks, M.Sc., was read and discussed. 


The author stated that if there were an ice-free polar 


ocean just warm enough to prevent freezing at the 


pole and with a temperature increasing southwards at 
a uniform rate, and if a small decrease of temperature 
occurred uniformly over this ocean, the first result would 
It was shown 


be the formation of a small polar ice-cap. 
that if the temperature continued to fall the growth 
of the ice-cap would become more and more rapid, 
until a point was reached beyond which the ice-cap 
would continue to grow without any further fall of 
temperature. 
to be only about 0-25 deg.a below the freezing point ; 
a fall of temperature of 0-25 deg.a would give an ice- 
cap with a radius of one degree of latitude, a fall of 
0-3 deg.a would give an ice-cap with a radius of about 
25 deg. of latitude. ‘The ‘‘akryogenous ’’ temperature, 
which the present Arctic Ocean would take up in 
winter if sea-water did not freeze, was calculated and 
was found to be about 270 deg. abs. Hence a rise of the 
akryogenous winter temperature by only 4 or 5 deg. 
would suffice to cause a mild climate in winter. On 
the basis of some work by F. Kerner-Marilaun it was 
shown that the land and sea distribution during Middle 
Eocene and Upper Jurassic times would give akryo- 
genous January temperatures in latitude 75 deg. N. of 
278-6 deg.a and 280-8 deg.a respectively. Since these 
were well above the freezing point they represented 
also the real temperatures. There was, therefore a 
meteorological basis for mild polar climates. Finally, 
it was shown that the Arctic Ocean had become ice- 
free once, possibly twice, since the Quaternary Ice 
Age, the second occasion falling in historic times. 


Prices or JRoN AND STEEL, 1924-25.—We have 
received an excellent chart due to Messrs. W. Richards 
and Sons, Limited, of Middlesbrough, which shows 
prices of pig iron rivets, castings, &c., and also steel 
angles, joists, rails and ships’ plates, &c., from the 
year 1914 until the present time by means of variously 
coloured curves. 


Tur ExrecrricaL Conrractor’s YEAR Book, 1924— 
25.—A collection of working rules in force throughout 
various parts of the country, together with other infor- 
mation of use to those engaged in the electrical trade, 
is included in the Electrical Contractors’ Year Book, 
1924-25, just published by the Electrical Contractors’ 
Association (Incorporated), of 15, Savoy-street, Victoria 
Embankment, London, W.C.2, at the price of 2s. 6d. net. 


Serr Unitoapinc Buitk Carco VesseLs.—In ou8 
abridged reproduction of the paper on ‘ Self Unloadin 
Bulk Cargo Vessels of the Great Lakes ”’ presented by 
Mr. Henry Penton and Professor H. C. Sadler (see 
ENGINEERING of November 21) to the Society of Naval 
Architects and Marine Engineers at New York, we find 
that the expression “treble riveted watertight work ” 
was used in column 3, page 724, in place of “ three-ply 
watertight work,’’ which has the significance that there 
are three thicknesses of material. 


Toe Caste STEAMER Farapay.—Messrs. Siemens 
Brothers and Co.’s cable steamer Faraday left the 
company’s works at Woolwich on Saturday, loaded with 
1,500 miles of submarine cable to be laid for the new 
Italian Cable Company between Cape Verde Islands and 
the Island of Fernando Noronha, a small island off the 
coast of Brazil. Messrs. Simens Brothers and Co., 
Limited, are now engaged in the manufacture of 1,700 
miles of cable to form the continuation of this Italian 
company’s system from Fernando Noronha south to 
Rio de Janeiro. 


Tur Instrrution or Heatine AND VENTILATING 
EnGinrErs.—The Council of the Institution of Heating 
and Ventilating Engineers offer three prizes, namely, the 
Lumby, Sirocco, and Greville Premiums, which will be 
awarded for original papers on subjects connected with 
the particular branches of engineering with which the 
Institution is concerned. Papers must be sent to the 
Secretary of the Institution by March 31, 1925, at 38, 
Victoria-street, London, §.W., from which address full 
particulars regarding the qualifications of competitors 
may be obtained. 


_ PprsonAt.—The controlling interest in Ruths Steam 
Accumulator Company, Limited, of 45, Kingsway, Lon- 
don, W.C.2, has been acquired by the Fairfield Ship- 
building and Engineering Company, Limited, and 
Messrs. James Howden and Co., Limited, of Glasgow.— 
Messrs. George Ellison, of Perry Barr, Birmingham, 
inform us that Lieutenant-Colonel F. W. Foster, late 
of the English Electric Company, Limited, has been 
appointed Manager of their Branch Office at 78, King- 
street, Manchester.—Dr. W. R. Coode Adams, M.A., 
has been appointed an Assistant Lecturer and Demon- 
strator to Faraday House Electrical Engineering College. 


This “ critical temperature *’ was shown 


NOTES FROM SOUTH YORKSHIRE. 


SHEFFIELD, Wednesday. 

Iron and Steel.—The mixed conditions prevailing in 
the local iron and steel trades are reflected in the fact 
that while some works are closing on holiday account only 
three to four days, others will be idle, so far as actual 
production is concerned, for ten days to a fortnight. 
The buying movement which was thought to have begun 
in raw and semi-finished materials appears to have met 
with an early check, and what business is circulating is 
being done strictly on the basis of official quotations. 
Trade in pig-iron and hematites is restricted, while sales 
of common billets, as was the case in the past twelve 
months, are retarded|by the importation of cheap material 
from the Continent. An optimistic note is still being 
sounded regarding New Year prospects, but it is evident 
that progress must continue to be slow. Closing quota- 
tions are as follow: Hard basic billets 91., soft basic 
billets 8/., West Coast hematites 5/. 5s., East Coast 
hematites 47. 10s., Lincolnshire No. 3 foundry iron 41. 5s., 
Lincolnshire forge and Derbyshire No. 3 foundry each 
41. 2s, 6d., Derbyshire forge 4J., bars 13/., sheets 15/.— 
in each cases per ton delivered at local works. The 
position in heavy engineering has improved from 
Sheffield’s share in the receipt of substantial orders from 
British railways. Sufficient contracts have been booked 
for wheels, axles, tyres, and locomotive parts to keep 


‘individual plants busy for several months ahead, though 


it will be impossible to employ productive capacity 
fully until foreign and colonial transport development 
schemes take more definite shape. British corporations 
are in the market for manganese points and crossings 
and tramway fittings, and a fair range of business is 
passing in corrosion-resisting materials for various engine- 
ering uses. Automobile steel, magnets, and fittings 
continue to be the subject of large orders from engineers 
in the Midlands, and there is also a certain amount of 
business passing in rolled steel of special specification 
for the use of French automobile engineers. Other 
active lines are'carriage fittings, engineers’ tools, hammers, 
picks, files, saws and shovels. 


South Yorkshire Coal Trade.—So far as house coal is 
concerned the year is finishing with more active con- 
ditions, due to the advent of colder weather and the 
necessity for securing supplies against the stoppage at 
the collieries. There is also a better demand for slacks 
of good quality, and a substantial call for bunkering 
coal. Export trade in best seams makes little headway, 
though the home demand is fairly robust. Coke of all 
classes constitutes a moderate market. Quotations :— 
Best branch handpicked, 32s. to 35s.; Barnsley best 
Silkstone, 26s. to 28s. ; Derbyshire best brights, 27s. to 
32s.; Derbyshire best house, 24s. to 26s.; Derbyshire 
best large nuts, 22s. 6d. to 25s.; Derbyshire best small 
nuts, 14s. to 16s.; Yorkshire hards, 20s. 6d. to 23s. 6d ; 
Derbyshire hards, 19s. 6d. to 22s.; Rough slacks, 9s. 6d. 
to 12s.; Nutty slacks, 8s. 6d. to 10s. 6d.; Smalls, 
4s. to 6s. 6d. 


Tue Lyons Farr.—It is announced that the next 
Lyons Fair will be held from March 2-15, 1925. All 
raw materials and manufactured articles may be bought 
at this fair, at which more than 3,000 exhibitors are 
expected to attend. A comprehensive advance edition 
of the official catalogue, translated into English, may be 
had, price 2s. 6d. post free, from Mr. J. A. Victor, the 
official British representative to the Fair, of 774, Queen 
Victoria-street, London, E.C.4. The Lyons Fair offers 
unrivalled facilities to the commercial buyer, and the 
representative proposes to organise parties of buyers 
desirous of attending it. He will be glad to give further 
particulars on request. 


RELIABILITY or Om Enernes.—At a time when it 
was difficult to obtain delivery of British heavy-oil 
engines, Messrs. Watney, Combe and Reid had a six- 
cylinder two-cycle submarine Diesel engine installed 
at their brewery. Since the brewery processes are con- 
tinuous the plant is required to operate throughout the 
year for 24 hours each day. Under these conditions the 
engine has failed to give satisfaction, and Messrs. Mirrlees, 
Bickerton and Day, Limited, of Stockport, are replacing 
it with a Mirrlees-Diesel engine. The latter is to be 
a six-cylinder unit capable of developing 500 brake horse- 
power at 250 r.p.m. and will have an overload capacity 
of 10 per cent. Fuel valves, without packing, floating 
piston pins, and long connecting rods, are features of 
the construction, which will constitute the third Mirrlees- 
Diesel engine in service at the brewery. 


Boer Expiosion on A Steam LicuTer.—A Formal 
Investigation under the Boiler Explosions Acts of 
1882 and 1890 was held in Greenock on September 4 
into the circumstances of the boiler explosion on board the 
lighter ‘‘ Effort,’’ which occurred on July 14 at Greenock. 
As a result of continued corrosion in the uptake of a 
vertical cross-tube boiler a piece of the plate, 3 in. by 
34 in., was blown out and steam and water from the 
boiler was ejected through the flue and fire-box into 
the machinery space at the fire-door and ashpit, and 
as the result the engineman lost his life. The Com- 
missioners, Messrs. James A. Fleming and Wm. McArthur 
Morison, found that the corrosion was known to the 
owners and their manager, and that the latter, while 
he had attempted repairs, had not taken proper measures 
to ensure safety and had neglected to obtain competent 
advice. The boiler was not insured, nor had it received 
skilled inspection. The owners, Mrs. Hardie and Mr. 
James McNeil, of Greenock, were drdered to puy 2G. 
towards the cost of the Formal Investigation, and 
Mr. Daniel McNeil, their manager, was similarly fined. 


NOTES FROM THE NORTH. 


Guascow, Wednesday. 

Scottish Steel Trade.—A quiet tone prevailed in the 
steel trade of Scotland this week, and as the year draws 
to a close there is little life in the trade. The demand for 
ship plates shows no signs of improving, and so long as 
the Continental plates can be landed here at the present 
low prices the outlook for the home producer is none 
too good. Structural engineers have a fair amount of 
work on hand, and while deliveries to them have been 
tolerably good the actual demand for structural sections 
falls a long way short of the normal output. In the 
black sheet trade the conditions have varied little over 
the week, and fairly satisfactory deliveries of light 
sheets have been general. The forward demand is not 
quite as good as it was, but enquiries both for light and 
galvanised sorts hold out the hope that fairly large 
quantities will be wanted for shipment in the early 
months of the new year. The outlet for the heavier 
gauges is still very limited. Export business in all 
classes of steel is not brisk, and in the meantime the 
prospects of an early improvement are not very good. 
Prices are steady and home quotations are as follow :— 
Boiler plates, 13/. per ton; ship plates, 9/. 15s. per ton ; 
sections, 9/. 10s. per ton; and sheets, ;; in. to } in., 121. 
per ton, all delivered Glasgow stations. 


Malleable Iron Trade——While a feeling of confidence 
became very general in business circles after the election, 
it has failed to make any impression on the bar iron 
trade, and in the West of Scotland the malleable-iron 
works have remained very quiet. This week there has 
been little doing, and current requirements are all that 
are being specified for. In the steel re-rolling branches 
there is an absence of demand. The price of “* Crown” 
bars is still 127. per ton, delivered Glasgow stations. 


Scottish Pig-Iron Trade.—In the Scottish pig-iron 
trade a dull tone is general, and orders both for the 
home trade and for export are very difficult to procure. 
Fairly heavy stocks are held at the works, and there are 
prospects of several more furnaces, now in blast, not being 
re-lighted after the holidays until such time as the 
demand increases. Prices are nominally without change, 
and the following may be taken as the current quota- 
tions :—Scottish hematite, 4/. 15s. per ton delivered at 
the steel works ; foundry iron, No. 1, 4/. 15s. per ton, 
and No. 3, 4/. 10s. per ton, both on trucks at makers’ 
yards. 


NOTES FROM THE SOUTH-WEST. 
Carptrr, Wednesday. 

The Coal Trade.—According to the Statistical Office of 
the Board of Trade, 3,532,870 tons of coal were shipped 
from the twelve principal seaports in the United Kingdom 
in November, of which 1,973,114 tons or 56 per cent. 
were exported from South Wales. The totals are 
amongst the lowest for the year, which was partly due 
to the fact that there were only 25 working days in 
November compared with 27 in October. Shipments 
from South Wales in the eleven months ending November 
amounted to 23,107,362 tons at 25s. 2d. per ton com- 
pared with 27,284,096 tons at 26s. 2d. per ton in the 
corresponding period of 1923. The November exports 
were 4,351 tons more than in October, but the value at 
2,389,6471. was 47,6791. less, while the average price at 
24s, 23d. showed a reduction of 64d. and touched the 
lowest level for the year. Shipments of large coal 
amounted to 1,240,167 tons valued at 27s. 64d. per ton, 
a reduction of 43d., of through coal 32,428 tons at 
20s. 94d. per ton, a drop of 1}d. per ton, and of small 
coal 700,519 tons at 18s. 3d., a fall of 2d. per ton. The 
volume and value of shipments from the different ports 
in November are shown below :— 


From Quantity. Value. Per Ton. 
Tons. £ f.0.b. 
Cardiff 1,230,429 1,424,008 23s. 2d. 
Newport £35 320,212 378,150 23s. 74d. 
Port Talbot .. 162,212 184,463 228. 84d. 
Swansea 260,261 403,026 31s. Od. 
Totals 1,973,114 2,382,647 24s, 23d. 


The volume of shipments was slightly increased at 
Cardiff and Port Talbot, but the average fuels were lower 
by 1ld. per ton at Cardiff, and 2d. at Port Talbot. On 
the other hand the shipments were reduced at Newport 
and Swansea, but the average price was increased by 
4d. per ton at the former port and by 73d. at the latter. 
Anthracite coal exported from Swansea amounted to 
196,783 tons valued at 339,762l. or 34s. 6d. per ton, 
which was 10,186 tons more than in October, but the 
average price was 1}d. less, although the 110,746 tons of 
smalls exported realised an average of 27s. 1ld. per ton 
or 3s. 2d. more than in October, but the 86,037 tons of 
large despatched averaged 43s. ld., a reduction of 4d. 
per ton. 


Trarric Apvisory Commrrren.—The formation of 
the London and Home Counties Traffic Advisory Com- 
mittee, consisting of nineteen members, has now been 
completed. The personnel includes Sir Henry P. 
Maybury and Sir Herbert A. Walker, both of whom were 
appointed by the Minister of Transport, while Captain 
Sir William Nott Bower and Mr. J. R. Pakeman were 
selected by the City of London Corporation to repre- 
sent it. The Metropolitan Borough elected Sir Henry 
Jackson and Sir Henry F. New, while the Minister of 
Labour chose Messrs. J. Clipp and B. Smith, M.P., 
to attend in the interests of the Ministry. 
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THE SISKIN II SINGLE-SEATER FIGHTING AEROPLANE. 


CONSTRUCTED BY MESSRS. SIR W. G. ARMSTRONG, WHITWORTH AIRCRAFT, LIMITED, ENGINEERS, COVENTRY. 


(For Description, see Page 870.) 
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Moror Service Across THE SaHara.—Little time 
has passed since it was demonstrated that motor traction 
across the Sahara desert was a practical possibility, 
but already a regular passenger transport service has 
been established. By its means it is now possible to 
reach Timbuctoo from London in 12 days. The inland 
journey starts from Oran on the Mediterranean, and 
from there Colomb-Bechar is reached by train. Citroén 
cars of the ordinary wheeled type are used for most of 
the rest of the journey, but in certain regions cars of 
the Citroén-Kegresse type, with a track-laying system 
for the rear wheels, are necessary. Gao, on the River 
Niger, a distance of 1,384 miles from Colomb-Bechar, 
is reached eight days after leaving the motor base, 
and then the journey may be continued a distance of 
280 miles by car to Niamey, on the edge of the big game 


Fria. 2. 


hunting country. 
reached from Gao by motor boats on the River Niger. 
This most exceptional transport service has been 
organised by the Citroén Trans-African Company and 
already full particulars may be obtained from the usual 
tourist agents. 


INTERNATIONAL Exnreirtion or HypRAvLic Powrnr. 
—From the month of May, 1925, and extending to the 
month of October, an exhibition will be held at Grenoble, 


concerned with the development and utilisaticn of 


hydraulic power. The centre is an exceptionally good 
one for such an exhibition, because easily accessible 
from Grenoble are a large number and variety of hydro- 
clectrie and other works, se that in addition to the exhi- 


Alternatively Timbuctoo may be | bition itself opportunities will be available for visitors — 


to inspect working installations. The exhibition is 
under the patronage of the French Government and is 
organised by the Municipality and Chamber of Com- — 
merece. The grounds cover some 50 acres and exhibits — 
by British firms connected with the production or appli- 
cation of power, and transportation, will be possible. The 
conditions and charges for space are obtainable on — 
application to the Exhibition and Fairs Division, 
Department of Overseas Trade, 35, Old Queen-street, — 
S.W.1. The object of the exhibition is to illustrate the — 
great progress made in hydraulic power in recent years, 
and in such a neighbourhood, extremely attractive in — 
itself, should be well worth visiting at least. It should — 
also offer an opportunity for making our’ manufactures 
better known in Continental countries. 
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Offices for Publication and Advertisements, 
35 and 36, Bedford Street, Strand, London, 
W.C.2. 

We desire to call the attention of our readers to 
the fact that the above is our SOLE ADDRESS, 
and that no connection exists between this 
Journal and any other publications bearing 
somewhat similar titles. 

yvaeningae *« ENGINEERING,” WESTRAND, 

ADDRESS LONDON. 
TELEPHONE NUMBERS—3663 and 8598 GERRARD. 


SUBSCRIPTIONS, HOME AND FOREIGN. 


“ENGINEERING” may be ordered from any 
newsagent in town and country and at railway book- 
stalls, or it can be supplied by the Publisher, post 
free, at the following rates, for twelve months, payable 
in advance :— ; 


For the United Kingdom..................0 £3 5 0 
For Canada— 
Thin paper copies ..................0 £2.18 6 
Thick paper copies................... + £3 3 0 
For all other places abroad— 
Thin paper copies.... ...........0000 £3 3-0 
Thick paper copies ..............:06 £3 .7 6 


Foreign and Colonial subscribers receiving incom- 
plete copies through newsagents are requested to 
communicate the fact to the Publisher, together with 
the agent’s name and address. 

When foreign subscriptions are sent by Post Office 
Orders, advice should be sent to the Publisher. 


ADVERTISEMENT RATES. 


The charge for advertisements classified under the 
Headings of Appointments Open, Situations Wanted, 
Tenders, &c., is four shillings for the first four lines, 
or under, and one shilling per line up to one inch. 
The line averages seven words. When an advertise- 
ment measures an inch or more the charge is 12s. per 
inch. Payment must accompany all orders for single 
advertisements, otherwise their insertion cannot be 
guaranteed. Terms for displayed advertisements on 
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THE METHODS OF SCIENCE. 


Huxiry maintained that the methods of science 
were applicable to all the problems of humanity, 
a contention which critics with a purely literary 
training interpreted as implying that nothing was 
of importance unless it could be weighed or measured 
in the laboratory. What he really meant was 
something very difierent. Socrates and Plato had 
promulgated the view that truth could be arrived 
at by purely mental processes, unchecked by 
observation or experiment. The Greeks, in fact, 
never did experiment, and were therefore quite 
unable to discriminate between conflicting hypo- 
theses as to the laws of Nature. Plausible argu- 
ments could, for example, be advanced in support 
of the atomic theory of Democritus, but equally 
good a priori reasons could be adduced in favour 
of the contention of Anaxagoras that matter was 
continuous. Neither school could convince the 
other, and until Galileo introduced the principle of 
appealing to experiment, which was afterwards so 
strongly advocated by Bacon, scientific thinking 
could hardly be said to exist. In fact, as Henri 
Poincaré pointed. out many years ago, there are 
always an infinite number of hypotheses con- 
ceivable which will co-ordinate any finite number 
of facts. To take a geometrical illustration, we can 
find equations for an infinite number of curves 
all of which pass through the same, say, five points. 
If we now require them to pass also through a 
sixth point, then only a certain portion of the 
original set of curves will satisfy this condition. 
In this way the fixing of a sixth point discriminates 
between possible and impossible hypotheses as 
to the nature of the curve, co-ordinating all six 
points. The introduction of this additional point 
corresponds to the making of a crucial experiment 
such as that by which Foucault showed that light 
moved faster in air than in water, or to the famous 
Michelson-Morley experiment which has led to 
such startling developments in physics. Never- 
theless, to return to the geometrical illustration, 


there are still an infinite number of curves which 
will pass through all six points, and similarly 
so long as our observations on nature are finite 
in number there must always be an infinite num- 
ber of conceivable hypotheses which will be in 
agreement with them. 

In practice what we do is to choose the simplest 
and push them as far as they will go, rejecting 
from time to time any one which fails to fit in 
with further data as such may be acquired. It 
was this consistently pursued policy of comparing 
hypothesis with observation which Huxley had 
in view in claiming the general applicability of 
the methods of science. Science has no pretensions 
to establish absolute truths, but it has the negative 
merit of demonstrating that certain hypotheses are 
necessarily untrue. That heavy bodies fall more 
rapidly than lighter ones was a very plausible 
theory, but Galileo in his famous experiment at 
the leaning Tower of Pisa showed that in this 
instance plausibility was but a poor test of truth, 
and the adoption of the Galilean method by 
a few gifted individuals in successive generations 
has during the past three hundred years effected 
an astonishing revolution in the thought of man- 
kind. Our ideas of the Cosmos have been funda- 
mentally changed, not without vigorous protest, 
from the conservative instincts of mankind, but the 
protesters have had to keep within protesting 
distance and have been dragged forward in spite 
of themselves. 

Methods of science are, however, still little 
applied in political and economic matters. The 
street corner or works gate orator still relies on 
the a priori plausibilities. Advocates of nationalisa- 
tion, for instance, studiously ignore the well- 
established fact that no important improvement 
in transport has originated on a state-managed 
railway, and that telephony progressed much more 
rapidly in America than in any other country. 
The best hope for the future les, we believe, in the 
introduction into such questions of the methods 
which have proved so fertile in promoting the pro- 
gress of natural philosophy. It must be recognised 
that absolute truths are as unattainable in politics 
and economics as in what used to be called 
exact science. Consequently the real test of the 
relative merit of social and political conditions 
does not lie in comparing the results of modern 
civilisation with some ideal Utopia; but by 
observing in which countries the standard of living 
rules highest and freedom of thought is best 
secured. 

Unfortunately, science can never be a popular 
study with more than a small percentage of 
the population, but it is very desirable that a 
knowledge of, and a confidence in, its methods 
should be widespread. Too often the business 
heads of our great industrial undertakings are 
lacking in-this. At times they fall a prey to glib 
charlatans through ignoring the advice of their 
technical staff, whilst in other cases they buy up 
at high prices foreign patents for articles which 
could perfectly well have been developed by their 
own stafi. We are not speaking here of the special 
cases in which real genius is involved, but of 
improvements of the humdrum type, mere matters 
of experiment and design, for which equally satis- 
factory alternatives are always possible, and which 
could quite well be worked out by the firm’s own 
technical staff, to the mutual advantage both of the 
shareholders and themselves. 

Sir Charles Parsons has stated that to keep in 
the forefront, an engineering firm should spend in 
experiment from 1 to 3 per cent. of the annual turn- 
over. To make this procedure general it is essential 
that the business heads of our great undertakings 
shall have confidence in the methods of science. 
Unfortunately, educational conditions in the past 
have not been such as to foster this feeling. Not 
merely were most of our prominent schools devoted 
to Classics, but even that subject was very badly 
taught. In the October issue of the Edinburgh 
Review, for example, the late headmaster of Eton 
declares that classical authors were presented “ to 
the boys as linguistic puzzles to be solved,” and 
not as “interpreters of life’? Any sort of ugly 
translation of the noblest passages of the great 
Greek writers was accepted, if fairly accurate. 
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Moreover, it would seem that, apart from this 
badly-taught subject, little else was learnt, since 
he states that on proceeding from these schools to 
Cambridge, undergraduates had to have special 
coaching in the simple arithmetic required for the 
“ Little Go.” 

Matters have undoubtedly greatly improved of 
recent years, probably largely because of the 
steadily insistent claim of science to be considered 
an essential element in culture. The only hope, 
therefore, of maintaining the narrow classical 
tradition was to improve the teaching, but, in spite 
of this it was found impossible to continue the ban 
on science, though ingenious attempts were made, 
and with some success, to discredit the ‘‘ modern 
side” by drafting into it all the lesser intelligences. 

The teaching of classics had behind it the experi- 
ence of many centuries, whilst the best methods of 
interesting youths in scientific studies have had to 
be found out by experience, and are probably not 
settled yet. At one time the use of text books was 
denounced. The teachers’ lectures should, it was 
said, constitute the only text book, but the gift of 
clear éxposition is, far from common, and even 
with lecturers of genius the policy in question 
is not always applicable. If current report can be 
relied upon, Lord Kelvin’s students would have 
fared. badly had they been dependent solely on 
his lectures, in which he was accustomed to 
discourse about things in which he might be 
specially interested at the time, rather than to 
provide a systematic course in natural philosophy. 

It would, moreover, have been a very exceptional 
teacher who could improve on Ganot’s Physics, an ele- 
mentary text book, which, when school laboratories 
were few and badly equipped, had an irresistible 
attraction for the boy with scientific tastes, and 
gave him a very fair knowledge of a wide tract of 
scientific country. To-day specialisation is un- 
fortunately more in favour, and undue importance 
is, possibly, attached to actual work in the labora- 
tory. This necessitates expensive equipment, and 
so far as the abler youths are concerned wastes 
time in, say, the measurement of specific gravities 
which would be much better devoted to the history 
of scientific ideas and principles. 

This question of science teaching in secondary 
schools was discussed in a paper recently read before 
the Royal Society of Arts by Professor C. A. Carus- 
Wilson, who stated that the difficulty was to provide 
for a general course in science suitable for all, in 
view of the fact that specialisation was demanded 
by the requirements of most examinations. Indeed, 
in this connection it may well be questioned whether 
the present examinations for the Whitworth Scholar- 
ships are as well designed as those of forty years ago. 
Fewer subjects are demanded, but a comparatively 
high standard in these is required, and this necessi- 
tates early, and we think highly inexpedient, special- 
isation. The same applies to most other science 
examinations. This specialisation has the ad- 
ditional drawback of being unsuitable for youths 
who do not intend to take up science as their life 
work. These are naturally in the majority, and 
it is therefore very desirable that the school science 
course should be such as to interest them and give 
some knowledge of scientific methods and principles. 
Professor Carus-Wilson thinks that the problem 
may be solved by arranging the general course in 
science to deal with the common objects of daily 
life. The idea is perhaps not new, as in the days of 
our grandfathers there were a number of text books, 
often arranged in catechism form, which were 
intended to afford just this kind of knowledge. The 
main difference is that in the plan advocated by 
Professor Carus-Wilson much attention is paid to 
experimental work, which, as the materials operated 
with are in common use, can be carried out relatively 
inexpensively. For the abler lads with natural scien- 
tific tastes this kind of experimental work may, as 
has been suggested above, be easily overdone. For 
such, much of the time often spent in making ele- 
mentary measurements, might be better devoted to 
a widening of their scientific interests There is, 
however, a very large class of persons who can learn 
only by actual experience, and a well co-ordinated 
course of the type suggested will probably succeed 
in imparting to these a knowledge of principles 
which would otherwise never be acquired. 


DIRECTION-FINDING WIRELESS. 


A CONSIDERABLE work was instituted towards 
the end of 1920 by the Radio Research Board of the 
Department of Scientific and Industrial Research, 
under the chairmanship of Admiral Sir Henry Jack- 
son, F'.R.S.,,in the setting up a Committee on Direc- 
tional Wireless under the chairmanship of Mr. F. E. 
Smith, F.R.S. This Committee has now published the 
first part of its main report.* Last year it produced 
a Special Report by Dr. R. L. Smith-Rose and Mr. 
R. H. Barfield, discussing the principal systems of 
direction-finding by reception (vide ENGINEERING, 
September 7, 1923, page 305), and the present report 
begins the publication of results obtained from a net- 
work of receiving stations in this country, equipped, 
so far as concerns the observations of the present 
report, with identical apparatus on the Robinson 
system. These were erected, the sites chosen, and the 
entire work carried out, under the direction of the 
Directional Wireless Committee and the personal 
supervision of Dr. Smith-Rose. It includes the results 
of over 41,000 observations taken systematically at 
the whole of the stations in accordance with a 
common schedule of work, and the results are sum- 
marised and illustrated in tables and graphs referr- 
ing partly to the individual stations and partly to 
general aspects of the entire work. 

For the detail of the observations, reference must 
be made to the origina]. In everything except the 
design of the apparatus, and to some extent the 
choice of sites of the receiving stations, the pheno- 
mena investigated had to be taken exactly as they 
occurred, and the space involved in describing the 
resultant of so many complex and imperfectly 
known causes, though small in comparison with 
the labour of making and recording the observations, 
would be more than could usefully be devoted to the 
purpose. Nevertheless the net outcome of the report 
is important for those who are concerned with the 
progress of wireless transmission. The present in- 
stalment is essentially an interim contribution. It 
records, with the remorseless impartiality that 
characterises most of the Department’s work, the 
observations that lead to a negative result no less 
than those that are more fruitful, and it adds little 
to existing knowledge except to support with its 
vast mass of material the negative provisional con- 
clusions at which it has to arrive on almost all points. 
Among the positive conclusions is the satisfactory 
result that the instrumental errors of the system, 
including the calibration of the scale, antenna, and 
other non-directional effects (e.g., direct pick-up of 
the leads from coil to amplifier through the leads 
and transformers of the amplifier itself), detuning the 
coil system, coil shape (to which reference was made 
in the Committee’s earlier report), unscreened local 
oscillators, and personal operator’s errors, showed 
the total instrumental error to be within 1 deg. 
and often to be under 0-5 deg., which, for the time 
being is thoroughly satisfactory in view of the far 
larger order of magnitude of the errors that may 
occur through less controllable influences. Much 
larger variations were found in some instances 
through unsuitable local conditions, for instance, 
metal work, overhead wires, trees, mountains—and 
though these have not yet been brought into strict 
relation with the effects they evidently produce, 
the present observations show clearly the import- 
ance of exercising the utmost possible care in select- 
ing a site. 

The hours of observation, which were uniform 
throughout all ten receiving stations, were for the 
first three months from 8 a.m. till 9.30 p.m., and 
afterwards from 8 a.m. till 12.30 p.m. and 4.30 p.m. 
till 9.40 or 10 p.m. After rejecting all inaccurate 
and doubtful readings, these routine observations 
numbered over 41,000, in addition to several 
thousand made during special tests. The receiving 
stations were at various parts of the kingdom, 
from Aberdeen to Bristol and Belfast, and the trans- 
mitting stations of which the bearings were observed, 
were at various parts both of the United Kingdom 
and the Continent, their distances varying from 


* Radio Research Board, Special Report No. 2. Varia- 
tions of Apparent Bearings of Radio Transmitting 
Stations, PartI. Observations on Fixed Stations, 
February, 1921, to March, 1922. 'H.M. Stationery Office. 
3s. 6d, net. 


a few miles up to over 1,500 miles, and their dis- 
tribution round one or other receiving station — 
lying practically all round 360 deg. The results 
went to confirm the great difference in trustworthi- 
ness between day and night observations. Thus 
the difference between the mean observed bearing 
of a transmitting station from a receiving station 
seldom varied by day by more than 3 or 4 deg., 
and did not go above 15 deg.; but the night 
observations differed erratically among themselves 
by far greater amounts, ranging up to as much as 
60 deg. and over, and showed differences of a 
similar order both from the true bearing and be- 
tween night and day readings. The widest varia- 
tions were, however, only of short duration, and— 
especially by day—the percentage of deviations 
that exceeded + 2 per cent. was surprisingly low ; 
except for one mysteriously erratic station (Bangor, 
which had 9-1 per cent.), the worst was. under 
3 per cent., counting stations that had made more 
than 50 observations both by day and by night. 
Variations were most marked and most erratic 
at the periods following sunrise and sunset; 
but though every endeavour was made to refer 
them to elementary causes, no really conclusive 
explanations were reached. 

The observations described in the present part 
of the report were mainly on “spark” trans- 
missions, at wave-lengths of from 2 to 9 km., 
but the committee’s work was extended to con- 
tinuous waves and relatively short wave-lengths. 
The results of these further observations, which 
are to be published in -other instalments of 
the report, will be anticipated with the more 
interest because it is understood that they will 
show much closer approach to positive practical 
conclusions, and, indeed, for short wave-lengths and 
distances, will be able to record transmission over 
sea that shows a really practical concordance be- 
tween true and observed bearings. When these 
results appear, they are likely to make out that 
observations on 450 metre waves up to distances of 
100 miles now furnish a practical means of direction- 
finding, which can be used by day with so little 
deviation from true bearings that their readings 
may be taken as accurate for navigational purposes ; 
and even by night show so little variation that 
as against dangers in the neighbourhood of a station 
ahead—which they normally would be—they give ~ 
trustworthy protection in practice. Another fact 
of interest that is likely to emerge is that the 
equivalence of various systems of directional 
apparatus, pointed out in the Board’s earlier report, 
has now been verified by extended sea experience, — 
and that directional wireless is being used in 
navigation with satisfactory results and increasing 
confidence. 


STANDARDS OF THERMAL EFFICIENCY. 


A FURTHER examination of the proposed standards 
for determining the heat available in steam turbines 
working with progressive feed heating seems to 
indicate the probability that the suggestions outlined — 
in Capt. Sankey’s paper* will be even less acceptable 
to designers and contractors than we feared. In 
fact, the cycle represented in Fig. 1, which we repro- 
duce below, cannot actually be realised by merely 
bleeding of the turbine at a sufficient number of 
points. Judging from the scale of absolute tem- 
peratures given, the boiler pressure in this diagram 
must have been about 500 lb. per sq. in. The 
temperature, after the steam has been superheated 
to the point A, is about 1,100 deg. F. absolute. 

The diagram seems likely to suggest to those not 
fully conversant with the matter that it would be 
possible to obtain perfect progressive feed heating 
by commencing to bleed the turbine at a point 
where the still superheated steam was at the boiler 
temperature. It has, however, to be observed that 
at this temperature the superheated steam will have — 
a pressure of only about 240 lb. per square inch, or 
less than half the boiler pressure. If passed into 
a feed heater none of the steam will condense unless 
the water in the heater is at or below the temperature 
corresponding to steam saturated at 240 lb. per 
square inch, that is to say, the feed temperature 
on leaving the heater cannot be higher than about — 


*See ENGINEERING, December 12, 1924, page 818. 
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397 deg. F., whereas the boiler temperature is 
468-6 deg. F. Unless condensation occurs, very 
little heat will be available for feed heating, as the 
specific heat of steam is only about one-half that of 
water. Hence, to get effective feed heating with 
steam at a pressure of 240 lb. per square inch and a 
temperature of 468-6 deg. F., the feed as already 
pointed out must leave the heater at a temperature 
of not more than 397 deg. F. There will thus be a 
large increase of entropy in the interchange of heat 
between the hot steam and the relatively cold water. 


FEEDHEATING 


To realise a state of affairs corresponding to the 
heat represented as available in Fig. 1, it would be 
necessary to expand the steam right down to the 
saturation line. A certain proportion of it would 
then be transferred together with the feed at the 
same temperature to a compressor, and the mixture 
compressed adiabatically up to the boiler pressure. 

If the amount of steam bled off at the saturation line 
were properly chosen the whole would be condensed 
at the end of the stroke of the compressor. No 
arrangement of this kind appears to be yet con- 
templated by turbine designers, and the practical 
difficulties would obviously be very considerable. 
Hence, contractors will hardly be prepared to accept, 
we think, as a rational standard the method of esti- 
mating available heats represented in Fig. 1. We 
believe that this point of view was brought forward 
in Mr. Kearton’s discussion of Capt. Sankey’s paper. 


NOTES. 
Rarip HaRDENING CEMENT. 

Tur demands for rapid hardening cement for 
such purposes as making the foundations of roads, 
where traffic cannot be kept off the road for many 
days, and also in reinforced concrete construction 

where the work must be conducted with despatch, 
are so great that a large amount of attention has 
been devoted to the subject of late. The manu- 
facturing companies associated in The Cement 
Marketing Company, Limited, of Tothill-street, 
Westminster, have now produced a cement which 
has been tested for hardening properties in the 
laboratories of the City and Guilds Engineering 
College by Professor S. M. Dixon. In this series 
of tests, reinforced beams 16 ft. long and 104 in. by 
6 in. in cross-section were used, made with ordinary 
cement and with the new product, which has been 
given the name Ferrocrete. The beams were 
carried by supports 15 ft. apart and the load was 
applied at two points 5{t. apart. While the ordinary 
cement, specimens broke down at an average 
crushing load of 3,900 Ib. per square inch 
after 54 hours’ hardening; those made with 
new product showed an average of 14,480 Ib. 
per square inch. Later tests after 100 hours 
gave 6,600 Ib. per square inch for the ordinary 
cement and 19,145 lb. per square inch for Ferrocrete. 
Similar advantage in stress-resisting properties 
was experienced at other stages of the investiga- 
tion and, in the 28-day tests, performed on Monday, 
December 22, the new product had twice the 
“strength of the ordinary cement, the figures being 
24,755 lb. and 12,065 lb. per square inch, respectively. 


Ferrocrete is stated to be a true Portland cement 
and though it requires a slightly longer period to 
harden than the well-known aluminous cement, this 
is regarded as not of great significance in roadmaking, 
where time has to be taken in laying wood blocks 
over the cement foundation and top dressing them 
with tar and grit. A section of Piccadilly, London, 
is now being laid with Ciment Fondu and a similar 
one with Ferrocrete, as a large-scale experiment of 
the values of these materials in road making. 


Tue InstrruTION Or MECHANICAL ENGINEERS. 

Engineers, engrossed in their work, are apt to 
take their own proceedings as a matter of course, 
while the public in general certainly has little 
appreciation of the extent to which it is beholden 
to the profession for most of the necessities and 
refinements of life. Boyhood, with a clearer vision, 
usually realises that engineering and its achieve- 
ments represent some of the outstanding pheno- 
mena of life, and rewards them with interest and 
affection, which, however, usually is all too soon 
lost in the light of common day. The average adult 
member of the public practically ignores the work 
of the engineer, and, in as far as he thinks about 
such matters at all, appears to suppose that ocean 
liners are produced by shipowners, great bridges 
by town and county councils, and express trains by 
railway companies. It is well that at times the 
public neglect should be corrected, and H.R.H. the 
Prince of Wales, by attending the annual dinner of 
the Institution of Mechanical Engineers on Thursday 
of last week, paid a graceful tribute to one of the 
major forces of modern civilisation. The dinner 
was the largest and most successful function of its 
kind which we remember, and nearly 600 members 
and their guests were present. The President, 
Mr. W. H. Patchell, who was in the chair, was 
particularly happy in his opening speech and in his 
reply to the toast of the Institution, which was 
proposed by the Prince of Wales. His Royal 
Highness, by his simile of a pack of hounds 
without a master, aptly brought out the value and 
the necessity of such an authoritative body as the 
Institution of Mechanical Engineers as a centre 
for the amazing mechanical developments of modern 
life. The opening speeches by the Prince and 
Mr. Patchell were followed up by successful contri- 
butions by Sir Henry Fowler and Sir John Aspinall, 
who respectively proposed “'His!Majesty’s Ministers ” 
and ‘“‘ Our Visitors,’”’ the former toast being replied 
to by the Marquess of Salisbury and the latter by 
the Earl of Derby. The toast of “ Our Visitors ” 
was also responded to by Mr. Basil Mott, who, as 
its president, represented the Institution of Civil 
Engineers. Mr. Mott’s speech was the last item 
of a very successful evening. 


THE INSTITUTION OF MECHANICAL 
ENGINEERS. 


AN ordinary general meeting of the Institution of 
Mechanical Engineers was held on Friday last, the 
19th instant, at Storey’s-gate, Westminster, the 
President, Mr. W. H. Patchell, in the chair. 


Wire Ropes RESEARCH. 


The paper taken at the meeting was entitled 
“Second Report of the Wire Ropes Research 
Committee,” prepared by the reporter to the 
Committee, Dr. W. A. Scoble, who presented it. 
The report will be found abstracted in this issue 
on page 856 et seq. 

Mr. Daniel Adamson, opening the discussion, said 
the question of lubrication shortening the life of 
the rope, and the fact that single wires had carried 
a greater number of bends when under higher 
tension, appeared to him to require further investi- 
gations. One million bends was the figure aimed 
at in the experiments. A million bends would, of 
course, convey different impressions to difterent 
users of ropes. Crane ropes, for instance, would 
last, according to circumstances, from one year up 
to twenty years or so—depending upon the number 
of lifts in the course of their work and, particularly, 
the load lifted. With only small loads the life of 
the ropes would be prolonged. Dr. Scoble had 
practically condemned the small pulley, and had 
shown in the report that pulleys of 6 in. diameter 


were really too small for their intended use. In the 
ordinary travelling crane 6-in. diameter was quite 
a usual proportion ; 7 in. diameter was sometimes 
specified, while 8-in. diameter was generous. Re- 
ferring to the number of bends, a large engineering 
firm had estimated for him the number of lifts 
made by their cranes as about 15,000 lifts per 
annum; with that a 30-ton crane rope lasted 
15 years—in another crane the rope was still in 
use after 20 years. Ona 10-ton crane the rope was 
replaced in 20 years. In these cases the average 
life of the rope was of the order of 20 years, with 
about 300,000 lifts in the life of the rope. That 
showed what one million bends meant in ordinary 
practice with regard to cranes. 

In order to find out whether there was anything 
to be learnt from the experiments, he had prepared 
a chart showing all the results given in the report, 
plotting tension against bends to produce failure. 
The shape of the curves did show a general similarity, 
and he had then prepared a second chart taking 
only the extreme results for a given size of pulley. 
The region between extreme curves of this type 
covered in all cases a very large area. Twelve years 
ago he had suggested that increasing the size of the 
pulley by two rope circumferences would double 
the life of the rope. The rule was empirical and 
left much to be proved, but the present work con- 
firmed the suggestion. On his second chart he had 
shown curves drawn to the form of hyperbolas 
using various constants. The range he had worked 
on was from 1,000 Ibs. to 200 lb. tension and the 
constants used in his formula x x z= constant, 
were as follows :— 


Size of Pulley. Constant. 

6 in. we 50 x 106 

8 in. 100 x 106 

10 in. 200 x 106 

12 in. 400 x 106 

14 in, 800° x 106 
The 6 in. curve accorded very closely with the 


actual results obtained. The 8-in. curve was 
rather below the lowest test results obtained from 
the 10-in. pulley ; the 10-in. curve was between the 
upper and the lower limits of the 10-in. pulley. 
Similarly the 12-in. and 14-in. curves also fell well 
into the region indicated by the experiments. For 
the present he thought such a chart was a reasonable 
guide for designers, and bore out the suggestion made 
years ago that the life of the rope under similar 
conditions would be doubled. if the diameter of the 
pulley were increased by two rope circumferences. 

When, in 1912, he had read a paper on “ Wire 
Ropes ” at Belfast, Mr. A. B. Wilson mentioned that, 
in the College of Technology, in which the meeting 
was held, a change had been made in the arrange- 
ment of the passenger lift. From the old arrange- 
ment with three primary bends and two reverse 
bends, a change had been made which introduced 
only one primary bend. He had made a wild guess 
twelve years ago that the new rope ought to last 
seven times as long as the old. With the old 
arrangement the ropes lasted about a year and three- 
quarters, allowing for holidays; with the new they 
lasted eight years—roughly four times as long—but 
in the latter case the lift was making more trips per 
week and working at higher speed. Allowing for 
difference of lifts per week, and allowing something 
for acceleration at the higher speeds, his wild guess of 
7 to 1 did not appear to be very far out. With 
regard to partial bends, recent experiences at the 
Eiffel Tower had shown that a partial bend of 
20 deg. or more, was as bad as 180 deg. The 
Department of Mines, after an accident at Nuneaton 
with haulage ropes, recommended that haulage 
ropes should have a maximum life of eighteen 
months. If the Committee’s work showed that by 
making modifications, the life of the ropes could be 
doubled, it would mean a considerable saving to the 
collieries. Further tests were needed on larger ropes, 
with higher tensile strengths—120 tons instead of 
80 tons. Reverse and partial bends should be dealt 
with. The vital question for determination was, 
how long should a rope last, and by how much 
could the life of the rope be prolonged by making 
various improvements in the arrangements. 

Mr. Robert Armitage remarked that he was con- 
nected with one of the largest colliery concerns in 
the country and had to buy large quantities of ropes, 
and was also connected with a steel works. He 
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desired to bring forward two points, firstly, the 
grade of wire. He believed that the only way to 
get sound wire was to begin with a sound ingot by 
casting with the big end up and a feeder head. In 
the bulk of the cases in this country there was no 
direct connection between the rope maker and the 
steel maker. In many instances the steel maker 
had been at fault. To illustrate his point he showed 
two slides. One of these represented sulphur prints 
of parts of a rope that broke. In several places 
there were black sulphur spots in the centre of the 
strands. One of these strands, taken out and ground 
half way through, when sulphur printed showed a 
series of cups all along the wire. That had arisen 
from the presence of a pipe down the ingot. As the 
wire was drawn the pipe containing segregates did 
not flow as easily as the outside, and so a wire was 
produced which was known as “cupped wire.” 
He believed that a great deal of wire went into 
ropes which was cupped in the manner he had 
shown. His second slide illustrated a steel-making 
fault of another kind. When a lot of steel had to 
be poured from a ladle, the first few ingots were 
often teemed very fast and the teemed ingots were 
far too hot. The slide showing a print of a section 
of a cable depicted the chilling on the outside of 
several strands. The quality of steel indicated 
ought never to have got into a rope at all. The wire 
had been made from steel cast far too hot. 

Some of the faults arising in ropes were a con- 
sequence of the fact that the wire had been put into 
the rope in a very highly overstressed condition. 
When the strand broke it did so with a broken edge. 
On turning round the pulley the edge cut into the 
neighbouring strand, and the effect of such nicking 
was similar to that produced in the Izod test. That 
probably pointed to the fact that with lower tensile 
strength the wires would make a better rope. The 
steel would be in a much better condition if it were 
not so highly stressed on the surface. While sales- 
men might like to run up the tensile strength of 
their wire ropes, users, he thought, rather wanted 
wires less overstressed. 

Mr. C. H. Woodfield said that on several occasions 
he had put ropes on cranes, which had lasted only 
a fortnight. That was in striking contrast to 
certain instances given to the meeting. The ropes 
were returned to the maker, and other ropes 
from the same coil were supplied, but failed in a 
similar way. Finally another rope was provided, 
apparently from a different coil, and proved quite 
satisfactory. In practice everyone lubricated ropes, 
and he had been very astonished by the results in 
the report. Unless the rope were lubricated there 
would be some sort of action which would be 
detrimental to the life of the rope. Mr. Woodfield 
next referred to a luffing crane at a warehouse, in 
which he had modified the leads of the ropes with 
good effect. To accomplish this he had put all the 
gears at the top of the building. Compared with the 
old conditions under which the ropes lasted about 
three to five weeks, the life was now about 
seven to eight months ; these cranes, it should be 
remembered, were working every minute of the day 
every day of the week, and were doing about 400 
lifts a day. The new arrangsment had saved two 
out of four bends, thus halving the number. The 
slewing of the cranes had been done formerly 
by chains, but he had, in the particular case he 
was considering, used ropes for this. Those 
particular ropes had lasted from 12 to 18 months. 
He considered that the arrangement had been a 
great success. In another crane arrangement he 
had abolished the derrick ropes, the luffing of 
the jib being accomplished by guys attached 
to a cross-head worked by screw-down inclined 
guides. lLuffing ropes were often badly neglected. 
In practice ropes were not allowed to break, 
but they stretched and were reduced in diameter. 
The life of a rope was determined when warning 
was given by the strands breaking. 

Mr. C. H. Wingfield wished to call attention to 
the curious effect of single wires in the repeated 
bending tests, lasting better with a high tension. 
He remembered that a coppersmith had told him 
that when utilising copper pipes between bulkheads 
without proper expansion joints, the pipes became 
too long and had to be cut out and joined up again ; 
whereas when wrought-iron pipes were used, the 
reverse happened. The latter shortened and had 


to be cut and have pieces put in. If they con- 
sidered a short length of wire, if this were bent 
within the elastic limit the neutral axis would 
be central; if stressed beyond the elastic limit 
the neutral axis would move to one side. The 
effect of the tension and compression would then 
be unequal on the two sides. When moved back, 
the neutral axis again moved and this action he 
thought might produce shortening. The idea was 
vague, but might possibly point the way to further 
investigation. Experimenting with copper and 
steel wire would be of interest to find out whether 
the action was different. He congratulated Mr. 
Adamson on the success of his theory, which he 
(Mr. Wingfield) had believed in from the first 
and which agreed with the facts as far as ascer- 
tained. Referring to the hardening of wire by 
repeated bending, if a copper wire were used, it 
ought not to be strained too much. Bellhangers 
had found that copper wire was of no use at all for 
hanging bells until it had been, as they termed it, 
“killed.” If a 20-gauge copper wire were pulled, 
it would give way quite easily, but suddenly 
stopped. It was then “killed,” and after that it 
would remain the same length. There again was 
the hardening effect. 

Mr. G. Stevenson Taylor, continuing the discussion, 
asked first whether the hemp cores were lubricated 
in the usual way before the rope was made up? 
Further, at what rate was the bending carried out ? 
He thought it would be useful if information on 
that could be supplied. Although the committee 
had not been able to come to any definite conclusion 
with regard to the life of a rope, so as to enable users 
to decide definitely when a rope should be scrapped, 
he thought that up to a certain point the breakage 
in most cases took place first comparatively slowly, 
followed by a sudden jump. The point at which 
the jump took place was, he thought, important 
and should afford some guidance in the matter of 
the life of the rope. Unfortunately, a very large 
number of accidents occurred every year in this 
country through the breakage of wire ropes. There 
was no doubt that a large number of these would be 
avoided by proper examination. Ropes should be 
examined regularly from the time they were put 
into use, but as soon as any breakage of wire occurred 
the frequency of the examinations should be con- 
siderably increased. The statement was made in 
the report: ‘‘ The fractions of the breaking tensions 
in these cables, 1 to 4, necessary to cause failure 
after one million bends on the 14-in. pulley were, 
approximately, 4, 4, 7s and ; respectively, yet 
this pulley had a diameter three times that which 
was calculated to give yield point stress in a wire 
bent round it, so that tests on still larger pulleys 
appear to be desirable.” He quite agreed with 
that, but he also thought the results tended to show 
that in a large number of cases wire ropes were being 
used over pulleys at much too high a tension. 
He knew it was qualified by the statement “ after 
one million bends,” but the pulley was a 14-in. 
one equivalent to about 45 diameters of rope, 
whereas under normal conditions the pulley ratio 
rarely exceeded about 20. So that if a breakage 
occurred with, in some cases, only one-tenth of the 
breaking tension, he thought the question of the 
safe tension for the ropes required to be very 
carefully considered. 

Mr. H. D. Lloyd said that on the subject of wire 
ropes it was a curious fact that, while there was 
plenty of practice, there was practically no precept 
to guide them. The question of increased bends at 
greater stress was a very curious one. He did not 
know whether it had been suggested that it had 
anything to do with the fact that the elastic limit 
in compression of wire was less than in tension. 
In patent steel, such as was used in the experiments, 
the elastic limit would, he thought, be somewhere of 
the nature of about 55 tons or 65 tons to the square 
inch in tension. In compression, as far as it is 
possible to judge—it was very difficult to ascertain 
exactly—it would be perhaps only two-thirds of 
that amount. That might have something to do 
with the point, and it was a curious fact that in 
testing wire for bend, if the wire was perfectly 
straight it would give a greater bend test, while if it 
had an initial curve or wave in it, it would give a 
lesser bend test. With a greater tension on the end 
of a wire rope running over a pulley one would 


expect that the wire would be straightened out and 
would in effect give slightly higher bending values, 
He regretted that in many cases in the report a 
direct comparison was impossible for different 
cables with the same diameter of pulley and the 
same load. 

The method of application of the loads in the 
testing apparatus described did not appear to 
reproduce in any way the stresses due to heavy 
acceleration and retardation which so often occurred 
in practice, as in hoists, elevators and similar work. 
In the course of a large number of investigations 
which he had carried out on ropes made for elevators, 
hoists, and large tramway cables, he had found the 
main causes of failure to be two. It was usually 
found that the wires broke from various causes long 
before the surface wore away so as to make the rope 
unusable. One cause was the hardening of the 
surface, the growth of a Martensite structure, due 
sometimes to using wire which was too high in 
carbon, which was self-hardening under friction ; 
and it might also be due to repeated bending stresses 
which tended to produce hardness and brittleness, 
particularly in smaller wires. The second impor- 
tant cause of failure was shock due to vibration 
set up, or to the very high acceleration or retardation 
which was found particularly in elevator work. 
With the V-groove drive a very heavy load was 
placed upon very few wires as they went into the 
groove at the moment of maximum acceleration or 
retardation, and that placed such a stress upon the 
wires that, if the rope had not been carefully designed 
and the pulleys were not large, the wires were broken 
up by direct tension. He wished to ask whether it 
would be possible for the committee to carry out 
experiments with ropes of larger diameters, with 
suitable-sized pulleys. Certain other constructions, 
such as the 6:19 three-size wire construction, as it 
was called, which was now almost standardised in 
the United States, should be tried. In that con- 
struction the wires were all made up with the same 
length of lay, and they had line contact throughout 
instead of point of contact where different lays 
crossed each other. It possessed the theoretical 
disadvantage that it did not preserve the same angle 
of lay in each strand, but in practice it had so many 
advantages (there was no nicking of the strands of 


wire under pressure and so on) that it was becoming 


very much of a standard in other countries, and he 
thought it should do in this country also. 

Mr. Atkins said it was unfortunate that the 
results were so indefinite, but it was very easy to 
see why that was so. The number of factors that 
had to be borne in mind in connection with the 
life of a rope was very large indeed. The quality 
of the steel was fundamental. This it was necessary 
to examine from every other point of view. The 
next point that had to be considered was the 
kind of patenting or tempering. The quality of 
the tempering if. good steel was obtained was the 
most important factor of all. A third point 
was the method of wire drawing and the treatment 
of the rod or wire in the process. Before making 
up into a rope full physical tests should be made 
of the wire. It would have been far better in the 
cases investigated if full physical tests had been 
made of the wire. The report stated that the elonga- 
tion was 1-6 per cent. of the fracture. He did 
not know what that meant. An important factor 
in the life of the rope also was whether the strands 
and the rope had been spun up slackly or tightly. 
Finally, and perhaps most important of all, it was 
necessary to consider the treatment rope received 
in service. 

Occasionally a bad rope was met with and 
no apparent reason could be given for its failure, 
After examination in every possible way, the 
only conclusion sometimes possible was that 
the rope had been given a very great snatch. 
He thought really that it would have been far 
better to test the ropes with a dead load instead 
of with springs. It came as a surprise to him to 
find that ropes lasted longer without lubrication. 
If that occurred with the rope with a hemp core 
it might have been due to the fact that the hemp 
was well greased and supplied the lubrication. 
If it referred to the rope with the solid core, all 
he could say was that it was probable that the 
wires were soap-drawn. Wires were drawn usually 
with the very best olive oil soap, and they would 
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‘carry away a thin film of a solid lubricant and 
possibly that actually proved better than the oil 
used. He had often come across ropes that had been 
broken through friction. In these cases the ropes 
had been rubbed so much that the heat generated 
by the friction had converted the surface of the 
wire which had been rubbed into a Martensite 
condition. In support of that he showed a 
microphotograph of a part of one wire taken at a 
magnification of 100 diameters and illustrating an 
instance in which the rubbing surface had been 
converted into a layer of hard Martensite. That 
commonly happened in high-carbon wire run 
without proper lubrication. 

Mr. E. C. Stevens, speaking on the subject of 
lift drives, said the best position for a drive, whether 
it was a drum or a V-wheel, was always directly 
over the lift, so that there need be no guiding pulleys 
in addition to the driving wheel. If the V-drive 
wheel, in the case Mr. Adamson had referred to, had 
been put right at the top, directly over the lift, he 
suggested the results would have been equally good 
as with a drum drive. It had been suggested that 
in that drive, the tension was rather greater in the 
case of the V-drive than in the case of the drum 
drive. It must be borne in mind, however, that in 
a drum drive the rope was anchored securely, and 
there was no elasticity. With the V-drive it was 
possible under certain conditions of loading to get 
a slight elasticity, and very often that was of help 
in softening the shock of a fierce brake. 

Dr. W. A. Scoble, in reply, said that undoubtedly 
the effect of the pressure of the wire on the pulley, 
i.e., the compressive stress on the wire, no doubt 
coupled with a certain amount of relative motion of 
the wire on the pulley altering the structure of the 
‘rope, was of very great importance. Sufficient 
attention had not been paid to this. With regard 
to the question of lubrication, he had come across 
lately a case in which the cables working through 
fair-leads, and not over pulleys, were now not 
lubricated, because in service it had been found 
they lasted considerably longer working unlubricated 
than lubricated. Thus, in certain practices it had 
been definitely established that the cables were used 
without lubrication. He was referring to aeroplane 
control cables. One difficulty was that if they were 
used in sandy districts particularly, the lubrication 
was liable to take up sand, and action was set up 
which was very severe upon the ropes. 

A vote of thanks was then passed to Dr. Scoble for 
the great time and trouble he had taken in acting 

‘as the Reporter of the Committee. 

Finally, the President announced that there 
would be an informal meeting on Friday, January 9 
next, when the subject of discussion would be the 
Maintenance of High Compression Oil Engines. 
On Friday, January 16 next, an informal meeting 
would be held, at which the subject would be 
Transportation in Engineering Works. The next 
ordinary general meeting would take place on Friday, 
January 23, when two reports of the Cutting 'Tools 
Research Committee would be presented. 


LABOUR NOTES. 


Tur members of the Electrical Trade Union in the 
London area are not, of course, alone in believing that 
non-unionists and men in arrears with their society 
contributions should not be allowed to work. Many 
other organisations of skilled operatives are of much 
the same mind, although in seeking to give effect to 
their views they are, as a rule, more discreet. When 
the electrical workers at the Kensington and Brompton 
Station demanded the discharge of two fellow-employees 
who were in arrears with their dues the management 
is reported to have retorted that it was no part of an 
employer’s duty to act as debt collector for the union. 
On its face that is a perfectly reasonable attitude for 
an employer or his representative to take up, and 

organised labour stands in its own light when it puts 
forward arguments to the contrary backed by threats 
of a strike. The fact that men have allowed their 
membership of their union to lapse is not a thing that 
an employer can properly be blamed for. If blame 
attaches to anybody or anything, apart from the men 
themselves, the fault is to be locked for in the 
“union itself, which has clearly lost its attraction 
for, at any rate, the men who have lapsed. 
e€ convenience of the general public is not 
sually a consideration with extremists, but the 
lectrical workers, the engineers, the miners, and 


one or two other crafts are exceptionally dull if they 


do not perceive that strikes or threats of strikes against 
non-unionists are regarded by the community as not 
only wasteful, but foolish. The man in the street 
quite frankly agrees that whether a trade is wholly 
or partially organised is not a matter which need 
concern an employer. 


The preliminary report, which the delegation sent 
to Russia by the Trades Union Congress, have issued 
contains very little that can be described as unex- 
pected. Mr. Purcell and his fellow-tourists were 
much impressed by what they saw of Russia’s progress 
under the rule of the Union of Socialist Soviet Republics, 
and promise to give in the full report which they are 
preparing for submission to the General Council infor- 
mation which will justify the Trade Union and Labour 
policy of supporting the full diplomatic and economic 
recognition of Russia. Until that information is 
available it would serve no -useful purpose to offer 
any observations, from a trade union point of view, 
on the results of the visit. Presumably, the report 
will contain something about the alleged agreement 
between the deputation and representatives of Russian 
Labour jointly to promote world trade-union unity 
over the heads, as it were, of the International Federa- 
tion of Trade Unions. What the General Council 
will do about this is not easy to foretell, but, in view 
of the meeting of the I.F.T.U. in February, at which 
the question of unity is to be discussed, it will clearly 
have to do something decisive if the international 
movement is not to be hopelessly divided. 

The average worker in this country will also, we 
imagine, like to hear more about the ways and means 
which are being taken by the Soviet authorities to 
increase production. For instance, piece-work is, 
according to official information, being extensively 
introduced. What are the conditions under which it 
is being operated? Is there a machine question in 
Russian engineering ? If there is, what is the Soviet 
solution of it? Are there rigid lines of demarcation 
between trades? Is overtime absolutely barred ? 
On several other points the average worker in this 
country will be glad, we believe, to get information ; 
and, no doubt, the delegation has remembered them. 


The controversy which has arisen at Glasgow over 
the labour conditions to be observed in the construction 
of Lord Weir’s “steel houses’? was not unexpected. 
The idea to which Lord Weir’s firm is giving expression 
is, broadly, to produce the parts of certain standard 
types of houses by repetition processes in the shops 
and assemble them on the site. Naturally, that 
arrangement cuts across the practice of the various 
erafts belonging to the building trades, although, 
obviously, it is a way to make up the shortage of 
houses quickly and cheaply. According to Mr. R. 
Coppock, the Secretary of the National Federation of 
Building Trade Operatives, the building trades are 
not, by their action in this instance, trying to prevent 
the erection of any alternative type of house. All 
that they demand is that the conditions agreed in the 
industry between the building employers and operatives 
with regard to wages and conditions shall be given 
effect to on all alternative methods of building following 
building trade practices. On its face, that is a demand 
to which the community may not unreasonably take 
exception; but, in all the circumstances, it will be 
wise, perhaps, before drawing definite conclusions, to 
wait until Lord Weir’s promised estimates of the costs 
of producing in mass are available. 


Ty a recent speech Mr. F. G. Dzerzhinsky, the chair- 
man of the Soviet’s Supreme Economic Council, was 
much more explicit about the “improvement” in 
Russian production than Mr. Purcell! and his associates 
have permitted themselves to be. In comparison with 
pre-war, he said, the output of large-scale industry 
had reached an average of 46 per cent., oil 65 per cent., 
coal 50 per cent., flax 72 per cent., wool 89 per cent., 
leather 49 per cent., heavy chemicals 59 per cent., 
rubber 68 per cent., sawn timber and three-ply 54 per 
cent., and paper 47 per cent. It was anticipated that 
during 1924-25 there would be a further average rise 
in the industrial output of about 30 per cent. to 35 per 
cent. There were, however, Mr. Dzerzhinsky pro- 
ceeded to point out, limits to the extension of industrial 
output. The realities of the situation and the financial 
position must be taken into account. The metals 
industry desired to extend its programme of output, 
without having the means to pay wages regularly, but 
the amount of credit the State could advance was 
limited, and the programmes of output of the various 
industries should only be drawn up in accordance with 
a properly thought-out plan for the whole cf industry 
throughout the Union. 

The Supreme Economic Council had, the speaker 
went on to say, improved its work considerably in this 
direction. Nearly all the plans of output for 1924-25 
had already been drawn up and examined by the 


departments responsible, whereas last year the fuel 
plan, for example, had not been ratified before July, 
and the plan for the metals industry only in May. The 
Council would endeavour to help in every way by 
giving credits and subsidies, for not only was the 
metals industry in a very difficult position, but its 
successful expansion would help considerably all the 
numerous industries dependent on it. Nevertheless, 
Mr. Dzerzhinsky said, in the interests of sound finance 
the original programme of output had been reduced 
from 303 million poods to 273 million poods, the 
proposed subsidy to the industry being reduced from 
47 million roubles to 36 million roubles, and the grant 
of additional credits from between 89 and 90 million 
roubles to only 75 million roubles. It was particularly 
satisfactory to note that year by year the subsidy to 
industry was decreasing, bank credits taking their 
place. The direct profits to the State, on the other 
hand, were increasing. In 1922-23 these profits 
amounted to 4,415,000 roubles, and in 1923-24 to 
45,000,000 roubles. They were estimated to reach 
59,000,000 roubles in 1924-25. 

During the second quarter of the past economic year 
there had been, Mr. Dzerzhinsky said, a general rise in 
the cost of production; but in the third quarter, side 
by side with a reduction of prices, there had been a 
reduction, although not to the same extent as the 
decrease in prices. Comparing the number of workers 
employed, the fuel consumed and the output with the 
pre-war figures, he stressed the fact that the output 
ought by now to be far greater than it is and the cost of 
production much lower. The problem which that 


| represented was, however,it was added, engaging the 


attention not only of the central authorities but also 
of all the economic departments and industrial boards. 


According to ‘‘The Chinese Economic Bulletin,” 
which is compiled and publishea by the Chinese 
Government Bureau of Economic Information, the 
Shansi authorities are teaching their soldiers different 
kinds of industrial pursuits so as to make them useful 
members of the community after their return to 
civilian life. The gun-making department of the 
Soldier Apprentice Corps is reported to be turning out 
excellent Service rifles, a bonus of 8 dollars being paid 
for each rifle manufactured. An electric plant was 
recently installed in the Training Factory—another 
branch of the new organisation—to supply power and 
light to the public at a lower rate than that of the city 
electric company. The plant is manned entirely by 
soldiers. 


The Monthly Trade Report of the United Pat- 
ternmakers Association states that although a rather 
larger number of branches are showing trade to be 
good, the number of members registered as unem- 
ployed at the end of October was only 15 less than at 
the end of September. 


Mr. Lorimer, the general secretary of the Associated 
Blacksmiths’ and Ironworkers Society, states in his 
report for the third quarter of the current year that 
the number of members signing the Unemployed 
Register at the end of September was 1,744—equal to 
14 per cent. of the membership. That represents an 
improvement on the June figures, but is still treble 
the pre-war percentage. The most definite change for 
the better has been, he says, in the shipbuilding and 
ship-repairing industries. In marine engineering the 
prospects are brighter, but work is apparently being 
held up until after the holidays. In the wagon-building 
and locomotive industries, trade is fair in some centres 
and at a complete standstill in others, while members 
employed in the steel industry are experiencing the 
most acute depression in the history of the trade. In 
some areas almost the whole of the members of the 
Society are unemployed. The membership of the 
organisation is now 12,205. 


The members of the Amalgamated Society of Wood- 
workers have by a substantial majority adopted a 
proposal to appoint a full-time executive council. It 
has also been resolved, but by a much smaller majority, 
to move the general offices of the organisation from 
Manchester to London. 


The National Wages Board, to which the question 
of the mileage basis for enginemen was referred by the 
National Union of Railwaymen, the Associated Society 
of Locomotive Engineers and Firemen and the Railway 
Companies has decided that “ in a!l the circumstances 1t 
would not be desirable to make any alteration ”’ in the 
system “‘ at present in operation.” As the contention 
of the workers’ representatives was that the basis 
should not be increased from 140 miles per day to 150 
miles per day, there is no reason to suppose that the 
report of the Board will be unacceptable to them, 
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THE SISKIN II AEROPLANE AND 
JAGUAR AERO ENGINE. 


Tue single-seater fighting aeroplane played such an 
important part in the conduct of the late war, both 
in warding off hostile aircraft and in attacking en- 
trenched troops, that the development of the type 
must be carefully fostered in any system of aerial 
defence. The most desirable qualities in the single- 
seater fighter are high speed, good climbing power and 
sufficient control to give good manceuvrability, the 
latter, of course, involving heavy strains on the struc- 
tural members and thus necessitating the use of a high 
factor of safety. As an example of a machine designed 
to fulfil these somewhat onerous conditions, we illus- 
trate in Figs. 1 and 2, on page 864, the Siskin IT 
single-seater fighter, constructed by Sir W. G. Arm- 
strong, Whitworth Aircraft, Limited, of Coventry, and 
fitted with a 385-425-h.p. Jaguar engine, built by 
Armstrong-Siddeley Motors, Limited, also of Coventry. 

The Siskin II represents a type of aeroplane 
originally designed for and supplied to the British 
Government, and embodying the experience gained 
with fighting machines during the war, as well as that 
derived under peace conditions subsequently. As will 
be seen from the illustrations, it is a single-engined 
tractor biplane with a positive stagger to the wings, 
and a good dihedral angle. The latter, it may be men- 
tioned, amounts to 33 deg., and the stagger is 21-4 in. 
The upper wing has a span of 28 ft. 4 in., with a 6-ft. 
chord, while the corresponding dimensions of the lower 
wing are 22 ft. 3 in. span and 5-ft. chord. This gives a 
total wing area of 253 sq. ft., and since the weight of 
the machine, fully loaded, is 2,2501b., the wing loading 
works out to 8-9 lb. per sq. ft., and the horse-power 
loading to 6-5 lb. The other main dimensions of the 
machine are :—Length overall, 21 ft. 6 in.; height, 
9 ft. 6in.; and gap, 4ft.4in. The useful load carried 
is 400 Ib., including the pilot, but exclusive of fuel and 
oil. 

The wing structure calls for no particular comment, 
the spars being of spruce, of hollow section, and the 
interplane struts of steel. It is important to notice 
from the illustration, however, that a complete system 
of bracing is provided for the lower plane, so that 
if one of the wing struts is,shot away in flight, the 
machine is not put out of action. In general, the bracing 
is arranged so that if any wire is broken, its load is 
distributed between two others, and the whole structure 
is designed for a factor of safety of six above the normal 
loading in steady flight. The fuselage is of steel 
tubular construction with steel tie-rod bracing on a 
patented system, in which no welding is employed. 
The pilot’s position is such that his eyes are in line 
with the chord of the upper wing, so that he can see 
either over or below it, part of the wing being cut away 
for the purpose, as shown in Fig. 2. The lower wing, 
having a shorter chord than the upper one, offers but 
little obstruction to the view downwards, and, since 
the fuselage is comparatively narrow, the pilot can 
easily see over on either side, as is necessary in landing. 
The landing gear, which is well shown in Fig. 1, is of 
the Oleo type, and this, in conjunction with the com- 
paratively low landing speed of less than 50 miles per 
hour, enables the machine to alight safely in small 
fields or on rough ground. A tail skid, swivelling with 
the rudder, is provided to facilitate the steering of the 
machine when taxying on the ground. The controls 
are of the usual type, and the form of all the control 
surfaces is shown in Fig. 2, from which it will be seen 
that only the rudder is balanced. The tail plane, how- 
ever, can be adjusted in flight, and the machine is 
inherently stable when trimmed to fly at its normal 
speed. It can thus be flown in this condition without 
the use of the control column, so that the pilot is free 
to attend to the gunnery. ‘Two rifle-calibre guns can 
be carried directly over the steel longerons of the 
fuselage, which are of ample strength to withstand the 
effects of the recoil. With this arrangement of the 
armament, the ammunition box, which holds about 
2,000 rounds, is fixed across the fuselage between the 
two guns. An additional gun can be carried on the 
upper wing if required. 

As previously mentioned, the machine is fitted 
with the Armstrong-Siddeley Jaguar engine, and 
was, in fact, specially designed to employ that engine. 
The engine itself we shall describe below, but we may 
now mention that it is mounted on a steel frame in 
front of the fuselage in such a manner that it can be 
removed complete without disturbing the accessories. 
The cowling, as shown in Fig. 1, is of a simple 
character, and is arranged so that it remains 
attached to the engine when the latter is dis- 
mounted. All the ordinary engine adjustments can 
be carried out with the cowling in position, a large 
door being provided on each side of the machine 
to give access to the carburettor, magneto, &c. Petrol 
is fed to the carburettor from a gravity tank mounted 
on the top of the fuselage and holding 12 gallons, which 
is sufficient to run the engine for about 45 minutes. The 


main supply of petrol is carried in a 28-gallon tank 
mounted inside the fuselage, the fuel being pumped up 
to the gravity tank by means of a wind-driven pump. 
Any surplus petrol drains back from the gravity tank 
to the main tank, passing through a sight glass pro- 
vided to enable the pilot to assure himself that the pump 
is working properly. To minimise the risk of fire, a 
fire-proof bulkhead is located in the fuselage between 
the engine and the petrol tank, and the air intakes of the 
carburettor are carried well away from the machine. 
A tank holding 5 gallons of lubricating oil is mounted 
on the lower surface of the upper wing as shown in 
Fig. 1. 

In the fully-loaded condition, when the weight of the 
machine, as previously mentioned, is 2,250 lb., the 
maximum speed near the ground is 148 m.p.h., the 
speed falling off to 140 m.p.h. at an altitude of 10,000 ft. 
and to 130 m.p.h. at 22,000 ft., when fitted with a 
Series III type Jaguar engine, rated at 360 B.H.P. 
The last-mentioned altitude is reached in 25 minutes, 
but the machine can climb to 10,000 ft. in 8 minutes; 
its ceiling, with full load, is 26,000 ft. 

As previously stated, the Siskin aeroplane was 
specially designed to employ the Armstrong-Siddeley 
Jaguar engine, and this we illustrate on Plate LX X XIII 
which accompanies this issue, and also on page 871. 
Figs. 3 and 4, which are, respectively, three-quarter 
front and rear views of the engine, show its appearance 
very clearly, while its general arrangement is illustrated 
by the transverse and longitudinal sections reproduced 
in Figs. 5 and 6. Various details, which will be 
reierred to later, are illustrated in Figs. 7 to 11 on Plate 
LXXXIII and in Figs. 12 to 16 on page 871, while the 
results of bench trials are plotted in Fig. 17 on the same 
page. As will be understood on reference to the illus- 
trations, the engine is of the static-radial, air-cooled 
type, having 14 cylinders arranged in two planes 
around a central crankcase. The seven cylinders of 
each group have their pistons connected to one of the 
crankpins of a two-throw crankshaft, on the forward 
end of which the propeller is mounted without any 
reduction gearing. The. carburettor, magnetos and 
distributors are located at the rear of the crank-case, 
as shown in Figs. 4 and 6, which also show the 
pressed-steel flanged ring provided for bolting the 
engine to the mounting. Although nominally rated 
at 385 h.p., the engine develops 435 brake horse- 
power at maximum speed and gives 405 brake horse- 
power at its normal speed of 1,700 r.pm. Under 
test conditions, as shown in Fig. 17, the power 
developed at the speed mentioned was about 408 h.p., 
while the maximum reached was about 445 h.p. The 
engine, in the dry condition, weighs 780 lb. (+ 10 1b.), 
the mean figure giving a weight of about 2 Ib. per 
horse-power at the normal output. 


The design of the cylinders is interesting and is shown 
in the sections Figs. 5 and 6, while the head is illustrated 
to a larger scale in Figs. 10and11. The head, it will be 
seen, is of approximately hemispherical form and is cast 
of an aluminium alloy, the barrel, which is turned from 
a steel forging, being screwed into the head and secured 
by a locking rmg. For attaching the cylinders to the 
crank-case, steel adaptor sleeves are screwed onto the 
lower ends of the barrels, the sleeves being formed with 
flanges which fit into corresponding recesses inside the 
crank-case,casting, and being held in position by means 
of screwed locking rings outside the crank-case. A 
careful examination of Figs. 5 and 6 will make the 
arrangement clear. The cylinders are 5 in. in diameter 
internally and the piston stroke is 54 in. 

The design of the pistons, which are of cast aluminium 
alloy, is best shown in Figs. 7 and 8, from which it 
will be seen that there are three rings in the land 
below the domed head, two of the number being gas 
rings and the other an oil-scraper ring. A second 
scraper ring is provided near the lower edge of the 
skirt. The gudgeon pins, which are hollow, float in 
both the pistons and the connecting rods, lateral 
movement being prevented by split rings. To connect 
each group of pistons to the crankshaft, one master-rod 
of H-section and six tubular auxiliary rods are 
employed, the arrangement being clearly illustrated in 
Figs. 5 to 8. The big end is of steel made in two 
parts and lined internally with white metal to form 
a bearing for the crankpin. The hollow wrist pins 
for the auxiliary rods are of the floating type, working 
in phosphor-bronze bushes housed in the cheeks of 
the big end, as shown at the bottom of Fig. 7. The 
master-rod is rigidly secured to the big. end by two 
pins fitted one above the other, and fitting into plain 
holes in the cheeks of the big end, as will be clear 
from Fig. 7. 

The crankshaft, best shown in Fig. 6, is made in 
one piece with two throws 189 deg. apart, balance 
weights of gun-metal being bolted on to extensions 
of the webs, as will be clear from the illustration. 
The shaft, webs and crank-pins are drilled and plugged 
as shown, in connection with the lubrication system, 
which will be referred to later. Plain roller bearings 
are fitted close to the throws, while a combined 


ball thrust and roller bearing is fitted at the forward — 
end just behind the air-screw boss. The thrust bearing, — 
it should be mentioned, is designed to take thrust in” 
either direction. Details of the timing gear, which is_ 
located between the throws and the thrust bearing, 
are shown in Figs. 5 and 6, but the gearing is more 
clearly illustrated in Fig. 9. Two cam rings are 
provided, one for the inlet and the other for the 
exhaust valves, the rings being bolted together and _ 
mounted on a ball bearing fitted on to the crank- 
shaft. A toothed sleeve keyed on to the latter 
engages with a pair of intermediate spur gears which 
run in roller bearings carried by a stationary frame. 
Pinions on the inner ends of the intermediate gear 
shafts engage with an internal gear bolted on to the 
cam ving, driving the latter at one-sixth the speed 
of the crank-shaft and in the opposite direction of 
rotation. ‘ 
One inlet and one exhaust valve, of the overhead 
type, are provided for each cylinder, the valves being — 
seated on aluminium-bronze rings forced into position — 
as shown in Fig. 10. The valves are worked by 
rocking levers and hollow push rods, the latter being © 
operated by tappets carrying rollers which engage” 
with the cam rings. Figs. 5 and 6 show the arrange-— 
ment of the push rods and tappets most clearly, — 
while the design of the tappets is best shown in ~ 
Fig. 9. The construction of the valves and rocking ~ 
levers, which are mounted on ball bearings, can be 
followed by examining Figs. 10 and 11, the latter — 
also showing the faced connections on the cylinder 
head for the inlet and exhaust pipes. The latter are 
short steel bends cut off at about 45 deg. and slightly — 
flattened at the ends as shown in the half-tone— 
engravings, Figs. 3 and 4, as well as in the sectional 
illustrations, Figs. 5 and 6. The induction system of — 
the engine is particularly interesting, its special feature — 
being the employment of a fan to draw the mixture 
from the carburettor and to supply it uniformly — 
and at a pressure above that of the atmosphere, to 
the pockets covering the inlet valves on the cylinder — 
heads. : 


The general arrangement of the system is best 
shown in Fig. 6, from which it will be seen that the 
fan is located at the rear of the engine and is driven 
directly from the crankshaft. The fan inlet is con- 
nected to the carburettor through a heater box, around 
which hot lubricating oil is circulated as will be ex-— 
plained later. The hot oil is also passed through a 
chamber formed in the fan casing as shown in the 
figure. This arrangement, of course, has the dual 
advantage of cooling the oil and warming the mixture, — 
while the fan action ensures a thorough admixture of © 
the air and petrol vapour. A longitudinal section 
of the fan is reproduced to a larger scale in Fig. 12, 
on page 871 and from Fig. 13, which represents 
a front elevation of the casing, it will be seen that 
seven induction pipes are connected to the periphery — 
of the fan casing by packed expansion joints. Each — 
pipe is divided into two by a breeches piece near the — 
joint, and connections are made by means of elbows — 
to each of the inlet valve pockets on the cylinder heads. — 
The connections are clearly shown in Fig. 4 on Plate 
LX XXIII and also at the bottom of Fig. 6. 


An extension of the fan shaft carries a bevel wheel 
from which the drives for the two B.T.H., 14-cylinder 
magnetos, are taken, and the drive for the tachometer — 
is obtained from a screw gear at the extreme end of the — 
shaft, as shown in Fig. 13. The carburettor, which 
can be seen in Figs. 4 and 6, is a Zenith dual type — 
55 D.C., and, as previously mentioned, a box jacketted — 
with hot lubricating oil is fitted between it and the — 
inlet to the fan. The engine is lubricated on the dry- 
sump system and the oil pumps, which are of the gear 
type with vertical shafts, are mounted in front of the — 
crankcase as shown in section in Fig. 5, so that they — 
are readily accessible. Of the two pumps there indi- — 
cated, the upper one, which is the pressure pump, — 
delivers oil from the supply tank through. a strainer 
to a sleeve surrounding the crankshaft. The oil 
passes through a hole in the crankshaft into an axial — 
passage in the latter and flows through holes in the 
webs to both the crankpins. Holes in the latter 
enable the oil to pass out into recesses formed in the — 
big-end bearings, which are thus lubricated, and also — 
cooled, since the oil supplied is greatly in excess of — 
that necessary for lubrication alone. The oil which — 
escapes from the bearings lubricates the cylinder 
walls, gudgeon pins and other moving parts on the 
splash system, eventually collecting in the crankcase ; 
but the greater part of the oil returns from the recesses 
in the big-end bearings, flows through a second passage” 
in the crankshaft and leaves mainly through a hole — 
at the forward end near that through which it entered. — 
Some of it, however, passes ont through a lateral hole — 
in the crankshaft near the bearing for the timing | 
gear. The latter is thus thoroughly lubricated and the — 
oil, which is circulated through the crankshaft as — 
described, serves to carry off the heat generated by — 
bearing friction in a most effective manner. The 
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whole of the oil which collects in the crankcase is with- 
drawn by the scavenge pump, which is the lower one 
of the two above referred to, the connection for the 
purpose being clearly shown in Fig. 6. By the 
scavenge pump the oil is returned to the tank, being 
cooled on its way in passing through the jacket of the 
heater box on the induction pipe and through the 
chamber formed in the fan casing. This system of 
lubrication is claimed to be very efficient and eco- 
nomical, the oil consumption being given as 0-02 pint 
per brake horse-power hour. 

Provision is made on the engine for fitting a gas 
starter, and sections of the distributor used with the 
starter are reproduced in igs. 14 and 15. The distri- 
butor is driven from the oil-pump shaft, gas being 
admitted to a conical chamber at the top and delivered 
to the cylinders through pipe connections controlled 


by a dise valve. The pipe connections on the distri- 


butor are indicated in Fig. 15, and one of the non- 
return valves, fitted in the cylinder heads, is shown 
in section in Fig. 16. These valves are screwed into the 
cylinder heads between the two sparking plugs, the 
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position of one of them being indicated on the centre 
line in Fig. 10. The upper part of the distributor 
itself is visible on the right of Fig. 6. 

The power output of the engine has already been 
referred to, and further data can be obtained from 
Fig. 17 above. This diagram shows that the 
brake mean-effective pressure is a maximum at the 
normal engine speed of 1,700 r.p.m., reaching about 
126 lb. per square inch at that speed, while the petrol 
consumption gradually falls from 0-6 pint per brake 
horse-power-hour at 1,300 r.p.m. to about 0-57 pint 
per brake horse-power-hour at the full normal speed. 
The tests from which these results were plotted were 
made both with the speed increasing and decreasing 
over the range, the co-ordinates indicated by the 
crosses being obtained with the speed increasing, and 
those by the circles with the speed decreasing. In 
another fuel-consumption test, carried out after the 
conclusion of a British Air Ministry test, a consump- 
tion of 0:525 pint per b.h.p.-hr. was obtained with 
the engine running at normal power and speed. 

We may mention, in conclusion, that a similar but 


smaller engine, with seven air-cooled radial cylinders 
arranged in one plane, is also made by Armstrong 
Siddeley Motors, Limited, this engine, which is known 
as the Lynx, developing 185 brake horse-power 
at 1,620 r.p.m. and weighing 460 lb. Both these 
engines, and one of the latest models of the Siskin 
aeroplane described above, were exhibited at the recent 
Aero Show in Paris. 


New Frrenco Navan Construction.—The Ateliers et 
Chantiers de la Gironde have launched two destroyers 
of the 1922 programme during the past month, the 
Typhon and the Tramontaine. Their characteristics are : 
displacement, 1,434 tons; i.h.p., 30,000; speed, 33 
knots; radius of action, 3,000 miles at half-speed ; 
length, 346 ft.; beam, 32 ft.; draught, 10 ft.; arma- 
ment, four 5:l-in. and one 3-in. (anti-aircraft) guns ; 
six 21*7-in. torpedo tubes in two groups of triple 
mountings, 


LEICESTER WATERWORKS.—The storm water and 
sewerage disposal works to be constructed in the near 
future at Leicester are to comprise the extension of the 
existing Abbey pumping station to hold three electrically 
driven ram pumps, capable of delivering 54 million gallons 
each, together with detritus tanks, an overflow weir, 
and other equipment. From this station sewage and 
sludge will be pumped, through a 44 in. diameter cast 
iron rising main and a 10 in. diameter pipe respectively, 
up to Beaumont Leys sewage farm. On the latter four 
large sedimentation tanks, thirty 100 ft. percolating 
filters, and humus tanks will be constructed. The 
five storm water tanks to be built at the Abbey station 
will each have a capacity of half a million gallons. The 
cost of these works is estimated at 630,700I. 


THE DEVELOPMENT OF THE TELEPHONE SERVICE.— 
Addressing a deputation from the Telephone Develop- 
ment Association, Sir W. Mitchell Thomson, the Post- 
master-General, stated that during the last four years the 
capital expenditure on telephones had been 30,000,000/. 
and that the yearly rate was increasing. The number 
of stations had increased by 20 per cent. in two years, 
notably in rural areas. Mr. Hugo Hirst, on behalf of 
the Association, declared that the British telephone 
industry had now supplanted Germany in supplying 
foreign markets, and that the 100,000 persons now em- 
ployed in the work could be doubled if the programme of 
development was known for the next few years. The 
Postmaster-General intimated that despite the difficulty 
of securing buildings for new exchanges, the State, 
having taken over the services, was bound to find the 
necessary money for extending the service in general. 
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HUMIDIFYING APPARATUS FOR TEXTILE FACTORIES. 


CONSTRUCTED BY THE ANDREW MACHINE CONSTRUCTION 


Fig. 
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THE ANDREW HUMIDIFYING 


One of the reasons often given for the success of the 
cotton industry in Lancashire is the natural moisture 
of the climate in that county, for it has long been 
recognised that textile manufacture cannot be carried 
on efficiently in a dry atmosphere. For the best 
results the moisture in the air must be maintained at 
a fairly definite value, and since natural conditions 
do not give the constancy which is so desirable, it has 
become the practice to instal humidifying apparatus 
in textile mills for the purpose of keeping the moisture 
content always at the required amount. With such 
apparatus the manufacturer is practically independent 
of the natural atmospheric conditions and can carry on 
spinning and weaving operations equally well in any 
climate. 

In the design of humidifying apparatus, the require- 
ments which have to be met, if the plant is to give 
satisfaction, are rather stringent. It must be possible 
to maintain any degree of humidity desirable for diffe- 
rent operations, and the humidity of each room must 
be separately controllable. Instant variation, more- 
over, must be possible to suit changes in atmospheric 
conditions. The apparatus must not drip water at 

any point, must not take up floor space in manufactur- 
ing rooms, and in general must be simple and reliable 
under all conditions. The Andrew Machine Construc- 
tion Company, Limited, of Oliver-street, Stockport, 
have devoted a great deal of attention to the question 
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of humidification of air and have devised and patented a 
system which appears to meet every requirement of the 
textile industry. It can be arranged to be entirely 
automatic in its action or to be controlled by hand, and, 
as will be seen from the illustrations on this page the 
essential parts are simple in construction. 

The actual humidification of the air is performed by 
sprays of moisture from atomising heads distributed 
throughout the various rooms of the mill. The photo- 
graph reproduced in Fig. 1 shows a series of such 
atomising heads in a room of a cotton mill. Details 
of the heads will be given later, when the general 
principles of the system have been explained. The 
air used for atomising is taken from the outside 
of the mill, through a filter, to an air compressor, 
which may be driven by belting from the mill shafting, 
or by a separate motor. The compressor delivers it 
through a cooler to a combined receiver and filter in 
which it is reduced to normal temperature and freed 
from any particle of oil or oil vapour that might have 
come from the compressor. From the receiver it is 
piped to the various humidifying heads throughout 
the mill, being treated on its way with any deodorising 
or disinfecting material that may be desirable. 

The water cannot enter the system until the air 
has reached a pre-determined pressure. Reference to 
Fig. 2 will show that the water from the mains is passed 
first through a filter and then to the upper part of the 
main control valve, a section of which is given in Fig. 3. 
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position shown, preventing the passage of the water 
to the humidifying heads and leaving the system open 


When air pressure is insufficient, the valve is in the 


to the drain, The valve-stem rests on a diaphragm in 
the circular chamber in the lower part of the apparatus. 
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When the air-pressure underneath this diaphragm is 
sufficiently high, the valve stem is raised, the upper 
valve then allowing the water to flow into the 
system and the lower valve closing the outlet to the 
drain. 

The water supply to each room is regulated by a 
humidity valve. The relative position of this valve 
is shown in Fig. 2, while the valve itself is shown 
in elevation and section in Figs. 4 and 5 respectively. 
Referring to Vig. 5, the water enters by the pipe 
connection on the left-hand side. It can only escape 


liable to flood the mill or become frozen during the 
night or at week-ends. A special feature of the Andrew 
Plant is its cooling capabilities in times of excessive 
heat, and also its powers of de-humidifying where the 
atmosphere is subject at certain periods to heavy 
excesses of moisture as in India, China, &c. The 
compactness of the system, its self-regulating features, 
and its simplicity all deserve the consideration of 
those who are interested in the artificial humidification 
of buildings. 


by passing through some small holes in the sleeve |! 


shown, and then upwards past the central valve to the 
outlet. The central valve is fastened to a diaphragm 
beneath which is a helical spring tending to lift the 
diaphragm and, therefore, the valve. So far as the 
incoming water is concerned, the valve is balanced, 
but when it is opened by the action of the spring, 
and water is flowing, there is a water-pressure on the 
upper side of the diaphraym, tending to close the valve. 
It is clear that this closing tendency can be neutralised 
to any required degree by increasing the pressure of the 
spring on the lower side of the diaphragm. The open- 
ing of the central valve can thus be regulated with 
extreme exactness, and consequently the flow of water 
to the spraying heads. 

The regulation can be performed automatically in 
accordance with the humidity of the atmosphere, by 
arranging a hygrometer to act in place of the hand 
operation. Jn the Andrew Machine Company’s works 
a number of strands of special fibre were used as a 
hygrometer, the contraction of the fibre with increasing 
humidity being quite sufficiently powerful to operate 
the diaphragm and control the quantity of water 
diffused into the atmosphere of the room. The 
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turning of one of the humidifying heads in the direction 
of the hygrometer a few yards away almost instantly 
reduced the supply of moisture to negligible propor- 
tions, and it is possible by such simple apparatus 
to automatically control the water supply so that 
the humidity of any room could be kept at a constant 
value. 

The humidifying heads are mounted at suitable 
intervals on the air and water pipes, which run side 
by side throughout the rooms of which the humidity is 
to be controlled. One of the heads is shown in section 
in Fig. 6. The horizontal connections act as trunnions, 
on which the head is mounted, as shown in Fig. 2, 
so that it can be turned into any position in a vertical 
plane. It will be seen from Fig. 6 that the upper 
part of the head, carrying the nozzle, can also be 
rotated in the horizontal plane by loosening the central 
set screw. Hence by a combination of these rotations 
the spray may be directed in any direction whatever, 
so as to secure the greatest uniformity of results. 
Air enters through the trunnion on the left-hand 
side, and can reach the spraying nozzle in whatever 
direction the latter may be pointing. The water enters 
through the other trunnion and after passing a small 
spring-controlled valve, goes upwards through the 
central set screw, and thence through the central 
hole of the nozzle. The universal rotation of the 
head, without the use of any flexible connection, is 
a great convenience of the system. 

Should the air pressure in the system fail for any 
reason, such as the stoppage of the compressor or 
the breaking of a pipe, the water supply is instantly 
cut off automatically by the main control valve, and 
the pipes drained, so that no water is left in the system, 
nor can any be discharged from the spraying nozzles. 

Reference to Fig. 3 will show that any fall in the air 
pressure below normal will allow the small spring- 
controlled piston in the lower part of the main control 
valve to fall from its seat, with the result that the 
air below the diaphragm is immediately allowed to 
escape freely and the upper spring to force down the 
central valve to the draining position shown in the 
illustration. This is indeed its normal position so 
that the pipes are kept drained, and therefore not 


THE INFLUENCE OF ROAD CONDITIONS 
ON THE DEVELOPMENT OF THE MODERN 
MOTOR VEHICLE.* 


By H. G. Burrorp. 


THERE is no country in the world which can show 
so great an improvement in road conditions as Great 
Britain. Similarly there is no other country which 
possesses so complete a system of highways in proportion 
to area. The classification of roads by the Ministry of 
Transport and the appropriation of the revenues from 
the taxation of motor vehicles to grants of 50 per cent. 
and 25 per cent. of the costs of maintenance respectively 
of class I and II roads have enabled highway authorities 
to undertake the provision of bituminous material 
surfacing of probably 40,000 miles of road. The 
straightening of corners and by-pass road construction 
have proceeded apace, with the result that to-day 
roads are available for the lightest types of motor 
vehicles to travel in all parts of the country, with 
safety and reliability at speeds probably twice as high 
as could economically be maintained ten years ago. 

The revenue from the old duty on motor spirit and 
the carriage licenses amounted to some 2} million 
sterling in 1914, while the revenue from the duties 
imposed on motor vehicles in 1920 is already producing 
some 15,000,000/. per annum, and the total costs of 
expenditure upon road improvement and maintenance 
has increased from some 17,000,000/. to 45,000,000/. in 
this short interval of ten years. The result is that out 
of some 185,000 miles of roads in the country, 40,000 
may be said to-day to be of a foundation and surface 
capable of carrying on the one hand motor cycles and 
cars of 15 cwt. to 2 tons at speeds varying from 30 to 
60 m.p.h., and heavier goods- and passenger-carrying 
vehicles up to 5 tons weight at speeds of 20 to 30 m.p.h. 
or even in excess. Congestion caused at such bottle- 
necks as Brentford on the Bath Road, Kingston on the 
Portsmouth Road, Sutton on the Brighton Road, are 
being relieved by the construction of by-pass roads 
60 feet in width, which will enable road traffic to 
maintain a far higher average speed than that now 
prevailing. Whereas some ten or fifteen years ago, 
an average speed of 20 m.p.h. on a run over average 
roads in a moderate powered car was considered almost 
excessive, to-day the smallest powered car is expected 
by its owner to maintain an average speed higher than 
that, and cars of more moderate power must be 
designed to maintain even for longer distances speeds 
averaging 50 per cent. more than that expected before 
the war with the proportionate improvement of roads. 
It can be said with some degree of certainty that 
during the next twenty years no car of the most modest 
type will be demanded if it is not capable of a speed 
of 50 m.p.h. and of maintaining over long distances an 
average speed of from 30 to 40 m.p.h. 

The development of the British light car has not been 
a coincidence—nor has it been alone due to a tax which 
varies with the horse-power of an engine, based on a 
formula which takes no account of the stroke of the 
pistons or of revolution speed. It is due principally to 
improvements in road conditions which make that 
type of vehicle suitable for the roads and the roads 
suitable for the vehicle. Complaint is not uncommon 
that however suitable the modern British built private 
car may be for conditions in this country, the com- 
paratively primitive conditions in less populated 
countries demand an engine of lower speed, a vehicle 
of higher clearance, and of lower gearing. : 

The criticism has been passed on the British designer 
that he is not catering for a world market, which, in a 
free trade country, is essential to the prosperity of 
any engineering industry. Whatever merit there may 
be in such a criticism, it could equally and perhaps 
more logically be applied to the cause and not to the 
effect, and I make bold to say that the cause of any 
change in engine design which has taken place is the 
wholly revolutionary change in the road conditions in 
this country. While it would not be suggested that 
there should not be a gradual improvement in the 
foundation surface and alignment of roadways, there 
may be a danger, from the point of view of the manu- 
facturer, in proceeding too rapidly with the develop- 
ment of an already comparatively superfine system of 
highways. In the United States of America particu- 
larly, and in France and Italy to a less degree, progress 
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population. 
proving surely even if less rapidly throughout the 


cent. compared with 1922. 
so, I venture to say, will the demand for the British 


has been proceeding apace, but even so, whereas in 
Great Britain probably one mile of road for every 
thousand inhabitants is of an adequate strength,to 
carry modern traffic under 2 tons at any speed without 
undue wear and tear, the proportion in America with 
a census of vehicles exceeding that in this country by 
eleven times, the mileage of really metalled and surfaced 


roads is probably not 1 to 5,000 of a far more scattered 
Whilst this is so, conditions are im- 


world. During the past twelve months the export 
business in British vehicles has progressed, and the 
demand overseas for what may be termed the British 
high efficiency machine has increased by over 300 per - 
As roads improve abroad, 


made motor car increase, and the time may not be 
far distant when conditions for the home market in 


America and for the export market for her productions 


will force the manufacturer to develop upon a design 


following that adopted in Great Britain and to a less 
degree on the Continent. 


The recent development of the design of the com- 


mercial vehicle both for goods and passenger-carrying . 
purposes is equally interesting. War conditions forced 
the manufacturer to concentrate on what was virtually 


a standardised type of vehicle of a capacity of from 


4-5 tons, which to the number of probably 100,000 
were liquidated after the Armistice at prices which 
bore no relation to cost of manufacture, 
the roads, which had of necessity depreciated during a 


Undoubtedly 


period when there was neither labour nor material for 
improvement, were totally inadequate to maintain so 
abnormal a class of traffic. Probably no greater 


disservice was ever rendered both to the commercial 


vehicle manufacturer and to the highway authorities 
responsible for the roads, than the unloading on to the 


public of masses of vehicles of a capacity and weight 
far exceeding either the requirement of the public or 
the capacity of the roads foundations and surfaces. The 
glamour of an apparently attractive price and, in the 
early days following the Armistice, high railway rates 
and inadequate rail facilities, encouraged the use of 
these vehicles, but the time has already come when it 
is realised both by the public and by road authorities 
that the sphere of economic road haulage is generally 
met by the operation of vehicles of a capacity half that 
of the vehicle demanded for the very artificial require- 
ments of war. 
in this country that road considerations place a very 
real economic and commercial and wholesome influence 
on design, and modern development is being con- 
centrated on reduction of unsprung weight, light chassis 
construction and fuel economy. 


Once more, therefore, we are finding 


In relation to motor omnibus and motor coach 


construction there is equally an evident change, and 
highway authorities are clamouring for orders from 
the Ministry of Transport, closing against these classes 


of vehicles of a seating capacity of over fourteen, a 


growing number of roads which were never constructed 
for vehicles of heavy weight. 
limitation of the market for motor coaches of the 
larger type, and a restriction of motor omnibus traffic 
to classified roads with some corresponding increase 
in vehicles of lower capacity. 
grants from the Road Fund are, so far as possible, 
being devoted to progressive improvement of roads in 


The result is an apparent 


Whilst this is so, the 


areas which, sooner rather than later, will have to carry 
a greater weight of traffic, and it cannot be doubted 
that to the degree to which these improvements are 
carried out the demands of the customer for larger 
types of passenger-carrying vehicles will increase, and 
will afford an ever growing field for the manufacturer. 
That, however, must be a matter of time, and for 
some years to come it is probable that the limitations 
of the roads will force manufacturers to concentrate 
more particularly on the production of vehicles of 
a capacity of from 15 cwt. to 24 tons. 

It is thus that the manufacturer of commercial 
vehicles must look: (a) To the practical limitations 
noted in relation to road conditions applicable to-day. 
(b) to the ever-growing improvements of existing roads, 
and (c) to the construction on advanced lines of new 
arterial roads capable of carrying economically loads 
of considerable weights at comparatively high speeds. 
Among the latter, already in course of construction or 
seriously contemplated are: 1. The North Circular 
Road, connecting the Port of London Docks with the 
approaches to London on the South West. 2. The 
Great West Road, serving as a main avenue of approach 
from the Bath Road. 3. The new Cambridge Road, 
which will afford an alternative approach from the 
Eastern counties, to the congested Chelmsford- 
Colchester route. 4. The Glasgow-Edinburgh Road, 
for which preliminary arrangements have been made. 
5. The Liverpool-Manchester Road, which has been 
surveyed and will undoubtedly be commenced within 
a short period. 6. The Newcastle-Tynemouth Road, 
in connection with ambitious town-planning schemes 
in that populous industrial area. 7. The Birmingham- 
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Wolverhampton Road, which would undoubtedly be 
of the utmost value to one of the most thickly populated 
industrial districts of the country, and as regards which 
a start has been made. 8. The Mid-Glamorgan 
Inter-Valley Communication connecting two industrial 
districts, in South Wales. 

With these preliminary observations it may be 
opportune to consider more precisely the nature of the 
development of design which, as mentioned, may be 
attributed largely, if not entirely, and indirectly, if 
not directly, to the influence of road conditions. The 
state of the road undoubtedly has a marked influence 
on the amount of load which can be carried on a given 
vehicle, and this fact was clearly demonstrated during 
the military operations of 1914-1918. Many hundreds 
of vehicles which, in this country, had been in regular 
service carrying useful loads of three tons, had their 
rated capacity reduced to 30 cwt., when employed in 
France and other fields of operation. For use in 
Lancashire and the West Riding of Yorkshire, where 
roads are notoriously bad, vehicles, if they are to be 
successful, must be made much more robust than is 
necessary for service in other parts of the country, 
and the cost of their upkeep is considerably higher, 
A fair index of the relative values of good and bad roads 
is‘afforded by the known fact that, on precisely similar 
vehicles, the rate of tyre wear in Lancashire and the 
West Riding of Lancashire is from 1} and 2} times as 
great as in the South and other parts of England, 
where roads are good. 


The limiting factors in the construction, and con- 
sequently in the total weight of a vehicle appear to 
be the strength of the wheels, axles and springs ; 
these must be made robust and consequently heavy 
if the machines are to be regularly operated on bad 
roads. All these parts are unsprung weight, and it 
is undeniably true that it is the unsprung weight 
which has the greatest influence on the road, and 
conversely, is most influenced by bad roads. Given 
a good road surface on a sound foundation, a vehicle 
of given load capacity may have the weight of its 
unsprung parts safely reduced to a minimum, and there 
would be attendant reductions of weight in other 
parts of the chassis and body. The load distribution 
is also influenced by the state of the roads, for the 
reason that a surface which is dusty in dry weather 
is usually slimy in wet weather, and consequently the 
co-efficient of adhesion between the tyres and the 
road is very much reduced. To balance this factor 
the percentage of weight on the driving wheels must 
be greater than would otherwise be necessary in order 
that the required tractive effort may effectively be 
transmitted by the driving wheel tyres. 


Ten or twelve years ago, the average resistance 
to rolling effort offered by the surface of main roads 
was about 90 lb. per ton, and there were many soft 
roads which offered a resistance as high as 150 lb. 
per ton. This necessitated a large amount of low-gear 
work. The average is now probably less than 60 lb. 
per ton on main roads, rarely exceeding 80 lb. per ton 
on secondary roads, and about 100 Ib. to 120 lb. per 
ton on by-roads. Improvements in main road sur- 
faces, therefore, have been made to the extent of about 
50 per cent., but this does not mean that the power 
required for traction per unit load has been reduced 
in like proportion. Gradients remain the same, and 
as the laws of gravity have not been altered, the actual 
average reduction of power required is only about 
18 per cent. On the other hand, the demands of the 
motoring public have become more stringent, and unless 
a commercial goods vehicle can now take all gradients 
up to 1 in 30 on top gear, and 1 in 25 for motor coaches, 
it stands but a poor chance against its competitors. 
When considering the required engine-power of a 
vehicle, therefore, we must keep these figures in mind. 
The added tractive effort which must be provided to 
overcome a gradient of 1 in 30 is 75 lb. per ton of 
load, and this figure, added to the tractive resistance 
on the level (60 lb.) shows that the engine must be 
capable of developing and transmitting to the driving 
wheels on top gear a tractive effort of not less 
than 135 lb. per ton weight of the loaded vehicle, in 
addition to any extra power which may be needed to 
overcome wind resistance. As windage does not 
become serious until the travelling speed exceeds 
20 m.p.h., we may ignore its effect so far as commercial 
vehicles are concerned. 

Top gear and maximum engine speed and power, 
however, are not synonymous with maximum engine 
torque. For reasons of economy, for average running 
an engine is usually designed to give its maximum 
torque at a speed much below the highest at which 
it is capable of running, and further, the torque curve 
is invariably much flatter than the power curve. 
For instance, an engine designed to give its maximum 
power at 1,200 r.p.m. would give its maximum torque 
at about 800 r.p.m., and from 600 to 1,000 r.p.m. the 
torque curve would show but very little variation, as 
indicated in the curves reproduced. For this reason it 
will be seen that it is quite practicable to discount to 


some extent the maximum tractive effort to be pro- 
vided on top gear, and instead of 135 lb. per ton we 
may safely take 115 lb. per ton when the engine is 
giving its maximum speed and power. This provision 
will ensure ample power to maintain the highest desir- 
able speed on the level, but when ascending a gradient 
of, say, 1 in 30, the engine speed will gradually drop 
to between 700 and 900 r.p.m., but its torque will 
actually increase up to a point with the reduction of 
engine speed, and tractive effort at the driving wheels 
will mount up to the 135 lb. or more required to climb 
the gradient, so that the engine will continue to pull 
well until the gradient is increased. It may then be 
necessary to change to a lower gear. Taking the fore- 
going values as the basis for calculation of engine 
power, the author has prepared a table which shows 
the power requirements for commercial goods-carrying 
vehicles of varying load capacities from one to six 
tons. 

The loads on the front and back axles of the respective 
types as given in the table are the averages for a large 
number of vehicles of various makes, and it will be 
seen that in no case does the load on the back axle 
fall below twice that on the front axle, and this 
condition only for the slowest class of vehicle. This 
circumstance explains why the use of four-wheel 
braking systems have not been so widely used on 
commercial vehicles as on private passenger cars, 
in which latter class the weight carried on the two 
axles is usually about equal, and in even the most 
extreme cases the proportion does not exceed three 
on the back and two on the front. This relative lack 
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of adhesion of the private car driving wheel tyres 
therefore, demands that use should be made of the 
front wheels for assistance in braking. The greater 
driving axle load of a goods-carrying vehicle by 
providing increased adhesion ensures that its two- 
wheel braking is practically as efficient as the four-wheel 
braking systems used on private passenger cars. This 
divergence from the subject of engine power will no 
doubt be excused because of the great interest at 
present being taken in the use of four-wheel brakes. 
Reverting to the table, it will be seen in line 6 
what horse-power is required at the road wheels to 
produce the tractive effort stated for the same vehicle 
in line 4 at the speed given in line 5. As, however, 


there is a certain loss of power in transmission from | _ 


the engine to the road wheels, we must allow for 
that loss in determining the power of the engine. 
The efficiency of different types of gear varies greatly, 
but we should be safe to take 85 per cent. as the average 
over-all efficiency on top gear, this allowance taking 
into account losses due to clutch, clutch-to-gear-box 
couplings, idle-running gears, and shafts in the gear-box, 
propeller-shaft couplings, final-drive gears and axle 
bearings. The resulting brake horse-power values, 
when corrected for this loss, are given in line7. These 
figures for engine power, although obtained by calcu- 
lation on: the basis named, will be found in close agree- 
ment with the rated power of engines fitted by most 
well-known makers. 

With regard to the private passenger type of vehicle, 
it is probably equally true that its development on the 
lines which have brought improved thermal efficiency, 
is due to improvements in road conditions, although 
to some extent this development has no doubt been 
influenced by the incidence of taxation. One school 
of thought will argue that taxation has been the 
dominant factor in the development of the small-bore 
long-stroke engine, but the writer is of opinion that 
this line of advancement would have occurred, taxation 
or not, as improvements were effected in our roads, 
and conversely, taxation or not, the small-bore engine 
would not have been adopted had roads remained in 
their condition of 15 years ago. It is probably merely 
a coincidence that the system of taxation by cylinder 
bore, or fuel consumption, has assisted to encourage 
the development on the lines now generally followed 
in Great Britain and Europe, and has produced the 


present type much earlier than might otherwise have 
been the case. 

With regard to the fue] consumed by a vehicle 
engine, we are unfortunately more or less still in the 
hands of the petroleum producers. Strenuous efforts 
are constantly being made to secure greater economy, 
and to this end extravagant claims are being made by 
inventors of carburettors. Each day brings some 
new device, for which it is claimed that it will remove, 
or practically remove, the item of fuel from the list 
of running charges. Most of these fail lamentably to 
equal the performance of many of the older types, 
and the promises of their inventors are never entirely 
fulfilled. None the less, there has been steady progress 
both with carburettors and with engine design, and we 
are now able to use grades of fuel which we considered 
inadmissible but a few years ago. Petroleum spirit, 
or mixtures of petroleum spirit and benzol, form the 
staple fuel for motor engines, and so far as commercial 
motors are concerned, it is a poor machine which fails 
to do 45 ton-miles of work per gallon of fuel, whilst 
the average is probably nearly 55, and instances of 
over 100 ton-miles per gallon are on record. Private 
passenger cars are not so good in this respect, but the 
reasons are not difficult to find. Their gross weight 
is usually much lower, and the work expended in 
overcoming wind resistance at the higher speeds at 
which they run is very considerable. Improved road 
conditions, however, have done much to economise 
fuel on all classes of vehicles. During the period 
1914-18, when it was imperatively necessary to con- 
serve our supplies of petroleum spirit, much interest 
was directed to the use of alcohol, and mixtures of 
alcohol with ether, benzole and the heavier grades of 
petroleum, and an exhaustive and comprehensive 
series of tests with such fuels was carried out by the 
London General Omnibus Company. These tests were 
of a two-fold nature; first bench tests were made, and 
subsequently a series of road tests were carried out on 
about 25 London omnibuses in public service. Briefly 
the results of the bench tests were as follows :—(a) The 
greater the percentage of alcohol the higher was the 
possible thermal efficiency for the same compression ; 
(b) the greater the percentage of alcohol, the higher 
could the pressure be raised with consequent rise of 
thermal efficiency ; (c) with high compression the ill 
effects of valve pockets was more noticeable with small 
throttle openings than with low compression. 

For the purpose of the road tests, the compression 
of the engine was raised to 160 lb. per square inch by 
riveting aluminium plates to the tops of the pistons, 
and these plates were dome-shaped so as to follow more 
or less the contour of the cylinder head. The best 
all round results were obtained with a mixture of 7 
per cent. alcohol and 30 per cent. benzol, although a 
50 per cent. mixture gave quite good results. Extended 
tests in regular service with a 50 per cent. benzol- 
alcohol mixture showed the cost of running for alcohol- 
benzol fuel, over an extended period, to be 3-5d. as 
compared with 3-3d. for petrol on the same type of 
buses, these figures being based on the assumption of 
equal cost per gallon of the two fuels, the figure taken 
being 2s. ld. The results were particularly encouraging 
and, given relief from excise restrictions, there is no 
doubt that the production of alcohol on a large scale 
would do much to reduce the fuel costs of motor vehicles 
for both private and commercial use. 

Table of Engine Power for Commercial Vehicles. 
Load Capacity. 


_ a 14 2 3 4 6 
Ton. | Tons. | Tons. | Tons. | Tons. |Tons. 
1, Front axle weight 
(toms) .. a 3 1 13 13 2 4 
2. Back axle weight 
(toms) .. as 2 23 34 5 64 8 
3. Total weight (tons)}. 23 3h 5 62 84 12 
4. Required tractive 
effort (pounds) 320 440 575 780 980 | 1,380 
5. Speed in miles per 
hour) yi. Xe 5L9) 17 15 14 133 11 
6. Effective horse- dn 
power at tyres ..| 16-2 20 23 29-1 | 35:3 | 47°5 
7, Brake horse-power 
of engine, allow- 
ing transmission 
efficiency at 85 a 
per cent, Salle LY: 23°5 27 34-3 | 41°65 | 54:7 
8. Bore of suitable 
engine (inches). . 3} 34 33 4} 4} 5 
9. Stroke of suitable : 
engine (inches). . 5 53 54 5t 6 6 


Another means of improving fuel economy which has 
been put into practice during the past ten years, 1s the 
use of aluminium-alloy pistons, thereby reducing the 
weight of reciprocating parts and conducing to marked 
increase in thermal efficiency. The use of such alloys 
for vehicles would not have been practicable had our 
roads continued to be as dusty as they were, because 
the fine dust would have been drawn into the cylinders 
during the aspiration strokes, and would have acted as 
a most destructive abrasive. To prevent its ingress 
to the cylinders most elaborate and cumbersome air 
filters would have been necessary, as they now are for 
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the engines of agricultural tractors when working in 
the fields during the dry weather. 

Had there been no increase in the standard of user’s 
requirements, the general improvements which have 
been made in road construction and maintenance would 
have enabled us to use, for a given load, an engine 
developing approximately 18 per cent. less power than 
was required ten or twelve years ago. In spite of the 
higher standard of ability now demanded by users, 
however, improved roads have made it possible to meet 
those standards without any proportional increase in 
the total cost of running, although wages have doubled 
and in some cases trebled during the period of develop- 
ment, and the price of most consumable stores has 
increased. Tyre maintenance, which at one time cost 
as much as 4d. per mile for a four-tonner, is now 
down to about a quarter of that sum, and the six 
tyres of a modern London omnibus now cost for 
maintenance by contract not more than 43d. per mile. 
Pneumatic tyres are now commercially practically for 
goods-carrying vehicles, and on a two-tonner cost not 
more than ld. per mile. 

For the valuable information contained in this 
paper I am greatly indebted to Colonel Hacking, 
Secretary of the S.M.M.T., and also to Mr. George 
Watson, M.I.Mech.E., M.1I.A.E., whose wide experi- 
ence in consulting and practical work enables him to 
put forward facts which are indisputable. The 
industry as yet has not recognised fully the valuable 
research and development work which Mr. George 
Watson in the last twenty years has been giving to it, 
with very small remuneration to himself. 


A NEW HARMONIC ANALYSER.* 
By K. Noguocut. 

THERE are many kinds of harmonic analysers in 
use, but in small patterns they have generally a low 
analysing power, high analysing power being obtained 
only with very large instruments. The new analyser 


Fia. 


devised by the author and described below is intended 
to obtain a high analysing power with a small and 
handy construction. 

It is well known that the mechanical construction of 
harmonic analysers is much simplified in using Henrici’s 
Principle for the integration. 

Let y= f (6), then the two Fourier’s coefficients 
of the nth harmonics are 
9 


1 {27 
Ay = 18 ysinnéda 
UA 
1 2 1 
and (he 9S. ycosnddé 
7 


Thus, to obtain these coefficients, three elements 
y, Sm n@ (or cos n@) and d@ are to be mechanically 
combined in one way or another. 

The expressions for the coefficients can be trans- 
formed by integration by parts, thus , 


1 27 
Aci ysinn@d@= 
GAN) 

g 2 (2 a 
~[-ysen’ |i + we cosnddy 
7 n eal nw }@=0 

1 27 
bn = = ycosn@d@= 
Us AKG) 
; 234 
~[¥ sin 20274 ae sin nOdy 
7 n@ 6=0 nw \@=0 


* Paper read before the Japanese Society of Mechanical 
Engineers, June 19, 1924. 


As the terms within brackets in the above expressions 
which contain y can be made zero, only the two elements 
sin n 6 (or cos n 6) and dy are required to be taken into 
account. The present instrument is an integrator for 


integrating fsin nody or ch cos nody. 


In this instrument the integration is achieved by 
relative motion between a horizontal plane moving 
in the direction of the y-axis and an integrating roller 
of the polar planimeter type, the shaft of which can 
revolve in a horizontal plane. (See Fig. la). The 
roller is an ordinary integrating roller, the shaft of 
which lies horizontally and the steel roller A touches 
at its circumference a horizontal plane. B is the 
scale showing the angular position of A, and C the 
scale showing the number of revolutions of the 
wheel A. 

In Figs. 1, a, b, c, d the arrow-head shows the direction 
of motion of the horizontal plane touching the steel 
wheel A. If the relative position between the arrow- 
head and the shaft be as shown in Fig. la, then the 
wheel A will rotate so as to make its circumferential 
displacement equal to the displacement of the horizontal 
plane. At the position shown by Fig. 1 6, as the shaft 
coincides with the arrow-head, the wheel A makes 
no rotation. In general when the shaft makes an 
angle @ with the arrow-head (Fig. 1c), and the plane 


(ae2sa) (A) 


(c) 


3) 


ae 


is displaced by Ay, the wheel A rotates so as to make 
the circumferential displacement Ay x sin ¢. If we 
take ¢’ for the angle between the shaft and the 
perpendicular direction to the arrow-head as shown 
by Fig. 1d, the circumferential displacement of the 
wheel A will be Ay xX cos 9’. 

The present instrument is so constructed that the 
horizontal plane can move only in the direction of 
the y-axis and ¢ (or ¢’) is always equal to the phase 
angle n @ at every point of the wave figure, the amount 
of rotation of the integrating roller will therefore give 


the value of the required integral Wi sin n6dy (or 


Jf 008 nody). 


The whole mechanism of this instrument is arranged 
to provide the two principal motions above mentioned, 


purpose of explanation a skeleton diagram is shown 
in Figs.3 and4. In this diagram all rotating shafts are 
denoted by chain-lines. A, and A, are wheels or rollers 
having the same diameter, fixed to a common shaft 
BB’. This shaft B B’ is supported by the two arms 
projecting from the main frame CC’. A straight 
groove D D’ of triangular section is cut on the upper 
face of the frame CC’ and another groove E EH’ of 
the same sectional form on the lower face, both grooves 
being parallel to the shaft B B’ and serving to guide 
the carriage F. 

In using the instrument, it is placed so that the shaft 
B B’ is parallel to the y-axis of a wave figure to be 
analysed and the wave is then traced with the pointer 
W attached to the carriage F. During this operation 
the instrument as a whole will roll, by aid of the wheels 
A, and Ag, in the direction of the abscissa, #.e., of the 
9 axis, owing to the @ component of motion of the 
pointer W. Meanwhile the carriage F, which is fitted 
with a horizontal celluloid-covered glass plate G G’, 
will move along the grooves D D’ and E EK’ in the 
direction of the Y-axis in consequence of the y-com- 
ponent of the tracing motion. F 

The motion giving the relation ¢ (or ¢’)= ”@ 1s. 
obtained in the following way :— 

The shaft B B’ is firmly fitted, at its middle part, 
with a hard steel wheel H, having a sharp and finely- 
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toothed edge, serving as a friction roller, which rests 
on a ground-glass circular plate K having the vertical 
shaft J as its axis of rotation. When the instrument 
moves in the direction of the abscissa, the two wheels 
A, and A, will roll and in turn also the steel wheel H. 
Driven by the wheel H, the circular glass plate K will 
rotate about its axis J, and consequently a steel wheel 
L resting on K is also rotated about its axis; another 
circular ground-glass plate N resting on the wheel L 


i.e., the motion of the horizontal plane in the direction 


TABLE OF CALCULATED 


will be driven by L and revolve about its vertical axis M. 


AND MEASURED VALUES. 


Order of 1 3 5 7 9 11 13 uy My, 19 21 
harmonics 

Calculated +162 -0| —18-00 | + 6-48 | — 3:31 + 1-99 1-34 0-96 | — 0-71 | + 0°57 | — 0-45 | + 0-37 
Value | 

Measured 161-3 17-90 6-41 3°27 1-95 1:37 0:97 0-70 0-59 0-45 0-36 
Value 


Unit = mm. 


;of the y axis and the rotation of the shaft of the 


integrating roller to make ¢ (or ¢’) equal to né. 
Fig. 2 shows the general view of this instrument, 
which measures 10 cm. x 20 cm. X 35 cm.; it will 
be seen that the size is very small for an analyser 
capable of calculating high harmonics. For the 


Thus, through the train of the friction rollers H, K 
and L, the motion of the instrument in the @-direction 
is transformed into the rotation of the circular plate N, 
and the horizontal axis Q of the integrating roller P 
fixed on N will rotate in a horizontal plane. 

As has already been explained the relative motion 
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between the horizontal glass plate GG’ and the 
integrating roller P evaluates the integral fe sin nod y 
or [008 nody. 


makes exactly one complete revolution in tracing one 
fundamental wave-length, the integrating roller will 


give the values Bite so sin Ody and [5 ™ 9 cos ody, 


and in a similar manner, if the roller makes » com- 
plete revolutions for one wave-length, the values of 


fonosm nody and [3% 4 cos n0@dy are given. 


Therefore, in the present instrument, it is necessary 
that the rate of revolution of the circular dise N should 
be adjustable. For this purpose this instrument is 
provided with two adjusting screws R and S. 

The screw R can, parallel with B B’, drive a sliding 
block on which all the components K, L, N and S are 
mounted. The nearer the shaft J is brought to the 
wheel H by this sliding motion, the quicker becomes 
the rotation of the disc K. In the second place, the 
screw S can slide the support of the wheel L parallel 
to B B’, so as to set the wheel L in any position between 
the two disc-axes J and M. Any desired ratio of rota- 
tion of the dise N to that of the disc K may be obtained 
by bringing the wheel L to a suitable position. Thus, 
the rate of rotation of the disc N is doubly adjustable 
by the two screws R and &. 

As the instrument in actual use has only one inte- 
grating roller, two operations are required to obtain a 


set of Fourier’s Coefficients A, and b, (i.e., ff cos nod y 


Hence, if the circular plate N 


and rf sinn 6d y). In the one operation the integrating 


roller axis is made parallel to the abscissa at the start 
and in the other parallel to the ordinate. If rapidity 
is desirable, two equal integrating rollers with their 
axes perpendicular to each other may be used. 

The instrument having the dimensions stated already, 
gave the following range of application: The travelling 
length of the carriage F or of the tracing pointer W is 
30 cm., so that all wave figures with a wave height 
(from the crest to the trough) of less than 30 cm. can 
be traced by one continuous tracing. The maximum 
workable height, however, is not limited to 30 cm. ; 
the analysis of a wave double this height being also 
possible, for waves containing only odd harmonics. In 
this case, the analysis of the half-wave is sufficient, 
so that the instrument is applicable for a total wave- 
height up to 60 cm. Generally, moreover, for waves 
having heights between 30 cm. and 60 cm., the figure 
may be cut by a suitable line parallel to the abscissa 
into two parts, and the required coefficient is obtained 
by summing up the indications of the integrator re- 
sulting from the two separate tracings along the upper 
and lower parts. 

This instrument can be adjusted to analyse wave- 
lengths from 0-5 cm, to 130cm. As the circular dise K 
and N have diameters of 7:6 cm., the distance between 
J and M is 4-2 cm., and the wheel L can approach 
to a distance 6 mm. from the axes J and M, the rotation 
ratio of the disc N to the disc K can range from ¢ to 6, 
that is, 1 to 36. As the axis J can approach the wheel 
H to a distance of 0-5 cm. from 3-5 cm., so the rate 
of rotation of the disc K varies from 7 to 1. Combin- 
ing these two variations, we can so adjust one complete 
rotation of the disc N as to correspond to the displace- 
ment of the instrument in the @ direction, of from 0-5 
to 130 cm. 

From the above, it might seem possible to analyse 


the harmonics up to say, the 260th order (260 = ra 
for the fundamental wave-length of 130 cm., but in 
reality the accuracy becomes very low for very high 
orders of harmonics, and the following figures show 
what is the practical range of harmonics to be analysed. 


Fundamental Wave The Highest Limit of 


Length the Order of Harmonics. 
130 cm 35 
100s, 30 
60m, 25 
20° 5, 20 
10%, 15 
bes, 10 
For the testing of this instrument, the author 


analysed the isosceles-triangular wave shown by Fig. 5, 
which evidently contains odd harmonics only. This 
special wave form was chosen in the first place to deter- 
mine the instrumental error, as it is possible to eliminate 
a tracing error by guiding the pointer W with a straight 
edge, and, secondly, because in order to make a com- 
parison, with mathematical analysis, the test wave 
must be mathematically suitable. 

Tt is well known that an isosceles-triangular wave 


contains nth harmonics having the amplitude ees x 2; 
1 ie Nv 


where H,= the height of the triangle, and 
i= lL, i3, 5, 

In the Table, page 876, the calculated values are 
obtained by putting H,= 200 mm. and x= 1, 3, 5, 


in 8 Hy x = , and the measured values are the 
ie 


1 


mean of five measurements for each harmonics. 


This result shows accurately how the instrument 


works, notwithstanding its small size. 


In concluding this paper, the author wishes to express 


deep thanks to Professor Suehiro and to his colleagues 


in the Mitsubishi Research laboratory for their valu- 
able suggestions and assistance. 


DE LAVAL-WATSON OIL TESTING OUTFIT. 


A PARTICULARLY rapid and convenient method of 
testing the dielectric strengths of oils is available 
in the apparatus recently devised and constructed by 
Messrs. De Laval, Chadburn and Co., Limited, of 
Wellington House, Buckingham-gate, London, S.W., 
which it is proposed to describe briefly. In making 
any specific determination of the insulating property 
of an oil the operations to be carried out using this De 
Laval-Watson outfit are of the simplest character. 
Enough of the oil is poured into a thick glass con- 
tainer 6 in. long, 4 in. broad and 6 in. deep to cover 
two }-in. diameter ball electrodes. These are set at 
a fixed distance apart and are attached to two arms, 
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each of which passes through a side of the vessel. The 
latter is then placed on an insulated table, there being, 
included in the arrangement, two spring conductors 
engaging with those of the glass container. Current is 
switched on and when the breakdown voltage is reached 
it may be read on the voltmeter provided. 

The complete construction comprises a box-form 
angle-iron framework encased with sheet iron, into 
which are fitted a high tension transformer, an auto- 
transformer, a choke coil and a starting resistance, 
together with fuses and switches. The high-tension 
transformer is of the shell type, the core being built 
up of “stalloy” steel laminations each having a thick- 
ness of 0-018 in. The primary and secondary windings 
are concentrically wound about a centre limb, the 
secondary consisting of two identically similar sections. 
This complete transformer is contained in a galvanised 
iron tank and the high-tension connections are led out 
through two ebonite pillars fitted to the top of the 
transformer, the windings of which are oil immersed. 
Glass windows are fitted at the back and front in the 
casing above the transformer to permit the breakdown 
of the insulation to be seen, Arranged to work from a 
200-volt 50-cycle supply, the auto-transformer included 
in the set permits the use of any normal alternating 
current supply. When installing the set the correct 
tapping is selected to suit the main supply voltage 
available. 

Beside this auto-transformer is mounted a choke 
coil, accessible by removing one of the side panels 
of the framework. Of special design this choke control 
is so arranged as to ensure that under no circumstances 
will the current to the transformer exceed 5 amperes. 
Adjustment of the coil is performed by means of a large 
quick-running thread and wheel. One side panel forms 
a switchboard on which is mounted a voltmeter indi- 


cating in kilovolt root-mean-square values and reading 
to 100,000 volts. To the right a red pilot lamp is fixed 
indicating when glowing that the high-tension trans- 
former is in operation. Underneath this lamp is a 
three-way switch giving three voltage ranges and full 
load position for the transformer. A reference to the 
wiring diagram, annexed, will show how this is attained. 
Mounted directly below the voltmeter is the main 
switch arranged to close the circuit through a resist- 
ance, thus eliminating the possibility of surges in the 
line. On the left side of the board a main supply 
connection plughole is provided, above which is 
situated a fuse holder. A handle below the main 
switch controls the amount of resistance in circuit. 
The top cover of the apparatus is of sheet metal and _ 
hinged. Working in conjunction with this is a safety 
device consisting of a rod and spring contact which 
prevents the current being switched on while the top 
is open. A terminal on the housing enamelled red is 
provided to enable the whole to be joined to earth 
while in operation. The complete set measures 1 ft. 
6 in. square and is 3 ft. high, the weight being 23 cwts. 


CATALOGUES. 
Electric Lamps.—The General Electric Company, 
Limited, Magnet House, Kingsway, London, W.C., 


have issued a priced list of Osram gas-filled lamps in 
clear, white and coloured glasses. 


Wood Preservation.—A small catalogue dealing with a 
double cylinder for impregnating wood with preservatives 
by vacuum and pressure treatment is to hand from Mr. 
Grant B. Shipley, Century-building, Pittsburgh, U.S.A. 


Anti-vibration Material.—Mr. P. Van Den Haute, 
Mont-St. Amand, Ghent, has sent us a catalogue of 
“‘trichopiese,” a material of hair felt for absorbing 
vibration. The catalogue illustrates its application to 
machinery, vehicles and buildings. 


General.—Messrs. Holman Brothers, Limited, Cam- 
borne, have sent us a copy of a handsome album of views of 
their works and products. Mining and rock drilling, 
engines, haulage gear and general millwright work, are the 
main subjects. The works are on a large scale and supply 
plant for foreign as well as for home markets. 


Electric Motors—A new edition of their catalogue of 
induction motors of the squirrel-cage and slip-ring types, 
has been issued by the English Electric Company, 
Limited, Queen’s House, Kingsway, London, W.C. It 
includes new illustrations and additional technical infor- 
mation, and deals with a very full selection of machines 
ranging from 5 b.h.p. to 350 b.h.p. 


Boiler Firing—A catalogue of mechanical stokers, 
pulverised coal apparatus, air heaters, coal and ash- 
conveying plant, &c., is to hand from the Underfeed 
Stoker Company, Limited, Aldwych House, London, 
W.C. 2, containing general illustrations, and a long 
list of installations supplied by the company, which may 
be inspected by intending purchasers. 


Electrical Equipment.—Several interesting catalogues 
have been received from the Westinghouse Electrical 
and Manufacturing Company, East Pittsburgh, U.S.A., 
including a general catalogue, leaf catalogues of volt- 
meters and trolley "buses, and a reprint of a paper 
by Mr. Henry 8. Day on certain essentials in dipping 
and baking railway motor armatures. 

Electrical Machines—Two new editions of catalogues 
received from the Metropolitan-Vickers Electrical Com- 
pany, Limited, Trafford-park, Manchester, give very 
clear well-arranged and fully-illustrated information 
relating to the latest developments of turbo-alternators 
and power transformers. The transformer catalogue 
includes sections on general characteristics, types of 
construction, three-phase core type transformers, 
single-phase shell type transformers, special types of 
transformers, tanks and methods of cooling. The 
turbo-alternator catalogue describes the design and 
construction of all the principal parts of these machines 
and contains a long list of plants installed or on order 
for service at home and abroad, 


Oil Firing.—Liquid fuel burning for marine and Jand 
boilers is the subject of a special catalogue issued by 
Messrs. Babcock and Wilcox, Limited, Farringdon-street, 
London, E.C. 4. The three systems—atomising by 
steam, air and mechanical pressure—are clearly discussed 
and the necessary burners, pumps and general apparatus 
areshown. ‘The firm supplies complete installations on all 
these systems and advises as to which is best in any case 
when the local conditions are known. Mechanical 
spraying is the more efficient and practically the only 
one suitable for marine service and for very rapid steam 
raising on land ; steam spraying is the simplest method, 
and often preferred where water is plentiful,.but where 
water is scarce the air-pressure spraying is advantageous, 


Steam and Oil Engines.—Messrs. Robey and Company, 
Limited, Lincoln, have sent us four catalogues of engines 
of various types manufactured by them. One of the cata- 
logues ‘deals with their enclosed-type portable engine, 
while another relates to crude oil engines developing from 
8 h.p. to 50 h.p., with single cylinders, and from 24 h.p. 
to 280-h.p., with two, three or four cylinders ; portable 
engines made in sizes ranging from 6-h.p. to 30-h.p., 
are also fully described with tables of capacities and 
dimensions. A third catalogue gives particulars of 
uniflow steam engines of from 60-h.p. to 1,000-h.p., all 
of which are capable of sustaining heavy overloads. The 
remaining catalogue is devoted to electric - winding 
engines, giving a full description of the engine and drum 
and also of the safety devices which form so important 
a feature of these engines. 
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HORIZONTAL MILLING, BORING, DRILLING 
AND TAPPING MACHINE. 


Horizontat milling, boring, drilling and tapping 
machines commonly fall into two categories. One 
class includes machines with traversing tables (usually 
compound), while the other embraces large tools with 
fixed work tables and a traversing column. In both 
classes the saddle carried by the column is capable of 
vertical adjustment or automatic traverse on the 
column slides, while the arrangement of speeds and 
gears makes the machines suitable for the large range 
of work implied by the somewhat cumbersome name 
allotted to this class of tool. 

For many years Messrs. Kendall and Gent, Limited, 
Manchester, have included in their specialities various 
types and sizes of horizontal milling, boring, drilling 
and tapping machines, and the accompanying illus- 
tration shows one of their latest designs. This machine 
will be seen to be of substantial construction, and is able 
to carry out heavy milling and boring without vibra- 
tion. As will be seen, the tool is of the fixed table and 
traversing column type. A feature is the feed arrange- 
ment for milling or quick traversing the upright and 
saddle, whereby it is possible to traverse the upright 
along the bed by power and at the same time move the 
saddle up or down by hand to follow an irregular 
facing when milling or vice versa, viz., self-acting the 
saddle on the upright and working the column, by 
hand, along the bed. This is accomplished by having 
two independent sets of shafts, gears, &c., one to actuate 
the column and the other effecting the motion of the 
saddle on the column. For certain milling operations 
this combination has been found to be indispensable, 
and the firm have, therefore, decided to incorporate 
this feature in all future machines. 

The spindle, 43 in. diameter, has a traverse of 36 in. 
for boring and drilling and a vertical and horizontal 
adjustment of 6 ft. by 8 ft. respectively ; either of the 
latter may be altered to suit particular requirements. 
All change-speed and feed gears are carried on the 
saddle and are of high carbon steel running in oil-tight 
casings, nothing appearing outside the saddle except 
the levers and hand wheels necessary for manipulating 
the various motions. All motions can be operated 
(including the changing of spindle speeds and feeds), 
whilst the workman is standing on the platform, thus 
enabling him to keep the work constantly in view. 

The drive is by a 12-h.p. constant-speed motor, 
through friction clutches to gearing on the saddle. 
There are 18 changes of speed, varying from 10 r.p.m. 
to 230 r.p.m. in either direction. When tapping, pro- 
vision is made for running the tap back at three times 
the tapping speed, this being accomplished without 
causing shock to the working parts. The reversing 
motion to the spindle is obtained through powerful 
friction clutches. Milling feeds are available in nine 
changes, varying from | in. to 6 in. per minute, while 
the feeds for boring and drilling have six changes. 
Quick power motions are also provided for the vertical 
and horizontal traverses to assist in setting the work. 
The actual machine now illustrated and described above 
is geared for accurate milling, drilling and tapping and 
medium diameter boring and facing with spindle speeds 
from 10 r.p.m. to 230 r.p.m. 

The machines can be supplied in various sizes, ranging 
from 4 in., 44 in., 5 in. to 6 in. diameter of spindles. 
They are also made, when required, with slower spindle 
speeds for boring larger diameters. The spindle 
speeds for the machine corresponding with that men- 
tioned above would be 5 r.p.m. to 180 r.p.m.; when 
made in this form no motion for the quick return of 
the tap is supplied. 

These machines are constructed to withstand con- 
tinuous heavy duty, all the gearing being of steel and 
all shafts of high carbon steel and of large size, running 
in long gun-metal bearings ; these features, combined 
with the handy arrangement of the control handles, 
constitute a very high-class tool, which, as our illus- 
tration shows, is very workmanlike in appearance. 
Portable machines on similar lines are also made, with 
tackle for lifting, fixed on the top of the upright. 


Rarip InsTaLLaTIon oF Borer PLant ar Baru.— 
A notable achievement in rapid boiler construction 
and installation has just been completed by Babcock 
and Wilcox, Limited, for the Bath Corporation. At 
the beginning of last October the Electricity Depart- 
ment found themselves in difficulties owing to delays 
in connection with their building work, in consequence 
of which the new steam plant which they had arranged 
for could not be installed. Under these circumstances 
the engineer, Mr. Francis Teague, got into communica- 
tion with Messrs. Babcock and Wilcox, who prepared a 
scheme showing the possible installation of a 25,000-Ib. 
oil-fired boiler in a corner of the existing boiler house, 
a complete equipment of burners, tanks, pipe connections 
and other details being included in the scheme. The 
order was placed on October 20, and Messrs. Babcock 
and Wilcox completed the installation by midnight 
on December 4. The following day the new unit took 
over the town load, and is now in regular service, 


HORIZONTAL BORING, DRILLING AND TAPPING MACHINE, 


CONSTRUCTED BY MESSRS. KENDALL AND GENT 


Tue Institute or Patenters.—Lord Askwith has 
consented to be President of the Institute of Patentees 
for the year 1925-26. 


ARTIFICIAL LIGHTING.—We have received two excellent 
photographs of the turbine shop of the Brush Electrical 
Engineering Company, Limited, of Falcon Works, 
Loughborough, one of which was taken, at 2 a.m., with 
the aid of “ Maxlume ”’ reflectors, supplied by Messrs. 
Veritys, Limited, of Victoria Works, Aston, Birmingham, 
and the other at 2 p.m. in the afternoon, by daylight. 
The similarity of the results attained in each case is 
remarkable and testifies to the success of the reflectors 
used. 


SwanseEA MetaL Excuance Report.—The Market 
Report issued on December 16 by the Swansea Metal 
Exchange states that, while there is very little new 
business being transacted in the tinplate department, there 
is a slight improvement in the number of inquiries for 
price quotations. At a recent meeting of manufacturers 
it was decided that the Stabilisation Committee should 
continue in existence for another year. Despite only 
moderate demand prevailing for galvanised sheets prices 
remained unchanged. 


University CoLLece ENGINEERING Socrery.—The 
annual dinner of the London University College En- 
gineering Society will be held at the college on January 26, 
1925. Sir Alexander Kennedy, who was Professor of 
Mechanical Engineering from 1874 to 1889, will preside, 
while his successor, Professor T. Hudson Beare, who 
occupied the position until 1901, will also be present. 
Past and present members of the Engineering Society 
who wish to attend the dinner should apply for tickets 
to Mr. R. B. Winton, Hon. Secretary of the Engi- 
neering Society, at the college. 


(1920), 


LIMITED, MANCHESTER. 


THE Surveyors’ InstirurTion.—The annual country 
meeting of the Surveyors’ Institution for the year 1925 
will be held in Liverpool from June 24-27. The Daniel 
Watney travelling scholarships, under the jurisdiction 
of the Institution, have been awarded to Messrs. E. P. 
Weller, Professional Associate, University of Bristol the 
author of the paper on agricultural costing recently read 
at the Institution, and Mr. H. I. Richmond, Professional 
Associate, Dinams Estate Office, Llandinam, Mont., the 
two candidates who headed the list in forestry at the 
Final Examination in March last. 


STANDARD Krys anD Kryways.—The British En- 
gineering Standards Association has just issued Publica- 
tion No. 46, Part I, 1924, ‘‘ Tables of Dimensions for 
Rectangular and Square Parallel Keys, Keyways and 
Key Bars.’’ Comparing these tables with those in the 
original Publication No. 46, 1909, it is evident that the 
range of sizes for which each key was recommended has 
been reduced. Explanatory notes and diagrams accom- 
pany the tables in the new specification, which may be 
had from the B.E.S.A. Publications Department, 28, 
Victoria-street, London, 8.W. 1, price ls. 2d. post free. 


STEEL AND IRon Report.—With the approach of the 
Christmas holidays trading in iron and steel has become 
almost negligible, but the feeling at the weekly meeting 
of the London Iron and Steel Exchange on December 16 
was optimistic regarding the prospects of business in 
the New Year. A fair amount of inquiry is beginning to 
come forward from overseas markets. There has been a 
slight weakness in pig iron quotations, but producers on 
the North East Coast and some of the Midland makers 
are well sold into the early months of 1925. Japan has 
been purchasing steel sheets, but Indian buying has 
been hampered by the heavy duties recently imposed 
on material of this class. 
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a telescopic element, the other member 10c¢ of which is pivotally 
connected to the base 12 of the switch casing. The members 
10b, 10c are embraced by and acted on by a compression spring 10. 
The longitudinal axes of the crank 4 and levers 7 are arranged 
at an angle to one another such that the spindle 8 is located on 
one side of a vertical plane passing through the axis of the spindle 
3 when the switch is closed; and on the other side thereof when 
the switch is open, while the pivotal point of the telescopic 
element is disposed in the vertical plane and directly beneath the 
axis of the spindle 3. The cams 9 have terminal abutments 
9a, 9b so arranged on opposite sides of the spindle 3, and in 
operative engagement with the spindle 8 as to ensure a positive 
action during the opening and closing operations should the 
spring 10 fail to act. Assuming that the contacts are in the 
closed position, the action of breaking contact is as follows :— 
Upon the initial rotation of the spindle 3 by the handle 18, the 
levers 7 move about the spindle 8 as a pivot until the lost motion 
between the spindle 3 and the lower end of the arc-shaped slot 13 
is taken up, whereupon the spindle 8 is moved about the spindle 3 
as a fulcrum from its position bearing against the terminal abut- 
ment 9a of the cam 9 into a position in which it bears against 
the other terminal abutment 96 of the cam. Upon a continued 
rotation of the spindle 3, the spindle 8 bears against the cam 
abutment 9b and raises the blade supporting arms, if needs be, 
without the assistance of the spring 10, until contact is 
broken. During the initial part of such action, the spring is 
compressed by the abutment 9a until the spindle 8 passes over 
the dead centre of movement, thereupon the spring 10 comes 
into operation and effects the quick breaking action between 
the contact blades 2a, 2b and their respective contacts. The 
operation of closing the switch corresponds to the operation of 
opening described. (Accepted October 1, 1924.) 


221,838. The British Electric Plant Company, Limited, 
Longcarse, Alloa, and A. W. Maudling, Longcarse, Alloa. 
Dynamo Electric Machines. (2 Figs.) April 16, 1923.— 
The invention relates to the ventilation or cooling of dynamo 
electric machines of the totally enclosed type in which cooling 
air from the surrounding atmosphere is circulated through axial 
passages in the stator core. In accordance with the invention, 
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RECORD. 
SELECTED ABSTRACTS OF RECENT PUBLISHED 
SPECIFICATIONS UNDER THE ACTS OF 1907 AND 1819. 


The number of views given in the Specification Drawings is stated 
in each case; where none is mentioned the Specification is not 
illustrated, 

Where inventions are communicated from abroad, the Names, &c., 
of the communicators are given in italics. 

Copies of Specifications may be obtained at the Patent Office, Sales 
Branch, 25, Southampton Buildings, Chancery-lane, W.C., at 
the uniform price of 1s. 

The date of the advertisement of the acceptance of a Complete 
Specification is, in each case, given after the abstract, unless the 
Patent has been sealed, when the word ‘* Sealed’”’ is appended. 

Any person may, at any time within two months from the date of 
the advertisement of the acceptance of a Complete Specification, 
give notice at the Patent Office of opposition to the grant of a 
Patent on any of the grounds mentioned in the Acts. 


AGRICULTURAL APPLIANCES. 


221,978. H. McLaren, Leeds. Disc Cultivators or 
Harrows. (4 Figs.) October 26, 1923.—The invention relates 
to dise cultivators or harrows. According to the invention, the 
cultivator or harrow is provided with stationary devices extending 
across on each side of each disc at a distance from the edge equal 
to, or exceeding the depth to which the discs are to penetrate the 
ground, these devices being such as will act also as guards to 
prevent loose straw or trash reaching the shaft or axle carrying 
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the discs. The device consists of a trough A secured to the 
frame B of the cultivator or harrow, the trough A being trans- 
versely slotted at a for the passage of the lower portion of the 
discs © (secured to the shaft ¢ in any suitable number) so that 
the edges of the slots a act as scrapers for both sides of the 
discs C and the trough A acts also as a guard to prevent loose 
straw or trash from wrapping round the shaft or axle ¢ carrying 
the dises C. (Accepted October 1, 1924.) 


ELECTRICAL APPARATUS. 


221,866. The Cable Accessories Company, Limited, 
Tividale, Tipton, and A. Crawford, Tividale, Tipton. 
Electric Switches. (2 Figs.) June 19, 1923—The invention 
relates to electric switches of the quick make-and-break type. 
The contact blades 2a, 2b are moved through arms 1a, 1b mounted 
to rotate upon a main operating spindle 3 into and out of contact 
with spring contacts. Mounted upon the}spindle- 3 between 


there is provided in the body of the core a number of circular 
rows of elongated slots 2 spaced apart in a radial direction 
through which atmospheric air is impelled by a fan 3 secured 
to the rotor shaft 4. End brackets 5 enclose the rotor and serve 
to isolate the passages 2 from the interior of the machine so that 
these passages are supplied with cooling air only from the 
atmosphere. (Accepted October 1, 1924.) 


221,844. H. V.Higgitt, London, and The Eastern Tele- 
graph Company, Limited, London. Electric Motors. 
(4 Figs.) May 17, 1923.—The invention has for its object to 
obtain an intermittent rotational movement of a shaft by means 
of the action of an electromagnet upon an armature. A disc a 
of iron is mounted upon a shaft 6. Loose upon the shaft on 
both sides of the disc aYare armature members c, d, formed as 
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radial arms, each arm normally being held by a tension spring e 
against an adjustable stop (conveniently screws f mounted 
on a fixed pillar g). Adjacent the armatures ¢, d, and embracing 
the disc a, are disposed the two limbs of an electromagnet h, 
the arrangement being such that the armatures c, d are capable 
of rotation about the axis of the shaft b between the limit 
imposed by the fixed stops f, f and the limit imposed by the 


the arms 1a, 1b isa T-shaped crank 4 havingahead5. A lever 7 
is mounted on each side of the crank 4, the levers 7 having arc- 
shaped slots 13 through which the spindle 3 passes. Hach lever 
7 is pivoted at one end to the head 5 of the crank 4, the other 
ends of the levers being connected together by a spindle 8, whose 
ends extend through the lever and engage with cam faces 9 formed 
onthearms 1la,1b. Secured to the spindle 8 is one member 106 of 


pole faces of the electromagnet limbs. Under conditions when 
the electromagnet is not energised, the disc and its shaft are 
free to rotate and the armatures c, d are held against their 
respective stops by the tension springs e, e. Upon energisation 
of the electromagnet h the resulting magnetic field will cause the 
two armatures c, d intimately to engage the disc a by moving 
axially, if necessary, and at the same time will cause them to 
rotate about the shaft 6, with the result that the disc @ will be 
dragged through a certain angle corresponding to the limits 
explained above. Upon cessation of the magnetising current 
in the electromagnet winding, the attraction between the arma- 
tures c, d and the magnet pole faces will cease and the armatures 
will be drawn back against their stops by the springs e, e. This 
backward movement of the armatures, however, will not impart 
any movement to the disc, since the adhesion between them and 
the disc will have ceased with cessation of the magnetising 
current. (Accepted October 1, 1924.) 


GAS ENGINES, PRODUCERS, HOLDERS, &c. 


221,911. William Beardmore, Lord Invernairn, West- 
minster, London, and A. E. L. Chorlton, Westminster, ~ 
London. Internal Combustion Engines. (4 Figs.) July 
13, 1923.—The invention relates to the construction and arrange- 
ment of a bearing member between the piston and the connecting 
rod, and, according thereto, the bearing member is so constructed 
and arranged that the whole of its lower surface is available as 
a bearing surface, means being provided for insulating the 
bearing member from the heat of the piston. The piston A has 
two diametrically opposite inward projections Al formed in such 
a manner as to leave external recesses A2 in the piston wall. 
The bearing member B is in the form of a gudgeon pin of 
substantially cylindrical shape and has a length sufficient to 
extend right across the available space within the piston skirt A3. 
The upper portion of the pin B is cut away at both ends to form 
flat surfaces Bl where it can be secured to the piston A. The 
gudgeon pin is disposed within the piston in such a manner that 
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its two flat surfaces Bl lie below the two internal projections Al 
on the piston A, and is secured to these projections by means of 
studs B2, which extend through to the external recesses A2 and are 


held in position by means of nuts B3 disposed in the recesses 


A2. Between the lower surfaces of the projections Al and the 


flat surfaces Bl are disposed blocks C of heat insulating material, 


these blocks having grooves Cl cut in their lower surfaces to form 
air gaps, thus further obstructing the passage of heat from the 
piston to the gudgeon pin. Further air gaps may also be provided 
by drilling the blocks B with transverse holes C2. The connecting 
rod D is formed at its upper end to engage with the gudgeon pin 
B, and is shaped to correspond to the cylindrical portion of the 
pin. This shaped part D1 extends for the whole length of the 
lower surface of the pin and has connected to it a narrow strap 
D2 engaging with the short cylindrical upper surface of the 
gudgeon pin B between the two cut-away portions, (Accepted 
October 1, 1924.) 


LIFTING AND HAULING APPLIANCES, 


222,034, Lobnitz and Co., Limited, Renfrew, and H. O. 
Bedgood, Renfrew. Drag Line Excavators. (6 igs.) 
February 25, 1924.—The invention relates to what are known 
as “drag-line” excavators. According to the invention, the 
bucket hoisting rope passes over a single pulley at the end of 
the boom or jib and so connected therewith that it can swing 
freely both laterally and longitudinally of the boom. The bucket 
is provided with a duplex or parallel hoisting rope 21, which passes 
over a duplex pulley 22 carried on the end of the boom 5 and 
thence to the hoisting drum. The pulley 22 is mounted on a pin 
23 in the block 24 which has three arms 24a, 24b and 24c, the 
block being made up of two side plates joined together. A 
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riveted pin 25, provided with a roller, connects the two arms 
24¢ and prevents the duplex rope 21 leaving the pulley, The 
block 24 is connected to the boom 5 by a connection comprising 
a block 26 pivoted to lugs 28 depending from the boom, the block 
having projecting trunnions upon which are pivoted the arms 
24a of the block 24. In this way the block 24 is free to swing 
both longitudinally and laterally of the boom so that it can 
readily accommodate itself to a change in position of the bucket 
relatively to the boom. In order to make the suspension of 
the hoisting pulley more stable, without detracting from its 
freedom of movement, it is also connected to the boom by its 
arms 246, which are pivotally jointed by pins 32, 34 to a shackle 
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31 secured to the fixed eye 30 at the end of the boom. — The 
shackle 31 is pivoted at its lower ends by means of the pin 32 
to a block 33 (see Fig. 3) provided with a pin or trunnion 34 
journalled in bearings in the arms 24b. The ends of the trunnions 
34 are reduced and screwed at 35 and are provided with washers, 
nuts and split pins. It is obvious the pivoted joint permits the 
pulley to swing laterally with regard to the boom, while, when 
the pulley swings longitudinally about 29 the shackle 31 can 
work freely in the eye 30. (Accepted October 1, 1924.) 


221,969. E. Graham, Ealing, and W. Chipperfield, Old 
Southgate. Jib Cranes. (3 Figs.) October 13, 1923.— 
The invention refers to a jib crane, particularly suitable for 
lifting work and placing same on a machine and for removing 
the work therefrom when finished. The jib crane, according to 
the invention, comprises a jib arm 2, one end of which is mounted 
to revolve on the upper end of a fixed vertical standard 1 
from which it extends laterally, and carrying adjacent to the 
standard a vertical pressure cylinder 3. The cylinder 3 con- 
tains a piston 4, the piston rod 5 of which is formed with gear 
teeth and extends through the upper end cover of the cylinder. 
Apipe 6 conveys pressure fluid through a cock 7 into the base 
of the cylinder, and a cock-operating rod 9 is fitted, extending 


(221.969) 


from the cock towards the outer end of the jib arm 2 and carried 
therefrom. A hand lever 11 on the cock-operating rod 9 fulfils 
two offices, namely, to operate the cock 7 and to swing the jib 2 
about the axis of the standard 1 to a desired position. Upon 
the rise of the piston 4 in the cylinder 3 the gear teeth of the 
piston rod 5 engage and operate mechanism carried by the jib 
arm, by which, through the medium of a chain or cable, the work 
or weight is lifted. In a preferred construction, a revolving 
shaft 13 is mounted in bearings on the jib arm 2, a pinion 12 on 
the shaft engaging the teeth of the piston rod 5, while a drum 
14 on the outer end of the shaft carries a chain or cable 
fitted with a gripping device to engage the article to be raised. 
(Accepted October 1, 1924.) 


MACHINE AND OTHER TOOLS, SHAFTING, &c. 


222,058. David Brown & Sons (Huddersfield), Limited, 
Lockwood, Huddersfield, A. Sykes, Lockwood, Hudders- 
field, and H. E. Kitchen, Lockwood, Huddersfield. Gear 
Cutting Machines. (3 Figs.) May 19, 1924.—The invention 
has reference particularly to the feeding of the cutter or cutters 
towards the blank to increase the depth of the cut. 1 is a cutter 
head carrying the cutter (not shown) and mounted on an anchor 


slide 2 movable on ways 3, 3 towards and away from the blank. , 
It is to the moving of the cutter head 1 relatively to the slide 2 
on which it is mounted that the invention relates. According 


to the invention, a shaft 4, Fig. 2, driven at a speed suitably 
proportionate to that of the cycle of the cutting operation is 
provided with an eccentric 5 adapted to give swinging movements 
toalever 6. The lever 6 carries a pawl 8 adapted to engage the 
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teeth of a ratchet wheel 9 mounted on a shaft 10. This ratchet 
wheel carries a series of adjustable dogs 11 spaced apart circum- 
ferentially at appropriate distances. ‘These dogs serve to divide 
up the total depth cut into a series of steps as will be apparent 
later. Fast upon a shaft 13 is a lever 14 adapted to be actuated so 
as to rock the shaft in the direction of the arrow by an abutment 
15 when the latter is moved by the passage thereunder of one of the 
dogs 11. Also fast upon the shaft 13 is a lever 16 (see Fig. 3), the 
one arm of which carries a block 17 adapted to co-operate with a 
member 18 mounted loosely upon a shaft 19, and which will be 
referred to as the interrupter. This interrupter has a projection 
181 adapted to be engaged by the block 17, and a second projection 
182 adapted to engage a pawl 20. This pawl is carried by a 
lever 21 operated continuously throughout the cutting operation 
by an eccentric 23. The pawl 20 engages the teeth of a ratchet 
wheel 24 fast on the shaft 19, when permitted to do so by the 
interrupter. During the time the abutment 15 is not being 
actuated by one of the dogs 11, the block 17 engages the projection 
181 of the interrupter and causes the projection 182 to hold the 
paw! 20 in an inoperative position, so that it makes its movements 
idly and without engaging the ratchet 24. When, however, the 
shaft 13 is rocked by the passage of a dog 11 under the abutment 
15, the block 17 carries around the interrupter and moves the 
projection 182 clear of the pawl 20, permitting the latter to 
operate on the ratchet 24 and step shaft 19 round. Fast upon the 
shaft 19 is a change gear 25 which meshes with a change gear 
26 fast on a shaft 27, and this shaft 27 carries worms 28, 28 which 
mesh with worm wheels 29, 29 fast on vertical shafts 30, 30. It 
follows that during the time the ratchet wheel 24 is being stepped 
around by pawl 20, the shafts 30, 30 are rotated by an amount 
dependent upon the period of rotation of the ratchet wheel 24 
and upon the ratio of the change gears 25, 26. Each shaft 30 
has fast upon its lower end a cylinder 31 provided with an eccentric 
pin 32, and these pins 32 rotate in blocks or dies 33, 33 which 
fit in slots formed in the anchor slide 2 at right angles to the ways 
3. The cylinders 31 work in bushes 34 carried by the cutter 
head 1, and it follows that as the shafts 30 and, consequently, 
the cylinders 31 are rotated, the effect of the eccentric pins 32 
is to move the cutter head longitudinally upon the anchor slide. 
(Accepted October 1, 1924.) 


STEAM ENGINES, BOILERS, EVAPORATORS, &c. 


220,348. N. E. McClelland, London. Steam Boilers. 
(3 Figs.) April 13, 1924—The primary object of the invention 
is the removal of sediment and scum from steam boilers, 
but the invention is also applicable to evaporators, juice 
clarifiers and similar apparatus. The method adopted is 
to produce an internal or local circulation of the contents of 
the boiler, lead the stream thus set up through a settling 
or collecting chamber, and expel the collected sediment at 
such intervals as may be found necessary through an outlet, 
such as a blow-off cock, in communication with the collecting 
chamber. The means whereby this method is carried into 
effect. constitute the invention, and these means comprise, in 
combination, a liquid circulator A of the pulsating type which 
produces an intermittent discharge of liquid drawn from a 
comparatively cold region of the container in which it is sub- 
merged, and a collecting or separating chamber B into which 
the pulses or surging discharges from the circulator are delivered, 
preferably at a point above the level of the liquid in the boiler. 
This chamber is provided with means, such as an arrangement 


of baffle plates or a diaphragm, for arresting the velocity of the 
stream from the circulator A and facilitating the separation 
of the sediment, and with an outlet E for the water or other 
liquid above, at or below the level of the surrounding liquid. 
The lower end of the separating chamber B is connected by 
a pipe F with a blow-off cock or with a chamber G1 tightly 
enclosing the inside end thereof, the cock being situated preferably 
at or near the lowest point of the water space of the boiler or 
the like. The discharge pipe from the circulator A to the separ- 
ating chamber B is provided with a vent pipe H extending up- 
wards to obviate stoppage of the pulsating circulator if, through 
neglect, mud is allowed to block the water outlet of the separating 
chamber. This arrangement, it is also found, enables the 
pulsating circulator to work faster. One or more scum pans I at 
the level of the liquid in the evaporator or boiler, and connected 
by a pipe or pipes J with the sediment discharge pipe F, enables 
the scum, if any, to be drawn off and discharged with the collected 
sediment when the latter is blown off. (Sealed.) 


221,003. A. W. Bennis, Little Hulton, Bolton. Furnace 
Grates. (8 Figs.) June 1, 1923.—The invention relates to 
furnace grates of the type in which means are provided to pre- 


vent leakage of hot gases from a furnace into the ash-pit at 


the back of a moving chain grate and, at the same time, prevent 

leakage of air from the ash-pit into the combustion space of the 
furnace. According to the invention, what may be termed a 
dumper bridge or sealing device 2 is provided laterally across 
the furnace slightly above the level of the chain grate 1 with 
the object of banking up the fuel and clinker on the back end 
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of the grate. The sealing device comprises a number of detach- 
able refractory elements 2. These are supported on a girder 3 
stretching across the furnace and mounted in the brickwork 4. 
The girder 3 supports a number of pegs or hangers 5 projecting 
into the furnace and on which the refractory blocks 2 can be 


slid. (Sealed.) 
220,984. C. M. Hadwen, London, and Ferguson Super- — 
heaters, Limited, London. Mixing Valve. (3 Figs.) 


May 23, 1923.—The invention relates to mixing valves of the 
type having a number of inlets by which two or more gaseous 
fluids under pressure can be admitted to the interior of the valve 
casing, which is provided with a single outlet for the mixture 
of such fluids. In accordance with the invention, the improved 
mixing valve comprises a casing 1 having opposed inlet passages 


2, 3 and an outlet passage 4. A spindle 25 is mounted to rotate — 

in the casing 1 between the inlet passages 2, 3 and has a cam 
or eccentric 26 thereon. The spindle 25 is rotated by a handle 
30. A valve 20 is associated with the inlet passage 2 and a 
flow regulator 21 is associated with the inlet passage 3. The 
flow regulator 21 is so constructed or arranged that it is incap- 
able of completely closing the passage 3. The valve 20 and 
flow regulator 21 are in contact with and operated by the cam 
or eccentric 26. (Sealed.) ’ 


AUTOMATIC SUB-STATION FOR THE LONDON UNDER- 
GROUND RatLways.—The automatic sub-station installed — 
at Burnt Oak, on the Edgware extension of the Hamp- 
stead and Highgate Railway, which was illustrated and 
described in our issue of August 15 last on page 227, was 
the first sub-station of this type to be put into service 
in this country for traction work. It has now been in 
operation for about four months, we understand, without 
the occurrence of a hitch or fault of any kind, and this 
fact has doubtless influenced the decision of the company 
to install an automatic sub-station for operating the 
Morden extension of the City and South London Railway, 
which is now under construction. Contracts have 
recently been placed with the Metropolitan-Vickers 
Electrical Company, Limited, for the rotary converters, — 
transformers, switchgear, &c., for two sub-stations for 
the Morden extension line, and one of these sub-stations— 
viz., that to be erected at Balham—will be of the auto- 
matic type; the other, at South Wimbledon, will be 
manually operated. The Balham automatic sub-station 
will be controlled from South Wimbledon, and will contain 
three 1,500-kw. rotary-converter sets, as compared with 
two 1,200-kw. sets installed at Burnt Oak. The South 
Wimbledon sub-station will be equipped with three 
1,200-kw. rotary converters and the necessary auxiliaries. 
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PASSENGER AND CARGO STEAMERS. 


SHALLOW DRAFT VESSELS. 


Compbells & Fyanen, L'¢ 


Gear Cutting. 


Worm Wheels cut up to 13 ft. diam, 
- Bevel and Mitre Wheels planed up to 3ft. diam, 
Spur Wheels cut up to 9 ft. diam. 


DOLPHIN FOUNDRY, LEEDS, 4547 


Vosrer & Co., Len. 


PORTSMOUTH, 
SHIP & LAUNCH BUILDERS, Od 3551 
ENGINEERS & BOILER MAKERS. 
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urst, Nelson & Co., Ltd., 


BuildersofRAILWAYCARRIAGES. WAGONS 
HLECTRIC. CARS, and EVERY, OTHER DESCRIPTION 
or RAILWAY and TRAMWAY ROLLING STOCK. 
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Reg, Office and Chief Works: Motherwell. London 
Office : 32, Great St. Helen’s, Bishopsgate, B.0.3. 


(sys FUEL APPLIANCES, 


Systems 
PRESSURE AIR, STEAM 
For Boilers of all types. 


KERMODES LIMITED, 
35, The Temple, Dale Street, 
Liverpool. 

Naval Outfits, a Speciality, 
also for Merchant Ships, for 
Factories, Locomotives, and 
Industrial Process Furnaces 

of all kinds. < 
Supplied to the British and 
other Governments. 


Telephone No,: | Central 2832. 


Telegrams: ‘‘ Warmth. 4078 
ew Wi zo Ropes, 
Half 
LONDON ELECTRIC FIRM, 
Croydon. 2430 


earing of all Descriptions. 


GHAR WHEELS up to 10 ft. diameter. 

FLY ROPE and SPUR DRIVING WHERHLS 
up to 28 ft. diameter, 

BRICK and CLAYWORKING MACHINERY 
of all kinds, 


Corliss,” or 


lle aes. Sons & Cassell. 


_SPHOJALISTS _ 


Tron and Steel 


Tittinge. 


ae Great Britain for the manufacture 
ed and eros Resisting gi 


sh- “Tube Co., Ltd. 


Robertson Street, Glasgow. 
isement, page 33, Dec. 19. 


alv 
CLAYTON, GOODFELLOW & CO., Lrp., 
Blackburn, 1249 
[the 
Engineering Company, 
GOVAN, GLASGOW. Lrp., 
MANUFACTURERS 0 
RAILWAY CARRIAGH, WAGON & ‘TRAMWAY 
CARRIAGE & WAGON IRONWORK, also 
CAST-STEEL AXLE BOXES. 
(UP TO 35 TONS.) 
S. H. HEYWOOD & CO., LTD., 
REDDISH. 
AND PROPULSION PROBLEMS. 
Special designs only. 


Glasgow Railway 
London Office—12, Victoria oy Ss. me 
HEELS & AXLE 
lectric Lifts 
ROPELLERS 
“ Circulation Theory.” 


Akimoff Propeller nbs 


_ PHILADELPHIA, U.S.A. 


-500 Kw., 500/550 Volt D. C. 


a GENERATING SETS, Totally Enclosed, Three 
Crank Self-Lubricating Hngine, with Complete 
Condensing Plant, by Allens, Pipes, Valves, Oil 
Separator, »» complete. 


' Admirably suited for Mining or seer power 
transmission work. 


2402 


2276 | Hoppmrs, ° SPFOIAy 


Drop | Undertake 


pen Eastern Road, Stratford 


MILLWALL, LONDON, HE. 
GENERAL ConsTRUCTIONAT ENGINEERS. 


Boilers, Tanks, & Mooring Buoys 


STILLs, Perrot Tanxs, Ark RECEIVERS, STEEL 
CHIMNEYS, RIVETED STEAM AND VENTILATING PIPEs, 
, REPAIRS OF ALL KINDS. 


‘TRON & STEEL 


eae es Fittings 


yeh” ae 


Sigal “FP lates. 


Liovs, Lia 


BIRMINGHAM LONDON, 
See Advertisement, page 51. 1872 


Brotherhood L*@- 


1216 


wi 
Sr TEWARTS AND 


GLASGOW 
PETERBOROUGH, 


Peter 


STEAM ENGINES AND TURBINES, 
GAS AND OIL ENGINES, 
AIK COMPRESSORS. 
REFRIGERATING PLANT. 


See Advertisement, page 53, Dec. 19, 


1475 


Novan Engine Works, 
GLASGOW. 


FOR SALE 
IN WHOLE OR PLOTS. 


GROUND OIG 
yards, and BUILDIN thereon of Engine 
and Boiler Shops (lately belonging to 
Messrs. DUNSMUIR & Ackson, Ltd.), 
equipped with Overhead Travelling Cranes 
up to 60 tons. 


For particulars apply— 
WEARING & MARTIN, 
Writers, 
180, Hope Street, Glasgow. 


to 42,672 square 


2347 


Posser and Russell, Ltd., 


MECHANICAL ENGINEERS, 
QUEEN'S WHARF, HAMMERSMITH. W. 
SPECIAL MACHINE WORK of 
any description. 
WELL EQUIPPED SHOP. 
LATHE WORK up to 10 ft. diameter. 
*Phone; Hammersmith 31, 967. 9211 


R Y. Pickering & Co., Ltd. 

* scares 1864.) 

BUILDERS of RAILWAY CARRIAGES & WAGONS 
MAKERS of WHEELS and AXLES of all kinds. 
Chief Offices and Works : 

WISHAW, SCOTLAND 


London Office : Od 8353 
- 10, IDDESLEIGH House, WESTMINSTER, S8.W.1. 


ja Di sens [[\ransporters. 


8. H, HEYWOOD & CO., LTD., 1357 
REDDISH. 


eee uOn: ‘Contracts, 


Technical matter of all kindsaccurately typed 
from rough drafts. Duplicating, facsimile type- 
writing, translations from and into Huropean lan- 
gua es. Expert Operators sent out. 

OLINE HARTLEY, Hstd. 1894, 422, Mansion 


Heese Chors., H.C.4. Tel.: City 2787. G 476 
An OF J. Davis, M.[LMech.E., 
Gas Engines Inspected, Tested and 


; Reported upon, Over 25 years’ experience. Tel.: 
: Maryland 1736 & 1737. Wire: ‘ na Ra London,” 
15. 17 


Telegrams; ‘‘ Epa,” London, 
Telephone : 7424 Central. 


EK. P. Alexander & Gon. 


. OHARTERED PaTEeNT AGENTS, 
306, High Holborn, London, W.0.1. 
PATENTS. 


585 


DESIGNS. TRADE MARKS. 


. J ohn Kirkaldy, 


Br Innawp Post 


1s. 23d. 
oyles Limited, 
ENGINEERS, IRLAM, MANCHESTER. 


FEED WATER HEATERS, 
CALORIFIERS, EVAPORATORS, 

CONDENSERS, AIR HEATERS, 

Merrill’s Patent aha Peeps, for Pump 


SYPHONIA STEAM TRAPS. REDUCING VALVES, 
High-class GUNMRTAL STHAM FITTINGS. 
WATER SOFTENING and FILTERING. 5723 


RoWw's 
PATENTS, 


& ©O, (1922), LTD. 
Y ARROW * GissGow. 


LAND AND MARINE 


YARROW BOILERS. 
2277 


Mitthew pal & Oo. L@- 


; 2212 
LEVENFORD WoRKS, Dumbarton. 
See Full Page Advt., page 59, Dec. 5. 


Prersings. 


W alter omers, Limited, 
HALESOWEN. 7116 
[Taylor & (Challen 
resses 


For Production of SHEET METAL WORK, 
COINAGE, CARTRIDGES AND GUNPOWDER, 
Foundry, Works and Showrooms: BIRMINGHAM, 

See Advert., page 80, Dec. 5, 8195 


Railway 


G witches and 


rossings. 


T, SUMMERSON & SONS, LIMITED, 
DARLINGTON, 


He (Wrightson & Ce. 


LIMITHD., 


See Advertisement page 57. 2402 


Ne 300 & 500 B.HP, M.A.N, 


STATIONARY DIESEL ENGINES with 
accessories, as delivered from the makers under 
Peace Treaty; also Dynamos for same, All spare 
parts in stock.—HICK-DIESBL OIL ENGINES 
Lrp., 70, Queen Victoria Street, H.C. 4, 2043 


ON ADMIRALTY LIST, 


Ltd., 


London Office: 101, LEADENHALL S7,, H.0.3. 

Works; Busnt Mri, near Hantow, Hssex, 
Makers of 

Hyaporating and Distilling Plants, 

Refrigerating and Ice-making Machinery, 

Feed Water Heaters, 

Evaporators. 

Fresh Water Distillers, 

Main Feed Pumps. 

Oombined Circulating and Air Pumps. 

Auxiliary Surface Condensers, 


&e., &c. 2327 
ocomotive [[vaversers 
(ELECTRIC). ee 


8. H. HEYWOOD & CO., LTD., 
REDDISH. 


BARGAINS FROM BOLTON, 
Hie! Speed Selfacting 
RACK-DRIVEN 
PLANING MACHINE, 
by Beyer, Peacock. 

To plane 16 ft. by 5 ft. by 5 ft, 

Very heavy bed, about 24 ft. long, with rianea 
Vee slides. 

T-slotted table, 

Massive cheeks to floor, 

Four graduated tool boxes, 

Weight of machine over 16 tons, 

IN STOCK, 

THOMAS MITCHELL & SONS, 

LTD., 

BOLTON, 


2405 


Lib ee 


_ Main, Air Mains, and additions to the Sewage 


2 
"Te Manchester Steam Users 


ASSOCIATION. ‘ 
For the prevention of Steam Boiler Hxplosions and 
for the attainment of Reeony in the Application 

of Steam. 9, Mount STREET, MANCHESTER. 
Chief Engineer: C, HE. STROMEYER, M.I.C.H. 

Founded 1854 by Sin WILLIAM FATRBAIRN. 

Certificates of Safetyisstied under the Factory and 
Worshops Act, 1901. Compensation for Damages 
and Liabilities paid in case of Explosions. Hngines 
and Boilers inspected during construction. 2005 


orrespondence Courses for 
Inst, Civil Engrs., Inst. Mech.E., London Univ. 
(Matric., Inter., B.Sc.), Inst.M. & Cy.H., and ALL 
ENGINEERING EXAMINATIONS _ personally 
conducted by Mr. TREVOR W. PHILLIPS, B.Sc. 
(Honours) Eng. London, Assoc.M.Inst.C.H,, Char- 
tered Civil Engineer, M.R.S.I., F.R.S.A., 6te. Also 
Day Tuition in Office. Bxcellent results at all 
Hxams., comprising hundreds of successful Students, 
Courses may commence at any time, and all 
Students receive individual tuition.— For full 
rticulars apply to 8/11, TRAFFORD CHAMBERS, 58, 
Rote JoHN STREET, LIVERPOOL. 19938 


Kizginecering Salesmanship 
and SALES MANAGEMENT.—Write for 
brochure describing our special Course of Training 
for posts of unlimited scope in this lucrative field.— 
DIRECTOR, Institute of Engineering Salesman- 
ship, 333, Oxford Road, Manchester. 2431 


raughtsmen, before 
Negotiating with Government Departments 

in connection with any post, please communicate 
with the GENERAL SHGRETARY, Association of 
Engineering and Shipbuilding Draughtsmen, 96, 
St. George's Square, London, §.W.1. G 758 


TENDERS. 


HIGH CARLEY SANATORIUM, near 
ULVERSTON. 


or Sale, Hydro-Extractor, 
26 in, diameter. Can be seen on application 

to the Medical Superintendent, Offers should be 
sent to Dr. G. LISSANT COX, Central Tuberculosis 
Officer, County Offices, Preston. G 145 


FLEET (HANTS). 
URBAN DISTRICT COUNCIL OF - FLEET 
(HANTS). 
NEW SEWERAGE EXTENSION WORKS FOR 
FLEET, HANTS. 


UNEMPLOYMENT RELIEF WORKS. 


TO CAST-IRON PIPE FOUNDERS. 


The Urban District Council of Fleet (Hants) 
invite 


lenders for the Supply and 


DELIVERY at Fleet, of about 220 Tons, more 
or less, of CAST-IRON PIPHS, varying in size 
from 3in. to 24in, internal diameter, also a number 
of Bends, Taper Junctions and other Specials. 

A copy of the Specification and Form of Tender 
may be obtained on appli¢ation, in writing, to 
Major T. J. Moss-FLower, Civil Hngineer, 28, 
Victoria Street, Westminster, S.W., and Carlton 
Chambers, Bristol, at his Bristol Office, on and 
after the 2lst December, 1924,-on payment of the 
sum of Three Guineas, which will be returned, 
provided a bona fide Tender be received and is not 
withdrawn before the acceptance by the Council of 
one of the Tenders, 

Sealed Tenders, endorsed ‘' Tender for Cast-Iron 
Pipes,” are to be delivered at my Office, at Fleet, 
by Twelve Noon on Ist January, 1925. 

The lowest or any Tender will not necessarily 
be accepted. 

Dated this 18th day of December, 1924, 

ERNEST. NASH, 
Clerk to the Council. 


Council Offices, 
FLERT, Hants. G i751 


URBAN DISTRICT COUNCIL OF FLEET 
(HANTS). 

EXTENSION OF EXISTING SEWERAGE AND 
SEWAGE DISPOSAL WORKS FOR FLEET. 
UNEMPLOYMENT RELIEF WORKS, 
GENERAL CONTRACT. 


The Urban District Council of Fleet invite 


[lenders from Responsible and 


Experienced Contractors for the CONSTRUC.- 
TION of these WORKS, which comprise several 
miles of Cast Iron and Stoneware Sewers, Brick, 
Concrete and Cast Iron Manholes, Flushing Tanks, 
Ventilating Shafts and Columns, Cast Iron Rising 


Disposal Works, and other incidental work. 

A copy of the Specification and Form of Tender, 
and Bills of Quantities may be obtained and the 
drawings inspected, on and after a date to be 
communicated to persons Tendering, on appli- 
cation, in writing, to Mason T. J. Moss-FLowEr, 
Civil Engineer, 28, Victoria Street, Westminster, 
§.W.,and Carlton Chambers, Bristol, at his Bristol 
Office, on deposit of a £10 Bank of England Note, 
which will be refunded provided a bona fide Tender 
be received, and is not withdrawn before the 
sealing by the Council of one of the Tenders, and 
provided also that all doctiments supplied be 
returned to the Engineer, 

The Contractor carrying out the work will be 
required to comply with the regulations of the 
Unemployment Grants Committee with regard to 
the employment of labour during the performance 
of the Contract, and the work must be actively 
commenced by 12th January, 1925, 

Sealed Tenders, endorsed ‘' Tender for Fleet 
Sewerage and Sewage Disposal Works, General 
Contract,” are to be delivered at the Council 
ore not later than Noon on the 7th January, 

The lowest or any Tender will not necessarily be 
accepted. 

Dated this 15th day of December, 1924. 

(By Order) 
ERNEST NASH, 
Solicitor & Clerk to the Council. 

Counctl Offices 


FLEET (Hants). G 715 


[lenders for the Supply, etc., of 


ELEVATING AND SCREENING PLANT, 


be obtained on application to the Highways and 
Permanent Way Hngineéer, at 1, Swinegate, Leeds. 


Stonebreaking Plant,” and addressed to the under- 
signed, must be delivered at this address not later 
than Ten a.m., on Monday, January 12th, 1925, 


[lenders from Competent 


steel and cast iron pipes of 37 inch and smaller 
diameters together with ancillary works in the 
Counties of 
construction of a break pressure tank. 


obtained on and after the 22nd December, 1924, at the 


oe 


CITY OF LEEDS. 


HIGHWAYS AND PERMANENT WAY 
DEPARTMENT. 


The Corporation invite 


ONE STATIONARY STONHBREAKING. 


Further particulars of the plant to be supplied can 


Sealed Tenders, endorsed ** Tenders for Stationary 


J. B. HAMILTON, : 
Commercial Manager, 


|"Juhe National Omnibus and 


REQUIRE an ASSISTANT WORKS MANAGER 
age about 30-35, Manufacturing experience and good 
knowledge of body work, running repairs and main- 
tenance of rolling stock essential.—Applications, 
giving full particulars of experience and_ salary 
required, to be addressed to the SECRETARY, 206, 
premier Road, 8.W.3. 
AWM 


ING for GHNERAL MANAGER—small eae may 
be invested but not essential for first-c: 

State age, salary and qualifications,—Addresa, @ 702, 
Offices of ENGINEERING. 


, First-class De 


to o¢cupy important position in Dra) 

Offices Must have extended experience in Ae: 
Ropeways. State particulars of experience, 
salary, ete.—Addréss, G 755, Offices of HN@I 


z ; Thi 
Young Assistant for Desi 
Office of firm manufacturing centri 
pumps, one familiar with single stage pu. 
particular required, Good prospects for su 
man. State age, experience and salary req 
—Address, G 748, Offices of ENGINEERING, 
DP raughtsman Required — 
Machine Tools. Must be accurate 
thoroughly reliable. Reply, stating qualifie 


TRANSPORT COMPANY LIMITED, 


Envelopes to be marked 
G 695 


ngineering. — Small and 
Old-established Business, in Leeds, has OPEN- 


ass man. 


1, Swinegate, Leeds. 
G 742 


20th December, 1924. 


TAF FECHAN WATER SUPPLY BOARD. 
PIPE LAYING—CONTRACT No. 3. 


The Taf Fechan Water Supply Board are prepared 
to receive 


Persons for the laying of about 21 miles of 


recknock and Glamorgan; and for the 
Drawings may be seen, and Instructions to 
Tenderers and Specifications and Billof Quantities 


Office of Sir ALEX. BinnNiz, Son & DEACON, 30, 
Buckingham Gate, Westminster, §.W., on payment 
of a cheque for £5 made out tothe Taf Fechan Water 
Supply Board, which amount will he returned on 
receipt of a bona fide Tender. 

Sealed Tenders, endorsed *‘ Tender for Pipslay- 
ing” should be delivered at my Office at or before 
Noon, on Thursday, the 15th day of January, 1925. 

The Tenders sosent in are to be accompanied by the 
Bill of Quantities fully priced out, and the Board 
do not undértake to accept the lowest orany Tender, 
or to defray any expenses in connection with 
Tendering, and will only consider such Tenders as 
are sent in by Contractors who have previously 
executed works of a similar kind and magnitude, 
J. COLENSO JONHS, 

Clerk to the Board. 


Board’s Offices, 
101, High Street, 


Merthyr Tydfil, G 683 


CITY OF BIRMINGHAM WATER DEPARTMENT. 
BARTLEY RESERVOIR. 
The WATER COMMITTEE invite 


[Tenders for the Construction 


of the BARTLEY RESERVOIR, on a site 
adjoining their existing Reservoir at Frankley, near) 
Birmingham, 

The Reservoir will be a Storage Reservoir with a 
content of over 500 million gallons; ‘The Works 
will comprise the following :— 

An Karthen Embankment with shallow cut- 
off trench and reinforced concrete core wall, 
valve tower with reinforced concrete footbridge, 
outlet culvert and pressure tunnel, inlet culvert 
and channel, inlet gauge chamber and recorder 
house, réservoir lining consisting of pre-cast 
concrete slabs, reinforced concrete in situ- 
pitching and beaching, road diversions, and 
other subsidiary works. ‘ 

Conditions of Contract (which include the 
Corporation’s: usual fair wages and conditions of 
labour clauses), Specifications and Forms of Tender 
may be obtained on and after December 30th, 1924, 
from the Secretary, Water Department, Council 
House, Birmingham. 

All applications for Tender Forms must be 
accompanied by a deposit of £10, which will be 
returned to the applicant on receipt of a lona fide 
Tender. . 

The Drawings may be séen at the Water Depart- 
ment Offices (Secretary's Office entrance), Council 
House, between the hours of Tena,m. and One p.m., 
on December 30th, 1924, January 2nd, 6th, 9th, 13th, 
16th and 30th, 1925. An Assistant Engineer will be 
in attendance on these dates between Eleven a.m. 
and Onep.m. After Two p.m. he willattend at the 
Reservoir site to afford any further information to 
Tenderers. 

Tenderers desiring to have copies of any of the 
drawings, to assist themin preparing their Tenders, 
will be supplied with such copies on payment to 
the Secretary of 2s. 6d, per copy, which amount will 
not be returned. All Drawings so supplied must be 
returned to the Secretary under separate cover at 
the same time as the Tender is submitted. 

Tenders must,be delivered under seal, addressed 
to ‘The Secretary, Water Department, Council 
House, Birmingham,” endorsed ‘‘'THNDER FOR 
BARTLEBY RESERVOIR, CONTRACT No, 12,” 
not later than Noon, on 26th January, 1925. 

The Committee do not bind themselves to accépt 
the lowest or any Tender, 

J. H. BROADLEY, 
Secretary. 


Water Department, 
Council House, 

Hdmund Street, 

Birmingham. 


19th December, 1924. G@ 146 


j APPOINTMENTS OPEN. 
THE QUEENS UNIVERSITY OF BELFAST. 
JUNIOR ASSISTANT IN ENGINEERING. 


pplications are Invited for 

the POST of JUNIOR ASSISTANT in the 

Department of Civil Hngineering. Salary £200 per 

annum, duties to commence early in January, 1925. 

Further particulars may be obtained from the 

undersigned by whom applications with testi- 

monials must ‘be received on or beforé Saturday, 
January 10th, 1925. : 

F, H. HUMMEL, 
Professor of Engineering. G750 


istimator: Required, Capable 


of making estimates from project drawings 
for mechanical handling plants tor coal and 
other materials. Only mén with good experience 
and proved abilities need apply. State age, expéri- 
ence and salary required.—Address, G 743, Offices 
of ENGINEERING, : 


Wanted, Immediately, Com- 


of Department in 
Engineering Works handling Sluice Gates, Valves, 
etc., for ai yure-chectric and Irrigation Plants, etc. 
Wide outs 

and estimating essential. 
be considered and the successful applicant must be 
prepared to take over duties early in January.— 
Address, stating age, qualifications and salary re- 
quired, etc., G754, Offices of ENGINEERING. 


ieetric Traction Engineer. 


ENGINEER with specialised Knowledge of design 
and manufacture of electric railway motors. 
have ability and practical experience in deter- 
mination of motor requirements for specific electric 
traction projects, 
prospects offered. Only ambitious and progressive 
men with practical experience need apply. State 
full particulars, salary required and earliest date 
commence.—Adadress, G 756, Offices of ENGINEERING. 


CITY OF SHEFFIELD—WATER DEPARTMENT. 
x t 
APPOINTMENT OF ASSISTANT ENGINEER. 


| 


Address, ALPHA, WM: Porrnous & Co,, Ad 
Agents, Glasgow. male P 


PETENT ENGINEER to take sole charge : : 
old-established Required First-classDrau 

MAN with experience in Centrifu, 
Hydro-extractor design.—Address, @ 685, 
ENGINEERING. F 


large and 


de experience and knowledge of design 


Only first-class man will 


Fizpetienced Draught 

REQUIRED with knowledge of Cer F 
‘| Crushing Machinery. Apply, giving full particu 
of age, experience and salary required to W. 
EDGAR ALLEN & ©O., Lrp., Imperial § 
Works; Sheffield. j 


WANTED, by large Manufacturing Firm, 


Must anted, Draughtsman y 
good experience of hydraulic work, 
larly of cranes and hoists. Applications must 
experience, salary required and age, whic! 
be between 30 and 40 years.—Address, G 743, 
of ENGINEERING. ; ; 


Good remuneration and excellent 


Designing Draughtsm 

REQUIRED in ¢onnection with coal 
mechanical handling plants, Only me 
complete knowledge and first-class experien: 
apply.’ State age, experience and salary re 
Address, G 752, Offices of HNGINEERING, — 


A pplications are Invited for 


the APPOIN1 MENT of THIRD ENGINEER- 
ING ASSISTANT. 

Age about 25 years. 

Candidates must be qualified Engineers, have 
held a similar position, and have had practical 
experience in connection with the distribution of 
water, the maintenance of reservoirs and works, 
distributary pipes, and the methods employed in 
the detection and prevention of waste. 

Commencing Salary £250 peraunum. (Grade III.) 

Applications, stating age, qualifications and 
experience, accompanied by copies of threé recent 
testimonials endorsed ‘‘Hngineering Assistant,” 
to be sent to me not later than Monday, 12th 


January, 1925. 
WILLIAM THRREY, 
General Manager. ~ 


G 735 


—— ———— 


SITUATIONS WANTED. | 


Resident Engineer or 
tractor’s Agent, Position Wanted as. 
Bridges, Docks, Railways.—Address, G! 
ENGINEERING. : 


a" 
C 


ngineer, Practical, T 
: nical, Commercial, Good Organise 
thirty years’ experience Home and Abroad. 
to aecépt position as Export Manager 
alternatively, Manager or Representative abi 
Address, G 708, Offices of HNGINEERING. 


Town Hell, Sheffield. 
17th December, 1924, 


= 


BURMA RAILWAYS. 
BRIDGE ENGINESR. 


The Directors are prepared to receive 


A bplications from Properly 


qualified Candidates for APPOINTMENT 
as ASSISTANT ENGINEER (Bridge Engineer) 
for service on the Company’s Railway in Burma. 

Candidates should be between 25 and 30 years of 
age, active and of good physique. They must 
possess a thorough knowledge of girder design 
and manufacture, and have had a good theoretical 
training in i inceting SE ee at a revognised 
Engineering College. Particulars should be given 
as to whether applicants have had any outside 
experience of the erection or renewal of bridges 
either at site orin a bridge builder’s yard, J 

Savaky :—Scale, Rs,550, with annual increments 
of Rs.50 to Rs,1100 per calendar month. The com- 
mencing salary on appointment will be according 
to age and experience, if 25 years of age Rs.650, if 
30, Ks 900. 

TrRMs:—A three years’ agreement in the first 
instance, first-class free passage to Burma, and 
home again on satisfactory termination of 
services. 

The selected candidate will be required to pass 
a strict medical examination by the Company’s 
Consulting Physician before appointment. 

Applications (by letter only), giving particulars of 
applicants’ general and technical education and 
training, and showing in chronological order (with 
dates) where and how they have been employed 
from time to time, should be addressed to the 
undersigned, to be recétved not later than the 12th 
January, 1925, 

MANAGING. DIRECTOR, 
199, Gresham House, 
Old Broad Street, 
London, H.C,2, G 747 


(jtinders (Surface). — Manu- 
facturers of high precision gauges in Wool- |. 
wich district (S.H. London), REQUIRK First-grade 
Surface Grinders for production of spline gaages, 
i gauge work and other high precision grinding. 
Only mechanics who are able to work to highest 
accuracy with slip gauges need apply. Permanency 
for suitable men, stating experience, age and wages 
required.—Address, G@ 589, Offices of HNGINEERING. 


WORK WANTED. 


af Kirkaldy, Limited. 
= WORKS: 


wi are oe 
i e are organis Pp c' 1gs- 
to 2 tons. Cast-iron. Semi-stechy hue N 
castings. Coils of every description, S' 
Copper. Sheet Metal Work, Over 40 
ence is at yourservice, Send your en 


GQugar Consultant; exper: 

as Chemist and Manager,—Od 
FERGUSON, F.C.8., 19, Craven Street, 
Phone: Gerrard 8606. ; eae 


“WANTED, &c. — 


bats - ‘ . 7 “ve y ee 
\ Toodworking Machiner 
Good AGENT WANTED by Belgia 
facturer for London and Hngland,—aAj 
Progres Minier et Metallurgique,”—51, rue de } 


51, Brussels, Belgium: 

[the Proprietors of 
No. 198001, for “ Improvements in or 

fo Railway Tank Wagons,” are 

ENTERING into ARRANGE 


4 ‘he Proprietor of Ps 
No. 1479 of 1912, for “ Improvements ela 
to the Manufacture of Manganese Steel” is 
SIROUS of ENTERING into ARRANGEM. 
by way of licenceand otherwise, on reasonable ti 
for purpose of exploiting same and ensuring 
development and practical working in th 
~—Address all communications in firs 
HASELTINE, LAKE & CO., Chart 
Agents, 28, Southampton Buildings, Ch: 
London, W.C. 2. x 33 


G crew Gauge Makers.— 
REQUIRED in South-Hast London district, 
young SCRHW GAUGE MAKERS of highest 
qualifications, Only men who have had good 
experience in modern methods of producing 
hardened screw gauges to N.P.L. limits need 
apply. State age, wages and experience.—Address, 
G 590, Offices of ENGINEERING. 


PARTNERSHIPS. 


IF YOU ARE SERKING 


ssistant Engineers. and|A Dartner or 
oe eT adinaee at once, ONE 5 raeay 
or TWO ASSISTANT HNGINRERS, experiencedin| or wish to Buy or Sell is 
building construction, dock and railway work, as BUSINESS or WORK s 
residents on largé Factory Construction schemés in ‘ “Write:— = 


England, Also one or two experienced building 
draughtsmen used to steel construction and heavy 
engineering work, required in London. 

rite, stating age, experience and salary 
required, to A.E.D., at HoRNCASTLES, 60, Cheap- 
side, B.C.2. : G-157 


Wieatley @n P 


PATENT AGENTS. 
& 


ea 
ents and Trademarks.— 
Patent your Inventions, Trademark your goods. 
handbook and cons. free.—B. T. KING, 
wR. (Regd. Pat. Agent, G.B., U.S.A. and Can.), 
Queen Victoria Street, E,C.4. 38 yrs. refs, 
ne; 682 Central for full information. 1209 


AUCTION SALES. 


b eatley Kirk, Price & Co. 


tablished 1850), 
Valuers 


AND AUCTIONEERS OF 


46, WATLING STREET, LONDON, E.C.4. 
6, ALBERT SQ, 26, COLLINGWOOD ST. 
MANCHESTER. NEWOASTLE-ON-TYNE. 
‘eleéphones and Telegrams at each Address. 


FOR SALE. 


4 6 Vertical, Loco., Cornish, Launch 
oilers, Field-tubes, a 8 eciality, Also 
_ Air Receiversand Feed water Heaters.—Apply 

HAM Borer & Crank Co,, Ltd., Grantham, 


' = 
Db 


verhead Electric Two-ton 
RUNWAY (New) FOR SALE, Herbert 
ris, cage operated, packed ‘as just delivered, 


‘or without 3 phase Motors 220 volts. 
ificent plant. Willsell at 25 per cent. sacrifice. 
ply, C. L. STIFF & CO., LTD., Slag Breakers, 
Ardsley, near Wakefield. F 672 


Por Disposal, one No. 12 
= 'Natco” MULTI-SPINDLE DRILLING 
MACHINE, furnished with 12 in. Round Head, 
ed for 12 Spindles but equipped with 10 Spindles 
» arranged for Single Speed in the head only 
@ otherwise generally as per Manufacturers’ 
Cification. Im good working order. Can be 
cted by appointment. at STERLING TELE- 
ONE & ELECTRIC OO., LTD., Dagenham, 


OX | G 744 
Plundstone P2sineering 


eK Service i td., 
WARWICK ROW, COVENTRY. 
ae; 845 Coventry. Wires: Blundstone, Coventry. 


PECIAL BARGAINS. 


NDITIONED AS NEW IN OUR WORKS 
SUPPLIED WITH OUR GUARANTEE, 


es AUTOMATICS. 

h 00 and No. 2 BROWN and SHARPE. 

each I} in., 24in. and %in. CLEVELAND “A.” 
ch 1 in. and 1} in, Four-spindle GRIDLEYS. 
ch 2} in., 8; in. and 4iin. Single-Spindle 

GRIDL2 YS. 


3 BORING MACHINES. 

ERNAULT Duplex Cylinder, 

OLROYD Duplex Cylinder. 

in. Duplex Vert. Mills, WEBSTER AND 
BENNETT. 


ng reverse, No. 4 Morse, 
Double Broacher, 
oo” Broacher. 


GEAR CUTTERS AND SHAPERS. 
0, 6A SUNDERLAND Gear Planer. 

n. FLATHER Automatic Gear Cutter, 
EUNE Tooth Rounder. 

61 FELLOWES Gear Shapers, 


; at GRINDERS. . 
Bee BLANCHARD Surface Grinders, Floor 
[D.. ‘ 

by 50 in, NORTON Crank Grinders (NEW). 
by 72 in, NORTON Plain, 

y 96 in, NORTON Plain. 
by 24 in, LANDIS Universal, 
14 by 36 
Grinder. . 
1 VAN NORMAN Internal Grinder. 
2 WALKER Surface Grinders. 


MILLING MACHINES. ‘ 

4B (Heavy) BROWN and SHARPE Plain. 

WIG LOHW B Vertical, @in.by 1in.,S.P-D. 
HD sae, 2, 


RT Capstans, all Geared. 
SERT Combination. 
HAM per Boring. 

Capstan S.P,D, 

2 in, and 2in,, LANDIS Screwing 
LA a i, Rechieay -off Machine. 

‘ORD Engine Lathes, 
SELECTION IN ADDITION 
OOK 27 2 
nd Prices on application. 
ction cordially invited. 


* 
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feat with one bend, approximate height 28 feet.. 


in. PRATT & WHITNEY Surface’ 


“CHARLES GRIFFIN & CO., LTD., PUBLISHERS. 


IN TWO VOLUMES, SOLD SEPARATELY. 
THE METALLURGY OF STEEL. 


By F. W. HARBORD and J. W. HALL. 
VOLUME I. Seventh Edition. Thorou hly; VOLUMH II. Seventh Mdition. 


Revised 


Revised phtoughaut: 2D. ae + 545. ully | throughout, specs caer Nad 553. Fully 
METALLURGY. MECHANICAL TREATMENT. 


By F. W. HARBORD, A.R.S.M., etc 
‘An enlarged and excellent revised edition.”— 


By J. W. HALL, M.Inst.0.8., ete. 


Engineering, ‘The standard British work,”—Zngineer. 
In Medium 8vo, Cloth. Fully Mlustrated.|In Cloth. Revised, Enlarged, and Re-written. 
Pp. xv + 239, 21s. Folly Illustrated, 21s. 
CADMIUM : _ ELECTRO-METALLURGY. 
ITS METALLURGY,PROPERTIES AND USES. W. G. M‘MILLAN, F,I.C, 
By NORMAN F, BUDGEN, Ph.D., M.Sc. - c 


Revised by W. R. COOPER, M.A., B.Sc. 
‘A most valuable encyclopedia as well as a 
guiding text-book.”— Metal Industry. 


“This treatise will be the vade mecum of most of 
the users of this most interesting metal.”— 
Metal Industry. 


Third Edition, With 195 Photomicrographs, | In Medium 8vo, 
Diagrams, and Figures. 10s. 6d. 


THE MICROSCOPIC ANALYSIS 
OF METALS. 


Cloth, Pp. i-ix + 238. With 
66 Illustrations, including 10 Plates. 25s. 


LOW TEMPERATURE 
CARBONISATION. 


By FLORIS OSMOND, Edited by J. E. STEAD,| By S. N. WELLINGTON, A.M.I.B.E., F.C.S., 
D.Met. Revised by L. P. SIDNEY. and W. R, COOPER, M.A., B.Sc. 
“This remains supreme.”—Chemical World. ‘A very valuable and useful book."—Engineer. 


Third Edition. Revised throughout and largely re-written. Fully Illustrated. 


CALCAREOUS CEMENTS: 


THEIR NATURE, MANUFACTURE AND USES. 
By G, R. REDGRAVE, Assoc.Inst.C.E.. and CHARLES SPARKMAN, F.I.C. 1971 
‘Written by two of the greatest living authorities on Cement.”—Local Government Journal. 


London: CHARLES GRIFFIN & CO., Ltd., 12, Exeter Street, Strand, W.C. 2. 


25s. 


‘THE MICROSCOPE.”’ 


A Simple Handbook by Conran Beck. 
‘Everyone whe wishes to use his Microscope 
as a scientific instrument will certainly be 
well advised to getacopy.” /ndian Medical 
Gazette, 


‘“THE MICROSCOPE ’’ Part II. 


An Advanced Handbook by Conrap BEcxK. 


‘A book that can be very sincerely recommended 
as covering a very difficult and complex subject.” 
Discovery, 


7/6 or by post 8/- 2426 


68, CORNHILL, LONDON, E.C., 


2/6 or by post 2/8 
R. & J. BECK LTD., 


NEARLY OUT OF PRINT. 


“Crown 8vo. tet: 
Price 4s, . By Post 4s. 6d. 


72 pp., with numerous Diagrams. 


STATICALLY 
INDETERMINATE = STRUCTURES 


AND THE 
PRINCIPLE OF LEAST WORK. 


* 


BY 


HAROLD MEDWAY MARTIN, 
Wh.Sc. 


Lonpon : Offices of ‘‘ ENGINEERING,” 35 & 36, 
Bedford Street, Strand, W.C, 


I['wo Generators for Direct 
- Coupling. with spare armature, 500 Kw. 
440/500 volts, 330 R.P.M., D,C., compound arated 
interpoles by G.E.O. Hxcellent condition and low 
rice. —JHNNINGS, West Walls, Newcastle-on- 
'yne, : : G 684 


. ) ° . 9 
[ipgineers and Machinists 

'USINHSS FOR SALE. Hstablished five 
years in London, N.W. Good connection, Capital 
required £1500. Alternatively, one partner would 
remain if incomer was suitable.— Address, @691, 
9 | Offices of ENGINEERING. 


TO CLOSE A TRUST. 


Aes Sale, as a Going Concern, 
BOILER and ENGINEERING WORKS, 
situate in Yorkshire, adapted for the Manufacture 
ofall classes of Boiler, Tanks, Air Receivers, Steel 
apes Pans, etc. : . 
he Works comprise, Boiler-making, Flue and 
Fitting Shops, Boiler Shed and Sheds, and Offices, 
| The Site contains an area of 7320 square yards, 
or thereabouts, and is freehold. > 
For. further particulars apply to Messrs. 
J. C. KIRK & SON, Chartered Accountants, 
Leeds. Qi 


Pelt: Fasteners, Various Makes, 
FOR SALH.—E. VY. HASLAM, Engineers‘ 
Merchant, 11, Holly Avenue, Newcastle-on- yne. 

Tel.; 3634. Teleg : Evyhaslam, Newcastle. G 251 


IT'wo New Sets Triples, 10 in. 


H.P., 164 M.P., 263 in L.P,, and 18 in, Stroke. 
Built under Lloyd’s. 
One New C.S.C. Engine, 11 in. H.P., 24 in. L.P., 
and 16in, Stroke, Built es x 
One New C.S.C. 12in. H.P., 26in, L.P., 18 in, 
Stroke. Built Lloyd’s. Immediate Delivery. 
WILLIAM BURRELL, Marine Engineer, e 
Southtown, Gt. Yarmouth. G 571 


ios Sale, Railway Wagons.— 


Any number up to 75 dead buffer low-sided 
10-tonners, DOORS HACH SIDH FALLING FULL 
LENGTH, for interval works purposes only, inside 
measurements about 14ft, 6in, ne 7ft. Oin, by 
1ft. 6in., good springsandtyres, All until recently 
in the exclusive employ of the Cardiff Railway.Co., 
until acquired by the Great Western Railway Co, All 
at Hast Moors, Cardiff, ready to load. Bvery facility 
afforded for inspection, 
numbered, lettered in italics and loaded into Rail- 
way Wagons at Cardiff, £18 each. About 17 have 
spring buffers one end, £2 extra. For full 
particulars apply, 

THE BUTE WORKS SUPPLY CO., LTD., 


14. Cymric Buildings, Cardiff. G 671 
or Sale or to Feu in Whole 
OR PLOTS. 


68 ACRES OF GROUND AND BUILDINGS, 
suitable for works, at Inchinnan, on the main road 
between Glasgow and Greenock, 

One building, length 250 ft. by 150 ft., height 
48 ft. to eaves, structure of brick and steel, lit from 
roof, contains approximately 37,500 sq. ft. floor 
space. 

One building, in several bays, 330 ft. long at the 
longest part 258 ft. broad, height one part 24 ft. 6 in. 
to eaves, other part 16 ft. to eaves, structure of 
brick and steel, lit from sides and roofs, grano- 
lithic floors, mechanically heated; contains 
approximately 83,000 sq. ft. floor space. 

One building 320 ft, long by 160 ft. broad, i 
16 ft. 9in. to eaves, with small annex 50 ft. by 30 ft. 
-structure of brick and steel, granolithic floors, lit 
from sides. and roof, mechanically heated, 
approximately 63,000 sq. ft. oor space, - 

Hlectric power is laid into each of these buildings 
from the Clyde Valley Power Station, also water 
supply. 

For further particulars apply to :— 

WHARING & MARTIN, Writers, 180, Hope Street, 
Glasgow. 2346 


Mechinery, Plant, &c. 


Set of THREE-THROW HYDRAULIC PUMPS, 
by Leeds Engineering Co., 4 in. rams,.12 in. stroke, 
1500 lbs. pressure, driven by 130 H.P, D.C. Motor. 

Set of HORIZONTAL THRBE-THROW Hy- 
DRAULIC PUMPS, 3} in, rams, 12in. stroke, 150¢ 
lbs, working pressure, by Hy. Berry & Co., Ltd. 


Set of TWO-THROW BELT DRIVEN HYDRAU- 


Price to clear, painted. _ 


LIC PUMPS, 1? in, rams, 4 in, stroke, 1500 Ibs, 


working pressure, by Hy. Berry & Co., Ltd. 


Worthington HORIZONTAL DUPLEX DOUBLE 
ACTING PLUNGER PUMP, ring pattern, 16 in, 
cylinder, 83 in. plunger, 10 in. stroke. 


NEARLY NEW STHEL LANCASHIRE BOILER, 
30 ft. by 9 ft., reinsurable at 100 lbs. working steam 
presy Ure; complete with steam and furnace fittings, 
ete. 

LANCASHIRE BOILER, 30 ft. by 7 ft.-6 in, 
diameter, reinsure 120 lbs, pressure, 


FOUR MARINE WATER TUBE BOILERS, by 
Yarrow, Ltd., each 4000 sq. ft. heating surface, 
reinsure 200 lbs, pressure. 


Four 2 ft. gauge Steam LOCOMOTIVES, 130 to 
160 lbs. pressure, cheap, for immediate clearance 
from site. 


TWO 2ft, GAUGE 4-6-0 SIDE TANK LOCO- 
MOTIVES (Bagnalls), cyls. 9in. by 12 in.; new 1917 
and in splendid condition, 175 lbs. working pressure. 

Practically new 4-cwt, LOCO. ELEOTRIC 
ORANE, (Taylor & Hubbard), with fixed jib; 21 ft. 
Base 4ft. 85in. gauge; 7 B.HP. Motor, 440v., 
40 per. 


Six 2-ton STHAM TRANSPORTER AND JIB 
CRANES, 21 ft, radius (Ransome & Rapiers), almost 
new; 100 lbs. Spencer Hopwood Boilers. 


STEAM AND ELECTRIC DERRICK CRANES, 
5 to 10 ton capacity, with mast, guys, sleepers, jiby 
etc. 


SEVERAL HUNDREDS OF TANKS, rectangular 
and circular, 10 gallons capacity npwards. : 


[[Mhos. W. Ward, |‘: 


ALBION WORKS, SHEFFIELD. 2433 


MISCELLANEOUS. 


& W. MacLellan, Ltd., 


ee - CLUTHA WORKS, GLASGOW. 
MANUFACTURERS OF 
RAILWAY CARRIAGES AND WAGONS 
OF EVERY DESCRIPTION. 


RAILWAY IRONWORK, BRIDGES, ROOFING, &c. 
Chief Offices: 129, Trongate, Glasgow. Od 8547 


Registered Offices: Clutha House, 10, Princes St., 
Westminster, 8.W.1. 


W. G. BAGNALL,E 


STrAEEOnRD 


BUILDERS OF LOCOMOTIVES 


Welghing from 3 to 50 tons, for any gauge of 
Highest-Class Workmanship and Materials. 
MAKERS OF 1596 


Tipping Trucks. Sugar Cane Wagons. 
Turntables, Switches, &c. 


See Illustrated Advert, page 65, Dec. 19. 


ENGINEERING. 


TURBO-PUMPS 


for High and Low Pressures. Oemplete 
Hydr. Installations, Water Turbines, Pipe 
Lines, Zoelly Steam Turbines. 2197 


ESCHER wy$s$&C0., &.A., Engineers, 


20, Grosvenor Gardens, London, §.W.1. 49/24 
Tel.: Vic. 9120. Tele: Hawysco-Sowest Lon. 


(EASTWOODS PATENT) 


ror MAXIMUM PRODUCTION 


Governor makes the same R.P.M. at every position of 
Governor sleeve. 


The Engine is under AUTOMATIC CONTROL at full speed, at 


all loads from the moment the sleeve moves on starting up 


The value of Output of 9 TO 10° due to constant 
Factory is increased BY o maximum speed 
maintained with full or reduced Boiler pressure and 
partially loaded Engine. 


Less wastage of aden all parts enclosed; fewer 
breakages; fewer stoppages of machines; better’ quality 


of products. SENSITIVE. DURABLE. 


vacees THE UNIVERSAL VALVE 


& CHemicAL Accessories Co., 
DUDLEY HILL, BRADFORD. 


Telegrams; “Became” Dudley Hill, ’Phone: 56 Dudley Hill. 
LONDON AGENTS; Raymond Gill & Company, 
92, Victoria Street, London, S.W. 1. 2305 
T- Tel, :2Victoria 2534, _ Tele. ; ‘‘Raymongil, Sowest, London.” 


HBNRY COLES, Ld, | FAWCETT, PRESTON &CO...m rae | 


COLD STORAGE & ICE MAKING PLANT} 


ALEXANDER JACK & Co., ES 


Whitegates Works, >| 


Motherwell, Scotland. 2193 
See Illustrated Advertisement every fourth week 


Makers of EFFICIENT 


~ FOUNDRY PLANT — 


THE CONSTRUCTIONAL ENG. ,CO.,L1p, B. 
CHARLES HENRY STREET, BIRMINGHAM. — 


See advert., page 82, Dec. 19. 9877 


THE 


CLEVELAND ni0 
BRIDGE ano 
ENGINEERING C6., Lro. 


Specialists in the Design, Manufacture, 
and Erection of Bridges, _Girders 
Roojs, Warehouses, and ali classes of 
Tron and Steel Constructional Work. 


Heap OfricE AND WorkKs— 


DARLINGTON. 


Telegrams: 
Makers of Esyianere: LIVERPOGLGa tfavwcert, ivenroot. 
CoNTRACTORS TO THE ADMIRALTY AND WAR OFFICE. H. J. WEST & O,., Ltd 
Steam and Electric Codes used: Al,A BC (4th & 5th Edns ) and Western Union (‘ Universal” and “ Five Letter” Editions.) ee a | 
72-74% Grays Inn Rd., London, W. Ne | 


Travelling Cranes. LONDON OrfrFice: 70, VICTORIA STREET, S.W.1. \ 

TRADE MARK—‘ CYCLONE.” —- 

SUGAR MAKING PLANT of all 
kinds. Oomplete Factories Supplied. 

SEA-WATER DISTILLING PLANT. 

DISTILLING and EVAPORATING 
PLANT for all purposes. 


HYDRAULIC BALING PRESSES. 


Sole Makers of CYCLONE and GRID PRESSES 
and of Fawcett’s High Density Presses and 
Pumps for packing Cotton, Jute, Wool 
Hides, &c., of any required density and 
weight of bale. 


EXPLOSIVES PLANT. 


Shunting and Magnet 
Cranes a_ Speciality. 


\ We Grabs, &c. 
X. 


Aerial "Ropewagal 


BRECO S) ystem. 
BRITISH ROPEWAY THGINEERG 


34, Rae se E.c. 


ENTWISLE « GASS, t 


Engineers, BOLTON, 


NITRATE-MAKING PLANT. BIE ee Denne TONS ig 
MARINE and STATIONARY MACHINERY. 
ENGINES and BOILERS. *7 SUNN Ta 5.1L el 


PUMPING MACHINERY fot 


cCCRD de | — 


COCH RANE € Towns Water Supply. 
COPPERSMITHS and BRASS =| Ban AN EE OUR _LA 
66 pO: LAST WEEKS 138 
F Y | - a4 **Watson-Faweett’’ Hydraulic **Cyclone” Press, FOUNDERS. bag onvsbates Y: ce te 2 Yor 


DRILLING & BORING SPECIALISTS.| 7 


DRILLING, BORING, 
TAPPING & STUDDING 
MACHINES. 

From 3/0” radius up-| N 


wards. (4 Illustrated). 


Made with low base or box bed. 


(EmNTON NSONAG | 


LIMITED 


PUMPS 


WATERWORKS, 
SEWACE WORKS, 


Additional Tapping Spindle 


CONDENSERS, Model. 
DISTILLERIES, WORKING 
CAPACITIES. 
MAKINE CIRCULATING, 
CAST IRON, from 
MINES, ETC. Solids; vara teee 
STEEL, from “solid 12” 
BORING ..  ..- 6” 


Mlustrations and full TAPPING, Whit. “.. 2” 


particulars can be 


obtained on application. We make a full range of 


machines for various duties. 


‘Send for Catalogue. 
2504 


JOHN COCHRANE 


(BARRHEAD) 


sais Messe, ca macaiii Telephone: Telegrams: 
BARRHEAD, NEAR CLASCOW. Z Code: Marconi International. 


ARGE STOCK READY 


ESTABLISHED OVER 70 YEARS. KIT CH c N & W ADE , ENGLAND. N ROR TRILOLREE DELIVE 


tt &Co. (Newark) Ltd, 28 
. 36 
10 
62 
cr gS 
lexander,K, P.,&Sons.. 1 


mder, Herbert, & Co. S38 
Liversidge. Ltd. .. 72 
iiley & MacLellan, Ltd... 26 
merican Loco.SalesCorpn. 6 
misler, A. J., & Co. +» 80 
inglo-Swedish Electric aa 


Welding Co., Ltd. k 
in, Geo,, & Co., Lia... 6 


dale, Jas., & Co., Ltd. 50 

) International 
ration .. .. 40 

astroug,Stevens&Son 63 


\rmstrong-Whitworth, Sir 
Wz. G., & Co., Ltd... 
og wean, &2O7. 1s 
|. Sir W., & Co., Ltd. 

ish, Jos., & Sons, Ltd. .. 
ishinore, Benson, Pease & 
fo, Lid... . 

squith, Wm. (1920), Ltd. 
issoc, British Machine Tool 
‘Makers, Ltd. 50 «88 


dley Eng’ng. Co., Ltd. 16 
ato Machinery Co., Ltd. 70 
wery, W. &T,, Lid. ., 54 
yeling & Porter. Ltd. .. 1 
Mw. G., Lid. . ... 3.) 
alderston &Co,.Ltd. .. 22 
arpard,H.B.,&Sons . 75 
arry, Henry, Cook, Ltd. 89 


ayliss, Jones & Bayliss, Ld. $2 
mes. Ltd. .. « 3 
edford Engineering Co. &7 


eeber, A. .. ss 
idam Pkg. & Rubber Co. S4 
amy, John, Ltd... .. 1 

& Morcom, Lid. .. 83 
ergins Company, Ltd. .. 69 
erry, Henry, & Co., Ltd. 45 
trams, Ltd. .. .. 89 
lington & Newton. Lrd. 46 


1. BR. C. & W..Co., Ltd, 22 

, Campbell & McLean °8$ 

e. John. Ltd. 87 
undstone Eng. Service Lia, 3 
ley Bros. & Co,, Ltd. 23 
ooth, Jos., & Bros. Ltd. 73 
raby, Fred.,&Co., Ltd... 9 
radley& Craven, Ltd. .. 6 
rett’s!’atentLifterCo., Ltd, 1 
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Bristol's 
British Insulated | & Helsby 
Cables, Ltd, .. ., 
British Ropeway Eng, Co, 
British Bteain Specialties 
British Thomson-Houston 
Co.,Ltd. .. .. 
Broadbent, T. &Sons. Ltd. 
Brookes & ‘Adams Lid. .. 
Broom & Wade, Ltd... .. 
Brotherhood, Peter, Ltd, 
Broughton Copper Co., 


LAT a RIE ae 
Brown, David, & Son 

(Huddersfield), Ltd. . 
Brown, W. B., & Co. 


(Bankhall), Ltd. 
Brundrit, Joseph... 
Buck & Hickman, Ltd. .. 
Buckton, Joshua, & Co,, Ld 
Budenberg Gauge Co., Ltd. 
Bull’s Metal & Melloid Co, 
Butler, Samuel, & Co., Ltd. 
Butterley Co., Ltd. 
Butterworth Bros., Ltd. 
Caird & Rayner... . 
Cambridge Instrument Co., 

td... 

Cammell, Laird & Co., L td. 
Campbell Gas Engine Co. 
Campbells & Hunter, Ltd, 
Carbie, Ltd. a 
Caxton Wood Turnery Co. 
Celite ProductsCorporation 
Chaplin, Alex., & Co.,, 
iy ere ts 
Christiani & Nielsen. 
Citroen Gear Co, Ltd. 


Clarke, Chapman & Co., Ld, 


Clayton, Goodfellow & Co, 
Ltd... 
Clayton, Son & Co Ltd. . 
Cleveland Bridge&Eng Co. 
Clyde Structural Iron Co. 
Cochrane, John earalead), 
iO: Se 
Cocklurn, A., & Co. .. 
Cockburns, Ltd... 3 
Coles, Henry J,, Lta. . 
Constructional Engineering 
Go;, Ltd...) 
Cowans, Sheldon&Co., Ltd. 
Craig, A. F.,&0o. .. . 
Crofts (Engineers), Ltd. .. 
Crosby Valve & Eng. ae 
Utd. .. . 
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Crypto Blectrical Go., Ld, 64 

| Dalglish, A.& W. .. 69 
Danks, H. & T. (Netherton) 

Ltd. .. “2 ee (OD 
Dargue Bros., “Ltd. 15 
Darlington Forge, Ld, (rhe) 89 
Davidson & Co., Ltd. 7 be 
Davie: Bi T1505 ate eal 
Davis & Primrose, Ltd. .. 80 
Davis & Timmins, Ltd, ., 16 
Davy Brothers, Ltd... .. 52 
Dawson Hardened Copper 

Ltd. .. 82 
Dawson & Downie, La, 7 
Delta Metal Co., Ltd. 86 
Dempster, Robt., & Sons, 

1 ea Bi 20 
Dempster, Moore Co., Ld. 82 
Denison, S., «Son, Ltd, 18 
Dennystown Forge Oo 
Dick, R. &J., Ltd. .. .. 74 
Dowson & Mason Gas Plant 

Go;; Lidl car ae 81 
Drum Engineering Co., Ld. 83 
Drysdale & Co., Ltd.. AI 4 
East Ferry Road Wngineer- 

ing Works ©o., Ltd. .. 17 
Electric Construction Co., 

Ltd. .. 57 
Electro- Mechanical Brake 

Co., Ltd. or 46 
Elliot, Geo., “& Co., Ltd. 5 
Ellison, George... 21 
Ellison, W.'l'., & Co.. La. 89 
Empire Engineering Co. 

(Manchester), Ltd. He eo 
English Nlectric Co.,Ltd. 48 
Entwisle & Gass, Ltd. .. 4 
Escher, Wyss& Co... .. 4 
fvans, Joseph, & ap ats 

Ltd. .. 77 
Fawcett, Preston & “Oo., ’ 

Ltd. 4 
Ferguson “Bros. (Port Glas- 

gow) Ltd. 5 89 
Firth, Thos,, “& Sons, ‘Ltd. 

37 & 46 
Fleming & Ferguson, Utd. 7 
Foster, Joseph, & Sons 22 
Fraser & Chalmers Eng. 

Works “Hs Jos - 58 
Fuller, Horsey, Sons & 

Casaell . Sen he 1 
Galloways, Ltd. ise esc ace 168 
Gibbons Bros., Ltd... .. 67 
Glasgow Rly. Eng.Co.,Ltd, 1 
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Glenfield & Kennedy, Ltd. 33 
Glenitfer Motors Ltd. 89 
Globe Pneumatic Eng, Co, 58 
Govan Engine Works, Ltd. 1 
Grafton& Oo. .. 83 
Grantham Boiler & Crank 

Go; ss. es 
Greenwood & Batley, Ltd. 26 
Green woods Standard Gear 

Cutting Co., Ltd... ., 82 
Grieve, John, & Oo. .. .. 69 
Griffin, Chas,, & Co., Ltd. 3 
Guest & Chrimes, Ltd. .. 83 
Gunther, W., & Sons oe, 08 
Haighs (Oldham), Ltd. 60 

| Halesowen Steel Co.. L ta. 10 
Ball, J.& 0, Ltd. .. .. 22 
Hall, J. P., & Co.. Ltd. 21 
Hall, J. P., &Sons, Ltd... 8 
Hampton & Beebee, Ltd. 11 
Hainworthy Eng. Co., Ltd. 88 
Hands, John, & Sons, 

Ltd. .. 26-90) 
Harland & Wolff, Ltd. + 69 
Hart, Yhos., Ltd... 87 
Hathorn Davey & Co., La. 56 
Harvey, G. A., & Co. (Lond. ) 

Ltd. .. 13 
Hawthorn, R. '& W., Leslie 

«& Co., Ltd. os 1& 75 
Head, Wrichtson & Co., 

Ltd. .. = 1& bt 
Henderson « Glass oat ee OW 
Hendry Bros.(London),Ld. 46 
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WILLCOX’S HAND SEWN 


LEATHER BELTING 


Made from centres of fully- 


and 
Willcox “ 
- (reg. 


stretched primeselected Ox 
hides in our own factory. . 


Also Hair, Cotton, 
Balata, &c., 
BELTINGS, 


Balatite” 
trade mark) 
Balata Belting. 


Office : 


* PENBERTHY ” 


PATENT 


Write for Lists. 


MANUFACTURERS OF 


INJECTORS 


AUTOMATIC RESTARTING, 
also AUTQ-POSITIVE. 


Dependable for high, medium, 
or low pressure boiler feeding. 


Sales exceed one million. 


LARGE STOCKS—ALL SIZES. 


W. H. WILLCOX & CO., Ltd., 
32 to 38, Southwark Street, LONDON, S.E.1. 


GEORGE ELLIOT & CO.,LTD, 


MAEERS OF ALL DESCRIPTIONS OF WIRE *ROPES. 


LANG'S LAY WIRE ROPES 


16, GREAT GEORGE STREET, WESTMINSTER, LONDON. 


For 
Steam, 
Alkalies, 


etc., Joints. 


10d 9100 


Economical 
Plain or Graphited. 
sheeting or joints cut 
to template. 


PACKINGS 


of every 
description. 


Lad 


90 
79 
63 


22 


1 
54 
32 

1 
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Underfeed 8 

United Wat 


Ltd. 


a) erOo.. 


odes and Telephone 


WILLCOX’S “JOINTITE” 


COMPRESSED ASBESTOS 


JOINTING 


high pressure 
Oils, Acids, 
Ammonia, 
in _ use. 
In 


Also 


ANY POWER AND RATIO 


Agitator Drive for Chemical 

Works—Combined Inverted 

and Vertical Worm Reduction 

Gears transmitting 12 HP, 
at 760 to 6 R.P.M, 


Ask for Reduction Gear Booklet G 121. 


BRADFORD 


ROFTS «Ln. 


Office; 46, Cannon Street, E.C. 4, 


YORKS 


We specialise in the Design and Manufacture of Worm and Spur Reduction 


Gears for all Industrial purposes. 
Standard Reduction Gears (Worm and Spur) in a wide range of sizes. 
Special Reduction Gears to Customers’ requirements. 


ENG. 


Manchester: 42, Deansgate. 


yr 
ey, : 
TORN DOPE ys, o 
Pops 


Crofts’ Standard Worm Reduction Gear 


Ley ps 


LANG’S LAY WIRE ROPE WHEN WORH, 


Worm Repuction Gears 


with Motor and Bedplate complete. 
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89 


“4 § 


Accessories Co. .. .. 4 
Vacuuin Brake Oo. Pe Ae 
Valor Co;, Ltd: ... .. ». 18 
Variable Speed Gear Ltd. - 41 
Vickers Limited,, 41, 42 & 43 
Vickers-Petters, Ltd. 3L 
Vislok, Ltd. A 55 
Vosper & Co., Ltd. .. 1 
Wallwork, Henry, & Co. 1d. 27 
Ward, H. W., & Co., Ltd. 56 
Ward, Thos. w , Ld. 3, 67 & 80 
Wearing & Martin .. Ad 

| Weir, G. &J., Ltd. .. 13.29 
Wells, A.C., &Co. .. .. 80 
Werf Conrad ae es 
West, H. J., & Co., Lta. | 
West Hydraulic Eng’g. Co 14 
Wharton, H., Ltd. .. 70 
Wheatley, Kirk, Price and 

Co. AS - 2&3 
White, Rd., &Sons.. .. 89 
Whitecross Co., Ltd. Sete 
Wigglesworth. 'B., &Co., Ld. 86 
Wild, M. B., & Co., Ltd... 8 
Wiley, James, & Sons, Ltd. 84 
Willcox, W. H.. &Co., Ltd, 5 
Williams, J. H.,&Co. .. 7 
Wilson Boilermakers, Ltd. 12 
Wilson, J. H., & Co,, Ltd. 39 
WooditeCompany .. be | 
Woolley, James, Sons & Co, = 
Wright's Forge & Eng, Co. 39 
Wright, John & Edwin, Ltd. 88 
Yarrow &Co., Ltd. .. 1433 
Yorkshire Engine Co.,Ltd. 9 
MOUNGE' 5. sce re 10 


4862 


6 ENGINEERING. [DEc. 26, 1924. 


mr i * roel 
¥, ere 
A | 
\ » 
o 


BRADLEY = CRAVEN," 


ESTABLISHED 1843. WAKEFI EL D. 


pioneers or STIFF PLASTIC 
BRICK MAKING MACHINERY. 


BRICKS PRODUCED BY OUR LATEST IMPROVED 
MACHINES ARE OF UNEQUALLED STRENGTH AND 
FINISH. READY FOR IMMEDIATE DELIVERY TO KILN. 


—@a No. 1 “STIFF-PLASTIC” BRICK-MAKING MACHINE, 
Output 1000/1200 per hour. 


We also bulld a larger Machine (No. 2 size) for 1800/2000 per hour. 


HIGHEST OUTPUT———-HIGHEST QUALITY. 


CT oreo cr TTT cS To OU 
CUO AT TTT) 


MAAG Gearing 


Has the advantages of silence and thorough reliability, even under 
the most adverse conditions. 

It is ideal for electrically driven compressors, pumps, haulages, cranes, 
winches, or any other drive when the service is especially severe. 

Of the pair shown, which are for a Colliery Haulage Set, the 
pinion is nickel chrome steel, case hardened, and accurately ground 
on the flanks of the teeth. For full details of Maag Gearing write :-— 


| 
is 


GEORGE ANGUS «(I 


St. John’s Works, Newcastle-on-Tyne, and Bentham. Yorks. | 
| Angus Gear Works, Walker-on-Tyne. | 


WT 
2046 


MMMM 
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THREE CYLINDER LOCOMOTIVE BUILT FOR THE SOUTH MANCHURIAN RAILWAY. 


Weight on Driving Wheels, 194,000 pounds ; Weight of Engine, 263,500 pounds; Three Cylinders, 224 by 26 inches; Diameter 
of Driving Wheels, 54 inches ; Boiler Pressure, 180 pounds ; Maximum Tractive Power, 56,000 pounds. 


TELEGRAPHIC ADDRESSES 


Locomotive, New: York City. Sivad, London, he 
*Thaine, Lourenco Marques; Port, East Africa. ,! 


AMERICAN LOCOMOTIVE SALES CORPORATION. 


NEW YORK CITY. 
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TWIN-SCREW, STERN -WELL BUCKET HOPPER DREDGER “SULINA" D I ; E DG ‘ N G [ LA N I a 


CONSTPUCTED FOR MESSIEURS COMMISSION EUROPEENNE DU DANUBE 


ACTUAL DREDGING OUTPUT 2000 TONS PER HOUR TO THE LARGEST DIMENSIONS AND CAPABILITIES. 


PATENT CUTTER HOPPER DREDGERS 
DIPPER DREDGERS. 
FLOATING CRANES. 

ROCK BREAKING PLANT cwwnperwater). 


Hopper Barges, Screw Steamers, Side and Stern Paddle Wheel Steamers, 
Tug Steamers, &c. 
New Buckets, Links, Pins, Gearing, &c., supplied for existing Dredger. 


FLEMING & FERGUSON, LTD., 


Shipbuilders and Engineers, PAISLEY, N.B 


TrLEGRAMs : ‘* PHOENIX, PAISLEY.” TELEPHONE No: PAISLHY 2648. 04.1263 
London Office: 91, VICTORIA ST., a eos S.W. I. Established 1878, 
TELEGRAMS: ‘* DREDGERIA, SOWEST, LONDON.” TELEPHONE No.: VICTORIA 6894, 


———— 


THE BRITISH: SPECIALISTS. * CON ADMIRALTY WAR DEPT. AND COLONIAL LISTS.) © 


DRAULIC L 


"LEATHERS. COMPANY LIMITED. ALTRINCHAM. 


SO ERIOR DROP-FORGED To : 
S 


OLs 


Stillson Pipe Wrench 


MADE IN CANADA. 


Choose the right tool. You cannot expect a cheap, inefficient wrench to hold and turn rusted pipe 
or fittings. It’s bound to slip or break. 


Williams’ Stillson Wrench is dependable; it is made for heavy duty. Drop-forged from special steel, 
carefully hardened and tempered, its sturdy strength is proof against the knocks and strains of hard 
service. The tough teeth retain their sharpness; they ‘‘ bite” instantly, yet release readily. 


For grip, power and endurance, choose Williams’ Stillson. Wood and Steel Handle patterns—eight 


sizes, 6 to 48 inches. 
J. H. WILLIAMS & CO. 


“©The Wrench People’’ 


Export Office: Sr CATHARINES, London Representative :— 
21, State Street, Benj. Whittaker, Ltd., 
NEW YORK, U.S.A. ONT., CANADA. 56, Ludgate Hill, E.C.4. 


Form 6152. 


Built in Lengths 
15 to 39 ft. 


Elevating 8 to 20 ft. 


Fixed and Portable 
Conveyors with 
Metallic Belt for 


Abrasive Materials. 
Capacity to 100 


Tons per hour. 


THE RITCHIE-ATLAS ENGINEERING CO., atias works, TEMPLE, GLascow. 
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J.P. HALL & SONS. Ltd. 


HALL FEED PUMPS 
are to be found in most of 


the Leading Power Supply 
Undertakings in this Country. 


| STEAM RAISING, 
FROM INDUSTRIAL REFUSE :— 


{MELDRUMS LIMITED 


FORCED DRAUGHT FURNACES 


Centrally heat a big Housing Scheme in Manchester, 
burning unriddled domestic refuse—no coal used. 
They burn more anthracite duff than has ever been 
burnt before and give big steam output. They burn 
the finest of coke breeze, sawdust, etc. 


s REFUSE DESTRUCTORS: the one shown 


below burns 120 tons per week of wet spent tan and, 


Turbine Driven Centrifugal 
Type; 


Tandem Compound 


and with a little breeze, gives all steam requirements of 

i inder Direct Actin a Tannery. 
Ai arya : g Other similar Furnaces at Shipyards burn over 50 tons of 
Pumps. sawdust, chips and general refuse per 24 hours, and give 


departmental steam requirements, heat Works, etc. 
Where no steam is required, our Standard Steel Cased 
Destructors and Water Heaters heat buildings, drying 
sheds, glue kettles, etc., etc. 


OIL PUMPS. 


1948 


GEAR DRIVEN PUMPS. Lists 106F & D 
give much 
information. 


Etc., etc. | 
TIMPERLEY, 
NEAR 


MANCHESTER. 


Od 6387 


PETERBOROUGH. 


DIANA “A ENV ARITA 
Th C OLING 2 SPENCE-WILD = 
e = (PATENT) = 
= THRUSTLESS WORM & SPUR = 
OF WATER l2 _ REDUCTION GEAR 2 
is the special business of the Premier Company. = = 
Whether the problem is large or small we have = = 
20 years’ experience at your service. = = 
We can show you coolers of every description = = 
and for all purposes. = = 
Natural Draught Towers. Open Type Coolers. = = 
Forced Draught Towers. Spray Coolers. = = 
We invite your enquiries : = = 
WE ALSO = = 
MAKE — == 
Ciosed Circuit Air The = = 
Coolers, Wet and = a 
Dry Air Filters, = = 
Uwnic Steam Trap, = — 
se) PREMIER |. : 
Separators, etc. = = 
COOLER & ENGINEERING CO., LTD., = = 
Shalford :: Nr. Guildford :: Surrey, = = 
= A few of the advantages gained by this Reduction Gear are :— = 
— High efficiency; Large speed reductions in a SE 
= minimum of space; Silence in operation; Perfect = 
= lubrication; Longevity and Reliability. = 
= Write for our Leaflet No. 24B fully describing and illustrating ite = 
2143 = adaptability to various forms of drives. = 
 @ MBWILD« z 
:@ MBWILD&CE: @ 5 
= NECHELLS. BIRMINGHAM a 
= pe EONe : “5 oes peer a 
' . B.C. (5t : “Hau 
SrilINMINN AMIN Psst 208" Liezrn's & Bestee’s, — Brminiwona nanan 


Bree nly 
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HARDWOOD 
FILE HANDLES. 


Strongly Ferruled. 
BRITISH MADE. 


9/6 


We pay Carriage, 12 arose 
lots for Cash with Order. 


Made up in equal quantities of the following 
Assorted Sizes: 


W 
34" to 5" long x 4"; $" and i" ferrules. 


Per 


Gross. 


“J ARGE CONTRACTS SPECIAL QUOTATION. 


Deliveries from Stock. 


ENGINEERING. 


CIRCUMSTANCES 


MAY ALTER CASES 


BUT 
SAFETY 
IS ALWAYS 
ESSENTIAL. 
REYROLLE 
SWITCHGEAR 


IS 
SAFE & SURE. 


CAXTON WOOD TURNERY CO., 


MARKET HARBOROUGH. 


2304 
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BRABY’S Less 


MAKERS OP ALEL* KINDS OF 


VENTILATING «xo SMOKE SHAFTS 


ALSO 


METAL PLATE WORK, 


is of interest 
to us. 


1) Seana your pumping propo- 
sition may be, there is a “ Sunturbo” . 


Pump to meet your requirements. 


Let us place the experience of our expert 
pump engineers and the facilities of our 
Metallurgical Laboratory at your disposal. 


No matter how small or difficult the 
proposition may be, it will receive exhaustive 


study with a view to satisfying, to the 
minutest details, your demands. 


F. BRABY & Co., Ld. 


HEAD OFFICES 


We shall be pleased to send illustrated 


catalogue 


containing useful data. 


352-364, Euston Road, N.W.1. 


and at 


CE nr ard rr Nar N Der Der Dele rT ne eT a rr 


. DEPTFORD : LIVERPOOL : BRISTOL : PLYMOUTH 
Deptford, London S.E.14 GLASGOW : FALKIRK : BELFAST & DUBLIN. 212 
Engineers for nearly a century. 224 SET r er eee enone one onenenener 
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ELIE Es. A. & P. STEVEN, L'O. 
GLASGOW. 


London Office: 
10, CHARLES STREET, 
BLACKFRIARS, S.E.4. 


Manchester Office : 
12, CHARLES STREET. 


Birmingham: 2146 
HARRY ASTBURY, 
DAIMLER HOUSE, 

PARADISE STREET. 


Paint Spraying 
Equipments. 


OR painting all kinds of Iron and 

Wood Structures, Wagons, Buildings, 

Machinery, Ships, etc., the Aerograph 
Method will effect a considerable saving of; 
time, with improved finish, The Equipment 
will apply all kinds of Oil Paints, Enamel, 
Yarnish or Bitumen Compounds. we 
Specification and price of Equipments will 
be gladly forwarded on request. 
Our illustration shows the Aerograph Sprays 
at work on Vauxhall Bridge, London: , | 


THE AEROGRAPH (Co., Ltd., 
Inventors and Pioneers of Spray Painting. 
43, Holborn Viaduct, London, E.C.1. (Dept. E.). 2351 


Teli phone: 
HOLBORN (041-2795. 


RYLAND 


HYDRAULIC » SCREW 
LIFTING JACKS” 


ALSO 


CRAB WINCHES, PULLEY BLOCKS, RAIL BENDERS, 
PUNCHING BEARS, BOILER PROVERS, ETC, 


WRITE FOR LIST No. 37. 


YOUNGS, 


STREET WORKS, 


BIRMINGHAM. 


Cc. ISLER’S 
IMPROVED TUBE WELL & DRIVING APPARATUS 


As supplied to H.M. War eae, Office and other Governments. 
(oH Ye] 


Rapid System for obtain- 
ing Large or Small 
Supplies of Water from 
“* Alluvium ”’ or soft for- 
mations, xnet through 
Rocks or Solid For- 
mations. 


Any kind of Surface 


eaasees 


Pumping Machinery and 
Power is adaptable. 


These Tube Wells were 
extensively used in 
Abyssinia, Egypt, Meso- 
potamia, and by our 
Expeditionary Forces. 


Series of ‘‘ Tube Wells ”’ 
can be coupled together, 
enabling Large Supplies 
of Water to be drawn 


OOO 


PITTA R PIAA TI PIII APIA 


; Oz SSS 
from extensive areas. 2g 
26 Also Artesian 
i Bored Tube 
No better Wells. 


Sy Ste) am 


for Irriga- 


APRA NALA TIAL OOOO 


tion can be 


All kinds of 


B + ER 2. 
adopted, as ae Pumping 


Be 99 3.2 oo 


the outlay is == 


2 =. Machinery. 
moderate === a 


and the re- = //=“a= =e ee \\SE 


2493 
sults ares = 


1S | 


= 


obtained ex- Registering 


peditiously. Turnstiles. 


O ib Artesian and Consulting 
*9 eg Well Engineers, :: 3: 
ARTESIAN WORKS, BEAR LANE, SOUTHWARK STREET, LONDON, S.E. 1 


CONTRACTORS TO H.M. WAR OFFICE, ADMIRALTY 
no: CROWN AGENTS, INDIA OFFICE, &c. 50'S 


Telegrams—“‘/SLER, LONDON.” 
BIRMINGHAM : 68, Summer Kow. LEEDS 


Telephone—HOP 4466 (8 lines). 
: 210, WeLLincton St, And at LIVERPOOL. 


Specially recommended fo 
All. Repetition Work, Elec 
trical Fittings, Telegraphi 
Apparatus, Motor Parts 
Screws, Machining an 
other purposes. 


FREE CUTTING WITH UNIFORMITY 


We are also Manufacturers of Brigh 
Steel Nuts and Bolts, Engineers’ ant 
Joiners’ Tools, Malleable and Grey 
Iron Castings. 


THE STEEL NUT & JOSEPH HAMPTON 
LTD., 


England 


Woden Works, 
: 2400 


t 
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BUCKTON 


Shrouded Teeth 
for Heavy Duties. 


TESTING MACHINES 


from 5 tons to 1000 tons capacity. 


For machinery subject to high peak 
loads or periodic shocks, such as 
Rolling Mills, Winding Engines, 
Pumping Plant, etc., Gitroén ouble 
Helical Gears offer important advan- 
tages. The shrouds of 


constitute a reinforcement 
of the tooth section, and 
add approximately 50% to 
its strength, so combining 
efficiency with reliability. 


We invite enquiries and will 
send the Citroén Gear 
Catalogue, the finest book 
of its kind, on request. 


50 TONS VERTICAL SINGLE LEVER TESTING MACHINE. 


oa if 

THE CITROEN GEAR {* 

& 0., if COMPANY, LIMITED, k 
ag ° ee ° ° 


Citroén Building, 


MACHINE TOOL MAKERS. Brook Green, Hammersmith, 
LEEDS, ENGLAND. EO 
ESTABLISHED 1843. INCORPORATED 1886. 
Cable Address :—‘* BUCKTONS, LEEDS.” 1285 


Codes: A.B.C. 4th & 5th Edition. A 1, New Business, Bentley’s Complete Phrase. 


= DIE- PRESSINGS 


(SOLID) 


IN BRASS. 


What counts 
most in good Washers ? 


The surface of a washer is all important and 
must be of consistent cut to ensure full 


la al sea 


efficiency. 
Hambee Washers and the ‘‘surface | 
that matters’ are accurately 


machined and gauged to the finest 
limits. Our organization, complete 
in every detail, enables us to do this, 
and to supply metal washers of every 
description of guaranteed accuracy 
and at competitive prices. 

We are in a position to give 
delivery of all standard sizes and 
undertake speedy manufacture 
of special designs. May we 
quote you? 


Thats the surface 
lhak mallers 


Make the best of a good job 
with Hambee Washers. 


Hampton & Beebee, Ltd., 


Eeaichise Street, Wednesbury, Staffs. 


ADVANTAGES— 


SMOOTHNESS, UNIFORMITY, RELIABILITY, MACHINES FREELY. 


BROOKES & ADAMS. 


BARR STREET, MAY WE ies 
HOCKLEY, BIRMINGHAM, ADVISE OR 
Tel.—Northern 1213, ENGLAND. ‘Tel. Add.—‘'Teleba.” QUOTE YOU? 


12 zZENGINEERING. [DEc. 26, 1924. 
————————————————————————— ———— — — aaaaaraa————————>>>>_—>—>EeE—_—eq_q~—_—_—E=—{—>——>_—oq——aaIlESES SSS eee eee 


SIEMENS U , MARKS )PROCESS 


EXCEPTIONALLY QUICK 
DELIVERY GIVEN FOR 


FINISHED CRANK 
SHAFTS, 
PROPELLER SHAFTS 
with Continuous Gun- Metal © 
Liners complete, and 
STERN AND RUDDER 
FRAMES. 


STEEL AND IRON 


FORGINGS 


CONTRACTORS TO— 
BRITISH ADMIRALTY, WAR 
DEPT., and FOREIGN and 
COLONIAL GOVERNMENTS. 


Manufacturers of— 


MILD STEEL PLATES, ANGLES, Zed Bars, Tees and 
all forms of Sectional Bars required for Ship, Boiler, 
and Bridge Building, and other constructive purposes. 

CASTINGS of all kinds and largest sizes for Ship Stems, 
Sterns, Posts, Anchors, Rudders, &c. 

RAILS, BILLETS, FORGINGS. 

AXLES of highest quality, to meet the requirements of Home 
and Colonial Railways. 

TYRES.— Locomotive Carriageand Wagon, to allrequirements. 

SPECIAL STEEL of all kinds for constructive purposes. 


RHE é a 
STEEL COMPANY or SCOTLAND ae 
Of SPECIALITIES :—REPAIR WORK OF 
23, ROYAL EXCHANGE SQUARE, LIMITED, ALL DESCRIPTIONS, ALSO FINISHED 
HOLLOW ~€RANK AND. LINE SHAFTING 
TELEGRAPH GLASGOW. FORGINGS FOR TURBINE ENGINES 
ADDRESS (WHEELS, SPINDLES, DRUMS, &e). 
STEEL Gtascow.  §§ | fF “QR TTT TST SSS 


PATENTEES OF THE ‘‘ WEDGWOOD” 
PATENT VERTICAL INTER - LOCKING ~ 
SCARPHED JOINTED RUDDERS. 


8814 


wa 


te REGISTERED h 
TRADE MARK/“ 


(Regd. Trade Mark.) FOR FULL PARTICULARS PLEASE 
The largest makers in the world of WRITE: 
RECORDING INSTRUMENTS for 


PRESSURE, TEMPERATURE, ELECTRICITY, etc. 
No other maker ean offer you the choice of 2500 different charts and experience zemes 
in making 150,000 Instruments. co. 


J. W. & C.J. PHILLIPS, Ltd., 23, College Hill, Cannon St., London, E.C.4. 


— DUMBARTON. ae 
ON ADMIRALTY, WAR OFFICE and CROWN AGENT'S LISTS. 


LANCASHIRE 


LONDON OFFICE: NEWCASTLE OFFICE: LIVERPOOL OFFICE: 
PRUDENTIAL BUILDINGS, 
1, CHARING CROSS, BELFAST OFFICE: CHURCH HOUSE, 
S.W. I. 101, BRIDGE END. LORD STREET. 
f ae teseeeinaaeeee 4 


IN STOCK & PROGRESS FOR EARLY DELIVERY. 


| WILSON BOILERMAKERS, LTD., a 
GLASGOW. 


ProcTor’s PATENT SHOVEL STOKEF 


AND 


MOVING FIRE-BARS 
: a Give ECONOMY in FUEL, 
Holman Concrete Breakers Increased Steam Production, 
§ for all demolition work SMOKE ABATEMENT. 


Holman Concrete Breakers are made in two sizes, each 
constructed with particular regard to the handiness of the 


machine and the general comfort of the operator. PROCTO R’S COAL ELEVATOR 
Both sizes embody the patent differential ring type of valve, ’ 


LILYBANK WORKS, 


which is exceedingly simple and efficient in action. 2 : 
Size C.B. 1, weight 47 lbs., is Size C.B. 2, weigh 6) Ibs., fitted with Patent RAM FEED BOOT, | 
suitable for all average demo- is designed to cope with Ensures cheap handling of the coal. | 
lition work, such as concrete the toughest jobs, being | 
ralvccriration braking esentaly «hem Goty | PQSITIVE FEED OF GOAL TO BUCKETS. NO JAMMING OF ELEVATOI 
dations, & t 
COS PEC 0 Wear and Tear reduced to a minimum. 
a ft g BROS. LTD. Write for Illustrations and Particulars. a | 
AMBORNE £7 ENGRRDAE * |dAS. PROCTOR LD., “inr'iens BURNLEY 
CAMBORNE - ENGLAND .y Iron Works, 
Loxdon (Ofi'e$) Broad Strect Houses tie SOLE AGENTS FOR FRANCE AND BELGIUM: 


The Societe des Perfectionnements a la Vaporisation, 68, Rue de Rome, Peri 
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STRONG AS STEEL 
RESISTANT TO 
CORROSION AND TO 
HIGH TEMPERATURES. 


Fall Particulars of Properties, 
Uses, Etc., on request to :— 


MONEL DEPT. 


Strong and 
Compact 
Design. 


PATENT 
REDUCING 


VALVE 


Steadiest Con- 
trol of Reduced 
Pressures. 


- Easy 
Adjustment. 
UpkeepTrifling. 


_eneseeseoceee 
a 


GLASGOW 


Ghe Worla Renowned 
Steam Valve Specialists ay 


by i Geleph - 
teal Glasgow’ ESTABLISHED 1862. "Govan 361 (2 Res). 
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REVOLVING 


AND 


SHAKING SCREENS. 
G AHARVEY&Ctoxoonil'4 


WCOLWICH RD... LONDON: SE 7: 2874 


*Phone: Greenwich 20 (7 lines). Telegraphic Address: “Cheaper Char, 


ondon,”’ 


CONDENSATION OF STEAM from engines and evaporators. 
MAINTENANCE OF HIGH VACUUM in surface condensers 


with amplificators. 
DRYING UNDER VACUUM all sorts of materials. 
DISTILLATION. 
RECUPERATION of volatile liquids by condensation and 


absorrtion. 
CONCENTRATION. 
DEBENZOLAGE. 
MANUFACTURE OF ICE and refrigerating by water 


evaporation. 


The Ejector-Air Condenser is the simplest type of condenser by mixture, 
eomprising as it does all eondensing material in the form of a single 
apparatus and, moreover, performing the same service as am air pump. 


NUMEROUS REFERENCES OF THB HIGHEST ORDBR. 


FOR ALL PARTICULARS APPLY TO ;— 


Se. A. PICARD, Nott 


Sparel 4, NEW BURLINGTON STREET, é * Ney 12h 
Semel Cada! LONDON, W.1. onbow! 
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HOPKINSON'’S 


PATENT VALVES 


FOR ALL PURPOSES AND PRESSURES. 


WELDED AND RIVETTED 


TANKS 


FOR ALL PURPOSES. 


HIGHEST 
TEMPERATURES, 


HIGHEST 
PRESSURES 


UNEQUALLEL 
FOR QUALITY 

AND | 
RELIABILITY 


CONTAIN SAFETY 
IMPROVEMENTS 
WHICH PROTECT 

THE USER. : 


FITTED WIT 
VALVES ANI 
; SEATS OF 
udm? HOPKINSON’ 
“PLATNAM" 
METAL—NON 
CORRODIBLE ANI 
CUE PRACTICALL’ 
INDESTRUCTIBL| 


MADE IN EVERY 
TYPE IN CAST- 
IRON OR 
HOPKINSON’S 
“HIPRESS” CAST 
STEEL. 


WELDED EJECTOR. HOPKINSON’S PM ee Sega CENTRE PRESSURE STOP VALVE 
fe) 


10,000 KW. STEAM TURBINE. 


| KINSONe (fe 


(CWeMnqqmgnmmgmggwwquwMmme 
“HYDRAULIC. MACHINERY. 


\ | : : 
| 2 tN 
Pu OSE 


Ji. Accumutators | 

: PRESSES jf 
I) PUNCHES | 
-RIVETERS | 
JIGGERS |} 


MANUFACTURED BY :— 


THE STEEL BARREL Go, Lto. 


Telephone: UXBRI DG E, Telegrams: 


Uxbridge 251. MIDDLESEX. 1996 Barrels, Uxbridge. 


BALL & ROLLER 
BEARINGS 


STAND FIRST AND FOREMOST 
FOR ALL MACHINE TOOL 
AND ENGINEERING APPLICATIONS. 


HIGH LOAD CARRYING CAPACITY AND 
DURABILITY THEIR MAIN FEATURES. 


et 
. 
ea 
\ 
= 


| ee. 
2 Ry 


Telephone: Luton 150. -, 


BEARING Co LTD 


“mes NEWARK on TRENT 


Telegrams: Hydraulic, Luton. 


SEE ENGINEERING. 1b 


Make joints like’this leakproof 
‘~and have one thing less to worry about! 


TT HERE are no leaks—and never will be—in pipe joints 

laid up with Smooth-On No. 3, because the metallic 
iron body in Smooth-On is permanently impassable under 
any pressure or temperature and with any fluid. 


Smooth-On No. 3 adheres well to the threads, fills every 
minute void from the start, and its volume never decreases, 
because the metallic iron body can’t shrink, dry out, 
shrivel or crack. 


Get it in 1, 5 or 10 Ib. gray-labelled cans, from 
any supply house. 


Write for the free Smooth-On Instruction Book, 
which will post you well on the theory of 
Smooth-On, when and how to use each of the 
seven kinds and what results to expect. 


Carried in stock by WaLTeEr P. Norcurt, Ltd., F. A. 
Putten & Co., and Buck & Hickman, Ltd., London. 
Joun Taytor, Liverpool. A. Dawes & Sons, Ltd., 
Frep T. H1ILtTon, and Tuomas E. WuHiTwortu, Ltd., 
Manchester. A. E. Smiruson & Co., Cardiff. 
Anprew McLean & Co., Glasgow. Dewnurst’s 
ENGINEERING Co., Ltd., Sheffield. CrarK AND 
Howarp, Birmingham. 


Made by Smooth-On Mfg. Co., 
5108 Jersey City, N.J., U.S.A. 


q ‘ - - 


Dr ‘ON 
0 


3-14 


ho 


anal 


L 


THE 


HICK - BREGUET 
EJECTAIR. 


The most efficient and simplest Aur 
Pump made. 


JUST INTRODUCED. 
THE ‘‘ SIMPLON ”’ 


Automatic Adjustable Set Square. 


Dargue’s Patent. 
A greatly improved model of a universal vernier set square, possessing 
features similar to those obtained in a drafting Machine, including 


(1) Automatic stops, self-locking at all standard angles. 

(2) An engine divided metal (Duralumin) protractor with 

(3) An adjustable vernier reading to fine divisions on the arc. 

(4) A large diameter circular pivot central with line dividing arm. 
(5) A self-centring protractor with supporting arm as shewn. 


No moving parts, 
Minimum steam consumption. 


Absolute stability. 
Upkeep nil. 


PRICES : 


PLAIN EDGES, 


Size 7in. ... bee 7/- 
10in._... ibe 11/6 
12in.... Me. 15/- 


BEVELLED. 
Size 15 in. eee eee 25/- 
Sin.) | Vee EE 


POST PAID IN BRITISH ISLES. 


Upwards of 130,000 Dargue's 
Adjustable Set Squares 


have been sold. 


For any service where high Vacuum is 
required. Steam Turbine Installations, 
Sugar Plants, and Distilling Plants of all kinds. 


HICK, HARGREAVES 


& CO., LTD., 
BOLTON, ESTABLISHED 1833. ENGLAND. 


Telegraphic dictiprag BOLTON.” 
Addresses 


WITH VERNIERS. 


| 
om 


MADE IN EXTRA STOUT TRANSPARENT CELLULOID, WITH 
VICKERS DURALUMIN FITTINGS. . 


DARGUE BROTHERS LIMITED, 


“Simplon” Works, Halifax, England. 


2081 


i Telephone f Bolton—1373 (3 lines). 
“UMSHAWVAPO, SOWEST, LONDON.” Nos. London— Victoria 7310. 


LONDON OFFICE : 57, Victoria Street, S.W. 1. 


Cable Codes: Bentley's. A BC (Fifth & Sixth Edition) A 1 (1888), Western Union (Universal 
Edition) ; Lieber's Standard. teat 


3 OWANS SHELDON’”’ 

is more than a mere 
name. It stands for the 
ultimate in hoisting achieve- 
ment, for the undisturbed 
leadership in _ specialised 
lifting knowledge and ex- 
perience, in craftsmanship 
that admits no compromise 
in accuracy and certainty 
of results, 


The productions of the 
Cowans Sheldon plant 
satisfy exacting require- 


ments the world over. 


1820 
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‘DAVIS & TIMMINS 


LIMITED, 
Manufacturers of Metal Thread Screws and Turned Parts 


from the solid bar in any Metal for all Trades. 
HEAD OFFICE WORKS: 


York Road, King’s Cross. Brook Rd., Wood Green. 


Telephone—North 580 Telephone—Mountview 2063. 
Telegrams—Conductivity, London. Telegrams—Surewdatim, Wood, London, 


— 


Progressive Engineers in ALL trades will find a successful use for 
The “MERCO” UNIVERSAL VALVE. 


There is No service so hard or conditions so exacting that the MERCO 
VALVE will not take care of (providing the temperature at the valve is 
not more than 600° Fahr., which is the only limit we admit). 


FULL AREA. ALWAYS LUBRICATED. 


No holes or corners to form eddies, restrict 
flow, hold deposits and cause frictional 
losses. 


IT CAN’T STICK. 
IT WON’T LEAK. 

IT TURNS EASILY. 
IT CLEANS ITSELF. 


Over 80,000 in use. 
THE ONLY VALVE whose working seat 


can be renewed for a copper without breaking 
down continuity of operation. 


THE ONLY VALVE whose working seat 
is flexible—change the service and you 
change the lubricant..... That's all. 


A Lubrication Screw. 
B Lubricant Reservoir. 


C Lubricant Duct. 

D go degree Visible Stop. 

E Asbestos Packing. 

F Brass, Iron - Nickel 
: ae Silver Washer. 

Put it under the worst conditions you have G Lubricant Chamuels 

and you will only be conscious of its H Lubricant Chamber. 


SILENT EFFICIENCY. Send for descriptive Pamphlet to— 


THE AUDLEY ENGINEERING Co., Lt. 
~ om Oalopl 
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EAST FERRY ROAD ENGINEERING WORKS CO. L¢. | ===> 


Hydraulic Cranes and Coal Hoists, Belt Conve 
; yors for Coal, &e. 
Patent Pneumatic Grain Elevating Machinery. 


200 AEP. 
+ DE LA VERGNE 
ONL ENGINE 


rear iy) 
server reyes 
Pesce 


TTP cass coe 


Kes Sate ; 

- POWER PLANT UNIT.’ 

IOSTON GEAR WORKS 
NGRFOLK DOWNS-"ASS. 


3 Tons Scorcm CRANE (HypRAvtiIc) Lirr 30 ft. Raxn, 60 ft. Maximum, 20 ft. MInIMuUM, 
Rab1vUs oF ACTION, 270 DEGREES. 


General Engineers and Ironfounders. Estimates given for Repairs. 


Rim ttninoninn aeecwane, xoxo. = | CHAIN ‘TRANSMISSION 
to 150 K.w. ALTERNATOR 


ENOLD Driving 
Chain is the most 
efficient and reliable 
transmission medium for 


depends on 


IN-PUT |! 


Quantity Production demands 


pa 
| ae 


Ge) FORGING [, 


‘ed 


the use of Quality Equipment. 


This is well recognised in the 
Machine Shop but is sometimes — 
forgotten in the Smithy. 


MASSEY STEAM & PNEUMATIC 


POWER HAMMERS & DROP 
:: STAMPING PLANT :: 


in your Smithy and Stampshop will 
enable you to secure maximum output 
with minimum running costs. 


They embody the results of our 
own experience of Smithy and Stamp- 
shop problems and are designed for 
Efficiency, Economy and Reliability. 


We shall be glad to send 


particulars and to show our Hammers 
and Stamps at work. 


+B. & S. Massey, L* 


Manchester. 1901 


For Easy Running 


RENOLD CHAINS 


almost every application of 
power transmission. It is 
positive and smooth and 
maintains a maximum 
eficiency throughout the 
whole of its working life. 


Our recently revised publication ‘Notes 
on the Selection of Chain Gear”’ is 
a 25-page illustrated booklet dealing 
com*rehensively with the subject of 


Chain Transmission. 


We will gladly mail you a copy on 
receipt of your postcard, 


RENOLD 


HANS RENOLD LTD, DIDSBURY, MANCHESTER 


Branches, Agents and Subsidiary Companies throughout the World, 


2416 
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leychofe Stapf Lid Zaivich oitzectand 
Agents: (PGoss €{0.59,Mark Lane Loridon EC3. 


Are you insured 
against loss of business 
during re-building? 


IRE—uncontrolled—see how it gains head- 


way —eating into the place above — 


spreading to right and to left—in ecstatic 
destruction of, perhaps, your property. 


No, you are not covered by a Fire Insurance Policy! 
No policy can restore lost prestige, loss of time during 
rebuilding, or loss of valued papers and indexed in- 


formation. 


The obviously sensible way to prevent heavy losses through fire 
is to extinguish it in its early stages—when it is a small, one- 
man job. You cannot have a man at every likely danger spot 
during day and night! No, but you can let the “Grinnell” serve 
the same purpose. It starts when the fire starts—and in a few 


seconds there is no fire ! 


RINNELL 


= AUTOMATIC SPRINKLER 
AND FIRE ALARM 


You cannot write too soon for “Grinnell” imformation, 
Procrastination may mean conflagration—with its 
attendant losses and inconvenience, 


(Fathers Platt 


Limuied, 
14, GT. SMITH ST., 
LONDON, S.W.1. 


THIS BOOKLET is sent immediately upon 
request. Your business postcard ts sufficient. 


ae i ~A 
Sart 
Nora PARK WORKS, 
MANCHESTER. 


Sate 


i — i 
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The Little Bit Short You Paid For— 


is shown up by an accurate record, preventing 

continued lapses in future, saving a lot of 

good money in the course of a year, and 
“quickly paying for installation of 


The Denison Self-Indicating 
Automatic Weighbridge. 


Send for free Booklet—IIlustrated. 4s 


S. DENISON & SON, LTD., 


Far Hunslet. 


I 


MTT 
Gils 


Oe gone to waste from dripping taps 
and leaky containers runs up 


unnecessarily heavy bills by the end of the 
year. Apply the economy axe in the shape 
of these Valor specialities—the Valor Ox 
Filter and the Valor Oil Cabinet. 
They minimise the fire risk and eliminate 
pilfering, dirt and leakage. 


| need 
= 
= 
= 
= 
— 
— 
— 
= 
== 
= 
a 
=e 
~, 


Ne 


i Use your oil over and over again by : i Admitted to be the only pesé i = 
3? efficiently filtering it through the : oil Storage System. The j — 
. 5 : NF 
% VALOR | | VALOR 'S 
% Oil Filter. | Gil Cabinet 
, wd cereeeetne t 3 keeps oil pure and clean. 
CD. tae dirty oil rapi yi H ? Made in 5 capacities— 
ade im sever: i : 6to50 gallons. Reduced am 
capacities. : ? prices on application, 
i» Both these articles save 


4% their initial cost in a 
sh, ° 
% very short time. 


Prices on application. 


“7, 
Gy Auk for List 6. 
THE VALOR CO., LTD., 


6, Aston Cross, Birmingham. 


$ 
SS 
Ss 
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The BIGGEST SHIPS of the 


VHITE STAR, CANADIAN PACIFIC, 
CUNARD, and P. & O. LINES 


have been fitted with 


MUMFORD’S 


Patent Automatic 


FEED WATER 
REGULATOR. 


Reader High Speed Engine Design. 


The Line of Parts. 


The great feature of our design 
—the now famous “ Line of Parts ’’— 
is embodied in both single and com- 
pound Reader engines. By this 
means an unskilled man can dis- 
mantle an engine and reassemble 
it without the slightest possibility of 
any working part being out of line. 

This special feature is obtained 
through the design of the distance 
piece and crossheads guides, which 
are cast in one piece (see illustration) 
and machined at one setting, two 
spigots being turned, one of which 
fits into a machined recess in the 
engine casing, the other forming a 
seating for the cylinder. 


Te 


Further details of Reader Engines are 
given in our Special Catalogue Nos. D.R. 
1441 and D.R, 1451, covering a complete 
range up to 450 B. HP. Write for copies 


- READE 


& Sons, Ltd., 1886 
CREMORNE ST. WORKS, NOTTINGHAM. 


PTITITTIPLMU COOH UO TOUTE UELCLMUPLPHMLUPLUUEUL ULC Cee CO CP 


LEA RECORDERS 


FOR THE 


ACCURATE MEASUREMENT 


RIVERS, STREAMS, RESERVOIR SUPPLIES, 
PUMP DISCHARGES, Etc., 


Over WEIRS and NOTCHES, of ALL KINDS. 


QAOUUAUADUDGANSUAARSUSUVOOLSESNSADOUORONUUGEDOQOVONDOUGURSUUUECUOQOQNOUOUOCQOSEUOOeae DEUS SUAMSUAQOORSDSUDQSES UCU CG PERIOOODONOES ESS ETE UTES TE EES ESS 


Sv AU ELSTINOTLTEVOTEVEVUCASUOUSOUEOEUECOOEOQQCQSOEQSCEEOSUODEUCOSOOONDEDEU PUEDOEDOOCGE AEH EOOOOOUEL 


SUT 


rhe {British Admiralty, 
‘hich has already had it fitted in over 500 Ships of all classes, 
las azaim ordered it for 
I boilers of the NWew British 
Battleships. 


| It"has also been adopted by the 
JAPANESE, ITALIAN, RUSSIAN, 
SPANISH, & BRAZILIAN NAVIES. 


G MI | MF ORD : d 48 in. LEA RECORDER measuring the flow of the River Brenig in _ 
e 9 @ N.Wales over a compound V Notch and Rectangular Weir in connection 4 


withthe Birkenhead Watersupply. Capacity 250,000,000gallonsper day. ; 


Culver Street Engineering Works, Write for Booklet Q5 to — 
THE LEA RECORDER CoO., LTD., 


COLCHESTER. > 28, DEANSGATE, MANCHESTER, 2121 


, 


ENGINEERING. [DEc. 26, 1924, 


SPECIALISTS IN ELECTRIC [ARC WELDING. 
Repairs carried out in any part of the Country. 
Electric Welding Plant and Electrodes supplied for 
new work, 2513 


THE ANGLO-SWEDISH 
ELECTRIC WELDING Co., Ltd. 


WOOD WHARF, GREENWICH, LONDON S.E.10 
and at GLASGOW & NEWCASTLE-ON-TYNE. 


North Western A.S.E.W. Co. Ltd. - LIVERPOOL. 
Western A.S.E.W. Co. Ltd. - - CARDIFF. 


BRUNDRIT 


———— PATENT —————— 


Temperature 
Balanc 


eae 


ae 


ROBERT DEMPSTER & SONS, 


= ELLAND—YORKS. 
AUTOMATIC 
CIRCULATOR 
For Marine a,Land 
BOILERS 
Over 5,500 Sets in Use 


HESE Sectional Views show the 
simple and practical method of 
fitting BRUNDRIT’S Patent 

TEMPERATURE Balance in 

Marine Boilers. No drilling or struc- 

tural alteration is necessary and the 

boiler can be cleaned with the 

apparatus in position. . ... . 


Brunprit’s Patent TEMPERATURE BALANCE 
has been adapted by the leading Shipowners 
and Shipbuilders of the world, and has proved 
effective in preventing leakages, reducing repair 
accounts and promoting a thorough circulation. 

Over 5,500 sets have been fitted, including all 
the boilers of the ‘‘ Aquitania,”’ ‘‘ Mauretania,” 
and other ocean Jiners, also large Cargo and 
Coasting Steamers, Trawlers, Tug Boats, 
Dredgers, Launches, etc... . + « «.« « 

The BrunprRir TEMPERATURE BaLANcE has 
no valves or working parts, and is entirely 
automatic. . . . Working models may be 
seen by arrangement... « « 2 « © «© «© © «@ 


JOSEPH BRUNDRIT 
Sole Patentee, 
14 Water St. LIVERPOOL 


CRANKSHAPFTS and Forgings of 
every description up to 12 Tons 
weight. 

Machining and Finishing to 
Standard Limits. 


Steel Drop Forgings up to 
112 lbs. each. 


Rollers of Steel Bars, Rods and 
Sheets and Special Sections. 


Telegrams: ‘‘ Forge, Rotherham.” 
Telephone: Rotherham 641. 


ROTHERHAM 


FORCE & ROLLING MILLS COMPANY,’ 
LIMITED, ROTHERHAM, york. 


ONTROL PANELS| 


: 
: 
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Ebeak Control Panel 


slip-ring motors up 
fo 40 H.P. 


rter and Speed Regu- 
w Panel for slip-ring 
motors, 


“> TYPE, 470 BHP. 3 PHASE SLIP RING INDUCTION MOTOR. 
se Velte 30 ical 435 rpm. with Short-Circuiting and Brush Lifting 
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More Comments 
by interested visitors 
at Wembley 


Tronwork's Electrician—‘ Some of your Breakers are not opened for 
a year or more. " 

Cement Maker’s Maintenance Engineer—‘‘Ellison gear has never 
let me down.”’ 


Colliery Electrician—" The Ellison Gear is giving faultless service.” 


Electrical Engineering Contractor — Familiar with some of this 
type of breaker (I.V.), made in 1904, installed in —~ Power Station, 
They are still working satisfactorily.” 


Colliery Chief Electrician—We \ike Ellison gear because it is so 
easy to maintain.”’ 


Colliery Electrician—1 like the substantia) design and freedom 
from ° gadgets’.”” 


Colliery Electrical Engineer —‘'I like the simplicity and ease of 
maintenance of your gear. The Gate End Breaker will cure many 
troubles I am having with electric coal cutters.” 


Colliery Electrician— Your cone clamps allow a joint to be made 
in half the time required by any other.” 


Linoleum? Manufacturer's Chief Engineer — ‘I have tried almost 
every other make of switchgear, but none can compare with yours for 
ease of maintenance.”’ 


Textile Mill Engineers —‘ We have some Ellison circuit breakers 


and starters; installed in 1908, they are still giving good service,” 


Chemical Manufacturer's Electrician —‘'The other make of 
starter in our mill cannot be compared with those of your make.” 


Wagon Builder’s Electrician—" We have your gear amongst about 
six other makes. Ellison gear gives us less trouble than any of them." 


EORGE ELLISON 


Makers of Electric Contrcl Gear 


WORKS: PERRY BARR, BIRMINGHAM 


Trade 


Oil-break Control Panel 
for slip-ring motors up 
to 7,000 H.P, 


Auto-transformer Starter 
for squirrel-cage motors 


up to 200 HP. 


J.P. HALL & Co,Lro. || 
OLDHAM. : 


Gear. 


Telephone: 
1901 (2 Lines}. 


Telegrams: 


~ “‘Dyname,” Oldham, 


MAKERS 
OF 
DIRECT AND 
ALTERNATING 


GENERATORS 
AND 


re} 
MOTORS. .;.: 


21 


IS ESSENTIAL 
FOR STEAM 
USERS. 


VERY coal-saving 
device — Economiser, 
Stoker, Heater — depends 
entirely on soft water for 
fullest efficiency. 


See to it that your boilers 
and economisers are not 
handicapped by hard scale- 
forming water. Obtain 
zero hardness with 


£ She 


Vormutit 


WATER. SOFTENER 


Write for Bulletin E2 to 


UNITED WATER SOFFENERS 
LTD., 
Imperial House, 
Kingsway, London, W.C.2. 


2427 
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elephone: No. methwick (4 Lines). Grand Prix, 
; Sate, oon a oP : aie. Birmingham. THE Buenos Ayres Exhibition, 1918. 
REFRIGERATING MACHINES | 
FOR ALL PURPOSES 
HALLFORD LORRIES 
10, ST. SWITHIN’ 3 LANE, E.C. 4. ae 
Telephones : RAILWAY CARRIAGE AND WAGON CO., D. 


Central 3540. Dartford a0, 


bE - SMETHWICK. ae 


MANUFACTURERS OF 


“RAILWAY CARRIAGES AND WAGONS OF EVERY DESCRIPTION, 
INCLUDING ALL-STEEL CARRIAGES. 


PRESSED STEEL UNDERFRAMES, BODIES AND BOGIES. 
MAKERS OF RAILWAY WHEELS AND AXLES, IRONWORK, AXLE BOXES, CASTINGS, é&c. 


6931. 


THE MITCHELL CONVEYOR AK? 
TRANSPORTER CO., LTD., 


Contracting Engineers. 


Sole Manufacturers of Dean & Churchward's Patent “Eitherside’’ Brake, 


i 
haan. apap da I : and Marillier's Patent ‘‘Iastanter'’ Coupling. 


HANDLING MACHINERY. 2417 
Atlantic!House, 45-50, Holborn Viaduct, London, B.C. 1. 
Grams: Micontraco, Cent, London. Tel.: Holborn 2822, 


1, THERMOSTATS | 


— for —— 


Ind Mey Controlling 
ii 


LANCASHIRE 
BOILERS 


i CALORIFIERS, UP TO 250 LBS. .wW.P. 
4 OR HOT WATER an 
Us STATIONARY 


THE HORNE 
ENGINEERING CO., 


35, Pitt Street, Glasgow. f 


STEAM ENGINES, 
UNIFLOW & OTHER TYPES. 


ACTURED 5 
STER 2S ) 100 - 2000; HP. 


2115 | 
Ei 
coe 


0 
“Pri RES TOM LiNcasine” 


——— 


CRANES & CAPSTANS oo 
DYNAMOS & MOTORS ee 


IN ALL? ITS BRANCHES. 


For all purposes. 


Royce Limited 


Trafford Park, Manchester? JOSE PEL E"OS TER & SON Ss, 


Telegrams : Royces Manchester. 3111 SoHo zEOUN DEY, FPR ASTON. 


Telephones: 690, 691, 692 Trafford Park. 'Phone:] 96 PRESTON, 2244 ‘Grams: FOSTER, PRESTON. 


FIRSTAD) AD EE rr 
DROP FORGINGS 


aesemiee || UPSETTER FORGINGS 
HYDRAULIC FORGINGS 


Gee and Sterilised Dressings, 
— LET US QUOTE FOR YOUR REQUIREMENTS — 


Ambulance Room requirements. 
Stretchers, Cabinets, Couches, etc. 


JAMES WOOLLEY, SONS&Co.,Ld. 


76, Deansgate, ti anehester 2284 
Catalogues on request. 


HOYT LEATHER BELTIKG 


" FLINTSTONE” PURE OAK TANNED, 


The Best is the 
Cheapest 


THE SCOTTISH STAMPING & ENGINEERING COY., LTD. 
AYR, ——— SCOTLAND. ae 


or 
all Drives. 


“Turtle” 1505 

Brand 
Guaranteed Telegrams: STAMPINGS, AYR. 
Waterpreof. Telephone: 166 AYR. 


et EL 


BALDERSTON & CO., LTD. 
201, ST. VINCENT STREET, GLASGOW GARR A CAR (A A a 
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ABBOTT & CO. (Newark), LTD., 


NEWARK-ON-TRENT, ENCLAND. 


Tele, Address: ‘‘ ABBOTT, NEWARK. Telephone: No, 34 
[A B C Code, 4th & 5th Editions, Marconi’s,! 


BODLEY BROS. & Co. Ld. 


Engineers, Millwrights, Boiler Makers and 
fron and Brass Founders. 


OLD QUAY se ide 


outractors to the Admiralty, War Office. India Office,4Board of Customs, 
Crown Agents, etc., etc. 


MAKERS OF HIGH-CLASS 


(BOILERS 


OF EVERY TYPE AND FOR ALL PRESSURES. 


IEPAIR FIRE BOXES. DEGREASING PLANTS 
| VULCANISING PANS. 


FLANGED PLATES, 


IN IRON OR STEEL, TO ORDER. 1243 


SPUR, BRVEL, 
MITRE, MORTICE 
AND 


WORM WHEELS, 


Machine Moulded 
ALSO 


TEETH CUT TO SHAPE 


By Special Machinery. 


GAST STEEL. 


By Siemens-Martin and Crucible 
Processes of every deseription. 


TO PASS ADMIRALTY, LLOYD'S, BOARD 


OF TRADE, OR BUREAU VERITAS TEST6 
Castings a Ship- B U D E N B ERG 
building Yards, Engine Works, | GAU G ey Co - Ltd = 


Rolling Mills, Iron and Bridge 


Telegraphic Address— 1997 
Bop.iey, BxETER. 


ESTABLISHED 1790 


Works, Hydraulic and Electrical BROADHEATH, Nr. Manchester. 
Machinery, Mining, River Dredg- BRANCHEs—LONDON & GLASGOW. 
ing, Excavatiog Work. 7 Seid ? 


ar PRESSURE GAUGES, 


Specialities : Tachometers, Counters, 


TOOTH WHEELS & PINIONS a 

used in conneetion with Dial - Thermometers, 
Cranes, A ae Capstans, Test Pumps, &e. = 
Cast-Steel ANCHOR HEADS , 


SHIP'S STERN CASTING MACHINED AND FINISHED COMPLETE. and DREDGER BUCKETS 
Fit up Complete. 


W. SHAW & CO., Ltd., Wellington Foundry, MIDDLESBROUGH. 


Telegrams—‘‘ WELLINGTON, MIDOLESBRO.” ON pe an AND WAR OFFICE LISTS. 
London Office: 90, Cannon Street, H.C. 4. . Representative: A SHARPE & CO. 

Office for Manchester and Birmingham Districts: 12, Exchange Street, Manchester. - Tite presentative—THOS. F. W. DIXON 2454) 

Glasgow Office: 4, West George Street, Glasgow. - Representatives: A. C. LOCKE and J. G. McONIB. : 


Agent for Leeds and District: G. @. S. GRUNDY, 24, Basiaghail Street, Leeds. 
Agent for Durham and Northumberland: G. NELSON, 109, Pilgrim Street, Newcastle- ou-Tyne. 


MARSHALL, FLEMING & Co., LTD. 


Engineers and Crane Makers - - MOTHERWELL, SCOTLAND. SELF- RECORDING _ INSTRUMENTS 


PRESSURE, TEMPERATURE AND SPEED. 


@ PRIESTMAN @ 


© 9 
@ 1875-1924 @ 


© BUILDERS OF GRABS © 
& GRAB GRANES. 
@ 1991 @ 


i 
PriestMAN Bros., L1D., 
@ HULL, & 28 VicToRIA sr, © 


LONDON, $.W. 1. 


: 100 Ton Five Motor Ladle Crane. 75 feet span. 1103 @ @ @ @ @ 
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ALFRED HERBERT LTD. COVENTRY 


One of our warehouses at Coventry where we have over 1000 machine tools in steck. 


AN INVITATION. 


To all those who are in need of first-class machine tools at real bargain prices 
we extend a cordial invitation to visit our Warehouses at Coventry. Large 
stocks of new and re-conditioned machine tools are always available. 


All machines are guaranteed to be in first-class condition, the necessary 
re-conditioning having been done in our own Works by skilled mechanics. 


Surplus List No. 12 gives particulars of machines offered. Copy on request. 


BRANCHES AT :— 
LONDON. GLASGOW. MANCHESTER. BIRMINGHAM. LEEDS. SHEFFIELD. NEWCASTLE. BRISTOL. BUENOS AIRES. OSAKA. TOKIO. 


ASSOCIATE COMPANIES AT:— 
PARIS. BRUSSELS. MILAN. CALCUTTA. SYDNEY: 


COMPLETE PLANTS 
FOR 


CEMENT WORKS 


MOST UP-TO-DATE MACHINERY 


F. L.SMIDTH & CO., Ltd., encincers, 


20, ESSEX STREET, LONDON, W.C. 2. 


TELEGRAMS: TELEPHONES : 
““CHALKINESS, ESTRAND, : CENTRAL 8716-17, 
LONDON ” 


WORKS: 2056 
LUTON - COPENHAGEN - NEW YORK. 


DEc. 26, 1924. | ENGINEERING. 


ALFRED HERBERT LTD. COVENTRY. 


MILLING 
MACHINES 
IN STOCK. 


POCO noes eeeeeenseussteeeeeEESSSe eee esePeOPESOOErOCOTEe SEES ODE EEESER OSSD ODED ERODES EE ESSO SEES SESS SOSEODOSESSPOUESESOSEEE SHEE SE SEDD ESE bESSDOND 


No. 8 Alfred Herbert High Power Vertical 


Bre tM Gite Seine Be cctaa ie We carry in stock a large number of milling 


machines ranging from the Small Bench Type, 
suitable for the Garage or Repair Shop, to High 
Power Machines capable of removing large 
amounts of metal rapidly. 


If complete information of the work to be done is 
submitted we can quote for the most suitable 
machines, with cutters and fixtures. 


Enquiries solicited for all items of equipment Guarantees of production can also be given. 
for the Milling Department, 


TRADE MARK, 


ALSO ALSO 


CENTRIFUGAL FANS SHEET METAL 
PROPELLER FANS PIPEWORK 
MINE FANS ze HOPPERS 


FORGE FANS IN CHUTES 


CUPOLA FANS FA ee et EATING ELEVATORS 


FURNACE FANS OUR LATEST IMPROVEMENT. DUST-REMOVING 


ere NS. STANDARD & OSWALD STOTT (Engineers), LTD., nik a 


Evington Valley Road, 
Telegraphic Address : LEICESTE R. Telephone Nos.: 


‘* BLowING, MANCHESTER.’ Manchester. Glasgow. Newcastle-on-Tyne, 4761-2-3 LeicesTEr. 
20 years’ experience is at your service for the asking. 


bo 
for) 
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CREENVWOOD & TLEY, 
Livirp, LE 


: 


*#\BOLT, NUT, RIVET AND GENERAL FORGING MACHINES 


(Horsfall’s Patent). 


The Horsfall’s Patent - 
Forging Machines were 
originally made by us, 
and, as a result of long 
experience in ‘them 
manufacture and use, 
in their present form 
with our latest im- 
provements, they are 
guaranteed to produce 
work of the highest 
quality. 

They are used exten- 
sively by British and 
Foreign Governments, 
and in many of the 
Railway, Shipbuilding 
and Engineering Work- 
shops, both at home 
and abroad. 

Built in a complete 
range of sizes to pro- 
duce work up to 2} in. 
diameter. ; 
Arranged for either belt 
or direct motor drive. 


GREENWOOD 


AND 
BATLEY, Lt. 
Albion Works, 
LEEDS. 


No. 4 SIZE HORSFALL’S PATENT FORGING MACHINE. 2188 


“Sentinel” Air Compressors 


Steam Driven Compressor. 
Capacity 10,000 cu. ft. per minute. 


These were the original vertical enclosed self- 
lubricating machines and were an immediate 
success, being accepted by the British Admiralty 
and at least 80 per cent. of the Shipbuilding Concerns 
in the country, solely on their own merits. Units up 
to 10,000 cub. ft. capacity have been supplied for 
general Colliery Service, and the present pattern 
still easily leads for durability, efficiency and reliability. 


No. 16 Air Catalogue free on application. 


‘Sentinel ” Ash Hoists 
“Sentinel ” Steering Gears 


“Sentinel ” Valves 
(Made at Sentinel Value Works, Worcester) 


ALLEY & MACLELLAN, LTD., 


Sentinel Works, - - GLASGOW. e 
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Castings of Quality 
ye 


| 

| | 

ALLWORK ; !Repetition ~ Iron HEY have come to represent to ‘a 
Castings are made with such care 'the engineer of discrimination the | 

that their superiority is at once apparent; standard of castings’ excellence, as is a 
and “at a*price much lower than you indicated by the constantly increasing ( 
would: expect to pay for such quality. demand upon our Foundry output. i 


UAE LUELLA LLL LLL LEAL 
UTTUTUDUTVAUDTUUVUTVEDTUTVUTVETTUTUE TUE TUTTE 


SAF ane weseceesenerecssnenansreenneresssesseeessareeeee 


For over 
65 years— 


Wwemnpave been 
developing our 
foundry and making 
Light Castings of 
various kinds. 

We have a com- 
pletely equipped 
foundry with the 
most modern mould- 
ing machines, giving 
accuracy with 
capacity. 


** Since’ 
ISSG 2 


vec 


= mmmmnnnntttt ttt eS 
HENRY WALLWORK & CO., LIMITED, 


SuTIIINIIIUUIIVOULNTUVUVUUNAUTUUT CUT IUTVTUUTUL TOTO TTC ET 


. GAOT UUM 
MANCHESTER 


a SSSSSSESSSSSSeSeesesesesesesesesese 


2088 


© C.ACE CE 


The Best on the Market for resneae hard materials such as Flint, paar Gravel, Silica, Magnesite, 


Trxeomams: = Invaluable for CONCRETE, ROADS, and eriioina SAND. ee 


“ AGENCIADOR, LoNDON 


nsvxemxe=49, THE PATENT LIGHTNING CRUSHER CO., Ltd, ** 3Sg5w*E°s"* 


| 

. 

: : 

var owt cast Barytes, etc.; also Limestone, Chalk, 
Clerkenwell "6298 
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Fie. 13823, 
BIRMINGHAM. 100 TONS CAPACITY, 62 FEET SPAN. 


4 


STOTHERT & PITT, Ltd, BATH, ENG" 


ue se 


ah: 2. 2 


SAMUEL OSBORN & CO.. LIMITED, 


CLYDE STEEL WORKS, 
SHEED: 
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a = 
Power Fimps | 
= for all General Duties. = 
3 Motor driven pumps taking up small floor = 
3 space, compact in design but readily acces- = 
= sible, reliable and steady in performance; = 
3 presented in a complete range of standard & 
2 sizes tocover all general water andoilduties. & 
= will be sent on application. ad 
= CATHCART » GLASGOW: = 
= coll etl Fe 
ST OUEUNERNSUNEERENNEUNOUSUNESHOUSSENOUNEUNOUSOUNANOENHOHSEAEREAOUNIVENOENGEHSENSEURENAONOOCOOURONTOREEUOUT 
Manufacturers 
ey Of aaa 
BLAST FURNACE 
PLANT. 


GAS WORKS PLANT. 
CHEMICAL PLANT. 
OIL STORAGE TANKS. 
STEEL BUNKERS. 


WELDED AND 
RIVETTED PIPES FOR 
GAS AND WATER 

‘ MAINS. 


CAISSONS. 


BUOYS OF ALL 
TYPES. 


CASTINGS UP TO 
20 TONS. 


pevewccscores 2488 


ASHMORE, BENSON, PEASE & C°: L™. 
STOCKTON-ON-TEES. 


| LONDON OFFICE : Telephone: 501 Srockton-on-TEEs. 


39, VICTORIA STREET, W.C. Telegrams : ‘* GASHOLDER.” 
E 


30 ENGINEERING. [DEc. 26, 1924. _ 


~ JOHN: HT. Limited. 


Bristol, Newport (Man. London 


i " LONDON 
CHIEF : : ? a, OFFICES: 
OFFICES Peabo ‘ nee, S = ae pee IMRIE HOUSE, 
ST. VINCENT'S “a Bet i k 2 x ae : oar : 33-36, 
IRONWORKS.sc [iE % ACR: : | KING WILLIAM 
BRISTOL, See AUT ; oe Be STREET, 
es E.C. 4. 


Machine Shop in Shipyard, designed, constructed and erected by us. 
2144 


GEES: G LR DERS: ROOES. BU TODS IN GS 


for a ES So Creccar sare SE EES n EY Sei 


“BROADBENT” 


CRANES 


STEAM & ELECTRIC JIB CRANE 
OVERHEAD TRAVELLING CRANES 
GOLIATH CRANES 
TELPHERS & RUNWAYS 
ELECTRIC CAPSTANS & WINCHES 
LOCOMOTIVE TURNTABLES 


15-Ton Steam Wharf 

Crane vecently supplied 

to the Queensland 
Government, 


Catalogues, Specifications & Quotations 
on receipt of enquiry. 


THOMAS BROADBENT 
& SONS, LIMITED, 


HUDDERSFIELD. 


pT 


1916 


té 
& 
*" 
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TADMAND BALL THRUST 


BEARINGS 


and secure the extra efficiency resulting 


A prominent firm of machine from their low friction co-efhicient and general 

| ails a a afb, . e1e . ° 

| pe aa ee tests reliability. Both of these characteristics are 

| EA RS cae the outcome of the close attention paid to 

shaft bearings. Asa result we 3 ° 4 : d f 

meceived. sik arden ements every detail in design and _ manufacture. 
2,000 ft. of line shafting. | On your line shafting they will considerably 

| ae. : 

HORBMLANNE DEE reduce bearing friction, on your machines 
ARM dE) CRO they will give you that added precision 


: | that means so much in _ high-class work. 


THE HOFFMANN MANUFACTURING CO., LTD., CHELMSFORD, ESSEX. 


Electric Generating Plant. S Type Stationary Petter-Marine Oil Engine. 
ie Ow Engine. 


PETTER OtL ENGINEs 


INDUSTRIAL AND MARINE. IN USE ALL OVER THE WORLD. 


Instant cold starting without magneto or sparking plugs. Use cheap fuel oil, Run without load or at slow speed when required, 


THE ACTUAL SAVING IN COST OF FUEL ON A PETTER ENGINE OF 14 HORSE POWER IN 
COMPARISON WITH A PETROL-PARAFFIN ENGINE, BOTH WORKING 48 HOURS A WEEK, 
AMOUNTS TO £100 PER ANNUM. MADE IN SIZES FROM 5 B.HP. UPWARDS. 


Petter Oil Engines are used as standard by various first rate makers of Stationary and Portable Air Compressor Plants, Concrete Mixers, 
Pumps, Dynamos, Ship Winches, and other machinery. Particulars of such combined plants will be forwarded on application. 


Illustrated catalogues post free to any address on receipt of particulars of requirements. 


PETTERS LIMITED, oiL ENGINE works, YEOVIL, ENGLAND. 


LONDON: 75b, Queen Victoria Street, E.C.4. BIRMINGHAM: Union Chambers, Temple Row. 
GLASGOW: 98, West Regent Street. DUBLIN: 30, Lower Sackville Street. 
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Large bearing surfaces, rigidity, and accuracy are features of ‘“ Swift” 


IAAT TT 


lathes. They are built not as a cheap job, but for long service. 


: Initial cost is less important than the cost per job turned, : 
18} CENTRE ALL-GEARED HEAD LATHE 


abe) 


GEORGE SWIFT & SONS LTD. Telegrams : ‘‘ Swiftly, Halifax.’ Telephone: 497 Hx. CLAREMONT IRONWORKS, HALIFAX 


AVE 


VACUUM ? —— 
tHe RADOJET” 


(PATENTED STEAM-JET AIR EJECTOR), 


FoR POWER PLANTS 


and PROCESSES. Pamphlet from 


John Musgrave & Sons, Ltd. 
Globe Ironworks, BOLTON, England, 


Telegrams: ‘‘ MUSGRAVE,” Bolton. Codes: ABC (5th & 6th Editions) and Al. 
Telephone: Bolton 1882 (4 lines). 2302 
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STEAMERS 
SHALLOW DRAFT VESSELS 
D & MARINE 


BOILERS 


rid 


LACRUUSSUS TASTE REET SREURCESSRSRCRREBADSARABeevasaseaee! 
© qm: Game a ap 0c Ge Ee Ge es 
Qheanesauasaense COSRCHRBAHERLPTACRESEAcREeeARAED, 


OTYTIIVITIIIIIII II III ry yyy yey rr 
Se Ge ac MM c awe ¢ Ge ¢ mm co Oe GO + mm eae 8 


Cais» 


HYDRO-ELECTRIC POWER PLANT EQUIPMENT 
OPERATING GEAR FOR SPILLWAY SLUICES 


LLUSTRATION shows two specially 
designed Travelling Cranes, with 


combined hand and electrically driven 


hoisting gear for operating a_ battery 
of 15’ 6” span by 9'0” deep Spillway 
Sluices as made for an important Hydro- 
Electric Power Supply Scheme. 


MAKERS : 


GLENFIELD sx» KENNEDY, 


_ nea Sco 


London Office: 39, Victoria St., Westminster, S,W.1. 


genccccocgue 


TODCORGOURSROCOUORESRATeRUBNRINNESE 
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ae | 

UA 

Cet : 

eal 


Reliability 


is a well known feature of B.J. production, and on the 
transmission side, reliability becomes an essential. The 
engineer cannot analyse reliability, and in his specification 
must estimate that reliability by the past performance of 
the materials he specifies, and the outstanding reputation 
of the manufacturers of those materials. When it comes 
to cables 


FEET ET A Sern eR SR RS en oR oo oT OOS So OOOO ooo aon on aay 
SNe ern rer SRS Ser oo Seo Oooo enon on eenenanenienann ar 


PRESCOT 2", CABLES 


relieve the engineer's mind of doubt on thescore of reliability, 
power undertakings all over the world bearing a silent 
testimony to B.I. quality. Specify reliability on your next trans- 
mission job, be it large or small, and ensure reliability with 


PRESCOT CABLES : 


BRITISH INSULATED & HELSBY CABLES, LTD., 


Cable Makers and Electrical Engineers, 


PRESCOT——LANCASHIRE. 


CE SA ERA SR on Se SS onenononanenen 


CASAS GN sal anon on Sa Snononon 


Melee leUectlcleleveveue 


ASA Sn oon aon onan oon ono noon 
SrA SA SASS on nl SAon alr nl Arora slr aAn 


SE aR Ren SRSA SR SRSA SA Sno on nord nnon on 
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Row’s Patent STORAGE CALORIFIER Storage for Hot Water. 
Row’s Patent STORAGE CALORIFIER holds a large amount of water. 


The heating surface is arranged in the lower part of the casing. Automatic 
steam may be adjusted to suit demand. Made in mild steel or copper, easily 
accessible for cleaning. Tubes with cover can be withdrawn and deposit 
cleared out. Surface double the efficiency of plain tube or coils. 


For Direct or Indirect Heating of Buildings, 


through pipes, radiators, &c., for heating water for industrial _needs— 
bleaching, dyeing, tanning, &c., and for heating water in public baths. 
Very economical—for land or marine use. Can be had with or without 


Automatic Steam Control. Row’s Patent CALORIFIERS (illustration shows 
standard pattern). 


For Heating Fuel or Vegetable Oils 


to high temperatures, and for cooling lubricating oils use Row’s Patent OIL 
HEATERS AND COOLERS. _ In forced lubrication the oil constantly needs 
re-cooling and Row’s Patent COOLERS give best results in what is often 


very limited space. 


For Quick Boiling. 
Hotels, Clubs and Public Institutions of all kinds, also Works and Mills, 
install Row’s Patent STEAM KETTLES because they give a constant supply 
of boiling water, from steam. These economical Kettles are made of copper. 
All surfaces in con‘act with water are coated with pure tin. 


(eee ere NT | 


Row s Patent 
CALORIFIER 
Standard Pattern. 


Row’s Patent Steam KETTLE. 


Row’s' Patent 
IMITE D ee 


2332 


Specialists in Steam Economy. — 
IRLAM - Near Manchester 2 Tel.: 9 Irlam. 
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Turbo Compressor coupled to H.P. Steam Turbine. 
Suction Capacity - - 10,000 cubic feet per min. 
Final Pressure - - 100 Ibs. per sq. inch gauge. 


VILICULOCELEOLELLEGSIOE, 


Exhibited at the British Empire Exhibition. 


S 


DANIEL ADAMSON 
& COMPANY LTD. 
DUKINFIELD MANCHESTER 
ENGLAND 
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FIRTH FILES 


TESTED FILES 


The illustration shows one of the File Testing Machines in use in Firth’s File Factory. : | \ 
ye File Testing Machine is designed to record the performance \N 

of files under actual working conditions. N 
By mechanical means, a Millsaw File (for instance) will file a N 
piece of saw steel of the exact hardness of the actual saw, at the 


same pressure as is used by an operator, the result being shown \ 


by means of a graph. 
By these mechanical means of testing, the division of engineering 


tasks into clearly defined groups is made possible, and Firth’s are \ 


able to supply a fully-tested and guaranteed file designed for any 
specified engineering task. ; 
The human element of craftsmanship is thus reinforced by the e NS 
precision of the machine and as a result EVERY TOOTH CUTS. 


THOS. FIRTH & SONS, LTD., 
SHEFFIELD. , 


1898 
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MARINE 
ENGINES 


MACHINE 
TOOLS 


CEH! 


FORGINGS 
CASTINGS 


NON 
FERROUS 
PRODUCTS 


DROP 
STAMPINGS 


HIGH SPEED 
-STBELS 


SMALL TOOLS 
GAUGES 


ELECTRIC 
LIGHTING- 
SETS 


HYDRAULIC 
MACHINERY 


ELECTRIC 
PLANT 


CIVIL 
ENGINEERING 


GENERAL 
ENGINEERING 


The illustration shows an A.W. Boiler 
Shell Drill at work on a locomotive 
boiler, and is typical of the many A.W. 
Machine Tools available for railway and 
general engineers. 
We invite your enquiries for 
AUTOMATICS, 
BORING AND TURNING MILLS, 
DRILLING MACHINES, 
MILLING MACHINES, 

PLANO MILLING MACHINES, 
PUNCHING AND SHEARING MACHINES, 
SHAPING MACHINES, 
SLOTTING MACHINES, 

WHEEL AND AXLE MACHINERY. 


Sir W. G. ETE KE WHITWORTH 
me 
OPENSHAW WORKS” =” MANCHESTER. 


London Office ; 
8, Great George Street, Westminster, S.W. 1. 
Telephone : Code Telegrams : 
Victoria 4010 Bentleys. ‘‘ Zigzag, Parl, London.” 
(6 lines). 


This machtne whl! AAT ANN ane inch hales per hours 


Bee o24. | ENGINEERING 


in Baer of 


- ROOFING these two houses 


Bx, rtish Goods 


HN, pe 


Wei a 


- (asbestos: A i} 


OF A PERMANENT AND RICH 
RUSSET BROWN COLOUR 
instead of Mataral Slates 


A Designed for covering house _ The dead weight of roof-load The “ENDUROL’ Tile 

roofs and possessing abold is about one third that of is Form ed from ia 
artistic appearance the Natural Slates,thus permitting Combination of 

“ENDUROL” Tile is the last the utmost economy in roof materials which grow 
word in Domestic Roofings design & structure without risk | stronger with wea thering 
LARGE STOCKS AVAILABLE FOR IMMEDIATE | 
DESPATCH IN THE FOLLOWING COLOURS. 


NATURAL GREY —- RED — RUSSET BROWN 


TURNER BROTHERS ASBESTOS COY. LTD. 
ROCHDALE ———— ENGLAND 


LONDON, 120,Fenchurch St. E.C.3. _ GLASGOW, 1I13,Vincent St. 
BIRMINGHAM, Cannon Passage,Cannon St. NEWCASTLE,4,Mosley St. 
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REGD. TRADE MARK 


BRITISH MADE 


Sir Robert Hadfield inthe !9|2Journalor 
the lron and Steel Institute showsthe Pillar 
of Delhito be pure lron of the followinganalysis 
Silicon. __ See : 046 
Sulphur. - 


Manganese. 
Copper et: oo 


Iron Pillar at Delhi which is 1600 years old is shown to be 99-72% 
Pure Iron, whereas ‘‘Armco’’ Ingot Iron is 99-84% Pure Iron. 


The durability of long lasting iron is the result of extreme purity which is clearly emphasised by the Iron Pillar at Delhi, and other 
examples of ancient iron. Purity in iron means longer life. 


In the manufacture of “ Armco’’ Ingot Iron, chemical purity is the first consideration, from the selection of raw material right to the . 
finished product every care is taken to produce a commercially pure iron of outstanding quality. 


The elimination of impurities in the manufacture of “‘ Armco” Ingot Iron, as shown by analysis, results in the production of ingot iron 
containing less than one-sixth of one per cent. of impurities, taking into consideration Silicon, Sulphur, Phosphorus, Manganese, Carbon, 
Copper and the gases Oxygen, Hydrogen, and Nitrogen. 


Other important qualities such as Rust Resistance, Electrical Conductivity, Enamelling and Welding Properties are linked with the 
Chemical Purity of “Armco” Ingot Iron. 


“ARMCO” INGOT IRON IS UNIFORM IN TEXTURE AND ANALYSIS. 


For further information write to 


The Armco International Corporation, 
PINNER’S HALL, OLD BROAD STREET, LONDON, E.C.2. 


Telephone: London Wall 5771. Telegrams: ‘‘ Armcoingot, Stock, London.” 


CEE: 

INGOT IRON IN GREAT BRITAIN.—Ingot Iron is made in Great Britain for The Armco International Dh @ 
Corporation by the Shelton Iron, Steel & Coal Co., Ltd., and The Scottish Iron & Steel Co., Ltd. By exclusive 
arrangement The Scottish Tube Co., Ltd., is the Sole producer of butt-welded and lap-welded Tube and Pipe 
from “Armco” Ingot Iron. The Whitecross Co., Ltd., is by like arrangement, the Sole producer of Wire, Welding 
Electrodes and Cold Rolled Strip from “Armco” Ingot Iron. Tyer & Co., Ltd., are Sole Selling Agents for Railway 
Companies for all British Made “ Armco” Ingot Iron Products excluding butt-welded and lap-welded Tube and Pipe. 


LANG NIEL 
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VICKERS /imicer_ 
Water Power Equipment 


TURBINES 
and all 
ACCESSORIES 
DESIGNED, 
MANUFACTURED 
and INSTALLED. 
Tenders will include 


Electrical Apparatus 
on request, 


Branch Offices : MANCHESTER, 
BELFAST, DUBLIN, NEWCASTLE- 
ON-TYNE, DONCASTER, BRISTOL, 
CARDIFF, GLASGOW, 


All enquiries to : 
Hydro-Electric Department, 


BARROW 
, eo, PPS os BrP) GINS ws ? BSG Bis ty is Sy s | F U R N E S S f 
PUDADOUAPLSUUCDAORDSOGHEGHEAGGRODPRERDRORDOOUREUAHORERORORTTMRERRERE DOD ROR ER EE 


Head Office: VICKERS HOUSE. BROADWAY, LONDON, S.W.1. 


qe hydraulic gears provide infinite 
changes of Speed without ‘steps 
from Zero to speed of Prime Mover, 
forward and reverse, with perfect and easy 
control and high starting torque. 


Thousands are in use for many purposes 
including Ships’ Steering Gears, Winches, 
Boat Hoists, Capstans, Windlasses, Haulage 
Gears, Coke Oven Rams, Wire Making 
Machinery, Textile Machinery, Riveters, 
Presses, Etc. 


Telephone: VICTORIA 6900. Telegrams: VARISPEED, SOWEST, LONDON, 


Lhe Variable Speed GearzZy, . 
Vickers House, Tar Se Broadway, ek Sil a 
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— 


Steamers. Commercial Ships. Air- 
craft. Floating Docks and Cranes. Marine 
Engines of all descriptions, including 
Turbines and Heavy Oil Engines. Large 
Gas Engines. Contraflo Condensing 
Plant and Specialities for Marine and 
Land Installations. Locomotive Boilers 
and Repairs.’ Water Turbines. Cement 
Machinery. Winding Engines. Rubber- 
making Machinery. Machine Tools. 


tL] ee ; ek oo ee ae gt Engineers) Small Tools, including 
li} | ee ie . Ss Vickers’ Vanadium High Power Drills 
| ee Fife i A Se ri iii] and Patent Adjustable Reamers. Water- 
||: et tae proof Plywood. Cardbox-making Mach- 
| ae i) i eae Ss ee | mery. Train Lighting Equipment. Motor 
: e | Bodies of all types—mass production 
methods. Etc., Etc. 


Branch Offices: MANCHESTER, BIRMINGHAM, 
NEWCASTLE ~ ON - TYNE, LEEDS, DONCASTER, 
BRISTOL, CARDIFF, BELFAST. 


Depote: GLASGOW, DUBLIN, 
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‘Works: BARROW-IN- FURNESS, SHEFFIELD. Vickers House, Broadway, 
ERITH. CRAYFORD. DARTFORD. WEYBRIDGE. LON DON,SW1.~ 
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TOR CAR 
RESSINGS, 
ORGINGS 8 
PRINGS. 


‘86 @ GED 60 GEE OO G=MDE 
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VANADIUM High Speed 

and other High Grade 
Tool Steels. Drop Forgings 
and Stampings. Surface 
Hardening by Patented 
Process. Locomotive Crank 
Axles. Straight Axles for 
Locomotives, Carriages and 
Wagons. High Tensile Steel 
Tyres (‘Australia Brand”). 
Etc., Etc. 
Branch Offices— 
BIRMINGHAM, 


NEWCAS1LE-ON-TYNE, LEEDS, 
BRISTOL, CARDIFF, BELFAST, 


Depots— 
GLASGOW, DUBLIN. 
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The British Thomson-Houston Company Ltd. 


Electrical Engineers and Manufacturers 


Head Office & Works rs * Rugby, England. 
London Office « « (@ » “Crown House,” Aldwych.‘ 


(A728) 
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HENRY BERRY & C° L7 


cROvDON works. LEEDS. 


ssi aA SS as, 


1000 TONS BERRY’S PATENT INVERTED TYPE EXTRUDING PRESS. 


This Press has three Main Features:—Reduces percentage of waste or discard, 


eames 
produces extruded sections free from defects, and effects considerable saving 


in power required to extrude. See “‘Engineering,’’ Sept. 12, 1924. Page No. 388. 


FULL PARTICULARS ON APPLICATION. 


Telephone: 20181 and 20182 LEEDS. Telegrams : Rivetter, LEEDS. 
Codes : Bentley, A.B.C. 5th Edition. 2511 


LONDON OFFICE: 38, Victoria Street, Westminster, S.W.1. 
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ez: RELIABILITY 


and an unconditional guarantee for 
5 years are obtained when E.M.B. 
UNBREAKABLE, JOINTLESS & RUSTLESS 
Resistances are specified. 


Re 
Sole Makers :— a a 


FMB THE ELECTRO-MECHANICAL BRAKE Co., Ltd., en Brommicht me EME 


1964 


FIRTH 
STAINLESS 


See our displayed advertisement in page 31. THOS. FIRTH & SONS LTD., 
i SHEFFIELD. 


INSTRUMENTS. 


1895 


FOR THE 


POWER PICANT 


WRITE TO-DAY 
FOR A COPY. 


Many important applications 
for Cambridge Instruments 
are described in our 28-nage HAMEL 


LIST No. G906. All interested ee iifeac aoe oomn 2 | 

‘CAMBRIDGE stremremint 6 A de 2 Ss 
this free reference book. bs I e| 

INSTRU MENT Co PP " — il EMT elie ca sss 


BOS Head Office... $81 GROSVENOR. PLACE assesses nnnnnnssannensvrainnunnnnn ob eee eee pea 


n am CAMBRIDGE EShowrooms’— LONDON, S.w.t. 


HENDRY BROS. (=) LTD, ‘mns*ssscs 


33-36, KING WILLIAM ST., LONDON, E.C. 4, and at Glasgow.  »»: 


Telephone ;— 


Tenntie arenes eee MANGANESE anpb SILICON COPPER. Potties Sos 

4 _.. PHOSPHOR BRONZE, Tin & copper. | 
we ral ANTI-FRICTION METALS, COPPER AND 
asec  BABBITTS AND PLASTIC METALS. 


WE HAVE NOT HAD A 


rot asvesns, CASTINGS any sIZE OR WEIGHT. ee 


Non- 
Erosive. 
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HUMPHREYS & GLASGOW, Ltd. 


38, VICTORIA STREET, LONDON, S.W. 1. 


FYDROGEN 


HIGH PURITY, LOW COST OF PRODUCTION, 
LOW COST OF INSTALLATION 


BY NEW PROCESS Spree. 


FOR OIL HARDENING, SYNTHETIC PROCESSES, AERONAUTICAL PURPOSES, &c. 


UNDERFEED STOKER COMPANY, LIMITED. 


COMBUSTION HNGINDLRS. 


eearULCO”* SYSTEM or PULVERISED RUEL. 


Patent Rights held by Underfeed Stoker Co. for various countries. 


Cross Section of the Vitry Station of the Scé. Anme. Union d’Electricité, 

Paris, where the system is being installed. There are four boilers, each 

with a heating surface of 16,678 square feet. Normal Evaporation per 

boiler per hour from and at 212°F., 140,580 lbs. Maximum Evaporation 
per boiler per hour from and at 212°F., 210,870 Ibs. 


COAL DRYER 
USING WASTE GASES, 


WORKS: 


ALDWYCH HOUSE, ALDWYCH, LONDON, W.C. 2. purey-. 


1476 


SoA Saran or snon i, A R GS O NY S Sieh ater iort footer 


CONTRACTORS TO 

yj THE ADMIRALTY 

S oo j AG WAR OFFICE 

AIR MINISTRY 

INDIA OFFICE 

MOTOR LIFEBOAT Jes Ses 

FOREIGN GOVERNMENTS 
MACHINERY : 


SUOTATIONS ANP Bis peel Ste Nell) LAS 
onneues | «SM LIGHTING PLANTS. 


STANDARD PATTERNS PASS’.B.O.T.” 


THE PARSONS MOTOR CO., LTD. 


SOUTHAMPTON, ENGLAND. 195 


GURU RLU UUM LRERURURURER 


Sr 
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“English Electric” 
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COVER INTERLOCK 


INSTRUMENTS ON INSULATING SUPPORTS—# 


rete mice 
i [* 


9 
=} ! 
L —h 
ISOLATING DEVICES bit, ¢ Bi 
INSPECTION PLATE FOR fe || LS_ HN 
OPERATING MECHANISM es} —= ae 
nC 
f = 
OIL SWITCH HANDLE—>(_____{] Jf EF 


TRIP COILS 


GUARD FOR OVERLOAD 
AND TIME ADJUSTMENT 


LEVER FOR EASY 
WITHORAWAL OF 7 
SLIDING CARRIAGE 


AIRVANE TIME LIMITS 


OIL TANK INTERLOCK 


SECTION OF CLASS "SX A" 
PILLAR, 3,300 VoLTS, UP To 
500 Amps. 


CCESSIBILITY is the key-word of “ English Electric” Ironclad Switch- 
gear :—B.E.S.A. clearances throughout; No hidden joints; Amply 
protected and interlocked; Sliding carriages interchangeable; Switchboards 


easily assembled, Small floor space. The Class S.X,D. Pillars are for 
Industrial use on small systems. 


Write for Price Lists 2110 and 2111. 


L.T.FUSES 
INSTRUMENT ON 

rere = INSULATING SUPPORT 

COVER INTERLOCK 


ee 


ISOLATING DEVICES 


TRIP COILS 


HANDLE FOR WITHDRAWING 
SLIDING CARRIACE 


OVERLOAD ADJUSTMENT 


\4——————— OIL SWITCH HANOLE 


ARCING CONTACTS 
OIL TANK INTERLOCK 


HINGED PLATE TO 
COVER LIVE CONTACTS 


SECTION oF CLass“S XD” 
PiLLaR, 3,300 Votts, uP TO 


WORKS:—- BRADFORD, 


COVENTRY, PRESTON, RUGBY, STAFFORD. 
HEAD OFFICE:- 


Queen’s House, Kingsway, London,W. C. 2. 
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SPECIF.Y 
SPENCER-HOPWOOD ‘= BOILERS 


FOR LAND AND SEA 


F you are intent on obtaining the maximum results 
from a water-tube Boiler which costs the least to run 
and the least to maintain, read the following fifteen 
points about the Spencer-Hopwood Vertical Boiler : 


VELL 


The tubes can be cleansed on 
the fire side with a lance 
while the boiler is working. 


| 
Costs no more than other 
Boilers of the same output. 


iiie 
Raises steam from cold in 
HALF AN HOUR day after 
day without any injurious 
effects. 


LX 
Most Portable. 
X, 
33% Overload Capacity, 


HI. 


Has no awkward excrescences. 


IV. 
Occupies less floor space than 
any other boiler for the same 
‘ output. 
NV; 


Has no rivet heads subject to 
high flame temperatures. 


VI. 
Is the most accessible for 
cleaning and inspection. 


BAP 
Longest Life. 


XI 
Lowest Maintenance Costs. 


XIII. 
Highest Evaporation for Size. 


VII XIV. 
The tubes are immediately Gentes Heating Surface for 
accessible for renewal, inspec- a 
tion, or internal cleaning, by : AY. 
removing the easily-handled Only five feet of Chimney 
mandoors at the side. required. 


No. 22. “ Spencer-Hopwood” Patent Boiler 
supplied to the British Petroleum Co. Ltd., 
and fitted for oil-firing (Kermode System). 
Spencer-Hopwood Boilers are built to B.O.T. 
and classification societies’ rules and tests. 
Any type of otl-burning gear fitted as required. 
British Patents 185,626; 193,182; etc. 


SPENCER-HOPWOOD 
PATENT WATER-TUBE 
VERTICAL BOILERS ~ 


No. 16. Standard Pattern ‘‘ Spencer-Hopwood "’ ARE USED yee eee 1,C00-ton Ferro Concrete Barge for Admiralty, 

{ fee x - ° aa ; supplied with “ Spencer-Hopwood"” Patent Boiler. (Stxty-stx 

working on Waterloo Bridge in connection with ALL OVE R Eb H E WO R L D ® “Spencer-Hopwood" Boilers were ies ed bai the Mainbaies 
repairs, May, 1924, Jor these vessels). 


SPENCER-BONECOURT_.. 


ENGINEERS & BOILERMAKERS, LIMITED. 
PARLIAMENT MANSIONS, VICTORIA STREET, LONDON, S.W.1 


*Phone: VICTORIA 2802-3. Works: HITCHIN, HERTS. Telegrams: BONECOURT, PHONE, LONDON. 
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WE MAKE A FULL RANGE OF 


CAPSTAN and TURRET 
LATHES — 


from 4 in. to 13 in. height 


oe 


ofcentre. This range will 
deal with bar work up to 
8} in. diameter and chuck 
work up to 30 in. swing. 


Double Tool Lay-out on a Ward 641%. Capstan Lathe for the production of 2 in. Copper 
Rings for Superheaters. The total production time complete is two minutes per ring. 


3 


WE HAVE SPECIALISED 


in the manufacture of this type of machinery for many years and havea very wide experience, so 


SEND US PRINTS OR SAMPLES OF YOUR WORK 


and let us tell you the methods we should adopt on our machines. Even if you do not require 
new machinery, we may be able to supply more efficient equipment than you are using at present. 
We shall be pleased to send a technical representative to discuss any point with you. A 


H. W. WARD & C° LT» “Stemincam. 


a, 


es eA a 


Pa 
Sapeis 


ER oe 


IAN OPTS OTOL 


om, 


JAMES ARCHDALE & Co., LTD., 
LEDSAM STREET, BIRMINGHAM. 
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Patent Inserted Joint. 
(Patent No, 3189/11.) 


Longsleeve Patent Welded Joint. 
(Patent No. 6172/12.) 


Albion Lent Flange Joint. 


SaH MMU ONNTANUTAL AULT 


0) 


i 


The Vulcan Joint, 
_ (Patent No. 16843.) 
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S/EEEEAELS 


FOR GAS, WATER, STEAM, AIR, SEWAGE, OIL, or For 
OTHER PURPOSES, WE CAN SUPPLY YOUR DEMANDS. 


ADVANTAGES OF SOME OF OUR JOINTS 


Stewarts’ Patent Inserted Joint 


The shape of the socket on this joint precludes the possibility of the lead being 
blown out by ordinary pressure, and enables the thinnest practicable caulking tool 
to be employed. The doubling of the metal at the rim of the socket gives it 
great strength where the stress due to caulking is most severe. 

For full particulars see Section W. of Catalogue. 


Stewarts’ Longsleeve Patent Welded Joint 


This joint is strongly recommended for High Pressure Gas, being specially designed 
to facilitate the welding of pipes into a continuous main by means of the oxy- 
acetylene or oxy-hydrogen blow pipe. The joint can be made without turning 
the pipes round. 


For:full particulars send for Section W. Supplement of Catalogue, 


Loose Flange Joints for Mining and Contractor’s Work 


We manufacture these joints in two standard forms, generally known as Stewarts’ 
No. 1 Loose: Flange Joint and Albion Loose Flange Joint. The former is made 
by flanging the pipe end, while in the latter, additional strength is obtained by 
working up the ends of the pipe into collars by special machinery. In both cases 
the joints are supported by Cast Iron, Cast Steel or Wrought Flanges’ recessed 
as shown, to preclude the blowing out of jointing material. 


For full particulars send for Section W. of Catalogue. 


Vulcan Joint for High Pressure Water Supply 


Welded Steel Pipe Lines. 


Specially recommended for Hydro-Electric Pipe Lines for the highest pressures, 
and made in diameters up to 6 feet. Other forms of Joints can be supplied 
according to requirements and nature of pipe work. When. sending enquiries, 
the total head and full particulars of water supply should be given, if possible, 
accompanied by a profile of the ground over which the Pipe Line will be laid. 


Full particulars on application. 


Boiler Tubes, Main Steam Pipe Installations, Loose Flange Joint Tubes, 


Manufacturers of Tubular Steel Tramway, Telegraph and Electric Light Poles, Tubular 


Steel Davits, Derricks, Masts, Steel Plates, Steel Castings, Zinc Sheets. 


STEWARTS 4x» LLOYDS, L® 


GLASGOW 


——S 


BIRMINGHAM LONDON 


FUNLUIQUIUENUUUDUQUOUVUQUOQUOUUOUHOCULCULSUUSPEULSEE TEENA 
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ELAM LULL CLOUT UOC TTT OUT UT TOTO OUTLET UOTE LL LULU LULL ILEUM KLUM UTC EU UL CU oO LeU UUUU 


Ill 


51 


52 [SUPPLEMENT page VI] ENGINEERING. [DEc. 26, 1924. 


“DAVY” ROLLING MILLS AND 
STEEL WORKS MACHINERY. 


Mills of the 
Most Modern 
Design. 


Accessory 
Machinery 
of all kinds. 


\ eversing Mill. 
DAVY BROTHERS, LTD., 
- Telephone: SHEFFIELD. Telegrams : 
4800 (5 lines.) Established - 1830. “ Motor, Sheffield.” 
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Send for copies 
of Publications: 


* Dalmarnock Trials ’* 


No. G7455/1, 


“Bristol Trials’ 
No. G7420/1. 


€,, 10y 

1 Oe kd, a, Nip 

Be eding Crege 8 recite 7 fy 
Fe pe eb Seas, Co Loe 


GROUP A. 


Station with highest 
thermal efficiency : 
GLASGOW 
(Dalmarnock). 
Equipped with twe 
“* METROVICK ” 
Steam Turbines, each 
18,750 kW. taking over 
60% of the load. 


High Pressure, Rateau Impulse 


Steam Turbines. 


HE Analyses and Summaries of the Electricity 
Commission for the year ending 31st March, 1924, 
reproduced above, gives particulars of the station with 
the highest Thermal Efficiency in each group. Glasgow, 
North Tees and Barton, head the list in their respective groups. 


GROUP B. 


Station with highest 
thermal efficiency and 
lowest fuel consump- 


tion ; 
NEW CASTLE- 
ON-TYNE 


ca Nan Tees Each of these three stations is equipped with ‘‘ METROVICK” 
MBTROVICK RATEAU-IMPULSE STEAM TURBINES, those at 


Steam Turbines, each 
20,000 kW. taking 
ALL THE LOAD, 


Glasgow taking over 60% of the load, and those at 
NEWCASTLE (NORTH Ee yes and at « MAN- 
CHESTER (BARTON) taking the entire load of their 


respective stations. 


GROUP C. 


Station with the high- 
est thermal efficiency 
and lowest fuel con- 


BELFAST HARBOUR Power Station, also 
equipped with a ‘‘Metrovick’’ Turbine, 


sumption: eR would head the list in Group D, if included 

(Barter! in the Commission’s analyses. See note. 
Equipped with three 
“METROVICK” 


Steam Turbines, each 
25,000 kW. taking 
THE LOAD 


THE Mark of Efficiency. 


TROPOLITAK 
MWickers N 


oP & Re 
PLMES 
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TRANSVERSE TESTS ON RAILWAY CMAIRS 


TEST TESTS TS TE 


“ur al VER 


THIS MACHINE HAS BEEN SPECIALLY DE- 
SIGNED FOR THE PURPOSE OF CARRYING 
OUT TRANSVERSE TESTS ON RAILWAY 


CHAIRS IN ACCORDANCE WITH THE NEW 
BRITISH STANDARD RAILWAY CHAIR SPECI- 


ul 


ME 


— 


SI 


UTE 


ESM 


UT} 


Nof08 AVERY 
‘UNIVERSAL TESTING MACHINE 
Electrically driven. 
Capacity 30 Tons. 


S10 


LTT) 


= 
Sta 


FICATION. IN ADDITION TO THIS, TESTS by GR = 
TENSION AND BENDING ON BAR SPECIMENS =q OF 


| CAN ALSO BE CARRIED OUT. 


THE MACHINE IS OF VERY CONVENIENT 
DESIGN FOR ITS PURPOSE AND SEVERAL 
CHANGES OF STRAINING SPEED ARE PRO- 
E- VIDED FOR. 


THE STEELYARD FOR INDICATING THE LOAD 
j APPLIED IS GRADUATED FROM ZERO UP TO 
y| 30 TONS BY SUB-DIVISIONS OF 1/10TH OF A 

TON. ¢ A DIALINDICATOR AT THE END OF THE 
STEELYARD FURTHER SUB-DIVIDES THESE 
GRADUATIONS INTO DIVISIONS OF 
1/100TH OF A TON. 


THE MACHINE IS AN IDEAL AND HANDY 
TYPE FOR FOUNDRY USE. 


Write for list No. 174. 


Chair being 
Tested 


Transversdyy 


ee MS MEMEMEMNEMEeNe2n2s , SS ESTES ESTES === === SSE SIH= 


= 
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“UNIT” 
~ SUPERHEATERS 


The most efficient and accessible 
Superheater on the Market. 


Every tube element is detachable. 


All parts are interchangeable. 


HEAD OFFICE: 


SUPERHEATER UNITS Ld. 


4, Castle Square, SW AWNSHA~ 
WORES: 2315 
UNIT WORKS, STRAND, SWANSEA. 
INKERMAN WoRKS - SWANSEA, 


_} Dec. 26, 1924. ] ENGINEERING. [SUPPLEMENT page Ix] 55 


1s accorded our Cranes. 
During 1922 we have 
received orders for Cranes 
from Brazil, Argentine., 
Columbia, Australia, New - 
Zealand, India , Siam v= 
Portugese East Africa, to 
name but afew. Buyers 
of Cranes for work abroad 
cannot afford to take risks; 

a faulty machine ina distant 
land is a serious matter 
for any firm. The works of 
Thomas Smith & Sons were 
established in 1320 and : ale EO , 
we are thus able to bring Sea ee 
100 years experience to bear ay a Be higstes yee 8 
in building our Cranes> — |XGH ah ea 
There is no better crane aes 


than a. Smith. 


THOMAS SMITH & SONS. 


(RODLEY) Lt? N® LEEDS. 
Londor Of fice:- 
25.VicTORIA STREET. 


PRAIRIE QL GREE SII, 


VISLOK The Reliable and only SAFETY TRIPLE LOCK NUT in the World. 


A. Self-Contained Unit, Guaranteed Automatic, Certain, Permanent and Safe. 
No Loose Parts. Always Re-usable. Cannot Damage Threads. 
Self-fitting to any Bolt. Can be Locked in any Unsupported position on any Bolt. 


UNIVERSALLY USED IN GAS, 

RAILWAY, ELECTRICAL 
AND COAL MINING 
INDUSTRIES 


NO EXTRA PARTS OR 
SPECIAL SPANNER 
REQUIRED 


VISLOK 


Safety Triple Lock Nut in the World 


SOAR EnYeRuRS |. 
ie) Ue GAT Ns Fali T 
ING Do! O RoGLE Tab Ti 


ELIMINATES : 
Nie ab Ss CrlOinss 
AND ThGH Tenn Gs 


“* Safety First ’’ Booklet post 

Sold by all Ironmongers and ae y 
: Garages. Made in Sizes from free, apply to VISLOK Ltd. 
Patented in Chief Countries of the World. tin. to 4 inches. Salisbury Sq., London, E.C.4 
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PUMPING MACHINERY 


FOR ALL PURPOSES. 


AS SUPPLIED TO 
THE FOLLOWING 


CORPORATIONS AND 
WATER COMPANIES. 


TRIPLE 
EXPANSION 
HIGH DUTY 

PUMPING 


RAND, 
LEEDS, 
MARGATE, 
MONTE VIDEO, 


CROWN AGENTS, 
METROPOLITAN WATER BOARD, 


BROKEN HILL, 


ENGINE. sEITO 
HATHORN ‘DAVEY & CO. LTD. 


LEEDS. 
Welsh Agents: BRITISH ENGINEERING PRODUCTS CO., 50, Charles Street, Cardiff. 


SCREWING 
MACHINES. 


Our Standard Lines are TUBE 
SCREWING MACHINES in various 
sizes up to 18 in. diameter, | 
BOLT SCREWING MACHINES | 
up to 4 in. diameter. We have | 
specialised in these lines for : 
almost 60 years, and can offer you 


machines of proved practical value. 


Your enquiries are solicited and 


will receive our careful attention. 


MAIDEN & Co, 7 


HYDE, Near MANCHESTER. a 


’. 
Telephone—29 HYDE, Tel. Add.—MAIDEN HYDE. 


4in. TUBE SCREWING MACHINE 
WITH SINGLE PULLEY DRIVE. 


1963 
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HEAD, WRIGHTSON & COMPANY, LID: 


ENGINEERS ann IRONFOUNDERS. 


OIL STORAGE TANKS. 


STRUCTURAL WORK of EVERY DESCRIPTION. 
BRIDGE CYLINDERS, TUNNEL SEGMENTS, &c. 


STEEL, IRON & BRASS CASTINGS. 


OUTPUT OF FOUNDRIES - - 100,000 TONS PER YEAR. 


E DALE IR N Ww K Telegrams— Also STOCKTON FORGE WORKS 
TEES rhe ats pan s, “TEESDALE, F & EGGLESCLIFFE FOUNDRY, 
y . STOCKTON-ON-TEES. Stockton-on-Tees. af 


THE ELECTRIC CONSTRUCTION Co. 


HEAD OFFICE 


INGERSOLL HOUSE, 9, KINGSWAY, LONDON. WC. 2. 
Sean 9878 Sean 
Maemo > WOLVERHAM P a: 0 Ni e TELEPHONE NOS: ve 


a 
"CONCORDANCE. ESTRAND LONDON. GERRARD 88334ND 4606. | im 
ELECTRIC WOLVERHAMPTON WOLVERHAMPTON 14551456. 
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\ FREE AIR PER MIN. 
TO 80 - 90 LBS. 
PER SQUARE INCH. 
SUITABLE FOR 
THREE CONCRETE 
BREAKERS OR 
OTHER PNEUMATIC 

TOOLS 
| SENGINEERING 
~ ~ “1, VICTORIA STREET, LONDO 


A \ 
\ NN AY 


ECONOMIC 
HANDLING 


MATERIALS 


(ROBINS SYSTEM). 


Plants for the economical 
andling of coal, ore, etc., 
embodying the most up-to-date 
practice and design, have been | 
supplied and erected by Fraser 
& Chalmers Engineering Works 
in all parts of the world. 


Enquiries invited for : 
TRANSPORTERS, BELT AND 
GRAVITY BUCKET CONVEYORS, 
ELEVATORS, HOISTS, WAGON 
TIPPLERS, GRABS, etc., and 
: Complete Handling Plants. ce 


ELECTRIC CO.LTD 
London Office: : 
ERITH.KENT “5 MAGNET HOUSE, KINGSWAY 
fmt W.C.2. 


Associated with 
ROBINS CONVEYING BELT CO., 
OF U.S.A. 
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>  MIRRLEES*""*"" 


Water Distilling 
Plants 


produce economically 
fresh water from the sea 
or other impure source. 


Output and Purity 
Guaranteed. 


3, 5 and 7 Tonsper 24 Hours PORTABLE DISTILLERS: 


ioe) 2 1 CG 1 1G 1 1 1 1 


3g0 Tons, and Under, per 24 Hours DISILLERS. 


ENGINEERS 
Head Office and Works : 


DAVIDSON 


Patent 


FLUE DUST 
COLLECTOR 


not only removes cinders from the flue gases, 
but extracts, moreover, the most minute 
particles of dust and grit. In addition, the 
Fan, which provides the Induced Draught, 
operates the Dust Collector, 
no other running auxiliary 
being necessary. 


LONDON, 
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350 Tons. and Under, per 24 Hours DISTILLERS 


Pend 
ER 
INSTALLED. Macuines. House 
DistILiep, 
ADEN 2 80. 
AFRICA, Pte 2 230 
AFRICA, B.S.W 1 180 
ARABIA 6 280 
AUSTRALIA 3 540 
CHILI v| 1400 
EGYPT 6 1135 
MASSOW AH 2 80 
MOMBASA | 50 
MUDROS 1 250 
PATAGONIA 1 100 
RUSSIA 2 70 
SPAIN 3 350 


_ MIRRLEES WATSON 


UT ae SOM PANY LIMITE TTT 


FOUNDERS 


SCOTLAND ST., GLASGOW. 


Telegrams: “MIRRLEES, GLASGOW.” 
Codes : Western Union (Universal. and 5 Letter Editions), Liebers, Engineering 
ABC (5th and 6th Editions), Al, Bentley's and Marconi. 


London Office : “Wiirrlees House,” 7, Grosvenor Gerdes Ws aster, S.W.1. 
Telegrams: “MIRRLEES, SOWEST, LONDO 


HAMMAM MMR A 


Telephones: 1780, 1781, 1782 South. 


Elimination from Flue Gases 


Over 5,000,000 
Cubic Feet of 
FLUE GASES 


is the aggregate capacity of 
all ‘‘ Davidson” Flue Dust 
Collectors already installed, 
or on order. This is equi- 
valent to the Combustion 
of, approximately, 


300 Tons of 


Coal per hour 


DAVIDSON &CO. 


: o ee “a LIMITED, SIROCCO ENGINEERING WORKS, 
ana eee BELFAST 


MANCHESTER, BIRMINGHAM, GLASGOW, BRISTOL, CARDIFF, NEWCASTLE-ON-TYNE. 


14690 


1 Ef 1 1 1 1G 
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PREMIER 


LARGE 
OIL & GAS ENGINES 


OR many years we have been actively engaged in 
fb the manufacture of High Power Engines. 
During our long and unique experience we have 
conducted many experiments, the result of which has 
been the introduction of innovations which now make 
our engines the most reliable and mechanically precise 
in the world. 


We have been responsible for the installation of many 
thousands of H.P. in all branches of industry throughout 
the world. One of the chief characteristics of our pro- 
ductions is their extremely smooth and consistent running 
—which makes them particularly suitable for direct 
coupling to electric generators. 


We shall be pleased to offer advice as to the adaptability 
of our engines to any particular sphere of manufacturing. 


THE PREMIER GAS ENGINE CO. LITD., 


SANDIACRE - - - - Near NOTTINGHAM. 


500 B.H.P. ENGINE 


Telegrams: Premier Sandiacre. Telephone: 39 Sandiacre. 
HORIZONTAL TYPES FROM 120 B.H-P. to 1000 B.H.P. VERTICAL TYPES FROM 1000 - : of - = ‘ k 
B.H.P. and UPWARDS, To use Town Gas, Producer Gas, Blast Furnace Gas, Coke Oven Gas, London Office 139-141, Queen Victoria St., E.C.4 
Etc, OIL ENGINES from 275 to 750 B.H.P. to use Crude and Residual Petroleum Oils, Direct 1388 P6 


Oil, Furnace Oi! and Tar Oil. 


HAIGHS 
BROACHER 


Up-to-date Firms 
desirous of being 
in the fore-front 
BROACHING MACHINE—Capacities up to 5in., 34 in. and 2in. square holes. Ue Broaching— 

(Full specifications upon request.) must investigate 


the possibilities of 
Enquiries solicited for work of any 


Saw Mill and Wood-working Machines of every description. description suitable for our fully equipped this machine. 
Machine Tools for every purpose. PATTERN SHOP, FOUNDRY and es 
Special Machine Tools, etc., to suit clients’ requirements. MACHINE SHOPS. onsult us on 


Steam Traps, Dryers, etc. eg IL) 8S a ° 
Ll ? , ; quantities, 
Cider Presses, Pumps, etc. andehatee: : your Broaching 


ERE DEER fie fossa KEEN Prices —quICK veLiveries, | Problems and we 
te) > =) . e e 
will give you 


Second-hand and Re-built Machines. 
guaranteed times 
for production. 


LonpoN OFFICE AND SHOWROOMS 3 | EARLY 


P17 -119; “CYVrly-ROAD) E-Gas DELIVERIES. 


OUR SPECIALITIES. 


Telephones: Telegrams: 
1273 Oldham (Two Lines). Haigh, Oldham. 
1950 Clerkenwell. Iddusons, London. 1263 
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JOHN (ee, 
HORNYCROF] 
& CO., LIMITED 


Engineers| Shipbuilders 
and Ship Repairers 


SOUTHIAMPTON 


eve 
viton to the 
descrylion 


In the centre of the Southampton Docks, we 
have established a well-equipped Repairs 
Department capable of carrying out repairs 
or overhauls to the largest vessels afloat. 
It is situated adjacent to waterside and 
dry dock accommodation and near to our 
Southampton Shipyards, forming together 
the largest organisation for Ship Repairing and 
Marine Engineering in the South of England. 


The following, among many other vessels, have 
recently passed through our hands for repairs to 


hulls or machinery, or for general overhaul :— 


“ Aquitania,” “Herculaneum,” “Kildonan,” 


“British General,” “Hoyeisan Maru,” “ Mauretania,” 


“Empress of France,” ‘‘ Kangaroo,” “Teutonic,” etc. 


SHIP REPAIRERS 
tothe CUNARD 
STEAMSHIP 
Cont 


1842 


VERTICAL 
BAND RE-SAW 


FOR DEAL RE-SAWING AND 
DEEP CUTTING WIDE BOARDS. 
Type PH. 


SPECIAL FEATURES. 


Fitted with four power- 
fully driven Feed Rolls, 
and arrangements’ fop 
Self Centring and Canting. 


Patent Variable 
Feed Gear. 


Patent Ball Bearing 
Mounting of Saw Pulleys. 


Sensitive Straining Device. 


Improved Saw Guides. 


WriTE For LeaFieT “ E 53.” 


THOMAS ROBINSON & SON, Ltd... ROCHDALE. 


. 

} 

{ 

| 

AUSTRALIA— Harbour Street, SYDNEY, N.S.W. LONDON OFFICE—Abbey House INDIA—24, Park Street, CALCUTTA. 2221 

NEW ZEALAND 158, Shirley Road, CHRISTCHURCH. 2, Victoria Street, WESTMINSTER, S.W.1. SOUTH AFRICA—12, Greenmarket Square, CAPE TOWN. 
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22 CH be ee ae eee 


see cee 
av. 


“WHARNCLIFFE HOUSE 
SHEFFIELD 


BUYERS AND SELLERS OF 


CRAP 


ALSO :-— RAILS, 
POINTS, 
CROSSINGS, 
SLEEPERS, 


WACONS AND TIMBER 
DISMANTLERS AND .. 
SHIPBREAKERS. -.«.. . 


"PHONE :—65042 CENTRAL (6 LINES)... . 
'GRAMS :—“ FERRIC,” SHEFFIELD. 
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AMMELL 
il 


ml 


ui 
l I 


vi B “== =x 
TYRES, AXLES. 


i 
lll 


Wiel ee cee Miao 


an, 


SPRINGS « « 
AND BUFFERS. 


STEEL 
CASTINGS AND 
FORGINGS. 


BILLETS. 
* * BLOOMS. 
* BARS. 


TOOL STEEL 
FOR ALL PURPOSES. 
MANGANESE 
STEEL. 


CRUSHER 
ROLL SHELLS, 
SHOES & DIES. 


PIT RAILS. 


FILES. 


11 ee 000 ——=— 


eroeee 


SSS 
3, Central Buildige, éstnintleate ————————— 


a 
=e HR 
: 

= 

= : 

: DROP FORGINGS.) 


ARE USED 
ALL OVER 
THE WORLD 


uc 


ARMSTRONG.STEVENSESON LTS coat lonpsine EncLann. 


8075 


(MUNA NRO 1110 RTI 


SANIT HATTA 
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CLARKE, CHAPMAN & 6O., Ltp., 


VICTORIA WORKS, GATESHEAD. 


GENERAL & ELECTRICAL ENGINEERS & BOILERMAKERS. 
OPECIAL FEATURES: 


Maximum ease of access for 
examination and cleaning. 

All heating tubes straight 
and of equal length. 


WATERTUBE BOILERS. 
“WOODESON’S” 


PATENTS Maximum steam _ release 
areas. 
FOR ALL DUTIES. Good Combustion and 
Circulation. 


Ease in erection. 
Telegrams: CYCLOPS, GATESHEAD. 
Large steam space. 


Telephone Nos.: GATESHEAD 773 (4 lines), 


CODES :— 
A. B. C, 4th, 5th & 6th Editions, A.1., LONDON OFFICE: 
Engineering, 1st & 2nd Editions, 
Lleber’s, Broomhall’s, Moreing & Neil’s, Watkins, 116, Fenchurch Street, E.C. 3. 


Western Union, Marconi International T 
y 7 wo Woodeson Patent Water Tube Bollers In course s—" ” 
Bentley’s Complete Phrase Code, and Private. of erection. Telegram! Cyclops, Fen, London. 


2712 


HEAVY DUTY 


_ SQUIRREL CAGE 
MAXTOR for Auxiliary 


SLU Drives in 
Moraes Steel Works. 
TYPE MT6 (reversing up #0 1000 times an hear). 


Rigid, rugged, reliable motors for rough locations 
Ae. ter dl : LANCASHIRE SQUIRREL CAGE MAXTORQ MOTOR, TYPE MT6, 
and rigorous loads repeatedly reversing. DRIVING SAW ROLLS ON ELEVEN-INCH MILL. 


e 
oe LANCASHIRE ‘oroecon} 
Send for List 701. estcited wi CRYPTO ant 


Trafford Park, MANCHESTER. Willesden, LONDON, N.W: 10. 
LONDON OFFICE & EXPORT DEPT.: 28, VICTORIA ST;, S.W.1. D.R.K, 117. 
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TRUE ECONOMY IN AIR COMPRESSORS. 

The true value of an Air Compressor is determined by its overad/ efficiency, 
i.e., the ¢o¢aZ cost per cubic foot of compressed air actually delivered. 

BROOMWADE -AIR COMPRESSORS deliver the maximum amount of 
compressed air per HP. taken; they are economical in lubricant and give long 
trouble-free service with the minimum of attention—moreover, their first cost is 
competitive. 

They are built in all sizes up to 1,200 cubic feet per minute—any type or drive, 
fixed or portable units. 

LET US SEND YOU OUR CATALOGUE. 


BROOM & WADE LTD. & 


CdMPBELL 


CoLD STARTING VERTICAL OIL ENGINES 


THE CAMPBELL 
was the first 
Vertical Oil Engine 


of the Solid Injection Cold Starting 
Type to be put on the Market. 


It Runs on the Lowest Grade 
Fuel Oils of 0°96 S.G. 


Standard Sizes : 


320 B.HP. ENGINE with 3 PHASE ALTERNATOR. One of THREE SETS running in parallel, 70 TO 650 BRAKE HP. 


LONDON: 


THE CAMPBELL GAS ENGINE COMPANY, LTD., HALIFAX, ENGLAND. 


73A, QUEEN VICTORIA STREET, E.C. 4. GLASGOW: 19, WATERLOO STREET. CALCUTTA: C3, CLIVE BUILDINGS. 


CONSUMPTION 0-43 LB. PER B.HP. HOUR. 


1807 
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DUNCAN STEWART & CO., Ltd., 


_ tists sue. LONDON ROAD IRONWORKS, GLASGOW. 2" 


STEEL WORKS 
PLANT. 


Patent Rolling Mills, 
All Types and Sizes. 


HYDRAULIC 
MACHINERY. 


Patent High-Speed Steam 
Hydraulic Forging Presses, 
160 to 12,000 tons, 


Vertical and Horizontal Rolling 
Mill Engines, with new 
Single Lever Gear. 

(Patent applied for.) 


Bloom, Slab, Billet and Plate 
Shears, Steam-Hydraulic 
and Electrically Driven, 


Hot Saws. 


Armour Bending Presses, 


High-Pressure Hydraulic Pumps, 
Electric and Steam Driven, 


Accumulators, : 
All Types. 


Shaft Straightening Presses. 


Ingot Stripping Cranes. 


Steam Hammers. Troughing Presses, 


Tube Drawbenches, 
&c., &c. 


&c,, &c. 


1jin. x 8 ft. Improved Steam-Hydraulic Plate Shear 


ED TENUOUS UU eas, GT 


| 
= 
ry 


CHAPLIN 


j 
2 

E 

: 5 
Built 2 
by 7 


AT 
BELFAST, 
ARDROSSAN, 
GLASGOW. 


ANU BT TTC TT TAT TO A TB TAT 


ALEX. CHAPLIN & CO., LTD., 
Govan, GLASGOW. 


ill 010 TM NH TP A A; A A 


1910 


Hasan ' a ea see 


Sn nn 
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Rees 
mS Sas 


Fite 


l 


} 


a a 
fee A) 
g FPP 77) 


NT 


ADVANTAGES. ONE MAN CAN 
—— CHARGE 
samen PATENT (Furnacez-Muffle)  “: 
LABOUR. Eee -t DISCHARGE 
he CHARGING MACHINES .,....: 
(( TIME. hat — 20 ft. Oin. by 5it. Oin. 
< PURNACE REPAIRS. ee ‘2 FURNACE 


INCREASED OUTPUT With 2 tons of Sheets, 


PER FURNACE. GIBB ONS BROS Lop. DUD LEY re ae ee Z 


—S 


BETTER QUALITY § = (O7/raLors Lo Admirally War Office FolenleeseLuilders WITH 
OF PRODUCT. Telegrams: “GIBBONS LOWER GORNAL. Ye/ephone:2450 DUDLEY(Glins) ——-“ THIS. MACTTINE. 


MARINE ENGINES & BOILERS. 
WEIR PUMPS, WINCHES. 


Generating Sets, Electric Fans, 
STEERING GEAR. TANKS. 
Plates, Planking. 


MACHINE 
TOOLS. 


Catalogues 
Free. 


CRANES. 
LOCOMOTIVES. 


CONTRACTORS’ PLANT 
RAILS and Accessories. 


STRUGTURAL STEELWORK. 


Non-ferrous METALS. 


SCRAP IRON & STEEL. 


OLD WORKS AND OBSOLETE PLANT DISMANTLED 
Weick DLE bl LER wohREET, F.C. 3. 1419 


® 


LONDON 
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EMPIRE PATENT “‘DIRECT’’ LUBRICATORS|| Multiple-Flow 
For DIESEL and other ENGINES. : Superheaters 
MADE IN ANY NUMBER OF FEEDS. 


Also supplied with Direct 


. Wrought Steel and Circular Section 
Lever and Pulley Drives. & nro chou 


HAVE YOU ANY LUBRICATION Weldlecs (Stecltobes. 
PROBLEMS? THEN WRITE 10 he Re 
Accessible—E fficient—Durable. 


EMPIRE Ae C0. 
(MANCHESTER), LTD., 
Empire Works, — (;ALLOW 


Salford, Manchester. MANCHESTER 
:Telephone s 339 PENDLETON. | ENGINE BUILDERS aad BOILER MAKERS, 


A Telephone 6312 Central. 
Telegraphic Addresss es London Office: 120, Mansion Heuse Chambers, 11, Queen Victoria Street, B.C. 4. 
“ APPLIANCES, MANCHESTER.” 


LIDGERWOOD | 


CABLEWAYS. 
MINE HOISTS. 
HOISTS. 


LIDGERWOOD, GRABS. LONDON WALL 
LONDON. WINCHES. 6192, 7422. 
PILE DRIVERS. 


Reduce condensation and Coal bill. 


© weed Francis Turbines and 
Pelton Wheels. 


Oil Pressure Governors. 


oF>xnOmM-m 
omzoLlumrm 


DERRICKS. ‘<5 Ww, GUNTHER & SONS 
5 ed CENTRAL WORKS, OLDHAM. 


2023 
L i D G E i W 0 0 a Ltd. j =| ee Established 1869. 


FRIARS HOUSE, NEW BROAD STREET, LONDON, E.C. 2. 9.0 do00q00000000000000000000000000000000000000nN00n 


GEARS. / “ALVES 


MACHINE CUT OR MOULDED. 
We specialize in this important 


ALL DESCRIPTIONS 
FOR ANY POWER OR SPEEDS. steam auxiliary for high pressures 
“tt ene and superheated steam. 


DOUBLE HELICAL GEARS Ian 
A SPECIALITY SAFETY, VALVES: 
; STOP VALVES. 
REDUCING VALVES. 


Cast Iron or Cast Steel Bodies. 
Specify your requirements. 


A. COCKBURN & Co., 


DENNISTOUN, GLASGOW. 


Hoo0cn0o00o0n0on0n0o00G0CoOHPoCoOoOGCoGoCoOg0g G00 000000000 


(SEE NEXT WEEK’S 
ADVERT.) 


bo 
=I 


2078 


LLEWELLAN’S MACHINE CoO., Bristol, ENG. 


CO Refrigerating Machines| SCOTT Bros. (Halifax), Ltd. 


MULTIPLE EFFECT COMPRESSION) © West Mount Iron Works, ele Yorks. 


Specialists in 


bade PUNCHING eg 
d 
PRE-COOLING BY PRIMARY s Tease t Nie SHIPYARD 
EVAPORATION MACHINES 
and and 
se ts ep ee, BOILER 
Constructional MAKERS’ 


CONDITIONS. 2484 Engineering 
Machine Tools. 


TOOLS.. . 


Write for Free Mittra le : ee 
DARTFORD RGERS ENGLAND | _ Illustrated ae 
: : Catalogue. 1850. 


2337 


ESTABLISHED 
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MACHINE CRANES 


CUT 
ALL TYPES. 


WHEELS. 
ELECTRIC, STEAM, HYDRAULIC, HAND, 
WORM AND SPUR one 


REDUCI 
NG GEARS, SHIPYARDS, DOCKS, STEEL WORKS, ETC. 


The REID GEAR 60.. JOHN GRIEVE & C°- 


LINWOOD, *«: MOTHERWELL, SOOTLAND. 
near PAISLBY. 


A. & W. DALGLISH, 


WEST OF 
SCOTLAND’ BOILER 
WORKS, 


Pollokshaws, 


CLASCOW. 


MARINE, 

DRYBACK, 
LOCOMOTIVEand | &2—~ 
MULTITUBULAR | >5*2—~ 


DereGRaMs—Evaporate, Pollokshaws, 
Coprs—A B C, 5th Edition. 


! 


BOILERS. a ae 4 
“fe 5 Colonial Pri ay any aieascion ee aan: it fr 
ALL SIZES. ees Se rltai for Wiaiveted folder AA>ami tn 
C Patentess and Sole Kanafasturere— 
iy whee cr CARBIC LIMITED, 51, Holborn Viadect, Loadea, E.C.L 


MADE BY THE Sh ro 
T 
Maeeoves P “a Ti 


/ - 
° u',4 a " 
MACHINERY a Eh 4 ub 


Plenty Marine Steam Engines 
: Triple Expansion & Compound 


SECURITY THE “BOSS” FULLWAY 


GATE VALVE 


Condensing Type 


Built in all sizes trom 30 to 1000 I-HP., including light machinery tor 
Stern Wheel and Paddle Boats of Light Draught. 


Also builders of :— 
PLENTY MARINE OIL ENGINES AND 
PLENTY STATIONARY OIL ENGINES 


Full particulars of Plenty Engines on application. 


LESTY 


Iren Werks, Newbury, Berks. 
lelepbone : Newbary 7. Telegrams : ** Plenty, Newbury.” 


TELEGRAMS: 
“CLYFOUNDIC.”’ 


ENQUIRIES 
SOLICITED, 


HARLAND 
AND ALL 


WOLFF, Loo. 


CLYDE FOUNDRY, 
GOVAN, GLASGOW. 


DESCRIPTIONS. 


is fitted with bronze faced parallel discs, working against renewable 
bronze seats and operated by cams revolving in wedge shaped 
trunnions between the discs. 

In closing the valve, the discs bearing the gunmetal move freely 
down until opposite the valve ports. The cams engage with lugs 
cast inside the sody, bringing into action the wedge shaped trunnions 
which press the gates apart on to the seats, without injury to the 
faces and rendering the valve 


DOUBLY SECURE 
AGAINST LEAKAGE 


The first movement of the spindle in opening the valve releases 
the trunnions and the gates move freely up with no tendency to stick 
or grind. The valve is made in all sizes from 2 up with screwed 
or flanged ends. 


BRITISH STEAM SPECIALTIES L”: 
BEDFORD STREET, LEICESTER. 
For all Types of Valves, Steam Traps and Fittings. 


KELVIN ENGINES 


70 STANDARD ARRANGEMENTS 
WITH OR WITHOUT 


RADIATOR COOLING. 
3 to 60 HP. on PARAFFIN or PETROL. 


For AIR COMPRESSORS, 
DYNAMOS, PUMPS, HOISTS 


and all jobs requiring a 
power unit of absolute 
dependability. 2251 


Complete Manufacturers— 


THE BERGIUS 
COMPANY, L"™. 


254, DOBBIE’S LOAN, + 
CLASGOW. 


KELVIN 
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ALL BEARINGS 


We are happy to send——— 


ON APPROVAL unconditionally 


either type——but strongly recommend the 


GRAVITY LOWERING as a real TIME SAVER. 


AON Sear. 


Ghey started together 
lowering equal loads 


1886——237 years EXPERIENCE——_]923 


Ball Journal Bearings ‘ 
. \i 
Ball Thrust Bearings yo 
SURELY4 Nd 

The Roller Journal Bearings ao 

rest x yi” 

. Steel & Metal Balls QV 27 

obvious. 


The Auto Machinery Co., Ltd., 


Uelephone: 153 (2 lines). Codes : Western Union, 


Telegrams: Auto, Coventry. Coventry 9 Eng e ABC (5th Edition). 


ELECTRIC INDEPENDENT 
FORGE & FOUNDRY 


CRANES 


Bees ees faci, 


- Photo of Crane to lift 12 Tons at 20 feet radius. 


WHARTON [r>- HOLT & WILLETTS: 
H. WHARTON, Livy ee OO oe 
RHDDiss Stockport. ” CRADLEY HEATH 
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| Brown & Sharpe” 


Screw pitch gauge ae 


B.A. threads. 


made for us, 


Especially 
to meet the demand for a 
gauge of maximum accuracy. 


11 Blades for 0-10 B.A. standards and one thread 
tool gauge 47°5° 


In addition the number of threads per inch is 
marked on each blade. 2049 


Price 10/- 


Essential for those specializing in 
Wireless avd similar work. 


o Yy NW Le .N 
Fj kainic fo LIMET fen 
a a eNnOn ONES 


MARINE & LAND PUMPS. 


OUR SPECIALITIES ARE STRONG 
and COMPACT IN DESIGN — OF 
BEST MATERIAL and WORKMAN- 
SHIP — EFFICIENT and RELIABLE 
IN SERVICE 


THE 


“DAWSON ” PATENT DIRECT-ACTING 


FEED PUMPS, 
AIR PUMPS, 
SERVICE PUMPS, 


IMPROVED DUPLEX PUMPS 


VERTICAL or HORIZONTAL 
TO SUIT ALL PRESSURES. 


MOTOR DRIVEN PUMPS 
FOR 


DIESEL ENGINES, 
LAND STATIONS, 
- MINE PUMPS. - 


DAWSON & DOWNIE, Lv: 


CLYDEBANK. 


DAWSON FEED PUMP. 


Telephone— 


Telegrams— 92 & 93 CLlyDEBANK 


“Pumps, CLYDEBANK.” 


EN GEN EE TOUNG: 


LOCKWOOD 
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ABOUT 


Double 


elica 


DBS Turbine Reduction Gear 
for Rope-driven Textile Mull, 


2,100 AtP, 


da aa ABOUT 


TURBO GEAR GENERATION. 


The extremely high efficiency and quiet, vibration- 
free running of DBS Turbo Gears is due to the 
unusually accurate methods and machinery employed 
for their manufacture. Patented DBS Generators 
bristling with accuracy features produce a perfect involute 
tooth form. 


The Index Wheels of these machines are without 
doubt the most accurate in existence. The special 
cutters are themselves generated and ground dead true 
to profile—an exceptional step for accuracy. 


The Wheel Blanks during cutting are mounted ona 
rigid one piece stand which is turned truly parallel to the 
machine base, upon the actual machine itself. 

Contrast with this the more usual and less accurate 
method of a series of independent stands arranged round 
the wheel rim. 


DBS accuracy methods demand that the wheel shall 
be cut with shaft in position so that pitch circle and 
shaft centres shall exactly coincide. ‘The method of 
removing a wheel from shaft for cutting does not 
guarantee sufficient accuracy. 


(To be continued.) 


i 
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DAVID BROWN & SONS 


HUDDERSFIELD 
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EG Cast-Iron Cutting by 

= Dissolved Acetylene. 

[Ate . . 

igm@| The cutting of cast-iron by the Oxy-Acetylene process was for 
Pi, long considered impossible because of the rapid formation of 
Ls Oxide under the flame. By means of Dissolved Acetylene, 
A combined with Oxygen, cast-iron can now be cut as readily as 
steel, owing to the aid rendered to the Oxygen by the high 


pressure of Dissolved Acetylene, which burns away the Oxide as 
swiftly as it is formed. Evidence is supplied in the photograph 
reproduced above. May we supply you with further details ? 


Alen Liversioge LiO 


Victoria Station House, Westminster, S.W. 1 2258 
Tel. : Victoria 9226. 


CCCEELEEEEEES 


Tele.: ‘‘ Aceterator, Sowest, London. 


ZZ 
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Compare the durability of a riveted water-tank with 

that of one welded with 
Whitecross - Armco 
Ingot Iron Electrodes. 


Corrosion from within—no less than corrosion from 
without are both resisted to the utmost in a weld 
made with these electrodes, for the welded portion— 
strange as it may seem—is actually stronger and 
more resistant to corrosion than the rest of the tank. 


| That is one of the perfections which no 
other electrode can possibly give you. 1596 


THe WHITECROSS 
COMPANY LIMITED 


WARRINGTON 


Telephone NO® 


alelagcans:. 
'WHITECROSS WARRINGTON 
“ABERCROMBIE FEN, LONDOW 


9.19.H.12.8 
(LONDON) .657 avenut, 
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We 

are 
Makers 

of 
Accurate 
Measuring 


Appliances. 


OLD WAY :—Delicate refinement, too costly for use 


—kept in the safe to maintain accuracy. 


OUR WAY :—Sturdy accurate under 
working conditions, reaches the workshop because 


the price is right. 


refinement, 


Our Workshop Slip Gauges and End Bars build 
up all sizes from *2” to 40” in steps of 1/10,000’, 
each size intrinsically true to 5 parts in a million. 
We are pioneers in Workshop End Measuring 
Bars that entirely supersede old type measuring 
machines. Half the cost, vastly increased 


application. 
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Write for Catalogue No. 3e to: 


PITTER GAUGE & PRECISION TOOL CO., Lid., 


WOOLWICH, 
LONDON, S.E.18. 


’Grams: 


“* Exactomet, 
Wol, London.” 


SIMON-CARVES’ system 
or COAL DUST FIRING 


METALLURGICAL or 


*Phone: 
Woolwich 
427. 


applied to your 


BOILER FURNACES 


will 


YOU MONEY. 


OUR 
UNIT TYPE 
APPARATUS 
IS OF MASSIVE 
CONSTRUCTION 

FOR HEAVY DUTY. 
DEALS WITH 
LOW GRADE, 
CHEAP COAL 
WITH HIGH 
COMBUSTION 


EFFICIENCY 
THUS 


REDUCING 
FUEL COST. 


SAVE 


Part of Simon-Carves’ Unit Pulverising 
Plant installed at Peterborough Cor- 


poration Electricity Works, firing 


Water Tube Boilers, 


SIMON-GARVES L™ 


20, MOUNT ST., 
MANCHESTER. 
2481 


DEc. 26, p Dec. 26, 1924. ] 


THE BUTTERLEY CO., Ltd. 


DERBY. ESTABLISHED 1719. 


Telephone—Nos. 75and 76 Riper. Telegrame—“ I[RonwoRKS, BUTTERLEY.” 


PIG IRON, BAR IRON, IRON CASTINGS 


Up to 2O Tons. 
pred IIIS Reales ON TAR EL 


= «Bridge and 
Structural 


Steelwork, 
Pit Trams, &e. 


High-class 
Machine Work of 
all descriptions, 


Special Acid- 
Resisting Metal 


FOR 


Chemical Plants. 


Large Retorts, 
Pans, Acid Eggs, 
&e,, a Speciality, 


LONDON OFFICE: 52, Queen Victoria Street. Telephone—2180, Crry. 


9660 


il 


GUNPRRETNQUANENOUTUOSOGQESEOEQDUATONUA Ga 


ELECTRIC OVERHEADS OUR SPECIALITY. 
Any other type also supplied, 


JOSEPH BOOTH & BROS., LTD., 


Send us your enquiries. 


TET TT 


RODLEY - : 


LONDON REPRESENTATIVE: 
W. CAIRNS BOOTH, Parliament Mansions, Victoria Street, London, S.W. 4, 


DUSUSGLAAUOUEANALUOAUEUUGSABSSGAUEOCAUAANA OU ALEOUEEEOOOESOAUUOCOAOGEGOOD EES OAOEEOOOUEGOOOEEOAOUEEOOUUCUOOUUROORRR*APAAALEOOAIANSAUNAEOOOULSL 


2012 


RPL STTECNTNCGTLENS HST TET TENT 
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UDDEHOLM, B'HAM. 
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For 
Transport & 
Storage of 
Spirit 
Oil Fuel, 
etc. 


Chemical 


Manufacture* 


Dyeing and 
Bleaching, 


Transformers 


etc. 


All sizes and 

Shapes from a 
few Ibs. up to 
20 tons weight. 


PL Pee 


THOMPSON BROS. (BILSTON) LTD., 


Bradiey Engineering Works, Bilston, Staffs. 


UDDEHOLM 
Swedish Charcoal Steel. 


WE KEEP A 


LARGE 


STOCK OF 


HIGHEST QUALITY 


SWEDISH ACID BESSEMER 


IN SHEFFIELD AND CAN SUPPLY 
FOR IMMEDIATE DELIVERY: 


12 ine 
3in. and 6in. SQUARE BILLETS 
6in. by 2in. SLABS, 


IN ANY CARBON FROM ‘60 to 1°10%. 


INGOTS, 


PLEASE ADDRESS YOUR INQUIRIES TO US AT: 


16, SAVILE ST., SHEFFIELD. 


TELEGRAMS: 


TEL. : CEN. 663. 


UDDEHOLM GENERAL AGENCIES Ltn. 


MIDLAND 


III, NEW ST., BIRMINGHAM. 2810. 
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NORTH BRITISH LOCOMOTIVE CO., Lio. 


HYDE PARK WORKS QUEEN’S PARK WORKS ATLAS WORKS 
(Late NEILSON, REID & CO.) (Late DUBS & CO.) (Late SHARP, STEWART & Co., Ltd.) 


ADMINISTRATIVE BUILDING, 110, FLEMINGTON STREET, SPRINGBURN, GLASGOY 


Telegrams —“ LOCO., GLASGOW.” 
Tel. No.: Victoria 6858. LONDON OFFICE: 18, VICTORIA STREET, WESTMINSTER, S.W.1. Tele. Address; ‘‘ Hypar Sowest, London.” 


BUILDERS OF ALI HINDS OF 


LOCOMOTIVE ENGINES AND TENDERS SUITABLE FOR ANY GAUGE OF RAILWAY. 


Annual Capacity, 800 MAIN LINE LOCOMOTIVES. — Output now exceeds 23,000 LOCOMOTIVES. Workshops equipment, 8000 ME} 


DICK'S ORIGINAL BALATA BELTING 


ENSURES BEST SERVICE 


ASk any uSer. He knows. 


MARK | 


gcpamem R.«J.DICK, Lt, 2h 


A6) SMATLING SIRES ET) Uh eee ee TORY & HEAD OFFIC 8, NEVILLE STREET, NEWCASTLE-ON-TYNE. 
200 CORPORATION ST. - BIRMINGHAM. GREENH EAD WORKS, G LAS S 5G OW 46, ST. ENOCH SQUARE - GLASGOW. 
132, VICTORIA STREET - ° BRISTOL. AMERICAN FACTORY. PASSAIC, NuJ., 27, ALBERT SQUARE . DUNDEE. 
10, CORPORATION ST. - MANCHESTER. BRANCHES AND AGENTS THROUGHOUT THE WORLD. 16, NORTH STREET - BELFAST. ,), 


HUDSWELL, CLARKE & GO., LIMITED 


RAILWAY FOUNDRY, LEEDS. 


perAsAetih 


For Main or Branch Railways, Contractors, Ironworks, Gollieries, &c, | Made to suit any Gauge of Railway, 
OTS ye Ara aeaaunigs peal de 


| 
Telegraphic Address 
LOCO, LEEDS. 


Established 
1860. 


| 


| 
} 


PRICES, PHOTOGRAPHS AND FULL SPECIFICATIONS ON APPLICATION. | 


weaxuns or EOODGERS PvuLLLEa YS 


(REGISTERED). | 
WROUGHT IRON THROUGHOUT, RIM, ARMS, AND BOSS. i 
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R. & W. HAWTHORN, LESLIE & CO., LTD. 
LOCOMOTIVES 


Of every description for Home and Foreign Railways. 


TANK ENGINES AND COMBINED 
CRANES AND LOCOMOTIVES 


ALWAYS IN STOCK AND IN PROGRESS. 


For Collieries, Ironworks, Railway Depots, Branch Lines, 
Contractors, &e. 1864 


Telegraphic Address : 
LocoMOTIVE, NEWCASTLE-ON-T'YNE ESTABLISHED 1817. 


MARINE ENGINEERS AND SHIPBUILDERS. NEWCASTLE-ON-TYNE. 


THE HUNSLET ENGINE CO., Ltd. 


LWW Ds. 


MAKERS OF 


LOCOMOTIVE ENGINES 


adapted to every variety of work and gauge. 


Also Manufacturers and Proprietors of + 


THE SEABORNE INTERCEPTOR 


for Screw and Centrifugal Pumps. 


Designs and Specifications supplied or worked to. 


Quotations and Specifications on application, 


1176 


Telegraphic Address: “ ENGINE’”’ LEEDS. 
Telephone: Nos. 20877 (2 lines). 


PECKETT «SONS, L” 


BRISTOL. 


Telegrams a - Peckett, Bristol. 


SPECIALITY 


TANK LOCOMOTIVES “== 


Of all Descriptions and any Size or Gauge. 


Ful§ Particulars on Application. 1920 


UT 


We are the Largest 


Buyers of Non-terrous 


pew Ai NE LAL 


and are always open for 


SCRAP BRASS, GUN METAL, COPPER, 
TURNINGS & BORINGS erc.etc. 


‘DDARNARD ® SO 


GLYN“ STREET? VAUXHALL» LONDON: S.E. JL. 
Telephone: FIOP 4520. 
PLL 


a 
= 
= 
= 
= 
= 
= 

= 
= 


Telegraras; “METALCIBLES” 
I: i 
LONDON. quill 


WUT UL 
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MOTAERWELL 
Telebraphic Address: 
“BRIDGE , MOTHERWELL” 


Telephone Numbers: 


21s AQ sag Abe rs 


LONDON ADDRESS: 
B2Nicloria Bireal, &.w.1. 


° Munroe 
4185, Victorias] |i 
: iv 
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STRUCTURAL 
: WORK. 
“7 BRIDGES, 
BUILDING 5S, 
* ROOES.,. + 
. JSETTIES, PIERS. - a 
kb CAISSONS' PONTOONS, @ 
* DOCK GATRS,- - 
OIL STORAGE TANK 
rt WATER TANKS - - 
‘sand TOWERS, - - 
y PRESSED . 
* TROUGH + - 
* * FLOORING, 
PRESSED + - - 
+ STRWEL - . § 
- + SLEEPERS. 


uA oy aiaielee® 
Ate SS 


8 


i SHAHN UE HI 


ILLUSTRATION OF 14 in, SLOTTING MACHINE, 


FOR HIGH CLASS 
MACHINE TOOLS 


Send your enquiries to 


Noble & Lund, Ltd., 


Felling-on-Tyne. 
Specialists in Planing Machines. . 
* ,, Cold Sawing Machinery. | 
} , High Speed Friction Saws. 
* ,, Lathes. 
% , Drilling and Boring Machines 
es ,, Slotting and Shaping Machines. ™ 
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The “BEAM” COMPOUND .... 
STEAM PUMP 


For HIGH-PRESSURE BOILER FEEDING. 


The most ECONOMICAL FEED PUMP yet brought out. 
COMPOUND STEAM CYLINDERS. 

OUTSIDE PACKED RAM TYPE. 

The Result of a HUNDRED YEARS’ Experience. 


JOSEPH EVANS & SONS 


(WOLVERHAMPTON) Ltd. 


CULWELL WORKS 
acaeieaty WOLVERHAMPTON. 


ON APPLICATION. Telegrams :—‘‘ EVANS, WOLVERHAMPTON. ’’ 
Telephone :—39 WOLVERHAMPTON 


LONDON: Craven House, Kingsway, London, W.C. 2. 


Telephone No.: Gerrard 7044, Telegraphic Address: ‘'Dryosbo, Westcent, London." 


1911 


THE “ ARROL-WHITAKER” NAWVY 


Steam or Electric Power. 


MOUNTED ON ROAD OR RAIL WHEELS OR 
CATERPILLARS. 


CERTAIN SIZES IN STOCK—PROMPT DELIVERIES. 


SPECIALLY DESIGNED ROTARY TUNNELLING 
MACHINES AND TUNNEL SHIELDS. 


CRANES OF ALL TYPES FOR DOCKS— 


HARBOURS, WHARVES AND 
ENGINEERING SHOPS. 


No. 20 Steam Navvy at a Cement Works, 


SIR WILLIAM ARROL & C®°- LT. GLASGOW. 


(London Office:—59, PALACE ST., VICTORIA ST., WESTMINSTER, S.W. 1). 2160 


New Zealand Agents: Messrs. Cory-Wright & Salmon, Wellington, N.Z. 


8, [SeFrnmmenn pees a eee NGIN AVE RNG Ee ee 


TO 


IRON ann STEEL WORKS 


BRIQUETTE “~~ ORES 


AT SOURCE AND THUS 


‘SAVE 40°), FREIGHT, & SMELTING COSTS | 


WM. JOHNSON & SONS ee LTD., ARMLEY, LEEDS. 


PONTIFEX & WOOD, Ltd. 


REMOVED from phon Works, Shoe Lane, LONDON, tc UNION FOUNDRY, DERBY. 


Lonpon OrricE: 175-177, SALISBURY HOUSE, LONDON WALL, E.C. 


STILLS ano 
== DISTILLING PLANTS — 


FOR ALL PURPOSES. oa uae 


Awarded Grand Prix, Franco-British Exhibition, London, 1908. 


| FORGINGS 


FOR THE ENGINEERING TRADES MADE IN 
STEELS ‘0 any analysis, special attention being paid to the heating and working of Carbon, 
———————_ Nickel, Nickel Chrome, Chromium, Chrome Vanadium and other Alloy Steels. 


HEAT TREATMENT carried out under the direct supervision of our laboratory to meet all 
Engineering Standards Committee, Air Board, Admiralty, War Office, and other 
Specifications and Tests. 
SuWD TOUR BENQUIRIES TO- 


The Smethwick Stamping Company, Limited, 


BRIDGE STREET, SMETHWICK. 


LOCK WOOD &CARLISLE,Ld. 


HAGLE FOUNDRY, SHEE ELEXZD. 


Telegraphic Address : « PISTON, SHEFFIELD.” National Telephone: 1376. 


1526 


ge Douplesaeton Metallic Piston Packing sake % Springs : 


CARLISLE’S PATENTS 


pull se 
po LTT 


i SPECIAL FACILITIES FOR Quick H OF URGENT ORDERS. 
TTA 
Improved Double-action Piston Valve Rings. As Fittedin § S.S. * BRITANNIC.”’ High Steam Pressure 


H.P. Rings and Peas eke dorian for | 


| 
i 
| 


~_ 
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TUBES LIMITED 


ae OE SoG BES “tore ROLILR Raw and STEAM «= PIPES 


LOCOMOTIVES & THE ENGINEERING & MOTOR TRADES. 
Works: ASTON MANOR, BIRMINGHAM. Tele { Ems: Crumoens 


phone: No. Ort ix Oye EC, tinen. 


SHEARING GRINDING SAWING SMALL 
‘ Bee bai sage dae De Seon 2 ASE oh 


2505 


NEW & RE-CUT. “isc senewina 3 qin. ee & WEAVER, COVENTRY. 
ROBERTSON’S LYNTON BEDFORD. P_Tecernme: “Precision.” Engineers & Tool raaeere ‘Phone: 952 Coventry. g 


365) 


SANKEY EXECUTE ORDERS QUICKLY, 
ACCURATELY AND ECONOMICALLY. 


The Sankey Plant is equipped to produce stampings and pressings 
—~or any desired combinations of pressed rivetted and welded work 
either with or without machining. If required, pressings and stampings 
can also be assembled into finished articles, 


Special orders to specification are turned out with the minimum delay 
consistent with quality and careful work. We shall be pleased 
to quote for your requirements. 


JOSEPH SANKEY & SONS, LTD., 


Hadley Castle pcrKs, - - Wellington, Shropshire. 
Telegrams—“ Sankey, Wellington, Shro opshire.” 2109 Telephone—66 Wellington, Shropshire 
LONDON OFFICE: - - Mr. R. JENKINS, Ulster Chambers, 168, Regent St., W.1. 


Sac 
STEEL WORKSHOPS CRANE GIRDERS, OIL TANKS, 
PIERS, JETTIES, PONTGONS CAISCONS, HAMILTON= 
§ = STEEL TELEGRAPH POLES, STRUCTURAL STEEL W’ 


LIVERPOOL 
LonvonOrrice }7 VICTORIA STREET. SW 


QmPpAcHAcHmHHNE 


JOH H NG T | O ty | PSO A (WOLVERHAMPTON) =; D. WOLVERHAMPTOR 


meee BESET on sna come gs CORRUGATED SECTIONS FOR LAND 


BOILER 2 30ft. x 8ft.6In. x 120 Ibs. W.P. 9 MARINE BOILERS. ) 
: ec ished 2 g0ft. x 8ft.6In. x 160 lbs. WP. FOX - MORRISON MK ey Ge WITH OR WITHOUT 
| Corrugated 4 30ft. x 8ft.3in. x 100 Ibs. W.P 
Flues.) 


Stans us Sizes for 
immediate Despatch 


; .3in, . WP, ee NetiSeedecint bs batted Peete “GOURLAY” ENDS, 
1 28ft. x 7ft.6in. x 120 Ibs, W.P. 


THE TRADE SUPPLIED. 
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STEAM HAMMERS 


FOR SMITHS’ SHOPS AND FORGES 


Shipbuilders’ and Boiler Makers’ Machine Tools, 


INCANDESCENT OIL LAMPS. ¥ 


FOR INSIDE 
& OUTSIDE 
LIGHTING. 


FOR MILLS, PATENT BEVELLING MACHINES 
Blears te FOB SHIPS’ FRAMES. 
DOCKS, &o. FORGECRANES, Hand & Steam. 


No. 38 - 300 e.p. Sugar Oane Mills. Water Wheels, &c. 
39-600 ,, Se Se 
40-1000 ,, DAVIS & PRIMRBROSE, 
Limited, 1913 


BANGOR WORKS, LEITH, EDINBURGH. 


AIR COMPRESSORS. 
Capacities from 1 c. ft. to 300c. ft. free air per minute. 
BELT, STEAM, ELECTRIC and OIL DRIVE. R A I L S 


For Indoor 
Use Only. 


; aaa VACUUM PUMPS. 52 Sie eee 
ges _ DIVING APPARATUS | *:™ 

OUSES, ' oat of all patterns. 
PLANTA. yo © OXYGEN BREATHING APPARATUS $2022! ait EEL_ SE 
HOUSES. SMOKE HELMETS. MEDICAL OXYCEN APPARATUS. se Zo 
Jo Glass to A ey nd oa ce en ee G5é65 ALL 
eae i SIEBE, GORMAN & CO., Ltd., AZ PLATE Aree ae 


vanes round 


the Burner. Pe )\4 


Neptune” Works and 187, Westminster Bridge Road, LONDON, S.E. | - THOS W.WAR D LTD., 


OIL LAMPS. | 


No. 13 Gas Generating 
Lamp. 


Telegrams: ‘‘ SIEBER, Lams, Lonpon.” Cables: ‘‘SIEBH, Lonpon.” Telephone No.: HOP 3401 (2 lines), 


=A AR 


E. J. SMITH & CO. (Metals) LTD. 


METAL SPECIALISTS. 


Our skilled laboratory ‘research specialists and technical advisers 
are continually testing out new and better methods of metal mixing. ~ 


ILL AU 


Burns 5 hours. 


The results obtained enable us to quote exceptionally keen prices, and 
guarantee prompt delivery in all departments. 


Write and we will solve your metal mixture problems. 


TYSELEY METAL WORKS, BIRMINGHAM. 


"Phone: Victoria 584. Wires: “Tysefermo, B’ham. 


London Office: Balfour House, Finsbury Pavement, E.C. 2 
*Phone: 3430 and 3431 Clerkenwell, 


Manchester Office: Cleveland Buildings, 94, Market Street. 


= 
= 
*Phone: Central 5218. 2210 = 
fe 


SIUC LL 


ALFRED J. AMSLER & C® 


of Schaffhouse, Switzerland 


have been established for over seventy years as 
Specialists in the manufacture of all kinds of 


TESTING MACHINES | 


and are still introducing new and improved designs 
for Universal and single purposes, using their 
unique Pendulum and Spring Dynamometers. 


LULU N UA 


LATHE CAN 
IN TWO SIZES, 
it 


LATHE CAN 
In Two Sizes. 


Machines for Wood and Cement Testing ; 
Abrasion and Impact Testing Machines ; 
Special Designs for Ropes and Insulators ; 
<- - - -100-Ton ‘‘ Universal’’ Machine for Railway Materials ; 
New ‘‘ Universal’’ Impact Endurance Tester. 


| 
Special new features in the latest sectional catalogue 25 E. are :— | 
i 


| 
1 


2259 


102 Midiana Rd., Londons 


AU. Sualak U0. 97. PANORAS, “N.W.1 
Works: Oarnarvon St., MANCHESTER. 


T. J. PRIMROSE (,°2'.), 17, Salisbury Rd., C-c-H, Manchester; 
4 J | 
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GAS FIRED LIME KILNS me ee vour enauiries 
eS a SS 


Advantages: 
ee 


1. Reduced Fuel Consumption. 

2. Labour costs greatly decreased. 

3. Unburnt stone does not exceed 1%. 
4 


- Lime can be discharged direct from Kiln into Railway 
Trucks. 


5. Gases leave the kiln at a temperature of about 200° C. 
and the lime is withdrawn cold. The heat efficiency 
of the kiln is therefore very high. 


6. Superior quality of lime produced. 


We shall be pleased to forward catalogue sheet 
with full particulars to interested parties. 
ee EE COCR eon 


=~ 
RPE BR 


The Dowson & Mason Gas Plant Co., Ltd., “27s 


> = ror WEIGHBRIDGES. 


Any Size or Capacity, 
for Road or Rail 


PLATFORM 
WEIGHING 


MACHINES for All 
Purposes. 


YOUR ENQUIRIES 
ARE INVITED. 


London Office: 7, CARTARET ST., 
BROADWAY, WESTMINSTER, S.W.1. 


tite 


SaHANENANSNUAUGUAUOUAUAWEWAGEUESNGUSUONGHCHAWEWANEGESUOUOUOWOWEREWENSWANASUONONEDSUNNENNONOUSWOWENEUUOVOUOUEUOUNNESUOUGHGEGHOWOWGUENENESNOEONONEDENENEONGHGNGE = 
Reprinted from “ ENGINEERING.” 


THE ELEMENTS 
OF 


THE LANCHESTER-PRANDTL THEORY 
» OF 


AEROPLANE LIFT AND DRAG. 


By H. MEDWAY MARTIN, Wh.Sc., A.C.G.I. 


Crown 4to, 32 pp. - - Paper Cover. 
Price 2/6 net. 


LonDon : 
Offices of “ ENGINEERING,” 35 & 36, Bedford Street, Strand, W.C, 2. 
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Denton Ironworks, CARLISLE. 
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on iaeron | 


LONDON OFFICES & SHOWROOMS. 


| 139, Bad CANNON af -E.C. 


4157 


ENGINES 


| MOTOR OPERATED BRAKES. | 


IGRANIC 


Type No. 1705 


MOTOR OPERATED 
BRAKES 


Have no destructive hammer blow, apply 
brake without shock. The air gap remains 
constant and frequent adjustment is un- 
necessary. 


Write for Leaflet No. 1705—C56.! 


: 149, Queen Victoria Street, 
LONDON. 
Works : BEDFORD, 


[GRANIC 


1889 


ELECTRIC Co, Ltda 


SILQ-CEL 


HEAT INSULATION 


A light weight, highly siliceous insulating material prepared in 
brick and powder forms for convenient application to all types of 
high temperature equipment. 

Sil-O-Cel has most unusual insulating properties. The melting point 
is 2930° F., and the internal conductivity is between 0°5 and 0°8 B.t.u. 
per sq. ft. per hr. per in. thickness per degree Fah. difference — a 
remarkably low conductivity which is one-tenth that of fire brick: 

Installed as a backing to refractory linings in boilers, furnaces, ovens, 
etc., Sil-O-Cel saves from 60% to 70% of the heat lost by radiation, 
increases capacity, and maintains uniform temperatures. 

Bulletin E-6 sent gratis upon request, Stocks maintained in London. 


CELITE PRODUCTS CORPORATION 


Windsor House, Victoria Street, Westminster, London, S.W.1. 
Telephone: Victoria 6400. 2383 Telegrams : Celprocorp, Sewest, London. 


FLEXIBLE REVERSIBLE INSULATING COUPLING. 


“SYKES” PATENT. (Patent No. 106062). 


For coupling Motors, Dynamos, Printing Machinery, 
Steel Rolling Mills, and all kinds of Machines and 
shafts. Reduces breakages due to vibration and 


line. 
Allows Longitudinal Expansion. Will run In either 


direction. Renewal of Buffers effected without 
dismantling of shafts or machines. 


Parts are ELECTRICALLY Insulated. Has no 
springs. Large range of flexibility, with full or 
partial load. 


SIMPLE IN DESIGN. 


NEWTON, BEAN & MITCHELL, 
DUDLEY HILL, BRADFORD. 


Telegrams: ADROIT, DUDLEY HILL. "Phone: 125 (2 lines) Pew. Hill. 
LONDON AGENTS: Raymond Gill & Company, 92, Victoria Street, London, S.W 


Telephone Number: Victoria 2584. Telagrane: ‘Raymongil, 'Sdwest, Londons na 


SOLE 
MAKERS 


. 


2306 


‘lpape MOORE & CO., Lro., 


Engineers, GLASGOW. 


5117 


Modern High-Speed Machine Tools. 


shock. Reduces friction on shafts wearing out of 
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REINFORCED 
CONCRETE. 


(CHRISTIAN! & AIELSEN 


Specialists in 


DESIGN & CONSTRUCTION. 


PRELIMINARY DESIGNS AND 
ESTIMATES SUPPLIED WITHOUT 
COST OR OBLIGATION. 


1477 


72 & 74, Vietoria Street, Westminster, S.W. 1. 
Telephone: - Vic. 3565 and 3566, 


MINE VENTILATION 


WITHOUT « 


FIRE RISK. 


2322 


driven by com- 
pressed air, 
requires neither 
Its nor electric 
motor. | 
Easily installed. 
Prices and Partiou- 
dara from Makers— 


MURRAY, McVINNIE & co., LTD., 
MAVISBANK, GLASGOW. 


IMPERVIOUS TO SALT 
WATER, NON-CORROSIVE, 
NOT AFFECTED BY ELEC- 
TROLYSIS, DOES NOT 
OXYDISE OR ACCUMU- 
LATE VERDIGRIS. 


BRITISH MADE. 
REDUCED PRICES 


S gear wheels, 
Le) also armature 
LR bearings, tram- 
way trolley 

wheels, rolling mill 
bearings, turbine 
nozzle ring blocks, 
commutator bars, 
steam valves and valve 


x seatings, etc. 

‘Y” DAWSON HARDENED COPPER Lo. 
Q) 64, VICTORIA ST., LONDON, S.W. |. 
Works: 3, Lawrence Hifl, Bristol. 


2324 


MACHINE CUT GEARS 


CHANGE WHEELS & STANDS. 
All pee 14 d.p. to 4. d.p. Accurately Cut by Net 


Process. Very Low Prices. Ask for List. 


SPUR GEARS. 
Standard patterns for all sizes, oval or + seetio 
arms, to 2 in. pitch, face to suit, to 5 ft. diamete! 
MITRES & BEVELS. 


To 2in. pitch. Any sizes to order. 
P4PER & “RAW HIDE PINIONS. 
SKEW & WORM GEARS. 

CLEAN CASTINGS. Spur Gear Blanks 


from any of the above patterns. Balance Wheel 
made up to suit customer, and Castings onl 
supplied if required. 

General Machine Castings made to Customer 
Patterns. 

Low Prices for Planing, Boring, Turning, Serew 

cutting. Sy 

Send your Enquiries :— 251 


Greenwood’s Stan 


Gear Cutting Co 
NEW BOND STREET, oom 


Telephoue : 1212. Telegrams : ‘* Gears. 


! 


DEc. 26, 1924.] 


RES SOA GRE COC 
GUEST & CHRIMES, L™: 


RO THE RH A We 
LONDON OFFICE: 4 & 5, ADAM STREET, ADELPHI, W.C.2. 


GUEST & CHRIMES’ ‘FULL BORE" TURBINE WATER METER. 


2 in, to 18 in. sizes. 


Also Manufacturers ot 
SLUICE VALVES 
AND 
ALL KINDS OF 
WATERWORKS 
FITTINGS. 


Other: Specialities 


RESERVOIR VALVES AND FITTINGS, FIRE EXTINGUISHING APPARATUS, 
GENERAL PLUMBERS’ GOODS, HIGH POWER INCANDESCENT LAMPS, 
WET and DRY GAS METERS and GAS FITTINGS. 2054 


GRAFTON & CO. 


CONTRACTORS TO H.M. GOVERNMENT, 
CYCLOPS WORKS, 


_BEDFORD. 


Telegrams— 
Grafton, Bedford. 


Illustrated Descriptive Price List free on a: 


SILVER MEDAL, Inventions Exhibition foaen 1885, “et GOLD MEDAL, Pars 1900, 
GRAND PRIX and GOLD MEDAL, Franco- British Exhibition, London, 1908. 
GRAND PRIX, Buenos Aires Exhibition, 1910. 


CAIRD & RAYNER, 


Admiralty and War Office Contractors. 


EVAPORATORS 


Live or Exhaust Steam Types. 


FEED WATER HEATERS 


Live or Exhaust Steam Types, 


FEED WATER FILTERS 


Pressure or Gravitation Types. 


EXHAUST STEAM 
OIL SEPARATORS 


Improved Type. 


1874 


COMPLETE 
FRESH WATER 
DISTILLING INSTALLATIONS 


(All Sizes). For LAND or MARINE USE. 


BOILER FEED PUMPS. 


Vertical Single-Cylinder Direct-Acting Type. 


1528 


117, Commercial Road, 
Limehouse, London, E.14. 


Tel, Address :—‘ VAPORIZH, LONDON.” 
Telephone:—HAST 210, 


EVA. VAPOKA LOR. 


ENGINEERING. 


ah FO 
‘3 ‘WATER. 
OILS 
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SUBMERSIBLE MOTORS i” 
SOUTHALL 12 SOUTHALL, Middx. sa lotta 
A.C. & D.C. MOTORS, DYNAMOS, 
ALTERNATORS & MOTOR GENERATORS 


PRICES GREATLY REDUCED. 


SPECIALITY— __ 
SUBMERSIBLE 
ELECTRIC 


MOTORS 


FOR 


PUMPING 


AND 1527 


WET POSITIONS, 


THEY WORK 
IN WATER. 


Enclosed Ventilated Ball Bearing Dynamo. 


| x make e your R | NGS are TRU FE buy from 
The Standard Piston Ring & Engineering Co., 


LTD., 
Premier Works, Don Road, SHEFFIELD. 
Telephone No. 2149, 
Telegrams: ‘‘ Ocean,” Sheffield. 


The Original and Genuine Davey Robertson 


HAMMERED GAST IRON PISTON RINGS 


Our Hammered Piston Rings are well and 
favourably known all over the world for their 
efficiency and long wearing qualities. They 
keep the cylinders round and maintain a perfect 
joint vntil wornout. The pressureon the cylinder § 
wall always remains constant. 

All sizes, 2in. to T2in, diam. In our special 
quality piston ring iron, giving approximately 
14 tons tensile per sq. inch. 


Quickest Possible Delivery. 
2107 Lowest Possible P ices. 


HARTNESS 


Automatic Opening 


DIE HEADS 


assure accurate pitch and lead—long 
threads or short: are completely inter- 
changeable, positive opening, durably 
constructed and extremely economical. 


Catalogue giving full par- 
ticulars gladly sent on request. 


Jones & Lamson Machine Co., 


19 & 21, Water Lane, Queen Victoria Street, LONDON, E.C. 4 


2214 


The DRUM ENGINEERING Glia 


28, HUMBOL DT. STREET, BRADFORD, YORKS. 


DESIGNED | 
| TO SUIT 
ANY METHOD 

SOR 2 


SEMI- FLUIDS 
TAR (oe 
ACIDS. 


J DRUM: ENGINEERING C? Lre) | 
BRADFORD a, 


Telegrams 
DRUM” 
Bradford. 


Wrife for 
C alalogue 


ACTION 
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“WOODITE,’ 

K. NL CHT ite GAUGE GLASS RINGS & STEAM PACKINGS 
For Valves, Joint Rings, Pump Cups, 

Ram Rings, Packing Rings and Sheeting 


in all Sizes and Sections. 


Contractors to H.M. Government, Admiralty, War Office, Post Office, India Office, and the 
Colonial and Foreign Governments. 


The Best Material for all High Pressure 
Steam or Electrical installations. 


5789 
Price List AND FULt PARTICULARS ON APPLICATION TO— 


WOODITE COMPANY, 


Mitcham Common, Surrey, Eng. 


Tel. Address: ‘‘Woodite, Mitcham.” Telephone No.;: Mitcham, 1502, 


‘ a ee 


Knight Glasses are manufactured of sano PE D7 EPS SS SS 
the best materials and will stand 
great variations of temperature and FOR TAPER DI NS AOCURATELY 
pressure. 3 MACHINED 
WRITE 
4 
“RED MOUNTFORD (BIRMINCHAM) LTD 
THE BELDAM PACKING & RUBBER FREMO WORKS, MOSELEY STREET, a 
Co LTD Dellvery ex Stock. BIRM INGHAM. Any Size. Any Taper 
29, Gracechurch St., London, E.C. 3. 
Telephone; Royal 5161 (3 lines), ESTD, 1876. Telegrams ; ‘‘ VEBPILOT.” 
Branches and Agencies throughout the World. 1746 
| LANCS. CORNISH 


HIGGINBOTTOM« MANNOCK,L?|we.oco TT AN KS RveTEn 


Crown Iron Works, West Gorton, MANCHESTER, SNE MOU EE TE 

DYEING, COKB OVEN PLANTS, ETC., 

AIR RECEIVERS, STEEL PIPES, STILLS, uae 
JACKETED PANS, STEEL CHIMNEYS. 


Telegrams :—CROWN, GORTONBROOK. 


"GRAMS: ‘‘ ARNOLD BOILERMAKER.” ’PHONE: B81 BARNSLEY. 


WM. ARNOLD & CO. victoria iron works, BARNSLEY. 


Yi | 
te an WN ils 
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mie Win KY 
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Eleotric, Cranes, | Holey Capsians, Winches, Traverse SPE WILEY & SONS 170 DARLASTON | 


Transporters, Hauling Machinery and Hand Cranes, 
Hand and Power Runways, Pulley Blocks. | BRIGHT DRAWN STEEL BARS. 2028 


oN 
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High Class 
VERTICAL STEAM BOILERS. 
CORNISH STEAM BOILERS. 


AIR RECEIVERS. CALORIFIERS and 
FEED WATER HEATERS. 


JACKETED PANS in Iron or Copper, 
CORNISH TUBULAR BOILERS. 
VERTICAL TUBULAR BOILERS. 
UNDERFIRED TUBULAR BOILERS. 


Boilers of all kinds for :— 


CENTRAL HEATING & HOT WATER SUPPLY 
in Iron, Steel and Copper. 


LUMBYS LIMITED, 
Greetland Boiler Works, HALIFAX. 


Telegrams: Lumbys, Greetland. Telephone: 125 Hlland (2 lines) 


The Highest Quality Castings 
at Economical Prices. 


WE maintain a standard which gives you the satisfaction of long service and 
which has gained for us a sound reputation. 


An enquiry will bring quotations for your particular requirements. 
We are manufacturers of :— 
ENGINE AND BOILER FITTINGS. 
ANTI-FRICTION METALS. 
All classes of Non-Ferrous Ingots. 
INDIA RUBBER & ASBESTOS GOODS. 


BRASS AND IRONFOUNDERS. 
MILL AND COLLIERY FURNISHERS, 


PEGLER BROS. g Co. (Glasgow), Ltd. 


54-60, Brown Street - - - GLASGOW. 


*Phone :—3240 Central. 2335 Tele :—Gunmetal. 
nn nESEeeeeeeeeeeeee Se | 
en! 


ASBESTOS 
PACKED 


ENGINEERING. 


STORAGE CYLINDERS (Welded or Riveted). 
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Ry LIL 


The AEE 


Rees Roturbo 
Rotary 
Jet Condenser 


is an 


Unit Outfit 


—not an assembly of units. 


« 
The Tri-Function Impeller R 
—ts the only running part and it performs three separate 
functions :— 
1.—Acts as an injection pump spraying the 
water positively into the Condenser. 


2.—Condenses the Steam and_ positively 
removes the air contained in same. 


—Positively ejects the mixture of Hot 
water and air to atmosphere. 


occupies minimum space — of simple 
and robust construction - built in all sizes. 


Write for full particulars. 


a 


Reprinted. from “ ENGINEERING.” 2nd Edition. 


THE LAWS 
OF 
HEAT TRANSFER. 


By H. MEDWAY MARTIN, Wh.Sc., A.C.G.I. 


Crown 4to, 20 pp. - - Paper Cover. 


Price 2/- net. 


Lonpon : 
“ENGINEERING,” 35 & 36, Bedford Street, 
Strand, W.C. 2. 


Offices of 


THE REES ROTURBO 
Ltd., « 


Manufacturing Co., 


HNINIUAULU EH LULU 


Hydraulic, Electrical and 
General Engineers. 


HONLQINLE TAU TTC TTT 


HEAD OFFICE AND WORKS: 
WOLVERHAMPTON. 


Z 
z 


1444 (3 lines), 
“ HYDROTU RBO.” 


Telephone : Rees Roturbo Rotary Jet Cordenser 


Telegrams: and Rees Roturbo D.C. Motor. 


me |NIHUNN HNN 


= NUNN AA LL 


TINKER, SHENTON « Co. L™: 


Ey DbD =z, 
TELreRixs— 
DUPLHX, HYDE 


NeaR MANCHESTER. 
TRLEPHONE— 
a, ASHTON-U-LYNE. 


Contractors to The Admiralty, War Office, Home and Colonial Governments, H.M. Office of Works, 


Makers of LANCASHIRE, CORNISH and all other types of BOILERS, Creosoting: Cylinders, 
Superheaters, Galvanizing Baths, Girders, Tanks, Air Receivers, Condensers, Shells, 
Hoppers, Jacketed Pans, Steam Trays and all welded, flanged and riveted work. 


REPAIRS OF EVERY DESCRIPTION, 8175 
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WORKS = OFFICES: 
pees = 
Rano BRASS h 
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oC 
MANCH ES i ER. 
WB BRO\ B. BROWNe C0. (BANKHALL) i | SEND FOR CATALOGUE. OIL MILL 
: pot 5 , 2027 


GLOBE WORKS, gas MACHINERY 


OF ALL DESCRIPTIONS, 


HYDRAULIC 


Rivetters, Flangers, Presses, 
Cranes, Railway Carriage and 
Wheel Machinery, &c. 


MUSGRAVE BROS., 


HIGH Q@RADE. 
Crown Point Foundry, LEEDS. 
Contractors to the 


e*%e? 
STEEL WIRE ROPES FOR ENGINEERING. HoME AND Foreiean GOVERNMENTS, 


an A iy S 0 nn i. J S SAW ee 


Cask-making Machinery. 
NEWARK-ON-TRENT, England. LONDON Office: 63, Queen Victoria Street, E.C. 4, 


ee eee ss @weB etn eB STB TEBE B eB eZee BT T SB SWMs FSF Ge @e 


f 

ees rans 
i Pein e e 
3 


HIGH-CLASS ENGINEERING ALLOYS: 
Forgings, Stampings, Castings, Rods, Sheets, Wire, Tubes, Extruded Bars of any Section. 


Trade oe) : (Cs on) 


BRASS, COPPER, NAVAL BRASS, Mascarrny) METAL, RED METAL, SILVER BRONZE, MANGANESE BRONZE, PHOSPHOR BRONZE, 
LUMINIUM BRONZE, WHITE ANTIFRICTION METALS. 


Original Registered Trade Marks 
and Largest DELTA. 
Manufacturers ee 
DIXTRUDO. 
f Extruded 
a DIXTAMPO. 


Metals. 


THE DELTA METAL COMPANY, LTD., 


DELTA WORKS, EAST GREENWICH, LONDON, S.E. 10. (amd at Birmingham). 
On the Lists of Contractors to the Admiralty, Air Ministry, War Office, Ministry of Munitions, India Office, Post Office, Orown Agents for the Colonies, &e. 


: =e sind 
c. 26, 1924.] 


oe ALLIGATOR.” 


ELESIBL.=E 


BELT LACING 


Nothing Needed but a Hammer. 


|J. B. STONE & CO., Ltd., 


. 135, Finsbury Pavement, LONDON, E.C. 2. 


ENGINEER 


ar? And 4607-31, Lexington Street, Chicago, Ill., U.S.A. 2024 
Send me Free a Sample of ‘ Alligator” Belt Lacing, which I agree to test in my factory, 
rs DERE UES eLt acasnters sis. .evsess 
- Thickness........ 


HENDERSON & GLASS, 


PLAIN AND CHEQUERED PLATES 


Boiler and Tank Plates, &c., in Iron and Siemens Steel. 


Quotations and Sections on application: 
Shipment Orders promptly executed. Correspondence Solicited. 


ge ake. ana epee pte ee arb gr a ee ee Cre 

ebro 

ially suitable for Drives in Engineering ek 
Works, Rolling Mills, Cement Works, : Ps: a van a : 
Textile Factories & Main Driving Generally. z a a a : 
Book g lication B 
"|| BEDFORD-ENGINEERING | 
THOMAS HART | = 
~ LAMBETH WORKS, sd BEDFORD COMPANY ENGLAND : 

: Zum OM AAENNN EATON RAEMOTMMAETeToEHATANE TTT 


BLACKBURN. ux 


Stablished 1789. ENGLAND. 


Tue STEEL PIPE COMPANY, 
 KIRKCALDY, = _@LTD, 


ILD STEEL PIPING ror: 


aust Steam & Circulating Water. 
ipe Lines for Water Power, Sewage, 
ion and Discharge, 
s and Tar Mains, 
r_ =Blast, 


Tanks, 
Air Receivers, 
Condenser Shells, 
Expansion Joints, Oil 
Boilers, Jacketted Pans, 
Crystallizer Shells = and 
Mild Steel Chimneys. .°. . 


SPECIAL PIPES FOR ELECTRIC STATIONS. 


Angle Flanges and Stamped Steel Flanges. a9 © 


opiate el y , ee 4 gs ee 
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LIVERPOOL. . 
Sc Extensive Stocks of every description and Section of ; 
, Including all sizes of Round, Square, and Flat Bars, Rolled 
Girders from 3 in, to 20 in. deep; Tees, Angles, &c., &c. 
GREAT VARIETY OF HEAVY-SIZED M37 


40k Seige Ti Si ae [Bee 


87 
BLAKE’S RAMS 


FOR WATER SUPPLY OF 
ESTATES, VILLAGES, 
RAILWAY STATIONS, 
QUARRIES, &. 


Advise your Customers to install 
these SELF ACTING PUMPS 


NO COAL. 

NO OIL. 

NO STEAM, 

NO LABouR, 

NO COST 

FOR MOTIVE 

POWER, 2391 
Rams will raise water to any height up to 1500 feet, 

Write for our book No. 34 on WATER SUPPLY. 

JOHN BLAKE, LTD., ACCRINCTON, LANCS. 


KAYE’S PATENT 
SEAMLESS STEEL 
SERRATED 
OILCANS. 


**CONDUCIVE TO PLEASANT AND 
ECONOMIC HANDLING OF OIL,"’ 


ESTABLISHED 1864. 


Admiralty Pattern. 


170,500 Suppliedin 21 Years Successive 
Contracts, 1903 to 1924. 


Valve Oilcan Pattern, No. 8—4-pint. 
Interchangeable Spout Type. Various sizes 


\ i 
| 


Pattern No. 17—}-pint. 
Made in various sizes. 


Smaljl Motor Oilcans. Two 
sizes, Nos. 81 and 82, 


Force Feed Oilcans. 
Pattern No.290—}-pint, 
Made in various sizes 

up to 2-pint. 


Corrugated Steel Oil 
Bottles, Pattern No. 39—1-gall. 


Sizes from 2-pint to 5 galions. 


: L Pattern No. 86.—2-pint 
Hon O11 Seamless Steel Serrated 
Soe tate! Oil Kettle, Also made 
Sizesfrom in4-pintsize. Oval Shape. 
1 gallon to 
100 gallons. 


Qa 


No. 49. # pt. Seamless Steel Torch 
ghey aa Three sizes made, 
4 pt., ipt., and 2 pt. 


Ask sor 26-page Iilusirated 
Catalogue from the Makers: 


JOSEPH KAYE & SONS, Ltd. 
ENGINEERING DEPARTMENT, 
LOCK WORKS, 

LEEDS, 
AND 7006 
93, HIGH HOLBORN, LONDON, W.C.1. 


nn 
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TANKS 


GALVANISING & CONSTRUCTIONAL IRONWORK. 


JOSEPH ASH AND SON, LIMITED, 
Rea Street South, BIRMINGHAM, 2186 


AMWORTH 


OIL ENGINES 
PUMPS and AIR COMPRESSORS 
THE HAMWORTHY ENGINEERING CO., Ltd. 


Works :—PooLr, DoRseET, 
76, Victoria Street, LONDO 
103, West Regent Street, GLASGOW. 


THE VACUUM BRAKE (0., Ltd. 


3, 5, & 7, Old Queen Street, 


LONDON, S.W. 


Telephone: Victoria 3269. 
Telegrams : SoLuTion, Lonpon, 
A BC and Al Codes used. 1882 


For Large Advt. see page 63, Dec. 5. 


ROBERT STEPHENSON & CO., 


LOCOMOTIVE BUILDERS, DARLINCTON. ro. 
Loudon Office :—17, Victoria St., Westminster. 


LOCOMOTIVES *:,24.£3382* 


and services. 
aplorsams—Ecnees, Darlington ; Altiscope, London 

Nat. Tel.—2700 Darlington ; 650 Victoria. 
Codese—A BO ih Edition, Engineering Standards, 


eering "Telegr: 
See our iihustrated Adve, Dec. 19. 


A. F. GRAIG & CO., LTD. 
Paisley. 


Engineers & Boilermakers. 


Branches 


1181 


1613 


See our half-page advertisement, Dec. 19. 


For every Engineering Purpose 
See illustrated advertisement, 
page 46, Dec. 5. 


“Asquith” Drills Pay. 


Ask the User! 2158 
Special Deliveries on many sizes. 
Radials 5 ft. to 12 ft.; Verticals up 
to 5 ft. Various size Horizontals. 


Wm. ASQUITH (1920), Ld., || See Displayed 
Park Works, Hallfax. Advt,; Dec, 19. 


Liverpool 
Refrigeration Co. Ltd. 
Liverpool, England. 


See last and next week’s number, 


BELLISS . MORCOM 


BIRMINGHAM. LTD. 
Self-lubricating Steam Engines, Turbines, 
Air & Gas Compressors, Condensing Plants, 
Heavy Oil Engines, Paraffin Engines, 

Pneumatic Hose Couplings. 
See Iilustrated Advt., pige 61, Dec. 19, 


STEAM & AIR 
HAMMERS. 


R.G.ROSS & SON, LTD., GLASGOW. 
Estab. 1856. 2057 


STEAM TURBINES. 
Richardsons, Westgarth & Co. Ltd. 


HARTLEPOOL, MIDDLESBROUCH & SUNDERLAND. 
See large Advertisement, Dec. 5. 2029 


JOHN SPENCER, L°. 


WEDNESBURY. 
IRON & STH 2092 


TUBES 


POLES. STEAM MAINS, TUBULAR PILES, & 


TURNED TAPER PIRS. 


LION ENGINEERING Co,, Lto 


GRANVILLE STREET—BIRMINGHAM, 


Telegrams 2367 Telopheae: 
Liomengce, B'ham. 1643 Midland, 


1932 


JOHN OAKEY£SONS;L). 


GENUINE EMERY, 
EMERY CLOTH, 
Wellington Mills, GLASS & FLINT PAPERS 


WESTMINSTER BRIDGE ROAD, 


LONDON, S.E. 1. 


EMERY WHEELS 
For all Purposes. 


BLACK LEAD, &c. 


~Belt Performance 
ishows on your Timesheets | 


If it's HENDRYS’ PATENT 
BELTING, it shows a strict econ- 
omy in time and power. No break 

ages to waste valuable hours—no- 
‘slipping or vibration to cause a 
leakage of energy. Just a steady 
endless drive from the strong 
flexible endless BELT— 


Write for an Interesting Belting Booklet. 


Sole Patentees and Makers: 


JAMES HENDRY, LTD. 


Laminated Leather Works, 
BRIDGETON GLASGOW. 


1876 


| 


1 Telegrams: 
ECPI S FONMSEAG 
| Manchester, 


Telephone: Seen 
Pei ed on. 


C2BAC, 


NM 


“tah 
iH 


| 


TDN UH 


CUTAN 


“THE LANCASTER” 
SUPERLIMIT 


PISTON RINGS 


Their special feature is, that a’ projection 
is formed on each of the rings. (at joints) 
which fits into a corresponding recess in the 
other ring, this limiting their opening at 
the joints. 

The area of the limiting surfaces is so 
regulated that the vibration of the engine 
usually causes them to wear sufficiently to 
compensate for any slight wear on the out- 
side of the rings. 


£ 
ES OFVELE we 
PENDLETON M SSCHE STER 


Sol : Makers of *+ The Lancaster ’’ Packing, 
Steam Traps, Wheels, etc. 


For MODERN 
PELTON & FRANCIS: 
WATER TURBINES. 
PERCY PITMAN, 

Manufacturer, 2447” 


25, Victoria Street, 
London, S.W. f. 


The CLYDE STRUCTURAL IRON CO.,Ltd, 


9) Clydeside Ironworks, Scotstoun, Glasgow, " 


Iron & Steel Roofs, Buildings, 
Workshops, &c., So i 


London Agents: GILLESPIE & Co., Ltp 
Buildings, 1, Leadenhall Street, bi) a aid 


The Turbine Furnace burns. 
LOW GRADE FUELS ~ 
Economically & Efficiently. 


Installed under Strict Guarantee. | 
See our issue of Dec. 19, for longer Advt. 2047 


J. TOMEY & SONS LTD. 


mn 


‘ASTON, ‘a 
BIRMINGHAM. if 


MACHINE CUT 


GEARS 


Spurs,  Bevels, Spiral, 
Worm, and Worm Wheels. 


HIGHFIELD GEAR CUTTING CO. 


(Dept, E.), HUDDERSFIELD. _2480 


THOMAS SHANKS ©©°., LTD. e 
fools 


ILLUSTRATED. af 
ADVERTISEMENT f 
ISSUB OF DEC. 5. J 


J. G. KINCAID 2@0. LTD, 
GREENOCK, © 
Engineers and Boilermakers, 


See last and next week's illustrated hall-pege adv ; 


(i921) LTD. 
(Late of Reading) 


| Kingswood Hill _ Works," BRISTOL. 


POWER TRANSMISSIONS, 
A.BEEBEE, | 
Studs, Belts, Nuts, t.| 


WEDNESBURY. *” 


“SPLIT GRIP” 
mie LLAR TRIER’S 


PATENT. 
AS USEFUL AS THE . 
SPLIT PULLEY. 


IN HALVES. 


Accidents. 
Grips like a Vio® 
Fixed 
or Removed 


without 
Disturbance. — 


Sole Makers: 


TRIER Bras. 


36, VICTORIA ST., LIMITED, 
WESTMINSTER. LONDON, S: W: iP 


8 | 


| 


DEC. 26, 1924.] 
R*. White & Sons, Widnes, 


= RAILS.“ 


POINTS AND CROSSINGS. 
AERIAL ROPEWAYS. 


STEEL CASTINGS 


STEEL AND IRON FORGINGS. 
THE DARLINGTON FORGE \LTD., 


DARLINGTON, 


ele.; ‘‘ For@r, DaRLINeron.” 
2167 


Tel, 2610 
(See advertisement, page 72, Dec. 19.) 


See illustrated Aavt. page 79, Dec 19 


GLENIFFER MOTORS, LTD., 
Anniesland, GLASGOW. 


2096 


MACLAURIN PATENT 


CARBONIZING PROCESS 


Sole Licensees and Manufacturers 


BLAIR, CAMPBELL & McLEAN, LTD. 
GLASGOW. 2094 


ADER MI 
ACHINER 


THOS. SUDRON & Co.,Ltd., 
STOCKTON-ON-TEES. 


MAKERS OF MARINE AND 


VERTICAL TYPE’ BOILERS. SHIPS 
MASTS, TANKS. MOORING BUOYS, 
STBEL LADLES, TUBING, Etc. 2123 


| MICHELL BEARINGS, LD., 


ENGINEERS and MANUFACTURERS OF 
| Michell Thrust & Journal Bearings. 


London Office: 2456 
3, Central Buildings, Westminster. 
See large Advertisement, page 67, Dee. 19, 


apn HENRY Cony fn 


Castings—i lb. to 5 tons. 
All kinds, 


| West North Street. ABERDEEN. 


\ 


4 i 
THE QUALITY 


LUBRICANT 
Agee EME 


LUBRICATING ~ 
GREASES IN 9 DENSITIES 


(one DENSITY FoR EVERY PuRPosE) 


THOMAS & BISHOP LT? cuscow een | 
MINN 37 TABERNACLE S7.E.C.2 95947 st 
ee 


FERGUSON BROS. (cisscon) Ld. 
___- PORT CLASCOW, 
ENGINEERS AND SHIPBUILDERS. 


See Last and Next Week’s Half-page Illustrated 
Advertisement, 1908 


IRON CASTINGS 


of every descriptior. 


|THE SEAHAM FOUNDRY CO. 
| LTD. 


Seaham Harbour, 
co. DURHAM. 


2311 


Telephone: 11 Seaham. 


r 
| 


‘¢ SHONE ’”’ 


= | PNEUMATIC 


EJECTORS 


AIR COMPRESSING | 
MACHINERY 


ENGINEERING. 


For RAISING SEWAGE, SLUDGE, 


PAIL CONTENTS, &c. 


AS USED AT 


RANGOON, KARACHI, BOMBAY, 
RASTBOURNEH, NORWICH, GOS- 
PORT, HOUSHS OF PARLIAMENT, 
Westminster, and many other places. 


COMPRESSED AIR 
LIFTS. wile fertile cee 


For Pamphlets and full particulars apply to the Manufacturers— 


HUGHES &@ LANCASTER, I d., 16, Victoria St., LONDON, S.W. 


WRIGHT'S CALORIFIERS 


SEND YOUR ENQUIRIES 


FOR :— 


CALORIFIERS OF ANY SIZE FOR 


ANY PURPOSE; FOR USE WITH 


TO:— 


EITHER LIVE OR EXHAUST STEAM 


WRIGHT'S FORGE & ENGINEERING GC” LE 


POCNE 32 Tipton 
85 London Wall. 


Gieetviensve Tipton. 
Penetration, Stock, London. 


TI PTON, Staffs. 
67, Bishopsgate, 


08753 


"LONDON, E.C. 


Steam and Electric 


CRANES, EXCAVATORS, 


WINDLASSES, WINCHES, CAPSTANS. 


STEAM 
ENGINES ON JIB, (2? 


HEAD OFFICE 
AND WORKS: 


CRANE EXCAVATOR WITH DOUBLE CYLINDER THRUSTING 


Cc. YARD BUCKET) 


canon OFFICE: 
15, Victoria Street, 
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JOHN H. WILSON & G€0., LTD., 


DOCK ‘ROAD, BIRKENHEAD. 


S.W.1. 


89 


BULL'S METAL & MELLOID C0, 


HEAD OFFICE 4ND Works: LIMITED, 
YOKER, near GLASGOW. 
TELEGRAMS : “MELLOID, YOKER.” 
BULL’S METAL.—Propellers, Bars, Sheets, Pump 
Rods, Valve Spiridles, Condenser Stays& Plates, &e. 
MELLOID. ads Trade Mark and Patented. )}—Con- 
denser Tubes, Plates and Stays, Boiler Tubes, Stays 
and Plates, Fire- box Plates, Bars, Sheets Valves, &c. 
WHITE METALS,.— Babbitts, Plastic, &e. 2366 


SPECIALITIES. 


SEE ADVERTISEMENT NEXT WEEN, 


CROSBY VALVES ENGINEERING Co,,Ltc4 


41-42, FOLEY STREET, LONDON,W.! 


ELECTRO-MAGNETIG 
CHUCKS 


FOR ACCURATE GRINDING. 


RAPID MAGNETTING MACHINE CO., Ltd., 


CRESCENT, BIRMINGHAM. 09526 


The MACFARLANE ENGINEERING 


Co., LTD. 


Netherlee Road, Cathcart. 


DYNAMOS anc MOTORS 


See Monthly Advert.; Jan. 2 1868 


LOCOMOTIVES 


EROM Ss TocEz. 
ALL GAUGES AND SIZES. 


1605 


KERR STUART’S 


5, Broad St. Place, London, E.C. 


NAMOS | 


MAVOR BEE 


& SWITCHGEAR 


COULSON 


~ HaT. DANKSINETHERTON) 2 
NETHERTON. DUDLEY. WORCS. 


47 BROAD ST 
* MILE END - 
LASGOW 


Lancashire Bollers 


MECHANS LIMITED, 


Engineers & Contractors, 


SCOTSTOUN IRONWORKS, GLASGOW. 
LONDON OFFICE: 
10,Princes Street, Westminster, S.W.1. 


Sée Illustrated eS vepsiement appearing 
Dec. 5and Jan. 1724 


CRANES 


Samuel Butler & Co., Ltd., 
Stanningley. 


Carnish Ratlare 


For illustrated advertisement see next week’s 
2253 


issue. 


MAXWELL & FAGE, 


Suecesgors to BRUCE & STILL, 

49, (Sefton Street, LIVERPOOL. 
CONSTRUCTIONAL ENGINEERS & GONTRACTORS 
for Steel Bulldings, Bridgés, Girders, and 
all descriptions of Structural Work. Timber 
Bulldings designed for useat home & abroad. 
meaiheg seis Adwert, Preceding & Following Weeks, 


Catalogues, Designs & Estimates on application, 333 
Tele. : No. 1817 1 Royal. Telegrams : *‘ Galvanizer,” Liverpool 


B. THORNTON & SONS, Ltd. 
BRIGHOUSE, YORKS. 


Tel. No. 144. 
Makers of Improved Continuous Wire Drawing 
and Winding Machines. 239 


Engineers and Millwrights. 


PULSATING PUMPS 


TURNSTILES 
AND GENERAL ENGINEERING. 


W.T. ELLISON &CO.,, Lro. 


Irlams-o’-th’-Height, 
MANOBRES T3T EE. 


Telegrams :—‘‘ Hilisons Ltd.,” Irlame-o'-th’-Height. 
Telephone: No. 30, Pendleton, Oo 


inf 


YORKSHIRE ENGINE CO., LTD., 


Builders of HEAD OFFICE—MEADOW HALL WORKS, SHEFFIELD. 
ALL CLASSES & WEIGHTS OF 


LOCOMOTIVES 


IRON & STEEL FORGINGS. 
COAL CUTTING MACHINES, 
HAULAGE -ENGINES, 
SOLID & BUILT-UP CRANKSHAFTS 
LOCOMOTIVE CRANKS. 
WHEEL & AXLE SETS. 


Contractors to Admiralty, War Office, India Office, &c., 
and Colonial and Foreign Governments and Railways. 


Telegrams—ENGINE, SHEFFIELD. 
LONDON OFFICE; 


83, Buckingham Palace Road, Westminster, S.W. 1. 
Telephone No. Victoria 7674. 1962 


ase ae ae ye 


On April 3rd, 1913, A CUSTOMER WRITES :—_‘*‘ We have great pleasure in testifying to 
the good work done by the plant you supplied to us for Ice Making in 1900, 
With the exception of the ordinary tear and wear everything is 
as good as the day you fitted it up. The economy in 
our water bill has paid us handsomely 

during the years the 


Write 
for new and 
enlarged editicn of 


,oninedd 7 


_ our Ice Catalogue, No. 728, 


ns 11 
erat 
Rels3S PDulsometer Engineering C21" 


1912 
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LONDON ; READING 3 
Offices, 11, Tothill! St., Westminster, S.W. Works, Nine Elms Ironworks, 


BRIGHT COMPRESSED a 
SHAFTING . 


ROUNDS. HEXAGONS. FLATS. SQUARES. 
KIRKSTALL FORGE LTD., NEAR LEEDS. 2 


SHEARING MACHINES, METAL ROLLING MILLS. 


9 i 
ANDSS.csx. PRESSES} 
- TO GIVE RAPID @ ECONOMICAL RESULTS 


& WILL INCREASE YOUR OUTPUT. ADDRESS ENQUIRIES FOR 


—“"POWER PRESSES + —— 
JOHN HANDS & SONS Eiecu wos BIRMINGHAM 


= METAL WORKING MACHINERY. a 


DOUBLE SIDED GEARED PRESS 


EIGHT SIZES, 45 to 450 TONS. MACHINES IN STOCK AND PROGRESS. SEND FOR ILLUSTRATED CATALOGUE. 


Re Printer for the Proprietors by, HarRRIson & Sons, Lrp., at the Bedford Press, 20 & 21, Bedfordbury, in the Parish of St. Martins-in-the-Fields, and Published by OxARLES RoperT Jounson, at the Offices of 
= 19d ENGINEERING, 35 & 36, Bedford Street, in the Parish of St. Paul, Covent Garden, both in the County of Middlesex.—December 26th, 1924, 
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